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Optimal Design of a Piezoelectric Smart Structure
for Cabin Noise Control

TR o] F AR A B B A A
Bum-Jin Ko, Joong-Kuen Lee, Jae-Hwan Kim, Seung-Bok Choi and Chae-Cheon Cheong
(1997 11€ 69 A4 : 1998Q 1¥ 19¢ AA&8)

Key Words : Acoustic Cavity (&3 &7}, Silent Zone(¥43 99), Optimal Design of Piezo-
electric Smart Structure (¢A A sF+Z2E9 HA AHA)

ABSTRACT

Optimal design of a piezoelectric smart structure is studied for cabin noise control. A
cubic shaped acoustic cavity with a flat plate which covers one side is taken as the
problem. The sensor signal is returned to the actuator through a negative gain. The
acoustic cavity is modeled using the modal approach which represents the pressure fields
in the cavity as a sum of mode shapes of the cavity with unknown coefficients. By using
orthogonality of the mode shapes of the cavity, finite element equation for the structure
with the influence of the acoustic cavity is derived. The objective function is the average
pressure at a certain region, so-called silent zone, in the cavity and the design variables
are the locations and sizes of the piezoelectric actuator and sensor. The optimal design is
performed at several frequencies and the results show a remarkable noise reduction. To see
the robustness of the optimally designed result, the configuration is used to examine the
noise reduction at different frequencies. By adjusting the gain at each frequencies, it is
possible to reduce the noise in comparison with the result when the actuator is not

activated.
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Table 1 Optimal design resuit

AXRAAE
92 Hz (287 Hz | 92 Hz | 287 Hz

b1(G) 0 0 3.55 1.22

b2(x1) {100 mm [ 100 mm | 99.3 mm | 66.9 mm
b3(y1) | 100 mm | 100 mm {119.3 mm | 68.5 mm
b4(x2) | 200 mm | 200 mm |204.9 mm |236.5 mm
b5(y2) | 200 mm | 200 mm |193.0 mm | 233.1 mm
b6(rl) | 10mm| 10mm| 135mm | 13.7 mm
b7(r2) | 10mm/{ 10mm | 13.4mm | 13.4mm
b8(t1) | 1mm| 1mm| 1.33mm|1.33mm

b9(t2) 1 mm Imm} 1.33mm | 1.32 mm

Ave.
Pressure| 143.9 122.9 109.2 93.1
(dB)
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