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Global Acoustic Design Sensitivity Analysis
using Direct BEM and Continuum DSA

Semyung Wang and Jeawon Lee

In this paper, a global acoustic design sensitivity analysis ( DSA ) of field point pressure with respect to

structural sizing design variables is developed. Firstly acoustic sensitivity is formulated and implemented

numerically. And it is combined with continuum structural sensitivity to obtain the global acoustic design

sensitivity. For this procedure GASA ( global acoustic design sensitivity analyzer ) has been developed. A

half scale of automobile cavity model is considered in this paper. In order to confirm accuracy of the

results of global acoustic DSA obtained by GASA, it is compared with the result of central finite difference

method. In order to reduce computation time, Rayleigh approximated solution is evaluated and compared

with the solution which used every nodal velocities. Also the acoustic optimization procedure is performed

using design sensitivities. From these numerical studies, it can be shown that global acoustic DSA is a

useful tool to improve acoustic problems.
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Table 1. Global Acoustic Design Sensitivity
Analysis Coefficients of Top 20

Giobal Acoustic Design Sensitivity Analysis j
( sorted ) !
'Ranking: EID : + sensitivity | . EID ]____ ~ sensitivity )
1 266. 3.15282E-05 109 ~4.44240E-05
2 265 2.95670E-05 101 —4.44054E-05
3 267 2.95509E-05 179 ~3.75953E-05
4 272 2.78992E-05 171 ~3.74937E-05
§ 270 2.78974E-05 168 -3.16198E-05
6 271, 2.67069E-05 156 ~3.16008E-05
7 261 2.58504E-05 225 —2.90936E-05
8 262 2.34213E-05 108 -2.7961BE-05
9 260 2.34147E-05 104 —2.79539E-05
10 273 2.26018E-05 4 -2.79521E~05
11 269 2.26004E-05 56 -2,78369E-05
12 274 2.18677E-05 7 ~2.74012E-05
13 278 2.18672E-05 103 ~2.58904E~05
14 264 1.91092E-05 107 -2.58B41E-05
15 268 1.90810E-05 246 —-2.57710€-05
16 275 1.85722E-05 178 —2.49640E-05
17 277 1.85671E-05 105 ~2.49471E~05
18 276 1.83386E-05 174 —2.49263E-05
19 196 1.71181E-05 100 —2.45620E-05
20 190 1.71057E-05 88 ~2.45526E 05
(o] o
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Table 2. Sensitivity Verification for 1/2 scale vehicle cavity model ( element 109 )

Element Perturbation y(d+3d) w(d-8d) Ay v’ y'/Ay
Number 8d [mm] Pa Pa Pa/mm Pa/mm %
0.1 1.140 ¢-3 4.956¢-3 -1.9125e-2 232.282
109 0.01 2423 e-3 3.278¢-3 -4.2750 -2 -4.4424 ¢-2 103.916
0.001 2.744 -3 2.827¢-3 -4.1500 e-2 107.046
Table 3. Sensitivity Verification for 1/2 scale vehicle cavity model ( element 266 )
Element Perturbation w(d+8d) w(d-3d) Ay 4 /Ay
Number 3d [mm] Pa Pa Pa/mm Pa/mm %
0.1 3.326 -2 1.337 3 1.59615 e-1 19.753
266 0.01 3.123 e-3 2.512e-3 3.0550 ¢-2 3.1528 e-2 103.202
0.001 2.814¢-3 2.756 e-3 2.9000 e-2 108.718
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Fig. 7. Comparison of Approximate and Exact
Sensitivities.

Table 4. Approximated Sensitivity.

approximate method

No
Plus i Minus

EID ]| sensitivity  EID]| _sensitivity
1§ 266 1.914E-05 109 -2.687E-05
2f 265 1.796E-05 101 -2.690E-05
af 267" 1.794E-05: 179 —2.285E-05
af 272 1.694E-05- 171:' —2.270E—-05
sf 2707 1.694E—05: 166: —1.921E-05
6§ 271. 1.621E-05. 156 —1.916E~05
7] 261 1.569€-05; 225° —1.785E~05
8] 262" 1.423E-05" 108 ~1.698E-05
9] 260 1.422E-05' 104 —1.696E-05

10] 273. 1.372E-05 4.. —1.694E-05
11] 269. 1.372E-05. 56 —1.683E-05
12] 274 1.327E-05 7. —1.582E-05
13] 278+ 1.327€-05 103: -1.567E-05
144 264 1.161E-05 107 = —1.565E~05
15)] 268 1.157E-05: 246 —1.564E-05
164 275 1.128€-05 178 - —1.5616E-05
174 277 1.127E-05 105" -1.513E-05
18§ 276" 1.113E-05° 174" -1 610E-0S
19] 196 1.039E-05 100 - —1.480E-05
20] 190: 1.037E-05_ 88 . —1.478E-05
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Fig. 8. PID of the 1/2 scale vehicle cavity model for
optimization
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