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on operation and naintenance.
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}. CUTIINE OF GASO].INII EIIGINES

Thc aagollne €ngide is a typical. spark j,grd.tion engine, It

takes ln gaaoline anal aLr on tle srrction stroke, L'hlch are ignitetl

by an electrlc spark at th.3 enal of the conpression atrohe anil burn.

lhe gaBoline engLn€ nalt be consiilelod lo be of the constant volune

cycle chairge type as l'ill be erplaineal unater the engi.ne perfodrarce

of the fifth voll.ure of this eerles. Its thereal efficielrcy ls

related to the cont\ression latio. llo{revet, tlre conpresslon latio

cannot be increaseA excessj.vely if the characterlstlcs of fueL ale

consideretl frd th€ plactical point of vie\d, The cdlpreesion ratio

of spatk-igmitiofl engines and consequently also thei! ther&al

efflciency are ldrrer than those of c@IEession-lgnition erErlaes.

On the other hand, the gasollne engino can b6 constlucted so as to

be light in weight eince it is not requl,real to be.vely Eturdy.

Gasoline engides are alivideil into the four-cycle anil trtro-cyc1e

tlTEe. The t!6-cycle engine j.s si$p1e in constluction, but ls

uBecolronical as part of the gasoline escapss frolr the exhaust port

together with scavenge al,r. For thls rea6on, four-cyc1e e$gines
_are 

wiclely favouled whBleas the use of two-cycIe englneE is limited

to srali"sized ones havi.ng a 60 r$ cylinder bore. For narine

applicatiolr t$o-cycle 4ngtines ale uEed as oqtboartl iotolg.

2. S,IFXJC"IURE OF GASOLI'IIE SNGI:,IE

2.f  Carbureto!

The carbuleto! is prorri-deC in the fuel srrction syEted

for the purpose of feeding into the cyllhaler a gas conEisting of

a h@rogeneous nixture of ai. and fue1. Ai.E-fuel latio for coBplete

coltibustion of gasoline ls theorLticelly fifteen to one in weight.

Actua11y, however. thlrteen tLlres as [uch ai! is requLr€al to obtafu^
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i:raxiFurn power output, and about sevente€n ti$es as sruch for

econonlcal opetation. 1f the gas nixture is leaneal, illegular

ignition is liable to occurr nhil€ Lf it Is too rtch, inconplete

ccNnbustlon and eogine knocl<ilEl &ay result. G€ne:.aily, the dixj.ng

ratio la !,tithln the range of etght to ttrenty tines as nuch air ag

gasollne in weight.

(r) Principles o: a calburetor

The operatirg princigles of the carburetor are

sho$n in Flg. 1. A f,lo$' of suctlon al"r goes round of the snall

lozzle (4) nhlcb opena in the thloat of a venturL tube (3) to suck

in ard atontze th6 fuel by the lesultant negatlee pressure arorDdl

the nozzle. Thua, air and fuel ale nined. If tbe level of f,uel

in the nozzle (Iowaled by h f!c.n the tlp of nozzle) tises, the fuel

iril1 ov€rflow durlng englne stopping, while lf the level ls too low,

the supply of gasolino wlL1 not be sufflclent. To prevent this,

a float (5) is used to r€guLate the fuel level at about 10 to 15 rm

below the tip of the nozzle.

!b-e outlet of the cBrburetor t6 provlded nith a throttle valve (1),

lrhlch controlg the suction :.ate of nixeal gas into the cyltder,

Its i.nlot ls €ouipped with a choke valve (5) \rhtch, lrhen clo6ed,

will increaae negative pressure to enrlch the gas hLxture. F19. 2

gholrs an exaqrle of a calhrretor,

12) Mlxitlg ratio aallultlng ilevices for carbuletors

(a) auxili.alv air valve: lfith a r16e ln engine

speeal the gas rd*ture $i11 be enraiched. To pr€vent thLs, as in

Ftg. 3r a poppet valve is Fr.ovideC at the outlet of the ventul.i

tube, and is plesEed alown onto the valve seat bt neans of a gpring.

. t{he|r the engine speed increases, the auxllialy vaLve Belves to

reduce lh6 preF$rre 1n the venturi tube! the valve is opened by

I

.;



overcoining the Eprinq force, anal the lnf1ow of alr ls reiluced. Ae

a result, the gas nixture i9 l€6ned,

(b) l.oo-spe6d nozzle: l,{tret tbe engine runs a!

a paiti.al load (especiauy at a ver)' 1i9ht Load). the t:rrottle

valve \rill be afurost cloged. conseguentlt the suction effor! of

the vent-uri iule 
"+fl 

be roduc€d to flouglt. Fo! this leason, as rn

Fig. 4, a loer-speed nozzle is ploviiled near lhe lrositi.on shere the

throttfe valve closes aLaoat totall.y. In thls arrangement, the

velocity of the air passing through the gap botneen tlla venLuri

tube anal th6 throttle valv6 bccomes hlgh, developing an exces€ive

Regati.ve presaure, lrhich will easily suck up the fuel through th€

low-speetl nozzle. Vihen the throttle valve i.s opened, the pressule

at that polnt will be high and the low-gpeeal nozzLe wiLl not oper:ate.

(c) Econdiz€tr: To reiluc€ the output froD fulI

Load, 1t 1s mole adva.tageous to leari the air-gas lrl.*ture to an

econonlc ratLo Ith the thlottle valve totaUy opened than to

alecrease the opening of the thlottl,e valve' as the fueL heterirg

-port is opened (Figs. 5 and 6). Fc! thls reaEon, the practic€ i5

to set tlle fuet hetering port at the econdlic ld.xing rallo anal to

suppfy rich gas. once the throttle valve has bee"'r totally openea.

The alevice is calleal an "ecoronlze!", v,rhich lE Civlalail into tr,ro

ttrpes: one in which the fuel !€terlng por.t can be adju6ted and

the other ln wbich an econoni.zer valve is uEed. The forqBr methoil

is $o!e Fopular. than the latteri Lt !s aubdivided into two: inte!-

locklng of the metering gin anal the throttle valve r anal use of, a

vacuuor dleveloped by the venturi tube. Figs. 5 anal 6 sho\r the

operatingr plinciples of the tnoat wiCely appltett lnterlocked tlEe

econo!'j'zer and a suction-actu3ted tlr!)e €conddzer.

(d) Accelelator: llhen lt is lequiletl to j-ncleaoe

the engin€ output quickLy, opening the throttle valv€ all at once
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will imnediately increase the inflo!, of th€ air but thf: fuel $rill

fail to follow such a sualalen change !:ecause of inertia, r.one.ntarily

causing a lean gas rnixture. To avoid this, as shoon in Fig. 7l

a fistcn type Fuii., r,fiich !,/orks interlockingltr vrith the thlottle

valve, is u6€al to supply mcre fuel to keep pace rD.th air supply.

.{hen the tttfottle valve is opened suCdenfy, the valve sLiat wiLl be

depressed to open the valve port tc deliver hore f,.1el. Put ahen

lhe throttle valve i6 openeal slowly the fuel wi1i. fl.or7 out af the

piston gap, keepituJ the valve seat position unchargeal, and this

actign prevents the acceleraticn prnrp frort actuating.

2.2 lqniti.on device

Thele aie two ignition systess:

(1 )

l2)

The high-tension hagneto ignitj.on systen;

A systen using a high-tension intluction

In the pdst, two systerns 'r€re applied, one using a Ion-

tension nagneto with a high-tension induction coll, the other

using a lop-tension magneto or batlery f,or inteEupti J sparJrinq.

Tbe al'ove t!"ro systehs are ab!os+- the sar,le in pl'inciple, except that

t!:e forn€r usas a rnagncto gelterator foL its elect,rlc povrer supply

r l_i la t \e later uses the hnttery 'cr  the sarnc purpose.

(n) Fattcrv tvpc iqni t ion device: Fig. t  shovs the

operating principles of ? battery type ignition device. When the

sqitch is turned on a cur.rent wIll flov thlough the prinary coif.

If an interruptor, which works interlockingLy with the engin@ crank,

is Flovialed ir the coil circuit so as to interrupt the Fisary

clrcuit quickly at the right rtonent / an extlenely htgh vol.tage wil1

)re induceal in the aecondary co1l. This high voltage is conveyed by

the clistrib,rtor to lhe spark plugs of the cylinaler accolding to the

firirg oraler. The high voltage then causes a spark betv'een the
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€lcctriode of t'he plug and the cyllnder wa1I. The lnterruption of

tlle priral.y coil current gives rise to trlo trad cffects; these are

(1) d$'rege to the contact sulface of the inteEruptor by sparks anc:

(2) leCxclion of the vol:age inCuceC in the secondary coil by

spar:klng. 10 elindnate these, a caFacitor ls usually proviC.cC to

abso:;r 'lectric energy, Fic. 9 shows the operating principtes of,

nn ignition coil !'trcse "lr.ansfarnalion ratio of, the seconCary coil

to the pri$ary coil is 50 to 12O, to rise several thousands to

several- tens of thousands of volts in tlre secondlarv coil.

( b )  @  h t h e

\iqh-tension nagreto ignition systeh the prillary cnflent i6 obtainer:

frodr a nagneto. l'lhereas the battery type requlres a generator fo!

battery charginq, the rdagneto type .loes not and ls therefore lighter

in ldeight than the hatter!_ type.

?he il.agnelo t)'pe, hot^'ever, has Clsaalvantages in

that the ignition cannot be achieved unless the magneto obtaiDs a

certain ranqe of rotation. For this reason, it lequiles ln addition

a starllng nagneto, with a high rotating speed, whose ignition voltage

is higher than i.n the battery type, to ensure of ignition. Thes€

are the varicus tl4)es of rligh-tcrsion Ragreto ig:lit'ion sysC€$s.

Many of thelll. hovrever, tre very sj-nilar such as an a,c, generato!,

in vrhich a ll]agnet or a coil is turned to change flu)res to alevelop

the pritnary curr.:rt lthich, as in the battery type, is converted into

10 to 12 la' o: high voltage in the secondalv coi1.

The h19h-tension-a-lgneto ignition systen is roughly

divided i.nto artnatule tl4)€ and j.nduction rnagnet type according to

whether the rotati ng els,ent is a coil or a nagnet. Typical tl'pes

are sholrn in Fig. LO. Fig. U illuEtretes the wiring diagralr and

haqnetic path of, an incluction type n3gneto, lrhich is ctlj-efl-y applied

in $nal.l enEines.



Fo! co$recting the bagneto to the crad(shaft

ff€riible coupling is Eeneralfy useal fo! the purpose of protecti-ng

tbo nagneto flon vlbrations and preveFting the alislocation of the

crankshaft 1nd the ftF.gneto. For the eff,ective conllo1 of ignltion

tiFing a vernle! corlpl-ing is installed (Flg, 12). !'or exarnpte, if

tl|e nurber of rlght and l€ft teeth is I8 and 20 resl€cttvel!', the

contrcl of lgnitl.on ti.Ei$q achlevable i€ obtalneal by the foUowing

calculatlon:

1 1 2 ,
l e - 2 0 = 3 6 0

anal therefore thi.s b€ccoes 20.

The rotating ratio of the n3gneto to the crank-

shaft for a 4 cycLe engine is given by the follqing fo!tr\rta:

where 1n : Speed of bain bagneto shaft

!i : Speed of crankshaft

Z : Nildber of cylinatels

S ! Nulnbe! of ignitlons Fe! levolution of nAqnelo nain shaft.

For the ernatur€ type nalrneto, S = 2, theaefole ile have

-g  =  I  F^ r  a -^ \ ' l tnaarrv !  ' -  -y ruu€ l  e r { t  lne ,

n 2 ' S

and

n
! t  ^ ,

- - 3,/2 ior 6-cylind€r erglne.

Since the diBtrlbutor is lequireal to levolve at a late of one

revolution pe! t!,ro revol-utions of the clankshaft, th6 following

relationships are established:
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. fo? levoluti.on latlo

to (ta!*shaft',

and

ad 
- Z for tevoJ.ution ratlc

trr s to magneto tnain ahaft'

rhere nC 
ls the slEea ot^ ilistributor.

2.3 SDark l]lua

The s?atk plug is icBtalletl on tll6 cylinder cover, anal

ia auFpli€al ldth higb voltage from a battely oa !0agne:o to igntte

the gas flixture by a apark. As Eho\,rn j.n Fig. 13, the Bpark p1u9

ls c@poeed of a cente! electlode, Insulator, gasket anal nain

body proviCed \dith a glounding elect!6ile. the c€nter electro&

is 'laale of Eteel, anil lts sparkrng tip is weldeat tdl-th nikel aUoy

to prevent oxialation and burn out. For the lnsulatoa, alurBina

or a simila! laterial ia uBed. Ihe plug body is naate of ldld steel.

In nany ca9es, tlra nublref, of groundirg electroiles ls one, anil the

gap betrreen the center electrod@ anA qroundibg electroale ls usuaJ.ly

0.5 to 0.9 l ral .

2.4 Stal tet

After p!€palation for start-upr $lal,1 ergin€s ate stalt-

ed by hard. !,!anual starl-up is done b'i' tulnlng the hantlle on the

f1!4rheel or bt' turning a harCle to rotate the crankshaft tlEough

a bevel gear coupling or chaln Ehedve. lcr dngines of rbout 40 g.s.

or large!, &anual stalt denanala consiCelable effort, anil an electlic

statter (startinq notoa) actuates the pinion to iotate the flylrheet.

At the tine of start-up, especiallv when the €ngine i6

colil, a 1ar9e torqu€ ls !eguL!ed.. Por this leason, a d.c. seties

rcund Eotolr which has a Ialge staEting torqu6. is provided. Start-

inq notols ale dlvided Lnto sclew tlipe, a.rliature slide type, plungo!

tyPe and so on, ,ieperdlng on the fiethotl requlleal to engage the pinlon

wltb the flltr'h€el gear. Fig. 14 Bhows an er(abple of a plunge! tlpe

starting ootor.



CSTPOARD ENGTNE

In recent yeals the very sD-Ell 2-cycle gasoljne er4:lne has

made harkeat !rro9re6s.. and has found favou! in shaflow-water fishery

as at! outboaltl englre of 2.5 to 35 p.B.

se.1 wea4 cElti'ratioE, slrel1 fishing, algling,. etc. have beccme

inportant actlvities, and the scope of appllcation cf outboadl

engines has becone wider y€ar by year. These 6!rgin€6 are u6eal

&ostly ln ca1ln \rater6 becauae they attain a high-sp€ed, but ale t\ot

suliable for rough sea f,lshlng ogeratlons. fhe leason !'hy they

have .ron popularity tleapite their alrawbacks is that their initlel

investdent cost la ana1l. Dlahrbacks LncluAe poor durabtuty and

high opelating co6ts because of the use of gasollne a6 a fuel.

Fig. 15 ahowa a z-cycle alErk-iglitton ttlt)e outlbald englae havLng

a cylinaler bole of 45 ul anal a stlok€ of 50 rln and rated at a 6peed

of 5,500 r.p.!r. ard a piBton veloclty of g.2 m/aec. Its ptop€iler

6p€eal is reduced to about half of the etrgltre 6peed tbrough the

beveL gear ln the propeller ahaft houElng.

The outboard engino i€ a very s!0a11 h19h-6p€ed engine, and its

constructld! and perforria[ce a:.e bighli reflDett. It 6boultl, there-

fore, tre handled with the utnkcst cdre anal ln accortlance $ith the

naker's instructlcnE. The crankshaft, for er.a$pIe, anil plopeller

sheft ale equipped rith ball bea:.lngs, and the cylirder cooltng

lrater punp is of a 6pecla1 t]'pe flttad r'ith lritrjr lade of rubb€n.

r: the cooling $ater sys:e'l is chokeal up wlth foreign ltatt€r the

cooling water clrcuLation eiU be hindeled anal cause pLston.

seizure. During operatlon. the operato! i6 requireal careflrlly to

check i0atel discharge fr@r tll€ inapection hole. Also, special

conslderation should be gi.v€n tc the care of the engine aftet .lse

for tlre Plrlpoge of plotecting 1t frGl corroEion !,y sea wats!.. 
'

Ahe grotEUer sllaft housing ia imErsed in the ratei and Lt should



lre checl ed to ria-ke sure it is fi.11eci t itb lubEicating oi1. Tc

pr.lveni t;e propeller fron hreaking if lt hlts snags in the water,

1 cct:er pin is providea- ririllch will brealc if the prope-1.]er is

j arnecl |Y foreign mati6r. lthe outboard engine is Light in wej"ght

and easy to operate, hui its daity naintserlance, especially af,ter

o;erationr is irnport:.nL in older: to plevent engine and o!he! trou.bl"e.
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Ftg. I Prlnclples o! c.rburetor-

( l) Throrrtc vrtvc (2) MtxtnS ch.nb.r
( l) Venrurt rubc (4) Nozzl6
(5)- Chok. vrtve (6) Float
(7) Fuel lnl. t

F lg . .  2  C r rbu re to r .

( I )  A t r  Ln r rke  po r t
(3) V.nruri rube
(5) Flost vrlv!
(7 )  I d l l ng  ed jus t tng

(2) choke v.lve
(4) Flo.r
(6) Plort ch.6b.r

--'7-. 
r
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l l 1 g ,  3  A u x t l t a r y  r i r  v . l v e ,

[ 1 4 .  4  L o v -  s p e e d  n o z z l e .
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( 4 )

t n c e r  l o c k e d  r y p e  e c o n o m i z e ! -I t g .

( ? )

( ' , , ' l h r o r  
t l c  v i l v e

, - \ , t  )

F l 3 .  b  : j , r c t t o n - a c t u a t e d  ! y p e  e c o n o m l z e r

( 2 )  s p r l n s
(4) l ' Ios c ch€nber
( 6 )  M e r e r t n S  p o r c
( 8 )  T h r c r r l €  v o l v e

( 1 ,  , ! c , . r r x  
c h i m b c r

( 1 )  : 1 . r . r i d 8  p l n
(  /  r  r 1 r  l n  m e r e r t o a



Fl8. 7 Acceloretor,

(1 )  Ve lvc  (2 )  P t r ton
(3) Vrlve se.!

)

(rr)

\ 7 )

I  Brt tery type tgnlElon devtce, 
'Fl€.

(1 )
( l )
(5 )
(7 )

(e)
(  11 )

( 8 )

Prlerry cotl  (2)
secondary col l  (4)
srttch (6)
!{uDber of
cyl tndcr
C.prcl tor (  10)
Bettary

Core
B a l h B t  c o l l
Dla tr lbutor

Safety g.p
Interruptor
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l , )

2 )
3 )
4 )

F18, 9 lSnlt{on dcvlcc.

(1) Sccondrry t . rnln. l  (glgh censlod tcrEtn. l )
(2) Ptlorry t.rotn l (Lol, trnsloa r.t-!ln.l)
(3) core
(4) socondrry coil
(5) P.tnrry coll

r C )  i D ,

FLg. l0 fyplcrl  rype. of o.gneto

(A) Aro.tur. ttp. D.!!ato
(B) Inductton ryp. orgn.ro
(C) Quadrlpol.r D.ancto
(D) ' squ.rc E gneto

lgnlt!.on ay!r.o.
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Jlt -. l  I - lt l
t l  : ' \ t  |  /r  , \ \ t l
D :-"i Lll! rd

t io.{ane I  i  c path

F l g .  
_  

l l  H t r t n S  d l e 8 r c m  . n d  a r S n c E ! c  p r r h
r  n d  c  L  l o n  c y p e  n r e n e c o .

( l )  l  n r  e r r ( ' p r o r  ( 2 )  A r m r t u r c
(  J )  S e c o n d a r y  c o l l  ( 4 )  M r E o e t
( 5 )  I B , r l f l o n  p t u s  ( 6 )  c e p e c t r o r
( / )  l r l n t ! ! y  c o i l

o f

' r I  .  l l v e r n r e r  c o u p l i D g .
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( 4

( s )*..

(61 i
{7}> Elcctrodc

Plg. 13 Sp.rk

(1) tcr 'nt l
(3) Inrul.tor
(5) C..k.t
(7) croundtnt

alactroda

gap

PIg8.

(2) Cont€r rod
(4) PIsg body
(6) C.ntcr . loetrod€

(3 )

Plg. 14 PlunSet !yp. ltrrtlr!8 lEtor.

( l) . lert| lnrl  (2) f lr ld co11
(3) Brulh (4) lhSnGt co1l
(5) Levct (6) Ptnlen
(7) Ar6.tutc (8) lrLr
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(r) rrrcr r,rurk
(4) Spdrk plus
(? )  uu f f l e r

irr----.---i

( 1 0 )  C o o l i n s  w a t e r
pu[lp

( 1 3 )  P r o p . r l l c r  c u s i o n

CietrkBhoft,
Brrckct

uutboard engine,

( I l )  Suc t i on  po r t
o f  coo l l ng

( l4) Stdrter r i th

( I? )  Th ro t , t l e  l .Yo r
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