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Structure-Fluid Interaction in a Coupled Vibroacoustic System

Sung Hoon Choi, Jin Oh Kim
ABSTRACT
Numerical analysis techniques have been applied to obtain the vibroacoustic

Two kinds of
such as one—way coupling and full coupling,

characteristics of the simplified model of a passenger—car cabin.
coupled vibration—acoustic analysis,
have been carried out via the interface between the results of vibration analysis by
FEM and acoustic analysis by BEM. The comparison of two coupled analysis results
show the fluid—structure interaction in terms of the coupled effect of the vibration

and noise.
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Fig. 1 Simplified finite element model of a
passenger—car cabin. (a) full model; (b)

boundary conditions
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Fig. 2 Vibration mode shapes. (a) 12.8 Hz; (b) 13.9 Hz: (c¢) 14.9 Hz: (d) 16.2 Hz.
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(a) Acoustic Modes at 85.875 Hz (Amplitude)
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Fig. 3 Acoustic mode shapes. (a) 85.9 Hz, (b) 121.9 Hz.

Table 1 Natural frequencies of the passenger
—car cabin model in Fig. 1.

wong | FREQUBCIES o FREQUENCIES

1 em 30.47
2 13.92 12 31.67
3 14.94 13 33.86
4 16.15 14 35.40
5 2290 15 35.41
6 25.25 . 16 37.23
7 2527 | 17 37.33
8 25.95 18 39.26

9 %76 | 19 39.99
10 2754 20 40.80
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Fig. 4 Frequency response function of the one
—way and full coupling analysis results with

plate thickness of 2.5 mm.

t-— full coupling
150 ---- ong-way|coupling

e

140

130

PRESSURE (dB)
g 3
F
\\H
e
y/4
/]
//

SN /
80.

70.

([N [N R A" RS- RN T R Y
FREQUENCY (Hz)

Fig. 5 Frequency response function of the one
—way and full coupling analysis results with
plate thickness of 5.0 mm.
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Table 2 Coupled natural frequencies and contributions of structural modes.

Mode 1 2 3 4 5 6 7
Frequency 2.2E-6 12.94 13.86 14.84 20.32 20.82 25.10
Structural mode 1 (76.7) 2 (90.0) 3 (98.7) 4 (47.7) 5 (98.6) | 7 (95.2)
numbers & their - 4 (15.0) 4 (6.31) 7 (0.66) 1 (9.10) 7 (0.46) | 3 (1.89)
contributions (%) ‘ 2 (2.85) 1 (1.65) 15 (0.08) 11 (6.94) 9 (0.18) 9 (0.58)
Mode ‘ 8 9 10 11 12 13 14
Frequency 25.17 25.94 26.60 27.53 31.10 31.13 33.67
Structural mode 6 (72.6) |8 (73.9) |9 (97.5) | 10 (73.0) | 12 (47.7) | 11 (42.6) | 13 (75.0)
numbers & their 4 (6.72) | 4 (5.72) |7 €0.67) |11 (5.16) | 11 (28.4) | 12 (24.6) | 12 (10.3)
contributions (%) || 11 (4.05) | 10 (4.58) | 5 (0.27) | 4 (4.98) 13 (6.19) | 4 (7.02) 14 (3.36)
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