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Abstract

The mode superposition method(MSM) for the forced transverse vibration analysis of structures
subject to Timoshenko beam analogy, which had originally been developed by Ormondroyd and
McGoldrick, is reviewed to formulate it in more general form taking account of retary inertia,
dampings in separate terms of internal and external ones, and simultaneous action of exciting
forces and moments.

To investigate some general features of the method in practical utilizations, resonant maximum
amplitudes of 4 high speed ships under concentrated sinusoidal excitation at the stern are
calculated by both MSM and the finite difference method(FDM). For the FDM the hulls are
discretized into 40 equal segments, and in utilization of MSM contributions of the first six
modes are summed up to obtain responses up to the six-nodes resonant mode. The numerical
results show that MSM gives slightly higher values, 4~10%, than those by FDM. Since there
is always uncertainty in the damping estimation of actual systems, influences of the damping
magnitude on resonant amplitudes and a practical method to estimate modal damping coefficients

are discussed.
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Table 1. Principal particulars of 4 hxgh speed ships adopted for example calculations.

T

Ship stplacement Length Breadth Draft Speed
(ton) ‘ (m) (m) (m) (no. of shaft) (knot)

A 7,930 166. 7 16.70 8.78 ‘ 85, 000(2) 34
B 4, 100 133.5 14. 25 7.54 | 35, 000(1) 27
C 1,900 95.9 11.22 415 1 20,0000 25
D 4,050 127.5 13.78 6. 10 ; 70, 000(2) 33
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Table 2. Resonant maximum amplitudes at the
driving point under 1 ton sinusoidal
excitation at the stern.

Item! Node gg;ﬁgrcy Amplltu‘de(#m) -—*—%431\]\//[[
(rad./sec.)| FDM MSM
2 6.5345 | 3,445.1{ 3,594.1] 1.04
3 1 13.7602 990.3 | 1,047.9 | 1.06
A 4 | 22.6195 347.2 368.8 | 1.06
5 | 33.3637 146.6 155.2 | 1.06
6 | 44.7363 81.3 86.2 | 1.06
2 7.0372 1 3,590.7 3 915.9 | 1.0
3 | 15.4566 763.9 . 818.5| 1.07
B 4 | 26.4522 222.8 ¢ 236.7| 1.06
5 | 39.3327 87.2 92.2| 1.06
6 | 52.0248 36.8 40.0 ) 1.09
2 | 10.1150 | 4,509.2 | 4,846.4 | 1.07
3 | 21.2372 962.2 1 1,034.3 | 1.07
C 4 ] 35.6885 260.8 ¢ 274.7 | 1.05
5 | 51.6478 99. 8 107.4 | 1.08
6 | €6.9788 55.9 59.8 | 1.07
2 7.4142 | 4,673.21 4,951.0 | 1.06
3 | 16.2106 878.0 930.7 | 1.06
D 4 | 26.8020 237.6 251.3 | 1.06
5 | 39.0814 105.5 113.1 | 1.06
6 | 50.8938 59.7 65.5 | 1.10

FDM: Finite Difference Method
MSM: Mode Superposition Method
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