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INTERNAL-COMBUSTION ENGINE . PART I

A prine mover is a nachine that converts natu-ral forms of
energv into mechanical energy. Typical prime novers include heal
engines that obtain ther:nal eneig'y fron fuel conbustion, hydraulic
prine novers that use the potential energry of runninq water, and
wind prine novers that exptoit the kinetic energy of winds.

r .

3 ,

PRIME MO!'ER

HEAT ENCINE

IT.IIERNAL-COMBUSTION ENGINE

The intei.nal-conibustion enqine is a kind of heat engine'
that is, a heat engine thal converts the energy of fuel, such as
petroleum, coal and natural gas, into work. It j.s divided i.nto the
internal-corbustion enqine and external-conlrustion engine dependlng
or how it converts the heat enerqy into work. The internal-conbustion
engine burns fuel internally, it changes latent chenical energy into
a for:n of heat, which is then converted into mechanical work. In the
case of the externaf-combustion engine fuel codrustiontakes place
in some externat device for conwerting the heat energy into mechanical
\rork.  The external-combust ion engine f i res fuef,  the resultant heat
is transmitted to a suitable mediun, like water, and then the stean
inlo \rhich the nediun is transfonned as a result of heating is used
for gener.ating power. Exter.nal-conbustion engiDes nou in use include
stean engines (reciprocating type) and stean turbines (rotating type).

As stated above, the internal-conbustion engine changes by
combustion the chernical energy of hydrocarbon gases or liquid fuel
into heat energy for direct conver:sion into nechanical  \ tork,

the rnost typical inrernat-conbustion engines no!,t in use for
narine DurDoses are l isLed below.

spark- iqni t ion engine
(motor-boat out-board engine)

Gasol ine engine
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Diesel engine

Gas turbine

Cohpression-i gnition engine
(ship's propulsion engine,
auxifiary engires)

Continuous conibustion rotating
engine (ship's propulsion engines.
natihe generator, used in high-
speed craft)

5 .

DIESEL ENCINE

4.L Features

Except tor shal l -s ized I ishing boats, which use
outboaral  gasof ine engines, host f ishing boats are dr iven by diesel
engines, because the diesel engine is nore advantageous than the
gasol ine engine, as shown in Table LI.  For reference, thermal
eff  ic iencies of heat engines, including external-conbust ion
engines, in current use are l isted in Table 1.2

BEIIAVIOUR OF THE DIESEL ENGINE

C]'clj.c changes in the lrork performeal by an engine are cafted
"cycles", and t-he notion or travel of the piston ftotn the top deaat
cente! (T.D.C.) to the bottoh dead cenrer (B.D.c.)  or v ice ver.sa,
is called "st!oke". The engine that uses four piston str.okes
per cycle is know as a "four-cyc1e engineo, while the engine that
uses beo strokes per cycle is calleal a 'tuo-q'cle engine.- Since
the piston travels tvro strokes (utr)wald and downward) per revolutior,
the foux-cycle engine completes a work of a cycfe by tto turns,
while the two-cyc1e engine conpletes a vrork by one turn. The
behavioui of a four-cycle diesel engine as used by a ta:rge nunber
of f ishing boats is shown in Fig. 1.1(a) .  Fig. 1.1(b) shows the
behaviour of a two-cycle engil1e.

1 ) Suction stioke (or intake stroke)

The exhaust valve is closed and the suction valve
is openeal, as the piston noves dolrnward, a vacunm is created in the
crftinder to take in air.

2) Coq)ression s troke

Both the suction and the exhaust valves are kept
closed and the air sucked in during the suction stroke is compressed
by the ascending motion of lhe piston. At the end of the compression
stroke, the air volune in the cylinder is reduced, anal the compress-
ion plessure ls increased.
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At about the enal of the cohpression stroke, that is,
s l ight ly before the piston attains the T.D.C.,  fuef oi l  is in jected
through a nozzle, into the cylinder by operating the fuel punE) r
and contacts the high-tenperature conpressed air. As a resuft,
the fuel is ignited and burnt almost ihstantly. As the lesultant
high-pressure cornbustion gas forces the pj-ston downvrard, the
crankshaft is roated through the mealiun of a connection rod.

Expansion stroke (or power stroke)

4 ) Exhaust stroke

CIASSIF'ICATION OP DIESEI ENGINES

The exhaust valve begins opening at the end of the
er{pansion stroke, that is slightly before the piston attains the
B.D.C.,  and the corbust ion gas is pushed out of the cyl inder by
the uFrard rnotion of the piston.

To sumarize, the four.-cycle diesel engine operates
ty repeating the above-nentioned fou! stlokes: suction, conpression
and exhaust. Work is done only by one of the four stlokes; as to
tne three other strokes, rotation is maintained by the ineltia
for:ce of the fl]lwheel.

6 ,

purpose to the

Ctassification by purpose

Ihe requirenents of engine pelformance vary eith the
served. These are: autonobule use, rolling stock

use, marine use, etc.

A narine engine cornprises a nain engine and an
auxiliary engine. The rnain engine is used for the propulsion of
the ship, and is sometines called .propulsion enginer'. vihile the
rlain engine controfs the shipts speed, Ure auxitiary engine, which is
kept rotating at an alnost constant speed, is used for driving the
electric generator etc. A fishing boat engine is required to have
high reliability and durability in operation, Other requirenents
are to sustain high torque at low-speed operation for a Long tine
anal to be serviceable under various loads during fishing ope).ations.
Therefore, engines must fulfil these conditions under all conditaons.
Even if the ship i.s caught in rough reather, rrith consequent
pitching, rolling, listing o! swaying, duling navigation or fishing
opelations, the engine rnust furnish the sane required power as in
average neather: anal sea conditions lrithout faltering, which llight
cause changes in the shiprs stabi l i ty.
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6.2 Classi f icat ion by operat ing engine cycle

Engines are also classified by the operating
engj.ne cycfe, that is engines are classified depending on the nunber
of strokes for conpletion of one cyc1e, into four-stroke or four-
cycfe engines, and teo-stroke or two cycle engines.

6.3 Classi f icat ion by fuel

Engines are also divided according to'whether they
a:re gaseous fue1, o! liqtriil fuel, or other types of fuel. A large
nuniber of fishing boat engines use a liquid fuel, such as gas oil
for snal1 engines, anal heaw oil for medium and large engines.

6.4 classifj.cation by methods of engine cooling

According to this classi f icat ion, engines are divided
into the ai!-cooled type englne and the water-cooled type engine.
In the air-cooleal type engine, a cooling fan ls ah:iven by the engine
to force circulation of ai! for cooling the engine. The use of
this type of engine is limj.ted to coBFarativel"y small-sized diesel
engines. In most diesel engines, water-cool lng is used, The vrater-
cooled type is subclassified into the freshwater type and the sea-
\rater type. In the freshwater cooleal tt'pe, the engine is cooled
with freshwater, which is circulated over the engine, and then
cooled with seawater at the heat exchanger. On the other hanal, a
sealrater cooled type uses seavrater directly as a coofant, the sea-
water then being punped ovelboald. Most engines have for:ced
circulation by a punp of either the centrifugal or plunqer type.

6.5 Classi f icat ion by piston not ion

As. legarils the Piston motion, internal-cotrrbustion
engines can roughly be divided into leciprocating engines and
rotary enqines. In tne diesel engine, the reciprocating enqine is
used, while the gas turbine uses the rotary engine.

The reciprocat ing engine is subdivided into the
single-acting type anal the double-acting type. In the single-
acting qfpe conbustion tales place on one side of the piston only;
apst diesel engines use this type,

In the double-acting type conbustion takes place
on both sides of the pistonr this type is applied in certain large-
power diesel engines. Although this is a vely effective means of
lncreasing output, it entails various problerns affecting the
durability of the piston-rod packing, and for this leason, it is
not yet in general use.



By size, an engine is classified into lalge, hediurn
and snal l -s ize, This classi f icat ion is not always l ig ld because
of the nethod of engine operat ion, engine construct lon, etc.
Usually, engines having cylinders not exceeding l5O lnlll, langing frorn
150 nn to 500 nn, anal 500 ftn and ove! in bore size are called snalf-
sized, nedium-sizeal, and large-sized engines respectively.
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6-6 classi f icat ion by size

6.7 classi f icacion by ensine speed

6,a classi f icat ion by nunber of cyl inders

6.9 Classi f icat ion by cyl inder arrangenent

6.10 Classi f icat ion by air  feed system

Engines are classi f ied into lovr-speed, medium-speed,
and high-speed. Engines opelat ing at less than -0O r.p.m.,  in the
range of 400 r.p.m. to 900 r.p. tn. ,  and at 9OO !.p.rn. anal over are
called low-speed, mediun-speeal, and high-speed engines, respectively.
Fore reference, engines are also classi f ied by hean-piston speei l ,
which is an important design factor. Those operating at a rnean-
piston speed of less than 6.0 n/sec, in the r .ange of 6.0 m/sec to
9.0 m,/sec, and at 9.0 rnlsec and over are ca]led 1ou-speed, nediutn-
speed, and high-speeal enqines, respectively.

Engines are divided into the single cylinder type
and the nulticylinder type. The single cylinater type has only one
cfflihder, while the multicylinder type has bro or nore cylinders.
Engines that have four: cylinders are called four cylinder engines
and those with six cyl inders are cal led six cyf inders engines, and

Engines are classified into in-line anal Vee types by
cylinder arrangenent, ahe in-line type is subclassj.fj"ed into
horizontal and vertical types. h harine application, the both
in-line veitical type and the Vee type are useal.

The engine in which air  is sucked into the cyl inder
by the negative pressure created by the downward notion of the pjston
is called the naturally aspirated ot non-supercharged engine.
In the case of the supercharged engine, cobpressed air is fed into
the cylinder. The increased alr pressure is obtained by using
air punps anal the tenperature rises, so that, in sone supercharged
engines, i t  is of ten necessary to cool then by using an air  cooler.
The engine with a supercharger and an air cooler is cafled a high-
sup6rcharged engine. Its output is greater than that of the non-
supercharged engine.



The engine in ! , rhi  ch the fueL is direct ly injected
into the nain combustion chafiber is ca11ed dilect injection engine,
while other types of engines are eqlippeal with two chaibers, that
is the nain cotrbustion chamber and a pxeconbustion charnber or a
turbulent chai'ber: or an air cel1 chamber. h the case of the
latter type, the fuel is injected eit-]re! into the precohbustion
chanber or into the turbulent chamlcer (vertex chamber) or into the
air-cel1 chanbexr it then reaches the main chanber where the fuel
is burnt up conpletely, These engines are called preconbustion
chanber engines or turbufent engines, or. air-ce1l conbustion
engines, respect ively.

-  6 -

6 . I I  C l a s s i f i c a t i o n  b y  c o t r  r u s t i o n  c h a n  t r e r

6,12 Classi f icat ion by piston with crosshead and non-
crosshead

In this classi f icat ion, engines are divided into the
crosshead type and the trirnk piston type. The crosshead type
engine is equipped with a crosshead to support the piston-side
thrust, and also has a piston rod and connecting rod. The trunk
piston type engine is not equipped with a crosshead, and has a
connect ing rod on1y.

T n  s n a l l - s i z e d  e n g i n e s ,  L h e  p i s E o n s  d r e  n o t  c o o l e d .
Most non-supercharged engines also are not cooled, Since most
nedium and large-size engines are non-equipped lrith a supercharger,
the tenperature of the piston is considerably higher than in a
non-supercharged engine, so that the thermal load of the piston
is increased, Thexefore, the pistons are cooled by lubiicating
oil or freshi.rater. Depending on what coofing nediurn is used,
engines are divided into oif-cooled piston engines anai water-
cooled piston engines.

6.13 Classl f icat ion by piston with cool ing and non-
cooling device

6 1 4  c l a c c i f i . : F i . h  h w  c + . y + i n ^  h a + h ^ . ]

By starting nethod engines aie classified into
hand starting, electric-motor starting and complessed-air sta-rting
engines. The hanal and the etectric-motor star:ting nethods aie
used for snall-sized engines and the compressed-air starting rnethoal
is used for mediuin and large-sized engines.
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Classification by engine with realuction gea! and
revelsing gear, anal non-Eeduction and leversing
gea:as.

under this classification, nost-high- and nediuft-
speeal engines are equipped lrith reduction and reversing geals
fo! use in fishiDg boats. Realuction and reversing g€ars are not
used in the low-speed engine since such an engine can reverse
i t s e l f .

' t .
COMPARISON OF VARIOUS TYPES O'' DIESEL ENGINES

7-I Four-cycle engine versus hro-c"j,cle engine

1) The four-cycle engine has lhe foLlc'q,ing
advantages co4pared vith the two-cycle engine:

(a) suction and exhaust are perforrned by
separate stlokes, anal scavenging is pelforneal rbre efficiently.
Thelefore, the mean effective pressure is increased.

(b) In general ,  the
and exhaust strokes as against the whoJ.e
with the two-cycle engi.ne.

(c) starting the engine is easy, and running
is cairied ou! srcothly even with a low speed. range. Ihe range of
stabluzed operation is i"rider than that of the two-cyc1e engine.

(e) since the conibustlon chariber can be
cooled nore easily in the suction stroke, the abrasion of the
cylinder and the thel.llal load are reduced, and this extends the
service fife of the engine.

is smal ler.

pc'lrer lost in the suction
output are srnall coq)ared

( e ) The consury)tion rate of lubricating oil

Disadvantages of the four-cycle engine are;

(a) since the four-ct'cle engine corE letes
one cycl-e every bro turns of the crankshaft, a large flyr,rheel is
requireal to ninildze tl|e resulting large tolque change,



(b) A tr{o-cyc]e engine produces rnore power,
i.e. in theory, twice the horsepovrer of a foux-cycle engine having
the sane piston displacement. Therefore, the four-cycle engine
nust be largex and heavier than the tso-cyc1e engine for the sare

(c) The enqine construction is rnore complex
since suction and exhaust valves are pfaced on the cylinder head.
Also, the valve nechanism necessitates an increase in weight and,
t h e r e f o r e ,  c o n s L r u c t L o n  o f  t h e  e n g i n e  r s  m o r e  c o s t l y .

As against the mer.its and denerits of the
four-q/cle engine, the advantages of the two-ot'cle engine are
sumnari zed as follows:

(c)-a The t l ro-cycle ensine is sna1ler.  in size,
lighter in weight. cheaper in cost, and has less torque chanqe.

(c)-b since the two-cycle engine performs
scavenging at scavenging poxts, these are reqrired to be arranged
around the cylinder 1iner, but various problems occur, such as
that of reducing effective stroke, anal the difficulty in changing
air ,  exhaust,  etc. ,  in the cyl inder. .  Diesel enqines are instal led
as in-board engines f ,or f ishing boats, For an output of 2,000 p.S.
or less, the four-cyc1e diesel engine is nostfy used.

-  a -

7.2 Wate!-cooled engine versus a i r -cooled engine

The merits of the lrater-cooled engine are listed

1) since the parts that need soolins are cooled
uniformly and sufficiently by the circutaLinq purnp,

(a) deformation of the cylinder and over-
h e a t i n g  o f  $ e  c o m b u s L i o n  c h a n b e r ,  e L c . ,  c d n  b e  p r e v - r ' e d ;

(b) since tne top clearance can be mininized,
the compxession rat io is increased. Eor this reason, most engines
are of the water-cooled type.

2) Since the cylinder liner is enclosed ln a
water jacket, the space needed for setting up an engine of
equivalent horsepower will be reduced.
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3) In cold weather conditions, startj.ng ls alone
l",ith ease if the cooling qrater iE warned.

The denerits of the water-cooled engine a!e:

f) since the engine is equipped with a vrater
jacket,  a water punp and water pipes, i t6 weight is l -ncreased, and
the costs of setting it up anal of haintenance are afso increaseal.
Freezing over problens occul in a cold alea \,rhen the engine i.s
stopped for a lonq tire.

2) It takes tine to vrarm the cooling wat€r in
cold weather conditions. Moreover, the temperature has frequently
to be aaljusteal, because the terperature of the nater is lalgely
affected by the surrounaling ternperatute - colal or nalrn.

3) If the tenperature of the wate! is too 1o!,',
corxosion anal abrasion are caused.

The nerits anal denerits of the air-cooled engine are
about the same as those of t-he lrater-cooleal enqine.

7.3 Low or roediurn-speed engine versus hj-gh-speed engine

Ihe engine for na-line vessels is requiretl to be
smal l  in size and l ight in neight for the purpose of ef fect ively
using limlted engine room and ninimizing displacernent. The size
and weight of t}|e engine are not sirnply deternineal by rnean piston
speed or engj.ne speed, but th€y are closefy related to btake nean
effectlve pressure. The product of rnean piston speed anal brake
mean effective pressure is called output coefficient. The size and
weight pe! unit output are realuced lrith i-ncrease in o\rtput coeff,icient.

The above relationship is illustrated as regalals
four-c. ! 'c le roar ine-use diesel engines of 3O0 P.S. to 3,O0O P.S. in
Figs. L.2 anal 1.3, On the same output basis, there are differences
in size and in weight per unit output among lq,r, tnediull and high-
speeal engines: nanely, tie Lovr-speed engine is the largest and
heaviest. The differences between 1ow- and mealiun-speeal engines
ale co[paratively slight, i{hereas the differences between nediun-
and hlgh-speed engines are greater..

7.4 Ret iabi l i ty and durabi l i ty

As in the case of size and weight, the purpose of the
engine ls not deterilineal only by the engine speed. Irrespective of
rdhether the engine speeil is low, lnedire or high, efforts have been
Dlaale for the inprovetnent of the output coefficient through research
and developnent of high quality rnateriak, design and nachinery



process and other sophisticated techniques. As rnentioned above,.
the lo!r, nediun and high-speed engines have altnost the sahe
reliabifity. As rega!:ds durability of engine par:ts, the effects
of woln parts on englne pelforrnance are rnost noticealle in sina11-
sized engines, followed by nediun-sized engines and lalge-sized
engines. also, the service l i fe of engine parts becohe longer
as the enginets speed is lower.

_  1 0 _

7.5 Econonicalv iewpoints

7.5. I  Ar t ic les of  consunpt ion

(a) Fuel oi f  consumption

Articles of consunption can roushly be
divided into oi l  and general  al t ic les such as packings, paintsr
ropes, nuts,  bo]ts,  etc.  ruel  and tubr icat ing oi ls account for
the greater part  of  a shiprs operat ion costs.  Therefore a shiprs
operation costs will depend largely on the economical consunption
o f  o i l .

As regards fuel oil consunption, in
the high-speed engine conbustion is carried out in a shorter
tine. Therefore, the fuel consunption incieases witn the increase
of the engine's speed. As regards engines on board f ishing boats,
hoi,vever, fuels are standaidizeal according to the fixed engine
overhaul intetvals. Fuels generally in use are light-grade heaw
oi1 atrd gas oil. The fuel consurnption rate depends on the engine
nodef tather than on the engine speed. Generally speaking, the
f,rict-ional resistance increases with engine speed and, moreover,
the nealiurn- and high-speed engines suffer flon an additional toss
alue to the reduction gear. In other worals, the nedium- and high-
speed engines consune more fuel than 1ow-speed engines.

(b) Lubricating oi1 consunption

Lublicaling oi1 is required to be
repfaced in all or sorne parts of the engine, and replenished when
j.t falls belou the standard oil levet. Since the replacement of
lubricating oil per unit output and the cycle are alnost constant,
there is no significant aliffelence resulting flon the difference
in engine speeds.

On the other hand, the make-up rate
of lubricating oil is approxirnately proportional to the engine
sPeed. Therefore, low-speed engine have a lower oil consumption
than nedlun-speeal engines followed by high-speed engines.
Usually, the nake-up rate is higher than the replacenent rate.



7.5.2 Maintenance cos!

cenerally speaklng, fo! nos! €ngines over-
haul. is carried out on boaral ship. Eowever, soti€ tiedl.llr and high-
apeed engines catrnot be ovelhaul€al on boald andl nust be landeal at
a special dockyard. t'he!efo!e, their rnaintenance coat is in no
way negligi5le. The yeally eainlenance cost of a lor-speed engine
ls lower than that of sohe !|ediu!l* and high-speed engines.

7,5.3 Englne cost

Engine cost varies l.argely depending orl
the hodel, and is not deternlneal by the engine speed. llci'reve!,
lf, the engine is not equippeal witjr a reduction gear and clutch,
the cost of nlediuln- alral high-speed engi.nes is less than that of
Iot -speed engines sj,nce most of the folrne! ale generalfy naas
ploaluc€d, Fo! refelencer in the case of the Dain engine a clutch
and realuction gear are genelally instal.led in hi.gh- and nedilnn-
speeal engines to inprove propeller efficiency, etc.

If the generator is driven by the engine,
a clutch and reduction gear are not necessary,

'1.5.4 ot l le ls

lvhen an engine is selected, its p\r4)ose
should be conslalered first, then tlle space required for instalting
it, t}le type and nufiibe! of auxiliary engines to be used in cohbina-
t ion, etc.
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Table I.l Chalacterlstlcs of the dlesel engine a5 cotrpared wlth
the gasollne engine

htehaL-Cohbustion Engine - Palt X

htroiluction

Table 1.2 nrernal efficiency of heat englnes

Stean Engine

stea! TrEbine

Gas Turbine

casollne Engine

Dieael Engine

Diesel engine casoline engine

t. fligh heat efficienc!' I l. Eeavy lreight

2. Loe qua.Lity oi1 can be | 2. High vlbratlon and
used (heaw otl) | exceesive nolse

3. Infrequent f i l lng I
tlouble I

4. Hlgh ouq)ut

5. llo electlic soirlce nor
circuit are neealetl

Kinal of engine rheflal efflciency

l 0 -16

la -  2a
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Internal-Cotibustion Engine - part I

Int-roductioD

(A) suction
s troke

(1) suction
(2) Exhaust
(5) Piston

Corpression

C!'linder cove!
cylinder
crank

(C) E:rpansion
stroke

(7) Fuel injector
(a) cahshaft
(9) cam

(f0) Fuel pun4)

(D) Exhaust(B)

valve ( 3 )
( 4 )
( 6 )

(a) Behaviour of f,ou!-cycle engine

il4
i,iF
I'i r;i
X,J
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.&:) l,(l?-

(s)
( 6 )
( 7 )

( 3 )
( 4 )

( 1 )
( 2 )

scavenging port
Exhaust port

Cylinaler cover
Cylinder

Piston
scavengrng puq)
Fuer injector

(b) Behaviour of wo-cycle dngine

Fig. r.1 (a) and (b) Behaviour of fou.-cycfe anal two-cycle engines
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IIiTIERNAI--COUBUSTION ENGIM - PART I1

Structure and handling of the four-cycle diesel engine

OIJTLINE

Most fishing boats axe equipped with diesel engines, except
very snall boats using outboaxd engines. As regards large fishlng
vessels such as \rhaling mothe! ships, vrhalera, large stern trawl
ships, factory ships and refligerator ships, these are equipped with
two-cycle si.ngle-acting diesel engines, while mediun- and snall-
sized fishirg boats ale equipped with single-acting, four-cycle in-
l ine vert icaL type, trunk piston diesel engines of 2,000 P.S. or
less. Engines lrith a cylinder bore of 150 nm or less are always
gasoline engines. Snall diesel engines are nostl.y of the high-speed
type and, since fuel codrustion is completed in a shorter tihe,
kerosene or gas oi1 is used as a fuel. They also are provided with
a reduction gear for the purpose of inproving propeller efficienc]'.
For the nedi\sFsized engines, the low-speed type as \re1l as t}le
nediutn-speed type are used in ahost equa] nulbers. Fishing boats
tend firore and nore to use rnediun-speed engines because of their
slnall size and light weight. l,tost mediun-sized engines are equipped
wilh a supercharger, and ale fuelled !.'ith conparatively high quality
heal"y oil or gas oil. The healiun-sized engines are provideal with a
reduction gear and clutch for the inprovenent of propelfer efficiency
and connect ion of the engine and propel ler shaft .  Fig. 2.1 sbowE
a cross-sect ion of a marine four-cycle engine.

Diesel englnes for fishing boats are corqosed of the
follglring items of equipnent:

( 1 )

l2)

( 3 )

Energy generating equipment!
C\rlinder 1iner, cyfinder cover, piston and
piston r ing-

Pouer tr:ansmission equipnent!
Piston pin, connecting rod, crankshaft, cra.kpin
bearins, flwheel.

cyl inder,  crankcase, bedplate rnain bearing.

suction (in1et) and exhaust equipnent:( 4 )
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Suction (inlet) valve, exhaust valve,
valve nechanisn, canshaft, timing gear, supe!-
chalger, air coofer (j.nter-cooler) .

( 5 )

( 6 )

c i : F + i  . ^  o d n i  h n a n +  ,

Air tank, aj-r compresso!, starting valve,
pneunat ic start ing system, or electxic start ing

(e)

( 9 )

( 7 )

ENERGY

2. r

Fuel feeding equipnent:
FueI oi1 tank, straine! and f,ilte!,
fuel injection punp, fuel injection valve.

Governo! equiprnent:
Governor,  speed regulat ing mechanisn.

lubricating oi1 equipnent:
Puq), strainei and filtet, pressure contlol
valve, pressure 9au9e, oi l  cooler.

Coollng equipnent:
Kingston valve (botton valve), purp,
thermostat,  rose box.

GENERATING E9UIPWNT

cylinder liner

2 .

The cylinder Iiner together with lhe cylinde! cover
and pj.ston forrls t-he coribustion chanibe!. The top of the cylinder
liner is pr:ovialetl wit-h a flange having ground suifaces. atre cylinder
liner is installed into the cylinaler jacket from the top, and its
flange is clanped between the cylinder cover and jacket by neans
of the cylinder cover clarnp bolts through a copper: packing. The
inner wa11 of the cyfinder finer is precision nachined *ith a
snooth finish to obCain true circularity so that the piston rings
can naintain gas tightness even t hen the piston continues the
leciprocating notion at a high speed. The q,]lndei lj.ner is nade
of special cast ilon since it is required to be highly resistant to
a.brasion. Cast i ron offers excef lent abrasion resistance because
it  contains a great quant i ty of graphite,  which reduces f l ict ion
and also absorbs and releases oil to lubricate the cylinder liner
wal]. Pcrous hard chromiun plating is also widely applieal ove!
the inner wafl of the cylinder liner for the purpose of, improving
abrasion resistance. Although the wear resistance of the chrordr.rn-
plated liner depends largely on the nature of t-he fuel and lubr:icanE
used, as 1,'el1 as on the engine opelating conditions, it is repoxteal
tiat the weai of the chroniun-plated liner is l,/5 to 1/IO less than
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that of  the cast_iron t iner.::':n:*:*:.lj:x jir:'rxi:j:"::F:!i.:ti'":i";"'::::'
whitp spots 
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Pigs. 2.2 (A) and (B) i r lustrate a cyl inder.  l iner for.
four-cycle engine.

2 . 2  c y l i n d e r  c o v e r  ( r y I  i n d e r  n F a d )

2,3 Contbustion charnber

The cylinder cover ls nounted on the top of the cylinder
be neans of  c lamping bol ts  and nuts,  and as nent ioned in sect ion 2.1,
the bottom of the cylinders covex forns part of the co!'bustion
charber.. In the case of the four-cycle engine, the cylinder cover
us f i t ted l t i th  a fuel  in ject ion valve,  suct ion vafve,  exhaust  va lve,
star t ing valve/  etc . ,  and a cool ing t rater  passage is  pr :ov ided ins ide.
I ts  construct ion is ,  theiefore,  very conpl icated.  cy l inder  covers
are nost ly  nade of  cast  i ron.

An example of the cylinder. cover for a four-cycfe
engine is  shown in I ' ig .  2 .3.  rn th is  example,  t ier .e is  one suct ion
and one exhaust  va lve.  This systen ls  ca l led the t t ro-cyc le systen.
In the high supercharged engine, a four-valve systen is equipped for
the purpose of inproving suction, or scavenging efficiency, that is
red\rcing the thernal stress by improving the cooling of the colibustion
chaniber wafls, anal consequently maintaining strong resistance to a
high explosion pressure and extending the durability of the e)dlaust

Generally, the suction and exhaust valves are ar:ransed
symnetrtcatly on the cylinder cover. Since the exhaust vafve teq)era-
lure is hish while the suction valve tempexature is ]ow, a high
tiermal stress occurs between the vafve seats. Repeated thennal
str:ess results in fatigue and cracking in structural engine material.
To pr.event crackinq produced by thermal stress, it is inportant to
protec! the cyfinder cover fron overheat. Therefore? overload opera-
tion, choking of the cooling'water passage and vent line, and gas
leakage from the exhaust valve should be avoided. I,rhen fitting the
cylinder covei to the cylinder block, uneven crarnping and overtightening
shoufd be avoided. rhis is because irregufar tightening !ri]l danage
the packing and packing qrooves, deforrn the cylinder: cover, and
eventual fy  cause ser ious gas leakage and crackinq.  rhe cy l inder  cover
should be f i t ted gradual ty ,  f i rs t  by t ightenins the opposi te pai r :  o f
nuts and finaffy tightening up all nuts evenfy.

The shape of the conbustion chanber has an important
bearing on the fuel conbustion efficiency- Therefore, various shapes
of conbustion chanbers have been desiqned and apptied. corbustion
chanlcers are broadly c lass i f ied in to two types:  d i rect  in ject ion



con'bustion chamltrer type, in there is only which one conbusrion
chanber, and auxiliary conbustion chanber type, in which the conbus-
tion cha ber is divided into severaf sections. The auxifiary
chahber type is subclassified into: preconbustion chamber type
turbulent chamber type vortex chanber type, and air-cetl chahber
tvPe.

- 5 -

2  . 3 . I

2.3-2 Auxi l iary chanber type

2.3.2.I  Preconbust ion charber type

Direct inj ection- corbus tion chanber rype
(open-type combustion chanber:, or direct
inject ion type)

rhe d i rect  in ject ion type has a s inpfe
construct ion and excel lent  s tar tabi l i ty .  l toreover ,  i t  consunes
less fuel .  For  th is  reason,  th is  types is  used in a lnost  a1t
engines,  except  h igh-speed ensines.

A typ ical  example of  rhe d i recr  in ject lon
type cohbust ion charber  is  i l lusrrated in  Eig.  2.4 -  (a)  ,  (b)  ,  and
(c)  -  The bef l  type conbust ion chanber {a)  is  semispher ica l ,  and
has a snalf area of sur.faces cornpared with its volune. Therefore,
quick cool inq of  the combust ion chanber is  prevenred,  making i t
possib le to f i re  fuel  in  good condi t ions.  However,  in  v ie l r  o f
their strenglh the pan-shaped conbusrion charnber (b) whose concave
chanber is shallow and the Hesselnan type conbustion chanber (c)
bave been widely used- rhe former: is nainly appfied in large-
s ized engines and the la t ter  in  snal t -s ized engines.

I f  an engine is snal l  in size but
has a high speed, conbust ion is less eff ic ient,  because rhe mixine
of atorlized fuel and air becones rnor.e difficutt. rn order to solve
this problem, the precombustion chanber type engine has been developed.
A typical exary)1e of the preconbustion chanber type engine is illus-
trated in Fig, 2.5. The precor,bust ion chanber is provided in the
cylinder cover, and occupies 25 to 4Or of the ovexall space of rhe
cornbustion chanber. It comnunicates with the conbustion char,ber
by one or several  lestr icted passaqes {cordnunicat ion holes) -

The fuel is injected into the
preconibustion charnt,er through a sinqte-holed nozz].e at a pressure
used for the direct injection type, part of the fuel is isnited
in the preconbustion charber, and the resuttant high pr:essure dirves
unfired fuel violently into the main coribustion chanb;r through
the conmunisation holes. Thus, the atonized fuet is hixed with
air lrithin the mainconbustion chanlcer and burns conrpletelv.
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9lhi le in the direct in ject ion type
the air: required for co[ibustion ls about twice as nuch as the theo-
retical air fo! cohplete con'irustion, in the precorbustion chanber
type it is possible to carry out comptete con'bustion even if the
air  is about 1.4 t imes the theoret ical  value, Por this reason, .
higher nean effective pressure can be obtained in the precohbustion
cha$ber. As the precoibustion type carries out fuelling through a
s r n g l e - h o l e d  n o z z l e  a t  a  1 o ! . ,  i n j c c t i o n  p r e s s u r e ,  t h e  l i f F  o f  L h F
inject ion systen is long, Moreover: ,  as the atomizing condit ions of
the fuel  are excel lent,  low qual i ty oi l  can be used. Howewer, this
type has demer:its in the case of start-up, lhe pressure rise in the
precombustion chanber improves the fuel ai-onizing, but, this is
con'bined oith the hiqh cooling effect of the preconbustion chanber
and consequent ly,  s low engine star. !-up.

For this reason, the precombustron
chan'ber type engine takes a hiqh conpression ratio and uses a gloi,r
pfr.rg within the preconibustion chalnbe!. rhe specific fuel consunption
of this type of engine is higher than that of  the dir .ect in ject ion
type because of loss of pressur.e owing to ttle former being equipped
with connunication ho1es.

As shown in Fig. 2-6, the vortex
conlrustion chanber type has a spherical charber in part of the
cyl inder cover: ,  and is provided with a conrnunicat ion hole leading
to the main conibustion chatnber in a tangential direction. The
size of the vollex chanber is rarger than that of the preconbustion
chanber,  namely, i t  occupies 7os to 80* of the total  cohpression
sPace. Moreover,  the rat io of the sect ional area of the corununica-
tion hole to the cylinder is larger than in the preconbustion
type, being 2 to 3.51. In the compression stroke the cornpressed air
rushes into the vortex chanrber in a tangential direction, and for.ns
a violent whir l .  The fue1, on the other hand, is in jected into
the vortex charnber through the pintle nozzfe, and is nixed with
the air, ignites and bur:ns, Unrike fuel the conbustion the
precombustion chanber type, the greater par:t of the fuel is burnt
in the vortex chaniber. The characteristics of starting and combustlon
of the vortex chaniber type are similar to those of the direction
injection type rather tnan to tnose of the preconibustion chanper type.
However, at the tine of start-up, a glow p1u9 is used, as in the
pleconbustion chanber type.

2.3.2.2 Vortex conibust ion chanber tvoe

2.3.2.3 Air-ce1] conibust ion chaniber tvpe

As shown in Fig. 2.7 the ai i -
cell conbustion chanber type \rses an air-cell in the cylinder cove!
or piston ctolrn. The celt  occupies 30 to 70* of the totaf conpression
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space, anal is conuunicated to the main cornbustion chanibe! through
a communication hole, The fuel is injected at the houth of the
air-ce1l through the nain conbustion chanber. Itre air forceat j.nto
the air-cell in the conpression stroke is jetteat into the naln
colibustion chanber in the expansj.on stroke, thus inprovj"ng the
nixture of the injected fuel with the air. Since the piston weight
in high-speed engines is heavy rrrhen an ai!-cell is provided in the
piston crown, the air-cell is often mounted in the cytinder cover.

The merj ts of the air-cell type
include smooti fuel conbustion and low naxirrum pressure, honever,
tne denerits are poor therllal efficiency and sna1l output because
colibustion continues toward the end of the expansion stroke. For
this reason, the ai!-cell type has been rarely used in recent

2  . 3 . 2  . 4 Evaporative cohbustion chariber
tvpe

The most Lypical of Lhis type is
the M-conbustion systen developed by Dr. Meurer, M.A.N., Gerrnany.
As shovrn in Fig. 2.8 the piston is provided with a 3,/4 spheri  cal
conbustion chanber t/rhose walls are naintained at 340'C by oi I
cooling. The main strean fuel injected into the conbustion chahber
adheres to the walls in an even film. i,{hen approxjrately 5r of
the fuel  in jecLed ar the beginning of in jecr ion is atonized with
conPresseal air, the cornpression ignition tales ptace, The conpression
ignition is then conmunicated to the hain stlearn fuet evaporated
at the end of the coq)lession stloke. Thls systen is snooth j.n
initial conbustion, and is free froh knocking inherent in diesel
engines. fo! this reason, it is atso calLed ,'whisper engine".
SorE small, high-speed engines use this system.

2.4 pis ton

The top of the piston foxhs part of the cohbustion
chaDber. It receives a high gas pressure and tenperature on the
explosion stroke, anal t}Ie pressure transrnits energy to tbe crank-
6haft through the rnealiun of the connecting rod. Structurally,
the piston is broaalfy classified into trunk tltl)e and cross-head
type. The fomer receives the siate thrust (the cylinder liner is
pushed by the inclinatj.on of the connectj-ng rod in the atirection
nornal to the cylinder Liner axis) on the piston ski.rts, whereas,
t-he latter receives the sarne thrust on the guide shoe of the cross-
head.
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The lrun-k-piston type can reduce the overall he.ight
of  the engine;  however,  i t  increase i ts  length.  The construc l ion
oI  t l1e engine is  a lso mo'e s lmple,  ror  t } l is  reason,  the r runk-
p is ton type is  used for  four-cyc le engines.  Most  f ish ing boats
ale equipped witn this type. h the trunk pisron type, in order
to prevent codrustion gas leakage fr.om the clearance betlreen the
piston and the cy l inder  l iner ,  there are prov ided 3 to 6 pressure
(codpression,  packing)  r ings on the upper par t  of  the p is ton,
AIso,  for  the purpose of  prevent ing leakage of  lubr icar ing o i I
in to the conbust ion chad)e. ,  o i l  scraping r inss are prov ided jusr
below the lo t rest  pressure r ing and on the bot tom of  the p is lon
ski r t .  fn  order  to inprove runing in  and prevent  se izure between
the piston and liner, a strip of tead copper is sonetines wound
round the p i .s ton.  At  about  hal f  way betveen the two ends of  lhe
piston there is  prov ided a p is ton p in in  o lder  to connecr  the p is ton
to the connect inq rod.

For  connect ing the p is ton p in to the p is ton a f ixed
or f loat ing type device is  used.  The f ixed type set  screw and
key are used to prevent  s l ipp ing of  the p ls ton p in dur ing operar ion.

In the f loat ing type, a cler.ance is provided between
the piston pin and that part  of  the piston which bears the piston
pin, in order to aLlow the piston pin to nove freely.  rn this
type the piston pin is prevented fron slipping out by means of

In high-speed engines, both ends of the piston
pin are simply set with circlips, In nealiun and loi,r-speed engines,
a side cover is used to prevent the excessive f low of tubr icat inq
oi] .  s ince, in th€ f loat ing type, the l rear of the piston pin is
fess than in the fixed type, the floating type is now lridely used,
Lubrication of the piston pin is done by means of oil fed through
a hote drilled through the connecting rod from the main bear:inqs r
as lubr icat ion is done accordinq to the high-pressure system.

The piston crown (top of p.iston) always bears rhe
brunt of high temperature and pressure which is proportional to
the heat developed in the cornlcustion char,ber during engine oper:ation,
In recent years, the super:chargeal engine has been considerabty
developeal. Sone supercharged engines are capabte of devetoping
t!,/o or thr.ee tines as nuch heat as the non-supercharged engines on
the sane conbustion chanber volume basis. With the increase in
the degree of supercharging, the tnaximun temperature of the piston
also increases. In order to keep the maxinurn temperatur.e irithin
tolelance of the mater ial ,  or to prevent the seizure of the piston
rings, that i : ,  to ke€p the temperature of No. l  r ing groove below
about 2OO-250-C, the so-called for:ced-cooled piston, in which rhe
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the piston crcfin is force cooled, is being used Dore and tnore.
As cooling nealia, fteshwater and tr.irricating oil are used. For
the trunk piston type, lubricating oi1 is mainLy used as a cooling
healiun. Generally, pi.stons are rnade of cast ironr which !,rithstands
high tery)erature and pfess\rre, and is also resi.stant to abrasion.

Fig. 2.9 shows the structure of the non-cooleal tyFe
piston of a four-cycle trui*  piston engine and Fig. 2.10, the
structure of the cooled type piston, anal nethods of piston coo1ing.

In rig. 2.11 is sho!.,n an articulated pipe type and
in F' ig,  2.12 a telescopic pipe type. F'or high-speed engines, the
strength of the naterials used must be well balanced, keeping the
\,reight of noving parts as low as possible. For this reason, aluminun
aLloy pistons are used for some mediurn-speed engines as i,rell as
for most high-speed engines.

The cooleal piston is available in tlro types as shown
in Figs. 2,10 (A) and (B):  an alErinwn al foy sol id type anal an
assenbly type, in which the piston crot'n is made of forged 6teel or
cast steel highly resistant to heat, anal tjle piston skirt is nade
of cast iron or alurninuln alloy. Fiq. 2.I0 (A) sholrs an aluninun
alloy piston, the lubricating oiJ. for cooling is sprayed o! jetted
on the wrder srEface of the piston croi,rn. this type of cooli.ng is
called "oil jet or spray type". Fig. 2.I0 (Bt shoes an aluminui
afloy piston whose cooling pipe is dilectly cast in the crorn.
Fig. 2,10(c) shows an assetrt ' ly type piston. The cool ing oi l  is
fed through the piston pin as the piston moves up and dcirn by reci-
procating motj.on. Ihis type of cooling is catted "shaker t!ll)e,'.

In the case of, cast iron pistons, th€ clearance
betll'een piston skirt anal liner is about O,00I D (D is ci'Iinder
bore) according to stahdaral. On the other hand, the diareter of
the alurninun alloy piston is snaller than the cast iron type because
alullj.nun alloy pistons are hore liabfe to e:<pand by thermal- energy
alurlng operation. UsuaIIy, the coefficient of thernal enpansion
of aluminun is about double that of cast iron. In etrgine operation,
the temperature is higher around the crolrn of the piston. For
this reason, the outside aliaheter of the piston ie tapered off
tovrards the crcrwn in consideration of theinal e:eansion. The wal1
thic.kness of the piston skirt is alecreaseal alonnuards in order to
nake the piston lighter, alal the circufference of the piston pin
boss is provided lrith an excape or is elliptically nachinedl to
avoiii thermal exDansion.
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2.5 Piston r ings

Ptston r ings are broadly classi f ied into pressure r ings
and oi l  sclaping r ings.

2 . 5 . 1  P r e s s u r e  r i n g

The pressure r ing sl ia les up and down, keeping
cfose contact with the cylinder \{a11s over the entire periphery and,
because of its elasticity, preventing leakage of conpressed air and
conbustion gas through the gap betlreen the cylinder llner, and piston,
while transnitting heat frorn the piston to the liner through the
nedium of an oil filn. The piston ring is required to keep its
.elasticity even under high tenperature conditions and to have a high
resistance to abrasion. For this reason, the paston ring is usuafly
nade of special cast iron.

2.5.2 oi t  sciapins r ing

The oi l  scraping r ing scrapes off  excess
lubricant from t]le cylinder h'alls to minimize the seepage of oil
into the conibustion chamber. The oil scrapeal off by the oil scxaping
iing is sent back from the piston to the crankcase, after passing
through the ring grooves and the holes provided below them.

2.5.3 Shape of piston r ing

The shape of the piston ring is illustrated
in Fig. 2.13 and the sectional view of the pressure ring is shown
in Fig. 2.14. The so-cal led plane type is the nost vr idety used, and
the taper type is useal to a linited extent for high speed engines.
on the other: hand, the barrel type is used for the highly supercharged
engines of the nediunF and low-speed type. While the taper type is
alesigneal to elrpedite runningoin, the bariel type alloirs easy formation
of the oil filn, thus preventing scoring of the cylinder line!.

Keystone is used when there is a risk of
sticking because of poor oi1, or for the top ring in the mediun-
and large-sized engines.

Since the piston xing becomes considerably
hot during operation, a suitable clearance betvreen the ring and
groove should be provialed to allo!./ thermal e)<pansion. The clearance
when the ting is in the linei should be A/J.|OOO to 5,/1,000 D (D is
diameter of thering in the liner) .



rhe typical shape of the ring cut joint ls
shotn in Fig- 2. f5.  The cut jo int  is l iable to let  gas escape,
especiaLly in the case of l@ speed engines. Ite stepped cut joint
ensures the snaUest gas feakage, fotlc/*,ed by the ansle cut (oblique)
joints and the rectangular cut (straight) joint. suitable rings for
any piston size anal requirenent can be procured fron a nuniber: of
nanufacturers specializing in tnis ploduct- A typical e:<aq)fe of
the sectionaf vielr of t-he oil scraper ring is shown in Fis. 2.16-
Genelally, the cutter oi1 type is used. lihere oil scraping action
is iq)ortant, the bevel cutter type is used.
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POI|ER TRANSESSION EqUIPUENT

3-l connecting rod

the tl|I)ical structure of the connecting rod in use
for lo{r-speed engines is illustrated in Fis. 2-1.7-

' The connecting rod connect-s piston pin and crankpin,
and transrnits the conbustion qas pressule acting on the piston to
the crankshaft. Its top is provided tritll a piston pin bearing and
its botton with a crank pin bearing. Ihe top is called "ninor or
sball end", and the botton is caUed "najor or Iarge end"-

The connectinq rod is made of forged steel, and in
bany cases, its section is, circulax in shape. For mediuD- and
hish-speed ensines which are mass produceat, t-he connecting rod is
die forged in the shape of an I for the purpose of $eight reduclion-

The tdnor end
srrPport the piston pin, and

provided with a piston pitr rnetal to
usuaUy nlade of phosphor bionze.

As shoon in Eig. 2.1'l the najor end has a crank pir-
rEtal. T end, into shich a foot liner can be set to adjust tne piston
clearance. the crank pin netal used to be nade by casting l'hite
rtal into a back Detal of ca.st steel.

In recent years, hoeever, corylete crar* pin netal,
tthich dispenses with netal lapping, has been used increasingly.
Ttre Dajor enal of a connectins rod using a coq)Iete netal is shordn
in r is- 2.14. (For netafs,  refer to sect ion4.4 -  na- in bearing.)
tlith the increase in enqine perfornance, the aliareter of the
clank pin has becorde La:rger coryared siti the piston tliaDter. Ibe
aiareter of tie crank pin is detenrined by tlle naxiDun wialth that
the connecting lod can clear throuqh the inside diaDeter of the
cylinder liner. In order to increase tlle dianeter of tne crar* pin
to t.tle naxinun uidti of, the hajor end of the comecting rod, so



that when the piston is re$oved the llajor end of the rod does not
touch the cylinder i,ra1l, it has been the practice to diagonally
spl i t  the major  end of  the rod as i l lust rated in  F ig.  2. f8-

compared with horizontal  spl i t t inq, diagonal spl i t t ing
can make the dianeter of the crank pin about 20t larger. In the
case of diagonal spf i t t ing, the joint  surfaces disfocate from each
other l ike a geai meshing (serxated joint)  and the resultant force
acts to overtax the crank pin netal clamp bo]ts. For this reason,
the joint  surfaces are f i r rnly engaged within each other.  Fig. 2.18
i l lustrates an example of the major end of a connect ing rod for
highly super.charged engines. I t  is sometimes cal led the "double
clamped" type. In this type, the piston can be removed, whire the
crank pin bearing remains in place.

The lenglh of Lhe connect ing rod is usual ly expressed
in terns of the ratio to the radius of the crank. The shortes!
range is fron 3.2 to 4.2, whi le the longest is alout 5.  For high-
speed enqines, a connectins rod, lrhich is shorter than the crank
radius, is useal. since the inclination of the connecting rod is
large, the piston side thrust becones laxger. Accoralingly, piston
wear and cylinder vibratlon becone larger, but the overall height
of the engine can be reduced.

T h e  c o n n e c L i  n 9  r o d  h a s  a n  o i l  h o l e  d r i l  l e d  a l o n g
i L s  a x i s .  T h e  o i l  r u n s  i n L o  L h i s  n o . I e  a f t e r  l u b r i c a t i n g  t h e  n a i r .
bearing and cr:ank pin, and then Iubr icates the piston pin and
cools the piston.

The crank pin bearing and lhe connecting rod are
connected by means of I  to 2 sets crank pin bolts as i l lustrated in
Fig. 2. I7.  rhese bolts are made of forged steel or special  stee1.
As the-ir breakage durins operation could resuft in serious troubfe,
their design, nateriaf, and rnachining nust be carried out with

It is, therefore, the practice to r:enew the bolts
after they have been in use for a certain length of tine, even when
they appear to be in good condition, because netal fatigue is bound
to have occurred-

3-2 crankshaft

The crankshaft comprisesr a crank journal supported by
the main bearings crank pin novably fitted to the major end of the
connecting rod, and cr:ank aln connecting then. The crankshaft not
only drives the propeller shaft, but also polrers the camshaft, governor
and other auxiliaries. rn fishing boats, the cr:ankshaft frequently
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also drives the hydraulic pump and the generator for the fishing
machines from the far: end in relation to t-he DroDeller.

The crankshaf t  is  cont inuously subject  to  bending and
tors ional  forces so that  i t  must  be nade of  r ig id mater ia l .  Usual ly
i t  is  made of  forged steel ,  but  in  specia l  cases i t  is  made of  specia l

In sone cases, the crank arn is f i t ted wiCh a counter-
weight (baranclng weight),  in order to produce a dynanic balance of
the rotat ing mass as shown i^ Fj ,g.  2.22-

The crankshaf t  is  c lass i f ied in to two types:  so l id
type in \rhich cr.ank journal, crank pin and crank arn are forged frotn
a s ingle s leef  b lock,  and bui l t -up type in which these corq)onent
par ts  are forged separate ly ,  set  up by shr . ink f i t t ing and nachined
to specified dinensions. The forrnei type is applied to snall- to
mediunF-s ized engines,  whi le  the la t ter  is  nain ly  used for  large
enqines.  F ig.  2,19 i l lust r .ates an exanple of  the sof id  type crank-
shaf t -  The sol id  crankshaf t  for  snal l  enqines is  made by d ie {s lary))
forgtng,  and that  for  the mediunFsized ensines is  roushly forged by
the R-R {R.  Roderer)  forg ins nethod (cont inuous gra in f low process)
as shown in F ig.2.2Oi  the la t ter  is  nol r  the nost  gavourable method.
Crankshafls nanufactuiered by this process have two aalvantages I
smal l  nachin ing a l lowance and h iqh st rength resul t ing f rom the
continuous flow of structure.

The crankshaf t  is  prov ided l r i th  an o i l  ho le dr i l led
for: feedins oil fron the main bearinq to the crank pin bearing and
p i s t o n  p i n  m e t d l  ( F i g .  2 . 2 I ) .  F o r  s o m e  h i g h -  a n d  n e d i m - s p e e d  e n g i n e s ,
t-he crank journar and crank pin undergo high-frequency har.dening or
flame hardening to a depth of several millineters from the suiface
in orde!  to  n in in ize wear.  ror  h igh speed enqines,  i t  is  of ten the
practice to nake the crank pin holf@ foi tf,re purpose of reducinq
t h e  w e i g h L  o f  t h e  r o t a t i n g  p a r t s .

Insuff ic ient strensth of the engine bed. inexpert
instal lat lon, di f ferences in the wear of the inain bearings, etc, ,  wi l l
conlrine lo deform, overstress and eventually break the crankshaft.
The deformation of the crankshaft  can be checkeal as shcsrn in Fig. 2.23.
Namely, witn the crankshaft  placed at the top dead center of the
piston, the distance bet{een the arms on the inside are rneasured with
a nricrometer, and then the crarkshaft is turned to the bottom dead
center to rnale the sane neasur.ernent. The opening of the crank anns
can thus be checked. If the distance measruenents show a difference,
i t  can be suspected that the bearing on ei ther the crankshaft  or the
extension shaft  is defect ive. In such a case, tne causes should be
dletected and f te adjustnent of the shaft  center should be carr ied out.
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3.3 Fl I 'wheel

The fll'Illheel is nounted on one end of the crankshaft,
and is used for malj.ng the engine rotation snooth during operation.
Usual1y, the flFrheel is provided with tining narks on its periphery,
lthich are divialed into 360 eq\ra1 divisions and used for the adjusunent
of valve t in ing, fuel  in ject ion t iming, etc.

For high-speed engines, which are star.ted by an efectric
or pner.uoatic notor, the Periphery of the flywheel is provided with
a rinq gear to serve as part of the tulning gear, Also for the
pu4ose of facj.litating the turning operation, some fltryheels are
plovided lrith several holes into which a tulning bar is set, Large
engines invariably have barring teeth to enable the engine to be
turneal by motor. Some sma11 engines are provided with a handle for
turning.

Itrere are two installation sclhenes for the flywheel:
one in which the fly\rheel is mounted on the front end of the engine,
anal the otier i.n which the flywheel is nounteal on tie rea! city
is lower than 30 to 35 inls, and cast steel o! forged steel where
the wind velocity is 35 to 45 rnls.

4. FRAME

4.1 Cyl inder

The cyLinder is equipped with a tiner and a li,ater
jacket is forneal beureen the inside walls of the cylinder and the
oulside waLls of the 1inet. tf}e c]'linale! withstanals the continuous
ereansiott force of the cotnbustion gas through the cyli-nder cover,
bed ard craank ca6e.

Ihe cyllnder is usuaUy lraale of cast i!on. For snalf-
and mediuft sized engines, the cylinder is nachined from a solid
casting, but for lalger engines, it is divided into severat blocks.
With increase in the naxinun pressure and in the engine size, the
tension acting upon the cyJ-inder becomes 1a!9ex. In order to lessen
th6i high stless on the cylinaler, some cylinalers are designed to use
tension bol.ts (tie rod) to clarll) t-he cylinder top surface to the
bed o! crarik case.

Afthough the cylinaler of the four-cycle engine is sirple
in construction, that of the tqro-cycle engine becomes complicated
because a scavenging port and/or an exhaust port are necessary.
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Eig. 2.24 i l lustr :ates a cyl inaler of a four-cycle

Crank case (fr.rne)4 . 2

The crank case is instafled between the engine bedpLate
and cylinde!, and connects them. It also bears the rnoving parts,
transmits the force aleveloped by the conbustion gas, anal fortns a
total ly enclosed space free fron oi l  teakage,

A typical exanple of the crank case now widely in
use is shovrn in r ig.  2.25. For tow-speed engines, the crank case
and c!'linder are usually nade inalependently of each other anal assenbleal
to a single body by bof, t ing or wetdins (Eigs, 2.25 (B) and (C)),

For tnediun- and high-speed engines, however, it is
usual to tnachine the crank case and cylinder fron a single sotid
block (nonoblock construction) for the purpose of increasing the
strength and decreasing the overal l  weight.  (Fig. 2.25 lAl) .

For snral1 engines, the walls of the cytinder, crank
case anal bedplate ale roade cohpaxatively thicker and the expansion
Plessure j"s directly borne by the crankcase qralls. ror nediun- anat
Iarge-sized engines and for hj.gh performance engines, the wafls are
designed to be thin, and the three blocks are tightened up together:
by means of lension rotls to receive the exDlosion

Ihe tension rods should be tightened sufficiently so
that the erg)anslon and contraction of the cylinder and crankcase,
ouing to oelosioD pressure, can not cause a gap bebreen them.

4.3 Engine bedplate

cener.ally, the mediurn- and 1ow-speed engines ale pro-
vided rith an engine bedplate. As iLlustrated in Fig. 2.26, the
engine bedpl-ate is maale of cast i!on, and bears the nain bearings.
The engine bedplate is given sufflcient strength and rigidity to
receive the e)q,losion folce and inertia force of the engine through
the crankshaft, crankcase and nain bearings. It shoutd be added
tl.'at the durability of lhe nain bearings depends greatly on the
ligidity of the housing suppotting it.

Ftgs. 2.26 (A) and (B) show engine bedplates used for
sllall-and rnediun-sized engines, and (c) and (D) for large-sized
englnes.
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An englne bedplate having an oil reservoir in the
lovrer half, foi keeping lubricating oil is ca1led "wet type", and
an engine equipped with a separate oil reservoir is called "dry

For small-and nedirrn-sized engines, the wet type
is mostly einployed because of its structural simplicity. If the
amount of lubricant is insufficient cotrFared to output, the
degradation of the lubricant will be accelerated. If this is
feared, the bottorn of the engine bedplate should be deepened ox
the dry type should be adopted.

4.4 Main bearinss

Main bearings are installed at to each end of
each crank arn, and receive the force transmitted fron the liston
to the crankshaft. The oil holes drifled in the bearings have
the it'portant role of feedinq oi1 to Lhe cxank pin bearins and
piston pin. One of the nain bearings suppoxts the crankshaft
journal, and is of the flanged type. The bearing on the flywheel
side is lrialer than the other bearinqs since it has to sustain
the ]oad of the flywheel.

As shcdn in Eig. 2.27, the nain bear: ing housirgs
consist of an upper and a lowet half, and the insides are fitted
with a shel l  type bearing metal .  Pig. 2,27(a) shows the t j 'pe
that has been nost widely used so far. lts housing is pr:ovided
with a bearing cap, I ig.  2.27(b) is the type nainly used for
nediur-speed engines: the engine bedplate and clankcase are
fastened together with a tension rod, anat the bearing cap is
pressed down from the topside onto the housinq by neans of a jack
b o l t -

F i g . 2 . 2 7 l c )
engines; the bearing cap is
bottoh with clanping bolts.
but replacement of bearing
the crankcase.

shows the type used for high-speed
nounted on the housing fxon the

This type leduces the engine ereight,
cannot be perforneal without renoving

For the nain b€aring rnetal of the shel1 tlpe,
complete netal {precision main bearing shells) has been \ridely
used in xecent years, as there is no need to use file and scraper
when repfacenent is carried out, The conplete netat is taken out
of the l iner when i t  needs replacenent,  as shown in Eig. 2.2'7la).
The shape of a compf,ete netal  is shoi{n in Fig. 2.27(a) ,  (b) and
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1n the past,  whire netal  (babbit)  used to be cast
di lect ly into the bearing having a thickness of severat ni l l imerers.
White netal  is an al ]oy of t in,  lead, zinc and ant inony, and is
compar:at ively soft .  Therefore, i t  is excet lent in ini t ia l  running-
in,  assini lat ion of foreign rnatter,  conpression slrength and fr ict ion
coeff ic ient.  I t  has been observeal rhar the durabi l i ty of  whire
netal  increases with decrease in thickness. Recent ly,  therefore.
thin-wal]ed metal  has been widely used. Trniretal  is a complete
metal  which is nade of l rhi te metal  as thin as 0.2 ro 0.3 nn, as
shc|rrn i .n Fig. 2.28(a) and kelrnet (copper-fead al loy) inter leaved
between the white netal and back meral for the purpose of imploving
adherence between then. As the nachined kelnet netal  surface is
poor in the running-in with the shaft ,  a A-layer rnetal  electroplated
in the thickness of O.02 to 0.03 nl l l  wi th lead (90t) and t in ( IOr)
as i f lustrated in Fj"g. 2-28(b),  is senerat ly accepted for tow-
sPeed high supercharged engines. For rhe high-speed engines, kelner,
whcih is as strong as sCeel and high in fat igue resistance is
used. Conpared with white netal ,  kelmet is hard, poor in running_
in, and also poor in assini lat ion of foreign inatter.  Because of
this, it sometimes scores and wears out the shaft. To overcome
this problem, the crank journaf and crank pin ar:e subjected to case
ha.dening and f inishing by gr inding. rn recent years, kelnet has
afso been modif ied in structure, and a 3-Iayer lype conpris ing
an over. lay of fead-t in or lead-indium is generatfy accepteat.  I f
the overlay is worn out to expose the kelhet completely, the melal
nust be renewed.

5. SUCTION (INLET) AND EXIAUST EOUIPMENT

5.I  Inlet  valwe and exhaust valve

In the fou_r-cycle engine, the intet and extaust
valves are nounted on the cyl inder cover.  These valves are actuated
by neans of the can, tappet, and rocker arrn for efficienrly suckile
in air  and exhaust ing oaste gas, The t iming of the suct ion and
exhaus! valves is shown in FiLg. 2.29. The period during l ih ich
both vafves ar:e in the open posit ion at about the top ateaat center.
i .e. ,  the period of overlap, is about 20 to 5Oo in terrns of crank
angle for the natural ly aspirared enqines. This is because the
replacenent of waste gas with air  can be acconpl ished eff ic ienrty
by tne inert ia force. For the superchargeat englnes, lhe period of
overlap is approximately t4oo.

The inlet and exhaust valves ale conposed of a valve
body, vatve spr ing, valve guide, valve seat,  etc.  For the DurDose
of increasing durabi l i ty,  the exhausr valve is ofren equipp;d ; i rh
a valve rotator (rote-cap) (Fig. 2.30).
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In the sna11 engines' a rene\tab]e vafve seat is
usuatly inser.ted directly in the cylindei cover to simplify the
construction, while in the mediutrF and ta:rge-sized engines a
valve cage is used for the purpose of facilitating the repair or
renewat of the vatve seat and suide.

exhaust valve witi water to prevent overheatinq. The str:ucturaf
d e s i g n  o r  l h e  i n t e t  a n d  e x h a u s L  v a l v e s  i s  s h o w n  i n  F i 9 .  2 . 1 1 .
Inlet  and exhaust valves are in most cases instal led one each,
but recently developed high performance engines adopt the so-ca]led
four-valve systen, in irhich tlro infet and two exhaust vatves are
lnsta11ed, The purpose of thls systen is to improve the effect of
suction and exhaust, and at the sane tine to avoid danage to the
valves by heat.  In nany cases, the inlet  and exhaust valves are
of the same dirnension. Eowever, sone englnes use an intet valve
whose diameter is larger than that of t}le exhaust valve for the
purpose of increasing the air  intake rate. I t  is usual ly nade of
heat-resistant steet,  and the cage is made of,  cast i ron. s ince tne
exhaust valve is required to be highly resistant to abrasion and
wear, stel l i te,  a hard auoy, is welded on the valve seat or valve

5.2 valve mechanistn

The valve mechanism is  i l fust rated in  F ig.  2.32.
A cam fixed on the camshaft rotates, and opens and closes the
infet and exhaust valves at proper timing through a cam follor^rei,
tappet and push xod.

fhe tappet, which moves up and down in contact
with the can contour interlockinqly with the cam rotation, is
usually of the rouer type. For sma11, high-speed engines, holrever I
the rotler and pin ar.e case-hardened.

Usually, the push rod is made of drawn steel pipe,
anal is given enough strength to endure the buckling force caused
when the valve oDens.

The top of the push rod is in contact with the valve
lever (rocker ann). The valve lever is supported at the center: by
a fulcrum shaft, and isprovided with an adjustins boft at the place
!,rhere i t  is brought in contact with the push rod (Fig. 2,32).

The up and down notion of the tappet is directly
tiansnitted to the push xod. The botton of the push rod is sPherical
in shape and cones in contact with the tappet guide (Fig. 2.32) '
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The head of the valve steh is brought in contact with the opposite
enal of  the adjust ing screw. The valve lever is nade of steel
casting or starp (die) forging, and is alesigned to forn an I-
section. For loir-speed engines, the valve lever is nade of malLeable
cast steel. For all types, the contact parts are case-haralened
for the purpose of ninimizing wear,

nhen the inlet and exhaust valves are in a closed
position, there is a clearance bebdeen the valve-sten head and the
end of the vafve lever. This clearance is cal]ed "vatve or tap-
pet cl,earance", It is necessary to have a valve clearance as
valve stems expand owing to their being e4)osed to high tentperatures
by the conibustion gas. The valve cfearance can be adjusted by
tneans of the adjusting bolt at the end of the valve fever on top
of the push rod. When the liear of the vafve seat increases, the
valve clearance becones smaller, If this becones tc'o snall, the
valve is prevented fron closi"ng and gas leakage occurs. On the
other hand, if the valve cf,earance is too 1a!ge, the valve
opening angle will alecrease, incleasing the shock in the valve
mechanism, as wel-l as causing nore noise and t,ea!. The valve
cLearance shouLal, therefore, be checked periodically, and the
adjusting bolt shoulal be Iocked securely so that it cannot loosen

Valve cfearance varies i,,ith the type of engine and
the type of valve, but i t  is usual ly in the range of 0.5 to 1.0 nm.
The valve clearance of super:charged engines is snaller than that of
non-supercharged engines because of a better cooling effect.

5.3 cam and canshaft

Catns ar.e basically divided into tangentiaf, constant
accelerat ion, and circular arc cans as shoun in Fig. 2.33 (A,B and
C) . The can is used for driving the inlet and e)ihaust valves,
start ing valve, fuel  in ject ion punp, etc.  Figs. 2.34 (A,B and C)
shoirs three diffelent kinds of cam. Ihe pattern of the caln is
designed to suit vafve timing, velocity, acceleration and head.
The can is alriven by the crankshaft through a dllving gear. The
canEhaft is subjected to a torsional force aluri.ng operation. the
torsion affects the valve timing, fuel injection tturing, etc, and
the canshaft is designed and manufactuled so as to have enough
strenqth to lrithstand the torsion,
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5.4 suct ion or exhaust cam

As shown in Fig. 2.34 (A) the opening and closins
curves are conparatively smooth to slo\4r the valve opening and
closing. If the valve opening and closing are too fast, the val"ves
wi l t  v ibrate.

5.5 ! 'uel  cam

Fig. 2.34 (B) sholrs the fuel  cam. The fuel cam
curve rises sharply at about the beginning of fuel punping because
of the need to speeal,rup the oil pressure.

5.6 Start ing cair

Fig. 2.34 (c) shows the start ing cam. Since the
curvatur.e is very steep at the beginning and ttle end of the cam
curve, the valve opening and closing are done quickly.

The carnshaft is nade of forged steel or special
steel, supported with a bronze bearing for each cylinder and nounted
on a frame, In srnall, high-speed engines, the can and carshaft
are integr.ated, while in rnediun- and lo!?-speed engines thq, are made
independently of each other, and assenibleal and set with a key
( F i g .  2 . 3 5 ) .

5.1 caln fot lower

Most valves are operaLed by neans of cans. The cam
contour is fomred by two arcs joined by tlso flanks, lrhich may be
straight lines tangent to both alcs. Ahe cam -imparts
a notion to t-he valve by neans of a carn follovrer, of which there
are three rnain tvDes:

a) The r:ol ler fol lower (Fig. 2.36 (A))

b) The nushroom fol lower (Fig. 2.36 (B))

c) The pivoted fouower (Fig. 2.36 (c))

5.8 camshaft  dr iv ins sear

The camshaft driving gear is a neans for transnitting
the diivinq force from the cranlshaft to the camshaft thxough
gears. In the four-cyc]e enqine, the cafishaft drivinq gear: is so
designed as to make the camshaft turn every half tuln of the crank-
shaft. The slructural desisn of a canshaft driving gear is illustrated
i n  F i g .  2 . 3 7 .



since the control of the starting valve, titrdng of
inlet and e:draust valves, and injection of fuel are to be carried
out in lelationship with the piston location, the position of the
crankshaft gear in relation to the catnshaft gear must be correct.
Fo! this reason, the gear.s are provided lriti "match narks" for
the purpose of correct assenbling and correct engagenent.

when the gears of the cranlshaft, intermediate shaft
anil canshaft are engaged $rith each other, each engagenent should
be given a propex cLearance. This clearance is cal fed "back1ash".
The standard backlash is said to be l /3O to ! /5o of module.
I f  the backlash is too snal l ,  the gear surfaces wi l f  be damaged.
On the other hand, i f  i t  is too lalge, noj .se wiI I  increase and the
tooth wear will become serious.

5.9 Sdpercharger

5 -9.1 supercharging

lihen the speed is kept constant, the outpqt
of a diesel engine is aleterni[eal generalfy by the fuel injection
rate under the same engind conditions. Hqdever, it should be noted
that the volrme of air naturally aspirated into the cyfinder is
nore or less linited by the cylinder volune, anal it is easily
undelstood that the fuel injected in excess of tie air volune
aletelnined as above wi1l no longer burn conFletely. But if t-he
air volune to be forced into the cylinaler is increased, rnuch nore
fuel- will be burnt than in the case of natural aspiration.

The supply of air in excess of naturaf
aspirat ion is cal led "supelcharging" .

The schernes of supercharglng incLude
inertial superchaxging, engj.ne-driven supercharging, exhaust-
turbosupercharging, etc. The exhaust-turbosupercharging system is
installed on atf four-cyc1e engines and on nost large capacity
engines, and sone snall engines.

Ihe turbosuperchalger (tulbocharger) recover.s
the eneygy fron the exhaust gas, operates a gas tnr:bine to rrhich a
bfolder is connected, anal forces the air conpressed by that blower
into the q'linaler. Fig. 2.38 illustrates a co!$ination of a diesel
engine and a superchalger.

The turbosupercharger is able to increase
the engine output without increasing the engine size and !,reight,
increase the thernal efficiency since part of the exhaust gas
energy is recovered? anil reduce specific fuel consurption for the
same outPut-
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lihen the englne output changes, the exhaust
gas energy also changes. fhus, the air-feeal pressure is autonati-
cally changed lrith the engine outpur. on the other hand, the use
of the s\rpercharger increases the naximum pressure inside the
cylinder abd the temperatures around the colbustion chaniber.
Accordingty, those parts which bea! the explosion pressule ,nust
be strongly constructed, and a device for cooJ.ing the piston
and fuel vafve, as vrefl as equipnent such €rs an elrhaust valve
rotator and other suitable measures for snooth engine operation,
nust be provided.

5.9.2 Exhaust-turbosupercharger (Tuxbocharqer)

The exhaust gas turbine connected to a
single stage centxifugal blor\rer.

The exhaust-turbos,-rpercfrurg.r is ctassifieal
according to the type of tulbine into radial flow turbosupercharqer
anal axial f low turbosupercharger.

ln the radial ftow turbosupercharger, gas
flows ln tie radial direction a1on9 t_he turbine blade as shown
in Fig. 2.39, lh is type is siJnple in consttuct ion, l ight and
compact, anil is nore efficient than the axial flow type where the
air-f]or,r rate is sna1l.

For this reason, the ladiaf flord type is
mostly er,T)loyed for a supercharger of t5O nn to 2OO nn or 

-snatLer

in inpeller diameter. Nanely, it is apptied to sone nediun-sizeal
engines and llost snafl engines, The inpetler is of precision casting
or forging anil nachined, the turbine blade is of precision forging
anal nachineal; anal the bearing is usually of the insiate suppott
type (sliding bearing) .

The construction of an axi.at ffo$ tulbo_
supercharger j.s illustrateat in Fig. 2.40. the axiat flow tvpe
lurbine is di f f icul t  to cast when i !  becones very large. I talso
takes an excessive thermal stress on the tulbine wheel at the tine
of start-up. Thereforo the axiat floir tlltr)e is used for superchaxgers
having an inpeller aliameter. of LBO to 2OO tlun o! rnore. Ttre settinq
of tulbine blaales on the turbine di.sk is of the stutt type or wefat
type, and the bearirg is of tne inside support tlltr)e or out sitte
support  type (sl inding or rol t ing bearings).
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In either type, t}le tu:rbine wheel (turbine
disk) and turbine btade, $rhich are br:ought in dilec! contact lrith
high tenperature exhaust gases, ar.e made of heat- lesistant steel,
and designed and machined in ful l  considerat ion of hish speed duty.

The bearings used are rol l ing and sf iding
bearings. The rol l ing bearing is lubr icated with lubr icant fron
an oi l  reservoir  by neans of a bui l t - in punp. The sl id ing bearing
is nainly lubr icated with pressure oi I  suppried from the engine-

The casings in the inlet  and out let  of  the
turbine are cooled usual ly by means of a water jacket.  Air  cooled
casings are also employed, so that the casingrs inside and oulside
lral ls remain rree from corrosion.

5.9.3 Supercharging system

The exhaust turbosupercharger is divided
into tso systems according to the function of the ey,haust gas to
be fed into the turbine, these are: the dynamical pressure super-
charqing systeln tie static pressure supercharging systern.

The dynamical plessure supercharging systen
uses t ie violent ly pulsat ing gas pressure (Fig. 2.4I)  discharged
fron the engine cyl inders Lo dr ive the exhaust turbine. In this
sysLen, the pressure $,ave obtainabfe by opening lhe exhaust valv€
can be used effect ively and the turbine output can be increased.
When the pressure of tne air is higher in the suction tube than in
the exhaust tube tovards the end of the exhaust stroke, tne opening
of both suct ion and exhaust valves ! , i1I  ef fect perfect cyl inder
scavenging and the cooling of the conbustion chamber and its
pel ipheries. In addit ion, the eff ic iency of charging air  is increased
and it is possibLe to attain a high performance supercharged engine
even at a conparatively 1ow air supply pressur.e. In the dynandcal
Pressure supercharging systen, it is necessary to divide the exhaus!
tubes into 2 to 4 groups for: the purpose of allowing the pressure
vaves of the exhaust gas into the turbine without their  interfer: ing
with each oth€r. and of improving scavenging. The exhaust tubes
for the  -cycle engine are usually diwided accordinq to the firing
order as sh( ' ! 'n i \  Fiq.  2.42-

Moreover, the cranl( angle at which both suction
and exhause vafves are kept opened at the sane time, that is, the
ove!-Iap angle, must be increased. I t  is usuaf ly 10O to 140",  The
val.ve tining fo! tne four:-cycle supercharged engine is as illustrated
j.n Fig- 2.29. The stat ic pressure supercharging systen is one in
which the exhaust gas fron which i t  is sent to the exhaust turbine
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to alrive under a constant pressure. Compared with the alynamical
plessure type, this systern is higher in turbine efficiency, but
is poorer in the availability of exhaust qas energy. Por this
reason, this systen is rarely used.

5.9.4 Air  cooler ( intelcooler)

The temperature of air lises wj,th inclease
in pressure. Since the air density is in inverse proportion to
the absolute ternpelature is accoralance wlth Char:1e's lat,

(v  =  vo( l  t r9 r r ) ,  u  =# .  
+= cons tan t ) ,  sur r l c ien t  superchare ing

cannot be accoq)lished if tlle effort is concentrated only on the
.increase of feed plessule. As a.consequence, for the highly super-
charged engines of I to 10 kg/c;||-' or nore in brake mean effective
pressure an air coole! is provided between the supercharger and
ct'lindet to cool the cotnFresseal air, for the purpose of increasing
air density and reduclng thelllal Ioad around tie combustion chanber
by lowering the conibustion terper:ature.

B)qelience has shosn that the reduction
of intake air tenperature by 2OoC results in an increase in output
of 6 to 71. Also the reduction in intale terperature leaals to a
alecrease j.n exhaust gas lenperaturei this dectease i6 about I.5 to
2 t ines the reduct ion of che inLake temperature. .

fhe air coole! is nade of lO to 20 ![| I.D.
circula! or oval tubes of Albiac (copper 78.5t, alulninu!| 21, silicon
0,3t, arawnic O.o5l, and a snal1 arbunt of zinc) or Evor Brass
(si l icon 1.5 to 3.1t,  nanganese 0.25 to 1.1t,  tshe rest being coppe4

i.rith circular or lectangular cooling fl.ns of copper or alurdnun alloy
which has high thermal conductivity. Seanater or freshvrater passes
in the tubes, while the air passes alound the fins and is cooled.
Although the alegree of cooling depenals on t-he cooling wate! flovt
rate anal ai:. flot' !ate, the air can be cooled to a telperatule 5
to Isoc higher than the tenperature of the cooling water,

Vlhen the air in the air cooler is cooled
to a 1c!w, the tenPetature water vapour in the air witl condense,
and produce a great quantity of drain. If tne drain nere to ente!
into the engj.ne, it roulil leaal to corrosion of the air feed vatve
alld result in cyU.nder abrasion. For this reason, sohe highly
superchargea engines ale equipped with a at:.ain sepalato! betlreen
the suction tubes anal the air coole! to discharge the drain.



6 . STARTTNG EgUIPMENT

By starting tnethod, the engine is broadly classified
into three: manual stalting, air starting, anat etectlic stalting,
Ilanual starting is limited to snall-sizeat engines. For tte purpose
of acceleiat ing xotat ion, t -he exhaust valve is opened sl ight ly
with the decompiession handle, and the flyvrheel is directly turned
by hand, or indirectly through the chain for transmission of the
carishaf,t end. After the flywheet has stored enough kinetj.c energy,
the exhaust valve is releaseal to carry out colrpression for startang.

The air starting nethod is subdivided into two: the
nethod in which high pressure air is forced into the cylinder,
and the other in which an ajr notor j.s used, as in the case of
electric starting. The forrne! nethod is generally practised in the
case of fishing boats. The electric starting nethod is nidely
appLied to snall engines and high-speed engines. A motor is atriven
by a battery, and a pj.nion placed on the lrotor shaft is engageat
with a flFuheel gear i,rhich forns gear teeth on the peliphery of the
flywheel.

5. I  Start ing merhod

6.2 Air  start ing systen

6.2.I  Uechanical  start ing vatve systern

Starting of marine engines is generafly done by
corpressed air (25 - 35 kg/c'i'r -

In the expansion srroke. the corpressed air rushes
into the cylinder during the perioal from the top dead center to
the next stroke (openiDg of exhaust stroke) to force the piston
dowdtaral, whereby the engine is given an inertia force for rotation.
Wh6n the air in the cylinde! rises f,ro[l about 4OO ro 6OOoC by
coryression, the injected fuel oil burns to start the engine. The
starting valves are divided into the mechanicat type and t}|e pneumatic
type. The pneurEtic type is subdivided into the control vaLve tt[)e
and the disttibuting valve type.

The rnechanical system is used for those engines
wbich have a snall number of cyfinders.

An exanll)le is shown in Fig. 2.43. Ithen the
controL handle is set at  the start ing posit ion, the rol ler (18)
contacts with the cam (22) by the rotation of the eccentlic valve
Iever shaft (9) or by the tlanstation of, cam (22) , and the starting
vafve (1) opens at a proper tj.ning thlough the push roal and vatve
lever by the cam rotation. During the engine operation, the starErng
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valve is coriptetely isolated from the engine systen as the can and
roller are not connected by mechanical devices.

6.2.2 PneunEtic start ing valve systen

As alreaaly explained, this systen conpr.ises
two typesr the control valve type, t-he starting valve is actuated
by the air supplied from the control valve.

The control valve tt'pe is furthe! divided
into two types: one in vrhich only one can for working the contxof
valve is provided at the canshaft end, and the other in which one
can is provided for each cylinder, wheie tie nun cer of c€uns for the
starting air pilot valve is one. In the fo!fier type the startinq
operation is carried out as explained belc&r. With reference to
Erg. 2.44 (A), the starting air f,ron the air tank flo\,ts separately
into the starting valves placeal on the cylinder covers, and the
starting air piLot valves at the sane time as the starting handle
moves to the start ing posit ion lFi ,g.  2.44 (A)).  Thus al l  the
rollers of the staxting control valves are in contact with the cam
for lror:kj.ng the control valves. Eorvever, the downwaral push of tshe
roller contacting the part of the cam where there is no acceleration
is greater because that part is lower than the other parts. A11
starting valves are naintained closed by spring force with the
except one, that is,  No. 5 sholrn in Fig. 2.44 {A).  whi le the
rolter is in contact with the part of the cam where there is no
acceleration, the air flows into the top of the startinq valve.
In a six-cylinaler engine, the pipes ar.e usually connected to
s t ,  s 5 ,  S l ,  s 6 ,  5 2 ,  5 4  b y  t n e  f i r i n g  o r d e r  o f  1 - 5 - l - 6 - 2 - 4 .
Ftg. 2.44 (B) shotrs the operat ion of the control  valve: (a) is
the starting air ln1et, (b) is the polt to supply the starting air
to the valve, The control valves are pushed down by the caln fron
t and opened totally at 3. Therefore the starting air reaches
the start ing valve to rotate the englne, and closes (a) and {b)
at 4. As regards air alischarged, 5 denotes the beqtnning of air
alischarge flom the upper piston into the starting valve. A11 the
operations ale conpleted with the cycle frdn I to 5. Eig. 2.44
(C) shows tie starting can of a alirect reversing engine. By the
transfer of the ca{Ehaft, either the folward or backlrard can is
brought in contact with the rolfer: for the starting air control
valve. The distance bet$een the forward and backward cams is
provided with a slope to permit easy tlansfer of the roller.
Fig.2.AS shows an exanple of the air alj.stributing tI?e stalting
valve. The distri.buting valve rotates to aleliver the starting
ai! to the starting valve of each cylinaler in the firing order.
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6 . 3  S t a r t i n g  a i r  b o t t l e

tlle starting air tank is a vessel that stores the
start ing air ,  and is nade of steet sheet f ,or high pr€ssure vessels
125 - 35 kg/cro2t.  I t  is cyl indr ical .  I ts srructur€ is shown in
Fig. 2.46. Usua1ly, two units a).e provided, and ale so pipeat that
they can be useal as one unit, though they are usuatly worked inde-
pentlently of each other. The capacity of the air tank shoufd
suffi.cient for starting the engine t2 tines o! nore.

6,4 Air  conpressure

An conpr:essor is used to charge the starting air
into the air tank. It is generatfy dxiven by a ef,ectric motor
or connected to an auxiliary engine through a nagnetj.c clutch
or friction clutch. An atrxiliary air conrplessor for energency use
is plovialeal, and driven by a snal1 engj.ne, Fig. 2.4? sholrs an
air cohpressor.

6.5 Electt ic start ing systen

An electlic starting system comprises a battery,
starting notor, sr,ritches, charging generator, etc., anal its
electric circuit consists of a glow p1u9 circuit, starting circuaE,
and charging cilcuit. One or two starters .are useat. When two
starters are used, a synchlonizing relay is requiled as shown
i n  F i g .  2 . 4 8 .

The glow plug circuit or preheating cj.rcuit is
applied to raise the tenperature in the preconbustion challibe! by
means of a pleheating plug for, the purpose of making easy ignition
ln the precoribusti.on type engine when starting ls dj.ffj.cult auring
the cold season.

The precolibustion chanber in each cylinder is pro-
vialed vriti a preheatj"ng plug. AIt the pteheatlng plugs and tne
preheating pilot lalq)s on the operator are usualfy connected
j.n series. I'his series circuit is provided wiU a resistant
to nalntain heating even when the battery voltage has dropped
because of a large starting culrenr,

The start ing cjrcui t  cornprises a battery,  startet ,
synchronizing relay, start  switch, safety lelay, etc.  f ihen the
start switch is on, the relay operates to connect tne circuit (I),
(2) and (3) in turn. Then the starter pinion sfj.des out to engage

irith the gear teeth that are provided at the periphery of the
f\'!rheel, the llain switch contacts to operate the starte!, and
the engine starts.



The starter pinion is autonatically put back when
the start switch is off. A safely alevice for protecting the
startlng systeh frorn false operation is provliled.

The charging circui! cornprises a al.c. constant-
voltage generator alriven by a V-belt fron the engine and a
charging regulator which carries out autotcttic charging lrithout
overcha!ging.

In rec€nt years, it has been comron practice to
use an altehating curlent generator t suppl.y t-he dj.lect current
required by means of a seni-conductor rectifj.er.

7. FUEL FEED EQUIPMENT

1.7 Fuel feed systen

Etg. 2.49 shcrds a fuel feed systern. Fuel oi1 sucked
up by a feeal pui|I) froh the fuel oil tank is sent to the fueL
inj€ction purq) through f,ilters.

ThF faFd brnb ic sornetines orlitted when tshe fuel
oil is suppfied dilect1y to the fuel injection plmq) from -the oil
tank placed at a higher position so that the graviEy of fhe
fuel oi1 can be ut i l ized.

Fuel j.njection preps are divided into Bosch type
and spi11 val.ve type.

In recent years, the Bosch type has been widefy useal
becauee of its si.nple structure and easy handling.

The main requirehents which a fuet in ject ion
system nust fulfil are!

(t) Accurate hetering of snall anormts of fuel oil.
(2) Proper tininq of the fuel injection.
(3) Control  of  the rate of fuel  in ject ion-
(4) Atonization of the fuel in accordance with

t-he type of conbustion chariber used.
(5) Good distribution of the fuel in the cotnbustion

space.



_  2 9 _

7.1.1 Bosch type fuel  purp

The Bosch type is subdivided into the
individual type in which one fuel pump is provided pe! cylinder,
and the multicylinder type in lrhich one fuel puhp acts fo!
several  cyl inders, and conprises cams, rol lers,  a fuel  control
governor, and a feeal prmp.

Fig. 2.50 shons an individual type Bosch
fuel pump, and Fig. 2.51 shows i ts dr iv ing devise. The fuel cam
placed on the ca$shaft works the roller tappet, that pushes up
the plunger. when the end of the plunger btocks the inl.et port
a n d  s p i ] l  p o r t ,  a s  s h o w n  $ . F i . l -  2 - 5 2 ,  t h e  f u e l  o i l  p r e s s u r e
pushes up the delivery valve.

When the fuel oi1 pressure in the pump
becomes larger than the for:ee of tll€ nozzle spring, the needle
valve in the nozzle is pushed up to start fuel injection into
the conibustion chan cer. $hen the diagonal groove on t]1e ptrunger
covers at the spill port in the plunger barlel as a result of,
the ascending rnotion of the plunger., the plessure oil in the top
of the plunger fJ.ows froln tne spiU port to the suction siale,

Thus the pressure alrops sharply, and stops
fuel in ject ion. Even i f  the plunger r ises further,  the fuel  oi l
is not j.njected. In this case, the delivery valve j.s closed by
the action of the sprj.ng to block the counter-flolr of the fuel
oil-, and the plunger acts to suck back the fuel oil in the high
pressure piPe by a dovrru,rard stroke, to prevent after-bleeding.
when the projecting part of ttle can is rotated by the canshaft
in the course of, its r.otating motion, the plunger spring is pushed
do{"h to start suction of, the fuel oil. lihen the plunger attains
the lowest position, tie suction stroke is conpleteal.

In the Bosch type punP, the fuel feed rate
can be changed by turbing the plunger through a rack connecting
the governor and the fuel operating handle, rhe stroke fron the
closture of the suction port and spil1 port by the top of the
plunger to the opening of the abovenentioned ports is calted
"effect ive stroke of plunger 'r .

By turning the plunger,, the effective
stroke can be changed as shown in Erg. 2.52 (C).  Thus the inject ion
volune changes in proportion to the effective stroke. As shown
in Fig. 2.50 the pinion on the control  s leeve rotates $hen the
rack is shifted (tne pinion and iack are engaged). Thus tlle
ptunger is also driven because it is set into a slit of the controL



The plunger anal baffeL of the fuel pump
are made of special" steel, heat treated and lapPed to proviale a
clearance of 3/ IO,OOO to 4/Io 'ooo of the plunger al iaheter.  t t
should be noted that a specific plunge! must be set in its own
specif ic barrel .

wear of the plunger causes toss of oi1 tight-
ness and a lowering of the eogine perfornance. I'or this leason,
utnost attention should be paj.d to the pulification of the fuel oil
to renove foreign natter which would darnage the plunger and barrel.
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1.I.2 spilL valve tyFe fuel plmrp

The construction of the spill valve type
fuel punp is shown in Fig. 2.54. Big. 2.53 shovrs a del ivery valve
action. The spill valve type fuet pump has a Plunqer like the
Bosch type. The plunge! noves at a constant stroke and controls
the injection volume by adjusting the injection end tining. while
the end of injection in the Bosch type is conttoll.eal by providing
a spill way for oi1 through the diagotral groove of tbe Plunger, as
explained above, in the spiu valve type, control is ca-rried out
by providing an escape hole for the oil by opening the spi11 valve
nechanically (ttlis tining is called "end of effective strioker').

A s,/ing arm is inserted in the middle of, the
tappet, t hich nov€s around the eccentric ring. vlhen the tappet is
raised, the push rod of the spill valve pushes up the spilL lever on
the spi] l  vafve to,open the valve. Thus the fuel  oi1 is sent back
to the suction port from the spill valve through the spill hole,
since tne spill hole anal the suction port coruunicate.

In the spitl valve type, t}}e stroke fron
the start of plunger hoving to the opening of the sPirl vafve is
cafled I'eff,ective stloker'. For the purpose of changinq the effective
stroke, the fuel regulating shaft connecting t}te engine clperating
handle anal the governor tnust be hoved.

t'lhen the fuel regulating shaft noves, the
eccentric ring also rnoves because it is attached to the regulating
shaftr  then, t ie center of the push rod set in the eccentr ic r ing
moves up and down to control the timinq of oPening the sPill valve
by changinq the tirning of pushing up the spill-valve ]evet.
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7 .2 Fuel  in ject ion valve (a lso cal led fuel  vafwe or
in jecto! )

Fuel  in ject ion valves in ject  fuel  o i l  in to the
conbust ion chanber for  ef f ic ient  burn inq of  the fuel  o i1 bv atomi-

Fuel in ject ion vafves are structual ly div ided
as fol ls i rs:  open nozzle type and closed nozzle type.

The clos€d nozzle type is subdivided as foflows:
automatic valve type and rnechanically operated valve type.

1.2.1 Autohat ic  va lve type

Most engines use the automatic valve type.
The automatic injection valve operates automatically when the
oi l  pressule r ises in excess of a specif ied value. Ah exanple
of i ts construct ion is given in Fig. 2.55.

The fuel valve is placed on the cylinder
cover and connected by a high pressure fuef pipe to the fuel punp -
The connect ion has a bui l t - in sl i t  f i l ter (oi l  strainer) to
renove foreign natter f rol l  the fuel  oi I  Eo prevent damage to t})e
valve seat of the nozzle and to awoial c1o99ing orifice. The
nozzle holder has a fuel oil path which coimunicates vrith the
nozzle. The nozzle holder has a nozzle spring srhich presses doi,rn
the needle valve onto the valve seat through the valve spindle.
The nozzle opening pressure can be aaljusted by means of the
inject ion-pressure adjust ing scre!0 placed on the top. A hole is
provided in the center of the adjust ing scre!, ,  and the nozzle
acting condition can be checked through a feeling pin inserted
in the hole during operation. nhen a shock is felt by touching
the pin, it can be concluded that the nozzle is in fact operating.
I f  not,  i t  can be suspectei l  that the inject ion-plessur.e adjust ing
screw plessing the nozzle spr ing is Ioosened or that the nozzle
spring is br:oken or that the needle vafve has becone sticky.

Sorne of the fuel oil lubricates the needle
valve and nozzle body, and then is sent back to the fuel  tank.
The nozzle is maale of special steel and precision by nanufactured
by a special ized manufacturer because i t  is used under exact ing
conalitions, including high tenperature and high pxessure, and
because it is requireal to perform atonization of fuef oil,
ensuring t-he best air  nixture to tnainlain the best conbust ion
conditj.ons directly related to the engine perfornance.
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The nozzle comprises a pintle type and
hole q'pe (orifice type) . The pintle type is mainly useal for
those engines which are provided with a precohbustion chadcer,
air cell or tulbuletrce cha&ber, while the hole type is applied
fo! al i lect in ject ion eng: ines. As shown in Pig. 2,55 (r4) ,  the
pint le type nozzle has a needle-valve t ip project ing sl ight ly
from the or:ifice, and when the needle valve is opened, the fuel
oi l  is in jected fron the annular cfearance thus provided, I f
the valve tip j.s specially designed, the atornized oil can be
sprayed in conical form. Also the needle valve is advantageous
in that it is possible to prevent the valve tip being enclusted
with catbor. a specially shaped valve tip is tne throttLe nozzle.
The throttle valve has a longer needle valve tip than the pintle
type, and can throttle the injection xate at the start of injection
to ninimize engine knocking. The olifice alianeter of the pintte
type nozzle is l  to 3 ml l  and i ts annular clearance is 0.05 nm, with
needfe valve tip angle (spraying angle) at 4 to 45o and t}te valve
opening pressure at 80 to J-50 kglcn2.

The hole type nozzle is divided into t}le
single orifice type and the nultiple orifice type. The single
orifice type is applied to engines having a conpact combustion
chamber, in which a violent lrhirl is created. On the other hand,
Lhe mutt iple nozzle ty?e is appl ied lor the direct in ject ion
type engines. The tip of the needle valve is corical iD shape,
and the til) of the valve seat has a sna1l space through \rhich
the requixed nud)er of holes are perforated.

In the nult ip le or i f ice type nozzle,
orifices are synmetricaUy pelforated in refation to the nozzle
center.  as shown in Fig. 2.55 (! .5).  As regards the nunber of
or i f ices, angle, and focat ion, these ale selected depending on
the size and shape of the conbustion charnber and t}le intensity
of the tulbufence. The nunrber of olifices is 2 to 4 for small-
s ized engines of the lateral  in ject ion type, and 6 to l0 for
large-sized engines t^rhere turbulence is slight. The size of an
ori f ice is larger than 0.2 nm, anal a snal ler or i f ice is not used
since it is liabl-e to be choked up. In nost cases, the an91e of
the oli.fice is selected at 1OO to l8oo, and the valve opening
pressu(e at l.5O to 300 kqlcm2. Ttre disadvantage of the hole type
nozzle is that it becomes easily encrusted rrith carbon. In order:
to prevent this. a water- or oil-cooled nozzle is conunonly useil
for supercharged engines of high thermal load or large-sized
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7.3 FueI strainer anal f i l ter

FueI strainers and filters are devices to renove
dust,  s ludge, anal other impuri t ies in the fuel  oi l  system. Since
tne fuel injection systeh is hachined and finished with extreme
precision, and is designed to wj.thstand high pressure oil and
rnake a sliding notion \rith a proper clearance while keeping oj.L
tightness, the introduction of foreign rnatter into the fuel systen
causes internaL danage to the high precision coq)onent parts.

7 . 3 .  f ,  S t r a i n e r

Usually, three fuel strainers are used.
No. f  strainer is located at the out let  of  the fuel  tank,
No. 2 str:ainer at the inlet of the fuel feed punp, anal No, 3 strainer
at the inlet of the fuel injection pump. Except for snalf-sized
engines, tvro parallel units each of No. l and No. 2 stlainers
are installed for the purpose of pernitting easy cleaning even
aluring engine opelation. That is, the two parallel units are so
arranged as to be changed over from one to another by a change-over
lever (Fig. 2.56).  In nost cases, the strainer elenents are hade
of wire gauze or notched wire.

For the snall- anal nediur-sizeal engines,
the so-cal led auto-cl .eane!,  as shown in Fig. 2.57 is widel.y used.
It is maale of a nuhber of tiin iton sheets in larnination anil foulinq
natter can be r:ehoved by turning a handle.

xhe mesh sizes used are: 60 to 120 mesh
(25O - !25 ttm, nesh: nutnbe! of, openings pe! 25.4 rnrn of length) for
No. L straine!, and 200 nesh (74 !nr) for No. 2 stlainet.

Filters are used toqethe! \rith a strainer,
for the sarne purposes. The cLearance of the sliding palts incorpolated
in the fuel injection systeh is several microns, whereas the size of
the strainer element nesh is nuch larger. It is understandable t}lat
if dust anal other inpurities should enter they would seriously affect
the fuet injection systen. To solve this problem, filters are used
whlch are ahost of the same size as the clearance of the sfiding
Parts. The element fo! the filter is naale of fifter paper or fibe!
for snall-sizeal engines. It repl.aceable after a celtain period of
use. Since this f i l ter causes a large f i l ter ing resistance, l t  is
located either on the suction o! on the alelivery side. The filte!
on the suction siale is called "suction filter" anal the other filter
is called "delivery filtetrr, cenerally the neshes of tie suctj.on
di l ter are bigger than those of t l |e del ivery f i f ter.
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CPVERNOR E9UIPI{ENI

a. I  covernor

9lhen the load of propeller, generator, etc. driven by
an engine varies, t}le engine speeal change6.

8.1. t  Mechanical  governor

To ldnimize this engine speed change, governols are
used to autonaticalfy regulate the fuel injection rate. !{arine
engines comrcnly use an al1-speed governo!, which operates over the
full range of speeds from no loaal to fult load. For the generator
or an engine using a controllable pitch propelter, the constant-speed
governor is used. the constant-speed governor naintains a constant
engine speed all the time irrespective of changes in the load.

In elther ttipe, the governor nechanistrr is the same
in principle, etrcept for the speeal regulating range. Most governors
are of the centri.fugal tlll)e, in !.'hich the enqine speeal change is
detected by the state of balance bet\reen the centrifugal force of
weight and t}Ie spling force. the governor is divided into the
h€chanical type and the hydr.aulic type depending on the nechanisto
for drivinq the fuel regulating shaft.

Fig. 2.54 shows a rnechanical governor. The
driving gear connecteal to the driving shaft (spindle) is driven
by the camshaft, and opeiates at a speed proportional to the engine
speed. fwo govelnor weights aie fitted to the supporter i{ith pins
rotating together vfith the spindle. Ihe centrifugal force acting
on the weights is proportional to the square of the rotating speed
of the weights. As shown in Eig. 2.58 the seight is shapeal like
the letter L. the centrifugal folce is aFplied on it to drive the
sfeeve up and down through the mediun of the thlust ball. bearj.ng
with the pins as a fulcrun.

The top of the governor spring noves
downoarals with the spring holder (retaine!) when the revolution is
changed, and the sleeve stops when the centrifugaf force and spring
force ar.e balanceal. ttus the engine revolution is nainlained
at a constant speed. tte up and alown rnotion of the sLeeve is carrieal
out by the shifte! fitted into the groove of the sleeve. Tfus lever
is linkeal to the fuel regulating shaft, and thus the fuel injection
rate can be controlled to reglrlate the engj.ne speed. To obtain the
required speed, the regulating hanalle is moved, that j.s, lhe spring
force is changed through the push rod locateal at the top of the
governor. through t}Iis operation, the engine speeal i3 increased
or decreaseal until the centrif,ugal force of weight is balanceal with



lrhe governor for a lutticytinder type fuel
Punp is the same in principl,e as for the individuaL type fuef pury).
Sinc€ the fuel pump is compact, the operating force for rack is
smal l .  The governor i tsel f  is,  therefore, sna1l in design and
of high efficiency. The construction of a nulticylinder type is
s h o w n  i n  E i g .  2 . 5 9 .
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8.1.2 Hyt lraul ic governor

The principle of the hydraulic governor is
the sarhe as that of the mechanical governor in that there is a
balance between the centlifugal force of the !.reight and the spring
force, ahe onfy difference is that the dimensions of the governor
can be ninirnized since a large hydl.aul"ic force can be applied to
the control  of  the fuel  punp rack. As shown in Fig. 2.60, the
hydraul ic governor consists of weights, pi lot  valve and a servo

When the engine speed decreases, the centrr-
fugal force also decreaEes, the sring angle of the wej.ght becones
smalf, and thus the spring er(pands. Consequently, the pifot valve
plunge! is driven dow ,,ards. Then, the control port conununicates
nith t}le oil supply port to suppLy pressure oil to the powe! cylinder..
Thus the pcser piston noves to increase the supply of fuel oi].

vlhen the engine speed increases, the centri-
fugal force also increases, the swing angl.e of the $ieghts becones
Iar:ge and the spring contracts. Thus the pifot vafve plunger is
driven ugralals to cfose ttre control port, anal the piston noves to
alecrease the supply of fuel oil. By movi.ng the spring holder up
and dottn \tith the speeal regulating handle to change the sprj.ng
force, the bafancing position of the weights is changed, exactly as
in the case of the rnechanical governor.

A-2 speed regulating nechanism

To contlol the engine tolque or speed, the fuel
injection rate rnust tre controlled. In the case of the Bosch type
fuet injection punp, tbe contlol is carrj"ed out by shifting the
rack. The rack for the f,uel puhp located at each purnp j"s linked to
a single regulating shaft. By noving this shaf!, tie output of each
cylinder can be controlled equally. Since the shaft is llnked to
the gover:nor, it is possible to control the engine speed. The shaft
is also linked to the fuel oj.l stop handle which direcuy acts or,
the lack of the punp. Fig. 2.61 shows a speed regulat ing lEchani.sm.
When it is required to stop the englne imnediately even during governor
conlrol, tie fuel stop handle cao be operated to stop the engine-
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The connection between the govertror and the hanalle is carried out
thiough the spring in the dashpot. The dashpot is a neans fo!
direct control of, the rack for fuel decrease anal fox sJ.owly working
the rack through the spring for fuel increase. Fo! marine propulsion
engines, the transient speed is regulated by law, When the futt
load is suddenly changed to no load the transient speeal should not
exceed 12Ot of tle rated speed. For the electiic generator engine,
the speed regulation is less than I0B under transient speed and less
than 5t under steady speed.

9 . IUBRICATING EOUIPMENT

Generally srnall- to mediun-sized narine propulsion
enqines store ]ubricating oil in the crankcase (oet s\unp type) to
circulate it' for lubrication of the engine, although the scheme nay
vary depending on the engine size, output,  speed, cyc]e, and so on.

Fo! sone nediun-sized engines and nost large-sized
engines, the lubt icat ing oi l  is not stored in the crankcase (dry
su[[) type), but a separate hibricating oi1 taok is provided. The
oi1 circulated drops into the crankcase, then into the oil_tank
(su-np) for recirculat lon. The lubr icat ing oi l  piping systen fo!
the wet sunp type is shown in Fig. 2.62. The tubricating oil is
sucked up through the suction polt in the botton of the oiL sump
by means of a 1ublicating oil punp, forced through the oi1 filter,
strainer, anal oj.l cooler, and t-hen supplied to each rnaln bealing,
cam bearing, gea!,  governor,  valve nechanisn, etc.  af ter pa€sing
thlough the lubricating oil nain heaaler. Thexe ls installed an oil
Pressule control valve at the end of the main header, which requlates
the p!€ssure of the lublicating oil at the lequired val\re during
engj.ne operation.

9.1 Lubricat ing system

9.1.1 Lubricat ing oi t  punp

Lubricatlng oil pungs are \rsed to forcibly
feed lubiicating oif to any palt of t-he engine which requires
lubrication. For engines in which piston cooling is carlied out,
the cooUng oil is also fed by the lubricating oit plunps. Lubricaring
pumps comprise two types: gear type anal plunger type. The tna:<inun
operat ing speed of the pl \rnger puhps is. l i rni ted to sone 4OO r.p.n,
For this reason, the gear pumps have been used lrlilely in recent
years because of their conpactness, high efficiency and lovr plessure
Pulsat ion. As shown in Fig, 2,63, t - ] re gear pump is sirnpte in i ts
construction, having t$o gears engaged in the casing. Usuat]y, the
externaf gear is used as shown i ! |  Fig.  2.63 (A),  but the. internaf



gear as shown in F ig.  2.63 (B)  is  a lso used to a l imi ted extent

for sinall capacity pumps.

9. I .2  Pressu!€ controf  va lve

The oi1 sucked up by means of the lubricating

oil punp is regulated at a required Pressure, ttithout overloading

the punp,  by the pressure contro l  va lve,  which a lso acts as a safety

valve. The pressure control valve is divided into the piston

In e i ther  type '  a spr ing is  prov ided between

the valve and pressur :e adjust ing screw, and by turn ing the adjust ins

screw the oil pressure can be changed. An examPle of the construc-

t ion of  the p is ton- type ptessure contro l  vatve is  q iven 1n Fj 'q .  2 '64 '

A L  a  r a t e d  s p e e d ,  L h e  l u b r  i c a t i n g  o i t  p r e s s u r e  i s  c o n L t o l l e d  a i

I .o  to 2 ks/cn/  for  low-speeo engines,  2 ro 3 kg/cn '  for  mediJn-

speed.engines,  3 to 6 kg/cmz for  h igh-speed engines,  and 2 to 4

kg/cr l . "  fo t  tso-cyc le ensines.  rhe lubr icat ing o i t  pressure maY r ise

hlgh !,,hen the temperature is low and viscosity hish as just after

star . t -up,  I t  shoutd be adjusted at  a normat value when the o i l

temperature r ises,

9. I .3  I ,u t ' r icat ins o i l  s t ra iner  and f i l ter

T h e  t r u b r i c a L i n g  o i l  s t r a ' i n e r  a n d  f i l  f 6 l

to  renove f rom the lubr icat ing o i l  dust '  s ludqe,  n inute

wear. particles anal other foreign natter !.lhich are aletrimenlal to

the lubr icat ing o i f  systern.  Their  construct ion is  the sane as for

fuel  o i t ,  as descr ined in Sect ion 7.3 (Fuet  o i l  s t ra iner  and f i l ter ) .

General ly ,  the suct ion st ra iner  is  located at  the suct ion por t

of  the lubr icat ing o i1 pump, and the det ive{y s t ra iner  at  lhe del ivery
p o r t .  T l  p  d e l i v e r y  s L r a i n e r  i s  o f  L h F  d u p l e x  L y P -  ( t h a n g e - o v e r

type)  and uses 100 to 2oo nesh wire gauze or  notched i { i re .  For

sna] I  engines,  hhe auto-c lean type s ingle st ra iner  is  comonly us-ad

In oraler to mininize the ltear of the workj nq
parts  of  the enqine,  i t  is  desi rable to r .educe the abrasive Par-
t ic les in  the ]ubr icat ing o i l  to  a few microns or  less.  l lowever,

such s izes of  par t ic les are hard to remove bY neans of  the above-

ment ioned st ra iner  and f i l ter ,  A1so,  the lubr icat inq o i l  may a lso

be adufterated by bloo-by gases and inconplete conbustion products.

In the trunk piston tYPe engines, in
par t icufar ,  the degxadat ion of  the lubr icat ing o i l  is  not iceable,

s ince the cy l inder  bot tom opens into the cranlcase,  as the v isco-

s i ty  of  the fubr icat ing o i1 increased wi th operat ion houxs '



ror the pulpose of realucing the increase in
the viscosity of lublicating oif and keeping the ]ubricating oil systen
clean, these carbonaceous particles should be removeil to the extent
possible. In order to el iminate part ic les of up to 2 to 3 nicrons,
a fine filter using fil-te! pape!, fj.ber or asbestos as the filter
elements, or a puri f ier is used. This equipnent is general ly provided
in the by-pass circui ts.

9 . 1 " . 4  O i l  c o o l e r

In the sea$ater cooling systen, protective
zinc (zinc anodes) is attached to each cover. The inlet and outlet
of the lublicatinq oi1 are provideal with a thermorneter each, and
the lubricating oil is by-passed when its tenperature is 1ow.

1 0 , COOIING E9UIPIIENT

10.  t  CooLing sys len

The ternpelature of lubr:icati.ng oil rises as
It  c ir .cufates in the lubEicat lng oi l  system, and the viscosity of
oil is r:educed by a higher tempelatrEe. rihen the viscosity of oit
is reduced below a certain linit, the hovable parts of the engj"ne are
danaged because of netal contact. It also accelatates oil deteriora-
t ion. I t  is reporteal that for bearings using a white netal ,  an oi l
tempeiature of TOoc or above is unacceptabte. For this reason,
Iubricating oil is iequired to be cooled to a prope! tenperature
(about 30 - 35oc) in an oil cooler.

Ihe nost l'idely useal cooler is shown in
Fig, 2.65. It comprises a cast iron sheLl and a group of, tubes naale
of copper or albrac (coFpe! 79.5t,  al l l ln lnurn 2t.  s i . I icon 0,31,
arsenic O.O5t,  anal t race zlnc) .  The cool ing !{ater passes through
the tubes, lrhile tne lubricating oil f,lows round the outside of the
tubes. There are baffles $ithin the she11 for the purpose of
increasing the cooling efflciency. These cause the lubricating oil
to ffow in a zigzag tnotion, so tlat the time duling which the oit is
in contact with the cooling tubes is increased. The tube ends are
fixed to the respective headers by an expandable tube. one of
the tlro heads is provideal ring around its periphery
to absorb the thefinal etpansion of the tubes, and equipped with a
packing qland.

Cyl inders, cyl ini ler covers, pistons, etc. ,  used in
the internal cohbustion engines must be cooled to protect thei
against darEge, because they are overheated by the high temperatule
of the conbustion gas. In shaLl-sized engines. only cylinders and
c\rfinaler covers are cooled, while in the mealil.ltn anal large-sized
engines, exhaust valves, eshaust manifold,  fuel  in jectols and pj .stons
are also cooled.
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As aL:eady e*plained, the parts of an engine which
require coot ing are the cyl inders and cyl inder covers, and water or
air  are used. Air  for cool ing is appl ied to a l i rdteal extent for
snal l -s ized hiqh-speed engines. General ly,  other enqines use \rater
cool ing (sea$aler or f resh$,ater cool ing).  Eigs- 2.66 ar\d 2.6'7 shotd
t h s  s e a e a t e r  a n d  f r o s h k a L e r  c o o l i n g  p i p i n g  s y s t e m s .

In some cases, a cer lain amount of the !"ater coming
froh the oi ]  cooler cools the reduct ion gear casing- The standald
f lo! ,  rate of cool ing l rater for engines is about 30 to 35 l i t , /P.S,h.
In the case of seawater cooring, i f  the temperature is too high,
sal ts wi l l  precipi tate ln the cool inq l rater passage and hinder cool ing,
The temperature is therefore r:equlate to renain between 45 to SOoC
at the cyl inder coot inq outtet.  In freshwater cool ing, t ie cyl inder
cool ing out let  tenperaiure is general ly 60 -  7OoC, control led by
means of a thermostat. Conpared witi the freshwater cooting systen,
t}|e seauater coofing systen naintains a loirer temperatur:e in the
codustion chanber and the thermal efficiency is fower. For sear"rater
coolihg, a protectiwe zinc is provided on the cylinder liner, cover
anal cyf inder jacket,  to prevenl corr:osion. ln freshwater cool ing,
as they cylinder cover., liner and jackel ar:e coofeal by f,r:eshwater,
cotrosion is reduceal, That is, the freshwater cooling systen has
rrany advantages, but it should be noted that the engine roorn lust
be uel l  vent i tated as i ts tenperature becones high because the cool ing
0ater tehperature is high.

with regard to l iston cool ing, as explained in sect ion
2,4 (Piston),  ei ther lubr icat inq oi l  or f reshtrater is used
( F i g s .  2 . 1 I  a n d  2 . 1 2 ) .

I taler has a hiqher specif ic heat than oi l ,  and a
greater coof ing effect.  For trunk piston type engines, however,
fre8hrrater is not used, because there is a danger of adulterat ing
the lubricating oil !.rith liater (if) the water leaks, since the
cylinder bottom opens into the crankcase. For this reason, the oil-
cooled type piston is useal for the trunk piston engine. The uate!-
cooled piston is nostty applied for the crosshead engine, as the
cyl inder and crank case are separate from each other,

f0.1.1 cool ing water pump

For cool ing or bi lge discharge of smal l
capacity engines, a plunqer punp or centr i fugal punp coupled direct ly
vi th the engine are used. For 1ar.9e capacity engines, an independent
noto!-driven centrifugal pump is used.
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The plunger Funp conprises the single-
acting anal alouble-acting tlpes. An exanple of the single-actingr
type is shorn io Eig. 2.68. This punp is driven by the crankshaft
or the eccentric ring on the cranlshaft end when the engine is
started. usual ly,  a bi19e pump is instal led on the opposite siale
of the cooling water punp for tnediuln- or snall-sizeal engj.nes.
In ordex to prevent leakage of lubricating oil, anal intlusion of
seanater into the engine, the glanil part of the plunger or rod
is longer than the biLge puq), and a packing, \tater guard ring or
sl ing r ing (s1inger) is instaf leal .

T1Ie construction the plunger purp is
somewhat larger than the centrifugal purnp, but it is infaUible
as legards suction at the titne of start-up. It afso has a high
del ivery pressure and high suct ion head, and can be instat led in
any alesired place. Hovrever., as a pul.sating pressur:e occurs, it
is necessary to install an air chahber at the delivery side f,or
the purpose of, reducing watei hanunering. If the air chatnber lacks
air, the pulsating pressule becc'llles 1arge, reducing the punp
eff ic iency.

A centr i fugal pump is shown in Fig. 2.69-

Geneial"ly, it is alriven by the gear attached
to the end of tjle crankshaft. The centrifuqal punp is able to
del iver a large quancity of dater for iEs smalt  s ize without
pulsating pressure. But, at the time of statt-up' the suction is
not infallible, and the purnp cannot give fufl per:foflnance unless
lun at a hlgh speed.

ENGINE HANDLING

Engines for fishing boats comprise various types, anal
each should be handled accor.ding to the relevant instrucCions.
This chapter outlines the methods of engine handling for four-cycle
diesel enqines.

11.1 Operat ions

The engine operator should throughly learn al l
n€thods of stopping the engine befole even learning the methods of
operating the engine. AtI engine operators are required to know
several nethods so as to quickly stop an irregular explosion in the
conbustion chalnbe! if the engine fails to respond when the fuet
hanalle is shifted to the stop position. It is i[portant, iD order
to plevent accidents, to close the cocks of the fuel prunp inlet
valves, or to reduce the conbustion gas pressure by opening the
indicator cocks.
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Such trouble selalorn occurs, but operators should be
aware of the preventlve hethods.

I l .L. l  Preparat ions for start ing the engine

In the start-up of engines, the operator
should make sure that aII preparations have been cotnpleted. The
following explalns the sequence of preparations required for starr-

(1) Make sure that the starting air tank
j.s sufficiently plessurized to start the enqine. lhe cornpressed
air should have a pressure of about 25 to 30 kglcnz.

(2) check that the oil surl{) is filled with
Lubricating oil up to the specifieal levef. The level neasurement
should be take into account the inclination of tne ship caused by
rolling or pitching, etc. llhen making up the Lublicating oif,
do not mix brands. Recorid the makeup rate, and calculate the co!|-
sunption iate in order to detect abnoimalities at an earty stage.
Also, nake sure that the lubricating oi1 is filted in the oil sunll)
of the revelsing gear, reduction gear, supercharger, etc., up to
th6 specified levet.

(3) check the fuel setvice tank (gravity
tank),  and open the drain cocks of tbe fuel  service tank and
fuel oil stralner to renove water, dust, sediment, and other
foreign natte!. llhen the fuef systen is overhauleal anat adjusted,
pulge out air froh the fuel oil piping system, work the fuel injec-
tion purnp nanually to f111 the fuel oi1 up to the f,uel injection
valve. This operation is cafled ',prining,'.

(4) Crank the engine b,vo to three tur:ns,
and nake sure that each lbvable part rnoves snoothly and nornally.

{5) Make sure that tie suction and exhaust
valves and starting valves ale in a normal- condition. Oil hovable
Palts (aII  hand lubr icat ion points),  i f  the engine is of the rnanual
lubricating type.

l b ,  r !  t n e
auxiliary lubricating oil puq) and
PunP, start thero to nake sure tbev
leakage at pipe jotnts.

engine is equippeal with an
an independent cooling $ater
function and that there is no



(7) In cold l reather,  i f  the engine is
provided with a heat exchanger for the cooling irater, filt up the
heat exchanger with cooling water anal heat t}le jacket cooling water
s lowly.

(8) Make sure that the ctutch or controllable
pitch propelLer is in the neutral position, if t}le engine is provided
wj.!h such equipment.

(9) When all the preparations fo! stalt-up
have been conpleted, aod lf permission is given by tie blidge, the
engine should be tried, ahead and astern, If conFresseil air is
used for engine stalt, intnealiately the fi).st order has been given
by the bridge, open the startlng main vafve anal move lhe star:ting
handle to the start position. The operator should signal" to the
engin€ crews in the engine roon to keep clear of surrounding nbvable.

(10) Wren irregular explosion sounds occur
repeateilly, iffnealiately put the starting handle back to t-he stop
posilion, anal close the startinq main valve.

(ll) Regulate the fuel handle or governot
handle to control the engine revolution as nay be appropriate for
the requireal engine speed.

11.1.2 Keeping watch

The per.for.rnance of an engine is designed
and adjusteal to operate at the rated load. When the engine has
just started up, clearances of movabl,e parts are Large and uneven,
and the oif filn has difficulty in fonning. Accoldingly, when the
engine is loaaled sudalenly, seizure and other trouble may occur since
the temperature rise in each movable part ls not unifoxm. The rate
of temperature lise varies depending on the size and type of the
engine, and it is inportant to learn, as soon as possible, by
exPerience the time requlred for wam-up of the engine. The operation
of the engine required before foading is called "preirarhing operation'r
and it is necessary to carefully check the running condition of the
engine during this period.

iltllnealiately

maintained
stalt. tfre

Attention shoulal be paid to the following
after start-up, and during operation!

{l) Make sure that the lubricating oil is
at the required pressure. Inmediately afEer engine
lubricating oil has a high viscosity and a high pressure
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(2) l.rake sure thaC tie cooling eater pressule
gauge, thermolreter, and cooling purll) are operiating, and that the
cooling water is cilculating properly.

since its tehperature is Low. then, as the oll tenpetature lncleases
to a certain range, its viscosity and pressure reach a constant
value. For this reason, an adjusthent is required for bediun- and
Iarge-sized engines.

( 3 ) Check for lealages of lubricating oi1
and cooling vrater.

(4) srightly open tie inalicator cock, and
check the corbustion gas antl e).plosion sounals fot abnormal.itles.
Occasionally check the naxirnrrn pressure. If the maxinun pressure
and enhaust tenpelature varaj' noticeably, the follooing nay be
sr.rspected: malfunction of the fuel injection valve anal fuel- injectlon
valve and fuel injection prit0p, uneven fuef injection rate, alisorder
of injection tirning, etc. Trace tlte causes,

(5) Touch the hlgh-pressure fuel pipes and
the pipes connected to t}le stalting valves in order to check the
operating condltions of the fuel lnjection valves and fuel purps,
and also check for leaks j,n the staiting valves.

(6) Pay attention to the running noise and
vibration of the bearings of the supercharger. Also check the
fubricating oil tenperature, pressule and cooling water-flow in the
srpercharger for abnortnalj.ties.

(7) When the engines have been warrned up
sufficiently without any abnornalities appearing, engage the c]utsch
anal increase the engine speed little by little. Make it a rufe
to calry out the change-over of the ahead to astern lrhife runninq
unde! a 50t load o! lc&er. Also, do not increase or decrease
the speed quickly. If the clitical speed of the torsional vibration
is clearly indicated on the tachotrEter, avoid operating at that
range of speed, Also take caxe to pass the critical speed as quickly
aa possible.

(8) Adjust the cylinder cover outlet tem-
perature of the cooling water to be about tie same in all c-l'linders.
If seawater is used as a cooling nediun, be sure to naintain the
outlet leryelatule belovr 50oC. Also, adjuEt the cooling lrater flo\t
rate to naintaln the tenperature of the lubricatlng oi1 at the oi1
cooleE outlet at a speci.fied value (usually below 60oC).



(9) Check the pressure gauge and thernometers
of the . lub! icat ing oi  I  and cool ing water per iodicatty.

(10) If there are nany movable palts which
nust be lubr icated nanualty {usual ly once every t l ro hours),  i t  is
recomnended to establ ish a sLi ict  rout ine ro ensure that none are

(11) During fishing opelations or navigarion,
the posltion of tie fuel handle is roughly deteimined by the engine
load and speed. If the position of the handle differs widely from
its proper posit ion, the cause must be t laced. In many cases, the
trouble is attr.ibutable to a looseneal connection on the handling
equiptnent, excess operation of tne fuel control atevice, irregular
fuel  oi l  in ject ion rate, over. load, etc.

(12) Make it rule to neasure and lecord the
engine revolution, exhaust gas tenperature, cooling leater temper:ature,
lubricating oil tenperature, etc., to ptovide a basis upon !^rhich to
Iearn about the engine operating conatitions (anal as so approxinately
every two hours) .

(13) rt is reconnended that the engine be
operated at a foad of 75r !o 85t leconomic output) and tiat loot
or 1.10$ loads, over a tong period of t ime under normal opelat ion be

If .1,3 stopping

(1) Make sure that the starting air is at
the requir:ed pressure for next start-up. .If the pressure is lowe!
than the required range, cha-rge air up to 25-30 kg/cn2. Drain rhe
$ater from the air tank every time, after air is chalged-

(2) For engines requi l ing nanual oi l ing and
greasing, apply a little quantj.ty of kelosene to the inlet and
exhaust valves imrcdiately before stoppage for the purpose of
prevent ing st icking,

(3) Keep running for a i{hite under no-load
conditions to cool tshe engine, and then stop. If the engine is
stopped suddenly froro usual load, the fuel oil and lubricating oil
in the high tenperature sections alegrade, and at worst sticking of
the fuel injection valve anal plston ring night occur. The larger
the engine capacity,  the harder i ts cool lng. I t  is,  therefore,
reconunended to operate the auxiliary cooling water pump and lubri-
cating oil pury) until the engine has cooled dolen.
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(4) For superchargeal engines, nake sule that,
inmealiately after engine stoppage, the lotatinq speed of the super-
charger realuces snoothly, If the supercharger stops sudalenly, the
bealing of the rotating shaft or blaales will be tlanaged or renain in
a dlrty condilion in the casing. Trace the causes.

(5) After the engine stops, open the indicator
cocks, carry out turning and draw off the exhaust gas fron the coft-
bustion chanber for the purpose of preventing cylinde! colrosion.
It is afso reco!filenaleal, as an effective neasure, to dra\"| off the
exhaust gas by an air tunning.

(6) whenever a trial opelatlon is ca-rried out
af,ter overhaul or: at fixeal intelwals, open the side covers of the
crankcase and check the terpelatures of the crankpin bearings, piston
pin netals anal nain bealings. Use a thernistor (thernal resistor)
thennoneter f,or accurate heasurement. if available. ttowever,
touching with the palm of the hand is also effective for neasuring
tenperatures. It is ilrportant to check f,or loosened clarp bolts,
nuts and split cotters.

(7) Coq)tetefy repair alefective par:ts to
provide for next operation,

(8) lrhen there is a jiisk of cooling- water
fteezing in colal areas, or when the engine is not required to be
used for an extenaled perioal, the cooling vrater shoulal be dlained off.
Even if the engine into rernain ialle for a short tine only, it is
reconrhenaleal to carry out t\rrning or no-load operatlon at least once
a week to nake sure that the engine is reaaly to operate and to
prevent corrosion of the novable parts.

tI.2.1 l4aintenance cvcle

The rnaintenance cycle valies accold1ng to
the type of engine, service conditions, purpose ' etc, and cannot be
aleternineal definitely, but the following may provide a reference

71.2 Maintenance

nre perfornance of an engine alegrades with tine as
its cotrponent parts deteriorate or !'rear out. usually, overhaul,
inspection, cleaning, and lepair or lepJ-acenent of defective parts
are necessary afte! a certain period of use. The overhaul, inspection,
cleaning and naintenance shoulal be carrieal out peri.odicatfy according
to a schedule, for the pu4)ose of keeping snooth engine operation
ove! an extended pelioal anal preventing engine trouble.
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lo! narncenance:

( 1 )

12 )

Daily inspection

Inspection of lubricating oi1 quantlty,
and haj(e-q) if necessary. Inspection of cooling water quantity
(freshwater type), and nake-up if necessary. Inspection of 1ub!i-
cating oil quantity for realuction gear anal supercharger. Open
the drain cock of the fuel oi1 straiter \4hich is. Locateal nearest
to the fuel injection vafve for the purpose of discharging water
and foreign rnatte!. When there is an excess of nater or foreign
lratter, open the alrain cock on the service tank and the aliain
cock in the oil- svsten 1lne.

Inspection every 100 hrs of operation
or every l0 days (lrhich comes earlier) ,

Cleahing of strainer for fuel oil anal
Iubricating oil (evety day, if engine is not equipped with a puri-
ti.er), or replacernent of filter ele[lents. Inspection of V-belt
tension. Inspection of the tine required for t}te supercharger to
stop after stoppage of the engine.

Inspection evely 5OO hrs of Opexation
or every 1.5 nonths (r,rhichever comes
earl ie!) .

cleaning of exhaust valve and lapping
Inspection of injection pressuxe and atomizing conalltions of the
injection valve. Repfacement of lubricating oil in the crankcase.
Inspection of bolts and nuts in the crankcase and gearcase.
Replacehent of lubricatj.ng oil for disc-oiled supercharger.

Inspection every 1,000 hrs of operation
or every 3 nonths (whlchever cornes
e a r l i e r ) .

( 3 )

( 4 )

Overhaul anal lapping of suction valve,
starting and safety valve. Inspection of the tightness of
cylinder cove! bolts and nuts. Inspection of fuel injection tindng
and the timing of inlet and exhaust valves.

Replacenent of lubricating oi1 for
gear pullq) lubricateal supercharger (large-sized engine). Cleaning
of air fifter for supercharger. If deterioration is serior.rs,
shorten lhe cleaning cycle.
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Inspection every 2,000 hrs of operation
or every half a year (whichever cones
e a r l i e r ) ,

Measurernent of clearance in crank pin
bearing. Adjustnent of in ject ion rate and pressure test of ,  fuel
injection purnp. Replacernent of cooting !,/ate! (for fr.eshwater rl,pe).
Inspection of zinc anodes for superchaxger and air cooter. cleaning
of cooling water systern. Inspestion of reversing gear anat thrust
beaxing.

( 6 ) hspection every 4,000 hrs of opexation
or every year: (whichever comes first).

(s)

ovexhaut and inspecrion of piston.
Measurenrent of sylinder 1iner, piston and ring. Inspection of
piston pin netal ,  c leaning of jackets of cyt inder and cyt inder
cover. Replacenent of zinc anodes in all parts. Measurement of
clearance in the hain bearing. lnspection of canshaft and cam
bearings. Measurement of crank arrn deflection. Inspection of cocks
of fuel oi1, air anal cooling \rater systens, overhaul df lubricating
oil punp and cooler. Cleaning of fuet oit tank. Cfeaning of intets
and exhaust ports anal internal inspection of exhaust pipe. Overhaul
and cleaning of supercharger, Replacernent of supercharger bearinss.
Inspect ion of propel ler shafEi n9.

The conbustion condirions in the ensine can
be inferr:ed to sone extent fron the carbon aleposits on the cytinder
wal ls (1iner faces).  I f  ca-rbon deposits is considelabte. i t  can be
suspected that corbustion is incoq)tete or that pa.rt of the lubr:i-
cating oi1 is being carbonizeal by contact with high tenperature gas-
In anycase, the causes should be carefully traced. If nuch carbon
aalheles to the nqzzle, the fuel injection valve rnay be faufty, and
an atonizing test shoulal be carried out. t{here scate is found iD
the cooling water passage, it shoutd lje scrapeal off, since it
!educes cooling efficiency.

11.3 lnspect ion procealure

f l ,3, I  cranh def lect ion (openins of cran! arn)

Prior to disassernbling, heasu_re the alefl"ec!]on
of the crank-shaft, and cotnpare it with the previous measuxement.
If tie aleflection exceeds the tolerance becau,se of wear of the bearing,
the necessary adjustrent should be nade at the time of ieassenbfing.
l{easurement of aleflection is also required when additionat tightening
of crankcase, engine bed or tension bolts is carrieal out,

l f .3.2 cyl inder:  cover
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Aftex the cylinder cover has been cleaneal,
inspect the suction and exhaust valve ports and injection valve port
and area for cracks.

1 1 . 3 . 3  P i s t o n

To overhaul of the pistons, inspection then
for wea!,  contact condit ion, piston r ing st icking, oi l  r ing ddter io-
ration, carbon deposits on the crown, and especially, in the cooling
space, etc,  After c leaning the pistons, sheck the piston-ctown
l i f t ing bolt  hole, and rel ief  corner on the crovrn for in let  anal
exhaust valves for cracks, for s ide wal l  seizure, and afso inspect
the r ing grooves, piston pin boss and cool ing surface vrhere cracks
ara l iable to occur.  Also be s\rre to check the contact condit ion
of the piston pin and piston pin metal  which has a cfose bearing on
l h e  c o n t a c t  c o n d i t i o n  o f  t h F  p i s t o n ,  o n  c l e d r a n c e s ,  e t c .

I I . 1 . 4  c r a n k  p i n  b e a r i n g

The crank pin bearing, which receives a large
force at the tine of explosion, sometines shows cracking and flaking
of the white metal, Check for cracks and ffaling crith utmost ca!e.
Attent ion should also be given to the contact with the crank pin.
The surface of conlact should preferably be about two-thiids of the
upper metal ,  and shoutd be uniforn in the axial  direct ion. Readjust-
ing or renewal is necessary i f  the surface of contact is too sna] l
or the contact is uneven.

Be sure to inspect the condit ion of contact
bet lreen the back metal  ( l iner) and bearing metal  ( i rhi te metal) ,
Tvo rlpthods are used for the measurement of bearing clearances:
one in which a thickness gauge (searcher) is inserted between the
clank pin and lower: bearing, and the other in lrhich a lead wire is
used for insertion between the cranl pin and fc,vrer or upper bearing

h the tead-wire nethod, the upper netal
is removed from the crank pin, and the cranl pin and bearing surface
are cleaned. Then, usuall-y three pieces of lead-wire having each a
dia.rneter of about three tines the standard bearinq clearance are
placed on the upper or lower bearing at equal interwals at right
angle to the axial directlon of the crank pin, and the upper: and
1o$7er metals are tightened up. The upper rnetal is again removed and
the thiskness of the squeezed pieces of lead-wire is rneasured srith
a tnicromete!, The thickness gauge nethod is carlied out lrith the
upPe! netal assembled. It is recoNnended to double-check by the
thj.ckness gauge method after the lead-wire method has been applied.
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If .3.5 crank shaft  and nain bearings

After rdovat of the nain bear:ings, nakea thoroueh inspecrion of the journal and pin for a"r".s;] 
'";y-j.r..t

an the roun.l parr conrernLinous with the arn wirt sr:ow as it ;";;r"""r.epeated bending srresses, finalty teading to tte-treataown oi Jrecranlshaft. For this reason, careful ins;ection i" ,"q,.rir;a. irthe defect is very smatr, it wilt be har.t !o .liscover il-iyi"""rinspect ion a1one,

a canalfe ftane near
out fr.om any crack.

spraying of tacquer (dye check)
a suspecL^d parL wit t  be helplul  as

or br inging
oi l  wi l l  ooze

. Under normat conditions, a]1 surfaces of thejournal and pin of the crank shaft are gfossy, rt ure sr.,rtaces
iI..*: ": 

if snatl scars appear in the peripherat ai,".ti"", ,-^.r_contact of metat anti intrusion of dust a;d ir""i"", i"i"-.r,. 
' 
r"lrr_cat ing oi l  nay be suspected- As r:egards the nain bearins, checkwear, scars, contact condit ion, etc. ,  just as in rhe case of thecrank pin bearing. The rneasurernent of wear shoutd be carried outwith utmost car.e as it is c.Iosety re.Lateat to the deflection of thecrankshaft. The neasurenrent of the clearance of the main bearinqshould be carried out by rhe sane method as .rr", 

"""u-i", 
;;:;;:*

11.3.6 suct ion and e].haust vatves

the valve, valve sear,  ; : i "y: . :* t*"  
and exhaust valves, inspect

:11)"f "ir": shourd be ",."""u,"'":''L::';:.JIi"i;",ii!"!liTI, 
*"

naantained since this valve is atways .*1,"".a to r,rgr, i.",p;r"irr.exha'st gas' which constitute, tne rnau cause of burn out and corrosron.If the clearance between the vafve stern anat valve guiate is too snau,st ickins wi l f  occur.  r f  i r  is too rarse, gas wir t  teak i i r""gh- in.clearance. It is therefore essentiar to rnrtnt.ir, 
" n."n", .ii.rr"*(V100 of vafve-sten dia$eter).  scar.s on the valve seat can ber:enoved by lappinq with ernerv if they are stight. If they ar.e ateep,they should be cut away with a cutrer anar fapping shoutd be carriedout. Also, check the lreaz of the valve heaat, sprlng and rotatox.If the spring is extrenety fatigued it must be iepraced.

11.3.7 cyt inder t inex

After. removal
i n n e r  s u r f a c e s  o f  t h e  c y t i n d e r  l i , , e r .

of the piston, inspect the
It  is possible to judge to
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11.3.10 Supercharge!

In disassenibling the supercharger, the correct
tools should be used. After disasseiibling, carefully inspect all
bearinqs fo! seizule, wear, etc.

Check the turbine blades, for cracks caused by
high temperatrue exhaust gas and corrosion, and for connections at
the root of each blade, etc.

f l .  3.11 others

In addition to the inspections
above, exahine t-he following: Contact conditions and
mission gear teeth, bent keys, gear teeth clearance,

rdear of trais-

Carnshaft: cam roller contact
loosened keys, bearing vrear? etc.

Thrust bearingr tnetal weax, clearance,
damage, etc.

In the above paragraphs, on.ly the principal
parts of the engine have been tnentioned. It should be botne in nind
that specj.al altention must be paid to those parts which cannot be
inspected unless the engine as a vrhole is overhauled, in paiticular
as regards wear, cracks, corrosion, defornation, loosened bolts anal

It is very iq)ortant to correctly record all
neasurements including wear and take notes of what has been inspected
at the tj.ne of overhaul. with a view to the next inspection and
adjustrent. When a ship is in dry dock, check the propeller and
plopelLer shaft, blaale conditions, tape! contact, key anal key way
for any danage, brasa winaling for a4' slackening, shaft corrosion,
bearing r iear (stern tube),  etc.

11,4 Al lowable l in i t  of  service

In the course of operation, the engine conponent parts
are wear alolrn. and cfearances in the fitted parts increase, causing
a nrnber of inconveniences, The allowabLe J"imit of part \rear valies
depending on the type of engine, applications, anal service conditions.
Generally, the service U,nit is as listed in Table 2.1. The listed
values refer to the allolra.ble toaxinun, and it is recotlulenaleal. for
the purpose of keeping satisfactory engine operating conditions and
pleventlng troubl.es, to replace or repair the parts before theae
linits are leached.



An engine will not h'ork any better, even if defective
parts are replaceal and maintenance is propexly carried out, unfess
adjusunents and mounting are suitably carxied out, Discussed belolt
are the precautions to be taken when adjusting anal assenbling an
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11.5 Adjusunent and assenbl ing

11,5.1 Adjustrent of  c learance

(f) check the pipings of the fuel oil,
lubricating oil, cooling $rater and aix for 1eaks.

The fitted paxts of the noving elements lequire
a suitable clearance in order to al1ow for defornation due to heat
and load, as well as to naintain a lubricating oit filrn. The srandard
cleaiances for pr incipal parts are l isted in Tab].e 2.2.

f l .5.2 Assembfing

(a) 1n assenbling paxts into a unit care
should be taken not to adndt foreign rnatter. tf match mar:ks and
knock plns are provided, adjust parts accordingfy. Also ta.ke care
not to hit the parts wit-h har:d tools (steel hanmer), etc. If the
parts are danaged and distorted, repair then vrithout fail before
nounting,

(b) Under no circunstances, leave any
objects inside the engine, such ae tools,  bol ts,  nuts,  rass, erc. ,
which might possible damage or interfere ll'itn the operation of the
engine.

(c) Prior to assenibling, never fail to appty
lubticating oi1 to the movable parts.

(d) h assembling, pay attention not to apply
the clarnps too tightly o( unevenly, In this r:espect, particular.
care should be taJ<en in tightening crank pin bolts, cylinder cover
llountlng bolts, etc. Use annealed coppei packing for the cylinder

(e) Renei,r the split cotters every tine
when assenbling talen p1ace. Open t-he 1e9s of the split cotter as
i l lustrated in Fig, 2.70 so that i t  cannot sl ip off  when subjected
to vilcration during operation.



(g) In assenbling the supercharger special
tools should be used, as in the case of disasserbl ing.

h adalition to the precautions listeal
above, it shoulal be stressed that assenbling nust be conducted r,rith
utrnost care because of the natur:e of the engine, which is a high-
speed rotating machine.

(h) After reassenbly, carry out the turning
of the engine to make sure that each parts is functioning properly.

1 1 . 6 Troubleshooting

nhen the engine
to detect the causes and then
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shows defects, it is important fir.st
Eake appropriate measures Lo ramedy

The troubles that ane likely to occu_r in diesel engines
for fishing boats, their causes and the trEasures to be taken aie
shown Tables 2.3 to 2,IO.

l .  - or enqane

The installation of a marine engine is as important as
the construct ion of a ship's hul l .  I f  the hul l  construcr ion or the
engine instal lat ion is defect ive, i t  nay ser iously affect the per-
fomance and service l i Ie or the enqine.

For. instance, unsuitable engine instaltation sonerines
causes seizu.re of the nain bearinq, breakdown of the crankshaft,
failure of the clutch, and various other troubles. Considering that
tne engine is a semipermanent fixture aboard, the initial installa-
tion rnust be carried out perfectly.

The nethod of engine installation is alnost the same
irrespective of its size and the type of ship, though there may be
sfight differences depending on the case.

For farse vessels, centering of the shafting is carried
out by naking use a of light bear, For small- and nediun-sized
ships, centering is carried out by \rsing a centering wire, as shown
ln Fig. 2.71. Either nethod is so designeal as to bxing the engine
shafting in line frorn the tip of the crankshaft to the propetler.
Centering anal alignnent on the slipway is cal1ed "1and centering',,
while centering and aligrnnent after launching is called "centering
afloat'r. In tfie case of land centering, some adjustrent is required
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In the case of wooden ships, farge differences occu:r
after launching. It is, therefore, important to pr.oceed to "centerrng
afloat wilhin about 48 hxs after launchinq.

after faunching because of hulf deflection. By centering, the
focations oil the engine, reversing gear shaft, internediate shaft,
stetn tube, pr:opelfer shaft and the equipnent relating to the shafting
are determined, and their instatlation is conducted accoidinglY.

The hull is sensitive to temperature differ:ences and
Ioads, largely affect ing the center of the shaft ing. For this reason,
the centeling and alignnent of the propeller shaft, intermediate
shaft and nain engine are usually carried out at night vrhen tne
influence of, ternperature is conparatively slight {this pa.rtic\r1aily
applles to steel vessels) . It is also desir.able that center:ing be
done when the fltting-out-of the vessel has been almos! entirefy
cotrq)l,eted.

The adjustment of the shaft center is carried out
as described below.

In the l i rs l  place, Lhe coupl ing bolLs beEween the
reversing gear shaft and the intermediate shaft or: between _the inter.-
mealiate shaft anal the propeller shaft are alisconnected. In lhe
seconal place, a check is nade, as shown in Fig. 2.72, at  four
circunferential positions on the joint of the coupling to aletermine
lrhether the matching surfaces of the couplings are parafl-ef to
each other and whetner they do not show any radial nisaligdnent.

If the shaft centex is found to be out of p]ace,
adjustrnent should be nade by setting choke liners in the engine and
i!-rtermediate shaf t bearings.

As regaxals wooden ships, hull deflectlon is very
large. For thisreason, the installation is so nade as to provid€
a clearance of 0.1 to o.l5 mrn unaler the internediate shaft coupling,
anal the inspection of, the centenng takes into account this
clear.ance for adjusgnent.
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I ntenal-Conibus tion Engine - vol. Ir

Structure anal handling of the four-cycle engine

Table 2.1 Usable finlit of main parts

Part icular Usable lirrit
l4easuring

gauge

cYlinder Lini t  of cYlinder bore dia. 25onn or fess:
= (r/10o) D

qffindet bore dia. above 250nm:
= 1 .5  +  (s / roooo)D

D: cylinder bore dia. (tm)

Measuring position: top deaal
center of No. 1 ring

Dial indicatoi

Usable
lirdt

{A) cYlinder liner

i) I'rom top to 1/3 stxoke:
u i l l  + h i - L n a c c  t r \  =  ^ / ) a

i i )  Befot ,  the range of  i ) .
E =  D / 2 O  x  O . 7

Dial inalicator

(Note: If there is a corroded
area on outside surface of
cylinder liner, thickness
rneasured frorll bottorn of
coxrosion nust satisfy above
conalitions) .

(B) Monotype q/linder
If cyfinder bore dia.
exceeds the limit by 10rnn
or nofe, :repface it trith a

cf,ark-
shaft

o f
joul.nal

Eccentric

Limit of eccertric ablasion:
=  o . t 5  +  o .  o o o 5 d

( = 0.10 + 0.0oo5d for over
500 rpm)

d! crank shaft dia. (rur)

Linit of eccentric abrasion:
=  0 , 1 5  +  O . O O O 5 d

( = o.1O + o.ooosd f ,or ovex
500 rpBt

al: crank pin dia. {nun)

outsiale

Brialge gauge
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Table 2.1 Us$le f , in i t  of  nain parts (cont.)

Part Part icular Usable limit
Measuring

gauge

Deffect ion Litrdt fox reoorntrEnding repair

A aoS (2,/1.0,000 (s)

Limi t

A ao= (3 /1o ,ooo)s

Dial gauge

Main
jouinal
bearinq

Allowable lirlit:

= (2/1000)d for crankshaft
dia. 15onn or less

= 0,0f5 + 0.001d for crankshaft
dia. above 150 mn

Fo:r over 500 4)trr:
= 1/2 x (eccentric abrasion of

shaft) + design clearance

dr crank shaft dia. ([[n)

Feeler gauge
{ thickness
gauge)

Crart(

ne tal

Clearance A1lo!,/ab1e limit:

= (2/1000)d for crank pin dia.
l5omn or less

5 o.1s + o.oo1a for crank pin
dia. above 150 mn

For. over 500 rtrfi:
S 1/2 x (eccentric abrasion

of pin) + alesign clearance

al: crank pin dia. {nn)

Feelea gauge

crank
pin
bolt

Usable
lirli t

20,000 hour.s

frm of pernanent set (elongation)

Thread

Pitch gauge

Outside
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Table 2.1 Usable I jmit  of  nain parrs (cont.)

Part Parti cular Usab1e linit Measu!ing
gauge

Prston Piston pin
bearing

Allowable linlt:

5 :.,22 x (rnax, a1lowable
clearance of piston netal)

Feeler gauge

Abrasion
of piston

0.3!un or.  less.
If abrasion er.ceeds this
linit, re-nachine gloove with
O.5 or ]. Onrn pitch and replace
the ring with a nevr one.

clearance

rrng &

0.3!s1 or less. FeeIer gauge

PiE t'N
ring

Eccentri.c
abrasion

within O,15 x T

T! thickhess

Outside

Pis ton Eccentric
abras ion

=  0 , 1  +  0 .  O O O 5 d

For 2 qfcle engine. taise
t-he limit by 303

outside

Piston
Prn
retal

Clearance AJ.lowable linit:

= 0 ,2o  +  o .ooosd

For ove! 5O0 4)trr,
1/2 (eccentric Ebrasion of
shaft) + design clearance

For 2 cltc1e engine, raise
tne lirdt by 3or

d: plston pin dia. (nm)

Trans-
nitting
geaf

Backlash If backlash exceeals the
following level, decrease
gea.r distance or replace uitJr

= O.l x l.t (ft: l,lodu1e)

Fee]er gauge



Table 2.1 lJsable l imit  of  main parts (cont.)

Part ?arti cular Usable l i ln i t
Measuling.

gauge

t4ietz &
weiss

ing
clutc.h

S tloke 2 x desion standaral

Bush

of beveL

9ear

0.7rur

Thflrs t

of bevel
geax

0 .6 rm

Pinion
0 . 6 n m

S tern
tube

Lignlnn- Replace wit-h a neiv one wheo
cleaf,ance exceeals the follo\ding
1evel:

c= (12l looo) D + r .5f tn

C: clearance (nn)
D: prope1l6r shaft sleeve

dia. (mn)

Orlit figures below the second

(Note: ueasure within 20
hours after dock-in. )



.tab]..e 2.2 Stanalaltl cleararce between rllain Dalts

PART{i (Clearance} STANDARD CI,EARANCB

q'linder - Piston skirt within i;# x D + O.O5 for ca6t iron
piston

wit-ttin :=- x D + o.o5 fo! alrrllirlrsr
alloy piston

Piston Ring - Groove o.o?  o .0a

Piston Pin - Piston
Metaf

lrithin I6#d x tl + o.L2 .l = 1oo and ove!

w i th in  f f i  xd+0.07  d  =  be l .o ld  loo

Crankshaft - Main
Bearing

t ia r r f r ,  f f i  xd+0, I5  a l= lOO anaover

wf*r in  f f i  xd+o.10 d= belcr r  Loo

Ciank PiD - Bearing niai,rn 6ft5 x d + O.l5 al = Ioo antt over

witfrrn ffi xd+0.10 il - be14 l0o

Bachlash of
Tlansni tting Gear O . O 3  0 . O 4 )  x  M

UDit = m D = Ct'linder dianete!

!t = lrbttute d = piston pin, crankshaft anal
crank pj.n dianeter
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Internal-Conbustion Engine

Structule and handlinq of the four-
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-  Part  I I

c le diesel

cross-section of
narine four-cycle engine
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i\clr.varr

fflli 5s
(  u - r i  n q  )

for four-cycle engine

Jt ^ttut v./rvt 2.Jttt.N

l t . q
4

(c )

F i ^  ,  )  . v l i h . r p 7  l i h a r

,uaL vr.v. httla4

Eraqf '.rvt '@ue

tlnl4aJrrr f.a ,A,!,
ttrlR Jorpltlr

a-c,Jrcrtu4 o- oJt<rrdfl llolane v{tE lNLe,
Ltlo tttr,O ,,rd.itual, \

cfttrblA cort4 fie^1. aoLl

T I

T

Fig. 2.3 Cylinder cover four four-cycle engine
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(ne t  t  t ypc)

E L g . 2 . 4

( 6) lEraaNb frPE

(Pa.o ehope )

(c) eessal/7a/r af2E

Direct ilrjection type conbustlon
ctlanber

'tr1'!d'

fig. 2.5 PlecoDbuslion chaftber E)T,e
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Fig. 2.6 vortex cofiibustion chanber tl|I)e

Fig. 2.7 Air-ceu chaliber tl|t)e

Eig. 2.8 l4-colibustion systen
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(c) r:ta|t/"a TrPE

(r)
I q,)
'l,a)
A A \

({.1

JO

- I 
.?,)'1t)

..,-:1)
f ,  Fiston
2. Piston r ing
3. Piston l ing
4. oil scrape! ring
q .^hhar 7l  n-

6. Piston pin
?, Piston bearing
a. Key
9. Pin hofding bdlt

10. oil isolate plate
lf. connecting rod
12. crank pin bolt
13. crank pin bealing
14. crank pj.n nut
15, Dqdel pin
16. Adjust ing Liner
17. Foot l lner
18. Cover for floaling

Fig. 2.9 Non-cooleal tlG,e piston
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Coofed type piston

Articulateal
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Eig. 2.!2 Telescopic ptpe tlrl)e

F i g . 2 . 1 3 Piston ring detail
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Ftg. 2.15 Piston rlng cut opening
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Fig. 2.16 OII sc!qi,e! rlng (sectlonal vLel')



I. Snall end
2. Rod
3, Lalge end
4, Foot liner.

6. crank pin bolt
7. clank pin nut
g. Set bolt for pin netal

9. locl<ing washeri
10. Piston pin netaf
11. oil passage
f2. Crank pin metal - upper half
13. crark pln netal - lower half
14. white lletal
15. oil groove

,-----.

Eig. 2.L7 Connecting rod
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( a )
(b)
( c )

Horizontal split type
obltque spfit tt pe
Double tight q,pe

( c  )

F i g .2 .18 Large eid of connecting roal
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Fig. 2.I9 q.I)ical mono-forqed type
crait(shaft
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Etg. 2.2O Manufactu.ring process of .
crard(shaft by R-R forging nethod

t b . )



- 9 5 -

Fag. 2.2! Oil suppl.y hole for crankshaft

pig. 2.22 lypical balanci.ng \relght



FLg. 2.23 Crankshaft deflectlon neasure-
ment (Axia1 deflection of crar*

Eig. 2.24 Cvlinder of fou!-ct'cle engine
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Flg, 2.25 Typicat engine frare

ll.-Y*Et fl-:.u-n /r-av--n /I-rt--ll
Y \'f /AL{\ /^\:J\

I '  ) (e) ( .  )

Eig. 2.26 Const-ructions of bedplate

( D )
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1. tlain beaxing
2. Cap
3. Bei l
4.  White netal
5. Liner
6. oil supply hole
7. Nipple
8. oi f  piping

Eig. 2.27 Main beariDg configuration
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f . Boaly of rotator
Bal l
Spring for ball

valve cl-osed

Plate spring
spring guide
cotter

no  load  t  r , ad
'i..!i:ilf: ':, . i:,.i-' "

7 .
5 .

Sten
Spring

Fig. 2.30 Valve rotator
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Fig. 2.31 suction and o.haust
valve configuration
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Eig. 2.32 Valve mechanisn

( A )

Tangential can Constant
acceleta-

of cam

i : '

Circul

F i g . 2 . 3 3  s h a p e
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ro  11e r

and exhaust
angle

po 1nt
polnt

angle

suc t ion

cann

z - -  L d r  v  t \  t a l

o l1e r 1] 'nasn1nq
r'.\\
lkQ\\opera-E1ng

@r

Fuel carn

1q

starting can

Fig. 2.34 Kinds of can
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fu€ 1 ca.n

governor
dE

o

q l o

aa

gear for. can shaft

(1) stopper for fuef car!
- :f r9.

o
6 starting can

exhaust cams

(2) fuef can (l) ctaup nut for fuel

2.35 CaD ajltl ca shaft

olIe

Flg, 2.36 Cah follower
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aa/r FaA 4rl3tttltT

!'ig. 2.37 Can shaft alriving device
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Flow cycle diagran of super-
charged engine

F i g . 2 . 3 8



- 119 -

1. Dif fuser
2. Irnpeller
3. Impeller case
4. Bloner case
5. Air chanber

6. Bearing
7. Bearing case
8. L.O out let
9. ] , .o inlet

10. Air chariber

11. Iieat isolated
challber

!2. Nozzle
f3- Turbine lrheel
14- Center case
15. Turbine case

RadiaL flc|d turblne type
superiharger
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1. Fi l ter
2. Bloerer case
3. Dif fuser
4. Turbine exhaust case
5. Heat isolated chaiiber
6. Tur.bine inlet
7. Blower side bearing

a. rurbine side bearing
chan'ber

9. Rotor shaft
10, lnducer
11. Inipel ler

13. Nozzle
14. case foot

?ig.  2.4O Axia l  f low
charger

turbine type super-



- 1 2 3 -

Fig, 2.41 Putsation curve of exhaust
pressure of superchar:geal engine
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Eig. 2.42 lvrangenent of exhaust pipes for
foirr-cycle engine with supercharger
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J.. Starting vafve
2. Starting valve casing
3. Starting valve packing
4. Starting vatve sprlng
5. Spring retainer
6. Vafve pushing piece
7. Adjusting screw
8, Nut for adjusting screw
9, t'ulcrutrl shaft for rocker

10. Levet
If. ftpper plece for push rod
f,2. Push rod

13. Io\rer piece for push roal
14. washer for push rod
15. Push rod tappet
16. spring for push tod
1?. Rot ler pin

f9. Carn casing
20. Guiile atoppe!
21. Canshaft
22. CaJt. for starting vatve
23. Carn charnber

Fig. 2.43 l,iechanical starting valve-
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Arrangement of ai! control valve aystem
Working orde! of control valve
Direct rever:sing ttl!)e starting carn

1. Stalting valve
2. Starting air

contiol valve
3. Starting cah
4, Air escape valve

Fig. 2.44 Air  controL
vaLve

5. starting air valve
6. Froe startlng alr

7. Forwaral cam
8. Revetse cam

t:|t)e atarting

l

i ( t l

B :
C !

(c )
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2.45 Air distlilcuting q'pe stalting

a4 .aa6'46 4No.t

\ Flttl .ta .4'rc't6 tt"'

,eai .1P codl*asso(

F\9. 2.46 Stalting air teservoir



1. cooling eater outlet
2. Fly wheel
3, H.P. piston r ing
4 .  H .  P .  p i s t o n
5. H.P. cyf, inder
6. l - .P. piston r ing
7. 1,.P. piston
8. Piston pin
9. cool ing water inlet

f0.  l .P. q ' l inder
11. connecting rod

-  1 3 1  -

F i g .  2 . 4 7  A i r

1.2. crankca€e
13. crankshaft bearing
14. Crankshaft
l q  6 i l  e - r A n a r  h l r r a

16. Safety vaLve
17. To air resexvoi!
18. H.P. side delivery valve
19. H.P. side suct ion valve
20. Air suction
2f.  L.P. side suct ion valve
22. L.P. side delivery valve

colrEltessor



- r 33 -

PRa-rlt,1f ctRaulr

olot PauQ ( rt/olt/t )'-'-'__-t P8f-/1t,1f AtOutoA

Ptl-Htaf ato \t.^^r Jtrr<rl
J|NChAON|.2l o .ttlrah

a--

tii
L:_"_

Fig. 2.4A Electr ic starLing device crrcurt



E\9. 2.49 Fuel feeal systen

LL h+ X1Y-,
1T WTV

aco
(a,

1. Prunger
2. Oblique gEoove

(diagonal)

4. spill port
5. Vertical gloove
6. Plunge! barrel
7. Rack
8. Pinion
9. Barrel

10. s l i t
I ] .  Plate

fuel plunger plq)Pig. 2.50 Bosch tt'pe
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Bosch ttltr)e fuel
driving device

1. Hanal for rack scale
2. Oil adjusting lack
3. Plunger spri[g
4. Plunger
5. slit control sleeve
6. Tappet adjusting screw

(injection tining
adjusting sc!ew)

7. Nut for l ten 6.
8. Pinlon set bolt
9. OiL adjusting s crew

10. Oi1 adjusting lever shaft
1].. Fuel pump sul4)ort
12. Oi l  s l inger plate
13. Tuel pullp tappet
14. Tappet set bolt

purp

/ - ' - 'a '
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Eig. 2.52 Bosch btltr)e frEl Prq) action

uo I i  vcry

Fig. 2.53 Delivery valve action

f ,  apr i rg

It.u" t iv".y



3 .
4 .

7 .

10 .
l l .
t2,

18.

canshaft
FueJ. can
Boller
Tappet
Plunge!
Plungera apling
Suction valve
Deliv€ry valve
Eigh pres6ure pipe
rdppl€ fo! fuel
spill valve
SrFing ar!
Eccentlic ting
spil1 vaLve push rod
spil1 valve lever
Fuel adjust$rg shaft
spill valve spring
clt off lever
spill valve adjusttng

Fig. 2.54 Spill valve tt|!)e fuef ptrrE)

90 u.)
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1. Cap nut
2. Lock nut
3. Inject ion pressure

adjusting nut
{,  Plug
5. NozZJ.e spling
6. FueI oil. passage
7. Valve spindle
8. Nozzle nut

9. Nozzle tip
10, Needle valve
11, Euel over-flow outl.et
12. Puel oil high pressure
13. Oil s trainer
14. Pintle type nozzle
L5. llole type nozzle

nipple

r i g . 2 .55 Fuel injection valve
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Fig. 2.56 !4esh type filter

1. Packing for filte! frEme
2. Air vent plug
3. Filter frane
4. Fi l ter case

7. oi f  pan
8. change-cut cock
9. oi l  out let

11. Drdin plug
12. Packing for drain plug
13. Drain cock
14. Packing for drain cock

1. Body
2. Elenent
3. qanalle for cteaning
4. Brush for cleanlng
5. Pluq f,ox air vent
6. Plug for alrain

Eig. 2.57, Auto-cleaner



Fig. 2.58 llechanical governor
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Fig. 2.59 covernor (attached to fuel
pump)

Fig. 2.60 liydraulic governor (pressure
oil type)
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Pig. 2.62 Lublicating system

U) JlCttqY oF otAS Pul1P (8) \ttcfraN oF fRoctloto Ptll1P

l . c € & r

a a j u s L i n g

1. cear casj.ng
2. Gear
3. suction valve (for

F i g .  2 . 6 3

4-. Delivery
5. Suct ion
6. DeLivery

valve (for astern)
valve (for aslern)

valve (for ahead)ahead)

Gear pumps



1".. piston
2. Spring
3. Adjusting s crew

Pig. 2.64 oi l  press\rre adjust ing valve

1. oi1 cooler shet l
2. Channel cover for

inlet
3. Channel cover for

outlet
4. cooling tube
5. Tube flange
6. Divis ion plate
7. Packing
g. Packing gland

9. cafvanic zinc plate
10. Drain plug
11. Therrnohete! forfoil
12. themcmeter for oil
13. oil inlet pipe
14. oil outlet plpe
15. cooLing water pipes

(inlet a.rld outtet)
16. cl.ove vale (bronze)
17. By-pass pipe

inlet
outlet

I ' ig.  2.65 oi l  coole!
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Eig. 2.66 Cooling pipe arrangemenr
(seawater)

r

I

- -  
l
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E i g .  2 , 6 7 Coofing pipe arrangernent
(freshwater)



1. Plug for \rater akain
2. clease packed gland packing
3. Plunger
4. connecting roal
5. Eccentric shaft for cooling water purE)
6. center of cranl<
7. center of can

Fig. 2.68 Cooling wate:. PleP
(ptulger t]'pe)

Fig. 2.69 Cooling water punp
(centrifugal bjll)e)

l. Punp casing
2. Vanes (rotor)

A. Cooling lrater inlet
B. Cooling water outlet

t

a
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Fig. 2.?0 Setting nethod of split pin

1. Engine bed
2. Divi.sion wal1 of

engine

Fig. 2.71 Levefling \rith
(\dooden ship)

3. Rualder post
4. Stern box
5.. Afiginent wire

alignrnent wi].e
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E ig.  2.72 Check of  shaf t  a l igd ient
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II{TERNAL-COMBUSTION ENGINE - P Tt III

Gaso!.ine Engines

OUTLINE OF GASOLINa SI,IGINES

The gasol ine engine is a typicat spark igni t ion engine. I t
takeB in gasoline and air on the suctlon stroke. The nixture is
ignited by an electric spark at the end of the compression stroke
and burns. The gasoline engine may be considereal to be of the
constant vohde cycle change type. lts thermal effj.ciency is related
to the ccrnpression ratio. Iloneve!, the cornpression ratio cannot be

'increased excessively if the characteristics of fuel ale considered
from the praclical point of vj.er. The cornplession ratio of spalk-
igni t ion engines and, consequent ly,  also thai !  therrnal ef f ic iency is
Iower than those of compression-iqnition engines. On the other hand,
the gasoline engine can be constructed so as to be light in eeight
since it is not requiled to be very sturdy.

Gasoline engines ale divided into the four-cycle and two-cycle
types. The tno-cycle engine is sinple in construction, but is
unecono|nical as part of, the gasoline escapea from the exhalst port
together with scavenge alr. For this reason, four-cycle dngines
are wialely favoured whereas the use of two-cycle engines is. Iindted
to snall-sized englnes with a 60 mr cylinaler bore. For narine
application, two-cycle engines are useil as outboard notors.

t .

SfRUgtURE OF GASOIINE EI,IGINES

2.1 carburetor

The carburetor is provided 1n the fueL suctlon syster,
for the purpose of, feedlng into the cyllnaler a gas consiseing of,
a hornogeneous mixture of air and fuel. Air-fuel ratio for cornplete
corbustion of gasol.ine is theoretically fifteen to one in weight.
Actually, however, thirteen ti-nes as nuch air is r:equired to obtain
naxinurn poner output, and about seventeeh titnes as rnuch for econornlcal
opeiation. If the gas mixtuie is leaned, irlegul"at ignttion is liable
to occrr!, while, if it Ls too rj.ch, inconplete conbustion and engine
knocklng nay lesult. cenerally, the tnixlng ratio is within the range
of elght to twenty tin6s as much air as gasoline in weight.

(1) Pl j .nclples of a carbuletor

Ihe operating principles of the carburetor are shcrrn
i.n Fig. 3.1. A flcff of suction air goes round the snatl nozz]-e 14.!
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which opens in the lhroa!  of  a ventur i  lube (3)  to  suck in  and

aeonize lhe fuel  by Ehe resul tant  negat ive pressure around the nozzle.
Thus,  a i r  and fuet  are mixed.  I f  lhe level  of  fuel  in  the nozzle
( lovrered by h f rom the t ip  of  the nozzle)  r ises,  the fuel  l t i l f  over f lo l t

dur ing engine stopping,  i . rh i le  i f  the ]evel  is  too ]ow,  lhe supply of
g a s o l i n e  w i l l  n o t  b e  s u f f i c i e n t .  T o  p r e v e n L  l h i s ,  a  f l o a t  { 6 )  i s  u s e d

to regulate the fuel  level  at  about  I0 !o 15 mn below the t ip  of  the

The ou! let  of  the carburelor  is  p lov ided wi th a

throt t le  valve (1)  ,  which contro ls  the suct ion rate of  mixed gas in to

the cy l inder .  l ts  in let  is  equipped { i th  a choke valve (5)  ahich,

i . rhen c losed,  wi l l  increase negat lve ptessure lo  enr ich lhe qas n ix ture.

A  c a r b u r e t o r  i s  i l ] u s l r a t e d  i n  r i g . l . 2 .

( r )  M i x r . n g  r d r ' o  a d j u s L i n g  d e v i c e s  f o r  . d  b u ,  e t o  s

( a )  A u x i l i a r y  a i r  v a l v e :  w i t h  a  r i s e  i n  e n g i n e
speed the gas n ix lure wi l r  be enrrched,  To prevent  lh is ,  a poppet

walve is  prov ided a!  the out le t  of  lhe ventur i  tube as in  F ig.3. l .
r t  is  pressed down onto lhe walve seat  by neans of  a sPr ing.  l , lhen

the engine speed increases,  the auxi l iary valve serves !o reduce the

pressure in  the ventur i  lube:  the valve is  opened by overcominq lhe

spr ing force,  and the in f low of  a i r  i5  reduced.  As a resul t ,  the
gas mixture is  leaned.

(b)  Lot-speed nozzle:  when the engine runs ar

a par t ia l  load (especia l ly  at  a verv l iqht  load)  ,  the lh lot tLe valv .

l ' i11 be a lmost  c losed.  consequent ly ,  the suct ion ef forL of  the

venlur i  tube wi l l  be reduced to nought .  For  th is  reason,  as seen in

F i g . 3 . 4 ,  a  l o w - s p e e d  n o z z l e  i s  p l o v i d e d  n e a r  l h e  p o s i l i o n  w h e r e  t h e

throt t le  valve c loses a lnost  lo ta l ]y .  In  th is  arrangemenl /  the

veloc i ty  of  the a i r  passing throuqh lhe gap between lhe ventur i  tube

and the throt t le  valve becones h ish,  developing an excessive nesat ive
pressure,  ! , rh ich wi ] l  easi ly  suck up the fuel  throush lhe 1ow-speed

nozzfe.  when the throt t le  valve is  opened,  the pressure at  that  point

wi l l  be h iqh and the lo ! , -sPeed nozzle wi l l  not  oPerate.

(c)  Econonizer ,  To reduce the output  f rom fL, l l

1oad.  i t  is  more advanlageous to lean lhe a i r -gas n lx t l r re to an

economic xat io  wi th the thr .ot t le  valve lo ta l ly  opened than to decrease

the opening of  the tkot t te  valve,  as the fuel  neter ing por t  is  opened
( F i g s . 3 , 5  a n d  3 . 6 ) .  F o r  t h i s  r e a s o n ,  t h e  p r a c t i c e  i s  r o  s e t  t h e  f r e l

meter ing por t  at  the econonic n ix ing rat io  and to supply r ich gas,

once the throt t le  valve has been tota l ly  opened.  The device is  car led

an .econonizer" ,  which is  d iwided into two ! !?es:  one in l th ich the

fuel  meter ing por t  can be adjusted.  and the other  in  which an economizer

valve is  used.  The forner  nethod is  more Popular  than the la t ter .  I t
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is subdivided into t!,,o: interlocking of the metering pin anat the
thrott le walver and use of a wacuum developed by the venrur i  tube.
Figs-3.5 and 3.6 shot^r the operat ing pr lnciples of the nost \ r idety
appl ied inter locked type economizer and a suct ion-actuated type

(d) Accelerator:  nten i t  is required to increase
the engine output quickly,  opening the thrott le valve al l  ar once
ri l l  imnediately increase the inf low of the air  but rhe fuel  wi] :
fai l  to fol lcn such a sudden chanqe because of inert ia,  nonentar i ly
causinq a lean gas mixture. To avoid !his,  a piston rype pump, which
works inter lockingly with the thrott le valve, is used to supply nore
fuel to keep pace with air  supply (Fi9.3,7).  i , ihen the rhrort te valve
is opened suddenLyf the valve seat wi l l  be depressed to open the valve
port  to del iver.  nole fuel  But when the thrott le valve is opened
slowly the fuef cr i l l  f low out of the piston qap, keeping the valve seat
posit ion unchanged. anal this act ion prewents the acceterat ion punp
from actuat inq.

2.2 Igni t ion device

T h a r e  a r e  t l r o  i g n i t r o n  s y s t e n s :

{1) The high-tension magneto igni t ion systen;

( 2 )  A  s y s t e m  u s i n g  a  h i g h - t e n s i o n  i n d u c L i o n
coi l  and battery.

In the past,  two systems were appl ied, one usinq a low-
tent ion tnagneto with a high-tension induct ion coi l ,  the other using a
low-tension magneto or battery for interrupting sparking. The above
lwo systerns are alnost the same in principle, except that rhe fonne!
uses a nagneto generator for i ts electr ic power supply rrhi le the lat ler
uses the battery for the sane purpose.

(a) Battery type iqni t ion device: Fig.3.8 sholrs the
operat ing pr inciples of a battery type igni l ion device. When the switch
is turned on a current f lows through the pr inary coi l -  I f  al l  interruptor,
!,7hich !0orks interlockingly with lhe engine crank, is provided in the coil
c ixcuit  so as to interrupt the pr imary circui t  quickly at the r ight noment, '
an extremely high vol tage lr i l l  be induced in the secondary coi l .  This
high voltage is conveyed by the dislributor. to the spark plugs of the
cyl inder according to the f i r ing order.  The high vol tage then causes a
spark between the electrode of the pl ,rg and the cyl inder l ral l .  The
interrupt ion ofthe pr jra.ry coi l  current gives r ise to two bad effecLs,
these are: (I) danage to the contact surface of the inteln4)ter by sparks,
and {2) reduct ion of the vol tage induced in the secondary coi l  by
sparking, To el ininate these, a capacitor is usual ly provided to absorb
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elect l ic energy. Fig.3.9 shor,es the operat ing pr inciples of an igni- t ion
coi l  whose transformation rat io of the secondary coi l  to the pr inary
coi l  is 50 to 120, to r ise sever.at thousands to several  tens of thousands
of vol ts in the secondary coi I .

(b) High-tension nagneto igni t ion svstem: In the
high-tension magneto igni t ion system the pr inary culrent is obtai .ned
from a nagneto. Whereas the battery type requires a generator for
battery charging, the nagneto type does not and i .s,  therefore, l ighte!
in weight than the battery type.

The magneto type, however,  has disadvantages in
that the igni t ion cannot be achieved unfess the rnaqneto obtalns a
certain range of rotat ion, For this reason, i t  requires in addit ion
a stalting nagneto, with a high rotating speed, whose ignition voltaqe
is higher than in the battery type, to ensure igni t ion. There are
val ious tyPes of high-tension igni t ion systens. Many of these systens
are very sini lar in that they are pr.ovided with an a.c.  gener:ator,  in
which a magnet or a coil is turned to change fluxes to develop the
plinary current irhj.ch, as in lhe battery type. is converted into I0 to
12 KV of high vol tage in the secondary coi l .

The high-tension nagneto ignition systern is
roughly alj.videal into arnature type and induct.ion nagnet type according
to whether the r:otatinq elenent is a coil o! a nagnet. TyFical types
are sho^'n in Fig.3. l0.  Fig.3.11 i l lustrates the wir ing diagrarn and
magnetic path of an induct ion type magneto, which is chief ly appl ied
in snaft  engines.

For connect ing the magneto to the crankshaft ,
f fexible coupl ing is general ly useal for the purpose of prot€ct ing
the nagneto frorn vibrat ions and prevent ing the dislocat ion of the
crankslBft and the nagneto. F'or the effective control of ignition
t ining a vernier coupLing is instal led (Fi9.3.1.2).  ! .or exanple, i f
the nun'lcer of right and left teeth is 18 anal 20 respectively, the
controt of  igni t ion t iming achievable is obtained by the fol lo lr ing
calculat ion:

r__l_
1 8  2 0

anal ther.efore this becomes 20.

2
3 6 0

The rotating ratio of the magneto to the crank-
shaft  for a four-cycle engine is given by the fol lowing formuta.

I . - Z
- " =

_g
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wheie 'n . Speeal of naln maqneto shaft

n ! Speeil of crankshaft

Z : Nurtbet of cyllnalers

S : Nuriber of ignitions per revolution of rnagneto nain shaft.

For the 
lnnature 

tlT)e magneto, S = 2, therefore we have

+ E 1 for d-cylinal€! engine,

and

i  
= 3/2 for 6-cyl inder ensine'

since the alistributor iE required to revolve at a rate of one
revolutlon per two revolutions of the crankBhaft, the folloring
relationships are establlshea:

3 
= 

+ for revolution ratio to crankshaft,

Afte! preparatlon for stalt-up, snal-L engines ale started
by hand. Manual atart-up is ilone by tulnlng lhe handle on the fll.wheel

anal

'? 
- Z for ravolution r:ati6 to

n S nagneto r|ain shaft,

where "al i6 the speed of the alistributor.

2.3 spark plug

The spark plug is installed on the cylinde! cover, anal
supplieA witb high voltage frd a battery or Dgneto to igDite the
gas mixture by a spa.rk. As atlown in Fi9.3.I3, the spark plug is conposeal
of a cente! electrotle, insulator, gasket and nain body provided r'ith a
grounillng electloale. The c€nter electloale ia made of ateel, anal its
sparking tip is welded l.,lth nlckel alLoy to prevent oxidization anal burn
out. For the insulator, alurnlna or a slldlar lBterial ls useal. The
pfug body ls nade of ndld steel. rn nany cases, the nuniber of grounding
electrodeg 16 one, and the gap bebreen the cente! electrode and grounding
electroale IE usually 0.5 to 0.9 trm.

2.4 Starter
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or by turning a handfe to r:otate the crankshaft through a bevel gear
coq)1ing or chain sheave. Fo! engines of about 40 p.s.  or:  larger,
manual star:t dernands considerable effor:t. and an electric starter
(star.Ling notor) acruates the pinion to rotate the fll,.vrheel.

At the Line of start-up, especially when the engine is
cold, a la.rge torque is required. Ior this reason, a d.c.  ser ieE wound
noror, which has a large starting torque, is provided. starting notors
are divided into scren type, arnature sfide type, plunger type and so
on, depending on the nethod required to engage the pinion riith the
f lywheel gear.  r ' is.3.14 shows an exanpfe of a plunge! type start ing

3 . OUIBOARD ENGTNE

I n  r 6 c e n l  y e a r s  t h e  v e r y  s m a t l  t v , o - c y c l  e  g a s o l i n e  e n o i n a  h a s
made narked proqress, and has found favour in shallow-water fisherj
as an outboard engine of 2,5 to 35 p.s.

sea weed cult ivat ion, shelf  f ishing, angl ing, etc. ,  have become
inportant act iv i t ies, and the scope of appl icat ion of outboar.d engines
has extended year by yea!! These engines are used nostfy in caln \rater.s
because they attain a high-speed, but are not suitable for rough sea
fishing oper.ations. The reason t hy tiey have von popularity despite
their drawbacks is that their initial investment cost is sna]]. Dr:awbacks
include poor.  durabi l i ty and high operat ing costs because of the use of
gasol ine as a fuel .  Fig.3.15 shows a two-cyc]e spark- igni t ion type
outboard engine having a cylinder bore of 45 nn and a stloke of 50 nun and
rateal at  a speed of 5,500 r.p.m. and a piston vef,oci ty ot 9.2 n/sec.
I ts propel ler speed is reduced Lo about half  of  the engine spe6d Lhrough
the bevel gear in the propelter. shaft ho\.rsing.

rhe outboard enqine is a very snal l  high-speed engine, and i ts
construction and pexf,ornance are highly r.ef,ined. It should, therefor.e,
be handled lrith the utnost care and in accoralance !,ith the nanufacturer's
instruct ions. The crankshaft ,  for exanple, and propel ler shaft  are
equipped v,ith ball bearings, and the cylinaler cooling water pump is of
a special type fitted with wings nade of mbber. If the cooling lrater
system is choked up lrith foreign natter the cooling water circulation
wi l l  be hindeied and cause pislon seizure. During operat ion, lhe operator
is required carefully to check water dischalge fron the inspection hole.
A l s o ,  s p e c i a l  c o n s i d e ) a t i o n  s i o u l d  b e  g i v e n  t o  r h e  c a r e  o I  E h e  e n g i n e
after use for the puypose of protecting it fron corrosion by sea water.
The propeller shaft housinq is innersed in t}Ie waler and i! should be
checked to nake sure it is filled with lubricatinq oi1. To pr.event the
propelfe.r from breakinq if it hits snags in the water, a cotler pin is
pr:ovided which wilf bxeak if the propeller is jamed by foreisn matter.
The outboaral engine is light in weight and easy to operate, but its
daily maintenance, especially after operation, is inportant in order to
pr:event enqine and other trouble.
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Inter  nal  -Conb us t  ion Engine -  par !  I I I

casol ine Engines

F i g . 3 . 1

(1) Throttle valve
(3) venturi tube
(5) Choke val-ve
(7) ruel  in let

Principles of cat'Duretor

(1) Air intake port
(3) Venturi tube
(5) Float valve
(7) Idl ing adjust ing screw

F i g . 3 . 2  C a r b u r e t o x

t2 )
t4)
{ 6 )

(2) MixinS charber
{4) Nozzle
(6) Ffoat

Choke valve
F-1oat
Float chardcer

t1

,ltl
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Fig. 3,3 Auxi l lary air  valve

Interlockeal bjT)e econodzer

(4) Throttle valve

I
t/
I
I

(1 )
(3 )

Meterirg pin
Float chahber

I,ow-speed nozzle
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r i o .  l . o  S r c c : o r  - o c t L a r e d  L y p e

(1) vacuum chanDer
( 3 )  P i s t o n
(5) l4et€r inS pin
(7) Main neter ing port

(2) Sprins
(4) Float chanber
(6) Meter ing port
{8) rhrott .Le vatve

( 3  )

F i g . 3 . 7  A c c e t e x e t o i :

(1) valve
( 2 )  P i s t o n
(3) Valve seat
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Ftg. 3.8 Battery q'pe

(1) Prirary coil
I  ? 1  c o - ^ n i - r ,  , , h i  l

(5) switch
(7) Nunber of c:]'l-inder
(9) capacitor

(U) Battery

s l , t  5
( 7 )

ignition device

(2) core
L4) Bauast c1ci1
16) Distributor
(8) safety gap

(lO) Interruptor

r)

, )

Fig. 3.9 Igni t ion device

(L) Secondary terrninal (fiigh tension terlninal)
(2) Primary termi.Dal (Lour tenslon tenrdnal)
(3) core
(4) Seconda4/ cotl
(5) Prirary coil
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Fig. 3.IO Typical types

(A) Arnature tt4)e hagneto
(B) Induction tt'pe tllagneto
(c) Quadripolar magneto
(D) Squale rnagneto

! i r  i  u j t  , l i o q f n n l ln{ncLic l r th

ff-},
llLi-Cl

of nagneto ignition system

and Dagnetic path of
lnlgneto

( 6 )

Fig. 3.fl tliring diagran
induction type

(I) Interruptor
(3) Secondary coi l
(5) Igni t ion p1ug
(7) Primary coil

(21
(4)
(6)

Atnatufe
14agnet
Capacitor

E'ig. 3.12 vernLer cor4)Ilng
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riL,"
11,11-,,,

te i  l l l l  t l,',illlFi
( 5 ).. l\ lr4:

l?l ,ili,i.,,,r.....,.g n p

Fig. 3.13 spark phrg

(1) rerminal
(3) Insulator
(5) casket
(7) GroundinS electrode

( 2 )
( 4 )
( 6 )

Plug body
Center: electrode

( l )

(  2 ) . ,

( 3 )

F i q . 3 - 1 4

(1) Tellldnal
(3) Brush
(5) Levex
(7) Armature

Pfunger type c + : Y l - i  h d  n ^ t ^ r

(2)  F ie ld coi l
l a )  M r n . r  . ^ i  l
(6)  Pin ion
(8)  yake
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(1) Euel tank
(4) spark plug
(7) Muff ler

(1Ol cooling water
puip

(I3) Propeller cusion (14)
rubber

Fig, 3.15 outlcoard engine

cylinder
Piston

cylinder head
connecting rod

shaft

(  3-blades)
Fl)anheel type

stop switch
Clutch

\ 2 )
(s)
( 8 )

(1r )

( 3 )
( 6 )
( 9 )

(16) crankshaft
(19) Bracket

Suct ion port  (12)
of, cooling
starter. with (15)
rqpe
Thxottle lever. (18)
Beve] sear for (21)

(r'7 )
( 2 0 )

5 .


