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PREFACE

ThtE t€xtbook on Stern EquiFent for $rll Flshlng Boatg
is copiled frd the ltctule Dot6s for the Flaherles ard llatine
Engineering Tr.aining Course during the l98O-81 acad€nic year at the
SEAFDEC Trahing D€parttont. It is intelded aa . g€[eral introductlon
to aaPects of st€rn €qultr[ent (propeUer) pertllnlng to small lrooden
fishing boats.

Thia text deala vith thr6e nain topicB ! stern equilnent,
especlally propeller shafti gdrall uooden flshing boats uhlch are
populat for Japanese corstal flsheriesr and baslc explanation of
Propelle! equiF€nt.

The discussion on atern equiFont he6 be€n based on Japanese
standalds of safety 6!d regulatlons for fishlng bolts.

FinaLly, the cholce ot tJ|6 prop€ller In r€latlon to the
tugglng force and deaired Bpeed ol ths boat, has been di3cussed only
bltefly tn this textbook. For lurther study of tht6 6ubject, r should
recodnend another book in the SEIFDEC tert serLes, "Strplified
estiration nethod of the apeed of fishlng boat' (TRB/No. 23) by the
sane ccmpiler, oa other advanced Eeference book3,

Bangkok

YAttAno40

SEIFDEC
Ttaining Deparbrent
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Stern EquiDhent for Snall Fishinq Boata

I. GENERAIJ

The nain engine for rnaline use is nainly a pqrer source for
aalvancing and backlng ships. A propeller assenibly consi8ts of a propeller
ehaft anal a sc:.elr propeller. one end of the propeller shaft 1s connected
to the output shaft of the engine and the propulsion power is transmi.tted
fron the engine to the Fropeller through the engine output shaft and the
Propeller shaft.

Itrere are three kinals of stern equipment: the keel type, the
llftlng type end the bracket type.

Keel type

I .

2 .

3 .

4 .

6 .
' 7 .

Inteh€dlate ahaft

Propeller shaft

stuffing box

Scren propeller

Nut

couplirg

Thlust bearing

Fig. I

Figure I sho(sthe keel type propeller assenibly. Here, the
stuffing box (3) ls inserted through the sternPost of th€ ship, and the
propeller shaft (2) rotates in the stuffing box. the screw Propeller (4)
i6 bolteil to the tear end of the propelle! shaft, anil securely tlghtened
wlth a nut (5). Ihe front enal of the Propeller shaft (2) is connected
to the lntern€aliate ehaft (1) by rFans of t}|e coupllng (6). The front
end of the lntenEaliate shaft ls connecteal with the engine output shaft
by n€ans of the coupllng (7). In sone specifj.c applicatlons, the
propell€r shaft Itay b€ connecteal dlrectly with an engi.ne outPut shaft
elthout the int€rmedlate Ehaft. the thlust beatlng block ls sometlnes
replaced by a leduction ge.r box bearing in sloaU flshing boats.



Llftillq tvDe!
lifttng tlpe proEeller
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Stnall fishing
asseribfy sho\rn

boats unale!
ln Eig. 2.

Propefle! lif ting device

30 HP sohetines use

I.  l i f t ing handle
2. lifting tribe holaler
3. v€rtical guiale
4. Iifting tube
5. hanging bea!fuq
6. pr:opeller shaft
7. universal jo lnt
f. intenneCliate shaft
9. ste,rn tribe

10, flaoge coupling
U. propeller
12. ,propeller set nut



Bracket tvpe: The bracket type plopeller
is Eimllar to the keeL type propeller assetibly and
flberglass reinforced plastic (FRp) boats.

Rudder

- 3 -

shaf,t
Bracket

a s s e r i b l y  ( F i g . 3 )
is used for smaLl

Rudder pyopelter

&rgine

Bracket type

for the pr.opeller shaft are brass or

Fig.  3

2. MATERIAI, OF PROPEIIiER SHAFT

The nain naterials used
stainless steeI.

(r)

\ 2 )

Brass bar

B r a s s  b a r  f o r  f o r g i n g  . . . . . . . . . . . . . . . . .  ( B s B f )
N a v a l  b r a s s  b a r  . . . . . . , . . , . . , , . , . . . . . . .  ( N B s B l - )
Eiqh strength brass bar (NBSBI, NBSB2, NBSB3)

Blass wrapping

There are three kinds or brass wrapping:

(a) The brass vrrapping of propeller shaft is carbon
steef for nachine structure (S35C, S45C), covered
with bronze casting by shrinkag€ fitting.

(b) The main material of propeller shaft is carbon
steel for nachine structure (S45C, S45C), covered
nith bronze casting (BC3) in nFre than 2 divislons
by shrinkage fitting. Each alivision is fitted by
vrelding.

Stern tube
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(c) lllro nain naterLal of plop€ll€t shaft la calbon
steel for nlchln€ structr8e (S35C, S45C) whlch
ts pertlally covereal wlth bronze cratlng (BC3)
in lbre than 2 dlvlalons by shritrkag€ flttlng.
Itr€ uncovered aleas ale rgund lrLth corrosl,on
preventlve lope (the uncoveled ar€a ncans th€
surface between the bronze covered s€ctl,ons) ot
adequately treatetl against corroslon.

(3) Stalnle8s stcel bar (sus27)

2.1 Chemical codlposltlon anal phvslcal propertLe6 sl,ecifleil by ifIS

(JIS = Japanese Industrlal Stenils-rd)

(a) Brass ba! for forglng (JIS, H3423)

(b) Naval brass ba! ( ,JIS, H3424)

Chemlcal cctrrposLtlon I Phy6lcal propertles
(Tenslon test)

Sl|dbof

cu Pb IrI)ulity

F e + s n

Z^ Tenalfe
striength

Yg/n2

Elongation

B€bF

62.O

Under

2 , O

Unaler

1 . 5

Renalnder

32 I 5

SlnDoI

cheadcal cdposition I Physlcal ploperti€B
(Tension teat)

Cu sn Inpu!ity

F e +

Zrr Tenalle
Strength

rq/m2

Elongatlon

NBsBl

NBSB2

6 1 . 0 - 6 4 . 0

5 9 . 0 - 6 2 . 0 o.5- t .o
Ullcl€r 0.8

"  o .a
Renain-

alcr

Above 35

" 3 5

trbove 20

20



5 -

tc) nigt strength brass bar (JIs, Ir3425)

sylbol

Chehical codrposition a
Pnyerce-L Properrres

(Tenslon test)

Cu AL F E MN Sn s l
Impurl tl

Pb Ztr kg/"n2
EIonga-
tlon t

EBsBf

IIBSB2

HBsB3

5 6 . O -
6 1 . 0

6 0 . 0
5 5 . 0 -
5 9 . 0

Unaler
1 .0

Under
2 .O

Under
2 .O

Under
t - . 0

Under
1 . 0

Unde!
1 . 5

Under
1 .0

Unaler
2 .5

Under
3 .0

under
1 , 0

UndLer

Under
l . o

Jnaler
0 .8

Under
0 . 4

Under
0 . 4

Under

Renal,n
aler 45

50

20

15

T 2

(d) High strength brass cast ing (JIs,  H5I02)

s]'mbor
chemicaf conposition t Physlcal proper-

ties (TeDsion test)

cu z\ Un FE A1 SN NI
Impu!itl

Pb+s1
Tenslle Eronga-

tl.on t
I  JSC I

HBsC2

5 2 . O -
6 0 . 0

5 2 . 0 -
5 9 . 0

der 4 .0

Unaler
4 .O

2 . O

Under
2 . O

Unaler
I . 2

r .0
Unaler

1 .0

1 ,0

irnaler
1 .0

0 , 5

Under
0 . 5

44

4 8

20

t8

sl'tibol Chemical conposition i

Cu Sn Zn Pb Illpu.rity
Tensile
kq/n'nz

Elongation

BC3 86.5- 9. o- 1.0- - unaler
89 .5  11 .0  3 .O  1 .5 2 5 l 5

(e) Bronze cast ing (JIS, E51lI)

( f )  Stalnless steel bar (JIS, G4303)

syrnbol
Chemical coq)osition *

c s i s N1 cr\
sus
278

undei
0 . 0 8

Under
1 . 0 0

Under
2 . O O

unde!
0 . 0 4 0

Under
0 .o30

8 . 0 0 -
1 1 . 0 0

r8.oo-
20 .o0

the mechanical properties of the shaft ba! (hardened by heat
ttealaent), such as tensile strength' yieldlng point, efongation, conEac-
tlon and lnpact strength, are stanalardized as tabulateal befot.

Sldro: llcehanlcal plopertles. Inoact test I Haralness test

Tensile
strength
- 2Kgl[!n

Yielding
point

K!I/!m

Elonq. contract- Check value Hardening or
temperirtg#4 (charpy)

. 2k!t/ror E HB

sus Ab
50 60 60

Unaldr Under

90



2.2 Materials Epecifieal in Mallne Bnqine Reoulations

AlticLe 5 of the tlarine Englne Regulatlons ln Japan classifies
the propeller shafts into tno categories:

Category IncLuales all propelle! shafts which have monoblock
sleevet those whlch hrve equivalen! antl-colrosion
valu€ and those $hlch bave an adequate device to
lubrlcate the stern aas€It5ly (propel.Ier asssnbty).

- 6 -

hcludea al,l propeller shafts other than thoae
specifleal ln Category I.

Cetegory 2:

The application of these two klnd6 of propeller shaft for
fiehing boats is regulateal by Art. 196 of the llatine Engine Regulations,
but it is to be understood that the lnvaliabfe nutber for calculating
the dianeter of propeller Ehafts is "144" for Category 1 antl r'10oi' fo!
category 2. The ilia.nele! of Category 1 shaft is srallet than that of
Category 2. (See Appendix I ). Exphined bel"ow are sohe details
concerning propell€r shafts, extlacteal from the Marine Engine Regulations.

Propeller shaft with nonoblock sleeve

The steel propel ler shaft  in Fig. 4 belongs to category I .
It is protecled fron corrosion by being coveredl with cprrosion-resistant
alloys such as brass. The fltting is done by shrlnkage.

e-{.1,.
:_l

pEopeller shaft

Figr

( 1 )
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(2) Propeller shaft nhoee corroElon reslatibilitv is hiqhet
than that of t0oncblock sleeve shaft

Eigute 5 sh6ts the prop€ller shaft those corrosion
reElsttbllity ls nuch hlgher than that of the rnondloik aleeve shaft,
but the diffsieDce is that it ls used f,o! corq)aratlvely snaller boata.
Thls q'pe of propeller shaft also befongs to category I.

l r 9 . 5

Fo! thls t]rpe of propelle! ahaft Art. 34 of the llarlne
EngLne Reguletlons desi.gnates th.t "Ilte nohferrous Daterial for the
prop€ller shefting (er(cept the screw propeUer) is subject to the
apploval of the ReglonaL Marine Authoritlaa for the test stanalard on
neterlals useilrr. The hlgh str.ebgth bra6B bar JlS Ha425 satisfies thiB
lraterlal stanalard designated in Art 34, Besides, the tliameter of
the shaft luat be 1.O5 tihes Iarger thatr tbe diainete! of forgeal steel
plopelle! rhafts. We n111 e:.pl.ain late! the fufl particulals of hoi,t
to calculate the dianeter of thl8 kind of, propeller shaft.

(3 )@
shrinkaqe flttinq (ltl rnor.e than 2 divisions) and flxedl
bv welalLno o! th€ propeller wlth Lubrlcation svst@
for stufflnq box

Fiqure 5 shows the plop€ller shaf,t covereal wlth btasa
wrapping. Th€ blaas wlepping ia rlade at teo Bectlotls of tie Bhaftt
th6 aend naterlal (brass pipe) 1s welded th the nld-suf,fac€ bebreen
tlese tr,o brass slappings and gtease or ted lead iB packed ln the Bpace
betweon the sh.ft surface and the. eeltled brass plpe. such e ahaft la
approv€d for Catego:iy L. If the tdtl-braBs pipe 16 connectea by solaleling
ln8tead of weLdtng, the shaft belonga !o category 2.
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Steel propeller shaft

Blass wrapping

oll (machine oil, red lead)

BEass plPe
Bras6

Steel propeUer shaft

Rope & anti-corrosion Paint

rrg. /

( 4 )

"{1
vrapplng

Fig. 5

Propeller shaft with D.rtlal brrs6 wraDDlnq atrd anti-
corrosion treatlrent between the wrappinq

Figute 7 sh€trs the proPelle! Eltaft of categoly 2. The

br.ass wrapplng€ are nade in nore than two dllvi'sions' and l:he space

betneen these briass wrappings 15 wound uP wLth toPe ot vlnyl taPe or

rulcber tape, anal coatea wlth anti-corrosion palnt as Ehot'n tn Fig' 8'

Anti-corroslon paint

Vtnyl. tape

Brass

Rope

Fig. a
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(5) Paopelle. shaf,t Bade of stalnle!! st6€l bar

The propeller shaft haale of atalnlaas at6el b.!
(,lls G4303) belongs to categort' 2.

3. TIEAK POINTS OF PROPEI,],ER SHAET

3.1 C(rroslon of prppeller shaft boaa

Itle plopeller assedbly is alirays aubrcrgetl ln se! sater and
is subject to colrosion unless well haintalned, palticulally lrounal the
flxlng portion between the propeller boss antl th€ shatt. The hrln
trouble of propelLer ls always caused by fati$re aue to colrosion .nd
apecial attention shoulal be given to tie fotloelng polnt3.

(1) lhe propeUer nust be prop.rly flxea to tjr€ tqr.red
ahaft end.

( 2 )

( 3 )

The nuts rdust be tlghteneal to ftt the bladea to the
boss anal to Ore taperetl end of Ur€ shltt aecur.ly.

lfaterproof rubber packlng Bhoulit be used !a shcirn la
Flq. 9 to pleveht sea wate! f!o!r penetrrtltB lnto th.
boss o! lnto the tapereal enal of th6 sh.tt. Uae aa tlght
rubbe! packing as poaslble, If, looaely packed, glootrlrry
corloslon will be generat€d by p.n€tlatlng sea ratcr.

opell€t bosa

Rrltber packlng

aEa {raPplng

Propeller shlft

Fig. 9



B!ass
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Fig.  10

(4) In the propelLer shaft of Cat€goly 2, the non-nlalDed
portion b€tneen the braas w:.applngs ia coveleal sith
sheet copper (see Fig. 10). This shee! copper is
liab1e to corne off anal al1otr lvater into the shaft.
This should be kept in ninal lthen solalering ls belng
alone.

Soldered Soldered

$rapp1n9

Propeller shaft

'(5) 
The brass wrapping is made tight by shrinkage flt. It
can be asBrirned, ho!,/ever, that this shrinkage fit will
becorne loose or cracked by englne vibration or vibration
caused by wear of bearlngs or by twisting motion of the
shaft. If it becomes cracked or l-oose, sea water i.ill
peletrate into it and generate rust. Therefore, tie
brass wlapping anal cotrpe! 6heet must be checked fron
tine to tifile by stliking rith a hallet. If a dutl
hanmerlng echo is audille, t-he blass. $rapplng ldght be
loose and nust be replaced.

(6) It is stated in the Japanese I'lerine Engine RegulatioDs,
Art 230, Iten 5, that I'The propeller shaft lll\rst be
protected fron the alirect contact with sea water as much
as possiblerr.

3.2 Ke\^tav of Fropel ler shaft_

The keway is specifleal in the Maline Engine Regulations,
A-rt 230, Itens 6 and 7l
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Iten 6: The botton corners of
be made lounal lrith a'| adequate R

the propeller
aleg!ee.

shaft k e]^ray
should

E i s .  1 l

cotter of propelle! shaft nust be inserted intorten 7: The
lts i'ray s€clrrely,

Be€ldea, it€ms 6 and 7 speclfy that the
the cotter $ay is to avoid cracklng and
ltE way securely, allowing no shaking.

"R" at the botton corners of
the key nust be inserted into

3.3 ltisaliqnnent of propelle! shaft center

ahe propeller shaft nust be aflgned correctly on lts center
line. If ndsaligneal, the bending stress will be created and the
repeated stless u111 bleak the shaft. The shaft alignnent is nec€ssary
especlally when the englne has been installed before launching of the
boat. In such a case, the boat center ls delangeal by water Pressure
after launching and in consequence tie axial' center of, the proPelLer
shaft nill be aterangeal. Anothe! cause of nisaligntnent ts a ne$ engine
bed i{hich nilI become a fittte lower 1n p:.actlcal use causing the
propeller shaft cente! to shift. For this leason $hen a n€ry engine
ls instatteal it ls irq)erative to leali.gn tlle prop€llet shaft center
after the engine has been used for sorne time.

Flg. 12 shows two klnats,of jo ints of proPel ler shafts.  Ihe
erg)erietrce has sho!,rn that the joint (a) i5 nore likely to break than
the Jotnt of (b) fom. Therefore, (b) forh Joints are non cott[Dnly used-

rounded



(b)

i.iq. 12

Sonetires, the propeller shaft nay br€ak due to tlte worn out
beerlng€ of the stuffing box, Wten the atufflng box bearing is worn,
tlle plopeller shaf,t !rif1 becohe shaky. llhelefore, the clearance
betneen the bearings anal the shaft muEt afutay8 be naintained norrlal ln
reference to t-he standaral t€b1e reproducetl below.

( a )

Clealance betlreen beallnq and shaft

Dtaeeter of
Propeller

Standard clearance (!rn) CriLical tinit (m)

Lignumvitae llhlte netal Llgnurwitae lihite rEtal.

(trur)

Under 25

"5o
n  7S

" 100

" t25

" 150

0.4

o .4

0 . 4

0 . 6

0 . 7

0 . 3

o.3

o .4

l .  L

1 . 5

2 . 2

r .1

L . 2

t . 4

f . 6

1 . 8

Not€: 8or fishing boats the clearance llnlt nay be 1.25 timeB of the
Etanalald values tabufated above.



{ . PROPT'LSION PO9IER AND PROPEIIAR

4.1 !I4&19!-!9!g

Shj.p! Man pcr€r .. . . .  oat, PaaltD.e, Pol€

ttlntl folce ,... 6rll

M6chanlcal Potcet

St€lr anglne

ste|ti tt l.blna

I ntcrnal-ccduatLon
ongrn6

-outborrtl sh€€la

-itct Propul6ldl

- voi.th-S durelal€r
ploPaller

- sclGU propcflerEl6ctrlcal ayatae

lea! Dd€! altgina

(l) tl.n pow6!

Th€ nan poirct l.a stlU ua.il for ldvlncfuig or backlng
lnall ple.r\rr. blts o! rDall transportatlon boat3. lhosc otu boatg
rtre usurlly ttbv€il \rlth 0116, Irol6B or Paaldlca.

( 2) !4!!!_Ps:e5.

1t6 irlnd polrer la useai for yachta, co!6tal ft8hlng shtp8
anal sd|e d6cp-s€r fl,shlDg shlps. but at Dlasant .LDst all tho ftdllDg
shl.ps ere tlbvea eith et|glno trFDcr. Hqta$al, ln th€ tlEa uhen Ule
Dach$Lcrl propulBlon vas not as rdv|nccd rs ln the lEdern days, aU
rlavlgltion had dcpelded on *fural forcc.

(3) !99Es14-EsE9-lsslElgEr}

ftc nechrnlcal polr6! Ia tl6 raln laans of ptoPula.ton
nd used foE shtpa and boatr. Iho Dchrnlcll Dodar !€atls €ngln€ lpu€r
r.hldl tnvolvcs 3t.rD €nglne!, ato.l tusbl,nea, ltrtertral-@Suatlon
.nglncs (Dl€gcl .ngirl€r hot vrlve chglnalr al.ctltctl lgtltioh cngines'
nucl.ar enqlnes .ttd 6l.cttlcal Bystsl. tha.e ctrgtnar ara @unt€d In
ahLpB or boats arrt trtoFl, t-tt- by a€rna of varlo[s tltrds of proltclletB
lnrolvlng ouiSoaltl irheels, Jct t!.oDulBlon rystu lnil Vottn-Schttctale!
plopeUe!.
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4.2 PlopelLers

4.2.1 Classi f icat ion of propel lers by tvpe

(a) outboard t,lheels

The out5oard paddl€ wheels weie nuch used in the
19th century as a beans of propelling ships. The wheels, which we.e
rnount€d on both siales of the ahip, were nroveal by a certain notor
poerer and paddled tie water to aalvance or back the ship. At pfesent,
hooever, these outboard wheels are found ralely in speclfic ships on
Lakes or i[ shallow river navigatlon.

(b) ,tet propaLler

A Jet IEoBeUer Ls useal for hlgh-Epeed propulsion
blt lreans of a powerful, punp Ehich jets water or gas backwaral to aalvance
tne Ehip by the Jet reaction force. It cainot tlisplay lts full capacity
unl.es6 used in supelhigh speed. It is nainly used for aircraft, but
not luch used fof, shiDs vet.

(c) Voith-Schneialet DroDelle!

The Volth-Schnelde! plopeffer creates a propulsive
fotce wlth several blades that oscilfate in confondty with the rotation
of a disc tllat ls atriven by a vertical 6haft. Thls propeUe! is hainly
used for tug boats in harbours. It is not used ln deep sea navigarron
as it6 tnechanisrn is not suitable for ocean-going ships.

(d) Screlr propeller

Alnost all propellels nciw used are the scre$
plopellers. The screr,, fE:opel,let was alevelopeal in the tate lgth
century anil has been nodlfi€d to the p:e6ent tlpes in repeated
lq)rovehent6. The n|me "screw prope1l6r" orlginatei ftoti the blade
forn of the sctew and at present it is populaltzed and is usually called
eimply "propeller".

4.2.2 99!C!r p!ope11er6 classlfleal bv form

There are tlree kinals of propel.Iers lf classified by
forn' namely, flxed pitch propeller, variablo pitch !,ropel]er attl
nozzle propelle!. We shall proceed by er(i)lalnlng the fuu. detalLs of
these three klrds of propeflels.



( a ) Fir.ed pitch propelfe!

Alnbst all scre* propellers now used alle the
fixed pitch propellers, their pitch Ernal angle cannot be changed aluring
oPelation. The stationary pitch propellels can be firth€r sub-
classified into two kinds: one is the unifotm pitch proFelle! in which
the take ahgle of alf, blades ls nade L'ith even raalius, and the other
is the yg!l1ilg!__p!9!9l]!! in which the pitchirs ansle of blades is
alifferent. tlle classification lnav be sunherized as follor,rs:

Untforn pitch propeller!
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va!i-pitch I)l.opeller:
(Increase pitch or
decrease pi tch)

!4ain1y used in
comparatively snafler
ships oi in 2-shaft
ships ( 2-propeller ships)

UsuaIIy used in
cc.nparatively Iarger
ships.

As nentioned above, the vari-pitch propel.fer can
have an lnclease pltch or a decrease pj.tch. An inctease pitch means
tlat the blaal€s spreaal wide! at the blade top and ale narrsser at the
root. A alecrease pitch neans the blade pitch is maale just inversely
from the increase pitch, i.e., gradualty narrcnrer at the top and
comparatively wialer at the root of the blades.

which one j.s better suited to a ship deperds on
the kind of rudder lrhich is afways placed at the rea! of tne propeller.
Ihe increase pitch blade has effective propulsion power for streamllne
ludders anal tlle alecrease pitch blades is said to be effective for
reaction type rualalers or contra-ruddlers. Eor this reason, the uniforn
pltch propeller is usualty used for small boatB or 2-propelfer ships
anal the var:i-pitch propelle! is used for larger ships.

(b) cont lolable pi tch ptopet le!  (C.P.P.)

The controlable pitch propeller rneans that the
propeller pltch angle (rake) can be changed as necessary duiing
operation. The specific feature of the vari-pitch propeller is that
the ship's course can be changed as the circumstances require.

The ship can be aalvanceal or backed freely vrith
th€ englne and shaft revoluatlon at constant speed. The advantage of
this is that the engine output tr>dlre! is fuffy utilized fo! tugging at
high speed by propeller operation. For this reason, the controlable
pitch propeuers are suitable for tug boats anal trael boats that
require large load variation, and also fot boats with a gas turbine
which cannot operate at reverse revolution. We cannot, horever, aleny
some disaalvantages of the contlo1ab1e pitch propeller. the complicated
sttucture of propeller shafts anal boss, and lts high cost,
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calleal ircolt Nozzl-er'.

4.2,3 Screw plopel1ers classi f ied bv nerchanical  str l rctule

8y nechanical structure, the screw propellers rnay be
classified into two kinds: the npnoblock tl'pe anal the assedbly type.

( a ) Moncblock propeller

Nozzle ptopelfer

The nozzle propeller otr€rates in a cylinaler

(b) Assenblv prop€ller

- 1 6 -

The blade angle {rake) is adjustable lrithin
the sfit of the boltlng hole.

The bolting hole nay be naale ovaf and pitch
nay be changed as intende\il within this oval
hofe.

The screw propellers used in uitsubishi "DAIYA"
diesel engines are of monoblock casting. 'l,lonoblock " rieans that the
scren anal the propeller are in one piece.

In the assenbly type propellels, the screw blades
anal the boss are cast sepalate1y and the blaales are bolteal to the
boss. The advantages of the assenbl.y t]?e are;-

i ) The blade is replaceable ehen danaqed by
corrosion, and several blades nay be
prePa-red for replacenent.

1t )

i i i )

iv) The blade can be cast ea€ity $riFhout large

The boss can be naale sepalate1y with haraler
rnaterial (caat jron) sixed with such naterials
as lBnganese or brass.

However, the assenbly type propellers also hav6
sone disadvantages. It ls inevitable to tnake the boE6 conparatlvefy
larger for the pulpose of bolting the blades, A large boss r€ans an
increase in propeller eeight, which ln turn wlll- cause the propulsion
efflclency to alecrease to a certain extent.

v )



4.2.4 scleer propellers classifled bv levolvlnq allrection

Flgure 13 shoss tbe p:iopelle:. front facing f:.o[ the
st6rD siale. There e'ie tt'o revolving ilitecti.ons: clockr'iae antl
counter cLockwlEe, as shorrll itl Fig. 13.

counterclockrrise turn

F i q .  l 3

(a) one _Eropelle! shaft ship

In the ships wlth ()tre shaft Propeller' the
clockdise tuln propelle)i turns the shlP steln in the starboald
dlrectlon and the shlp bou in the port side direction. on the conttaty,
the countercfockwlse turn propeller turns th€ shtp stetn side in the
pott direction and the bow side in the stafboald direction. This
specLflc nature ls appreciabfe in Lalge class ships, buq in snaU ships
Lt i6 not so r€trt€.rkable and may be neqligible.

(b) I@gpellgr-slefgfhlP (rlin dtive)

In tr,o-I)ropel.ler shaft Bhips, it is usual that
the starboald sidle propeller !6volv€s clockwis€ and the port 6iale
propell revotve3 counterclockrdise. llhl3 la also called .outwrral tuhing".
On the contlary, lf the statboaral slde propeLler is rnaale to tuln
counterclockwise anal the polt siale Dropellei turns clockwise, this ls
callea "innard turning" (Fig, l4a, b) .

CIock

I
/
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( a ) Out\raral turning pair. ( b ) Inward tuhing pait.

F is ,  14

4 . 2 . 5

by t-he nu.nber
blades anil so
Propeller for

Screw propellers classified bw nunbet of Slades

There ale several kinds of propelLers if classified
of bladesr 2 blades, 3 blades, 4 blades, 5 blades, 6
on. The selection deperds on the appLication of
ships as described below.

(a) Blade nuniber in classification of applicatigl

S n a l l  l p t o r  b o a t s  . . - . . . . . . . , . . . . .  2  b f a d e s
Ftshing ships and war ships . . . . . .  3 blades
Cargo shj ps, pasaenger ahipE'

tankers and nercantile ships.,. 4 blades
Lalge f le ighters and tankerB . . . . .  5 blades

specific application for
e l i t n i n a t i n q  v i b r a t i o n  . . . . . . . . .  6  b l a i l e s .

(b) Plopeller efficiencv & vibraticn

Effici€hcy: Usuauy the propeller efficiency
wiu. decltne, 1ittle by little, in proportion to the increase j.n tlle
nurnbe! of blades, But lf the nutiber of blades is j.ncrea6ed, the
otr)timrtn propelfer dianete! $lll dlecrease. Thelefore, fene! bfades
mean better propulsion efflciency. Thls nean6 that a  -bl.aale propeller
is !ro!e effectlve than a s-blade propell€r anal a 3-bIade propelle! is
nore effective than a A-blade prop€Uer.
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vibtation. rt is saial that abnotnally large
vibration wl-1} occura by resonance created tthen the value of plopeller
speed (rFn) anal blade nunber cones near the value of, ship vibration.

The characteristics of Propeller efficiency and
vibration for 3-bfade anal 4-blaale propel-Iers which are now connonly
used in ships are compated below:

optim$t alianeter . . .. . .. . . . . ..The dianeter of, a 3-btade
prop€ller is large! thaJl that
of a 4-blade propeller.

Propulsicm eff ic iency. '  .  . .  .  . .  .A 3_blade ptopel ler is a l i t t le
better than a 4-blade propelfer.

v i b r a t i o n . . . , . . . . . , . . ' . . . . . . . . A  3 - b l a d e  p r o p e l l e r  h a s  a  l i t t l e
Iarger vibration than a 4-blade

Propelf,e..

Pt ice .  .  .  .  .  . .  .  .  .  .  . .  .  .  . .  .  . .  .  .  . .A 3-blade propeuer is a l i t t le
fess expensive than a A-blade
propeller.

4.2.6 screw propellels cfassifieal bv blade forn

- There are three kinds of scrett ptopeller if classifie'l
b]' forn, as shcttn in Fig. 15.

(b)( a ) oval blaale Round blade

Fig.  15

Tir is ted b lade( c )



lny one of thes€ three plopellers is applicable for
ai|y ship v'ithout roch dlfference In pelforrE rce. Cenelally, single
propel ler ships use ei th€r (b) or (c),  and the oval forn (a) is
usually used fo! twin-propeller ships. Ihe ships for deep-sea fishing
are always subjected to waves .alashing agalnst the bl.adles, \rhich causes
cavltation phencaEnon on the propelle! surface. Hence, tie pl.crpelle-rs
t,'iU be damaged by rmexpectedly quick corlosicr. The rotmd blade
screw Fropeller (b) seej|s to be the nost sultable for aleep-sea fishinq
boats because tlle propeUer with wide blade ettls is ef,fective in
avoidinq cavitaticn.

4 .2 .7@

Aerofoll typ€ ... .. . . I TTRI type (leadlng edge wash

{ back)
t Troo€t type (Ieading edge and

trailing edge wash
back )

Crgtval tt|tr)e .. .... ... (alone or segrnent type)

TIRI = Tlanstrbrt Technical Resealch Institute in Japan

Note: In the cross sectlon the aerofoll typ€ blade
reseribles the wing of bilds or aircraft.

(a) I3l]_l]tpe

Arncmg the aerofoil type propellers, the one whose
wash back is only at the leaaling aalge is called the TTRI type, The
thlckest point of thls blade is at the 35t fron the leadlng edge.
This type is afso calledl the "U" type aerofoil bfade.

(b) glgggq-:qlEg

The blades that have l'ash back at
calleal "Troc'st type". The thickest part of the tloost
the 35t fron the edge, as showl in Fi.g. 16. This type
for 3-blade, 4-bfade o! 5-blaale screw plopellers.

lb*t 
"ag"" 

.t"
type is also at
ls conhonly used
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TTRI type

a /  E  0 . 3 5

Troost type

a /  =  0 - 3 5

ogival tlpe

a /  =  0 - s 0

( c )

Fig.  16

Oqival tvpe

ftre acting sulface of the ogival tt'pe propelle!
ia plaj.n anal t-he thickest part is in the middle area of the total
blade eidth. Itre back surface forlls a dodE of about one-quartei of
the radius.

4.3 Dianeter of propellet

The allameter of propeller heans the diarEter that a bladle
describes in revolution, j.t is just 2 tirnes the ladius of the blaale.
(Propeller blade ladius x 2 = dianeter)

4.4 pi tch

The pitch is the advancing distance of the actinq sw:face of
the blade by one turn of the plopeller. The advancing surface of Ene
propelLer (iten 3 in Fig. Ia) forms a screir, In other woids, the pro-
peller pitch is the distance of the axtal advance by one trrln of the
propeller blades, ir! the same way as a nachine screr advances while
rotating al-ong a threaaled ho1e. As explaineal before, the screlr p!o-
peLlers ale classified into two kinds by form and hence thele are tno
ktnds of pitch, the statidrary pitch and t-he vari-pitch.

The stationary pitch propell€rs are conparatively sihple in
Btructure anal are generally us€d for fishing shlps, snall freighters
and tug boatE. The vati-pitch propellers sre rnore applica-ble for assenbly
tl|:)€ propeUers and are appreclably rnore eff,ectlve in propulslon power
compated lrith the stationary ones, anil ale often used in large passenger
ships and tankers.



The pltch 16 moasured rdth a pltch gauge (s€e fig, 17).
In tho v.rl-Xrltdr !'rop€lle!5, the pl,tdt ts tLfin€d b!' averagtng
aevelal vrlueg Dea.sur€tl at Eevetal lldluSeg of lalvanclng sutfaces
of blafies. In the statlotary pltctl plop€Il€la, the pttch ts
alafin€d by the.verage value lr€asureil on full slze of the advance
aur.faco of tha blaale. Ttre n@lnal. I)ttdl valueg thus obtaiDed shoula be
s1tlrin perrnla8lble €rror In practice. we siall proceed to elaplain
hcr to a6a5ur€ the pitch with a pitch 9au9e ln lefe,.enc6 to Flg. l?.

(a) Place the prot€Uer @ a flat aurface.

(b) Flx th€ pitdr g.ug€ shEf,t lnto th6 prop€1ler hole with
the aalvance sulface upwalal.

Pltch gawe

Squatle gauge

tch gauge
Sllcle heasure

Flg. 17
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NOMf,NCIATURE OF PROPELI,ER

(1) Dianeter
(2) Rake
(3) Aalvancing surface
(4) Backing sulface
(s) LeadiDg edge
(6) Tiai f ing edge
(7) Blade $idth
(a) Bhde thickness
(9) Develop€d area line

(10) Projected area l ine
(U) Boss
(f2) cone part
(I3) Iievolving dilection

Fi9. l8

(c) Next, attach the pitch gauge to the pitch gauge shaft,
. anal aaljuat the sfiale neasure 60 that the end of the

pitch neasure bar slightly touche6 the "arr point of the
aalvance surface of the propeller blaale.

(d) Read the length "a" by neans of the pitch measrre bai,

(e) Turn the sliile neasure blr e angle, then the pitch neasure
ba! enal noves along the dotted line of the advance
surface of the blade as shol^m in Elg. 17. At this point
read the length of the pitch neasure bar "a2".

(f) Then leading the Iength of "aI", the pitch ,Hrr at the
protrEl1er can be obtalneal by the fotlowing
forrnula:
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( a ^ - a , ) x 3 6 0

in rtrich the (a2 - al) neans to subtract from large! valtte. either at

' 

,", ,, the tulning angle of the alltle Deaaure ls assulreit
to be either 360 or lqo, the ab6re calculatlqr $ay be
sixpuf led as follows:

€  -  3 6 0 ,  H = I o  ( a 2  - a l )  s =  l a o ,  H =  2 0  ( a r a l )

lher6 Is anotlEr siq)le n€thoal to neasore tjra pttch \f,Ltfrout the pltch
9au9€ bar, but this nethod nay give only approxi.nate valueE:

(a) rirat, alesclibe a cLrcle of the propelle! raalius x O.7
(O.? tines of tie ladius) on a level sulface,

(bl Place ihe propellet in t$c cetrter of the cfucle (the
bo66 center being Just in th€ center of, the cilcle)
with the actlng surface up$aral.

(c) ltre blade top6 are out of the cllcl€ ILne by 0.7 as shoen
i! Flg. 19. Measure the atc length frdr A to Br thls
nleasu!€d length is assunedl to be "C'.

F19. 19



(d) Apply a steel neasure fittlng lt to the aalvaDce
surface frofi A to B and reaal the value at lhe 6tee1
neaEure In intersecting wlth the calpenter rs squale.
These values are a6sunCd

(e) wtth the values the pitch tl can be obtained
by using the foLlowinq formula:

- -  2 ? t  x  o . 7 R  ( b  -  a )  - _  4 . 4 R  ( b  -  2 )

(f) The pitch of each blade of the propeller is calculated
in this l'ay and then the approxlhate propeUer pitch
can be obtained by averaglng tl16 values of each bfade.

4.5 Pitch rat io

The pitch ratio indicates the relatlonship between the pitch
and the alianeter of the !'ropelfer. Since the propelter alianetel is
restricted by the ship draft, the selectLon of pitch atso ilepends on
the sbip alraft. If a certain speed i.s required lrith a snalfer dianeret
propeller, it is necessary to nake the pitch ratio larger. In othe!
worals, if faEter prop€ller revolution is required, lt j.s necessary to
nake the pitch-ratio larger. Anyho!,r, an ad€quate pi"tch ratio atepends
(nI the sh\) 's Eize and speed.

The follo{dng tabl€ shons the approxinate pitch ratio used in
classificatlon of ship tlEe6. These values are an approximate stalrdard
for reference only anal may be Eubject to some va.riation accorating to
the nunber of blades.

of ship Approx, pitch ratio

Ocean tug ship

River tug sbip

uercantil-e ship ( tow sp€ed)

(lledium " )

(hiqh

Pleasure boat (rould bottom)

shape bottdr)

l|lgh speed boat

0 . 6 0

0 . 7 0

o . 8 0

0 . 9 0

0 . 9 0

L . o 0

1 . 2 0

Pitch rat io p = 3 ln i {hich H . . . . .  pl tch and D.. . .  propelf ,er dia,



4.6 Blade anqLe (rake)

The blade Lncfination fr(!l the center line of the boss is
cal led the "blade anqlg" or ' raker (see Flg. 20).  I t  is usual that
this anqle ls about 1O"- l5o frcm! the boss center line to$tard the
stern side^ (back\rard) . fhere are sone speciflc propellers whose
an91e is O" or which are inclined inversely frontward.

ination

Inclined anqle

Virtual thickness
of blade at the

Fiq.  20

4.7 Blaale face

The steitn side (back sjde) of th€ prop€ller blaales ls called
advancing surface or acting surface anal th€ Lrow side (front side) ls
cal-led backing sut face o! "back".

4.8 Blade edqe

The blatte periphery is caued th€ "blade edge'r. The front
edge ls the "leading ealge", and the rear edge is caUed the "trailing
edge", Fig. 2J. sholrs the tlaill-ng edge wash back whete the advance
sulface is Blashed off frcm the dotted }lne.

I
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Back arrface

MvaDce aurfece

llaah back

F i g . 2 1

4.9 Elade ireaalth

In the al€vciotsenrt d.rawlnge, tho naraLuu$ posltion of a
plopeller blaale is the sljl€lt area of, a bleal6. Ihe ratio of thia
naxinun wldth anal the blaale dlanat€! la call€d ti6 llaxinun blade
breatltb ratio. It ls forlulat€d ln the follctslng say:

!-v blade bleadur
tlax. blade breadth ratio - 

ffi"t"i:

Av€r.age blafle
b!eaalth

E  g .  2 2
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since the propefler blaales afways forn an oval or a defonned
oval, the breadth of a blade is indicated by virtual width that is
obtained by divlding the developed blade area by the blade length. The
latio bet\reer! this average blade breadth and the alianeter is called the
"blade breadth ratiorr, It is foi&rlated as:

Blaale bleaalth ratio = @

4. J.O Blade thickness

Itern 8 in Fig. fB is the sectlonal vie\r of the blade to
indicate its thickness. As sho$rl in the flgure, the tbic*est point
is always nearer to the leadtng eilge except in ogivat type bfade where
the thickest point is in the iniddle poaitlo! (!efe! to fig. 16).

Blade thickness =

(Refer to Fig. 20)

4.11 Disc alea

Veltical thicknesg of blade at center
Plopeller diameter

The alisc area is the circle which a DroDeIIer describes in
revolutioll.

4.12 Proiect ion alea

The projection aliea means the area surrounaled by the blade
contour facing tonard the cente! of the blade, as indicated by the
arrow 1n Fig. 23.

Developed Projection alea

F i g . 2 3
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4.13 Developed area

The developeal area means the total area uhere al-l culves are
developed flat on the drauing lraper, as shown in Elg. 23.

4.14 Expanded alea

The expanaleal area neans the totrl pfaln alea in ehich the
cntves of tbe developed area are expanal€d o'r a flat sulface. In other
worals, the area is obtained by apptyj.ng a Eheet of paper on a bladei
this area is neasured and oultipli€d by the nultber of blaates in ortte!
to obtain the total area.

4.15 Surface rat io

Usually the surfac€ ratio (oE dlsc .rea ratio) rneans the
value obtained in dividtng th€ expanated area !'y th. disc area.

4.16 Boss lat io

The boss ratio aEans the ratio betrreen th6 dlanete! of the
propeller boss anal the alianeter of the prop€Iler. Assurning these
alianeters to be B and R, the boss ratlo can be obtained bv the
foLlolrinq fornula.

Boss ratio = DlanPter of bropeller bo6s
Dia[eter of EEopalfe!

The boss ratio wiII aliffer accoratiDg to the prclp€ller
etructure, but usually the boas latlo hay be detenntned approxirately

Monoblock !,ropeLler 0,16 - 0.20

Assenbly propel ler O.23 - O,25

5. PROPELI-ER SIJIP

Like the bolts being screreal into nuts, the propeller
assenbly will advance revolving against rrater. Tha bolt, holreve!,
advances definitely along a solid thleaded hole, ehereas the lxopeuer
which revolves against water lesLstance is subject€d to pley bf' slipping
anal one turn of propeUer tloes not alyays advance the ship exactly as
the bolt pitch. Such play is called th6 "propollet sLlp" and the sup
ratio rnay be represented by the follo,ing fornula:

"up = (Ptopeltg sp99d) - (Bgit 6Feed) x too (i)- Properrer speed
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Flom the above fornula, assuning that one trtn of the

propell-er blaales alntays advances the ship bY g(m), like the bott

unflss tnere is slipping, and if it rlms N revolutions, the Propeller
revotution ought to be indicated bv H.N (tnlnin).

The propeller speeal rnay be exPressed in netric knots' Since

kbot is a ship speed unit indicating 1852 tn per hour (30.466 !l Per
ninute or 0.5144 n per second) lhe knot speed is obtained floln the

follovring formrla:

6 0 x N x H
1852

= knot (propeller s!'eed)

Then, assuming the ship speed is vs knots, the sliP can be

obtained wit}l the foUoltj.llg formula,

6ONH
fa52

SIip 6ONH

lropelIer. speeal 3 0 . 8 6 6

Ship speeal Vs

Advancing speed Wake

6ONH - I852vs
x  I 0 0  ( t ) x 100 (B)

6ONH
f852

since the slip speed vs is rneasured on th€ basis of the

rnilepost otr lanil, the slip calculated in the above fornuta is cal1e'l

"appiren! slip". In contrast to this if water wake is anLicipate'l

for propeller speed, the vs is substituted by va in the above fornula

anal the slip thus obtained ts caued "real s1ip". The following chart

shows the standard spe€d ln correlation lttth proPeller speed, shiP

speed, apparent slip. real s1j.p and itake.

IIN

Appatent slip
#

Reaf slip

regaral
In the
at the

As er{Dlaineal ea!f1er, theie al.e two kinals of proPeu_er ldith

to pitc;: stationary pitch' ProPeUer ard vali-pitch Propeller'
vari-pitch propeller, the 6peed or slip is usually calculated

o.? point of blade radius, Fot exanPle, assundng that:



Revolutlon of englne
Reduction latio of engine
Plopelle! pltch
ship speed

950 l.I)In
0 ,4
95O rdl

9 knots

= 14 (*)

the slip Inay be obtalned by applying thc follorlng fornula:

slip = 6 0 x 0 . 9 5 x 3 4 0 - 1 8 5 2 8 9
5 0  I O . 9 5  x  3 4 0

6. TIP CLEARANCE OF PROPEI,LER

T1re propellc! tip clearaDce ts ejsenttal for pro$Islon
efftcienct. lihe IEopeU6! cannot itiBplay full efficiency unJ.es6 there
15 sufficient cleararce between the l!.ol,ellcr tip and tlre hull.. Too
l|arrd tip clearance wlll cireate uneven neter wake that flape the ship
huU and abnornal vibretlon niLl occur in the propeller ass€'trbly.

Note: ltte wate! rdak6 neans the average Eped of, \rate! flow tiat
follows the ehlp by surface frlctlon ceused in hlgh spe€d
navigation,

The nake Ls always at naxldrn at the stern side. It should
be even at both sidEs of t-he hullr lf uneven, It will caus6 vibration
of the Fopelle! shaft.

Figure 24 shovrB the standard tif' clearance. Tbis ls a theore-
tlcal standarali ln practlce it l-s sublect to valiation depending on the
shlp Eize anal fotn.

a - 10.129 1. --J- 
" 

D tn irhlch the (0.008 - O,ts)D
b  =  (o .15  -  0 .20 )  D
c  =  (o .08  -  0 .12 )  D
a l  =  (o .o2  -  0 .o3 )  D
e  =  (  64 -74  ) rm
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CORROSION AND EROSION OF PROPEITER

7. I corroslon

gorrosion trlay be classified into two lalge groups, dry
corrosion and wet colrosion. Dry corrosion irill occu! on palts r,rhich
are not dipped in water or oi1, nhll€ net corlogion !rlu. be generated
on such Farts as cylinder finers and propel16r6, which ale alwayg
dipped in oil o! vrater. We shal1 concentrate her€ on wAt corroslon
ithich attacks propellers. Wet co:rlosi.on lhay be sub-classifled lnto tno
kinds: geneJal corfosion and local corrosLon. cenera] corrosion occurs
when the overall area of a nEtal surface 1r evenlv colroded.

There are four. typFs of local corrosion:

Pittlnq (o! groovinq)

rhe metal surface is fiFst corloaled so as to fo!t! pltsr then
corrosion attacks the netal core anal finally gets through to the
cpposite sial€ and makes holes.
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f, nterqranular corroslon

Intergranula! corlosion is generated along tlte lnternal crystal
line of an alloy anal causes cracks.

Contact corrosion

Contact corrosion appears r/rhen one conponent in the alloy
has a higher electric potential than the other conEonents in the sane
al loy. The larger.  the electro-potent iaf  di f ference, the tnore l ikely
it is that contact corrosion nil-l develoD.

Concentration ceII corrosion

The concentration cell colrosion is generated due to differential
ionizalion degree and density of gas.

7.1.1 colrosion of propeller bv dezincinq phenonenon

As explaineal earlier, the prc,peller blaales are nade of
a copper alloy rrhose nain ccnponents are copper and zinc. Since the
propetler is always alipped in watet, zinc wiU dissolvein sea water by
electrolyte phen@lenon on the blade surface. This is calfed "Dezincing
phenonenon" anal can be recognlz€d by the blackish colou.r of brittle copper,
Dezincing $i f l  make the blade surface rough and in the long tun cause a
decrease ef propulsion efficiency. If heavily dezinced, the blade nay
be broken by razing ibpact of sea water during navigation.

7.1.2 Electrolyt ic corrosion

Electrolytic corrosion is a little different from
dezincing corlosionr it generates fohg, thin scars on both the aalvance
side and the back of the blaales. Efectrolytic corrosion is caused by
electriflcation alue to stray current.

7.I.3 Preventive neasures against corrosion

The electrlcal wiring should be well insuLatedl in order
to protect the propeller frdn dezincing and el.ectrilitic corrosion.
The most effective protection is to use zinc plotectors as shown in
Ei,g.  24.

Zinc protectors nust be of high purity. The "ZAP'| which
is sold widely ln .tapan, ls the nost s\ritable for this purpose. The
greater the quantity of protectols used, the nore effective la the
tesult. Zinc protectors are vltal for the plopellers used in {ooden
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ships the zinc protectors should be connected \tith each other by neatrs
of a copper pipe and the end of the pipe must be connected to the
propeller shaft as sho$n in Fig. 25. Th€ Bhaft nnrst aldays be connected
to a carbon brush or a copper bar, andl the copper wlte shouJ.al be
connected to the stern tube.

F ' i g .  2 5

7.1-.4 shj.ps oper:atinq in coastal waters anal j-n rj.vel.s

The propefler blade surfaces ale vulnerable to aclds anal
alkali. Chenical factories which are locat€d on sea coasts and llver
banks dlain waste solut ions (acids o! a]kal i )  into the sea or r iv6rs,
The propellers used in Bhips for coastal, river navigation are aLways
danaged by these soi-utions drained fron chehical facfories. so fa! no
conclusive preventive neasure has been tounal. The experience has shown
that if lre coat a propefler all over !,tith vinyl paint, the paint is
soon darhageil by the irpact of floating natter such as sandl, drlftlrood
and so on, anal the propefle! blades are badly cortoded by ch€rnical vaste
draiheal frcm factories.

7.2 l rosion

corlosion is chenically cauaed disintegration of tnaterial
wheleas erosion is physicalfy o! nechanicalfy caused alisintegration of
materiaL. In propellers erosiotr is nostly alue to cavitation and lg
called "cavitation erosionr'. If slrnply explalned, cavltation 1s dlue to



a vacuon phenonenon which occurs on the prop€ller blaale surface by
actlon of alashlng vrater. An impulse wave creatd tn thls void wiU
strlk€ agrlnst the blade surface anil it is a66uhed to have the imprct
pregsure of several hunalreal kllograns per cn2. This repeated impact
will erode the blade surface by tuhing tt into a sponge-like state.

Every tfune the cavitation phenomenon occurs, the propelfer
plays and consequently fails to ke6p continuous revolution, fails to
display it6 fuII capacity and the ship speed declines. Tlle cavitation
phen@Enon inevltably occu.rs in the folloqring circrestances:

! ' ig-  26

lihen t'he incident angf,e is large. (Ilte inciatent angle
is the an91e of $ater flow against the plopel1er blaale;
see Fio. 26. )

lihen the circunferential Epeed of blaales is larger in
other lrorals, when the speed of lrat€r current is too
high,

Higb pressure

Acting surface of proFrlsion

( 1 )

( 2 )

(  3 ) When the propeller positlon Ls hot deep enough from the
water sulface.

(4) $hen the propulsion lbwer is too large in relation to
the project€d area of th6 blades.

(5) lttren propeller slip is excesslvely frequent.

(6) fihen tulbulent fLol' is frequent atue to the stern forn of
the shiD.

niqh
cavitation
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To avoid these cluses of the cavltatlon phen@€ion Lt ls
necessary to nake the ste$ of 6hlp ln strcadl,trad fora and the
propei-Ier position aa decp !s !,osatbla vlth GBough atrace b€lr€en the
propeller and the keel, 60 ea to avold cleatlng tulbulent flow arounil
the propellels.

Note: Eor smaU fishlng boat5, lt Ls brt€rattv€ to bat(e the prop€ILaE
position as deep as th€ FoDaU6! di.DataE whLle th6 thlp !€
standlng 6tiU.

sonetlnes, dezlnelng colncldes vlth cavlttrtlot| thenoenotr and
causes great dlamage on th€ propeUet bhil68. Such dafiaga ls €spoclllly
frequent on *ooden boata fot the fouorlng roaaon r 3te!n {rd rudde!
are naate of thick rrood, ntrlch causea vhirlpoolt !s ahorD ln Flg. 27.

nhl!IFool

F | g , 2 7

lhese lrhirfpooJ.s cau6e cavlt elon on the bllde surfrces. AIso. thick
eood nake6 the q)ace botvodr the lEoucLleE edge lnd the keel n.rloseE,
and Ln conEequence, the btr ldos alaah Ure keeL ealga atrd th€ bhde edges
rnay be broken off aluring n.vigatlon.

8. Eq44-.&S@-WIS

lhe alte of shlps la deffured It| t€ltra of tcrnage rril dirensions.
Thele are tiro kinals of toa get groaa tontrag€ and net tonnage. the
gross tonnage lndicatea the total loaal cq)aclly lncluding c.blneB,
engine rooms, hatches and so on, rhlle the net tonn.ge lttdlcate3 . net
loading capacity for cducscl,al cargoas Guinly the Loading cltaclty of
hatches).

"Tonnage' Ls an internatlonrl tdr! to lrdlcate ahip crpacity' anal
the ton us€d for ships lndlcat€s loaiung catrrclty, but not for n61ght.
one (1) ton rneans IoO cublc f,eet. llrll.ly, ona (Il gross ton LB a unlt
for the total. loading capacLty of I sblp that cln bc obtalned.a beloer
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I  ton = 100 qrbie feet (one cubic mete! = 35.315 cft) ,
and the total capacity counted by the metxic system is
mult ipl- ied by 0.353.

In Japan, tonnaqe of every boat is subject to a check by the
government authorities and the Maritine Transpoltation Bureau of Japan.
Ships farger than 5 gross tons are rneasrileal by officials from the
uaritime Tralsportation Bureau, whereas boats under 5 gross tons have
their tonbage checkeal by the local profectural office,

We shall proceeal to expfain the
the "KANI SENPA(U SOKIjRYO KITEI" (Sinple
Regulations) .

8. r cl9g9-!9!!eg9

ship size in accordanse with
Ship Tonnage l4easui.ement

aor smalf fishing boats heasuring ts not done exactly for
part of the inside space as in the large cfass shipsr instead, the
tonnage is calculaEed as fol lows:

- steel ship.. .  ( length) X (!r idth) x
(approxirnately)

(depth) x 0.55

(depth) x 0,62

The loading capacity on the upper aleck is measur€d by totaling
the length, width and depth but this is not as simple as the neasurenent
under the uppex aleck. The gross tonnage is calculateal by the following
fornula:

( 1 ) Tonnage under upFer aleck

wooden ship..-  { length) x (width) x (depth)

steel ship. . . . (Iength) x (width) x (depth)

The loading capacity (tonnage) |

-  wooden ship.. .  ( Iength) X (width) x
(approxinately)

The ship dimensions of ]ength, width and depth are rneasuled
according to ttle netric system in Japan. A geonetric rlass is calculateal
do&n to the third decilnal place, a!!d the f,orth alecinal is counted if it
is 5 or nore. For tonnage cafculation the geonetric nass is calculated
down to the second decimal place, and the 3ral decinal is counted if it
ia 5 o! more.

x o. r94rs . .l
x  o .21886.  -J  

(u)
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( 2 ) Tonnage of uppe! aleck cotnparunents

T o n n a g e  =  0 . 3 5 3  x  ( t o t a l  c s p a c i t y )  , . . , . . . . .  ( b )

In the above, the total capacity neans a total of the
relative proalucts of length, wj.dth and helght heasured at each Darti-
cular place in the ship. But the super-structure, ateck houses 

-and

other conparlnents (irhose inlet or outlet has no nornal ctosing appliances,
1. e. the closing appliances ale fess than L22 cm i,n height and 91 qn in
eidth) ale exclud€d frorn the counting of the totat tonnaqe.

(3) The goss tonnage is thus obtained by adding (a) ro (b):

(a) + (b)gross lonnage =

8.2 Net tonnage

The net tonnage is the net capacity for loading ca_rgo; cabines,
engine room etc. ale excluded. The net tonnage can be measwed by the
foll-owln9 method.

(L) Ship !^rithout Fropulsion nachinerv

(net tonnage) = (gross tonnage) -  (gross tonnage x 0.2)

12) ship with propulsion nBchinerv

(net tonnage) = (gross tonnage) -  [ (gr"."  tonnage x 0.2)
+ ( tonnage of engine roon x 1.75)] .

If the value of the enqlne roorn x I.75 is targer than the vaLue
of the gross tonnage X 0.44, the net tonnage is calculated by the
follo\"ring fornula.

(net tonnage) = (gross tonnage) -  [ (gross ronnjge x 0.2)
+ (gross tonnage x 0.44)l  = (gross tonnage x 0.36) .

8.3 t,ength, width and depth of stnall wooden boats in Japan
(max. length 20m)

The nohinal length is a little different for r,rooden boats anal
ateel boats. The length of a wooden boat llay be defined sijrply bf, the
Structure Rufe, but for steel boats the fength is very conpticateal anal
legulated by the Ship Classification Measurernent Requlations, in which
It  is deslgnated as fol fo$s:

"The neasurenent should be dohe for straight atistaace at the
aleck bearn fron the fr.ont slde of st€Ln to the rea-r sitte of
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The length of the steel boat is caued the "shipping Register
Iength" nominated in the "certificate of Ship's Nationality". The boat
length is also nordnated in such shipping law as the "Marine Act", lhe

"Detaileal xnforcenent Reg1.rlation" of the "ship safety Law" and so on.

(a) Boat le-ngth

The follolring figures frotn 28 to 36 shcter the dimensions
(1ength, lridth and depth) of wooden boats.

Fig-  29

Outer keel

3 0

ength

F i g . 2 8

F i g . 3 t



I,ength

ace of ri.si-ng wood

- 4 0 -

aig. 34

I Lenqth

Length

r is ing

F i g . 3 6



-4r -

(b) Boat width

tlle boat width ls designateal in the regufatiqrs as "the
level alistence f,ron the oute! su!f,ace to the outer sulface at the
wldest point of the flame" as 6ho$n in the I'19s. 37 - 39.

F i g . 3 A

(c) 9s!.-99$b.

FlgrEes 40 - 43 shou the nomlnal depth of the boat. It
ls Aesiglatetl Ln the ,tapanese regulationa that "The boat depth should
be the peEpendlcular alistance flom the upper sulface of, the keel of
th€ bloaalsiale !o the top of upper aleck beah at the cente! of the boat
leJtgth ".

wt drh-----i--.-.-

/""",

/ Beatn

Frane

F i g . 4 0

E i g . 4 l
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BOAT RESISIANCE
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As ships run on the water surface - just on the borderline
between the ai !  and water,  they ale subject to natural  resistance of
two kinds; water resistance and air  resistance (see Fig. 44) .  When a
ship is running against a strong wind or in a storn. the air ftow
resistande to it is very 1ar9e, but in good weathe! the ai! ftow
resistance is sma]I and may be negligibter the surplus povre! of the
engine can ovelcone this lesistance. Ships always have to run against
eater resistance and air resistance, but since the air flow resistance
nay be dislegarded lre shaU proceed to explain only the lesistance of
water flow, The water flow resistance can be classifi€d into several
kinds as fol1ows.

1) Fr ict ional resistance
2) wave resistance
3) Eddy resistance

Air f low resistance (  a (  t '

Befow the water surface

Water f low resistance

E L g .  4 4



9.1 Fr ict ional resistance
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rigntre 45 illustrates a simple experinent by \,rhich one type
of wate! flow lesistance can be shown. Two nodel boats are set o.!
the sare stalting line in a strean, nodel (B) near the bank, and
model (A) in the strearn center. As shc'vrn in the fiqure, the boat (A)
ln the slream center runs faster than the boaC (B) which is set near
the bank. This indicates that the stream floits faster at the center
than at the si.des. The wate! floir near the bank is slower than at
the ceflter due to the frictional reEistance of the bank side, and it
shons thaf this reslstance gradually alecleases toward the cente!.
This pheno[renon is true for real ships running on vrater. when a ship
runs on water (sea or ! ive!) ,  the hul l  s\rr face is subjected to nore
o! less resistance by the water flow, The force of the frictional
resistance is the praduct of the square of the ship's speed and the
lttet surface of the ship. The frictional resistance force aloes not
delrend on the shape of the vessel even though there is a little fess
friction if the ship is longer. The ftictional resistance will
obviously affect the ship's speed by the hu11 conalitj.on vhen the hull
surface becones rough by adher.ed shetls.

t'{hi1e running at nomal speed, the ship is usually affected
by f ,r ict ional resistance nore than by al l  the othei k inds of lesistance.
Howeve! as the speed becomes higher, the wave lesistance lrlll becone
lalger than the frictional resislance.

9.2 Wave resistance

A running ship raises hibh !.Iaves in its wake, In other words,
a runnlng shlp creates notive energy in $ater and these energized
naves provide resistance against its runninq speed. This is calted

Model  boat  (B)
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rr l tave resistance".
distinguisheal: bc,et
the shiprs wake are

Two kidds of waves energizeal by 6htps nay be
waves and stern waves. The hlgh wav€s created ln
the resuftant naves of these bow vraveE and stern

The curve in Fig. 46 sholrs the econonlcal speed against
resistance. As shown in the curve, there is a hudp portion and a
hol1c,n' portion. These phenonena are createal as a resul.t of enerqized
waves. From the viewpoinr of economy, the shtps should be desig;ed
so as to decrease the resistance force at the holLo{r polnt to allow
ships to run at fult speed. large ships are naturally desigmed i{ith
this in nind, but ln snall boats this is liable to be disregarded anil
enphasis is rather put on the engine !,ovrer lrhich j.s alwayE ccrnpalatively
high in proportion to the ilimensionB of the boat. Thus the boat 1s
driven at an extrehely unecononical speeat about 4 times higher than
normaf, which is an wtwise attenpt to ovelcone the Ixoblen. In con-
clusion, we can definitely say that the boat sEeeal shoulil be increaEeat
by improving the boat structure rather than incleasing the engine

portlon

veloci ty
cal velocity

veloci ty

F i g . 4 6

9.3 Edalv resistance

Many ealdles are createal arounat and behlnat runnlng ships.
these eddies ar:e afso created and enerqireal by the huLl and they cause
resistance against sea speed, Thls is calleal ',eddy resistance". Erddy
lesistance affects especialfy lrooden boats and it cainot be ignoled.
It is createal usuafly by the angular shape of the huu, tt is therefore
necessary to streamline the hulf forn as much as possj.ble.

As alescribed above, ther€ ale t-hree dlff€rent kinds of
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Assuming that the total water resistance involves these three
kinds of resistance, ealdy resistance 1s the smallest in terms of
percentage and usually is included in the wave lesistance (Y). Wave
iesistance + eddy resj.stance togethe! are ca1led "overplus resistancer'.
Thus of the tl'o nain lypes of resistance, frictional resistance anal
overplus resistance, frictionat resistance does not much alepend on the
ship size, but overplus resistance hatnpels the ship speed depending
on the shape anal dinensj.ons of the ship, and it is the strearnline form
that w1l-l best ovelcotne ship resistance and increase the ship speed.

Assuning that the resislance (R) against t}le ship speed is
2O,O0O kg, and its sea speed is 15 knots, a ship belng resisted try
20,000 kg shoull aalvance 7.? neters per minute. This neans that the
ship lriU consune 154,000 kg-rn energy that requires 2,050 PS power.
h forhulating the above resistance, energy and requireal horsepowe!,
it may be understod that the ship resislance value is approxinately
slrnlla! to the horsepower except for the difference of unit. We nay
ilefine that resistance is about ten tlmes greater than the hors epo!,ter,
as can be seen clearly from the fol1olring formula.

O n e  ( I )  n a u t i c a l  h i l e  . . - . . . . . . . . . . - .  1 . 8 5 2  n

o n e  ( 1 )  n i l e  ( l a n d )  . , . - . . . . . . , . . . . , .  1 . 6 0 9  n

o n e  ( 1 )  k n o t  . . . . , . . . .  o n e  s e a  t l | l e  p e r  h o u r ,  o !  1 . 1 5 1  l a n d
nt i fes per hour (0.514 neters per
second)

1 5  k n o t s  . . . , . . . . , . . . .  1 5  x  0 . 5 r 4  +  7 . 7  n / s e c

wolk = poner x distance (kg-e). .  20'Ooo x 7.7

- l54,O0o kg-n

... one horsepoirer being 75 kg-n,/secHour

I 5 4 , 0 0 0  .  ^  ^ - ^---11- = "'"'"
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ro. P9tg_I4sgE_!NgiEL-!38e.

Boat length is in cfose relation lrith tie sea speeal aDd tiis
we call r'speed - length ratio" in which the sea sPeed is divided by
the square root of the boat length. Tbe speed-length ratio may be
foraulated as below:

speed - Iength ratro = +

V . . . . . , b o a t  s p e e d . . . . . 1  k n o t  =  I a 5 2  n ^ r

L . . . . . . b o a t  1 e n g t h . , . . l  n e t e r  =  3 . 2 4 0 4  f t

ror exarpfe, assuning boat of 36 foot length (about 1l meters)
runs at the speed of 6 knots, the speeal-length ratio can be calculated
as follors !

speed - lensrh ratio = 
# 

- 
# t ,.0

If the sa$e boat is assr. ned to run at 7 knots, the speed_length
rat io wi l l  be:

speett - tength rutio = 
ft- : r. r:

and if it the speed is I knots, the speed - length ratio !ti]l be:

s h F F d  -  t F h d r h  ' " . i .  =  * :  r . : SJ 3 6  .

lfhetr we say "boat spe€d or sea speed", it neans tie nornaf
sea speed, anal the nornal sea speeal neans the speed at lrhich speed-
l-ength ratio is about 1. Lor,r speed or hlgh speed is defined in telation
to this nomal point. Low speed heans a sea speed lower than the square
root of the boat. length (in fe€t) x 0.4, while high speed equals or is
hiqhe! than the squale loot of the length (j-n feet) x 1.2.

In the f,oregoing exanples, the boat length is assrned to be
36 feet. The square loot of 36 is 6 anal the sea speeal rnay be alefineal
in the foLlowing way:



The questlon ls then for a boat of thiE Length (36 feet),
hon lnuch can the speed be taised? Tlle Epeett lrhich is 1.5 tine6 of
the square root of the boat fength may be possible by iryrroving the
shape of the hull o! increasing the engine horsepoirer:, t"t it is
abeolutely imposBlble to lnprove the speeat to twlce the square root
of the boat length. In other wolds, the boat shoulat be dJsigned so
that its leIrgth (in feet) is tie square of the intended normal sDeeal.
For instance:

L o w  s p e e d  . . - . . . . . . . . . . ,  6  X  0 . 8

N o r n a l  s p e e d  . . , . , . . . . . .  6  x . 1 . 0

H i g h  s p e e d  . . . . . . . . . . . . .  6  X  1 . 2

1I. BOAT SPIED AND HORSEPOWM

= 4.8 knots o! lower

= 7.2 knots or highe!

If the intended sea speeat is 6 knots the boat Iength should be 36.

If the intenaled sea speed is 8 knots the boat length shoutd be 64'

If the intended sea speed lE lO knots the boat length should be tOO'

Of course, the above basic rule is for the nornal standaral, anat
sorne shorter boats may alisplay surplus speed, but it is to be understood
that an uirreasonable speed increase will ghorten the engine anat propetler
life quickly.

As describeal above, when the boat length is detefinineal ln rne
ftrst design process, the reasonable naximum sea str€ed is atso defined
inplicitly. If higher sea speed than originally pianned is desirea,
the length nust be increased, rathe! than making the engine horsepows
largex as alreaaly expfalneil in the sectlon on "!{ave Resistance".

In conclusion, the boat length or more piecisely th€ draft
fength, should conply witJr the construction neguiations ior wooalen
vessels.

rt is natural that if the engine power is increased, rhe boar
speed wifl increase in proportion to the povrer. ttrere is, holrever, a
finit in thls relatlon. tihen the speed attains, a certain litijt, it can
not be increaseal horever nuch the engine po!,rer is raised.

.. Flgure 47 shows gradually increasing horsepo$er of lritsubishi
"DAIYA" diesel engine instal led ln;  boat of 14.65;eters length.
According to the details give in the table belolr, the hor6epolre! lequired
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t

''

fo! incroaslng the sea speed becqEa gradually latg€r. Nenely' an
lnclelse frd 6.5 loot6 to 7.5 knots requlres 15 horsetlorr€r6, a futthe!
increase frdl 7.5 knots to 8.5 knots requltes 20 horeepoo€rs, end frdr
9.5 knots to 9.5 knots r€quires ilo hdsel,os€ta. In th€ long run,
about 33 horBepo\rers nill be requlleil to l,nctatrse the sea 6peed by
onty O.3 knot6. This nean6 that beydrd a celtaln Potnt a vely large
holseporeE wIIl have very littl€ effect on lncteaslng sea spe€al.

In the table belou, the 4r€eil-l€Dgth ratlo lB calculated as
follolrs:

Boat length = 14.66 n,

14.66 x 3.24 = 4a feet

I !|et6! - 3.2808 feet

fr - 6.s2e2

Thus the not|nal speed of this boat (14.66 n) i6 6.9 knots, any Bpeeal
abov6 8.3 knots lE hlgh sDeed and its higheat lild.t ts Io.4 l(nots. Ag
d.pl.aLned h the sectlct| on guIP l,lll6fH AID SEA SEEED. the shiP sPeeit
uay be raLsetl by I.5 of the square root of tha boat length by iDproving

6149101 r

Fig. 4? ship v€locity (kt)
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Ship speed
(knot) HP

HP required
for I knot

Speed
Iength
ratio

8 . 5
9 . O

9 . 6
9 . 8

30
45
6 5
a0

105
r15

15
20

40

o .94
1- 08
r . 22
1 .30
1 .37
l .  38

the shape of the hull or increasing engine horsepower, but it is
absofutely impossible to raise the speed by twice the square loot of
the length. since in our example the boat length is 4a feet, the
appr:oximate sqrare loot is 7 anal the speed nay be raised 1.5 tines of
this squate root i .e. ,  to I0.4 knots. This speed of lo.4 knols is
the maxinutn and the speed cannot be increased unless the boat
length 1s also increased.

12. DIAMETER AND PITCH OF PROPILIER

12.1 select ion of F0:opel ler dianeter

since high technical  ski l l  is required to def ine propel ler
dinensions, the seLection should be carried out by a coq)etent
specialist who wifl do t-he necessary cafculations. {hen ordering a
propeller? it is necessar:y to supply the fouowlng infofmation to
enable a specialist to sel€ct the appropriate prop€l]er diameter.

(for new installation)

tru11 (a) Material.: lrood, steel eEc.

(b) Newly buirt ship or old ship.

(c) Ship style: Europen, Japanese, etc.
In the case of a;lapahese style ship it is necessary to
specify whether i t  is Lhe l i f t  Lype or keel type,

(at) Ship kind: passenger ship, freighter, cargo-passenge! ship,
tug boat, high-speed boat, fishing boat. For the fishing
boa!, specify the type of fishely.
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(e) Boat dimensions: Length x wialth x depth.

anqine (a) l,lanuf acturer I s name anal type.

(b) Nolnal. horsepower/revolution anal trlatltr. l horsepoee!,/
revolution.

(c) Reduction equipnent (vhether it is providedl.
If provided i.t is necessary to specify its realuction
ratro.

(d) Supexcharser (lrhethei 1t is provided).

Propeuer (a) Revolving direction (facing tcr,taral the propeLLer at
ster[ siale clockwiBe or counter clockltise].

(b) uaximurn dianeter of proF€ller alloryeil.

(c) Diameter of propelle!, Length of boss, front outer
aliameter of boss, rear outei diarnete! of bo6s.

(For replace-nent installation)

(a) For the exist ing propel ler to be replaced: dianeter,
pitch,bLade nuiber and hanufacturer's natne.

(b) Performance of eJ.isting propeller: revolution, speed,
ali splacehent, average dlaft.

(c) Reason for repfacement and t€quirelnents for lnstaflation
{additional requirenents:- increased speed

- tugging).

12.2 sinple calcufation for approxirute dianeter oJ propeller

A competent propeller specieust nil.l- calculate the llost
suitabfe propeller dinensions in accordance witn t:he above particulars.
sometimes, honrever, an urgent need will occur to estimate the plop€ller
diarneter. For this reasqr \re shalt brlefly dt)lain a eimple method
of calculating the propeller dianete!. It should be borne in rrinal,
however, that thls method wilt give only approxinate value. The data
requireal are:

Holsepower (Ps), Revolution (N), ship speed (vs)
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Let us take en exalnple of a ship lrbose fully }oaaledl nlaxihum output
ts 430 PS, propeller revolution is 39O rpn, and shj.p speed 9.5 knotg
wlti the tnaln englne.

E o r s e p o w e r  ( P S )  . . . , . . . . . . . , . . . . . , . .  4 3 0  P S

R e v o l u t l o n  ( N )  . . . . . . . . . . . . . . . . . . . .  3 9 0  4 r r

Speed (vs) . .  9.5 knots

in which the i; 
-- 4s.2

In olaler to keep a surplus poneE fo! safety ot the
mechanlcaL structule anal engj.ne, it lE better to aletermine the
plopel1e! capaclty a little sal1er than noldnal specifications with
aome nargin,

The revolution shoulal incluale the "sea margin", i.e. should
be 1.5 t higheJ. the foUowing forlrula ls used.

N = 390 x l.I5 = 396 rllt (nargin: 6 revolutions)

Diameter can be fourd by using the fordrula derived as
erqfained- in Eig. 4a:

^2 rn: /es-

" J*
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500

500

4 0 0

3 0 0

200

loo
9 0
ao'7A

60

40

30

2 0

f o
9
a
7
6
5

4

3

N  . , . . . . .  -  r p r n  o f  p r o P e l l . e r

P s  . . . . . . - .  B I I P  o r  S H P

D  . . . . . . . .  d i - a n e t e r

v s  . . . . . . . .  s h i p  s p e e d  ( k )

D2 1 4 3  / S H P

200 400
300 500

2000 4000
3000 5000

f000 r0000

Fig.  48 The riost suitable aliameter for a 4-blade propeller.
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In the dianeter chalt in Fig 48, N 1s oD the horizontaL axis,
and - is on the vertical axis. FiLst, ne read the intersecting point
i.e.;-the point where the horizontal 396 intersects rdth the verlical
45.2. At this polnt the value given is I.56r that means that the
aalequate propeller alianeter is 1.56 n. (rhis I.56 m is f,or a 4-bl-ade
propeLler, and Lf a 3-blade propeller is intended, ,.D" vafue nust be
increased by 4t). Assuning this dia$ete! 1.56 m to be ',Di', ND is
obtaineal as follows: Va

396 x 1,56 = 65.0 and this 55.O means the sl ip

\
o

o

p N
d\

\: . ?

o-

30 40 30 60 70 80

?abfe of w

t .  r

I . 0

Sin91e
propeller

$rin
proPeller

A

B

c

D

E

E

0 . 2 5 - 0 . 3 3

0 . 2 5 - O . 3 3

o . t 5 - 0 . 2 5

o - 2 0 - 0 . 3 0

o . 2 5 - O . 3 0

0  - 0 . 1 0

o .o7 -0 .11

0or  o .8

0 . 7

0 .

o.

0 .

A = freighter

B = taT*e!

c = Passenger ship

D = f,ishing ttoat

E = lrooalen ship

F = notor boat

Fig. 49 Pitch ratio of a  -blade Plopefler
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In Fig. 49, the uake factor (tf, ts asstr[ed to b€ O.25, and
.6adlng the 650 line, th€ ND,/vs values, the wake (w) value O.25 ls
found at the intersectlng point, then the pitch ratlo ls obtained a6
folloits t

Pltch ratlo

Efficiency

P S - 3 2  P S

P  =  0 . 6 1 5

? 
'  o'  srs

The pl tch (P) ls 1.56 n x 0.515 = 0.960 (D),  and this pl tch
can be c@pared for 3-bl!de arril 4-bl.d.r propellers a3 t.bulated belos:

4-blrde prop6ll€! 3-blade pEopeller

Didetor f .56 (nt

Pitch 0.96 (nl

I .56 x 1.0{ -  1.622 (n}

0.96 (r)

In th€ above crlculation, lf D + P ia con6tlnt the prop€lle!
perfornence nay b€ conaldered to be ev€n. Therefore, if the dle'|eter
13 increaaed by 50 tur th6 same p€tfonrance of P wtll be obtatned by
decreaslE P by 50 nm. atus th6 piopeUer di-nension6 are deflned by
D  +  P .

Experinental €x.nples (for dlesel engine)

The exanple descrlb€d above ia tor th€ large class shlps and
engines' but the sane 16 valid for th6 E all clasa boats equipped lJtth
dtesel engtnes. The follonfulg tno exerples sill shd/ that the above
ch.rt and t.ble are rppllcable to $|.ll class boats. T}le examples are
basetl on experifiental data,

Ex.lple Lt a2 Ps di6s€l enqlne

vs - 4.5 knots r = 1350 x 0.5 -- 675 q'lt|

P S = 3 2 :
vs 4.5 '

3 . 4

rn Ftg, {4, rcading -vj - 3.8, N - 675' th€ product 1lt 0,66 r'hlch neans
Lhe lcturl dlaheter tB 0.56 n. Nanolyt

g=0 .66x675 :s8 .4
vs  8 .5
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AEsluling that th€ value of fl in Flg. 49 Ls O.2, the forrnu.la ls founil
aE below:

p =  o .75  ? -0 .s9
D -  =  D .  x  1 . 0 4  =  0 6 6  x  l . O 4 :  0 . 6 9

P .  =  P ,  0 . 6 6  x  o . 7 s  i  0 . 4 9

IJ + p = t.l5 (bal.gtn is 0)

llher the propeller dlaneter anal lts speed i6 obtalned flon the above
experinental alata as follors | -

Propel le!  600 x 48o , . . . . .  4.5 knots/1350 rpn

P.opel le!  7o0 x 39o . . . . . .  ?.9 kr lots/L35o rpn

Exanole 2: 135 PS Dieael Enqdne

In Fiq. 48, Ps 14
Vs

E=f€r  ra
V 6  9 . 8  '

The intersecting lDint of N = 400 Ls I.L8.

N D - 1 , 1 8  x 4 0 o  *  4 e  I
vs  9 .a

Asst-lldng "wn in Fig. 49 1s 0.25

P = o .77 r l=  o .s8
D 3  =  D 4  x  1 . 0 4  =  I . L g  x  I . 0 4  =  I . 2 3

P 3 = P 4 = 1 ' 1 a x 0 ' 7 7 = O ' 9 1

D + P  =  1 . 2 3  +  O . 9 l  =  2 . I 4

tte propeller dlamete! and its sP€eal ar.e obtalned in accordance
with the above experlmental data aE followg:

Plopel let  l -200 x 95O .. . . .  9.a knot3,/100o 4m

As shovtn in t}r€ above examples (1) and (2)' the sai'l chelt
anal table can aLso be appticable fo! eBtirating:rn apBroxinEte Propeller
dLan6te! of aiesel englnes. Loweve!, the chart and the table ale only
appucable ln the case of corParetlvely lalge tltPe aliesel engines. ltre
eeak pol[t ls that the exact ptopeller aliarEter antl its aPeeal fo! tlie6el
€ngLnes of Enallet tl4)e cannot be obtaineil unless as any practical tlata
of ship t.esistance as possible ire prelured b€slde the above chart.
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Ihe shaft horseponer of tshe tnain engine is proportlonate to
the value of the third povr€r of the propelfor 4rn. Ihe table beLov
shons h(', to calculate th6 loail value bv the cubic root of revolutlon.

13. pRopErJ,ER RsvorJoTroN rN REtarrott m ENGTNE outPut

c\bic root by which to nultiply full load

L/4

1/2

3/4

4/4

tr/n
12/to

3874 = 3t6:E = 0.63
3 -  3 -

f L /  2  =

' r ' 3 /4  =  - !O .75  =  o .9 I
' ! 4 / 4= ' / I = I - 0O

' r ' L - I= - r ' I . I =1 ,03

' r ' r - 2= - l I - 2=1 .06

rn the atove table, the baA 4/4, 3/4, I/2, I/4 arlr] so on,
inalicateB the percentage of the total load of, a shaf,t hotsepower, but
not the plopeller revolutilon. Fo). exanple, the l/2 loaal means:

( a )  L € n g t h  . . . . . . . . . . . . .  1 4 . 5  n

-Revolution of full load x cubic root + 2 = 1/2 Ioad.

Questions

I. cafculate the gross tonnage of the lrooden ship !.,hose specifications
ate given belou. The neasurenents should be in accorilance with the
shlp classif ication lleasur€nent Regulations.

(b) r{idth

(c) Dapth

3 . 3  n

1 . 3  m

2. Based on the shaft horseporrer at full Ioad (4/4), 30 PSII2Oo rpm of
the nain ergine to drive a propell.er, find out the €ngine revolution
at the tine of l/4, L/2, 3/4, II/n, 12,/lo load and describe their
intersect ing points by making a graphic chart .
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f , / 4  . . . , - . . . . . . . .  r p m

I / 2  . . . . . . . . . . . . .  r r , I t \

3 / 4  - . . - . . . - . . . . .  r l ' ' d

4 / 4  . . . . . . . . . .  . . .  r W

1 1 1 1 0  . . . . , . . . - . . .  r l n

L 2 / I o  . . . . . . . . . . . .  r E t l \

r500

1000

500

r/4 r/2 3/4 4/4 lr/to r2/ra



Appenalix 1:

( Example)

* Note t .  d

Calculatlon of the diarete! of the propeller shaft
(accordlng to the ilapahese governjnent regulatidlE)

ds - allarnetet of propeller shaf,t (mn)

al = diarneter of internealiate shaft (nur)

D = diameter of propeller

c = coefficient $hich vatles according to the
rnaterials

category L . . . .  . .  I44

c a t e g o r y  2  . . , , . .  1 0 O

16 calculateal by the. fofinula

K . . . . . .  . . . . . . .  113

3 t  90= rrr x vt36.;( o-:ZG

Appendlx 2! plopulslon of snaLl flshlna boat

GLven beldr are the fornulae for
kirils of horseDoirer.

calculattng alif f ereDt

(nn)

coefflcient varied by nurber of
englDe cylinders e.g.
6 cl ' l l rders . . . .  U3

T , . .  . .  . . , .  . .  . . . .  . .  nat i lnrr l l  cont inuous BHp

R . . . . ... ... .. . . ... contLnuouB naxixuln revolutlon/ninutes

Englne BttP . .... . . . 90 pS / 950 4)!l
reductlon ratio 0.405

= 59.63 (@')

Jopeller shaft
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(f)  Inal lcated horsepolrer (r .H.p. )

2-ci'cle sj.ngle actlng o! 4-cycle double acting engi.ne

p r n i x l x D 2 x s x N

nhere Pml = lndicates mean effective hors€poirer (k9l(n2)
whlch iE celculateal flm an indicator diagiatn

D = aliatneter of cAlinder (dr)

S = stloke of piston (rn)

N = levoluti.onlmlh

12) Brake horsepower (B.H.p. )

2fl oN
tE;=Go or B.H.p. = r .H.p- xl l

irhere I = braking mqnent (tor:que) kg-{

tn 
= nechanical efficiency rneasured fr<ft operating data

at factory

(f) Shaft horsepowe! (S.H.P.) nedsuled by torsion neter

n
s.H.P.=11* o='3;f"

Q = torque

lr = revolutlon/sec

D - diameter of lntennealiate shaft

! = length of 6haft / fir

G = torsionat nodules (kg,/u?)

g = torslonal angle

(4) Deli.vered holsepower (D.H.p. )

DBP r I /1.05 x B.I t .p.

Dlp = 1/r /03 i  B.B.p.
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(5) Thrust horsepower: (T. .p.)

T  Y Vr .H.p. = 
l i :  T = thrust of  propetter (kg)

V = relat ive veloci ty
of propeuer (n/s)

(6) Effect ive horsepower

p x v  ( R v  +  R f ). . " . ' . - ' 5 . - . - ! - - x l i

R = tota l  res is tance of  boat

Rw = wave making res is tance

Rf = f r ic t ional  ies is tance


