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A Theoretical Calculation of Coupled Free, Transverse Vibration
of the Multi-supported Shaft System by the Finite
Element Method.

K.T. Yu, H.J. Jeon

Abstract

With the trend towards higher propulsive level, increasing ship’s dimesions and heavier
shaft systems supported by the hull structure of relatively stiffness in modern ships,
transverse vibrations of propulsion shaft system have become one of the problems that
should be predicted in the early design stage.

Regarding transverse vibrations, coupling terms such as oilfilm, gyroscope and hydro-
dynamic effect of the propeller exist between the vertical and horizontal vibration, furth-
ermore for the shaft system with strut and bossing its physical properties incorporated
with hull structure must be considered.

In order to predict the transverse vibratory condition of the propulsion shaft and take
some appropriate countermeasures, it is necessary to make a fairly strict estimation of the
vibratory behaviours of it.

In this paper, theoretical approach using the finite element method is investigated to
calcuate natural frequencies and vibration modes for coupled free transverse vibrations of
shaft system in two planes.

Based on the method investigated a digital computer program is developed and is applied
to calculate the above-mentioned vibrations of an experimetal model shaft system.

The results of the calculation are compared with those of the experimental measurements
and they show an acceptable agreement.
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Fig.1 Forces and displacements in a beam element
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Fig.2 Beam element and vectorial nomenclature of its end forces, moments, displacements
and rotations.
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(unit:Kgf/Cm)

Posmon |

\1 Rl @& part(K,) ® part(Kz) © part(Ky) ® part(Ky)
~ . Values [Fiieore- Theore- Theore- Theore= |
J}ge,cgqn — l tical . Measured l tical 1 Measured tical l Measured tical ! Meflsured
i’ 1’
Horizontal ‘ 44. 14 47.16 353. 9! 375.0 353.9 375. O' 353.9 357.0
| !
Vertical ) 404.9 425.5 | 455,700 | 476,200 | 455,700 | 476,200 | 455,700 | 476, 200
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Fig. 5 Reduced model for calculation.
Table 3. Dimensions of each element.
No. of
section | L { 2 3 ’ 4 ’ 5 l 6 l / ‘ 8 , ? ! 10 l 1
Length(cm) 2.1 5.2 27.5 27. 5; 27.5 36. 0 36.0 37.0 27.2 27.2 27.2
Out. dia(cm) 3. 0 3. 5' 3.5 3. 5; 3.5 4.0 4. Oi 3.5 3.5 3.5
! ‘ i |
3.3 %‘f‘ﬁﬁ% @rh 7]'201' %'Lo:d 2@6}‘1’% }Iﬁ?ﬁﬁ’ﬂﬁj‘; ;:ﬂ’ﬁ:{{}:
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Table 4. Calculated natural frequency.
(a). By theoretical K values
Natural Omega Circular frequency frequency
frequency square frequency (Hz) (Cpm)
1 0. 3237390E + 04 56.90 9. 06 543. 34
2 0. 3532784E + 05 187. 96 29.91 1794. 86
3 0. 1887686E + 05 137.39 21.87 1312. 01
4 N 0.2109179E+ 06 459. 26 73.09 4385. 59
(b). By measured K values
Natural Omega Circular frequency frequency
frequency square frequency (Hz) (Cpm)
1 0. 3354322E+ 04 57.92 9.22 553. 06
2 0. 3715002E + 05 192.74 30. 68 1840. 57
3 0. 1972081E + 05 140.43 22,35 1341. 02
4 0. 2109784E + 05 459, 32 73. 10 4366. 22

Table. 5= - el 4 2] RAK EAREEC] H RKEeo=F vebl o glofh

NO.

1 Vibration mode

Table 5. Calculated vibration mode.
(a). By theoretical K values.

NO. 3 Vibration mode

0. 1000000E + 01 0.1222297E - 01 0. 1000000E + 01 —0.1769179E — 01

0. 9743367E + 00 0. 1219937E - 01 0. 9629676E -+ 00 —0.1753842E - 01

0.9111199E 4 00 0.1210347E - 01 0. 8730405E + 00 —0. 1696458E ~ 01

0. 5930020E 4 00 0. 1087282E ~ 01 0. 4654935E + 00 —0.1276160E~-01

0. 3229293E + 00 0.8576211E — 02 0. 1713638E + 00 —0. 8564550E — 02

0.1324947E+00 0. 5062863E — 02 0. 9525433E — 04 —0.5770150E - 02

0. 1903043E — 02 0.2350272E - 02 —0.7232970E - 01 ~0.4870873E - 03
~0.4803553E - 01 0. 5821639E - 03 —0.5315911E - 01 0. 1277956E — 02

—0.5131636E 01
— 0. 4038725E - 01

—0.2240274E - 01
~ (0. 7916680E — 03

—0.2330174E - 03

. 9881528E — 04

0. 1268737E — 02
0.2241181E—-03

—0. 5516405E - 03 B 0. 1935264E — 01
—0. 7496683E — 03 0. 1565334E - 01
— 0. 1704665E — 03 0. 2028043E — 05

—0.4273742E-03
—0.5497938E — 03

“n
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NO. 1 Vibration mode
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(b) By measured K values.
NO. 3 Vibration mode

0. 1000000E -+ 01
0. 9740806E + 00

0.1234373E-01
0.1231928E - 01

. 1000000E + 01
. 9626161E + 00

—0. 1788188E — (1
~0.1770101E-01

0.9102527E + 00
0. 5894403E + 00

0.1221913E—-01
0.1095237E— 01

. 4628959E + 00

—0. 1710069E — 01
—0.1275130E-01

0.3177605E + 00
0. 1270850E + 00

0.8611865E — 02
0. 5042639E — 02

. 1699119E + 00

0
0
0. 6719027E 4+ 00
0
0
0. 8704995E — 04

-0.8505151E - 02
—0.3736223E - 02

— 0. 2066621E — 02
— 0. 4976876E - 01

0. 2294830E — 02
0.5179415E — 03

-0.
__0_

7177925E - 01
5280629E - 01

—0.4856787E — 03

0. 1268372E — 02

—0.5096314E - 01
—0.3941364E-01

0. 2763008E - 03
0. 5565407E — 03

. 9394699E — 04
0. 1925431E — 01

0. 1261270E — 02
0. 2232807E - 03

—0.2164273E-01
- (. 6621138E — 03

0. 7316167E—03
0. 7913108E — 03

0. 1557969E - 01
0. 1933216E — 05

—0. 4252056E — 03
— (. 6468338E — 03
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Fig. 6 Vibration modes of the lowest natural frequency.
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Table 6. Compared result of natural frequncy.

— Vibration | Horizontal Vibration Vertical vibration
T Frequency ffei(;ﬁg;acry Frequency Ditfgeffnce frcel;ﬁg:i; Frequency | Difference
Calculation method | (rad/sec) (cpm) (%) (rad/sec) (cpm) to AC%)
E",‘gﬁg;“e“ta“y measured ) 58.4 558 138.2 1320
By theoretical K value B 56.9 543 —2.57 137.4 1312 ~0.58
By measured K value C 57.9 553 —0.86 140. 4 1341 +1.45
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