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A Study on the Axial and Torsional Coupled Vibration of Marine propeller shafts
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Abstract

The axial and torsional coupled vibration of marine propeller shafts can be mainly caused

by actual shape of the crank shaft and hydrodynamic forces and moments due to propel-

lers : the former leads to stiffness matrix coupling and the latter leads to inertia and dam-

ping matrix coupling. In the present paper the characteristics of the coupled vibration of ma-

rine propeller shafts due to hydrodynamic coupling is investigated in details. First, the mo-

delling procedure of the system and analysis technique are also developed. To verify the

present method the numerical calculations were also performed. Finally, the results were

compared with existing data in the literature and it was found to be in good agreement.
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Fig. 2 Longitudinal vibration Model of a Propeller Shaft
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Fig. 3 Torsional Vibration Model of the Propeller Shaft for a Direct Drive System
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Table 1. Data for Longitudinal Vibration
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variable value definition
N 10 number of elements
JICT 7 junction no. of thrust bearing
Bl1 365429.4677[N s/m] hydrodunamic damping coefficient
F. 119651.2 [N] Amplitude of dynamic thrust
® 2n rpm nz/60 blade order frequency
nz 6 number of propeller blade
beta 0.05 structural axial damping coefficient
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Table 2. Added mass, Stiffness and Exciting Force

2
o
fots

Element No. MAG) [Ns*/m] KAG)[N/m] FA[N]
1 62447.118 30801524409.448 119651.2
2 18932.019 15401112440.945 0
.3 18932.019 8945190677.165 0
4 16881.386 6430512125.984 0
5 16881.386 6430512125.984 0
6 16881.386 10973426141.732 0
7 5682.954 42728818897.638 0
8 4397.216 99699993700.787 0
9 33093.820 1950290394.000 0
10 23611.175 1751181102.362 0
Table 3. Data for Torsional Vibration
variable value definition
B44 0.0204249pnD°? hydrodynamic damping coefficient
Fr 127666.496 Nm ] * Amplitude of dynamic torque
zeta 0.05 " structural Torsional damping coefficient

Table 4. Trosional Added Moment of Inertia, Stiffness and Torque

Element No. J(© [Nm & KTG)[N m] FTIN m]
1 115880.619 24855424.00 127666.496
2 62610.664 0 0
3 170920.696 88754199.94 0
4 112782.017 6566125145.60 0
5 180687.748 88754199.94 0
6 1207758.155 1176113472.00 0

Table 5. Data for Coulped Torsional & Longitudinal Vibration

variable value definition
mdl —22851.6 [N &) Coupled hydrodynamic added inertia
B41 —444022.4896 [N s] ’ Coupled hydrodynamic damping coefficient
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Table 6. Result for Longitudinal Vibration
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natural frequency Circular natural Fundamental
order (rpm) (frequency(red/sec) Mode shape(wl)
1 97.7761 61.4344 1.0000000
2 | 361.9815 227.4396 0.9923482
3 J 658.5715 413.7926 0.9724409
4 | 892.7480 560.9300 0.9303985 J
5 B 1352.9942 850.1111 0.8626967 '
6 ] 1749.2778 | 1099.1034 0.7864474 ﬂ
7 1981.3688 1244.9304 0.7371985 }
8 2815.0013 1768.7171 0.7396506 }
9 4457.5401 2800.7545 0.7405784
10 9678.5452 6081.2080 0.3980090
Table 7. Result for Torsional Vibration
natural frequency Circular natural Fundamental
order (rpm) (frequency(red/sec) Mode shape{w2)
1 0 0 1.0000000
2 19.3013 12.1274 0.3146026
3 24.7978 15.5809 0.5943995
4 i 91.3765 574135 0.5959053
5 142.7395 89.6859 —0.1897877
6 495.2919 311.2010 —0.2235616
Table 8. Result for Copled Longitudinal & Torsional Vibration
natural frequency Circular natural 1 Fundamental
order {rpm) (frequency(red/sec) Mode shape(w2)
1 0 1 0 —0.01001383
2 19.2967 12.1245 —0.009828953
3 24,7848 15.5728 -0.009456198
4 91.3176 57.3765 —0.008809605
5 99.2792 62.3790 —=0.007904549
6 1427396 | 89.6859 —0.006994458
7 365.0192 | 229.3482 —0.006458528 '
8 495.2918 1 3112010 | —0.006459903
1 9 658.9929 [ 414.0573 —0.006460423
10 897.1864 | 5637187 —0.00348246 |
11 1357.5365 852.9651 1.000
‘ 12 1751.6825 1100.6143 —0.1353308 4{
: 13 1984.4664 1246.8767 —0.5961265 t
14 2824.4357 17746449 | —05961265 f
\ 15 4457.5401 2800.7545 0.03486807 '
‘ 16 9678.5452 g 6081.2080 0.04569305
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