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Analysis and optimization of vibration acoustic radiation characteristics

of thin plate structure

LIU Chengwu, GUO Xiaobin
(School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; Finite element method combined with the boundary element method was employed to analyze the vi-
bration and acoustic radiation characteristics of the thin plate. The distribution of acoustic pressure on the sur-
face of a thin plate structure subjected to harmonic force was studied. The influence of such factors as different
boundary conditions, materials and stiffened types on the vibration acoustic radiation characteristics of thin
plate structure was analyzed, and the thickness of the simply-supported rectangular plate was optimized. Re-
sults show that the stiffness of the thin plate increases with an increasing boundary constraint, which further af-
fects the radiation power and radiation efficiency accordingly. Different materials can affect the radiation sound
power of the structure; however, they have little influence on the radiation efficiency. The stiffening has a sig-
nificant effect on the acoustic radiation characteristics of the thin plate, and the cross-stiffened plates have
been proven to be the best shock and noise absorbers. After the optimization of the thickness of the plate, the
level of the radiated sound power is decreased by 4.29 dB.
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Tab.1 The first eight natural frequencies of

(9)

simply-supported rectangular thin plates with four edges

A%/ Hz
(%3
MATLAB ABAQUS
1 18.93 18.98
2 41.15 41.24
3 53.74 53.86
4 75.92 76.06
5 78.42 78.59
6 112.32 112.56
7 113.14 113.20
8 131.10 131.35
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Fig.1 Surface distribution of the sound pressure of the

first four orders of the rectangular thin plate
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Tab.2 Comparison of the first four natural frequencies

of different boundary conditions

. $ii%/ Hz
b : o
PO 31 [ 57 PO 371 87 72
1 70 38
2 123 82
3 161 108
4 210 152
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Fig.2 Radiation sound power level of thin plates

under different boundary conditions
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Fig.3 Acoustic radiation efficiency of thin plates

under different boundary conditions
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Tab.3 Basic parameters of aluminum plates and steel plates

W KOS |/ BREST W/ A
up o .
m m mm fE/GPa (kg-m”) [k
Mk 1.0 0.8 6.0 211 7 830 0.30
i 1.0 0.8 6.0 70 2 700 0.33
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Fig.4 Radiation sound power levels of steel plates

and aluminum plates
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Fig.5 Radiation efficiency of aluminum plates

and steel plates
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Fig.6 Radiant sound power levels and radiant

efficiency of base plate and stiffened plate
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Fig.7 Radiating sound power levels and radiating

sound efficiency of different stiffened forms
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Fig.8 Sound power levels of different plate thicknesses
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Tab.4 Radiating sound power levels of the thin plate

at the first natural frequency

M JE/mm IR/ dB
5.2 138.62
5.4 138.65
5.6 132.78
5.8 142.68
6.0 132.10
6.2 136.74
6.4 127.81
6.6 133.23
6.8 136.57
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