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ABSTRACT

The absorbing material is mostly used to changing the acoustic energy to the heat energy in the
passive control, and that consists of the porous media. That controls an air borne noise while the
stiffened plates, damping material and additional mass control a structure borne noise. The additional
mass can decrease the sound by mass effect and shift of natural frequency, and damping material
can decrease the sound by damping effect. The passive acoustic control using these kinds of control
materials has an advantage that is possible to control the acoustic in the wide frequency band and
the whole space at a price as compared with the active control using the various electronic circuit
and actuator. But the space efficiency decreased and the control ability isn't up to the active control.
So it is necessary to maximize the control ability in the specific frequency to raise the capacity of
passive control minimizing the diminution of space efficiency such an active control. Therefore, the

" characteristics of control materials and the optimum layout of control materials that attached to the

boundary of structure-acoustic coupled cavity were studied using sequential optimization on this study
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Fig_.1 Elementary configuration of study model
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Table 1 Material properties and dimensions of

additional masses and damping material
Item Value Note
Case 1
Absorbing Size 98x98 mm 4EA
material
Young's modules(E) | 200E9 Pa
Poisson’s ratio(v) 0.3
Density (o) 7820 kg/m’
Case 1 (a) 20x19x18 mm
Additional|  (b) Size 39x39x18 mm
mass (c) 49x49x18 mm
(a) 0.059 kg 57%
(b) Mass 0238keg (229%
(c) 0.372 kg 358 %
Young's modules(E )| 750E6 Pa
Damoi Density( o) 12405 kg/m”
amping -
material Size 99x97 mm
Thickness 3.2mm
Mass 0.038 kg 37 %
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Table 2 Range of design variables for each

condition
R
Condition ange (mm)
x y
" (a) 0059kg| 9.9~266.1 9.7~262.3
Adi‘:;“al (b) 0238 kg| 197~2563 | 19.4~2526
(c) 0372kg| 24.6~2514 24.3~2477
Damping material 493~226.7 48.6~2234

(a) Case T(IM: absorbing material)

(b) Case T (Il : additional mass)

(¢) Case I : damping material)

Fig. 4 FEM models for analysis (] : plate)
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Table 3 Optimum positions of absorbing materials,
additional masses and damping material

Conditi
ond IOHF Optimum positions of
Control material re(c}?e? ¥\ control material (mm)
z
Ya: 486 2a4: 489
xg: 2169 zp: 587
10 : :
% Yei 2137 z¢: 587
Case 1 xpt 2267 Yp: 486
Absorbing mass Ya: 486 2a4: 1956
Z2p. 2267 25 1369
13 ’
2 Yei 1360 2¢: 1956
xp: 1577 ¥p: 1069
(a) 1098 x 394 y: 1749
Case 1l 0.059 kg 1326 x 1296 v 1749
(b) 1098 x 1774 y 1676
Additional |0.238 kg 1326 x> 1774 y . 1846
e 1098 | x : 2316 v : 1603
0372 kg 1326 x - 1824 y : 1894
Case 1 . .
Damping material 1326 x 1971 v 1 1943
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Table 4 Sum of acoustic energy density and

average SPL for each condition
Condition Sum of Average
P acoustic SPL
Control material re(cge)n CY lenergy d%nsity (RMS :
£ (J/m”) dB)
) 1098 1.61E-2 94.19
1326 1.68E-2 9547
Case I 1098 4.60E-6 61.05
Absorbing material| 1326 3.54E-3 89.62
(a) 1098 1.23E-2 93.06
Case T |0.059ke| 1326 425E-6 59.16
(b) 1098 2.11E-3 85.36
Additional |0.238 kg| 1326 1.33E-6 54.42
mass (c) 1098 2.86E-4 81.44
0372kg| 1326 1.08E-6 53.46
Case Il | a0 123E-6 | 5479
Damping material

=Eq/A 1548 A 22, 2005/ 165
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Table 5 Natural frequencies of cavity for each = 140 PR
condition (unit : Hz) a
5 120
Case 1I 2z
Case 1 Additional mass Case Il -
Mode | Absorbing Damping 5 100
mass (a) (b) (c) | material 2
0.059 kg|0.238 kg ] 0.372kg 5 0
1 2239 2252 | 2077 | 1677 220.0 §
2 4536 4438 | 3787 | 4150 4422 “ 60 k
3 461.7 4634 | 4961 | 4231 458.7 ! 1 M 1
4 622.3 6222 | 621.7 | 6220 622.2 800 1000 1200 1400
5 631.4 6314 | 6315 | 6312 631.4 Frequency (Hz)
6 650.3 650.4 | 6504 )} 6489 650.3 Fig. 5 Frequency responses for case I (control
7 681.0 6686 | 690.7 | 7452 669.1 frequency : 1098 Hz, 1326 Hz)
8 8214 7899 | 8103 | 7676 810.7
9 8414 8480 | 8788 | 8772 830.3
].0 8861 8861 8865 8863 8860 —~ 140 r Uncontrolled  ------- (a)0.059kg I
11 | 8997 | 8997 | 8999 | 8997 | 8997 g CR2te R
12 906.0 906.0 | 906.1 | 9059 906.0 3 120
13 10441 | 10106 | 1037.2 | 1009.1 | 1027.1 3
14 10560 | 10760 | 1098.7 | 1049.2 | 1042.2 § 100
15 10989 | 1098.9 | 1104.6 | 1099.3 | 1098.9 8
16 12455 | 12455 | 12455 | 11933 | 12455 5 80
17 12639 | 12608 | 12638 | 12440 | 12638 § A
18 1302.7 | 12639 | 13024 | 12483 | 13026 g0 .
19 13257 113027 | 13628 | 12641 | 13085 1 i L . 1
20 13600 | 1361.6 | 1367.7 | 13028 | 13426 800 1000 1200 1400
21 1396.4 | 1396.4 | 1396.0 | 13938 | 1396.3 Frequency (Hz)
22 14036 | 14045 | 14056 | 13967 | 14071 Fig.6 Frequency responses for case [ (control
23 1408.6 | 14085 | 14085 | 14085 | 14086 frequency : 1326 Hz)
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