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Decveloping a Computer Program for the Torsional Vibration Analysis
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Abstract

In the curlier davs, 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,
Glimbel and Frahm found out that shaft failures were caused by the resonance of the
shaft svstem in critical speed.

Since that time, valuable theories, empirical formulae and methods of vibration analysis
were inirocuced by many investigators such as Geiger, Holzer, Lewis, Carter, Porter,
Constant, Timcshenko, Dorev, Den Hartog, Tuplin, Ker Wilson, Bradbury etc.

But, ¢s the celeulation ot the damping energy involves very complicated and uncertain
factors, the estimated amplitude of the torsional vibration is iacorrect and uncertain.

Besides, as high-powered e¢ngines have been installed on large vessels or special vessels

and ¢xciting force has been increased, new problems of the torsional vibration have
continuously occurred.
Although we can calculate the approximate natural frequencics 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 siresses of the torsional vibration in the marine diesel engine
shafting.

In developing the computer program, the authors have paid the special attention “o the

calculation of the damping energy.
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To verify the reliability of the developed computer program, the torsional vibration of

several propulsion shaftings which are driven by the

alyzed.

diesel engine has been an-

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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1
D0 17 I: 1, K |
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.
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RITE
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WRITE \
ENGINE DATA

1

WRITE

HEADING

DO 22 I= 1,N

)
IRWN=RW(L)/ 2% |
)
[RWNM(T) = RWN*E0]
1

WRITE //
I,RW,RWN, RWNH,

—— D0 22 I= 1, NODE |
]

WRITE
HOLZER TABLE

©
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DO 33 1= 1, NODE ]

I———————————«(Qo 24 18=1, K5]
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629 | RWNpIS(I)
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OR
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TVE=(ABS(VES(K8):*2+ABS(VEC(K8))
##D JE® O, 5

[PPMI=PMI*(Rw§ms(I)/N3)**2|

[iD=2.0*PPMIfo.§+o.ocoo1|

[QI=n*DE**2#C(1D,I8)*S/3 |
FWT(I.I8)J&?QI*TVE |

> M9 s 1

=

WRITE
HEADING OF I,18,RWNMS,
PPMI,C,TVE,QI,WI

WRITE
I8,RWNMS,PPMI,C
TVE,QI,WI
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“RITE
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WRITE
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(FUNCTION ReSTHO(D))

FHhVﬁAam1@%q %Mbm%iﬂﬁTS ;

= A53( )A*Q\;,L)AJ

[ COiLCN X, TINER, STIF|
DILENSION >LL THETA |
EﬁfﬁA(l% = 1.0]
STH(1) = C.0
— <20 1 IL 2, K]

STii(1 )= DTM(I 1 THETA(I- 1)
*DINDER(I-1)

1
v

— I
T IETA(T)=THETA(I-1)-STH(1)
/STIF(I-1)*D*D

RESMO=STM(K)+THETA(K)
#*PINDER(K)

END
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(FUNCTION REGFA(X1,X2,Y2,Y1,Y2))
D = 0,01

|i=ZX1+X2 572.0'

ABS(X~X1).LE.D
AND
ABS(X-X2).LE.D

[¥ = RESTMO(X)|
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{MAIN PROGRAM)

(1) &4 63
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STIF : #% B &Pglhel s %y

THETA : & i, 4% BAMe hefhn

RESTM : A ool & Residual mo-
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W o #iRghE

RW : % fiel W47 MA# 5% (vad/sec)

TM : # fii Holzer tablee] Jw?0

STM : # {iii Holzer tablee] YJjw

DM : % §Tgimdel YA R

L4 PLatiiiigs] eemsimis

RWNM : % i) 1445 % 5% (rpm)
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(FUNTION REGFA(X1, X2, Y1, Y2))

MAIN PROGRAMoj| 4} Fol % M am W
(I3-Da W(I3)E FUNCTION RESTMO(D)
ol {fifiske] 13 Residual moment 7he] £F
R B3 of FUNCTION REGFA(X1, X2,
Y1, Y2)5 @ifietAl ek

WI3-D¢ X1, W(U3)% X2, RESTMO (W
(I3-1))% Y1, RESTMO(WI3) % Y2t s}

X13+ X2¢] Fi4fie Xcb @, RESTMO
(X)& Yo stz YIXYS ghel (H)om=

X1=X7F 2 ()9 & X2=X7}
- X3 (X—=X2)9] HiF}
ATt

Hel (X
0.01c] = wf74=]

(X=XDst (X—X2)¢] st 0.01¢] 5=
REGFA=Xz= 5 ¢] Xvb shvbe} s J2k

S AR e 5t

7. KB
e 5

S 2 WRE=f

ol HEBOBE M S GRSt PLiel W= an] & 604 FERdhel A
(FUNCTION RESTMO(D)> Shed vl -ERIERT) HEMEES GRS frsha FO
MAIN PROGRAMol A Fof 71 542 EI# it = BEEf S R i Basid ok
W(I3):> FUNCTION RESTMO(D)% {JH
3t Residual moment& 3 33-v}. 7-1 HRRER
(1) AR
T e w4 A #|B wmlc ® D mlE # | Fom
B 1 Tt 1 I f o
MEIRERE 7 , 6 6 6 6 | 6
4] =) ] {6 (mm) 680 760 680 , 450 680 760
5] 4 EfFF (mm) 1250 1550 1250 750 1250 1550
R A [ 8 (rpm) 150 122 150 230 137 122
U s A 1 F7 (bhp) 11550 12600 11400 3800 9000 14400
Y34 B H (kg/cm?) 12.1 11. 66 14.0 10.39 12.06 14.0
MoKk W OF 1-7-2 s b1—6—2~4-3—5 1-6-2-4-3-5 {6-1-5-3-4-2 {1-6-2-4-3-5 |1-6-2-4-3-5
T5_4-3-




148 BEBEAE A$b A8 B34
2) Y3 W (4} : mm)
T ™ A ®|B m|c #|D m|E & #®
. F
R TT—
aygaxze Ao 1300 1450 1300 800 1300 1450
a3 axkohd E&E 540 600 540 340 540 600
EDER I -7 540 600 540 340 540 600
(3) MM (24 : mm)
#
A # B # cC # D s E # F #
HH —
HE X EHE 58601 51801 65401 7250 X 4 55001 3750X 2
i il 420 470 370 250 440 480
4) HEsgEEm (9 : mm)
R— ¥
\ A # B # cC #m D #m E # F #&
HH
BE XER 5855X500 | 5285X515 | 7240X456 | 4820315 | 5900X470 | 6730%600
6) Hke
% B A # B b3 C ## D # E # F 4
i} &R (mm) 5150 5900 4850 3150 5200 6000
5 2 (mm) 3510 3900 2320 3685 4610
B B H 0. 6816 0.7087 0.7365 0. 7087 0. 7683
4 H & (m? 20. 8308 27. 3200 7. 7931 21. 2372 28. 2744
BB EH md 13.7483 15. 4080 5. 0655 11. 6805 16. 2861
BB O B K 0. 6599 0. 5639 0. 6499 0. 5500 . 0.5670
BREEH (m 12.5235 14. 0200 4.5504 10. 5673
®# ¥ OB K& 0.6012 0.5130 0. 5839 0. 4988
X S B 0.1748 0.1745 0.1778 0. 1769 0. 1847
B AX BB W 0. 3814 0. 3169 0. 3769 0.3099 0.3270
B X B E KW 0. 0690 0. 0533 0.0571 0. 0615 0.0517
1] Fa H 10°01” 17°01” 9°54’ 10°02/
¢ 74 = 4 4 4 4 4 4
* B Mn-Bronze] Mn-Bronze| Mn-Bronze| Mn-Bronze] Mn-Bronze Ni-Al-
Bronze
H B 5 W Right-hand|Right-hand [Right-hand [Right-hand [Right-hand Right-hand
¥R A (ke 14710 18966. 4 3100 12850 16593
By & F A (kg 250 300 82 319 125
22 HEHE BRI 196040 140226 15700 152800 250714
2ol (kg.cm-sec?)
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CALCULATION FOR TORSIONAL VIMRATION
MAIN ENGINE PARTICULARS

TYPE SULZER 7 RND 68
NG.1 MOMENT OF INERTIA 1S COUNTER AND SHAFT
2 STROKE CVYCE,SINGLE ACTING CFOSSHFAD TYPE
REVERSIBLE MIESEL ENGINE WITH TURBOCHARGER

NUMBER OF CY[LINDER 7

CYLINDER DIAMETER 6£8.000 Cm
STROKFE 125.000 ™
MAX, CONTINUYOUS REVOLUTIONS 150 R,P .M.
MAX, CONTINUOUS OUT PUT 11550.000 B.H.P.
MAX, (OMBUSTION PRESSURE 87.000 KG/CM2
MEAN EFFECTIVE PRESSURE 12.100 KG/CM2
FIRING ORDER (AHEADL) 1-7-2«5-4=-3-¢

NO MOMENT OF [INERT]A STIFFNFSE DIAMETER OF SHAFT LENGTH OF SHAFT

(KG=CM=SEC2? (K5=CM/RAD) M) ™)
1 0.7010000F 03 0.8G58016F 10 0.5400000E 32 0.1025000E 03
2 0.2367500F 0% 0.6060605E 10 0.5400000F 02 0.1300000E 03
3 0.2567500€ 05 0.6060605E 10 0.5400000F 02 0.1300000F 03
4 0.2651300E 05 0.4029009F 10 0.5400000F 02 0.2050000€ 03
5 0.2651300F Q5 0.606C605E 10 0.5400000EF 02 0.1300000F 03
6 0.£567500E 05 0.60606G5E 19 0.5400000€ 02 0.1300000F 03
7 0.2567500E 05 0.6060605E 10 0.5400000E 02 0.130C000E 03
8 0.2651300E 03 G.3573981t 10 G.5400000€E 02 0.2440000E 03
9 0.2194700E 05 0.1412429E 11 0.5400000E 02 0.6000000E 02
10 0.1332C00E 04 D.4497615E 09 0.4200000E8 02 0.5860000E 03
11 0.286€£000E 04 0.1C0898CE 10 0.5C00000F Q02 0.5855000E 03
12 0.2465840F 06
NATHRAL FREQUENCY
NATURAL FREQUENCY 1 NONDE= 48.435-1 T.72HL 462,72MIN=1
NATURAL FREQUENCY 2 NODE= 186,73S-1 29,.72HL 1783,1CMIN=1
NATURAL FREQUFENC/ 3 NOpE= 351,775-1 55.99HZ 3359,33MIN-1
NATURAL FREQUENCY 4 NODE= 501.26S5=1 79.78HL 4786 .64MIN=1
NATURAL FREQUENCY 5 NODE= 607.,025=-1 96.61HL 5796.63MIN=1
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GILT LR l faﬁﬁ@ﬂ%(rpm) “ e ZLig Sk BN (rad)
o K| 1/7 1/ \‘
[ U — - [ [ -
BOW M K i 66 ; - 0.02376 ) —
|
b il it 66 1 — 0. 02477 1 —
A L % 66 | — 0. 02466 —
B yinich | sy aigCkg/em® st ckg/em®) ! mﬁ_g,m(l\wcm \
[ SO T
W KB 1/7 I P T
I S —— L B
oW M & E 261 | 1 700 413
T i #o - \ \‘ 763 -
A % e 274 | 726 | ‘ 128 |

T COUEE Y R SR R e

(2) B HebRel IR EMHES

BTN R oMo ‘i o 2 SR (rad)
g KB 1 [/6 : /18 ‘ [ ‘3 /15
R R L
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ABSTRACT

As far as transportation problems are concerned, the minimization of transportation cost is
‘the most prevailing object. But in some cases, the cargo delivery time is the utter problem
rather than the cost. For instance, we may imagine the case that the delivery of the constru-
-ction materials is delayed behind the schedule and this makes the construction cost increased
because of idle time of other materials and man power, in addition to the indemnity,

Therefore the allocation of ships, in marine transportation which is now the main route of
-overseas trade, to the needed area on the required time is to be appropriately performed.

However, there are several restrictions for cargo delivery to meet the demand, such as ship’s
‘size, number to be employed and cargo handling capacity of the ports, etc. And there are some
-other factors to be considered, that is, the degree of necessities of commodities, on their kinds,
:amount, and the time of arrival, etc.

This paper deals with the problem of optimum allocation of ships emphasizing the cargo
-delivery time adopting Linear Programming technique with those cargo delivery restrictions and
factors transformed by introducing the multi-speed conception, the conversion of multi-commo-
dity to a single commodity, allowable delivery time, weight penalty number and nominating
priority. This paper presents a case of optimum allocation of ships in the light of cargo
delivery time for a construction company which has two different - construction places and
analyzes the result. This study will give a planner a good tool for optimum planning of marine
‘transportation and be used for decision of schemes, '



