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Calculation of Transverse Vibration of Ship’s Propulsion Shaftings
by the Finite Element Method

By Hiojung Jeon, Hicheol Kim
Abstract

Due to increasing ship dimensicns and installed propulsive pcwer, reschance {requencies
of the propeller shaft system tend to decrease and they can appear in some cases within
the operating range of the shaft revolution.

For calculation of transverse shaft vibrations, various methods have been proposed but
as they are mainly for approximate calculation, no contented results are obtained. For
fairly accurate estimation of resonance frequencies in the design stage, one can use tra-
nsfer matrix method or the finite element methed and the former is rather prefered in
ordinary cases.

In this study, the finite element methed which is utilized for calculation of the
propulsion shaft alignment, is introduced to derive the vibration equation of the ship’s
propulsion shaftings. The digital computor program is developed to solve the above equ-
aticn, and the details of preparing the input data are described.

The method presented in the underlying repcrt was applied to the shafting of ship
which has a lignumvitae bearing to verify its reliability and the results of calculation
and those of the measurements cn rotating shaft show a good agreement.

Calculating methods of exciting forces and damping forces are also discussed for future
work.
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Table 1. Mass and moment of inertia of the propulsion shaft

| H &2 f H o= A e

% = : (kg-cm=1.sec?) (kg-cm- secz) L] %
A T 0. 3802306 < 10! 0. 1983700 10° AR 1699 150% 494

- 9 o 'ﬁj@%m, I:Pﬁ = ?éjJ
7 5 7 0. 2485883 X 16 0. 6877480 102 o nﬁ A Lkl
% T o 3 0. 8440350 10° 0. 3804000< 104 HEEh 1 as

Table 2. Spring constant of supporting bearing of propulsion shaft
, Hi %) B Hfgs T |

% L ‘ (kg/cr})l) (cm- kg/rad) ] L %
W oR e s 0. 7004643 X 10 0. 1032510 X 10° . Jaspere] 3 FHY
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Table 3. Natural frequencies of the propulsion shaft

TRAINING SHIP/HANBADA,BENDING VIBRATION [N HORIZONTAL MODE OF PROPULSION SHAFTING

NATURAL FREQUENCY 1 0.2111007F 09 0.16452930E 05 RAD/SEC 0.2312613F 04 CpS 3.1387448E 06 CPM
NATURAL FREQUENCY 2 0,1224298f 09 0.1110989€ 05 RAD/SEC 0.1768196E 0A CPS 0.1060917E 06 CPM
NATURAL FREQUENCY 3 0,7923658¢ 08 0.8901492F N4 RAD/SEC 0.1416718F 04 CPS 0.8500306€ 05 CPM
NATURAL FREQUENCY 4 0.7071816¢ 08 0.8409406E 04 RAD/SEC 0.1338400E€ 04 CPS 0.8030394E 05 CPM
NATURAL FREQUENCY 5 0.2262286€ 08 0.4756348E n4 RAD/SEC 0.7569971E 03 CPS 0.4541982€ 05 CPM
NATURAL FREQUENCY 6 0.1317620F 08 043629902E 04 RAD/SEC 0.5777175€ 03 CPs 0.3466305€ 05 CPm
NATURAL FREQUENCY T 0.2%84368F 08 0.5083664E 04 RAD/SEC 0.8090911F 03 CpS 0.4854346E 05 CpM
NATURAL FREQUENCY 8 0,8714448E 07 0.2952023E 04 RAD/SEC 0.4698296E 03 CPS 0.2818977E 05 CPM+
NATURAL FREQUENCY 9 0.4898220€ 07 0.2213191€ 04 RAD/SEC 0.3522407E 03 CPS 0,2113444E 05 CPM
NATURAL FREQUENCY 10 0.5254497¢ 07 0.2292268F 04 RAD/SEC 0.3648299E 03 CPS 042188955 05 CPM
NATURAL FREQUENCY 11 0.2758353f 07 0.1660830F 04 RAD/SEC 0.2643293€ 03 CpS 0,1585976€ 05 CpM
NATURAL FREQUENCY 12 0.1142148€ 07 0.1068713E 04 RAD/SEC 0.1700912€ 03 CPS 0+102054T€E 05 CPM
NATURAL FREQUENCY 13 0.102322% 07 0.1011543E 04 RAD/SEC 0.1609926€ 03 CPS 0.9659355€ QA CPM
NATURAL FREQUENCY 14 0,1023014F 07 0.1011441E 04 RAD/SEC 0.1609761E 03 CPS 0.9658562E 04 CPM
NATURAL FREQUENCY 15 0.1023066€ 07 0.1011467E 08 RAD/SEC 0.1609802€ 03 CPS 0.9658809E 04 CPM
NATURAL FREQUENCY 16 0,8888106E 06 C.94276TLE 03 RAD/SEC otthU%gzs 03 CPs 0.9002770E 04 CPM
NATURAL FREQUENCY 17 0,1019416E 07 0.1009661E 04 RAD/SEC 0.1606927E 03 CPS 0.,9641362E 04 CPM
NATURAL FREQUENCY 18 0,748T140€ J6 0.8652822F 03 RAD/SEC 0.1377141F 03 CPS 0,8262844F 04 CPM
NATURAL FREQUENCY 19 0,7486849¢ 06 0.5652656€ 03 RAD/SEC 0.1377114E 03 CPS 0.8262684E 04 CPM
NATURAL FREQUENCY 20 (.7486494F 06 0.8652451E 03 RAD/SEC 0.1377082E 03 CPS 048262488 04 CPM
NATURAL FREQUENCY 21 0.3338889E 06 2.5778311E 03 RAD/SEC 0.9196477E 02 CPS 0.5317883€ 04 CPM
NATURAL FREQUENCY 22 0.6609331E 06 3.8129775€ 03 RAD/SEC 0.1293895€ 03 CPS 047763371 0a CPM
NATURAL FREQUENCY 23 0,2646709¢ 76 0:5144614€ 03 RAD/SEC 3.8187917€ 02 CPS 034912746 04 CPM
NATURAL FREQUENCY 24 0.2211369€ J6 0.4702517€ 03 RAD/SEC ). TABA296E 02 CPS 0.,44905374E 04 CPM
NATURAL FREGUENCY 2% 0,2208269¢ 06 0,4699221E 03 RAD/SEC 0,.7479050€ 02 CPS 0., 448TA30E 04 CPM
NATURAL FREQUENCY 26 8+2205040F 06 0.4695784E 03 RAD/SEC 0.TAT33T9E 02 CPS 0.4484145E 04 CPM
NATURAL FREQUENCY 27 0.1838739g 06 0.4288074E 03 RAD/SE. 0,6824689€. 02 CPS 0,4094813€ 04 CPM
NATURAL FREQUENCY 28 0.1809998E 06 0.,4254407€ 03 RAD/SE 0.6771106€ 02 CPS 0.4062664E 04 CPM
NATURAL FREQUENCY 25 0,1772823E 06 0,4210488E 03 RAD/SE 0.6701207€ 02 CPS 0.4020724E 04 CPM
NATURAL FREGQUENCY 30 0.1297334E 06 0.3602129E 03 RAD/SE| 0+37329T1€ 02 CPS 0+3439783E 04 CPM
NATURAL FREQUENCY 31 0,9114850¢ 0% 0.3019080F 03 RAD/SEC 04805019 02 CPS 042803011 04 CPM
NATURAL FREQUENCY 32 0.8249012F 05 0.,2872109E 03 RAD/SEC D.A371109€ 02 CPs 0.2742665E 04 CPM
NATURAL FREQUENCY 33 0,7436088F 05 0,2730583€ 03 RAD/SEC 9,4345863€ 02 CPS 0,2607318E 04 CPM
NATURAL FREQUENCY 3% 0.6T38394F 05 0.2595840E 03 RAD/SEC 0.4131412€ 02 CPS 0.24788ATE 04 CPM
NATURAL FREQUENCY 3% 0.537009%¢ 03 0.2360109E 03 RAD/SEC 0,3756226¢ 02 CpS 0,2253735¢ 04 CpM
NATURAL FREQUENCY 36 0.3359262E 05 0.1832828E 03 RAD/SEC 0.291T039E 02 CPs 0417502, 04 CPM
NATURAL FREQUENCY 37 0.2788387€ 05 0.1669995€ 03 RAD/SEC 0.2657883E 02 CPS 0.1594729€ 04 CPM
NATURAL FREQUENCY 38 (0,23%6172F 03 0.1534982E 03 RAD/SEC 0.2443001E 02 CPS 0+1465800E 04 CPM
NATURAL FREQUENCY 39 0.1681343¢ 05 041296666E 03 RAD/SEC 0.2063710€ 02 CPS 041238226 04 CPM
NATURAL FREQUENCY 40 0.6464531F 04 0,8040230E 02 RAD/SEC 0.1279644E 02 CPS 0.T6TTO61E 03 CPM
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Table 4. Relative amplitudes of the

horizontal vibration

NO, 35 VIBRATION MODE
1.0000000 0.0800946 5.5463517 0.0278369
-0.0140128 0.8379356 -0.0598951 -2.7813683
-6,1045837 -0.0501355 -7.685955%0 -0.63725%¢
0.1112802 0.2018874 =0,0%53032 -0.5932792
=0.1120890 -0.0463452 ~0.0355074 0.0239284
-0.0146472 0.0493269 0.0199601 0.0357421
-0.1382077 0.0063962 -0.0236900 -0.0085917
0.0051790 0.1266618 ~0.0027264 0.0121374
*  NO. 36 VIBRATION MODE
1.0000000 0.0869%22 £.9352207 1.0523986
0.0201772 8.5634956 -0.0420060 5.5792198
1.96333%0 -0.0631499 -0.3058335 -0.0A21532
0.1199279 ~1.7611771 -~0,4128529  =52.3279266
-2.6044502 0.6339111 3.5630178 0.3719511
0.1040466 2.5215368 -0.7331141 -3,293431%
-44,9486389 ~0.1368843 -0,9737459 0.6064407
-0.2088749 -4,4825039 0.0954941 -0.5099954
NO. 37 VIBRATION MODE
1.0000000 0.0745R82 6.3294268 0.0506501
0.0272323 9.8043814 «0.0255982 7.7987366
$.0654383 -0,0500432 3.1994314 -0.0%530251
0.0694039 -1.6797628 -0,3409138  ~48,7496796
-1,2649574 0.5081353 0.8992782 -0,1648976
0.0623427 -0.9499719 =0.0799184 1.6595488
48,85937%0 G.,0453760 1.2870893 -0.%5062577
0.1569545 3.26642231 -0.0693685 0.3855857
NO. 38 VIBRATION MODE
1,0000000 2.0587110 5.3644443 0.0432515
0,02816%6 9.5329151 -0,0121202 A,4003820
6.5914297 -0.0349318 5.2371778 ~0.0399097
0.0216332 ~1,1734428 -0.2114820 =133,1361553
=0.1915577 0.3972945 -1.0653143 =0.4200079
-0.031127% =0,9303396 0.%315412 -0,3079960
-38.7879791 0.0048645 -1.1024590 0.3420%46
~0.0985611 -2.0027266 0.0424824 =0,2430443
NO. 39 VIBRATION MODE
1.0000000 0,0283695 3,2262621 0.0240673
0.0200573 6.6731920 0,0025572 6,6073437
6,1339493 =-0,0113101 5.6333264 -0,0163102
=0.0330072 =0.,02923%5% 0.0136161 1.0897293
0.0301968 -0,0081603 =0,007264% 0,0033781
~0.0003035 Q.0275209 -0.0020169 =0.0019001
0.0638170 ~0,0000810 0,0019393 -0,0004571
0.0001186 0.0023266 =0.0000492 0,0002938
NO. 40 VIBRATION MODE
1,0000000 -0,0061633 0.5144718 -0,0048729
=0,0033137 =0,1048735 «n,0010964 -0,1522767
«0.1699863 ~0.000090% -0.1683034 0.0001740
0.0009870 0.001a131 ~0,0002786 -0,0166953
=0.0005187 0.0000940 0.00013%4 =0.0000268
0.0000038 =0,0000499% 0.0000090 0,0000130
=0.0001533 0.0000004 ~0.0000049 0.0000009
=0,0000002 «0.,00b00N36 0,0000000 ~0.000000%
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