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ABSTRACT
This study proposes an analytic method that determines an optimal arrangement of absorptive

materials on an enclosure surface. Under the optimal arrangement, a quiet zone in the enclosure has the

minimum €, (acoustic potential energy density). The proposed method has been implemented by using

a BEM simulation and a genetic algorithm. The BEM simulation evaluates the ¢, under the prescribed

arrangement of the absorptive materials. The genetic algorithm searches the optimal arrangement by

referring the €, evaluated from the BEM simulation. In the BEM simulation, the absorptive material

arrangement is expressed as a vector, which is denoted as an absorptive material arrangement (AMA)

vector. Besides, an admittance vector of which elements are admittances of available absorptive materials

and an AMA matrix that transforms the admittance vector into the AMA vector are defined. The AMA

matrix is also used as a chromosome in the genetic algorithm so that it functions to relate the BEM

simulation to the genetic algorithm. As a verification example, the proposed method is applied to make

the quiet zone in a parallelepiped enclosure.
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Fig. 1. Absorptive material arrangement on a wall that is

divided into 6 equal regions.
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Fig. 2. Absorptive material arrangement on a wall that is
divided into 6 equal regions. Each region is remodeled
with 8 triangular BEM elements
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(a) The photo of the experimental apparatus
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(b) Plane view

Fig. 3. A parallelepiped enclosure (a width of 50cm, a
length of 80cm and a height of 10cm).
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Tablel. Four absorptive materials at 2kHz

r
Specimen A B C D
- 13329 | 5458 | 4432 i
MPECANCE | 1564.3 | +332.2 | +333.9
Absorpti

SOPHON 1 h66 | 0.88 | 087 0
Coefficient

Table 2. Two verification cases

Case | Free alterable locations | Fixed rigid locations

1 #4, #5, #6, #7 #1, #2, #3, #8, #9, #10

2 #5,#6, #7, #8, #9, #10 #1,#2,#3, #4
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Table 3. Number of cost function evaluations

c Proposed | Full domain Cost function
ase
method search evaluation ratio
1 62 4%(=256) 0.242
2 215 45(=4096) 0.053
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Fig. 6. Minimum ¢, at each genetic algorithm
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generation. The exact minimum ¢, from full domain
search is 5.0325E-08.
Table.4 Optimal absorptive material arrangement

Case l_)-A_mm

1 [Dp Db D CDDCDDDJ

2 [D D DD 4DDD4C|
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(a) Experiment (45.4 < SPL <81.6)

[dB]

0.5

0.4

0.3

Y {m]

0.2

0.1

0.4
X [m]
(b) BEM simulation (49.5 < SPL <83.4)
Fig. 8. SPL contours on the mid plane under the optimal

absorptive material arrangement of the case 1.
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