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A Study on Modification of Vibration Characteristics for Nonproportional

Damping Structure Using Multi-level Optimization Technique

by

Cheon Hong Min

Graduate School of Korea Maritime University

Abstract

It is a recent trend for advanced ships and submarines to apply composite
structure with damped material. Many researches on optimization technique for
vibration characteristics have carried out in order to reduce vibrations and
noises.

There are two methods on vibration analysis for structural dynamic. One is a
finite element analysis, the other is experimental vibration analysis.

First, the finite element analysis can accurately analyze vibration parameters
but it has a defect, that is, the computational time rapidly increases when
structures get bigger and bigger.

Second, the experimental vibration analysis is the process to identify
structural dynamic characteristics such as natural frequencies, modal damping

ratios and mode shapes.

In this study, optimum analysis for nonproportional damping system 1is
conducted using the multi-level optimization technique, where finite element

analysis and experimental vibration analysis are combined.

The results obtained in this research are accurate and computational time is
decreased. The results show that this technique is useful for the optimum
modification of vibration characteristics for nonproportional damping structures.
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Fig. 2 Plate attached damping material
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Fig. 3 Plot of accelerance FRF

Table. 1 Voluntary resonance frequency and modal damping ratio

Mode Natural frequency(rad/s) Modal damping ratio
1 13 0.0098
2 38.5 0.0098
3 75 0.0587
4 152 0.0093
5 196 0.0077
6 274 0.02
7 331 0.0096
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(b) The 2nd mode shape

(d) The 4th mode shape

(c) The 3th mode shape

(f) The 6th mode shape

(e) The 5th mode shape
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(g) The 7th mode shape

Fig. 6 Mode shapes of plate attached damping material

Table. 2 Natural frequency and modal damping ratio

Mode Natural frequency(rad/s) Modal damping ratio
1 13.04 0.0337
2 38.51 0.0099
3 73.50 0.0488
4 151.49 0.0113
5 195.85 0.0081
6 276.98 0.0309
7 331.30 0.0089
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m(kg)
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Table. 4 Natural frequencies and modal damping ratios of the initial system

Mode Natural frequency(rad/s) Modal damping ratio
1 41.49 0.0181
2 62.95 0.0398
3 134.68 0.0542
4 164.20 0.0704

Table. 5 Compared Substructure synthesis results with exact solutions

Substructure synthesis

mode Natural frequency (rad/s) Modal damping ratio
1 40.20 0.0174
2 61.05 0.0371
3 118.95 0.0413
4 161.76 0.0614
Exact solution
mode Natural frequency(rad/s) Modal damping ratio
1 40.22 0.0177
2 61.11 0.0379
3 119.20 0.0429
4 160.94 0.0771
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Fig. 8 Plot of the accelerance transfer function
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Table. 6 eigenvalues

1 2 3 4

A, -0.75 + 41.491 -2.50 + 62.901 -7.30 + 134.481 -11.5 + 163.791
Ao -0.71 + 40.221 -2.32 + 61.071 -5.11 + 119.10i -12.4 + 160.461
AN -0.04 + 1.271 -0.18 + 1.831 -2.19 + 15.38i 0.9 + 3.33i
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Table. 7 Results by Multi-level Optimization Technic

1 2 3 4
m 10 14.97 5.01 20.02
A -0.75 + 41491 -2.50 + 62.901 -7.32 + 134.481 -11.5 + 163.78i

Fig. 9 Plot of the accelerance transfer function

by Multi-level OptimizationTechnique
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