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Dampingidentification method of dominant vibration subsystem
in heterogeneous system

TANG Yuhang, MEI Zhiyuan, CHEN Zhijian

(Department of Naval Architecture Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract : Composite materials with its superior performance are more widely used in the field of shipbuilding. As a
typical engineering structure, steel-composite with heterogeneous property has the dynamic characteristics different
from that of a single homogeneous system. As the actual structure is generally more complex, it is difficult to
directly determine the composition of the subsystems involved in vibration or noise radiation in the composite
structure. In order to obtained the subsystem that are involved in the vibration of the composite structure, based on
the analysis of the master-slave vibration mode and damping dissipation mechanism of heterogeneous composite
system, combining with statistical energy analysis principle on the loss factor classification description, the damping
law of the composite system was analyzed. The loss factors and the energy proportion of the dominant vibration
subsystem of steel-composite system were calculated and compared. The results show that after eliminating the
effects of radiation loss and boundary loss, the internal loss factor of the heterogeneous composite system close to the
material loss factor of its dominant vibration subsystem in magnitude, and between each subsystem of material loss
factor value. The modal recognition of a typical combination system is completed, and the feasibility of using the
loss factor composition rule to identify the dominant vibration subsystem is verified. The deficiency of complex non-
homogeneous composite structure in modal recognition is made up.
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Fig.1 Master-slave system diagram
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Tab.1  Shell structure and material performance parameters
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Fig.2 Tooling model
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Fig.3 Material loss factor curves of shell plate
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Tab.2  Fiber glass shell plate-tooling combination system vibration pattern diagram
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Tab.3  System modal parameters and subsystem energy accounting results
- ZE R AR BEIE AR WFERE S 5 L/ %
IRV
B3/ Ha BESPFER T 5%,/ Ha HEARER T (#2) (IL%)
1 280.6 0.000 1 194.9 0.007 71 96.38 3.62
2 283.0 0.000 1 289.7 0.000 36 3.29 96.71
3 289.5 0.000 1 318.5 0.000 54 5.55 94.45
4 334.6 0.000 1 324.8 0.000 59 6.15 93.85
5 411.6 0.000 1 393.5 0.006 63 82.67 17.33
6 427.8 0.000 1 394.0 0.006 64 82.80 17.20
7 428.4 0.000 1 424.0 0.000 77 8.47 91.53
8 483.2 0.000 1 435.2 0.001 48 17.44 82.56
9 525.6 0.000 1 435.9 0.001 46 17.23 82.77
10 564.3 0.000 1 465.2 0.000 23 1.67 98.33
11 616.0 0.000 1 479.9 0.000 41 3.96 96.04
12 616.6 0.000 1 512.1 0.001 09 12.51 87.49
13 642.9 0.000 1 556.5 0.000 55 5.73 94.27
14 643.2 0.000 1 557.5 0.000 53 5.46 94.54
15 660.1 0.000 1 573.2 0.007 42 92.68 7.32
16 706.9 0.000 1 606.8 0.000 48 4.78 95.22
17 714.4 0.000 1 643.6 0.002 69 32.73 67.27
18 753.8 0.000 1 665.3 0.001 51 17.83 82.17
19 788.4 0.000 1 675.8 0.000 53 5.39 94.61
20 816.5 0.000 1 697.3 0.000 61 6.45 93.55
21 819.0 0.000 1 715.7 0.007 77 97.08 2.92
22 828.2 0.000 1 716.6 0.007 65 95.54 4.46
23 851.0 0.000 1 728.7 0.000 68 7.38 92.62
24 873.0 0.000 1 749.0 0.000 52 5.34 94.66
25 882.1 0.000 1 752.7 0.000 48 4.76 95.24
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Fig.4 The energy ratio ofsubsystems in each mode (fiber glass)
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Fig.5 Modular loss factor of the system (fiber glass)
BB A AR 3 XA 4~5 #4740, &
4 0] 0L BEES R T R AL B RGBS 1,

BRASNBURE N T TN RHAE N 1 8.

TEANT 10 5 P B8 SRR FE I, 249 0 R 48 14 45 B
RS ABFER T 0" SRPRHRFE R TARTE ; 4 5
ARG RS N BURER T ) RIS ol BERHE R
FRBEL T g, G ARG ' Bl B4EiE T 3
TR T RGN EHRFEN T, h T & T REM K
PR T A% ( R/ (L 2Z ). AR 4 3 — D U T 552
PR ZAR R GErh E SRS T R G .

3 E RIS TEME MRS

31 WARRERFGE

XHP 2 BT 7R B9 52 PRt b AT, i Al 15 0
FPFfFeth 5 T R I A OE E BE S BORR
Z R Z KRR (LLHEI S5 H AR S BEAR )
TR X 3 B T 4 Jok 38Rl , AE TR A 121
ANV A, TS AT O A o B W R AR AR A SR



511 4] FEFHL, % ARRRAS P R IRE T RS RIRLE BRI - 135 -

AR AT E L 6.

600

50

=

&0 s B
R

o JkihfE's
Wil i

600

5

E6 EHRASHE
Fig.6  Shell plate measuring point layout
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Fig.7 System frequency response envelope (fiber glass)
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Fig.8  Comparison of loss factor composition in the dominant

vibration mode of glass fiber shell plate
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Tab.4 The loss factor of the dominant vibration mode of fiber
glass shell plate

BARBIU "/ g o/

(FZWRES 1,/1072 7,/107% x,/107% 5,/1072
wapr)
1*/(1) 198.3 1.404  0.8405 0.5427 0.020 8
4%/(2) 3784  1.740 0.8113 0.9102 0.0185
5%/(3) 4049  1.678 0.7883 0.8732 0.016 4
10%/(4) 589.7  1.698 0.8385 0.8448 0.0147
147/(5) 7234 1.254  0.7922 0.4486 0.0132
15%/(6) 7449  1.444 07411 0.6912 0.0117
18*/(7) 877.1 1378 07246 0.6429 0.0105
20" /(8) 904.1 1.300 07385 0.5520 0.009 4
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