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Ship structure resonance response prediction and modal damping

parameter identification under effect of impulse excitation

TANG Yuhang'* , CHEN Zhijian' , MEI Zhiyuan'
(1. Department of Naval Architecture Engineering, Naval University of Engineering, Wuhan 430033, China;
2. Naval Research Institute, Beijing 100161, China)

Abstract; Starting from the basic principle of modal identification, and the expressions were derived for time frequency response of the

excitation force and time response of resonant excitation, and the relationships among the time-frequency domain amplitudes were found. It was

concerned that the associated free vibration in the resonant response is difficult to decay in a short time, and it was pointed out that the amplitude

of the impulse frequency response spectrum at corresponding frequency is equal to the amplitude of forced vibration under resonant excitation. Based

on establishing relationship of response equivalence, the formula of damping ratio was derived by a limited spectral information of impulse response

spectrum. The accuracy of response prediction and damping ratio estimation was verified by ship girder model. In addition, the first eight modal

damping ratios’ tests of 2 typical ship plate element models of different materials were also completed, and the rapidity and reliability of the method

were verified by the numeral calculation binding experimental response frequency spectrum.

Key words: impulse excitation; resonant excitation; response spectrum; modal damping ratio; associated free vibration; fast prediction
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Tab.1 Relevant calculation parameters
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Tab.2 Main scale parameter of a vessel
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Tab.4 Parameter of numerical calculation
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Tab.5 Damping calculation results of ship girder and identification error
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2 1 HMERCYET SIS0 178008 42,3789 17.2587 0.7341 0.7504 0.7229 2.223 -1.521
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Tab.6 Parameters of glass fiber plate and

common steel plate

e BIEMN N
i E800/350 A4 Mg Q235 4§
PR E, 19.57 £0.5 GPa 210 GPa
PR K, 19.57 +0.5 GPa 210 GPa
THIA L v, 0.14 0.3
I p 1.76 g/em’ 7.8 g/cm’
WY G, 4.69 GPa 80 GPa
BYIE G Gy 3 GPa 80 GPa
TR G, 3 GPa 80 GPa
HZJ5m 0°/90°
A R 0.68 mm
WEATCASUR S/ /mm 500 x 500 x3 500 x 500 x 3

114 "\0:‘
8 ﬂ-‘h

P4 Tl A R (35 B A )
Fig.4 TImpulse excitation experiment ( glass fiber plate)
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AR TR ELA I 1 A7
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XA B TCAS B [ A IR AR B A TR, O
SRETE AR, WAk T K 8. nIIW, BHTT
PG IAIZE RIHEA— B, A B IR RO B, [
IRAAFAE/ IR JEE 1 I 22 (3970 TF 4% ) A
A 5 5 S TR DT I B e, B/ R 25 e 2
FEPRT IR I [ 2 1 AN BRAR N T A% o A
i 22 AR R 3 AT AN FRAEIN R

x7 WMBATRIERHRMKESHESRIILL
Tab.7 Comparison results among element model plates’

natural frequency of experiment and simulation

l% e 3H AN AR RSN

B ORK R/ MRS KB R/ MW

K Hy Hz  iR%/% Hz Hz  i%9%/%

1 82.29 81.41 -1.08 61.65 61.23  0.68

2 159.97 163.05 1.89 123.01 123.45 -0.36

3 171.23 168.17 -1.82 130.01 128.38  1.27

4 241.80 249.07 2.92 173.95 179.80 -3.25

5 282.22 285.60 1.18 218.91 214.47 2.07

6 301.94 298.47 -1.16 230.71 225.52 2.30

7 361.55 372.42  2.92 254.52 260.57 -2.32

8 368.12 380.98 3.38 263.36 267.32 -1.48
A A0 STk o 1 A £, %o S B A

ABEJC LEEAT IR, DL B 38 4 A A 491 1) 53 0 7

H1% 9 25, IF K3 LR T ik FUN A B JE 4 2R
GG IIFRIE Polylsef (RS BT HIK ) YU &
RAEATHIEE, WK 8 Horfr, Polylscf J5 ¥4 /2 [ iR
BRI TAT ) e T A% 128 eR BB S 7 B T 3k
A AR w5 i LR BE, MR A 25 20 B A1
Polylscf Jr iR A RN NS HAE. WL, %51k
SRR PN G RATAE—E =57, B RIEHR
VIELE SUS PN N RS R S E YR S
BRL6, 17 ] P a5 i #T s S S H H LA, F IRk
AR IRZEROR, T IR B SR 5 S B0 1%
AT B He e KR 2 5. 14% , T2 B IESZ .
Nt — R S LR T T i Gl SE
DA TL#CBR) 55 71 (R 4IR) s 1] 33 56 28 491
455 PR bl 3 O A4 S A I 4
FiME A BUE T (BOCH Ik B e )
B EATXE G, 4nE S B o MRS wa] I BRIA
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Tab.8 Comparison results among 2 element model plates’ 8 pre-order modal damping ratio
38 B HIMR
gosp s CRIE e I gy IR Y
(BHM) Wik . (BHMH) Wi sk
(x107%) (x107%) PR/ % (x107%) ek % (x107%) (x107%) PR/ % (x107%) PR/ %
1 0.358 0.417 16.48 0.354 -1.12 0.955 0.891 -6.70  0.967 1.26
2 0. 196 0.364 85.71 0.203 3.57 0.550 0.706 28.36 0.568 3.27
3 0.148 0. 190 28.38 0. 144 -2.70  0.640 0.724 13.13 0.621 -2.97
4 0.175 0.134 -23.43 0.184 5.14 0. 645 0.726 12.56 0.673 4.34
5 0.193 0.219 13.47 0.186 -3.63  0.79% 0.844 6.30 0. 805 1.39
6 0.170 0.209 22.94 0.174 2.35 0.703 0.678 -3.56 0.678 -3.56
7 0.26 0.282 8.46 0.249 -4.23  0.664 0.830 25.00 0.654 -1.51
8 0.271 0.264 -2.58 0.262 -3.32  0.657 0.730 11.11 0.671 2.13
®9 WBTHEBERHTESER(KFWR)
Tab.9 Damping calculation results of plate unit model ( glass fiber plate)

s 45 w,tmAo/ [ Xy(o,) I/ [Xy(o,)/ [Xy(o) /& I ¢
Bk PRI E Hz (m/s”) (m/s”) (m/s’)  (x107%) (x107%) (x107%)
1 2 B PREICATR” 61,646 =1.224 38. 851 86. 84 37.399 0.975  0.958  0.967
2 A MMREEICATZ” 123.010 £1.224  106. 728 214. 996 107. 045 0.563  0.574  0.568
30 G2 MMRAICITE” 130.005 £1.224  124. 989 224.167 122,655  0.624  0.619  0.621
4 3B RAICATLR” 173.950 £1.224  112.090 164. 102 114. 984 0. 650 0. 696 0.673
5 FHAMPRRICATL” 218.910 £1.224  164. 266 200.318 165. 085 0.787 0.823 0. 805
6 S5 HMIREICATLL” 230.713 £1.224  178.878 225.296 176. 343 0. 683 0.672 0.678
7 B6MIEMAYLR” 254.517 £1.224  149.775 185. 830 149. 889 0. 645 0. 662 0. 654
8 T MIERI“HIL” 263.360 £1.224  140.256 170. 745 140. 746 0. 659 0. 683 0.671

EE R A =0, 153 H eI m = 8 TS A P
1 — BEOK (2, “‘iﬁw"r’”ﬁ" e CHIEE (2 ARSI
~ 2501 2 500l B
4 &
i 2004 :E/ 150l
g 1504 g 0]
i 1004 =
§ 50+ = s04
0 100 200 300 400 0 50 100 150 200 250 300
$iER [Hz $iZR [Hz
(a) Fid Ht (b) BEIEHM
(a) Common steel plate (b) Glass fiber plate
S IR AL oA Bt e o3 A
Fig.5 Broadband frequency response analysis of experiment model
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