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Fig. 1  An enclosed acoustic cavity
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Fg. 2  Rectangular room with an absorptive roof
K 1 RERE FREEREKAREE E
Tab. 1 Eigenfrequencies, decay constant and reverberation time
f /Hz mls ! tls
Ny, Ny, N
[3] [3] [3]
0,0,0 0 0 L 16 1. 16 5. 95 5.95
1,0,0 285 28. 6 115 1.16 6. 00 5.95
0,1,0 34.2 34. 4 1. 14 1.16 6. 06 5.95
0,0,1 42. 6 431 224 2.38 3. 08 2.90
1,1,0 44. 2 44. 9 1. 14 1.16 6. 06 5.95
1,0, 1 50. 9 517 2.23 2.38 3. 10 2.90
0,1,1 54. 1 55.2 222 2.38 311 2.90
2,0,0 56. 5 57. 8 L 12 1.16 6. 17 5.95
11,1 60. 6 62 2 2.20 2.38 314 2.90
2,1,0 65. 2 67. 3 1. 10 1. 16 6. 28 5.95
2 1 , ,
2 2
di  d> X , di
=0 x= 6m x 2 d>
2
, 0. 002 m.
k2 RESEIGE
Tab. 2 Sensitivities of eigenfrequencies
dl d2
Ny, Ny, Nz f /Hz
0,0,0 0 0.292 0. 292 - 0.292 - 0.292
1,0,0 28.5 0 0 0 0
0,1,0 34. 2 0.39%4 0. 394 - 0.3%4 - 0.39%
0,0, 1 42. 6 0.182 0. 182 - 0.182 - 0.182
1,1,0 44. 2 0.950 0. 951 - 0.951 - 0951
1,0,1 50.9 0.295 0. 295 - 0.295 - 0.295
0,1,1 541 0.554 0. 554 - 0.555 - 0.554
2,0,0 56.5 0.763 0. 763 - 0.764 - 0.763
1,1,1 60. 6 0. 466 0. 465 - 0.467 - 0.465
2,1,0 65. 2 0 0 0 0
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Fig. 4 Distribution of design variables
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Tab. 3 Eigenfrequencies and their sensitivities

f IHz
di d> ds dy
1 0 0 0 0 0
2 75. 6 2.56 - 712 712 22. 2
3 125. 4 - 38.2 - 755 7. 55 33.5
4 133. 0 - 29.6 - 923 9.23 20. 4
5 140. 0 2.16X 102 - 351 351 2. 14X 10-2
6 157. 6 7.20< 101! - 501 50. 1 10. 4
7 176. 3 - 3.31 - 235 2.35 40. 2
8 184. 2 - 23.1 - 36.5 36. 5 26. 7
9 189. 2 - 19.7 - 6.2 61. 2 15.0
10 218. 9 - 3.93 - 361 36. 1 32. 8
140 Hz, 4, 5 140. 0 Hz
5 fs . 146. 0 Hz, ,
2 4 8 , 1 R 8
75.0 Hz, fs 135. 0 Hz, f5s . di ds ,d>
185. 0 Hz 4 . ds
& 4 ke g R
Tab. 4 Results of design variables optimization
d,/m dy/m dy/m dy/m fylHz  fy/Hz  fylHz  f5/Hz
0. 15 1.20 0 3.62 75. 59 133.0 184. 2 140.0
0. 30 1. 30 0. 10 3.80 75. 0 135.0 185. 0
0 1. 10 - 010 3.50

0.27 112 0. 08 3.50 74. 25 128. 4 185. 0 146.0
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Sensitivity analysis and design optimization of acoustic
eigenfrequency for lightly damped cavities

CHEN Gang ., ZHAO Guozhong, GU Yuan xian

( State Key Lab - of Struct -Anal . for Ind.Equip- , Dalian Univ . of Technol . , Dalian 116024, China )

Abstract The design optimization of lightly damped cavities makes the more reasonable layout and
improves the acoustic capability of the cavities. Based on the control differential equation and
boundary conditions of three dimensional cavity acoustics, the numerical methods of finite element
analysis, sensitivity calculation, and design optimization of the lightly damped cavity acoustic
problems are studied. The sensitivity analysis and design optimization methods of eigenfrequencies
with respect to shape parameters are applied to the interior noise problem for lightly damped cavities.
The numerical methods have been implemented in the large—scale engineering finite element analy sis
and optimization software system— JIFEX. The examples verify the accuracy and efficiency of the

finite element analysis, sensitivity analysis and design optimization method.
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