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This text book contains tbe fi.ftb set of lectureg cr
the internal combustion enSine prepared for the traineqs of the
ltarine Engineerlng Course at the SEAFDEC Trainlng Departrent
durlng the period 1988-89.

Tbls text covers three areas; the starting syst€o, fly-
wheels and governors, and reverse and reductlon gears as part of
the series on the Inter'nal CorDbustion B|gine for Fj.shlng Boats
(r-rv), rDlTnB/3o, n/TRB/3?, TD/T:RB/3\ and ?D/rnB/35.

Uith tbe publicatidr of this lext, the series of flshiru
boat engines, including diesel engj.ners supercharger whlch t.as
recently issued as 1DITRB/47, is now cornpleted. Hor.rever, it
sbould be gtressed that these are all introductory texta for
Engineering Counse Tralnees. A1l the itsns are described ln
si.npLe teros, and orfly tbe basic princlples, coostructlon, and
operation ar€ explained. Although the depth of coverage is not
great, sufficient infonration abouL the lrorklng of the englne is
provlded to give tbe reader a basic understandlng befone prrogres-
sing to the ,more detailed specialized subJects. Iherefore, I
hope that the tralnees who wlsh to becone good marlne englneers
wiU make an effort to acquire a nore cooplete lanolrledge on the
applled subJects froo other TRB texts where subJects auch as
trouble shooting, installatlon nethods etc a.e explained in
deiaiL.
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In this lesson, we ni11 study the starting systen of the Di.eseL
EngirE.

14-1 Startir8 of lxesel E gJrc (St€rtabiltty)

There have been some complaints anong the users that ii
i9 hard to start a diesel en8ine. T!.o cc&plainLs often heard
are that: it is I'heavy for the hand to give lurns'r and lt is
'rpossible to turn easily but it does not ignlterr. Thege two
dlfllcultlee must be clearly separated although in a very few
cases lhey act 1n combinallon, In either case, they are generally
expresged by the rords'rstarting is difficultrrand therefore fhe
cause must be found to make a solution possible.

(1) Ignition of Diesel Englne

Although l.re have already explained iSnition process
in a previor-rs , lesson; here, we shall review the iSniilon of
diesel engines in particular.

A) A diesel engine intakes alr inlo its cylinders.
When the air is compreased, both lts pressure and ita temperature
increaaes. The more the air is conpressed, the higher ita pres-
sure and tslperature. The anount the air is cqpregsed is
referred to as the rrcompression Ratiorr. The conpresaion ralio is
defined asrrthe ratio betireen Lhe voh.!0e displaced by ltle piston
plus the alearance space, to the volurc of the clearance spacel.
In the flgure l4-1, the volune dispLaced is indicated as V1 and
the cl.earance volune (renaining volule) Bhen ttle pigton reaches
top dead center, V2. The whole volwe to be compressed i9 vl +
V2. Therefore, the compression ratio ( e ) is:



V1 + V2 V1

\2Y2

stroke

Fig. 14-1

the cqopression pressure
thls compreselon rabio. The larger the
higher the preasure after conpreaslon.
show bhis relati.onship.

chanSea according to
compresalon rati.o, the
The following forulula

o^ - o- --m o2

D -  - ^ m

€
m

Pressure aftea cqlpression
Pressure before compression
Coorpression ratlo
CcNlpression inaex (specific heal ratio)

T2 = T1 xem-l, 12 =/e2\ m-. r
11  lp r  /

'12 ..,. , ... Absolute temperaLure afLer compresaion
T1 ...,,,.. Absolute ten!€rature before conpression
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As is shown by these fon0ulars, the condition at
the end of compression varies greaLly accordinS to the conditlons
of the air pressure P1 and the teirperature T1 at the beginning of
compresston.

-3-
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P1 = O.! kglonP

T1 = 273 + 15 (5oc)

n  =  1 .25

P1 = 1 ks/qR

T1 = 273 + 60 (60oC)

m = '1 .35
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The above figures, from the graph showing the
coopressed tslperature and conpression pressure (Flgure 14-2),
indicate the diflerence ln coidpresaion presgure and tqDerature
of coopression between the time of starting and the tiJoe the
engine is in Dotion. From this, i"t can be saj.d that:

a) The higher the coopresglon ratio, the hlgher
the aj.r tsnperature, naking ignition easier.

b) The higher tbe tslperature of intake air'
the higher the al.. te0rperature at the end of c@rpression, naking
ignitton easier.

c) Therrnal loss in motion is snraller than nhen
the engine is startlng. As the value of 'rm'r increases ' the alr
temperatu.e at the end of corpression increages, naking ignition
easier.

B) When air is conpressed quickly, the pressure

and the temperature increases. In the case of gradual c@prea-
sion, even !,rhen the air does not leak fncrd the ring or the valve,
the tenperature does not increage as much a9 night be expected,
This ls due to the conpression heat of the air being absorbed by
lhe walls of Lhe cyllnder liner, the plston head, etc. Thls
phenomenon happens Lo some extent even when the speed of alr
coitpression is high, unless tbe walls of the cylinder Iiner, the
piston head, etc., are conpleteLy adiabatic. (Wlthout heaL loss
or gain). ordlnary englnes, since they are nade of netal, are
not adiabatic. The degree of heat loss varies. When the speed
of the piston increases, the heat loss decreases brinSing up Lhe
air tqtperature at lhe end of co rpression, and naking iSnition
easier. 0n the contrary, if the plgton speed ls sloled, the heat
loss increases, the air temperature at compresgion decreages, and
icnition becomes nore difficult.

Because of this, lrhen an en8ine is started, it
is necesaary that the revolutions of the crank shaft oust be
brought up to a certain speed.



C) The degree of compresslon heal loss of the aLr
becooes lar8er when the cooling space against the compressed a1r
voLu[e is greater. Ihls heat loss varies accordinS to the slze
of the conbustion charnbers and cylinders' nanely' the larger the
cqbustlon chanber and the cylinder, the Sreater the difference,
NorBa.lly, a Large dlrect injecLion type engine has a greater
vaLue of ftnn than a smaller divided cotlbustion chamber type of
en81ne.

D) when alr is ccnpressed by a pistonr lf there 13
Eignificant aLr leakage fron the rings or the valve seat due to
abrasion of the liner and rings or p@r contact of the valve
seat, the compression pressure drops, the temperature at the end
of compression is tow and as a result i.t i9 difficulL to start
bhe engine.

cetane numer (C. F. R)

Fig. 14-3

E) Fuel. The hiSher the cetane number of the fuel'
the easier the iSnition. The relaLionship between the cetane
nnnber and the natural iSnition tqtperature is showo in Figure
14-3. (CeLane nLr,nbers have,previously been explained in lesaon
11), The molecular forfiula C16936 indicates rhormal cetane of
hlgh ignition rate" (16 carbon molecules are coDnected in a
strai8htlinei lhis is the gtruclure of nonnal paraffin whose

o



ignition is very good). This noruIal ceLane is mlxed, ln a defined
ratio, with I'methyl naphthalenerr C.loHT (Ct{3), },rhich bas poor
ignition, to be made lnto a reference fuel with a chosen degree
of ignition. IgniLlon degrees of this reference fuel and the
fuel in use are compared, and wheo the ignition degrees of the
two are equal, the volurne percentage of n-cetane of the staodaid
fueliis called the cetane mmber of the fuel in use. The larger
the cetane nlnnber, the better the ignltion, but guch fuel catcbes
fire easl1y. 0n the other hand, I'atomizationrr of fuel, in other
words the increase of contact surface with air by forcing the
fuel into fine droplets, improves ignition lrhen it ls injected
into the conbustion charnber. For aLonlzation, the htgher the
inJecLion pressur€, the better it is. Therefor€, the smaller the
injection bore of the nozzle, the better Lhe atomization. As for
the pressure of the combustion charDber, the higher ihe better,
while for the viscosity of the fuel, the lower the better.

F) hen the fuel is injected into corlbustion
chanber, if there is a source of fire, the luel ignites easily.
There are some neLhods to DromoLe tbis.

Fi8. '14-4

G) Heater Plug

This plug makes use
As shoim in Fi8, 14-4, a heater'plug
chanber and when eLectricity is luroed

of electric resistance.
is set ln the coobustioD
on, the Nichrome lrire is



ls heated and raises its t€dperature. Tlle spray of the fuel
injected into the chanber cones in contact nith this nichrooe
wire and the fuel catches fire. The beater plug in use in &arj.ne
engines has the resistance value of the nichrone lrire

0 .0320 +  0+ 10 t
(ohm)

the exterlor surFace t@perature of tbe heating colL in 20
seconds

-7  -

1,000oc 1 lotr

H) If, at bhe tirne of slartlng, gasoline or ether
is inJected into the co[bustion chamber with the main fuel, lt
provides a useful auxiliary means of improving ignitlon. Both
gasoline and ether evaporate rapidly in the combustion chanber
and b€cone easy to burn. Ho{ever, lt must remsubered that a low
flash poirt fuel has a hlgh ignltion polnt. If exceasive ether
or gasoline is injected, it becomes hard to burn.

a) Gasoline

When too much gasoline is injected the oll
film lylng between Lhe liner and the ring is !,tashed auay, causlng
tbe seal !o leak compressed air and i8nition becoines harder.
When a heater plug is used, gasoline sbould not be inJected
because it causes prsnature ignition.

b) Ether

Bthe. is mlxed wiih the tuel (heavy oi.l)
in the proporlion of 4:6 to obtaln the opLinnn mlxture. This
proportlon is effective for igniLion in the cold season, However,
as the flash point of ether is very 1ow and as i.t also has an
anesthetic quality, care should be Laken nol to store it at any
apea where iL may caLch fire or in a confined space,



(2) Starting revoLution oF the Diesel Engine

A) As previously explained' when coopresslng air in
the cylinder vrith a plston, even lthen there i9 no leakage of 8as
either fron the ring or the valve ' 1f the speed of co[pression ls
slow, alr tsrperature at the end of compression does not rise.

In order to sufficlently ralse the ai.r teopera-
ture at the end of cdlpression it ls necessary that the speed of
alr compresslon by the piston is high enough. So, whaf is the
mlnlru@ r.p.m. necessary for starling an engine.

4200

,

Necessary speed for start ing
300

\ rPm.)

Fi.g. 14-5 cylinder

1 .0

capacity

2 . O  ( L )

of single cylinder



The speed of coinpression of ain with the piston depends on the

following condilions:

a) The atmospheric Leroperature, part icl l larly

the intake air temperature

b) coopression ratio

-9 -

of (air) leakage

c) The shape
radiation

d) Percentage

of the combustion chanber, its
surface and the tslperature of the

B) To maintain
starting at a certaln speed,
t h 6  l  r h r i . r f i  n d  ^ i  l

e) The cetane nunber of the fuef iniection
pressure, and the shape of the nozzle

f) Whether heater plug and/or auxiliary fuel
(gasoline, eLher) are used. Generally' al a
tenperature of about 15oc it is neceeeary
thab the revolutlon of the engine be kept at
the speeds shovm on the graph of FiSure 14-5'

the revolutioos of the engine at
depends largely on the viscosity of

The, properties of oil, viscoslty have been

expLained in lesson 12. When the tdnperature increaaes the

viscosity decreases. The lubrication oil selected; when the

atmospheric temperature is 15oC or lower ' should be SAB No.20
(in case of a large engine, No.40) and when bhe alr temperature

is 15oC or hlgher, SAE No.30 engine oil should be used.
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Figure 14-6, shows data of a ereeri.nent on:

r A s[a1l narine diesel engine (in the condition of decompres-
sion) while being cranked, and

r The relationship between the revoluLion of Lhe cranking and the
turning force of the starting handle.

Under condltions where i

* The atmogpheric tq[perature and the viacosity of ihe lubrica-
t.ing oi1 are changed.

As is clear from Lhe graph:

a) At the atoospheric Lenperature of 0oC'
lubricatlng oil SAE No.30 is used. the crank-shaft is Siven
revolutions of 200 r.p.m. which requires an output of 4.5 horse
power. Against this, at the sa[le revolution frequency and
lqlperature, if the lubrlcatlng oi1 SAE No.20 ia used' the horse
poder requi.d i.s no more than about 3 h.p.

b) At an atmospheric tenperature of 30oC, with
revolulions of 200 r.p.m on the crank-shaft, when lubricatiog oil
SAE No.30 is used, the horse polEr requirement is reduced to
about 1.3 h.p. Even when the lubfLcating oll is changed to No.20,
the horse power i.s 0.9 h.p. Therefore, at this temperature ' there
is no slgniflcant diffet'ence in the sAE nLmber used. Fig, 14-6
lndicates that; only when the atnospheric tqnperature is low,
does the viscosLty of the lubricating oil affect the revolution
frequency of the crank shaft.

wbere: o = (Speed change ratio) : crank-shaft r.p.n,
handle r.p.n.

( In  F ie .  14-6)



Crank  sha l t  r 'P 'm '

Fi8. 14-6

c) fihen startlng by hand cranking, the revolution

of the crank-shaft and the inertia r0oment of the fLy-lrheel are

closely connected, and generally:

a) As the inertia nonenL of the fly-wheel
becones larger, the hand turning strength at the time of coopres-

sion top dead center grows less, but the revolution of Lhe crank

shaft becomes slow, and

b) uhen lhe inertia moment of the fly-wheel
grows snafler, the revolution speed of tbe crank shaft becones
fasLer, yet, the force of hand turning at the tjjte of coltpression

top dead center is greater.
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Accordingly, the inertia moment of the fly-"heel,
the hand turning force and the revol-utlon of the crank-shaft are
lnterrelated.

Fig\rre 14-7 shows data of experlments made oo
the effect of the fl.y-wheel on starting abiuty. A.S the inertla
mooent of the f1y-wheel increases, the starting revol.utions
decrease and yet, on reaching a certain point, there is scarely
any difference.

.5
H

400

.loo
( ' .p.n) i

tn ject ion volune 55 *.3,2"tr"k
\ .  i r | iect ion Dtessure l2o kqlc|n'

\ 
r."p"'"ture s"c

rhe inert la nonent of the f l t ' ! , ,heel
(  ' ( t .  cn. s ' )

Fig. 14-7

D) The friction loss
eogine clearly hag an effect on the
starting. Therefore, if the gap on
if it is tw.isted, or if there is a
parts, guch as the water pLnnp, the
the time of starting becooe slow.

on each ncving part of an
crank-shaft at the time of

the bearing is too slnal.l or
disbortion in other moving

hand turning revolutions at
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(3) The starting Syst@ of the Diesel. Aiglne

l{hen startlng an englne other than depending oo
hunan-power, in order to keep the specified speed, one of the
folloidng nethods are used (often 1n conjuncllon ldth such
auxillary meana as a heater plug): (t) Air Startl.og and (2)
Electric notor starting syst€e.

14-2 trir Startirg Systeo

(1) Types of alr starting systeol

There are nany types of air starting systsl accord-
ing to manufactu.ers specificalions, In general, air cqrpressed
to 20 - 30 kg,/cnP ts kept in an alr tank. At the tire of
starting, it 1s 1ed to the top of piston where its pregaure tums
the crank-shaft, The major systdns of this type are ahown in
Figs. 14-8(a) and 14-8(b).

Fig. 14-8(a) Non-maneuvering valve starting systqD

Fig. 14-8(b),shows an alr naneuvering valve atartlng
system, This type of starter is used for larger marlne engines,
of nore than 1,000 H.P. The nain ai. is supplied directly to
each startinS valve, and controlled by each leadinS pipe.

starting !'al.ve
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Fis .  14-8(b)

Distr ibuter  va lve

Air naneuvering vafue starling syslem

Starting valve

Distr ibutor

Startlng handle

safety valve

F ig .  1A-8 (c )

Air tar*

F ig  l t l - 8 (c )

Non-maneuvering valve Lype sbarbing systen action
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(i) Non-naneuvering valve type starting systsE actlon

A) The valve of the air tank is opened and the
conDressed air is led Lo the distributor.

B) The dlstributor is designed to open the alr
passage by about 50 after the coopreasion reaches top dead
center. The air ls sent to the cylinder head ald the startirlg
val.ve ls opened to send the air into the coebustion chanber,

c) I.]hen piston is pushed do!m, the crank-shaft is
burned, which causes the distributo. to turn by neans of the
can-shaft. The air passage is now closed, and the suppl,y of air
stopped.

D) By turther turniog the dlsbributor valve, the
air passage of the dlstrlbutor ia directed to the next cyllnder.
Thw, lhe starting valve of the second cylinder head i9 opened,
and lhe coopressed air ia 1ed into the coobustion chanber. Ttre
air pressure pushes dor,m the piston and turns the cnank-shaft.
Ihis process is repeated to keep the cra.nk-shaft turnlng at a
certain speed. Combustion of the fuel will start the englne.

E) l,lhen the engine is runnlng, the valve of the air
tank should be closed ahd the air coopressed supply to the engine
is cut off.

(i1) Maneuvering valve type starti.ng systqn action

The process of this engine slarting is almost sane as
the non-naneuvering type. Horever, the passages of air ln the
naneuveri.ng vaLve type startlng systsn vary accordlng to the
nanufacturers specif ications.

The exanples of the passages are aa follows i

(a) Air tank --T----t Check valve -------t dletributing valve

tl
L------.' Maneuvering valve Cytlnder
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(b) Air Lank --.1---------) Check valve --------) (Pressure not enough open)

I SlartinS valve JL-) Maneuvering vafve 

J- 

Dist ribut Ing valve

Cyllnder

In general, there are two tlpes of starting
valve. The can type, which is driven by mechanical force and the
distributor tj.pe, actuabed by pneumalic force in altrcsL the sane
rlay as the dislr ibulo. shorn in Fig. 1q-8(c). Each type controls
the opening and closinS tirdn8 of the sLarting va1ve.

(2) Charge valve

To replenish the alr in the air tank, an air coIF
presaor is used, usually by setting the charSe valve on the
cylinder head. By cuttlng off the supply of fuel to tbe cylinder
on which the charge valve is set, the cylinder is made bo play

the rofe of a conpressor. The air tank and the charge valve are
lefl open and the air, compressed by the pisNon, is stored in the
!anK.

spling of charge valve

/e
charge \vatve \

body oi
charge valve

l  lg.  r+-y

handle of i,
chaase valve shaJt
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Figure '14-9 shows lhe construction of a charge
valve. An air passage feads to the cyfinder head, fron *hich alr
ls led to the air charge valve proper. By opening the charge
vaLve, a gap is created between the shaft and the valve seat,
The air conpressed by the piston reaches the charge val-ve,
through the gap, and pushes up the charge va1ve. It then passes
throu8h the charge pipe into the air tank. When the piston goes
dol{n and the pressure in the conbustion chanber drops, the charge
valve is pressed dowl inLo the valve seat by the charge valve
spring, which perfo.ms the function of stopping the counter
ffow. When air charging ls completed, the charge vafve shaft is
tightened so that no compressed air leaks into the charge valve.
llhen charglng air, the fuel musl be cut. Charging conbustlon gas
is not only dangerous but it can also danage the charge valve
seat causing a lo erlng of charging perfon@nce,

The standard air charging procedure of a soall
marine diesel engine is shorn in Figure 1q-10. If the charge
valve is damaged, more tine will be taken to carry out the air
cnar81n8 process.

6

100  300  500  700
charg ing  t ime  (  sec  )

F ig .  14 -10

(3) Air Tarlk (air tank or air bonb)

At the mouth otr lhe
i l lus t ra ted  in  F ig ,  14-11 .  The
the conpressed air from leaklng.

there is a beader, as
pu.pose is to prevent

air tank
headerr s

/q 1 l t:ln!
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In addition, il aerves as a dist,ributor of the charged air to be
supp].ied to the engine, A slop-cock, for discharglng water
produced in the tank, a pressure gauge for measuring the air
pressure in the Lank, and a safety valve to prevent a possible
exDfoslon of the lank are incorooraLed.

-  18  -

s tar t iDg va lve  u . l t

*.ter a.ur c oer. ui'il .o l ' ,b !e  e l loy  se t  sc ree

F ie .  1q -11

Points needing special attention

A) If the air tank is over heated, by a ship fire
or similar misbap, the compressed air expands and there is a
danger of explosion. To avoid this occurance a plug of heat
sensitive alloy is installed in the top of the header. This
alloy wiU melt between at 72o - 75oC to autc)lllalically refease
the pressure. The alloy is set ln the cap nut and the plpe
jolnt; and is included in lhe accessories for the engine,

/ soluble
artoy

te .

F ig .  14 -12
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It is often observed that, because of ignorance
of the purpose of thls pipe and the cap nut, they are not fitted.
Without this safety feature, as the pressure of the air inelde
the tank is as high as 30 kglcrlts, it can be very dangerous. l{hen
the fittlng is made, the top of the pipe should be directed alEy
froo people,

B) The interior of the a1r tank 1s susceptible to
corrosj.on by water or 8as. The corroded portion of the netal
becones thin and weak agai.st pressure, causlng a danger of
explosion. Therefore, the air tank must undergo !,Eler pressure
testing once a year to ensure its safety.

se t  d i rec ted  to
a directioo lvhere

there  is  no

ap nut

F is .  1q-13

(4) Distributor valve

In many narinb diesel engines, a rotatj.ng distrlbu-
tor (disk tlpe) is in use. The st.ructure is as shoi,m in F18.
14-14. It is ao deslSned that, when the distributor valve j.s

turned by the can shafb or other methods ' the hole io lhe dig-
tributor supportor eventually b€coroes aligned irith the hole or
notch on the distributor vatve. only at this tDo[ent ' the cq+"
pressed air from the inlet allored to pass through the outlel
entering into the startinS valve.



distributor c
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"") "t 
.rtdistributor

I
supportorlllet distributor

F ig .  14 -14

Fig. 1q-1! shots a disLribubor on a three cylindered

engine. If the holes or openings on the distributor supporbor

are arranged at 1200, the notch or hole on the distributor valve

overlaps as the distribubor valve turns throwh 1-3-2' and the

co[presged air is sent No each cylinder.

(5) Startlng valve

The startlng valve is tfi]unted on the cylinder head '

and its structure is show in Fig. 14-15.

hole

./'l
starting ialve

bodY
Air in let

F ig .  14 -15

t

outlet

charging period
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Tbe cdlpressed air senL frco the di.strLbutor and Led
lnto the starting valve, pushes doitn the starting valve and is
forced lnto the cylinder, llhen Lhe alr supply frcn the distribu-
lor Etops, the starting valve stops the counter flow of cqrbus-
tion gas by the force of the starting val.ve sprLng ensurinS
contact with the valve seat.

(6) lhintenance and p.obl@s related to the air startlng
devlce

A) The diesel engine gets its ignition !€nperature
frc6 heat arising by air being compresaed. In the alr startLng
aysten, on tbe cbntrary, tbe compressed air is forced into the
cyllnder and thig causes cooling effect. Then ignition becqoes
poorer. }lhen the atrnospheric temperatu!€ is Lor.l, lf at a1L
posslble, a heater plug shoul.d be put in parallel use.

B) In the course of charging air, goNle lrater 1s
coltecbed in the tank. Each tire the air charSinS is cmpl'eted'
Lhe liater drain cock should be opened, and the ater drained out.
If this is neglecbed, as very ofletl happens, at the tine of
starting the coflected water is sent to the distributor and the
starting valve, causlng rustinS. If the starting valve is rusted
or the etarting valve sprlng is corroded the action of the valve
becomes poor, causing the cornbustion 8as to floi back{ards fru
the starting valve and ulti,oately dana8lng the startlng valve and
the dlstributor. Tberefore, it is neceaaa.y that aLl opei?tors
are gi"veD full explanations on the water drainage.

C) Durlng air charging, do not charge the cqrbus-
tlon gas. It 1s essential that the fuel supply 1s securely cut
before a1r charglng beglns. lihen charging alr takes a long tLoe '
the air charging vatve should be dlsmounLed and refaced. As these
engine partg can beco0e rrorn, it i9 sdnetLnes nec$sary that the
valve and tbe valve seats are reDlaced rdth new ones.
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'llt-3 Electrlc atartirg s]|3teo

. 
(1) Geneml

' 
the purpose of the electric atartlng cranking motor

is to rotale the crankshaft in order to slact the engine. The
starting ootor receives direct current frlo the battery and
c6nverts it"to mechanlcal energy (rotating motlon). The mechanl-
cal energy is transoitted from the anmture and the pinion of the
startlng motor onlo the f1wheel ring gear, cauaing the crank-
shaft to rotate.

battery switch I

F1s. 1q-16

(2) Baslc Derforoance of the electric notor

A) Magnet Experiment

A sheet of paper is placed on a bar magnet.
Sooe iron fllings are sprjnkled on it. lihen ' the paper is gently

shaken the lron filings become lined up beLween lhe tlto poLes of
Lhe nagnet lD countless curves. This det0onalrabes ho!, nagnetic
po!,rcr workg and its strength,

n Yn.\
,\91-',
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Fig. 14-17 (a), (b) are l l lustrations of this
phenonenon which is referred to as the magnetlc line of force.

F is .  14-17(a)  F is .  14-17(b)

a) The naSnetic 11ne of force always radiates
froo the N pole to the S pole. It neyer is lnterrupted on tbe
{ay, nor ls it crossed.

b) The
tion by trying to pass
possible, and a nature
angl€. It acts rather

nagnebic Line has a mture of conLrac-
frco! N to S ln as ahort a pasaagc ag
of repulsion by repelu.ng at a rlght

Iike a st.eLched rubber cord.

B) Magnetism by electric current

As shom in Fig. 14-18, a conduclor is ptaced in
SN dlreclion close to a needle nagnet. The conductor is fed an
electrlc current from a baLlery. The needle magnet swings eitber
bo the riSht or to the lefl according to the direction of the
electric current. When the connection of electri"c current is
reversed the needle magnet swings in tbe opposite dlrection. Ite
sbape of the conductor wire decides the ran8e of the rDaSneti.c
field and this occurs accordinS to certain rules.
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electric curr€|rt

. . -_________\_ h ^,+ r'
S O U t l l  - " " l ! "

N -<> S
t i l

I

Fis .  14-18

- a) The right screw rule:

Around the conducLor line ln which an
electric current flowa, the circle line of r0agnetic force ls
generated on a plaoe at right an8les to tbe conductor. These
Lines are in the shape of concentric circles with the conductor
in the center. The direction of ibe electric current ia made to
confom Lo the dlreci,lon of the rtght screw, The direction of
the scre{ becomes the direction of the lioes of maSnetic force.

al l rect lon l l
whlch scre!. | "
advances I  r

t a
t  d i  r e c t i o n  i

\.:t/ \a,hlch screq' is

f  i g .  1 4 - 1 9
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The magnetic field
currenl.

of the clrcuLar electric

Fts. 14-20

As shown in the Flg. 14-20, when the corduc-
tor ]ine is connected to the battery, Lhe electrlc current flor.rs
from + bo -. The direct.ion of the lines of magnetic force, as
mentioned aboye, turn to the right, tor€rds the direction of the
flow of the electric current. Tterefore, the dlrection of the
lines of nagnetic force becone the directions given in the F18.
14-20.

Fig. 1!-21
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A lj.ne !,round in a circular, spiral form, is
called a coil. Fig. 14-21 sbors an exanple where the coil is
made into a tube spiral, or "Solenoidtr. In case of a soLenoid,
the l"ines of nagnetic force BoinS around each circle become
connected rJlth the neighboring ones. These Lines pass through
lhe entire coil and they act like a bar nagnet. This is called
an rrelectrqmgnetf. Tbe Lines of nagnetic lorce made by a coil
or a aolenoid, nake the direction of the right screw and the
directlon of the electric current conforn. Then, the dir€ction
of the lines of nagnetic force confom to bhe direction of the
turning of the screw.

dire ion current

direci ion of
magnetic line

Fj.g. 1\-22

As shot{'n in Fig. 14-22, tf you hold the
solenoid in your right hand and nake the direction of the elec.-
tric current conforo to the directioo of your nails, your thrEb
indicates the direction of the lLnes of magneti.c force.

c) Electro Magnetic Act ions

I  lne
r 1ux)

(a )

@o
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r1
l ine

(b)

Fig. 14-23 (a, b)



. Fig. 14-23(a) sho!{s pol+-magneLs set ln
order.. lilhen placed in Lhis direction the lines of magnetic force
faee. towards S frqn N. Fig. 14-23(b) shows that lrhen an electrlc
ldre is wound around a core and the electric currenl flords. the
lines of magnetic force are as sholrn in Fig, 14-23(a).

Fis. 14-24

In Fig, 14-24, as in Fig. 14-23(b), an etec-
tric wire is wound around a core and the current is turned on.
Between the lines of magnetic force, another electric wire is
placed, and through this wire an electric current also flor,rs. In
this case, on the upper haff of lbe elecLric idre, the nagnetic
fields are added togelher and grow stronger, while on the loi,ler
lElf, as the direction of the magnetic fields are reversed, they
cancel each other out to become we&er, As a result, the electric
wire is pushed out in thb direction of the arrow.

This is like a piece of stretched rubber
cord which is deflected in its line to force itself to become
stralght. Similarly, the electric rire is pushed doinrards.
llhen the directlon of magnetic fleld is reversed, or when the
electric current ffows in the opposlte direclion, the force
applied to the electric wire is alao reversed. If both the
current and the rnagnetic field are reveraed at the sane tjnle, the
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direction of the force applied !o the electric
sarE. (See Flg. 14-25) The function betl{een the
detemine the current in the nagnetic field ls
magneticilyr and this force i9 referred bo as an
forcel.

FiE. 14-25

----E::.1
- F..-j4'-vl_ -.
D T:::€I-' I\

wire rgllai.ne the
conductors xhich
called relectro-
neLeqlr@agnetic

tlote:

directioo tbat current now

s3----

direction that curreot f low

Fis. l4-26

MarkingsQt) and (i) are used fo. indicating the dtrection
of the flow of the electric current. Of these narklngs,
(t) lndicales the direclion of fLo" of Lhe electric
cirrent as seen from behind, rrhtle r) indlcates the
direct ion of the flovr of the elecbriMurrent .l:' seen
frdr bhe front. (See Fig. 14-26)
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C) Flerrnlngrs feft hand rufe

In the magnetic field produced by an electro-
magnet, when electric current is made Lo flow in the conductor of
the aroature, a mechanical force is generaled, This 1s the baslc
princip.Ie of a motor. For eleclrq0agnelic funclion !o satisfac-
torily take pface the bhree facbors of: nagnetic llne of force,
electric currenl and force are necessary.

The relationsnlp of lhe Lhree can couvenienlly
be expressed by f,ne fol lowing rules (See Fig. 14-n).

magnetic
line of
force

|  1 9 .  r q - 2 1

Exlrend the thunb, index finger and the middle
finger of the left hand at right angfes. Point bhe middle finger
ln the dj-recLion of the electric current and the index finger to
thaL of tbe na8neiic l-ine of force; and Lhe electromagnebic po&€r
is applied to the conducbor in the direction of the lhmb. Thls
is cal led fFleming's left hand rule".

curI ,ent
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D) Principle of tbe direct current motor

Fi.g. 14-28 Electric Source

As in Fig. 14-28, the electric curr€nt is
car.ied froo the outside porEr source to lhe corductor (Cl, C2)
in the magnetic field through the brushes. Ihe eLectrooagnetic
force (S1 and 52) ls predLrced as shoEn io FLg, 1q-29(a) according
to Flqdngrs Left hand rule, and as a reaulb Lhe revolution
starts, At every one half turn, the r€lationship betrreen the
conductor and the brushes is reversed. due to the actlon of the
cqmutators, and lhe conductor moves in the dir€ction lllugtrated
1n Fig. 14-29(b). t.lhen (a) and (b) are repeaLed continuousl,y the
disc keeps on revolving.

N ( " )

a N ( t )

Fi8. 1q-29

l4,l,l,l,



In Fig. 14-28, a pole magoeu is used. If a coif
is made, as shor.,n in Fig. 14-30, and an electric currenL is
passed, it becones a electromagnet. The wiring diagrans of this
construction are shown in Fig. 14-31.

-  31 -

Fig. 14-30

Fis .  14-31
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applied as

(3) Startibg notors types

Startiog tDotors are classified j.nto tfu€e naJor

l. Arrnature-shift
2, Magnetic-shift wiLh over running ctutch
3- Bendlx. (the explanation on this type Ls nob

included i.n this text)

(3).1 Amture-shift starting rlotor

-32-

The wiring dlagran ol ar arqature-shift
type startlng [pLor i.s shown ln Fig.
14-32.

The
fol loi{s :

A
B
M.  F .

sE

Fi8. 14-32

nanEs of bhe code letters

Amature
Brush
Main field coil

ln Fig. 14-32 are
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A.  F .
s. F.
c
P

C1
e2

L

M

N

S

P

Auxifiary field
Auxiliary direct current shunt field
Contact piece
Plunger
nelay coil
Auxiliary contact point
Main conLact point
Starting switch
Connecling lever
Lever
Actuating plate
Annature double seal spring
Pinion

(3).1,1 Action of an armature-shifL type sLart ing notor:

a) !, lhen the siart ing switch (S.S.) is turned on, the
relay coi l  (R.C.) carries an electr ic current !o nagnetize this
coil, causing lhe nf,vable core (F) to be draM. The gap between
C and C2 is nade Larger than that between C and Cl , therefore, C
and C1 comes into contact, and the electric currenlr flows in the
auxiliary field (AF) and the auxiliary shunt field (SF).

b) llhen electric current flor,Is in Lhe auxiliary field
(AF) and the auxiliary shunt field (SF), the arnature (A) oyer-
comea the force of the armature double seab sprlng (S) (setting
force = 5.5 kg, the force of pushing out = 8.5 kg) and is pushed
out Lo revolve in the directlon of the arrow (at 300 - 900 rpn),
The pinion on the armature engages with the flywheelrs ring gear.

c) The larger the lorce exerted, the better the gear
engagement. To increase Lhe force calculations ane nade on the
selection of numbers of wire turns nade on the auxil_iary field
coil, for the gaps made on lhe armaLures and Lhe field pole as
shoen in Fig. '14-33, and for ppsitioning the center of the
anDalures and that of Lhe field pole.



(when no step is nade)
rtract ive force = FA
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(when stens are nade)
r r , . t l v a  f ^ r . F  =  I  + F.A  .B

Fis. 14-33

17,2,,... z ...2,,-,./ |
rt'lrLero porg'//-l

/ / ,/ ./'//////2 //,
armaiuie 

"g9- 
'o

To mainLain tbe correct returning posltion of the
anEture after the arcature haa been pushed out, an auxillary
shunt coil ia added !o adjusb the speed at which thl8 takes
place.

d) When, by the action of the auxiliary field, the
ar@ture is displaced by beti,rcen 11 Lo 15 @. 1t pushes up the
Iever (M) against the noving plate of the arflature. Ihis action
gives free notion to the movable plunger (F). The relay coil
(R.C.) attracts the rnovable plunger and closes tlre main contact
point (C2), lihen the main contact point (C2) is closed, the load
qurreni is carried Lo the naj.n field (MF). The atarting Eotor

Senerates torque and starts the engine.

e) l,lhen the engine ls started the velocity of the fly-
wheel increases, and the speed of atarting nctor alao incneaaes.
llhen the motor is runnlnS in an alnost no-load condition, the
curreot load decreases. Tbe eleclric current now is decneaaed t
and the surface speed of the amatures rill be increased. The
aroat ure is then pu1led back into its origlnal poeition by the
double seaL spring. In this r,,ay, Uhe withdrarBl of Lhe arlature
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after the engine was started is caused by the force of the
apring. When the sLarting rDctor begins Lurnlng, an elecbric
currenl is generated in the circuiL and as a nesult, the
nagnetism decreases.

(3).1.2 Maintenance of the Starting llotor: (Aroature-shj.ft type)

A) The standard cootact point gaps between C and C1,
and C and C2 (Fig, 14-12) of the starter relay are as follows:
gap of maln contact point (C and C2) q.5 - 5 tEn, and gap of
auxil.iary conLact point (C and C1) 1.5 - 2 rtr0,

B) End play of the clutch: As shom in Fig.14-34, the
end play of the pinion gear measures about 3.5 @[. llhen the
mlor is new, the play is about 0.5 to 1.0 rlm., but due to tbe
lrear of Lhe fricLion plate on the cluLch, this end-play wLl1
incnease. I,{hen it reaches about. 3.5 rn. it will be necessary to
fit an adjustnent plate Lo conpensate for, and narn w, the 8ap.

-35-

u p  E o  a b o u t  3 . 5  n n

Fi8. 14-34



C) Wear of metal

l,lhen the netal becomes worn, as shoun in Flg. 14-35,
the field core and tbe affEtures wilt cone in contacl r{ith eactt
other. The standa.d gap of the core and anuature i.s 0.4 utr. The
mini.mlur gap should be 0.25 ttn.

about 0 .4mrn

Flg. 14-35

D) Coonutator (Tbe point of the brusbes touch)

As illustrated in Fig. 1{-36, mlca is used in a
Connutator. Mica is strong and resists t,ear even lhen tbe oetal
surrounding it becones lrorn. When the mica sections protnude
beyond the level of the other Detal it should be cut back 9o as
to be 'rposltionedl below the surface level, The depth of tbe
mlca section should be noL leas than 0.2 mn. The standard depth
is  0 .5  -  0 .8  u r .

SEGMENIS
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Xrt.,
MfCA MUST DE ntAt
CUI  AWAY CfEAN
BETWEEN SECMENTS

'LEFT 
wtr i l  A rHtN EocE

NEXITOSECMENTS
Uodercu l l ing  the  h icq  on  lhe  co tnhuto tor .

Fie. 14-36
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E) The height of the brushes

The brushes should ahays be 1n contact with the
couuutator as it revofves but they get worn-dolD. Their optj.mm
helght is 25 irn., but when they become wom, to around 19 nr.,
they must be replaced.

r, urusn sprlng

The brush spring force is 2.4 kg I 
'l5t when neir.

Wben it becomes 1;8 kg, replacsrent is necessary.

G) Sett ing

The ollt ard slroke of the pinion protrudes about 25
@[. The clearance betneen the pioion and the rinS gear shoufd be
about 3-4 rm. as illustrated in Fig. 14-37.

stroke of pinion
is 25orm

rrng gear

i) when thls clearance narrov,,s,: gear engagsnent
takes place before C and C2 come to contact.

ii) When it is too irlde: the depth of gear engage.
ment is nol enough. It is also necessary that the center line of
the ring gear and the center linq of the pinlon gear are set in
paral1el. The backlash between the ring gear and the pinion gear
i s  0 .6  -  0 .8  im ,  as  a  ru le .
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oiling Points

a) Front cover netal

A few drops of the lubricaLion oil of SAE 30 -
SAE 20 are given at (i) i.n Fig. 14-38 after reooving the cap.

b) Rear cover metal

oil is added at the position given in the Fig.
14-38(ii). To do this, rsrcve the rear metal cover, push forrlard
the amatures and apply few drops of SAE 30 - SAE 20 lubricating
o i I .

- - t " '

(rr)
Fis. 14-38

c) The contactlng parts of the pinion and netal,
the pinion and the shaft, the pinion and the internal tube, and
the clutch plate tusL be greased when disassenbled,

(3).1.3 Tleuble shootlng of (Anatu.e-shift) type Startlng lrotor

A) fihen tbe starter switch is turned on, tbe sta.ter
lrofl! t work:

a) check that the, wire-connections betneen the
batLery and starting switch and the starting motor are correct.

H)
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b) check if the wtrj.ng of the relay coil Le broken,

c) check that the contact of the r€lay cootact
potnt cl i8 8ood.

d) uhen the r€lay norks and yet the rrctor still
does not rotate, check lf the bnr.sh on the auxl1iary field coil
is short-circuited wlth the body or if lhe wlrlng of the field
coil is broken. thls br\oken uire occurs not only lnside the field
coil r{ire but also sooetifies on the out-going rire. If the wi.e
i9 loosely installed it may come into contact witb the armaturE,
or oLher parta and cause danage to the rire cover and anap the
wire.

e) check if there is short-clrcuitln8 cauaed by the
contact beLwren the rear shaf! bearin8 and the brush spring.

B) llhen gear engagement. is poor or noL perforrled even
when thc armatures protrude:

a) check to see if the starting notor is ln the
deBignated position, with 3-4 mn clearance between the ring gear
of Lbe flywheel and the pinion gear.

b) when Cl, the auxiliary contact point of the
relay, and t.he main contact point C2 are returned simuLtaneously,
examine the wear on the movable contact piece C, and at the sane
time, exanine the related positions of the lever M and the con-
necLlng lever L (cbeck to see i.f there is wear aL the part uhere
the connecting lever L norks or if lhe grooved nut of the bearing
lever is looae).

c) check to see if lhere is short-clrcuiLing
between the nhin magnet.ic fietd and the My.
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d) when there is slipping at engag@ent of the ring
gear or when there is abnoroal sound, check if the slipage is
caused by danage to the buffer spring, by near of the friction
plate, dariage on the gear supporting spring, or on its sprlng's
c1aw.

e) push the pinion gear by hand and exanine the gap
betvreen it and the shaft-end nut. 'dhen the clutcb asssnbly ie
correct, the gap should meaaure between 0.5 to 1.0 m.

C) tlhen tbe power output of the starting ootor is poor.

a) examine the condition of the batterl' ( check the
Lenninal voltage, any bending of the terminals and neasure the
specific gravity, etc. ).

b) check thab the contact of the main tenninal is
good.

c) check Lo see if there is a faulty relay contact
piece due to vrearing.

d) check to see if there is faulty contact of nain
field teminal,s.

e) check Lo see lf the magnetic pole and the
amature are touching each other. (This is often caused by r€ar
on the shaft beaning's, and/or by a toose setl lng screw).

f) check to see i.f lhe front or the rear ahaft ig

seized.

g) check Lo see if the brush holders and the float-
lng parts of the brushes are good. (The brushes must be in guch

a condition that they can be eagily ncved in the hoLder by hand).
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b) check to see if the cornpresgion force of the
brush spri.ngs ls good. (In the case of a new brush, the standard
force ls 2.5 kg, ).

i) check to see if lbe pinion gear stop nut in tbe
annature is loose.

j) check if tbere is a layer short-circulting in
the annatures or in the naln field coit (Il non-loaded electnic
current and speed are ne.rslured, they will show an abnomally
large electric curent and a high speed).

D) When the armatures do not r€tum, check Lhe follow-
ing itels:

a) check wbether there ls breakaSe of the double
seat spring of the afflature. (Abnomal sound occurs)

b) check !,rhether the front or the rear shaf!
bearings are seized.

c) check rrhether there is uneven wear oo the shaft
bearing. 0r if there is a loosening of the shaft bearing fixinS
screw.

(3).2 MagoeLic shift sLarting motor with over-runnlng clutch

As shoL,n in Pi8. 14-39, the oagnetic ahifl-type sLarting
motors rrith an over-running cl.utch are made up of a lrcke, pole
piece, field coil, rear bracket, oetal front bracket, magnetic
switch and others which fonn the stationary parts; and of an
armaLure, over-rlrnning clutch and others which folll the rotating
parts. The nragneLic switch containa the plunger, lever, contactor
and Lhe magnet ic coil.
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Fig, 14-3g starter (Reduclion gear type)

'l - Function of Starters

when the key (starting swltch) is tumed on' the current

fron the battery flows into the current coil and voltage coil of

Lhe magnetic sr,titch. By doing this' the iron core is magnetized

to become an electromagnet' thereby pulung the ph:n8er ' one end

of the lever connected to the plunger is llnked with a floatlng

ring, and the over-running clutch advances along the spl"ined

grooves on the anuature shaft ' so that the pinion engages ldth

the ring gear of the engine. See Fi8. 1q-39 and lq-!o'

t

\ _
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!{hen the pLunger is cq[pletely attracted and the contac-
tor ls lirf,ly attached to the coqtact point B and M, a large
curr\ent runs fr\on tbe battery, as sho{n by the dotted arrcr,sr, to
tbe fleld coil and aruature. ao that lhe starter acts on the'
englne with a powerful force.

As tbe contactor i.s fimly attached at the contact polnts
B and H, the curren! coil (C.C) wl1f not receive any current.
Only the voltage coil (V.C.) is belng charged to naintain the
fL!r! connection of tbe contaclor to the Doints.

flhen the swltch SS is turned off after ihe engine has
started, the curreht coil will recelve a current 1n the reverae
directlon of that at the starting time, and the enerSizing is
oade to the reverse direction of the voltage coil. the pLunger
then returns to its original positlon by the spring force, and
the starter b brought to stop.

2. Functlon of over-running Clutch

An over-runnlng clutcb consists of a pinlon coLlar
cooneqted to the pinlon and a cl"utch-outer druD connected to tbe
sleeve. The sleeve has internal splines which fit l"oosely into
the spiral armature shaft splines. Itl the clutch outer drum,
four rollers are ingerted in their laDoer-cut receaaed, areas,



The rollers alnrays are pushed by the spring into the naffolter

wedged, space. llhen the armature rotates the rollers are furtber

lorced into to the narrolaer space. Ihis action transmits the

rotational force froo the armature to the enginers ring gear

through the pinion.

When the engine has been started' the roller position i€

reversed and the pinion starts rotating' the ro11er then noves to

the broader side of lhe tapper-cut recess arear making a 8ap
between Lhe ro11er and the area wlder. AccordinSly' the plnion

begins to turn slowly in order to prevent the armature from belng

rotated by the ring 8ear.
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Splral  arnature
shaft  spl ines

Fig. 14-41

3. Characteristics of the Startera

Fig. 14-!2 indicales the characteristics of a 0.8 K!'l

starter. The chart shows thaL the torque, which drives to start

the engine, is proportional to Lhe increase in Lhe io-put

current, and that the nunber of revolutions is proportional to

the terminal voltage.



Accordingly, when the electric wire is too slender, the
atarter terrinal. voltage 1s Iow, reducing the nunber of revoLu-
tions and graveLy affecting the englne starting function. The
number of r€volutions is a19o dependant upon the Eagnitude of the
irFput currenl. When the load is decreased, the notor speed
increases aharply, Under no load condition, the norrlal revolu-
tion speed r.rnges fron 4,500 to 10,000 r.p.m.

The output is expressed by the product of the speed and
the torque, and indicatea a parabola, as shown ln flg. '14-42.

Likewiee, the perforsEnce of a starter is expressed by the
torque, revolution speed, and out-put.

0 , 3

o , 2

3

. 3

100

Fig. 14-42

In order to turn a heavy engine, a large current is
required. For quickly turning an engine, a high voltage is
required. In order to satisfy such starting condiLions, it is
necessary to have a battery {ith a large capacity. The rea,son
why starting becomes difficult in winter inay be Lhe lncreaaed
viscoslty of the lubricant, This nakes cranking heavier, nhich
is caused by a reduction in capacity of the battery reLaLive to
tqnperature. See Fig. '14-43 wbich indicates the pelationship
between the starting capacity of lhe battery, the temperature and
the charged condltion.
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Il. Precautions for handling

4.1 At the ttue of mounting, the starter should be
mounted in true parallel with the center line of the engine,
Iongitudlnally and transversally. The starter should be rigldly
rpunted so that it w1ll not vibrate at the time of starting and
when the engine is ruhning. When the starler mountlng is loose,
the starter housing rnay crack, or the sLarter will not run at

4.2 Adequate wiring
efficieocy. The eLectric lead
the battery and the starter
Faatenings at ttle terminala
practicable.

haq a large effect upon the starter
'rire and the grounding wire betrreen
should be aa short as posaible.
should be nade as secure a9 is

4.3 In the event that sLarting is not possible, eveo
though the engine is cranked sufficiently after the switch has
been turned on, do not altempt to abart forcibl.y. First check
the fuel systdd and other parts and renove any possible causes of
troubles.

rcroor

f f iE6 r

tlrr
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4.4 The continous use of a starter, not'e than 30
seconds, shouLd never be I!;Lde even though the engine wll.l not
start. This continuous use oay melt the solder on ttre conutator,
and burn the coil and lead rirea, as uell as deplete the battery
to cause further reduction of the starterrs Lorque. A cycle of
turoing on for 5 to 10 seconda, then resting for the sane inter-
va1. should be car.ied out for the best results.

4.5 The starter swltch shoul.d be cut off as soon as
possible after the starti-ng has been completed. Failure to do
this will laste electricity, and nay danage the starte. plnion
due to the hlgh turning speed of the rlng 8ear.

4.6 l,lhen ttle pi.nion mesbing does not funqtlon' do not
contlnue starting, Turn off the sr.titch, and then try again. Ort
use a crank handle to turn the engine a 1ittle to alter the ring
gear positlon for correct oeshing lrith the pinion. Should start-
j-ng be made v.ith inadequate neshing of the plnionr the tooth tlps
may be danaged.

q.7 Grease should be applied to the phogphor bionze
metal, and moblle oil on tbe oil-less netal, accordlng to
speclflcations ln the instrucii.on mnual.

5. lnspections

Do not asslme that the startei is out of order nhen the
engine lrill not turn after the starter has been switched on. Ihe
cause of the trouble may be the starter, but sometioes it nay be
frcn other reagons, such as the engine and other partg Dalftlc-
tioning. Investigate the starting circuil, and if no abnorrnality
is found, the starLer should be dismounled from the englne for a
check-uD.
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5.1 Checking StarLing Circuit:

(a) Cbeck tbe condltion of the battery charge, electro
tlpe and electrodes.

(b) Check for dirty and loose battery tendnals.

(c) Check for loose starter terruinaLrs,

(d) Check wiridg for grounding, and breakage of lead
lrires due to corroaion.

(e) Check to see if Srounding condition of the starter
1g correct.

( f )  Check  the  s ta r t i ng  sw i t ch  ( key  sw i r ch ) .

5.2 No Load Test

The starter may be tested under load and no-Ioad con-
ditions. The load Lest requires workshop facilities, so' only
the nG-load Lest is explained herein. The steps for the no-load
test are shom in Fig. 14-43, and the voltage, current, and
nr,rlnber of revolutions should be checked as fo11ows.

Stardard Voltage Current Speed

'Non-load 23rJ 85A 3350 or nore

L
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Ttluble 1. Current ia large and revolutlon speed ls low.

Probable causes:

(a) lirty or danaged Detals, or lnsufflclent
lubrlca .on.

(b) Abnornral friction between the
ihe pole core.

aluature cone and

i - a -1
I
I

- - -  _  . l _  _ _ _  €  t + _ _ _ _
i r4-!i

r r  i ,  !  l l  r - r . l l
I F____q r-;_Jl
t t r  r l

I__ _r___ _ __.__-__rf _rfj

Fis. 14-43

(c) Grounding of the aroatufe coil or field coil.

(d) Short circuiting of the arrEture coll,

.Trouble 2. Cur-rent is large, but will not r€volve.

Pnobable cau.ses:

(a) Groundlng of the maE]etlc sFitch.

(b) crcunding of the alratur€ coll or field coil.

(c) Seizure of metals.
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Trouble 3. Current will not n]n, and 1t will not revolve.

Probable causeai

(a) Broken t{ir€ of attnatur€ coil or field coll.

(b) Broken pig tall of the brushes.

(c) Dirty cmutator or poor contact betlaeen the
brush and the c@utaLor due to hlgh levels of
nica.

Trouble 4, Curent is lolr and revolution epeFd is slor{.

Probable causes:

(a) Poor conditlon of the fleld coll connectlng
paru '

Tncuble 5. Current i€ large, and r€volutlon ape€d is
high.

Probable cause:

(a) Short circuitlng of the f1eld soil.

5.3 Inspection of l',lagnet lc Swltch and Pinion Posltion.

. As shown in Fig. 14-44, the battery should be connected
and the snltch twled on. Tte apace between the plnloo end
surface and the stopper, when the pinion ls pushed out, should be
0.5 Gn. - 2,0 !m. The neasurqnent should be oade after lightly
pu.shing the pinion in the opposite dinectioo to tbe exteodlng
direction by hand so as to ellrninate any end p1ay.
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Fig. 14-4q

Turn on K1 si{iLch

Turn on K2 swi.tch monentarily (plnion ls pushed) and

turn iL off (the pinion is kept in its pusbed posi-

ti-on)

Measure the pinion CaP

K2 iurn off K2 (pinion i.s returned)



LESS(li 15

study the actions of the fl.y}ltleel and theIn thig lesson 1et us
SOVernor .

l5-l Tle Function of the Ely*leel

Ihe function of a fI yvJheel are:

(1) To decrease cyclic irregularity

lhen the engine is atarted, out of the intake, cqtr-
pressicn, conbuslion ari exhaust strgkes; onfy the cqDbugtlon
stroke exerts tbe energy for turning the crankshaf'b. f, the reet
of ttE strokes, mrrch enerBy such as the work required to stek in
the air during the intake sLroke, the lrork required tp ccnpress
the air, ard tlF work to push out the e(haust gas in €(hauat
stroke are conswed to redLce energy given to Lhe crankshaft.
Iherefore, lahgl the ergine is operatirg, aLtho'€h tt appears to
be turning at a constant speed; in actual fact there are speed
changes in the engir]e strokes over one cycle. This change in
revolution speed is called "Jl|Dtuation of cycle speed". llc
redlrce this fluctuation, a flyl,,heel is installed to absorb or
release the variafions of the energy and nake the revolutlons
sDootb.

(2) To decrease instantaneous speed change

!,ihen the engine is runnir8 in a loaded conditicn,
and Lhen suddenly put in a no-load corditLon, the speed first
increases as sfDm in FiA. 15-1, ard then decreases. After
hmting, 1t becqoes stable Lndei" the no-load cordition.

If a load is abruptly applied ttle speed drDF,
but after a short tjme, the speed is restored and the notlon
becones the sane as befor\e.
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Ihis flrEtuation Ln the speed ls called rtfl. Ln tuatiol
of instaotaneous speedrr. If the flywheel is larSe, boti tbe
hulting and the flLrtrEtion of revolwions are srall., nor@ver,
the stabilizing tine ie also short.

loade d state
atate stabil ized

I ti-. j
!  nod-Ioaded state

r uug  PabD- t ss

Ftg .  l t l

(3) To ease staiting oF the ergine

Startlng is made easier by turning over at cqlpression
top dead cent6", givirg the inertia t! tbe flylrhee].

(!) To lndicate the scales for tlnings

The outer ciMmference of tbe flywheel is Brduated
so that the adjEtments of valve and injection timings are oade
easiq. It is als used to turn the ergirE.

(5) fthers

To assiet the sLol, idling speed and also assist the
governor action.



15-2 Variation of speed

1) Cycl ic irregularity of speed

In the corrse of one cycle of Lhe er8i ie inclding
suction, ccmpression, cqnbustion and exlraust, there are flr€tua-
tions of spe€d, as explained above. In orte" to represent the
extent of Lhis fLLrct|Etlon of speed, r 'clcl ic lrregularity of
speedir formu-la is @p1oy€d.

Ihe cyclic irregularity of speed can be obtained by
dividl€ the differerce betueen the maximul speed ard the ninlnu0
speed jn a cycle, by the average speed as in the followingi

. ttj. - (rr
o . -:_.

lri- + lI).

2

.... .  cycl lc irregularity of speed

..,. .  naxjf iun anglar veloclty (rad/s)

. , . . .  m in in l .m  ang la r  ve loc iLy  (  "  )

. . . . .  mean anglar veloclty ( " )
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velocity is defined as the rate
displacqlent.

6
t!)2

lbte: Argular
angular

of change of

where N :

Rad/ sec

rpm

Angular veloclty (((l) =
" - (or.)
rev/[ i ln.:

Vtlen a generator ls driven by an engine, i f  lhe
cydlc irreSularity of speed is ldrge, ther€ is an irrqularity
of volta8e. In case of an electrlc light, flickering occu"s.
Therefor€, it is necessary to mininlze the cycfic irr€ularity of



speed. Cr the oths" hard, lrhen an englne is used fo the
propul sion of a boat, even fhen this cjrc1ic iregularity of speed
is sqnewhat lar€e, ln nomal operation it does not matter.

'Ihe Table shors the cyclic irregularity of speed of
erEines accordir8 to their prposes.

Use Clcl ic irr%ularity of speed

Ship ( wlth rs/ersing gear)

lbeive poi.rer 1/25  -  1 /70

BeI t drive DC generator 1 /70  -  1 /&

BeIt drive AC generalor 1/125 -  1 /1n

DC generatcr', direct coupling 1 /100  -  1 /1n

AC generatcr, direct coupling 1/110 -  1 /26

Paaallel operation AC generator 1, /2n -  1 /36

tbw do you reduce the cyclic irrqSularity of speed?
the !€ys of achieving this are described belout.

A) Increase the nrmber of cylinders in the er8ine

l,ith the one-cylinder engine there i3 one cdnbus-
tion for every two roLations of the crank shaft (i.e. for every

720 de8rees). If there are tNo cylinders, flhen the same d)ase
crankahaft is used, there is one cdnbustion in every 360 degrees;
ard lf there are three cylinders, one ln every 240 degrees and I
on ... In other words, there is ar irrcrease of the Frequerty of
cqlbustion for every lro retations of the crankshaft, Wtth bhis
increase of fl.equercy of supdyirg torque to the crankshaft, the

cyclj.c lrregularity of speed beccmes snal1er.



B) Increase tt|e speed of the engine

If r€ can increase the rated engine speed, and
maintajn the cydic irregularity of sped, the mqnent of inertia
of Lhe fI yritleel can be made shorter. Oiven that.the flylheel is
unchanged, if the revolutions ar€ increas€d, the cyclic irre-
gularity decreases. this can be proved as follolrs:

E  =  \ I u r2 . , . . .  ( f o rmu la  o f  ene rgy  o f  body  o f  roLa t i on )

A8 :  !  r  ( o , l -  o l  ) - - r aa  =  4 t  ( t , , t  -  u r1 )  ( 1 , ,  +  o r1 ) . . . . ( 1 )
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From diff init ior

6 - (,2 - lrrr ir2 - rdt . duJ

" A E AE

(ll

(r'. + |rl.
Lr - --1--| -------+ d, * tr, - 2o (1)

2

frclr formula 0), (2), (3)

Substitut ing formul; (2) and (3) inLo formula (1)

AE  =  ! r I ( o2 -  n r ) ( u , r r  o i r )  =  r 51  d r , r . 2 l , )  =  r r o r6  . . . . ( q )

'  "  ' \ 2 )

( r r ' )

N

AE

I  ( 2 n  x  N ) ' ?
60

speerj of the bady of rotation ( fl.ylhee1)

diffe.ence of lhe energy betueen high and lor,{

mdnent of inertia of flyrJheel
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C) Ircreae tlE gize of fLyhrtleel

Foroula (4 r) shor.€ :

As the nc|lent of
lncreases, the cyclic j.rregularlty of
mcment of inertla at the rir of the
by :

inertia of the fLyr&eel
apeed decreasea. Her€, the
flyrtteel nlt is represented

assl.mlnS
(.0)

I
I

G ....., the whole rciAht (kg) is asswed to be
corrcentrated on the clrcuference of the
eircle rlth the radius K

K ., . . , , the radius of gyratton (m)

I .... ,. gravitational acceleration 9.8 (rD,/s2 )

the radius of gl,ration K x 2 = dianeter of gyr"ation D

accord lngly,

D

I=

I :

cD2
- x -  (ks. f  )
84

@2

4g

is called I'effect of the f,Lyrlt|eelrrIn above forfrula, ItGD2n

rD'r ls dianeter of gyration
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(Note) Substitute fonmrla (5) into

GD2
AE=-x- rP*O

g4

fn 4 cycle engine

fonnlla (4)

cfr l z rnlz
= -  x l  _  lx  6

, rg \oo /

= (4)2 x 4ex s

AE : oE = ox 9000 Ni kgo
n

D<

cxD2

.  . . .  . .  (6 )

ratio of circunference of a circle to ltsdi.anete-r (3,14)
flywheel rridth
speclfic Bravily of the flLyr{heet
ouler cllanetep of Lhe rin
inner dlamet€r of the rln

rol - nlr

. "  GD2 =a QQ)2x4gx9_S@_-! i=KxNi
" 

_T"3_ 
l?il

= -2 "t (be careful I
2

=  (D t l 2h  -  (D2)2n  x  Bx  p
4-T

= aL! rD2 _ .2,
4 - l

= "'l'n ro? + D?t n'2 - ^2,
a -L z -I 

"2'
T B P

not D2 = ( r,2 + Dl )2 )
z

(welght of nlarheel)
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!E
Iuz

. ,  . .  . . . .  . .  . . (4 ' )

Frqr the fortlula (4') and (6) 1t can be seen thaE
a red(.ctlqr in cycllc irreSul.arity is Fssible by Dakir€ 'In
7a['gq, atfi tlEt increasing nDl' ls rnore eflectiye than increas_
ilg the wldth trR' or\ ttE flyuheel, as the noreot of ln€!.tia of a
fllDlheel ls 1n proportlon to the folu,th po€r of lts diareter.

2) hstantaneous Speed Change

liten a engine ls operating at a certaln ftxed sFed,
if the 1od stddenly decreases, E spe€d lmediatety ircreasee,
and lf the load ls exe!'ted alL at once, there ls an 1.rulediate
drpp ln tbe speed. Ihls has been e(plalned in F,ig. l5_1. lhe
f?nge of speed change ls repreented by the telu r'trrstantaneoue
Speed Char|8e'r.

rrlrstantaneous speed changen indiqatea the percentage
of char€e nhich is obtalned as a ratlo of the diffe!,ence between
the speed *Iich suddenly increaaed and of the rated speed to the
rated spe€d.

n l  -  n
6t= . . . . . . , . . (7)
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this instantaneolrs speed change varies accordirg to
of each engine. the foflowing lbble gives standards
range of instantaneous speed change.

Ine
for

purpose
opcxntm

Allowabfe speed chang€

In stan taneo 16 Pennanent

Japanese Goverrment lbrine Dtgine
R€ufation (JG) ( Iaain engine) SENPAKU-
KIKAN.{{IS OKU within 20tr

Japanese Gcvernnent l4arlne Engine
Regulalion (JG) ( Al,(iliary eneine) within 1otr ldthin 5t

Nippon Kaiji Kyokai rule (NK) !,dthin l0t within 5t

The l,loydis Register (England) within 101 within 6l

Hhy does the speed h jmp to n1? hy does the governor noL act
irunediately to cut off the supply of fuel at the mcnent rtlen the
engine load is char€ed into no-Ioad?

As there is a tiJne-fag betv€en. the speed change and acheiving the
actual no load cordilion it tben takes sdneline before tbe fuel
supply is cul. the energy generated during this tine overcdnes
the fricLion force in no-load operation, to becone excessive
energy, and thereby acceleral ing the engine.

To attaln snalfer instantanarus speed change, tlF size of the
fl }'viheel (cD2) shoufd be increased.

In other words, nhen there is a sudden change in the load
condition, the farger jnertia of the flyutleel will absorb the
ener€y change ard noL affect the engine speed so mLrcb lmtjl the
governor does its rDrk.



By the follordng fonnda (8), we can calculate the
instantaneous speed change .

l bx?5x ixgx2x602
+  1 -  1  . . , . . , . ( 8 )

Ne
I

n2x N3 x 02

. . . . . .  Net brake lFrse por€r

... . . .  the nrmbei of revolutions of nywheel frcu
the time of being tuUy loaded trltil norF
loaddl to tt€ tlne the governo!'works to
sLop the fueI supply; this is on the sup
position that the auount of cDnsuned enerBy
is equal to that used *len fully loaded is
generated in this pericd.

. . . . . .  9 . 8  ( r / s2 )

is derived as follows:

nBr is the energy of one revolution of crankshaft

the eogine

c

the forrnula (8)

a )
at fu1l Load.

lle x 75
(1€.Br)

n

line for one revoluLion = 60 (second)_"ir
tirne wtil the governor works is lttt sec,

and the nunber of revolutions in the same time is rin

;  -  !  - t xn
99 60

b) trEir is the energy used to accelate

Nex?5x i
( ks . In ) . . . . . . (9 )



c) l.lhen fllBrheef speed changes from n to nl, lhe
increase of energy is rrEirr

Ei = !r((+#)'- '1#'"
.  G I "  

'  )

er = r fn x ( ;+)- (ni - n') """' (ro)

froo formula (9) and (10)

Nex?5x ix2x4gx602

n x  g f  x  (2 t  )2
, . . , . . , . (11 )

d i  =  n1  -  n
n

frorn formula (7) and (11)

Nex75x1xgx2x602
+  l  - 1

^ t
+nz=n j

@le

n2x n3 x GDZ

AssuninS that 6 = 1 GD2 = 1190 &m?
30

Ne = 650 ps n = 320 rpl! t1 = 2.5 second

i :  t i t o  :2 ,5x320  =  13 .3-60.- - - - -60-

, . 6 r  - 650 x  75 x  13.3 x9.8 x  2  x  3608

(3 .14)2x?03x1190

45.1  x  109
-_---_-_-__-____ i| _
384 x 10Y

=fr.rra -r
:  1 .06-1  :  0 .06
=6 '

- l+l
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15.3 ElJ|tt|eer

1) For determininS the size of the flwheel, I'sLart-

abiLit/r and "speed chanSe requi.ed'r, in relation t! the rrsprce

for installationlt, as nentiond previously, must be considered.

A) I,lhile the en8ine is operatirg, to drive th€
generator at a slow speed, a clutch is tEed occasionally to
increase or decrease the boat speed. In this kird of operaticn,
it is desirable that a large fI yuheel effect (GD2) is r-Bed.
tbwevtr, ttE si ze of flywheef wiU al.so becqre large. If the
speed is increased, the circwference speed of the fl!$rheel aLso
increases ard this may cause the flywheel to break because of
serious staess due to centrifwal load. 'Iherefore 

r a large fl.y-
ubeel at high speeds nust be avoidd.

B) An engine driven at high speed can becone
dangerous because the circunferential spesl, or the centrifwa-I
Ioad, on the fllaJtreel becdnes too great. therefore, the externaL
diareter of tlp flyrlheel should be made snafler as its required
speed is increased. To enlarge the effectiveness of the fly-
wheel, there 1s no oeans other than by ircreasirg the lridth
and thereby using a heavier flyLheel. lbr€ver, increasing the
width is rpb I effe4tive because the $eight increase treffectn,

only serves to increase the. Ioad on the crankshaft, and
naturaLly, there is a linit to how much the crankshaft {ill.
bear. If a high speed engine is driven at a slolJ speed, the
speed change durlr€ this operation becones larEa", ard if lbe

nain ajm is to operate at bigh speed, the idea of efficiently
operatirg at slow speeds must be Siven up.

C) In the ca€e of a nlslheel t^rith a large fI ywheel

effect (@2), tl}e tine taken frqn the sLart u'ltil it reaches the
fixed speed, and the tine fhctl cutting off the fuel supply until
the ergine coies to full stop, wlll be lorgq". AI$, when the
speed is to be changed !$i1e in operation, it wiII talie nore
time, Therefore, in an en8ine which requires a short dln'ation
for accelelation or deceleration, lhe mouting of a fl laiheel with
a large fly!.rheel effect i.s rx)t suitable.
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D) To increase tbe flywheet effect (@z) the
exteroa.I dianeter of the f]. yuheel nlat also be increaaed, since
the flywheelrs effect grows LarBer prcportionately to the fourth
power of the diarneter. In the case of an enSlne to be wed on
Iard lt is possible to allow enor€h space for settir8 a lar8e
nyr.rheel, but in case of a narine engine, the depth of the huII
ard ttre size of the ergine bed witl linit the slze of tbe
flWheel.

eng-ine bed
mu6t be
cut larger

sbip

Fis. 15_3

The selection of a flIyr*reel should be made
accordirE to the purposes lor which the ergine is used. A
n la,rheel with a farSe flj,rheel effecL nay be LEed for a por€r
generator because a snallq" speed change is required. Fc'" the
main englne to drive propeller of boat, it is not necessa.y to
place importance on the 'tspeed change'r, ard therefore a fl-yttleel
with snall effect may be put in use. tut, in the case of a
ship's main engine, where besides beir8 a prcpellen drlve, the
generator is also driven at a sloir speeds, lJhl1e fishing foa
exanplc, where stabll i ty is important, i t  is necessary to sel ect
a ny,rheel with a lar8e nwheel effect, to the extenl aflor€d by
the size of settir€ space. Ther€forE, when you are plannir8 to
inslall an en8ine, you must l!'low for l,itlat purpose and then
contact the nanufacturer for advice on a nylrheel suitable for
thab purpose, before Jiou purchase Lhe engine.

hit the
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2) Ibw to set tbe flywheel

Ihe flylhee1 ls rErElly set at the forqlost end of
the crankslEft. Fig. 15-ll stDws fitting methods. Thepe are t&a
settin8s, {tapertr and f flanger.

A) Taper type flyr{beel mounting

lhe taper is usually about 11 de€rees. Settitg
is done wlth ttE taper ard the key senres the pu'pose of dec lding
tbe positlon. Are atlould be taken rben fhstening tbe nut. If
it is not tightened enorSh, the ley ard the key groove will bear
repabed stresg. the key groo\re will then beccme lFrn and the
l{ey rril.l be datraged. If the slackEss becqnes more pilrbunced
the key groove tDrtion will be cracked as ahom in Fig. 15-5.

oint being
rFcked

Fjg. 15-4 Fj€. 15-5

hhen the flyhheel is reroved at tie tine of
engine installation, it is necessary that it is reset correctly.
Accidents due to misassembly at such tires lEppen falrly oFten.
the iiAhtenirg torque on the nut should be carrLed out accoldir8
to the specifications for each engine model. You must cbeck the
instruction manua-I book before instal-fatlon. ltE tiAbtenirA
torq\re, hor,pvef , cannot be meadured accurately without a tlrque
trerrch.

(a) taper tlrpe (bl tlange type
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Hcwever, a god practlcal nethod,
extent that il is positloned t!
aLlgning mark inscribed on the nul

1s t tight€n the nut to the
be a ]ittle past the €t or
ard the flydreel .

sel inarK
ut

B) Flange type fly}rheel mounting

Flange Lype flywheel is noEted by usirg ssreral

"etting boltstr. Ihe ettlng bolt is linlshed with a taperec
reaner hole for fittirg a reaner bo1t. llheo ttE flywheel is
removsi, mark both the setttng Lnles and reaner bolts before tbey
are r€mov€d. l/hen the rsnountir8 is done, it is essential that
there should be no nisalignnent betLeen the setting tble and the
bolL .

y-wheeI
boss

Fig. 15-6

3) Protection of the f ' tywheel

Japanese lbrine Ehgine Regulations stipulate that on

all erglne parts, such as the rotatirg parts, the reclprocatirg
motion parts and the higmy heated parts, a lroper Frotective
device must be provided in order to prq/ent the ergine operatca t
or any person cqning near the engine, frcm beinS injred.

l{hetber this r€ulation 1s fu.Uy applied or rpt, it
is desirable to tEve a cover over the flF*reel. EVen a siJ0ple
wooden cover is sufflclent. Ih13 safety measure shoufd be
observed especially in cases rhere a portion of driving por,ier is
transnitted Frdn the forsnost erd of the fLy{heel by neEms of a

belt, so that nothing gets caught in the movinS belt.
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l 5Jl GovqrDr

ltle pur"pose of governor Is to keep the engine operating
ab a destable speed, regardless of the char8es in the lod on
the ensine,

1) Types of governors:

According to their main fbctions there are tbree
types of governora, they are ttE l.laxfuitm and minimu! ape€d
governor, the All-speed governor €md the oonstant speed Sovernon.
lt|eir actions ar€ slDrri ir) Fig. l5-7. lbne'r€r ' deperdlrg upon
hor the centrifugal force is put to rcrk, they may sometimes be
divided into ti{o grouF: (1) tiechanical governors and (2) spe€d
wdraulic governors.

6onstant sPeedgovernor

6.-im"s'

.- nowement of flyweight

oi sliding sleeve

Fis. 15_z

A) Maxinut! and mininm speed governor

tbrElly two types of Boveinor springs are used in
this governor: one for maxr,quu speed control ard the other for
the mintuun speed. Vlten the engine speed rEaches the upper
linits of revolutlons, tlre supply of fuel is controlled in orter
to prevent the speed fhqD rising nrther and thus causlnS lhe

rFn

T



engine to o/er.rLn. Sinllarly, the ninlnlnrt speed governor spring
serves lo prevent Lhe engine ftom stopping at the tine of idling
or when operaLing at 1ow speed.

Ihe Japanese l"larine E:lgine Regulations states
that :

'r1he main engine shafl be equipped an over-speed control goveroor

to prevent a rise of speed which exceeds 1.2 tlnes tfF speed of
continuous naximun revolutionsrr, Your altention is drakir to lhis
statsrent: rrpreventing the rise of speed exceeding 1.2 t jnes oj '
the continuous maximun revolutionr' .  Tn lhe design stage of an
englne, tbe strer€th of each part is cafculatsi on how mLEh
maximun poler output ls developed and lhe speed of the engine at
that t ine. Lhen the Fngine rJns al a spFpo 1.2 l i f los lne corF
tinuous maximln speed or over, even without ]oad, it caLrses an
increase of tbe speed of the flyvrheef , which may be dangerlus
the stress exerted on the connecting rod bolt or on the crank-
shaft balance wei€ht fastening bolt l,rill increase ard lhis may
cause flactures to occw in thsn. For thls reason, the governor
is fiLted Lo work in emerBercy ard prevent the rise of engine
smad Re.chflv. i t  hrs hccn observed t l lal $me f l lshermen LEe
engines lhose governors have been ircdified or they have rln lhe
engine at a higher speed than the firnit set by the manufacturer.
It therefore musL be stresssl that all par"ts of the engine should
be used according to lhe manufacturer's instrrct ions.

B) All-speed governor

the Afl-speed governor is used for regulating the
F.)g:n-  spaFo ov er  I  ha wholF rdnga of  soeals in  uF.  C,en^ra,Ly,

in a boalis main engine, lhe governor spring is depressed by hand
to coatrol t  l 'F inj-Li()1 volure of rhe fuel lccording Lo lne
load. this aff-speed governor is in common LLse in many boats at
present, llhar lthe rnain er€ide is used concurrentfy with an
alxlfiar"y engine, as a generator to suppf y the power for fisbing
lights, i f  there is only a naximun and mininrm type speed
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governo" installed ard, one ]ight bulb fila ent bu.ne otrt, tbe
load will beccrne lighter, the engine sF)eed will rlse and fur'ther
ircreas the voltage. A,s a result of this, other lahps uill- al.Bo
blrn out, car.rsinS a greater increase in speed, 'Ihus, one bu"ned
out lanp will cause the burn out of all the other 1anps. lbw-
evq", j.f an All-speed Sovernor j.s instalLed, the lnjectlon
quantlty of ttE fueL is controlled at a dealred level, the!"$y
linitlng the speed increase, and prolecting the latp6 fhql bu'n
out. To control tl€ speed c'ier ttle whole ran8e of the revolu-
tions, it is necesaary to lnstall several sprinSs at a suitable
tenslon fo" each speed. But, it is difficul.t to make srEh a
governor. Lbually, therefore, tl|c or tbree springs are used jn
ccrnbination ad tbei.. force 1s aqj usted to be in balance with the
ceotrifugal force. lhe performance of this type of gove nor ia
poor in cqnparison with a canstant speed go/ernc.

C) Constaot Speed e'verncr

the function of bhe constant speed Sovernor 1s to
naintain a constant speed regardless of the load on the erl8irE,
providing that load i.s L'ithin the porcr of bhe engine. Ihe
governor is equipped with a governo" sprirg best suited for
controlling the speed at a certain level. 'Iherefore, its per-
fomance is very good. It is also neII sr-dted to drive the FUer
generator, which requires a high degree of performance. lbr€ver,
it ls sultable only for the control of speed at a certaln deslr€d
level, and it cannot be used for ary otlpr speeds r*tlch require
control. Japanese goverrment main erBine r€ulations statea
that:

Any aD(iliary engjne r*rich drives a generator
must have a governor which can control both an lnstantaneous
speed cbange within 10t and a pentranent speed change within 5t.

2) Theory and actlons of the governo. (Mechanica-I

Covernor)

A) the outl ine
15-8 .

of the strtrcture 1s as shor{l in Fic.
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laige

inj ectlon
voLurne

control lever
(b )

,,^'i:

f loat ing leve

cen te r

spring (bt(a
retainer(a)

sErin€-
r!tain;r (b)

t ivq rod

. ' | | + /

adlustinr sc re\v //

rveight bracket
f Iy$eight

ca-rn shaftsliding
s leoYe

F is .  15 -8

Two flfteights are set at the end of the candlaft

ard, as the speed of the engine increases ' the speed of the fly

!€ightr s governor a.I so _jncreases. Ihis, inturn' increases the

centri fugal force (F = !o'r) of the f lyleights, ard this force

pushes lhe sl idi'rg sleei'p ' A Sovernor spring is provided Lo

ba-larce the centrifugal force by exertirg counter pressure on a

floating lever installed betreen thsl. 'Ihis floating fever is

connected ta the fuel iniecblo4 volune control rack' llhen the

centrifugaf force of the flyweight overcomes bhe Sovernor sprug

force the injection volLmer or amotmL of flrel r is reduced ' When

the force of the governor spring exceeds the centrifugal force'

L



the fuel lnjection voluDe is increased. Ttle injection vollue
control rack is adjustable to allow this action to take place.

B) The acti-ons lhich take place when the load of the
engine is suddenly decreased or increased,

a) l,ihen tbe load is decreaaed:

If the load on an engine is suddenly
decreased, tbe speed of the engine and fLyweiShts increaseg.
Accordingly, the centrlfugal force of the FelShts becooes
stronger, 1t coopreages the Sovernor sprinS and moves the
floating lever ln the di.ection as la shom in Fig: 15-9(b).
Ihla movsnent of the floating Iever npves the connected lnjection
volwe control rack to decrease the fuel supply.
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f l  o a t l n g

Fig, 15-9(a) injectlon volune
(Iarge)

f lyueigh ts

Fig. 15-9( b) injection
( $!aU)

f l o a t i n g

pivot

voLune



As  less  f Je l  i s  - ' r jm lcd  J l l o  I hF  png ine ,  l he
speed decreases. l,,lha'r this decrease olcrtrs, a coLmter actiorr
lakes place to increase the volLrte of fuel injected as showr in
Fj€. 15-9(a). Again, as the engine increases speed, tf€ fuel
injection vofune is decreased as shonn i.n Fig. 15-9(b). these
aclions are repeated Lll)til a lime lJhen the cenlrifugal power and
the slrength of the governor are balancql, then the engine speed
stabil ized ,

b) Vlklen the load is increased:

I,lhor the foad on an er€ine suddenly
increased, lhe speed of lhe engine drops. hlhen this occl!"s, the
force of the governor sprir€ o/erccmes the centrifr€al force of
the fl J,veights, and moves the floating lever in the direction
str) l ln in Fig. '15-9(a). thus, the irUection volune cont.ol rack
moves to lncrease the fuel supply, lhe increase of fuel enabies
the engine to increase its sped, as shoLn in Fig, 15-9(b), to
the stage ltlere Lhe counter Fressure €ain decreases Ltle suppl y
of fue1. Thls action is repeated, and in the course of tilne the
centrifugal force of the fLy,relghls and lhe force of the governor
spring are bafanced, ard the speed of the engine is stabil ized.

C) Actions ut,ich take place r^tlen the control lever
position is changed

In FIg. 1!-8, when the posit ion of the control
lever is changed frqn point (a) to point (b) (as sholJrr by the
dotted ] ine) the governor spring retainer (a) is moved ff.on (a')

to (br) by means of the push rod connected to Lhe control 1eve.
the spring is compressed, and thus the balance held betrieen the
force of the spring ard the centrifugal force ol the ueight is
destroled. The greater force of the ccmpressed spring moves the
injection volrme controf rack to increase lhe vollme of lnj ec ted
fuel, thereby causing an increase 'in 

lhe engine oulpub. oon-
sequentfy, more load can be added to the er€lne.
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0n the contrary, if the conlrol lever is moved
fron point (b) to point (a), thgl the governor spring moves frqt
(b') to (a') posit ion. the centri fugal force ove cqres the force
of the governd sprir€, a.d ttt-. fuel injection volrme decreases.
thua the output of Lhe engine decreases.

3) Hunting

One of the phenomena lhich nay occur dring this
repeatir€ nhytln, or c\cnstant change in the ergine speed while
in motion, is called rhuntingft. this occt!"s *ten the speed
flEtuates, ard 1ts cause can be ascrlbed to many factors. If,
hor€ver, the cau3e is poor functiontng of the governor, there la
a danger oF selectlng the incorrect counterneasures , and great
care mtrst be e){ercised, 'Ihe main causea of huntinr are as
follo!.rs :

a) {Cyclic irregularity of speed,' is too Large,
because of unsuitable fLywheel or lod,

b) The governor ny!,Eight is too srall, or the
governor sprir8 is rlot suitable (design problqs).

c) lbrn-out mo\ring parta of the governor, the
connectirg l inks, tbe fuel lr\tection volme control rack, etc.;
r*ren these parts of the engine are twisted or distorted; *hen
there is dust, rust, or othq" foretn natter pr€aent to cauae
considerable fhictional r€sistance; or rhen the larts are fhulty
especially r.rhen the coupfirgs ard the links ar€ irvolv€d.

d) In the nulti-cylinder eigine, ail uequal ftrel
jnjeclion volrme may caus uneveness of cqnbustion thus resuttirg
in an rmeven fuel injection tiJning.



r- -

- 7\ -

e) Trapped air in the tueI lj.ne is mixed !.ith the
fuel. This forms bubbles ard caus,es poor cqnbustion and leads to
hwtina.

f) Comb[stlon faiture dt€ to danage of the inlection
punp plur!8e", or an intermittent ir\tection thncugh the rpzzle
caused by abnofinal i{ear of the bottom portlon of the pl Lmger
tappet of bhe injectlon pLmp, e!c.

tften the ciutch ia runninS in neutra.l position,
and hlnting occurs, ard if !,rhen the dutch engaged on load, the
hwting stops, in most cases, (e) and (f) are carEes of trouble.
lihen clutch is applied on load ard there is huntirg in the loaded
cordition, the causes are attributed to (a), (b), (c) or (d) in
most cases.

the centrifugal force of the Lelght is

welght of Lhe height (Kg)

argular velocity (0r rad,/sec) = 2r x n(rpl[)
radius of lhe heighL (m) tu

gravity acceleration (9,8 n/sed )

As seen ftsclln the above fonnLrla the centrifugal
force is irrcreased or decreased in proportion to tbe squaae of
the angular velocity or rDtationaL speed, lb!€ver the spring
force or pressure is proportional only to the strain.

To obtain a ideal governor perfornance, it is
necessary that the centrif€al force (rts) be ba.larced aSainst the
governor spring's force (.S,: length of spring) at any speed.

s



ltrerefore, in order to impi'ove the perforuance
of the governe, a special sprir8 is needed rhlch adapts ltsel f
to balance bbese forcee at each stage of speed. strrcturally,
this balarEe is difficuLt to achieve. Tlo klrds of sprirgs are
used (1) a stiffer apring for higb speeds and (2) a $ft ep'ing
lor slo* speeds. 'Ihese aprings may be arranged to act eitber
separately or in cq[bination. lbr€ver, at tines $oe speed
rargea are actFlved which do rpt balance $ell, fn Erah a cae,
adj ustments can be oade to a certain g(tent betrcen the centri-
fwal. force of ttp r€ight, the gorernor sprirg forEe ard the
injection volme control rack by meana of the adJwting arcl'
( see FU. 15i) .

4) Irouble shooting of nechanical governor

If problels should accu" with the governor a(d lts
controlling action ceases, there is a danger of overrmnlng tbe
erglne drE to tlE uncontrollable supply of fuel. Ther€fore t
extrsne caFe should be taken lhen tEndling goverrprs, such aa
dtn.ir8 assflbly/dlsassoobly .epairs, naintenarce ard treuble
shootinS.

(1) Probable Causes of tolbles

a) FauLty governq sprirg drE to defonnaticn,
settling or breakaSe

b) Faulty governor sprlrg action due to
interfererce betr€en the hiSvalow speed
s.prlnSs or a tuulty cdnblnation of then

Faulty adj [Btrdent of adJrBting $r€rj d\re to
incorrectly set position

d) FauLty flyt{eiAht actions due to iorn out
L€jght-pin, hole, or thrust bearirE

c )
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Excessive p1ay, or fr ict ion and resistance,
of connectir€ linkages or joints

D(cessive resislance to the movanent of the
controf rack

8) Excessive ltear on contact surface
gcvernor sl Aeve ard fl yr.F ight

h) Seiarre or burning of any part due to rust
or lack of lubrical ir€ oi l ,

5) Hydraulic Governor

A basic or simple hydraulic governoa is illustrated
in Fig. 15-10. The elqnent which resp)rds to a change in speed
consists of a pair of flyueights (b) Ioaded by 'rreturn spring
(s). f te balls operale a pl lot valve (V) which controls tbe l low
of oil fl"crn a hydraulic po!€r pisbon (p). Ihe piston is con-
nected to a fuel control nechanisn. When the governor is operat-
ing at a controlfed dpeed, the edges of the pi lot valve register
with and just cfose the ports in the pilot valve bushirg ard
there is no f low of oi l .

I,lhen the engine and governor speed jncrease, f1y-
!.Eights nove out ard raise the valve (V). This connects the
space Lrnder the porcr pLston wilh the oi l  outlet to the slnnp.
The spring (q) pushes piston Lo the feft, towards its nefoad
position, and displaces some oif into Lhe smp thfor€h the line
(c) ard past the needle valve (t),

The movqnFnt of the piston (p) redrres the fup.
suppfy, the engine slows dom ard the ireturnrr sprlngs, o/er-
ccrning the redwed centrifugal force of flylreights, move the
pilot valve (V) dor4yl{rards, which'covers the ports jn the bushing
and stops the oil dralning into the smp.

o f
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tlhen the 6ng1ne speed decreages beLor the control
speed, th€ fly{elghts rrcve lnrards, lor€r the pilot valve (v) and
adllt oil under pnessure frcm the o1l supply into tbe space under
the poner pl.ston. The latter lpves Lo the rigtrt and pushes the
fueL contrrol tomrds the firu-load positioo. Tbe throttUog
actlon of vatve (t) 1a necessary to assure stability |rlder all
loadg, r{hich r€sults 1n a sluSglsh response to naJor load
changes.

Ftg. 1t10 Floating-action hjdraulic govelY|or

[ '
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F ig .  15-11 Scheoatic Diagran of a Typical Hydrauli.c Covernor
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FiB. 15-11 shol€ a typical hydraul ic governor (SG

type manufactured by lJoadward Co.) tt€ principles of its
operatlon are as follor€:

llhen the governor is running orFsped, the contnol
hard of the pilot valve plunger covers the control port of the
ba.]Ilpad btrshlng, and the po!€r piston rodains stationary.

If tbe load on the ergj.ne is increas€d, the goirerrFr
speed decneases, and the spring force (!), norr greater than ]lft-
irE effect of the centrifugal force developed by the notatfug
ballarfls, pushes the pilot valve du8er dora. OiI is directed
urdq. pressur€ into tbe area urdq" tt}-- polre plston ard pustEs
the piston up, the poler piston and pin rrctate the ter$1nal
lever ard terninal shaft in the direction of irBreasirE ttE fuel
suppl y.

lbte that, as the terminal lever rotatea ln the
'ircreae fuel' direction, the speed droop lever pin ls raised,
The riSht erd of ,the floating lever pivots about the speed
aqjustir8 leva" pin aa the left erd of the let/e. is raised,
hising the left end of the floating lever raises tbe sprlng fork
ard decreases ttF speeder spr.irg forc€. thrls, the go/errDr
ballhead is enabled to rcSet the pilot valve pllr|ger" to loEr
speeds as fuel is lrrcreased, a ,charac teristic describ€d as nspeed

drooprt. Closing the coobroL port stops further movqnent of the

!o!re!" piston rrhea the ergioe is returned to a Iower speed deter-
mined by the new speedq. spring force,

If the engine load is dec.eased, the governor speed
increases ard the bal1anng lift ttp pllot valve durg€r agalnst
the dow|rard force of the epeeder sprinS. tle urcov€r"ed controL,
pont tn the ballhed buahlrg connects the olL urd€" tlE Fouer
piston to sunp. 'Ihe absence of pressu.e urder the por€r piston
a.Ilovrs tbe er(ternal sprirg force to rr]tate the teminaf shaft ard
teminal lever in the idecrease tuelr directioo, lhen novlng in
lhe decrease fuel direction, the fouer lever lo*ers ttE speed
droop pin. lhe floatin8 lever Ior€rs Lhe spring fork to increaae
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tt|e speedq" spri€ force. ItE lncrease 1n speedei' sfrfirE force
recenters the pilot valve plLnger, and requlres an lncreaae ln
speed to keep it centered. closlrg the control l|ort stops
flrther movsnent of the por€r piston sirul taneousl y with ret\rn
of the ergir€ to the highef speed r€quired by the ht8her 3pr1r€
forte.

the anormt of speed change for a gj.ven temlna.l et|aft
rctallon deperds upon the settlng of ttE spe€d drlop pln. l.bv14g
the pln toErds the ballhead decreases the speed. change; rDvlng
lt amy fron the ballhead lncreasea the speed change.

(hFnsatio.r

If throttling ia not used and the enSine returns to
control speed after a speed change ard the fuel controls are set
as required du"lng the apeed change, the Soverrpr rdll or€t'-
correct tbe speed ard l{llL then begln to act ln tbe repeatedly
opposlte direction, and lhe englne w111 hr.nt. tr€ sirple
hydraulic governor wltlput a thrcttle has thls fault. As lorg as
the speed 1s naintained below of above the control speed, the
govern@ will conllnt€ to adJust the fuel controla. there is
aLr€F a tine lag betl.Jeen the mqnent that a change in ftlel
settlrE ls inade ard ttte tlne that the englne reaches ita rEH
equlllbrlw speed, In thle case, the englne will aLi€ys feturn
to control speed with ttle fuel delivery overcorrected ard hunblng
drE !o overabooting h{ll result.

To avoid this overshootin8, a governor mechani dtttst
antlcipate lhe retum to nomal gpeed ard stlp changlrg the
anormt of fuel delivered before the new setting has stabilized.
A nechanisn r.rhich e.ables a governor t! anticlpate the .etum to
control sped is calLed a cqrpenaatln8 devlce, or, in otbr
lords, a derrlce whlch Irerrents ttF huntirg.

t
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Fig. 15-12 shows such a conpensating device; when the
speed decreases, Lhe flyballs draw closer together and the
springs noves valve (v) dom!,,ards, adnitting oi1 under piston
(P). This pushes the piston upuards, compressing the spring (q)

and moving the fuel controf toHards increased fuel. The novdren!
of lhe lever (I),  pivoted ab (k), sl ightty decreases the force of
the spring/s and returns (v) to its neutral position. This is
caf led prinary conpensat.ion.

- 8.1 -

Fig. 15-12 Proporlional-action hydraulic governor
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hot l@ (I€s$n 15)

- -Gur . rc r .v t r r

the FigLu'e above shor€ the constrlrction of a mechanlcal- governor

the F8ure beloii slDl,rs the various corditions accordirg to the

operabing cordition of this governor. &pLain each step in these
actions during (Fjs. 1) engine stop, (Fig, 2) when enSine is

started, (Fig. 3) du'ing idlin8 and (Fig. 4) dLrring maxturutr
o  n 6 d l  n o e n o a f  i u 6 l  v

Construct ion ol  l f io love!nor
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Iev

1L

Fig. 1 Condition during engine slrop

prrng

t l ,

I

F4 .  2

!  roata4g
lever

Condition of the Sovernor durinS engine start

Start sprinq
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^rft-

Fi8. 3 Condition

lnser: (baEple)

Conditions during idling

of the Sovernor during idLing

When the en8ine is starled and the control lever is
relurned Lo the idling position the governor sprin8 is free from
tension. The flyueight can nbw move freely outdards even at
slolr speeds, and the tension lever is pushed back until 1t
touchea the idling sub spring. In this position the idling Lever
rMintains sllpoth idling with the aid of the ldling sub spring.
This is because !,hen the rotations drop tbe centrlfugal, force
decreases, Lhe idling spring pushes the tenslon lever to the
left, moves the flwelght inNards and then pushes the control
rack in the direction to supply more fuel which malntalns
constant idlinS.
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FueI

,--Floating Lever

--/c,ttide Iever

Float in9

Fig. 4 Crndition of the governor durinS maximm speed

Ans.err (@1e)

condj.tion during naximun speed

llhen the control lever is moved frc|l the idling position
to riaxlmw output (until it touchee tbe r,|axlmLn speed stop), the
lenslon in the governor spring lncreases to pull the tensLon
lever unLiI it touches the full Ioad stop bolt, nDving the
shifter and aleeve to tbe left.

Tbe movenent of the Buide lever and floating lever ia
translitted to the control rack by the llnk and naintalns tbe
full load poaition of the rack. Then, the rotations rlse to the
posltion lrhere the centriFugal force of the flFrciSbt and tenaj.on
of the ggvemor spring are balanced, and the engine reaches full
load maxim[rn rotation.
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LESSO{ 16

In bhis leason lre will sludy the poi.rer transmission
system, Thls includes the clutch, the reyenae and the reduction
gears, which are bhe nain cooponents of the poHer transmission
syscgr.

16-l Classificatiqr of r€ver5iog systa

Pov€red vehicles such aa the autotrDbile and boat must be
able Lo stop, go forward and reverse.

There are three l.,ays to do thts in a ship;

(1) Direct reverse type

This type is applied Lo rather slow speed and large
horse powered engines of more than 1,000 HP. To engage reverse
the engine should firsL be stopped, the can poai.tion for fueI
injection and valve tiJrdng reversed, and the englne restarted.
Tbe propeller now rotateg 1n the opposj.te direction, and the boat
ni1l proceed in the oppoeite di.rectj.on. Ho{€ver, as this type of
engLne is very ccoplicaled in botb structure and operatioo, it is
rarely ingtalled in fishj.ng boats.

(2) Controllable pitch propeller (C.P,P.)

In the controllable pitch propeUer the blades of
the propeller nay be pltched lo provide an aetern thrust and
therefore in this case the engine doeg nob need to be reveraed.
Thie method also allows the engine polrer to be matched wibh the
Ioad of ship or boat, and is useful for trawling boats where the
load condltions need to change. For details about controllable
pitch propeUer, refer to the text stern equlprent for snall
flshing boats (TRB Text No. 24).
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(3) Reversing gear type

Most str|all engines of less than 1,500 H.P. have
reverse gear equlpDent. Ihese enSines work at rather high speeds,
so the reverslng gear equiprcnt is used in conjunction nith a
reducing gear.

16--2 nle sh'uctu'es of the clutcb, the r€vetEe 8ear, dd tbe
reducti.on gear equiFoent.

Fr on
Crank-sh

@

Fig. 16-1 IdLing or neutral positlon

A) Fig. 16-1 shows a rough sketch of the Cromhaut
reverslng clutch, an ouiline of the clutchrs structure and Lts
action. @ is the Xersing BRr housing. In thisjroustng the
bevel gears of Q_) (U and (, are lnstalled, (, is called
'rreverslng drj.ve bevel gearrr and it is dlrectly connected to
the crankshaft, and the torque of the crankshaf! is transoitted
directly to it. @ is the'reversing idle bevel gear". Tuo or
four bevel Eears are used and the shafts are flxed in the rever-
sing gear housing. @ is called "reversing bevel geari', and has
the sane number of teeth as the reversing drive bevel gear. lte
bevel gear is flxed by a key onto the cluLch sbaft (,]t.
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The reverslng gear housing 'l is connected to the
clutch drun B wiltr severaf bolls. The brake band 9 is
instal led at the exterio. of the housing, (Fig. 16-2). I ,Jhen the

brake band is compressed, or tightened, it fixes the reversing
geaa housing by fr:cl :or Torc.. ln neu'_al posit io.r i t  is
disconnected by the spring force.

xpander o

sPring Expander

expandtns

\.  , -

,, llo ,, u.
l,ri )ii)),"]-ni "

\

c h d

a,

F ig .  1b -2 Fig .  16-3

In the interior of lhe clutch drum 8 , the expander

? is mounted as shor,t in both Figs. 16-1 and 16-3. When
the expanding lever in the clulch is noved to open position it

engages with tbe interior circumference of the clutch drui 8 by
friction power. At an end of the clutch shaft 6 the reduction

drlve gear 10 is fixed firrnly by a key to drive the reduction
gear 11 vlhich is connecLed to 12 ' the comnon shaft.

B) The mult i-disc clutch:

In the type of expander clutch shown in Fig. lb-3'

the outer circunference of the expander comes in contact with

the cLutch drtr,n by friction force. When lhe transnitted borque

increases, the widLh and lhe outer dianeter of the expander

should also be increased. However, under Lhese conditions the

following problems nay arise:

I
.

I

- ' \

;.
...t1

I

t'.



As the expanderrs diarneter is jncreased, 113 effect
is no nore than one half of the increase on the circtmference:
therefore, the porrer of transnission is not noticeably lncreased.
Moreover, as the expander! s dianeter increasea, the surface
speed, at the tfuie of reversing, also increases. Due to tbe
greater centrifugal force, tbe expaoderrs oulside dianeter
expands out-i{ards, and comes lnto contact with the inside surface
of the clutch drun. To solve these probl*ls, a multi-disc-plated
clutch is installed. The structure of this clutch is ahown in
F18.  16-4 .

friction. plate (out side)
i r  ict ion pIale (out-side)

rictlon plate (in side) i
( l t l th fr lct lon l tnlng)
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astening

sljding
sleeve

(steel J
fr ic! ion plate

Fig. 16-4

Both the inslde of the clubch drun and outslde of the
clutch plate, where the frj.ction plates mesh, are serrated. Tbe
friction plates are now unable to rotate in the Edial dir€ctlon
of tbe shaft, but ho!{ever, nove in a direction parallel to the
shafb. The fastenj.ng stay is of the lever type, llhen one end of
ttle stay turns frq0 riSht to left, following the outer circwr.
ference of the sliding sleeve, the otbe. end rprks in such a
manner tha! it pushes the friction plate in the axial direction
of the shafb. The fricti.on plate (outslde) and the friction
plate (inside) are brought into donbct. The force crneat€d
powers the clutch drur and is transmitted to the clutch shaft.

faste nine
stay holder

clutch
plate

clutch
drul:o (1n -side)

/.JtJ1-r' .

tL  l '
, / ^

,r_vl ,
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16-3 Actions of tbe C1utdr

(1) Normal direction (ForlErd)

llben the expander is extended to come into contact

wlth the inside of the clutch drun (Fig. 16-5(a)), lhey are

attached by friction force and act as a slngle rigid body.

Fig. 16-5(a) Nonnal directio. ( for{ard)

(--- - fr ict ion conLact
7.-.-;2,t'

norma-l dire ction(advance )

rr==::r:I - friction contact

Fig. 16-5(b) Reverse direction (reverse)
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The revolutions of the c.ankshafl are directly

transmitled Lo the boLh clutch drun and the reversing Sear
housing. This Lurns Lhe reversing Sear housing in the sane
dinection as the crankshaft. lhen the gears in the reversing
gear houslng are meshed, they Lurn togeLher with the reversing
gear housing and thus roLabe in the same direcLion as lhe cnank-
sha f t ,  r esu l t i ng  l n  a  Cor l . l a rd  ro ta l i on  o f  l he  p rope l l e r .

(2) Reverse direcl ion (Reverse)

In Fig. 16-5(b), wben the exterior of the cluLch
drum is connected Lo the brake band, ihe clulch drul sLops rola-
ting. In this bosition, as shorrn in Fig.16-6, ihe reversing gear
housing is also fixed, The rotaLion of t.he cranksbaft ls novr
transoiLted fron the reversing drive bevel gear through the
reversin8 ldle bevel Sear to the reversing bevel gear in the
direction of arrow as shown in Fig. l6-5(b). The clutch shaft
now roLates in Lhe opposile dlrectlon and reverses Lhe rot,at ion
of the propeller.

16-4 b(aDple of the Diesel Drgine Clutch

(1) The reversing gean

The reversing gear and its relahed parts are sl|owrr
1n Fig. '16-?. These parts are general ly made of chrome sLeel and
the toothed aurface is trealed by carbonizing to a hardness of
Vickerrs 600 or more. The number of Lhe teeLh having lpdule 5
are as fol lows:

The
The
The

reversing daive bevel gear .. . , . ,  27
reve rs in8  i d le  beve l  gea .  . . , . . .  14
reve rs ing  beve l  gea r  . , . . . ,  27
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A) Range of application

frictlon dne t€orperature
bearing or contact aurface

Pressure (p)
f r i . t l ^ h . ^ a a . l  /  \

B) Perforoance (by JIS Dq41
Tester)

fFi ^t I ^h a^-a.l

bearing or contact surface
pregsure

ReguLated

2500

20 ks/&
25 n/aec

Speed Type

7 .5 n/sec

'to tq/&

E 6

- 2
t

E A

42

loo tso 2oo 2io

temperature ("C)

(3) The brake band

The bmke b6nd
lllustrated i.n Fig. 16-9.

ternperature ("C)

is of casb irpn. Its shape is aa
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balrd

Fis. 16-6

(2) The clutch friction shoe

reversing idle
bcve l  g?aa

te ve r srng
bevel ge ar

Fis .  16-?

The clutch friction shoe (Fig. 16-8) opens by a

1ink, The outer circunference of the shoe cones in contact !'dth

the clutch drun. Around the ollter circlnnferencer a lininS about

5 IIm thick is set with rivets. This lining ls changeable ' Tbe

specificabions and perfonnance of the lining is as in the follow-

ing diagra,n:

100mm

Fig. 16jB

L



-94 -

Fie. l6-9

width ?5mm

adjustirlg
sc1'ew

expander

F ig .  16 -10

a,y"

t irg screw
t rnount,sliding sleeve

Adjust ing

F ig .  16 -11
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1g ldjnstclt of the Clutcll

(1) Adjustment of the noralal rotalion

A) Fig, 16-10 shows
in an expander type clutch. Fig.
Lions of the adjusting screw, the
sLeeve.

the structuae of the expanders
16-11, shows the related posl-

expanding lever and the sliding

A clutch in neutral positlon is sholrn in Fi8.
16-11(a). An adjusting screr is attached to the bottorn of the
slidlng sleeve, and bhe expanding lever is pulled in ards by a
spring (Fig. 16-10). When lhe clutch handle is noved ' the posi-
tion of the sliding sleeve ls changed, (Fig. 16-11(b)) ooving it
to the left. The tip of adJusting gcrew on the lever risea to
tbe lop of the sleeve contour line, allowlng the expander to
expand outrards by the amount of rise nade by the acnew. The top
end of the expandi.ng lever moves the pin, on the principle of a
1ever, as ghown by the dotted l ines in Fig. 16-12. As the end of
the lever pushes aSainst the split sectioo of the expander, j-t

tuoveg outwards and the exterior circumference of the expander
spreads out!,|ards the press hard against the inside of the clubch
drum, The clutcb and the expander are Lhus joined together by
friction to exert the trangliasion of Dolier.

The reasons for clutch slip are as follows:

a) Wear on the ouler circlmference of the
expander

b) Weaf on the spllL end of the expander, and
the contact surface al the top of the expan-
ding tever (Fig. 16-13)

c) Wear on lhe gip of the adjusting screw and
the sl idlng sleeve (Flg. 16-'14)
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expanded quantify of
outer circumJerence

center of Pin

expanding
lever

rno ve me nt

Fig. ' l6- 12 Fis .  16-13

"." \
?, 

adjusting s cre\v

sl iding sleeve

F ie .  16 -14

The clutch is adiusled by turning the adiusting screws

to increase !'expanding allowancert. It is essential that the two

adjusting screws are regulated evenly. If one is fasLened clown

tightly and ttre other is 1oose, this wlll not ooly cause clutch

slippage, but also damage the expander. To carry out the adiust-

rnent, place Lhe sliding sleeve in the posilion sho!,n by the solid

line 1n Fig, 16-15, |.lith a screwdriver, tighLen down both of

adjusling screws aLternately and evenly. Thent nove the sliding

sleeve to the position shown by the dotted fine. Retighten each

screw by one turn and fasten lhe lock nuts with a spanner' This

is tbe mosL co0rnon melhod (there are individual variations; but

' \
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what is important is tnaL lhe clutch

that it does not 91ip). If the screws

tbe clutch operation becomes heavy;

. expander.

is set to such an exient
a.e fastened too tightly'
causing danage to the

F i8 .  l 6 -  15

As shom in Fig. 16-16, if the top of lhe expanding lever

i9 badly worn, the back of the lever and expander may touch ' If

lhen the adiustlng screw is further tightened to expand the

opening, the expander will break. To prevenl this happening' the

lever sbould b€ replaced.

F ig .  16 -16
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B) Frict ion shoe lYPe

The friction shoe type clutch is illustrated in

Fig. 16-1?, If  the sLiding sleeve is moved in Lhe direction of

the arrow, the friction plate extends in the direction of the

outliard circwference abou! the fulcnnn which is positioned at

the end of the push-lever' A friction contact is made between

the inside the clutch drul1 and friction shoe' and power is

transmitted

suoo!t

F i s .  16 -17

Again' adiustment is

three adjusting screlr nuts anq lnese

evenlY.

C) The rnultiplate or disc type clutch

type clutch.
of arrow, lhe
the proJectlng

made by the use of two or

should also be tightened

djusting sciew

slidinq s1ee1€

Fig. 16-18 shots the structure of the multi-disc

!,lhen the sliding sfeeve is lDoved in the direetion

roller at lbe end of the lever is pushed up onto

part of the sliding aleeve.

lfaxe':' 1
i i " . l
l]--



-99 -

p l  a t e  ( o  r  s i d e )

r l c t l o n  p l a t e

r ing

rear reverslng
gear housing

Fis. 16-18

The faatenlng gtay also acts as a lever. Tbe rofler preeseg
against the friction plates by movlng the clutch fastening plate.
The friction contact on the frictlon plates (lnside) and the
friction plates (outside) serve to transmit the porer. By iuming
the adjusting ring the inside dianeter of the fastening plate can
tigbten or slacken tbe contact positi.on between the rol.ler and
tbe fastening plate. In the case of tbis nultiplate type, lf the
friction plateg are over tiShtened that is, lhe adJusting ring is
wscrewed too far in the dineclion of arrow, even nhen the cLutch
ls in neutraL, this sordetimes causes dragging to occur on the
cLutch (i.e. slow nctation of driving shaft). Care Eust be taken
to avoid this happening.

(2) Adjuatments for reversing

Ote end of brake band i.s kept open riLb a sp.iDg
which is nounted in the gap as shoi{ in Fig. 16-19. The anount
of pressure exerted is adJusted by the adjustlng screw (Fig.
16-20 ) .
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sPrrng

Eig .  16-19 Fis. l6-20

Adjwting screurs or nuts are used, depending on the type of the
brake band, but in either case the netbod of adJuabrcnt is tbe
same. !'lhen adjustnent is perforoed, place the clutsh 1n reverse
position. If tbe band ls adjusted when the clutch ia in the
notua1 directlon, then, if the clutcb is engaged forcibly in the
reversing positlon by means of the cfutch handle, the brake band
trEy w udud6N.

16-6 Prcbl@s Ylth the clutch

( 1) Sup of the clutch

The most clutch probLd that occurs is sLipping of
the clutch p1aLe. This is usually caused by worn friction plates.
Adjustmen! to the friction plate nay be sufficiert to allevlate
the problem, If tbis procedure ls carried out and the clutch
still sllps, the friction plates €hould be replaced. Slipping
can also be cauged by lubricating oi1 on the frictlon surface,

)\



(2) Breakage of the brake band

Gear shifting or engaging of forHard and reverse
revolutions must be done while the engine ls runnlng at slow
speed, If shlftlng is performed under a full load conditions,
breakage will occur at the lDint sboi& in Fig, 16-21. Fo.
specific purposes if an abrupt clutcb operation is absolutely
essential, the manufacturer must b.e notified of sucb operating
conditions and requirenents in advance. There have been instances
when the materlals were changed from cast-iron to steel or bronze
to alleviate this problem,

_-danage
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especially when there are frequent appLications of half clulch or
the l ike, which increases the wear on the fr ict ion plate.

Fig. 16-21

(3) Noises frcn reversin8 turn of the cl.utch

When the clutch turns in reverse, as previousLy,
stated the reversing drive bevel gear, the reversinS idle bevel
gear and the reversing bevel Sear are connected and turn togethen
this nill produce some degree of noise, When the engagqnent of
the teeth on each gear section beco0es poor, or when there is
abraision beLween the idle bevel gear shaft and the shaft bearing,

t



this gear noise increases. In case of the splash-oiling type of
clutch houslng, in r,rhich the lubricating oil la not autqnatically
forced into the reversing gear housing, it is necessary to supply
oil to the housing. At least once in every 100 houra of operation
the lubricating oi1 shouLd be checked, and lf necffisary, .eple-
nished. If this is not carried out on a routine basis excess
wear wlll occur on the teeth, idle bevel gear shaft and lts
bearing.

lG? Ttre flrnctlon of the nedwing cear EquiFrt Inctudira
ItydrEulic Clutches

1) Horsdpo{er

As previously explained the unit of polrer ia indlcated
by the horse-pofier. one horse po{er is equal to ?5 l€.m/gec.

2) Engine's Horse-power

The horse-power (PS) of the engine i9:
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PmexAxLxN
x z  . . . . . . . . . . . . . . (4  cyc le )

2x75 \60

PS . . . . . . . . . .  Porc r  ouLpu t  (PS)
Pme .......... Mean effective pressure (kglcm?)
A . . . . . . . . . .  Sec t iona l  d j rens ions  (&)  . , .  t  f r
D  . . . . . . . . . .  D ianeter  o f  the  cy l inder  (co)  4
L  . . . . . . . . . ,  P is ton  s t roke  (m)
N . . . . . . . . . .  Revo lu t ion  o f  the  eng ine  ( rp r )
J  a \ ' 1 i  n . l 6 F  h , m h 6 F
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3) Torque

As shovin in Fig. '16-22, in the distance froNn the
center rotr to [rl, exerting the force trWtr on the radius, the
horse power required to nake one tum ls:

Force x DisLance noved
Horse Poi{er :

l'{here

Time taken

Force  . . . . . . . . . , . . . , . . . . . . . . . , . . . , , . . , .  W Kg
Distance for going around the

clrcluference once . . . . . . . . . . . . . , . . , 2 T r (T = 3.14)
Ihe distance traveled during N

revo lu t ions  in  one n inu te  . . , . . . , , . .  2 r r  N

'

t1-9. to-zz

?o calculate the horse
should be converted into one second
power is equal to 75 kg.rulsec,

then W x  2rx  r  x  N

60xT5

WxrxN

po,rer, first the di.stance
intervals, since one horse

716
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Where;

W x r is cafled as
expressed by T.

lurning force or torque and is

716 x  Ps
Troque (Wxr) = - T

4) The relaLionship bet!.een Torque and Horse-power

When the cylinder volLne of the englne, the piston
gtroke, and the mean effective pressure are at a fixed constant,
if an increase of horse poter is requi.ed it is achieved by
increasing the speed rgn of the engine, i.e. increaaj.ng the
combustion frequency in the unit tjjne. And, on the other hand,
as the apeed decreases tbe torque increases. An engine increases
iis power output by increasing its speed, while a driving shaft
increases torque by reducing its speed, An increased torque
enables a larger sizb propeller to rotate. llhen this occurs,
reduction equipinent, nanely a speed reducer, is installed between
the engine and the propeller.

5) Application of torque

(A) Clutch capacity

In general, the clulch capacity is indicated by
the maxirurn torque (kg.m).

If the clutch capacity is smaller than the
rlaximun torque, slipping will occur and the clutch will not be
able to transmit the horsepower to the engine.

Therefore, the capaclly of the clutch should
ideally be 25-35 per cent larger than the maximum torque of the
engrne.



f r tc Lton

The DrinciDLe of clutch

. . . .  eng ine  (  rpm)

4 I T" there is no sl-ipping

The figr.["e sholts a tl'iction plate
nhose diarcter is 2R rdth tfE hoLe
dianeter 2r (@)

snalI area ... .  A at x (I?di l ls = 2rT
x . c l x

TA .. .. Torque arourd A ab x
T1  =  AxX
Tota] tlrqre of fl.iclion plate
Ax  R

R

2 r.dx.x = zn ,n3- 13,
r33

x ! x q x '100

0.3 varies according

- 35 ks/ a2

r 00 . . . . . . , . . . . . . , . , ( 1 )

.m)  =  BHP {  716 .2 . .Q)
N rFn

Prate 
o.r=f

s l ip  to rq \ }e  . . , .  T  (kg .m)  =  AR

ir : fl"iction coefficient 0. 1 -
materia.I

q = contact pnessure l{g/qn2 20
z = nunber of fblction sw.faces
Tc = Total slip torqle of clutch

T .  =  ARxuxqxzx

4 .... 8i€ine maxjrnuD torque (k8

rhere

N

i f

Tc

Fl
"t

1 .4  =  . . . , . . . .  sa fe t y  f ac to r
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Fron formulas (1) and (2) AR x z x 0,1 x 35: BHtx
N

716'2

find AR by snplrical
assun ing  z=12 ,8 ,

method by trlal and error.
6, (nunber of friction plale x z)

Nobes:

( 1 ) Request

in the

1 0 0

80

.i- 60
150r 4 0

2 0

tp s l

that
givj-ng

diagran

the clutch manufacturer provideg a
the clutch capacity ranges aa sholrn
below.

Choose the most suitable
type according to this
diagram.

BllP , . ,. engine output
horsepower

Clutch capacity diagram

(2) hen selecting a clutch as well as the torque capa-
city, the following ilsns should also be exanined.

l. The torque and all connectlng parts.

2. Tne ini l ial period (in seconds) before fu.l I
^ n 6 F . l  i ^ n  i a . l f . i h 6 d

The nethod disposal of generaied friction heat.

The life of the friction p1ate.4 .

i\puL ----+ (rl'n)



(B) Transnission of Power and Thrust

When a boat ls propel-Ied the force whlch pushes
Fater tbrough the revolutions of the propeller is called the
thruBt and it can be calculated frce the following fomula.

75xPS PS
:  145.6  x -  (kg)

v1,852
V x -

60x60

75x60
1= -  ( k8 )

nx t

Therefore,

T  . . . . . . . . . .  Tb rus t  ( kg )
PS . . . , .  , . , . .  Power
n  . . . . . . , . , .  rpn  o f  l he  p rope l le r
t  . . . . . . . . . .  Tbe p i tch  o f  the  prope l le r  (n )
V , . . , . . . . . ,  The speed o f  the  sb ip  (kxo t )  1852 E/h

1 lglot : 1852 (m/hour)

Although thi.s is a rough estinate, what can be seen frd[ thls
formula ls that i
If the horse power is increased, the thrust alao increaaes.
llhen the horse poi^'er and tbe pltch hold constant, if the dlaneter
of the propeller is increased the thrust can be also lncreased by
reduclng the rpo of the propeller.

In trawl net fishing or slnilar p.actj-ces, a strong
towing force i.e., a large thrust is required. A reduction gear
device should be installed on the boat for this purpose.

or
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(C) Bydraulic Clutch

As sholln in Fig. 16-C-1 , the engine povJer is

tran$ritted to the clutch housing by an lnner shaft extending

through lhe casing. A Sear-type oil pump (Not 6hotn in the

Figure) is provided to supply oil under pressure for jmproved

clutch actuation,

This clutch is referred to as a wet type dupfex

multi-p1ate desiSn, and it requires no adiustment. There are

twln cLultches, one in the forrBrd and other in the reverse po!{er

!ra1n.

Both clutches are disengaged in the neutral

position. Ho ever, all the Sears are permanently meshed r there-

fore, the direction of rotatlon of the countershaft is controlled

by engaging the appropriate clutch'

The actions of this clutch are the sane as that

of lhe mechanical one. The nialn body of Lbe clutch consists of

lhe friction pLate (Slnter plate)*' a sleel plate, and a hydrau-

lic piston which exerts pressure on the friction plate' The power

transnission process lakes place as folrows (Fi8. 16-c-2).

tlote *Sintering: Forming a coherent.
pordered netal r such
powder, and special.
than 800oC.

bonded mass by heatlng
as carbon porider, copper
alloy powder, to nore
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Fig. 16-C-1

t .  D r i v i n g  s h a f  t
2 .  I o n r a r d  c l u  t  c h
3.  Iorward reduc c ior l  p in ion

5 .  T h r u s  t  s h a f t
6 .  A s  t e r n  d r t v t n g  g e a r
7 .  A s  t e r n  d r i v e n  g e a r
8 .  A s  t e r n  c l u t c h
9 .  A s  t e r n  r e d u c t l o n  p l n i o n

r .  F o r l i a r d  c o n . e  c t  1 o o  I - 2 - 3 - 4 - 5
t , .  A s  t e  n r  c o r ) n e c t i o n  1 - 6 - 7 - 8 - 9 - 5

Fig. 16-C-2 offset redlrction type reversing gear
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lffi lhe stnDt|fe of the .€dr.Etloo gear

With the exceptlon of special redlEtion gears, this one-
stage bvJo gears engaged type dutch is us€d for redtEirg the
engine speed in most flshLng boatg.

(1) F1g. 16-23 shor,F a crcss sectlon of the reduclng

8ear. the r€dlEtion drivirg gear ard the r€dtEtlon gear are
keyed into the clrtch shaf't and the redEtion Bear *laft
respectively. The erds of the clutch shaft ard the redLrction
gear straft are aupported by bafl bearlnSs.

clutch case

IEL
reduction gear case

-reduction driving gear

- couplinF

reduction
shalt

gear

reduc t i on  gea r

Fi8. 16-23



At one end of the reduction gear shaft a coupLing ls flxed and
the por,€r is transnitted to the propell-er throwh it.

(2) To calculate the .eduction ratlo the foll.owing for-
nula is used.

Nurber of the teeth of Lhe reduction drlvlng gear
Red,lct ioh Fat lo

Nuuber of the teeth of the peduction qear

Fig, 16-24 shor,|s an exanple of a reduction driving
gear and reduction gear. Ihe distance beteeen the centers of the
two gears is 162 rm, in {hich a gear with 20 teeth and a gear
ialth 33 teeth are fltted, The reductlon ratio in this case nill
b e :

Reduction ratio = ?q : 0.6 (This ratio sometines is
33 lndlcated by 33 = 1.65)

20

The tooth ghape ia rDodule n6r ftich i9 helical. Tbe helix an8le
is 11o2r37rr. The direction of splrall ing is: left on the reduc-
tion driving gear, and right on the reduction gear.

Note! Module :
pitch diameter (ltm)

nunber of leeth

The gears are oade frdn heat treated chrone steel ldth a Vicker's
hardness of 600 or over.

(3) The ball beari-og

In the reducing equl!,men! a nL&ber of ball bearln8s
are uaed. The parts nurber of these ball bearings are M571-6311,
M572-6\12 and so forth and they ard classified according to their
use.



o. of teeth-20
Module - 6

o f  tee th  -  33
Module - 5

!  1g .  lo-zq

A) Por a{anple: 14570, M571, 14572. . . . . classi fications
meatn:

M570 ... . .  SirEIe !ow' deep groove, I ight load tyfe'

ordinarY class

M571 . . , . .  s ing le  row,  deep
ordinary class

M572 ..... Single roi.r. deep
ordinary class

groove, medilrn load tYPe '

grcove, heavy load type,



B) The nolnin4l numbers sl lch as 6311' 6412 etc. '  indicate

the measurement on their outer diameter, inner diarneter' vlldth,

e t c .
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t  1 g .  r o - z )

M 5 7 0

non ina l  D d  B

6200 l0 r0 9

6 2 0 t  l 2  t 2  t 0

6202 r5 I5 t  1

6203 40 l t  12

6204 41 20 \4

6205 52 25 t5

6206 62 3A t6

6207 12 J5 |  7

6208 80 40 l8

6 2 0 9  8 5  4 5  l 9

6 2 1 0  9 0  5 0  2 0

6 3 1 |  t o o  5 5  2 t

62t2 t to  60 22

62\3 120 65 7 l

6214 125 10 74

6 2 t 5  t 3 0  7 5  2 5

6 2 1 6  t 4 0  8 0  2 6

t 1 5 7 t

no f , i n . I  D  d  F

6 1 0 0  l 5  l 0  I  I

6 l L r l  t 7  1 2  1 2

6102 42 t5 t1

6 3 0 t  4 7  l 7  t 4

6104 5? 20 t5

6 t o 5  6 7  2 5  \ l

6306 72 tO t9

6 1 0 /  8 0  1 5  2 l

6308 90 40 2 l

6 1 0 9  1 0 0  4 5  2 5

6 l  l 0  t l 0  5 0  2 7

6 r l  I  1 2 0  5 5  2 9

6 l t 2  l t o  6 0  3 t

6 l l l  1 4 0  6 5  t l

6  4  l t 0  7 0  3 5

6 l  l 5  r 6 0  7 5  t 7

6 l l 6  1 7 0  8 0  l 9

H t  7 7

non ina l  D  d  B

6405 nO 25 2 l

64\ tC 90  JO 73

6 4 0 7  1 0 0  3 5  2 5

6 1 0 8  I  l 0  4 0  2 7

6t .09  t10  4 t  ?O

6 4 i 0  l l 0  5 0  l l

6 4 1 I  1 4 0  5 5  t l

6 4 1 2  r 5 0  6 0  I t

6 4 1 1  1 6 0  6 5  l 7

64\4  IAO 70 4?

6 4 1 5  1 9 0  7 5  4 5

6 4 1 6  ? 0 0  3 0  / , 4
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1G9 nliDles of le rcdl.Etlq! gear atd the Mraultc clutch

1. Reduction gear trouble

(1) Tbe wear of the reduction gear teeth

It s@etitres bappens that the tooth shape
becotttes xorn aa dqronstrated in Figs. 16-26(a) and (b).

0,."n.'"-/..15i*ffi/':t:

rig. l6-26(a) Fis. 1G26(b)

rn pitching (Flg. 16-26(a) ) nt{trerou.s pin-polnt holes or cavMes
are made around the pttch cl.rcle dlaneter. Ihese holes are fairly
deep. On the contact burface of the meshed gear, nhen the lhick-
neas of the o11 filn ls uneven, 1n a short tine only the thlck
fil.n bears and trananLts the load poFer, qauging an extr€oely
high contact preasure on the teeth, aod thereby dalaglog the
tooth surface. It is felt that the rlse of tbla locallzed surface
pressure is the cause of pltting

Flg. 1G26(b) shous the trear resuttlng frqn a sllding actlon uhen
the gear is under excesslve load. This surface deterioratlon
occurs wben lhe hardness of the netal used for tbe tooth gurface

ls insufflclenl.

(2) Danage of the shaft key my

The key-wayg of bhe r€ductlon drivlng Sear and
the reduc!1on gear may break as ill.ustrated in Fig. 16-2?.



J
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To avoid this, the nut should tlghtened r.rith an adequate tigtr-
tening torque and checked a! least ooce a yeaa to nake sure tbat
the scre{ threads have not been stretched.

SOAr

___ltut

FiB. 16-27 Fig. 16-28

The gear should always be faslened securely by the tiShtenlng
nut. If this tightening force is reduced, due to a faulty screr
thread or aome other reaaon, or in an extrqle caae, if the nut ls
loose, the enti.re transmitting force ls borne only by the key-
t{ay, nesulting in danage to the shaft.

(3) The reduction gear oi1 tsnperature is too hlgh

Bven ijhen the tenperature of the lubricating oil
in the reduction gear caslng rises as high as 100oC, or over,
probleflrs with the bearings or the leeth surface do not neces-
saaiLy occur- However if there is a misalignment present or an
irregular tooth contact, the tqnperature of the lubricating o11
in the casjng wil l . ise to indicate an abnoroality.

According to the general lnspection rutes of
fishlng boat engines, the bearing surface tenperature in the
reduction gear should not exceed 60oC, and the thrust bearlng
tsnperature should not exceed 70oC. Measuriog tbis tqtperature
can be one of t.he yardslicks used for diagnosing problems in the
reduction eouioment,
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2. Hydraulic clutch trcuble

Cause and effect diagrans are given below. (See TRB
No. 19' FiS. 8 and TnB,/50 26 p., 38 p., 5.9 ftnouble-shoollng (1)
(1) coopiled by Shinzo YAMI 0f0).

(Note: ) In the ca.se of an eoergency in the hydraulic clutch
equt@ent use the qlergency bolts if a spar€ plep ls
not available. The load should be reduced to less
than half of the rated output; or foUow speclflca-
tlon given in the manufacturerrs instruction nanual.
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Tabl€ I  Pel lodlc  tnspect lon standa.d for  Sears ( l . lanhole or  v lsual  inrp€cr lon)

Poln t  o f  ln6pecc lon

Is  tooth contdct  mark ln8
fomed ln duch a nanner
.3 shom ln f18'rr€ b€1ox ?
(LenSth of  tooth contact
malk lng lhould be 807) For
double hel tca l  gear3 6re the
contact  of  both l€ f t  and r lgh
61de gea!  te€th f lne ?

.0.25mi

l f  ln fet lor  tooth
contact  1.  found,

p!ec l !e lnspect lon

Ir  there 6ny danaae or  bot ton

Is there eny step or  defect
of  bot tom found ?

8ud o f  t ip . 16 ther€ any bur!
the t lp  ?

8[rr

I f  any, r .pdr
.ccordln8 to rhc
reP!1r standard.

Sr€11 on th€ Is, lhere any Brel t  on rhe
pl tch c l rc le found ?

I f  any,  repal t

& therd.eny desrrucr lve
pl t t lna,  spsl l lna found ?
Is ther€ eny abras1o. ,  or

I r  the c l rcu lar  th lc t ress
kePr et  bore then teo th l rd!
of  the or lg lEl  th lcknes.  ?

no of ProSre..lv!
t r€nd!  by per lodlc

Select  and amly3.

I f  not  sat ls facrory
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Tab1e2 Ptecl6e lnspect lon stendald for  gesrs (overhaul  tnsPect lon)

Polnt  of  lnspect lon

I

Medsure the l ;ngth of  contact
markinS and calculate tlth NS

Acc€ptable to u6e

fector  exceeds 1.5
wl th pre6ent  tooth
contacr .  But ,  l f
daEaae to the tooth

found,  rePatr  tooth
t!6ce eccordlna

Btandard,  Doe!  tb€

becone nole than
1,5 by lnptovtng
the tooth contact  ?
I f  nore then 1.5
-  R€Pal !  accordl lg

r f  less than 1.5

survey for crack Perfoln energencY
tr€atnent  accordtng
to the lnpect loo
Btsnderd and order

Slrvey th€ caude

l) Itea3ure Bhaft

3) Meagule back-

5) Pltch error
6)  Eccent r i c l t y
7)  one s lded

tooth contsct

9) lteer oI

Dlat gsuge

Dlal gauge

Sauae

JudAe coI lect lvery
the condttlon of
tooth contact end
vsrlous mea3u!€d
values l l . ted 1n
the left colunn I

rePel !  for  tooth
sur face o!  other
Parts  and Perforn


