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The Reduction of Harmonic Dynamic Response of Plate Structure Using
Continuum Design Sensitivity Analysis
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ABSTRACT

In this paper, design sensitivity of vibration displacement and acceleration is computed and design

sensitivity, the derivative information of responses with respect to design parameters, is used as a

design guidance tool to reduce the vibration. First, the harmonic vibration analysis of deck and

simplified ship structres is performed by finite element method and secondly continuum disign sensitiv-

ity for excessive dynamic response is computed by continuum method. Both the direct and modal

frequency response methods for the finite element analysis are adopted. Sensitivities of structrual

components such as upper plate, side wall, bilge, bottom plate are compared and the reduction of

vibration is obtained by the proper increase of thickness of each component.
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Table 1 Design sensitivity of vibration of plate(design
variable ;| x = ¢, with direct frequency response
structural analysis)

-
Hz | ND [ ¥(u~0u) | ¥ utdu)| A¥ w v

(%)

P 10.36E+03 ) 0.36E+03 | 0.42E—03 | 0.62E—03 | 148.7

15D 1 0.87E—01 | 0.82E—-01 | - 25E—-02|— . 26E—02 100.1

V10.2TE+01 1 0.26E+01 |~ 80E—01|—.80E-01] 100.1

0.86E+02 | 0.81E+02 | — . 25E+01 |- .25E+01| 100.1

P | 0.36E+03 | 0.36E+03 | 0.43E—03 | 0.63E—03 | 148.3

25D 1 0.84E-01 | 0.79E—~01 |~ .25E—02|~ 25E—02| 99.2

V[ 0.27E+01 | 0.25E+01 |~ .78E—01|— 77E—01| 99.2

A 0.83E+02 1 0.78BE+02 |~ . 24E+01|—.24E+01| 99.2
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Hz | ND | ¥ (u—6u) | ¥ (u+du) 4v v pra
(%) Upper Plate
P | 0.36E+03 | 0.36E+03 | 6.25E—02 | 0.69E—02 | 271.8
15D | 0.87E-0110.82E-01 | - .25E-02|—.25E—02] 100.0
5.0
V 10.27E401 | 0.26E+01 |- .80E—01|— .80E—-01| 100.0
A | 0.86E+02 | 0.80E+02 | —.25E+01|— . 25E+01| 100.0
P 1 0.36E+03 | 0.36E+03 | 0.26E—02 | 0.70E—02 | 270.5
20D | 0.84E~01 [ 0.79E—01 |— .25E—02| - .25E-02| 99.2
5.0
Vi0.27TE+01]0.25E+01 |- .78E—01{—.77E—01| 99.2
Bottom Plate
E+02 | 0.78E+02 |— .24E+01| - . 24E+ 2 . R .
A 08302 10.BEFO PAEFOL| 2B 0L) 99 Fig. 4 Simplified ship hull structure
Table 3 Design sensitivity of finite elements in ship structure (for displacement at node 2, 6Hz)
Elem. No Sensitivity Elem. No Sensitivity Elem. No Sensitivity
Upper plate 20 —.1146E+00 41 — .8391E—01
21 — . 1544E 400 42 — . 1041E+90
1 0.1320E—01 22 —.1904E+00 43 — . 1041E+00
2 0.1656E—01 23 - .1904E+00 44 — .8369E—01
3 0.1678E—01 24 - 15441‘;+00
4 0.1355E—01 25 - 1907E+00 Bottom plate
5 0.1357E -02 26 — . 1674E+00
6 0.6142E—02 27 — . 1663E+00 45 — . T720E—1
7 0.6862E—02 28 —.1881E+00 46 - . 7845E—101
8 0.2267TE—02 29 - .1963E+00 47 - .7863E-01
9 —.2726E—-01 30 —.1707E+00 48 —.7655E—01
10 - .2032E—01 31 —.1713E+00 49 —.3788E—101
11 - .2137E—01 32 —.1972E+00 50 - .3153E—11
12 —.2764E—-01 33 — . 1816E+00 51 — .3084E—11
13 —.7576E—01 34 — . 1885E+00 52 —.3723E—M
14 —.6372E-01 35 - 1872E+00 53 — .B709E -2
- 54 ~ .6510E —02
15 — .6440E—01 Bilge 55 LT500E—02
16 —.7592E —-01 56 — . 1019E—01
17 —.1143E+00 36 —.1792E+00 57 0.1375E—-01
¢ 37 — . 1052E+00 58 0.8228E—03
Sidewall | 38 — . 1370E+00 59 0.1386E—03
39 —.1363E+00 60 0.1302E—01
18 —.1466E+00 40 —.1043E+00
19 — . 1468E+00
BRAZTSSEHEX A6, A 135, 19963731
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Table 4 Design sensitivity of vibration of simplified
ship structure

He | ND | WGtou) | Wlu—ouw)| AW v o
50 |20 | 0.20B+00 | 0.19E+00 |- 59E-02| -~ 59E—02] 100.2
A L0.20E+03 | 0.19E+03 |~ 50E 01|~ 50E+01| 100.2
50 | 3D | 0.19E+00 | 0.18E+00 |— 56E—02|— 56E- 02| 100.2
A 0.19E+03 | 0.18E+03 |~ 55E+01| — 55E+01| 100.2
6.0 | 20 [0.20E+00 | 0.19E+00 | 0.60E—02 | 0.60E—02 | 100.4
A [0.29E4+03 | —.27E+03|— .86E+01|— .86E+01] 100.4
6.0 | 3D | 0.19E+00 | 0.18E+00 |~ 57E—02| — 57E—02] 100.4
A |0.2TE+03 | 0.27E+03 |~ 81E+01|— 81E+01] 100.4

Table 5 Design sensitivity of plate components in ship
structure (for displacement at node 2, 6Hz)

Sensitivity
Plate Number of | Voume (total —6.037)
elements (%)
Value (%)
Upper plate 20 33% —1.307| 21.6%
Sidewall 16 27% —2.959| 49.0%
Bilge 8 13% —0.964] 15.9%
Bottom
16 27% —0.806| 13.3%
plate
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Table 6 Vibration reduction using design sensi-tivity
(for displacement at node 2, 6Hz)

Plate Thickness Thickness | Thickness
variation(l) | variation(2) | variation(3)
Upper plate 0% 0% 0%
Sidewall +5% +10% +5%
Bilge plate 0% 0% -5%
Bottom plate 0% 0% -5%
Sensitivity
. -7.5% -15% ~3%
Vibration | Reanaysis
reduction FEM
. =7.3% -13.5% ~3%
Reanaysis
Weight variation +1.4% +2.7% —0.65%




Fig. 5 Shape of reduced vibration predicted by design
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