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Modal Analysis of Two Rectangular Plates Coupled with Fluid
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Abstract

In order to investigate the vibration characteristics of fluid-structure interaction problem, we modeled
two rectangular identical plates coupled with bounded fluid. The fixed boundary condition along the
plate edges and an ideal fluid were assumed. An experimental modal analysis in order to extract the
modal parameters of the system was performed. Finite element analysis was performed using ANSYS
to verify modal parameters and analytic results were compared with experimental results. As a result,
comparison of experiment and FEM showed good agreement and the transverse vibration modes,
in-phase and out of-phase, were observed altemately in the fluid-coupled system. The effect of distance
between two rectangular plates on the fluid-coupled natural frequency was investigated.
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Table 1. Number of elements and nodes

Element | Node
Case | Model | Element number | number

Plate |SHELL63} 6144 6370

20D
Water | FLUIDBO | 12288 15925
40D Plate |SHELL63| 3220 3384
Water | FLUID80 | 9660 11844
Plate |SHELL63| 3220 3384
80D

Water | FLUID80 | . 19320 21996
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Table 2 Modal parameters of the fluid-coupled two rectangular plates
20D 40D 80D
Mode FEM Experiment FEM Experiment FEM Experiment
No. mode |frequency|frequency{damping) mode |frequencylfrequencyldamping] mode jfrequencylfreauency{damping
shape (Hz) (Hz) (%) shape (Hz) (Hz) (%) shape (Hz) (Hz) (%)
1 (2,1)out| 60.7 52.1 8.4 (2,1)out| 84.5 84.6 0.5 (2,1)out| 114.3 112.0 0.6
2 {{1,2)out{ 108.7 100.8 0.8 (1,2)out] 149.8 144.0 0.6 {1,1)in 125.7 125.1 0.6
3 |(3,1)out| 165.2 - - (1,1)in 159.9 156.4 0.2 (1,2)out| 197.7 170.2 0.6
4 |(2,2)out| 177.5 157.7 0.6 |[(3,1)out| 222.6 | 210.7 0.3 {(2,1)in | 220.7 | 213.3 0.2
5 [ (1,1)in 199.9 185.8 0.1 (2,2)out| 240.7 224.7 0.3 {3,1)out] 27941 257.0 0.8
6 ](3,2)out| 310.6 277.2 11 (2,1)in 271.6 262.9 0.1 (2,2)out|{ 306.5 - -
7 1{1,3)out] 328.6 - - (1,2)in 384.2 367.6 0.1 (1,2)in 317.2 305.9 0.2
8 |(2,1)in 336.2 - - {(3,2)out| 409.4 396.8 0.2 (3,1)in 388.7 377.3 0.1
9 |(4,1)out] 340.4 311.3 0.3 (1,3)out! 431.6 412.5 0.3 (2,2)in 415.4 398.8 0.1
10 }{2,3)out| 428.8 | 408.4 1.0 |(4,1)out| 443.2 | 4448 0.2 |(3,2)out] 494.2 - -
11 [(1,2)in | 4725 | 442.0 0.1 [(3,1)in | 460.4 - - (1,3)out| 517.1 - -
12 {(4,2)out| 517.6 | 488.3 0.5 |(2,2)in | 491.4 | 469.8 0.1 [[(4,1)out| 524.56 523.8 0.4
13 1(3,1)in 562.0 528.4 0.1 (2,3)out| 555.5 532.6 0.2 (3,2)out] 588.9 565.8 0.2
14 |(3,3)out| 573.4 - - {4,2)out| ©659.9 641.1 0.2 {4,1)in 636.8 616.1 0.3
15 {(2,2)in 599.3 564.6 0.1 (3,2)in 676.3 653.5 0.1 (1,3)in 642.1 - -
16 | (5,1)out| 637.1 597.0 0.2 (3,3)out| 726.9 705.4 0.1 (2,3)out| 652.6 641.2 1.0
17 | (1,4)out] 710.2 | 641.2 0.9 [(4,1)n | 727.6 - - {2,3%n | 749.0 719.1 0.1
18 | (3,2)in 814.6 - - (1,3)in 741.2 - - (4,2)out| 759.7 741.2 0.4
19 | (5,2)out| 816.2 - - (5,1)out| 799.1 - - (3,3)out| 798.6 - -
20 1(4,3)out| 826.8 . - - {2,3)in 849.9 | 817.226 0.1 (4,2)in- | 831.1 817.0 0.2
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