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Developing a Computer Program for the Torsional
Vibration Analysis of the Marine Diesel
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Abstract

In the earlier days, when the diesel engine was used for ship propulsion, its shaft had
often been broken by uncertain causes. Bauer suggested, for the first time in 1900, that
it resulted from the torsional vibration of the shaft system. From 1901 to 1902,
Giimbel and Frahm found out that shaft failures were caused by the resonance of the
shaft system in critical speed.

Since that time, valuable theories, cmpirical {ormulae and methods of vibration analysis
were introduced by many investigators such as Geiger, Holzer, Lewis, Carter, Porter,
Constant, Timoshenko, Dorey, Den Hartog, Tuplin, Ker Wilson, Bradbury etc.

But, as the calculation of the damping energy involves very complicated and uncertain
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factors, the estimated amplitude of the torsional vibration is incorrect and uncertain.

Besides, as high-powered engines have been installed on large vessels or special vessels
and exciting force has been increased, new problems of the torsional vibration have
continuously occurred. ‘
Although we can calculate the approximate natural frequencies or estimate their amplitu-
de and additional stress in the design stage, through the above mentioned studies, the
results of the calculations are unsatisfactory, and so much time is needed to carry out the
calculation by hand.

The authors have developed a computer program to calculate its natural frequencies, the
amplitudes and additional stresses of the torsional vibration in the marine diesel engine
shafting.

In developing the computer program, the authors have paid the special attention to the
calculation of the damping energy.

To verify the reliability of the developed computer program, the torsional vibration of
several propulsion shaftings which are driven by the diesel engine has been an-
alyzed.

The results calculted by the authors’ computer program show good agreements with
those of the actual measurements and are better than the results of engine maker’s cal-

culation.
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PIC : Hysteresis Wz =] 1S I3 M
B (R

SFTS : 4 fi, % R#A o & R WM
mEES

C : Harmonic £

N5(T) : ERIERF

K3:4z5
K4 :4=9 #-#InmERe %
K5 : HarmonicfR#e] K
Ké6: % Mm@ Bt SFHEHRENS
Flow Chart2| iR88 B
N3 : #Ee] HER AW
(MAIN PROGRAM) DE: 4 eld [ifs

) BwH HY S:oaE TR
K: %HERS B BHP : #RA¢] gmARMth
TINER : & H&o #ElEEZNE CP: BB &S
STIF : & H&MHhe) == HH PMI : #8579 SFHELHES
THETA: & fii, % BE&H RERE 12 : HEEhe) Hig
RESTM : AFHEE od 3 Residual mo- DN : f3EWIe] 4

ment ASMT : ==} = fhe) SREDHTMES
W AREE ASML : rRRjERe] IRBIHTIMEES
RW : & #ie] HA AiRE ¥ (rad/sec) ASMP : HefEARELS] B IMAES

(2) B s

1) COMMONZ¢s} DIMENSIONX g fEpcte}.

DIMENSIONX el gl N5(DE Bikel =] A REIRIE VectorA-g 7 AMHFA  of
g F3sts] $1g DIMENSIONI e 2 NS(De fHghpyel = Aol #E ¥ 2 DATAC # KM
B mAETH HWmERC] v BB EAKNEFE 8E HAl).

2) MREEE 2.04-8 2.04 Hne sl FUNTION RESTMO(D)e) 4 Residual moment%
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R AL A3 I Ol BERR v S Rl Y Wi mzsd D&l B mize

A N

#o el #15eE Residual momente] 37k ## <-4 FUNTION REGFA(X1, X2, Y1,
Y2)iiAl Residual moment7 0c] == fihias ok,

Hud o« Residual momentsb 0¢] %)= SRS —- 1A 5 0 Bl el sk o BE@T 59is0 2hol)
wpol ARG A a3 GRS 5 9l

DA, A WOl R el R BEAe] QBB Nl o=l METShe] Tl s g il
ol 4% {4 KUTE JeRiidEel NSty BB S KM kel &% sing{s} cos

T

Hlein Mfgekel 4 Va“"’)rl"r(' o.x IS o faBmEiEel HITrEs RS FAE
chod o EEPA5ANS] BESE Harmonic (RS ok lEdkel v A & #F50gke),

4) BERHREE N V] = “",::Hl 2l Al gl ggell A, HEERR Wil vl Al 5 BRATShed soed mihosi el B
T8 Sfshon 51%1:,,% i, HEAESNALS] BTMNE )% GRSkl
(FUNCTION RESTMOD))

MAIN PROGRAM«] A ol 2l fififil s W(I3)E FUNCTION RESTMO(D)Z {f /i ol
Residual momenti- (4% ¢].

(FUNTION REGFA(XI, X2, Y1, Y2))

MAIN PROGRAM:«i 41 Fo!l 7l g WIB-D3 W(I3)% FUNCTION RESTMO(D)s
golfsiel @3l Residuel moment gb] g7 $84& @ FUNCTION REGFA(XI, X2, YI,
Y2)5 iHskA I ~‘: i,

WA3-1)-& X1, WI3)E X2, RESTMO (W(I3-1))% Y1, RESTMOW(3)E Y2 o5 X
1=} X2¢] ¢k m F Xub gk, RESTMOCOE Yt Sha YIXYS glel (v Xl=X] 4
(=R W X2=X7tE o] (X-XD3 (X—X2)9) §iff-1 0.01c] = nﬂfflxl BiGge).
(XXt (x—\wl Gl 0.0t MR REGFA=X:L H o o] X/} skt fiie sk
IS RSEE I E SRR

it

7. KOl BE 2 RRfEete] HE

Y

[

il OS] YERERe] Saiishel vl HRED WG FHAES 1TSha g w
@HJ “}’/\ I-

» Ht |
i A B ’ B C # : D #& E # F #
5iF [ :
Al W 7 6 i 6 6 6 6
A1) B} (mm) 680 760 680 450 680 760
o] oL A (mm) 1250 1550 1250 750 1250 1550
FUB R A R (rpm) 150 122 150 230 137 122
it Ay (hhp) 1550 12060 11400 3800 9000 14409
ML (e Ty (g fem®) R 11,66 149 10. 39 12.06 14.0
. (e -7-2 1-6-2-3-5-5 |1-6-2-4-3-5 |6-1-5-3-4-2 |1-6-2-4-3~5 |[-6-2-4-3-5
~3-1-3-6
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19804 35 WMETMWIHEABRIE #1586

(2) 2H3A # (9 : mm)
= W
[ A #|B #|C #|D #|E & |F #
HH -
agarsz$g 7o 1300 1450 1300 800 1300 1450
a8 gzpobd & 540 600 540 340 540 600
P an EHE 540 600 540 340 540 600
@ hiflE (=14 : mm)
S
T A #e B # C e D # E ## F #e
HH - .
HhE X fE ¥ 5860X1 5180X1 6540 X1 7250 X4 55001 3750X2
] i 420 470 370 250 440 480
@ HEEEW (5t4] : mm)
T FiES J
T |a e B ®|ic m|D m ! E # | F #
HH |
Hh B X R 5855 X 500 ! 5285X515 | 7240X456 | 4820X315 J 5900470 | 6730X600
(5) HeEE
% ® A #|B #®|C #|D #|E #|F #&
= & (mm) 5150 5900 4850 3150 5200 6000
3] 2 (mm) 3510 3900 2320 3685 4610
)] %] )4 0.6816 0. 7087 0. 7365 0. 7087 0.7683
£ R (m? 20. 8308 27. 3200 7.7931 21.2372 28.2744
B EBE (m? 13.7483 15. 4080 5. 0655 11. 6805 16. 2861
B OB om B 0. 6599 0.5639 0. 6499 0. 5500 0. 5670
HEEE 12.5235 14. 0200 4.5504 10. 5673
¥ B2 E OB W 0.6012 0.5130 0. 5839 0. 4988
H £ 5 0.1748 0.1745 0.1778 0. 1769 0. 1847
" K B B W 0.3814 0. 3169 0.3769 0. 3099 0. 3270
A B H i 0. 0690 0. 0533 0.0571 0.0615 0. 0517
i P 54 16°01/ 17°01 9°54/ 10°02’
s A b 4 4 4 4 4 4
*t " Mn-~Bronze{ Mn-Bronze| Mn-Bronze| Mn-Bronze| Mn-Bronze| Ni-Al-
Bronze
E @ 5 ® Right hand| Right-hand Right-hand |[Right-hand |Right-hand | Right-hand
#H & a T ks 14710 18966. 4 3100 12850 16593
» o = 5 A (kg) 250 300 82 319 125
7a S o] HEHE SR 196040 140226 15700 152800 250714
a9l & (kgecmesec?)
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HRULUTE] 2 HAiE o) 2 B MR ) YRR Y B2 o BB WY B

72 #E#EERO HE LR
Affrell Be vl EFIRE AR et 2o

CALCULATION FOR TOR5IONAL VIHRATION

MAIN ENGINE PARTICULARS
TYPE SULZER 7 RND 68
NO.1 MOMENT OF INERTIA IS COUNTER AND SHAFT
2 STROKE CVYCILE,SINGLE ACTING CROSSHEAD TYPE
REVERSIBLE DIESEL ENGINE WITH TURBOCHARGER

NUMBER OF CYL INDER 7

CYLINDER DIAMETER 68.000 Cm

STROKE 1725.000 ™

MAX, CONTINUOUS REVOLUTIONS 1s0 R.P.M.

MAX, CONTINUOUS OUT PUT 11550.000 B.H.P.

MAX, COMBUSTION PRESSURE 87.000 KG/CM2

MEAN EFFECTIVE PRESSURE 12,100 KG/sCM2

FIRING ORDER (AHEAD) 1-7-2-5+-4=3-6
NO MOMENT OF INERTIA STIFFNFSS DIAMETER OF SHAFT LENGTH OF SHAFT

(KG=-CM=SEC2) (KG=CM/RAD) c™M) M)

1 0.7010000E 03 0.8058016F 10 0.5400000E 02 0.1025000E 03
2 0.2567500E 0% 0.6060605€E 10 0.5400000€ 02 0.1300000€ 03
3 0.2567500E 05 0.6060605E 10 0.5400000F 02 0.1300000€ 03
4 0.2651300E 05 0.402900%9€ 10 0.5400000F 02 0.2050000€ 03
5 0.2651300F 05 0.6060605E 10 0.5400000E 02 0.1300000F 03
6 N0.2567500€ 05 0.6060605€ 10 0.5400000€ 02 0.1300000E 03
7 0.2567500E 05 0.6060605E 10 0.5400000& 02 0.1300000E 03
8 0.2651300E 05 0.35739g1E 10 0.5400000E 02 0.2440000E 03
9 0.2194700E 05 0.1412429E 11 0.5400000E 02 0.6000000E 02
10 0.1332000E 04 0.4497615E 09 0.4200000E 02 0.5860000E 03
11 0.2866000E O4 0.1008980E 10 0.5C00000F 02 0.5855000€ 03
12 0.2465840F 06

NATURAL FREQUENCY

NATURAL FREQUENCY 1 NODE= 48.485-1 TeT2HL  462,72MIN=]

NATURAL FREQUENCY 2 NODE= 186,73S-1 29.72HZ 1783 ,1CMIN~1

NATURAL FREQUENCY 3 NODE= 351,79S-1 55.99HZ 3359.33MIN-1

NATURAL FREQUENCY 4 NODE= 501,26S5=1 79.78HZ 4786,.64M]N=1

NATURAL FREQUENCY 5 NODE= 607.02S5-1 96.61HZ 5796.63MIN=1
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S/ GURINNERE

o

7.3 SrafEet BRMESRLS HE
SRIEEM MRS

(D AR sEtEBhcRe| o

AT ol A BRI W R REE S B ER o B W B

|
(g = dheig !

161 BB 8 (rpm)

2 A e (rad)

0TS 1/7 E 1/7 %
oW oM o ‘ 66 — 0. 02376 | —
i bl A : 66 — 0.02477 —
* Fi] b’ 66 — 0. 02466 —
!
BB MM ) 27 A dfickg/em?) } i (eg/cm?) HE e #iid (kg /em?®)
f K 1/7 j A 1/7
S L (CIE 264 ] 700 ! ' 413 i
T il fi | — ‘ 763 ! | —
i | :
N E e } 274 I 726 | \ 428
OGN BNl ZHIRE Gy S
(2) By HEESRS| HI SRIIREMTINE S
Mg = iR f& % Bl (rpm) 2 A SRR (rad)
. _ ,,,_,7,,_1, e - = . - e e B R
of V27 S 1/6 3 1/15 1/6 I 1/15
[ S I ‘ l e
. I (B “ 72 l 107 0.02418 . 0. 00040
1T b firi ‘ 70 i 105 0. 02703 : 0.00193
PN Et e 73 i 107 0.02764 0.00116
|
SRR INHE ) =3 aftkg/emd 1 R (kg/em?) el Ak Ceg / em?)
. e e e s ‘ L
L IPE i | 1/6 /15 | 1/6 /15 J 1/6 /15
[ B [ — I _ U B,
oW o 4 o 297 33 331 15 630 | 9
1 W 1 — 156 930 — — 42
& o e 336 94 950 44 721 E 25
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(3 Cia RS U HEMMES

EEEE B RE &K B 8 (rpm) a9 Al KR (rad)
|

0L 8 1/6 I/15 1/6 } /15
B O & o 68 132 0.01917 % 0. 00038
" H il 67 — 0. 02419 ' —
A Er X 68 132 0. 02403 } 0. 00146

i
REIHT I 7 a3 aghkg/cm?) i (kg/cm?) it g3 (kg/cm?)

B RE 1/6 I/15 1/6 1/15 1/6 /15
B W O fEH 139 13 594 6 315 2
" H & — 750 —_
N E X 175 118 745 49 395 16

X OCERE HAE 9%
(4) Dy Hedewkel HIRE HEWH NS
Fiay 2 RE &1 Bl ¥ (rpm) 2.8 Al FUIRIE (rad)

: (11 ¢ 4 1/6 1/12 [/6 /12
oW M fFEE 53 204 0. 11245 0. 000497
® i ] & 55 205 0.11712 0. 00225
N E X 55 204 0. 12186 0. 00164

B A a2 ahkg/em®’ | HEGEICkg/cm?) Hexe a8 (kg /cm?)

10 € 3 1/6 I/12 1/6 I/12 1/6 i/12

|
B oW oM ok 264 28 665 43 332 19
b: 4 bi: () 18 — 128 727 — — 91
N E 5'e 185 93 757 142 306 66
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9 | fic 4y Y (rpm) v 2 D)
1 R — S _
i | L /6 | 1/6
w8 A% 89 | - | 0.02368 -
pu§ il | 90 | — \ 0. 02477 —
N ki % 89 1 — { 0. 02639 -
. i ! |
JBHU e 2 | ifif(kg/em?) {11 (keg/cm®) \ S (kg /cm?®)
! |
mw w0 1/60 oL ‘1 | 1/6
I VR TR 241 | so1 ! 567
1 Sl it }. - i 722 ! l —
A i v 324 | 770 i i 632
DRI HIEL e /g R - ﬁ'ﬁﬁxif) fog a2
(6) Ffy ¥tdnRel v SE2IREMMES
M E 16 B Bl Crprn) ERET /L‘ﬂfumm‘.](rad)
MW, K [/6 j /15 1/6 /15
oo onof ook ‘ 75 102 0. 02005 ! 0.00115
i !
1T 3 . 71 108 0. 02027 i 0. 00181
" % 5 ‘I 75 102 | 0.01930 ', 0.00145
! L 1
X : |
BRI K o adf(ke/em?) i i (kg/cm®) ‘ Heitasig (kg/cm?)
e
LUV l‘ I WEC T B 5 1/15 E 1/6 ‘] /15
UL —— - !
HeoBg owo¢r F | 300 1 90 ! 710 77 356 1 15
ji el ' — \ 142 | 718 — — 25
| |
x & % B | 633 62 } 347 \ 20
|
8. i H
SR ol Rk ANTTIE) o) A BERA MR RS Sk BRI M) & GHETSh i e

FEUATSE Jb# REishel Hoket
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BH=Rawe] f@el golds rel BuEhe) EHES HEREBS HE ke BEshg o
A 2L MBS FA AT FASHE FEnt £ o Fo RS 95 B .

RERH O o) 3 O BUMEA Lk RE AR KR led e #5He dS & g

(D A WX BAE, FHT B =20 HHME KUY LERDY, =t BHNie
HE7E #RSHE #ERS 9 Fe —HE 2olx gol IREBMS A MM A8 Qv

(2) —HRE e B BRIRES A R B, AT BHE 2299 HEME BRI
Hstol KB £10% WSS BEE M- BENEGRST #BRShE HEMEERY AR RIS
THE Fa o

(3 =fiREhl H RBRIES) MR BWHE Hotd 35% BE Fe e neld WE
R K= ohis 2oy SEGEST RS RRRTE BIFS BE —-BMes TR
St gl KGR st Yms] il

Bl #R2 Hol & BXA #Rshs BEL2 29 2 Ttk #4539z 4294, o
oo ZMREE HHE Bt REHD BmEHA R 2o o ERES BE AR B
RE= o @ RWES K B3 B
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