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Abstract

For the designing propulsicn shafting of ship, shaft diameters are usually calculated
accerding to the Scciety’s rules and other scantlings such as a shaft length, coupling and
taper parts, etc., are decided according to calculated diameters. And then the torsional
vibration, the lateral vibration and shaft alignment should be reviewed to check whether
the resonance points of torsional or lateral vibraticn appear within the normal operating
speed range and the shaft alignment is reascnable. If the results of calculations are unsa-
tisfactory, this precess should be repeated until the final cenditicn is determined and the
prccess of this work takes much time to carry out.

To simplify the above tedious processes, the authcr has developed a computer pregram
to fulfill the above design prccesses at cnce.

This pregram takes aim at reducing the manual calculating work associated with the
propulsicn shafting of ship. To confirm the availability of developed computer pregram,
several propulsion shaftings which are driven by diesel engines have been analysed.

The results calculated by the auther’s developed computer program show comparztively

good agreements with those of the actual propulsion shafting.
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1. ¢ E

Aol HEEMRE RET A BY MBHTO) B W MRS kst WS = 6R
A #EATE FoEde. 2T he BN SRS BEAY 29 REHO RS Fists
7HE BASL SREC Q2 AE 22 QY BRYEET KMEHS Hested HBEES stoba.
R Yol BuEEET T A ol % KIRES BMWET HEE Lo BEHAss e, 2:
BUEMER S R ZO2 sb7] St B 2 09 AP omkd g8 WRAGTE BHEAY Hig
B Setelde] MERIES BEAA REMEWRY E5FE fwsiA Aot

ERE MRS REMEE S5t wWoN fE, wWelWe &, WD ROE 2 voTY KA
& REtstelok At §3 RiFel MM BMOME, BMNEMES BT, #EBE 2 MR A
T7h Bmste] WA Bfgel A R REREE 59 B@stedor A} drlel Frbsld W
el W2t e HEMTRS HRET KRPE KM HAREYE RERC tEY Jed n5:
BREfstei o gt

Db MARHERS 9AFT Bzt Andlst 271 A fe oleidt RH@BS BFIEM
T AR =4 Rgst ASE Aoksls Akl AEMel BiEHR RS BikstnA et

A B AE #EWT EATY RE, 203 MRS B4sts #HEMRY Y5Y FE s
AR, MRS BERE R RREHS RHNT 5L HENE BE==a9S Rz
i

e MARHRES F2 #0103} 22l BES Bon K FEelA e HEMT
7‘4-’7“94-1‘:— EEAYSL BRI 271 ol Boll BRBRAA B,

22 MR BHEZ=a9S FlAste REE MRS #EA 4o REES MRS HELE Rifst
o A2ol BIBY BEZ 2N HEKS kst .

2. BET2IH0| &M

A 22aRe —RGSE BMMNAEET @itsle HMM 2 OB E o] Rl Aom
MUESHL hRfM, AEERECZ BRSE MRY EA4E goEsts =saelh. webd MM
o EH % O B RE) R MR SEREHES 98 BHE UHEANBREA #R
slojof giet.

HEBRBE7T R Aol & RERERSIE 2 R T4 %9 BHE AHoE FAET &
Aot HEEHRIE b RSl A gL Al ZadNdA BER dstd FHASES st
AEY REY BEHA Sl EAREN BES AT EEHKoE L et

WR7Y ST e ASe B@A ggor VA MM B¢ ERskN dge) BmHae
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Prebeml ez o] FMe] miggshel. W S¥ HRE) MM EEEMES HES misldx e el
of BRghE v MRS B HEGA A BRitskch.

BNl LoEAE - el A EEE R 59ﬂ§177H wE g RS by, Eiel MR s
W el ol [RERl e el SBel ) FRke 0.0078kg/cm?, #EFEVERE: 2. 1X10° kg/em2z Iz
ghrt.

HEdE g o] - Wl ' o] 2
JI0il B A EgRRel W

b sl om

{ o] &
WOET 2 JE AR Azkstedr

E
kj
m:
§

3. M%gl nx n+§~§

3-1 BfES RE

f

B MR RS MR TR0 R MRS S RISk, S doesl BHAl>- LACC.S.
(International Asscciation of Classificaticn Societies, FREMEHERSE)S H—HAS #EY
71 Al HAEFERE S Rl A#mel Gl wEeg HAE BEAA Zelt.

MBI B ekl RSl X5 de vhg Kol o3k 3 Bllolefel gehar se] gl
.

d=F-K1-\/ P w sz(o, j—?161 35 ~—(mm) @Y)

of 7|4, P=BERAS HA M TIRES] Ehi
n=Hhe] HEIRAN SRS EEy
F=HE800) MR =2 RE
w0 L E4H : 100
Z)E} B#BH : 95
or=Fpkte) R 318 E (kg/mm?)
Ki=mjel #Gtisteel gt 7t (Table. 1)
Ky=#HREEA Iy Pe) Bt kwel «f 1.0, PSY = 0.735

Table.1 K, Factors

For intermediate shafts with

Integral coupling Shrinkage fit Keyways Radial bores, Longitudinal slot
flanges couplings transverse holes
T |
1.00 ! 1.00 1.10 1.10 1.20

WEAAR GG B o3 HERIY AE 49 RS o3 ).
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_ 8/ P 57.1
dy=100x k-3 L5 ki, Goheay () (@

A7A, P, n, Ky 9 o= PERS] S0 F—g.
Ko=) Rat#sttol BT ¥4 Table.29 3t

Table.2 K; Factors

Propeller fixing method
Lubricating method Keyless fitting by

Keyed ' shrinkage fit Flanged
Qil lubricated with approved type of oil sealing

1.26 1.22 1.22
device
Water lubricated For kind 1 shaft 1.26 1.22 1.22

For kind 2 shaft 1.29 1.26 1.25

A9 HRel g gl 3mme o f-F Fo| WPWEES HEen?, ¥EY REHE BRHT F
Smm¥ WE-Z BmAA v ERREpe] RAIS WEA = UoelA BERMEE foeds. o A%
HEBRWMES Bine BFE T

ol& HEMAT HdAldl GE A HAERM BT RES V] Bl BEA sl WEFH
Aq(RE)7F sl 7] dgoleh. 2 M ES MRS #ine hMjE HEo = ).

WMAEY RTES FAABE REE MBS 16650, gmititel Jsld B AT A
T AU AAME L5 S Aole WAEY 22 stgct. ASLY MRS REEME
252 st omi® g A Wl A K KEEE Smme] o FF FUCY. HER
el ASRHAL W] 280mm NTE HuyRATR o2sly 2 HEe —@ReE sig-.
AT LHEELE WME 0.1659, MA T Tt AEYREEL RERe] 3mmE T Fo
2 Y. MRS AR BAK uelslo Aol & MY 252 A3 1/10 T 1/124 slelH
o whel AERS ®E A3kt

WAEY 22E e oh Table. 3o olsted sty

Table.3 Number of coupling bolts

Number of bolts 6 8 10 12
Shaft Dia. (mm) up to 300 up to 400 up to 550 550 and above
HAEY REERE Hifl d% e 3mm o {5 FoUO.

3:2 m Hol2 RE

Fig. lofl Ao} o] il seiiel A #AERE BB/ A (Lo & A fMBLs
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Fig.1 Length of shafting

7= 2] AR (L) #fle] e s Ry -5 4 ook, HEEREHRe] 280mm n)uiel 9 & 7
Hoo 2 Me HEMERE NIE ATYAY Aol (L) #iFEHF Bk ofS E EFEo T i)
Table.4 Length of L,

Shaft Dia.(mm) 110 and | 140 and 160 and 180 and 200 and 220 and 250 and
; |
b above “ above above above above above above

Ly, (mm) l 515 l 615 700 770 820 890 975

Hefe 2R TS 280mm B k-2 L,=700mm, 320mm fJ }-& L,=750mm, 350m ) L& #h{Se] 2%

2 shadeh. =febA] e e Ao (L)
Lyi=L-L, (mm) 3

b El o & bRl Aol MEMA A MEE 1205, JPRBHEMS ASe EERE
20655 HLHEo 2 shol 88 g Aol (Lr)ol M3k & rhiifhel Aol B Wigsti, iEhe] (HH
Z Agbeh. g wol® Aol el Aol wiol® AMed i 8 1.2f5R bl HHESE M
Ho] 3] I A e A il B s x ) Al (L)E WAL veig e A% 'Y e 2E
she] vhgrah ol Ashalrh.

Table.5 Length of L,

Shaft Dia. (mm) up to 300 up to 500 up to 600 up to 800 up to 900

L, (mm) l d } 1.25d 1.4d } 1.6d 2d

d: actual shaft diameter

Bk S A Hoshl 180mme sheleh. Heilol el Aol MBMMY whEos g
Wlol ) Aol FREMATE) O.8fr % @

3-3 w2 gl RE

oba] ol uho} 7ol HEERME) A wlel WM iAol T 2R Tl DI0K i el o
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Hol Pl heRE #Eo B st wmalqae.

L, I,
goxd <N<Tgxgz W

714, d=#f(mm)
N=pF3 wio g i
L=t #3% wiel®] Bl il ¢ A (mm)
A Z2aY e HiEBEIITo] 2@ gk ASE B onE LES Y LIS ¢
< REEAN iR E W N-1MEs] 2.

(2) Wl g f1EY Bz
He 2Ry AR o1 T S RELS Wl Yol A REEHERMES Lfss & fE0 sEshdrho.
HERM NN ZHEE DY Ko B XHWoT Yatdch. B W Tol
U8 Qe 34 s el A k7t MR A SAEF WY XiEmE Aol HEBMS
MAZ 2T A+8 zastgsh. FAM Aol Moi®ol gt A= WO M4 Mol o
0.211f%=) & frffiol wlel®) XrELS malgoo.

4. WRED ¥ BBEEO it

4-1 HERIEM| HH

4-1.1 HEFE
EARBM #HHL RAA Hikol gou & Z2ad6 AL Holzer %9 Hike] < sted I
SES 3G T WK RIES o = kel 95te] HPIEE s1go).
(D) BFAUA Y 35
2RIl SRR S JodE ABELaE UAYAY 2B, i T HERBEHR
Bifttke] A% o300, o] % MMEa2: WS40l =2 Fourier HM= AT T+ 5k A
iKY BARRS S K\ Q) s
Q.=C;- % -D*.R (kg-cm) '6))

9714, C=ige stol2 Al
D=4z HEK
R=z9 7 ¥f&
wHetd BRABELS ¢=Q: sin (nt+9)7t M3 o] BHKE =237} 6=4, sin ote] FRRE-E
St gl Mol AT o Lalo] 2o @ Wik
Wi =n-Q;+6,-sin ¢ 6
HRUAT s RBREE SRl 2z (o=7)




tho] Al BERA HEAEERT U1 E 1R N EZ RIS [Tl BT B Gl

Wm0, D)
ARG B B R
H/"’-:,-[-Q,‘- v2_‘.401'0 (8>

A7, Gumrt A A Y
k mzagea setndAS (€) ao REMEHE BN B AHES sharh.
(2) mkxEel Ly =] o] Z{4L
K ommoael A e AL BRNE fateds MY MR 9% REE 29

Al AbsEg et
D BB ME] o) 1 2to]l & Foll HHsE T MR Wee
W’E=27z-8-w2-012-i} (Jira®) (kg-cm/cycle) '©))
7|4, e;=28 3 LEEES B Aed o] HiRE

Ji=% Azlve] \EErE
E =R (=WERR/EREERED)D
6,=z1% 2. el RN
o =[E# AREEY
A ZEoddl e &Y e 0.013% Fealepa.
@ sl eiAl s ERAUAE i XE FlAsk g

W' =7.773X 10 + Zot.d-I (kg-cm/cycle) aon

4714, d=D-y L
L %] Aol
D : H T
[=FBEE <] Aol
o=3]ZH ej A& HWEE AALT X ED
fhel & BNEEE 5ol o a3l &8

Wu=3 Wy'-0,2 (kg-cm/cycle) an
@ HER BREd A W spgRom FofAir,
W,=Cpem-w+a,?6,° (kg-cm/cycle) 12

A7 A, Co=HetEdel RERK
a,=HEgE el A2 [EHRIE
Or=223) 28 Kol RME@ad)
HExEEE ) EEERE O el 3l WHlst =g lEEet ez MMM LHlstzz #
AR Eoaw MEES 2% Halget.
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T=K-n*=K'-v? 13
A7 A, T=RPEREE n) B Foigs =03 (kg-cm)
w=2rn
K, K'=#i# BH =%
NEY BB T ASc HEHEET SBela, = HERY £90 2D EEK 2%
Figet e & 4 QL ¥l & B Zd wz) #ely T
T=K,-n* a4
2 Aok v SUREe] AT HER RERARE HER BERE o o3 BRI Fo 3
ng

dT _ 1 dT
C=Zo~ % " an (15)

ADHKXE (A5)Rel RAs A=

_ 1 d(Kint_ z T 0 T —oeey T_ T

A7) 4, N=fg@e w5 Eun

% o] W oA Lewissh Taylors] MEHES K XBE o1 & WXl AL 3.5
£ msta.

BLES RRE RADel KA T92 kR

W,=2.356x10¢X

ST A [ “n

A7 A, i=mREHR] KB
Py=N(RPM)ol 31l A1¢] 14 (BHP)
(3) =¥ a4 LmimiEe o
fEREE QA RES o)l A kel kel R(8),(9), (1) B UM A
Wi=We+Wy+Wp 18
wehal 2B W) EMEE 01

01= Qi a; Poan s (rad) (19
2m-&-0' L] al+ T W' +2. 356X 104 x =2 %

il

@ H&eh KmEHS sty
WH KEM HEe EdAE 0/(ed), B SURES Klkg-cm/rad)z} st e 3
EAE, 5 ulEd ZHUE M=K-0'=Ju% (kg-cm) REEHS) BHEHERS Z oq v &3
BEH r=

r=KZ'f,=J . ‘”Z: ¢ (kg/cm?) @0
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A M EY ReelEl Ml AviZE e A REEe] 1 redd Holzer£eil A4} ju/l &
S TJoT kD ol 2AE Ml A K] 0l <i2) BN <% ke

- Zf,ﬁ__&_fé (kg/cm?) @n

>
%]
-

4.1-2 HHmmE Jye] FrasBUE

Yielding Line
N

(1) el e Rl AR N -
WERHER B Del AT sl 8§ | | Stigue 4ip

Vv

str
/'f
"'-\
e
I
l

ahol i BHRLE] BETROES) MRS RisteicE N %
L ?deN \\ P»?é?llir?f stress inclinatien :?
shrd, 2 EUR AR IRGel] ofal el fiHsh gTd" o T NG
W TR RS TS e BEJURME ce) Bh 2 8 RN
ffio] #7559} ts:ww Aotel K RkAebl faa |
1= Fig. 2el 4 xeld WIABRZ 8 chael K I = —_
Tn (me T
(22 ( %)o A 1{}:3_:__%1_ M\}g7}_ Sé)\t}- Mean stress
Tom > Te 22) Fig.2 Relationship between working stress and
endurance diagram
Tyd > T 23

17 Ay Tum=EIHES Teol fHT AS-e) Y BHRIE
e =ME IR <ot {RAistE A58 v B BRME
o} 7| 4] th 7] ZhekEbAl sh7] S8k IS Mz ¥ & 2] jiE fj(reversed torsional stress)(n =0)=
Py v\ B fE o S BH#etel A7shal Fig 28] gEEE EXE X @D g (25)2 HmAH
> tee=rat ";’?fm::: T.H—-é"- @0

T_y> rmz:fa"ll"rm (25)

oy =30 7R T
T oL (Fig.2 #2)
b

el (24 W (25)e] glelAl AT Ml HAHMENS TeEE oilw &% fo fizb
s R0 2T E d=rt.
t,==taetfe (26
T, =Tme+ /s @n
AT A, feeERT BED A HET 7 T RAHNED
f=ltr e B AS THT T ST RARINED
an e (T FHE A 2e3 9 zeamypEe #4 T3 Yehsix Y- M

A

e

WLoyo yo
fr
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o 3t Bl gertn me v ey BHe s Rz %7y Tyymy, BYES =5 @\
WILO A Fel WmstA o
r=T7—~'(1:Y)=%§IZj\h=K.P £1+Y) . (%ﬁ)’=
A714, P ={£%e) mgs Noj Al A 7 (PS)
N =¥ E#HR P.M)
P.=#BBAMS (PS)
N, =885 A e ) 1] 4
Zr=v] UMW R Y
K =32
Y =@ (=)
Ta=EERAM SRS v By
°l BifRE R(26) 2 @Nel A3 BREMOZ EF EMKel ol HAEHS = (29}
REOL R HRH o,
fe=t,—t4-1? @9

Tpo?? (28)

Si=ty—t,er? 30>

ol Kol HEBBRAEBY LTS RE HE FAMNESRES it ),

O WMD) £.2 94 g ElSRol A= B Al = HYmMe pry fakzol =t

© KMEH 5 Q= @A sk BRE Ao amst v welq Hre o]
e A A T pE) At

® KHmESIo] f.9 fi Abolel QetE AL RMIES & Rst22 o)o} 2 WMEEAHE Uor:
EREC A HMERS 51T BES Qo).

AEME =AHR BAESY BHRES Rel 2 Table. 63} zir}o,

Table.6 r, for various shafts

" Kind of shaft tu(kg/mm?)
Intermediate shaft (for shaft coupling part) 7. 1fn(4. 6fn)*
Thrust shaft (for shaft coupling part) 7. 1fm
Propeller shaft (for tapered large end part) 4.6
Crank shaft (for oil hole part of pin or journal) 4.6f,

( )* marked is applicable to built-up coupling

Teble.6 wel ot GlEAIY dSkg/mm uet = FEREE 2 HEG AT EHRES g
MEZA e Ko gpdy,

45+§-(a,—45>

=3 @D
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oA\ Al o=khER] B

vhul, e 2o wlstel b glHimgd] BMgel —mEE it As = fiEdifhe] o st
of iz fu=12 el

MR o] S dhMEo R Shaz i, HEMEZRERS] fEAlelL 10 Table 73l Zrh. ¥ AR
o visheda w] B ol ek HEET IRAMSel BT ahFlel B HITATHe e Bt
of Table. 75} #ro] #iizstgler®®. vinl, ofy| A fEJHHE N0 goeniel WERENE SIS Lo
2@ AQltl SR Hhes)l TACS #—glel B el o & Mzel Mas A g S-Sl HHN

Table.7 Working stress for various shafts

Kind of shaft : 74.( kg/mm?) Tme(kg/mm?)
Intermediate shaft 4 7.25
Thrust shaft 4 7.25
Propeller shaft 2.3(2.8) 4.2(5.5)
4L, 4V 45,60 2.5 3
Crank shaft
2L, 2V, 4V 4053, 420 3 5

" Note : 1. Values of () indicate stress on shaft coupliné
2. 4L : 4 cycle inline engine,4V45 : 4cycle V type engine, V angle 45°
3. 2L : 2 cycle inline engine, 2V : 2 cycle V type engine
B9l #ERE QD 2 B0 LA~ ATHE 2 A el g LR fie
Table 83} 7+c}1d),

Table.8 f, and f; for various shafts having integral coupling flange

Kind of shaft | kg/mm)
Intermediate shaft (7. 1-472) fm (11-7.257%) '
Thrust shaft (7.1-4r) fm (11-7. 257 fn’
Propeller shaft 4.6-2.372 11-4. 2572
4L, 4V 45, 60 (4.6-2.572) f (11-372)f’
Crank shaft
2L, 2V, 4V405, 420 (4.6-3r2)fm (11-5¢2) f!

Note : f,’ : material coefficient for torsional yield point
S =f71f
f/ : yield point of material having a tensile strength of 45 kg/mm?
f” : yield point of material

(2) ghRe] WA MEEE W FmEse] 583

e AR A e WS EERAH RS BEER st stz vk e EEE
ol A4 A weh F5el Azt BAMEEHs e 2> Bt g 7 drh %

af Aol sl o] Algo] #MbEt . &2k, Ei o4 BEEo 2 s 4w gtk 2v #Ee A
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T ELaE WA 2ud oWy AT EME HEE] o HERAEEEV)Y
LISHEE d& F+ Ak deid BE#E HAAs 1. 15N e EEs st W EYRBY F
BENE BHT LB v @EE WA o KinES FERES HEl r=1 (r=N'/N,
Ne 8 @) F2dA: ESRES, r=1.15 2244 100 RMESE ZR Yol A
-8 Koz Firdo},

f=A4+B/r1 (1<7<1.03)
o o+ LR 1,03 (L03<r<1.15) } @2
E# A, B, Co -2 Table. 92} zrr}i®),
Table.9 Values of A, B, C
Kind of shaft I A ] B l C
Intermediate and thrust shaft 3.1 4.0 3.1
Propeller shaft 2.3 2.3 3.5
4L,4V 45, 60 ' 2.1 2.5 3.4
Crank shaft
2L, 2V, 4V405, 420 1.6 3.0 3.0

4-2 WEWS it

Panagopulost ##8HM< MEF Sl D il REBiolddos X g& Ao
2 AIREE MEYBR) R BHHHROZAL #ESRd —=d 53 =oes) A
A& A9 B BRAES Ko oo B SHEE AT BES 2ol4 HEMT KE
B BHERHHES o3 2ol HEsY .

£ 30«/ B 515 7e‘) 33)

B/ (”+§)+’””’(%+?§)+"(§+§+3W

714, f=# KEARESY
E=#RERMGRHA 2% 2. 1x16%g/cm?) Q %
I=#f9] 2kR=H E cm! A B C
Jo=HEERRS ER g HREHESIE
(£ WmER BY BHE 60% i)
(kg-cm-sec?) Fig.3. Calculation model of Panagopulos
. formula
b=HEiERE SN e 0.7TR(RS #EAEHE $1)
RO ZHE MEERE ool WA 49 2y MEEH ARA A
I =MEEN 43 Rgigeels Xuale) mEig
Higel o] 2# S. Hayamal Panagopulose] & H#ipgo = BRIESHA BET B1E Panagop-
ulose] R& FHRstPerl, o] R vhesh 22 2 757} Zah upi st (33)3} zet.
A 2oy o] IE Panagopulosk 2 Ffslglcte,

D ——mpe——
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1.3 WMRESEES 5L
CIAC HEERLR R WS @A e Aol el TR Tl Mo gl wle]
ML e ] TR ] REEMS) 2nE 90w IR e o /s

TEEE bl HTIL BN QT G UnE Fell Tel gk mek RS oM A
whobel T el 2R shA] qpan el R 2] i (] BMEE i AL wolEe] Ael=
ARG -& 5] 55 SrnAl shed wlei ] ol REEEMI @B, AiAt JEih A
AR TR T el A S R MRe] ) iA]] Tl B e Elel 2 oe) & —EGE S
skl o, vl vl e) IdArE RS Ea) sk SN EES FUHSEY R EE sl
4-3-1 dh-REkel oM

LA E PR T EHY ERZ & Bimehc @ Sl ShE, Hhrow s
of M Al A n e el MEES SMHES D st Ao FAslel o).

@ wlel® kel el dhe) Witk —Eels HEBbe ARMEEe = 2 ac).

MR el MY HMBRBRARS B8 S0 MET vl T 244
W 23R4 0.56%, »lebel @i RAPEES o fihrEel 9l e ® s dic).

4 MR WRvE Vel R (EOHRE 8 BEA A BB

5 vl BBAel 7% e 2l ek ARl o el EWeld T, o) ) MRS wlolw LHS
st Slakd s 2Fo] U] RS Ao sy,

4:3-2 Wl R, TRESNE, AR D KA o dA R AA

Aot el ALY WIREES FE#H  EEGRe] whe] il Sel EoEBiel o = mEHE S
A J-SM ol B L), EERS AvkY, FRRSelE, A2, At R el K MEmE
WG TE gl

4-3-3 wielw) o] REgEls R

& vlel o] i {r - Simplex methodel ¢]shed T3+ 4= glowd olul 2] PRI Fel 2] M
I MR Wl B o] RS 2 Esld ).

Ufe o vl ol (EE ReBow el BARZ 5 7 g el e (uE sloa
mm GiRsE ok, mrl & oghe] MEY @l AhEEE Stk
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Fig.4 Shaft arrangement of actual ship
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