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ABSTRACT

A modal transducer in two-dimensional structure can be implemented by varying the distributed
transducer's gain spatially. In this paper, a method based on finite element method is developed for
optimizing spatial gain distribution of PVDF transducer to create the modal transducer for specific modes.
Using this concept, one can design the modal transducer in two-dimensional structure having arbitrary
geometry and boundary conditions. As a practical means for implementing this continuous gain
distribution without repoling the PVDF film, the gain distribution is approximated by optimizing gain-
weights of interface circuit. The whole spatial area of the PVDF film is divided into several electrode
segments and the signals from each segment are properly weighted and summed by interface circuit. This
corresponds to the approximation of a continuous function using discrete values. The electrode partition
is optimized using the genetic algorithm. Gain-weights are optimized using the simplex search method.
A modal sensor for first to fourth modes of aluminum plate is designed using PVDF film with gain-
weighted interface circuit. Various lamination angles of PVDF film are taken into consideration to utilize
the anisotropy of the PVDF film. Performance of the optimized PVDF sensor is demonstrated by
numerical simulations..
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Table 1. Performance of initial and optimized
modal sensor

L d

Initial Optimized
mode 1 1.8103e-8 2.2254¢-4
mode 2 1.0342¢-7 1.7382¢-4
mode 3 -1.0388e-7 4.8023e-4
mode 4 3.2104e-7 3.7312e-4
mode 5 -2.3203e-7 1.5149¢e-6
mode 6 4.0385e-8 -1.1508e-6
mode 7 6.2847e-7 1.5149e-6
mode 8 1.7470e-7 4.5790e-7

Performance | 4 578805 114.74
Index
Gp/Gn -0.74416 -0.68035
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Fig. 3 Optimized segments partition for mode 1-4 sensor
(Lamination angle 0°)
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Table 2. Performance of optimized modal sensors

Lamination 150 300 45

angle

mode 1 1.5824e-4 | 6.5262¢-5 | 6.326le-5

mode 2 1.2894e-4 | 1.2659¢-4 | 7.8065e-5

mode 3 1.0445¢-4 | 3.1479¢-4 | 8.0847e-5
mode 4 1.6595¢-4 | 2.4542e-4 | 1.4379e-4
mode 5 3.7834e-7 | -2.8890e-7 | -2.2802e-7
mode 6 -4.5403e-7 | 5.1082¢-7 | 1.1613e-6
mode 7 4.5403¢-7 | 5.1082e-7 | -9.7319¢-7
mode 8 -7.7882¢-8 | 1.4350e-7 | -1.1613e-6

Performance L

Index 230.05 127.76 54.47
Gp/Gn -2.1247 -0.9424 -1.0119
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Table 3 Gain-weighting amplifier setup

Amplifier 1 Amplifier 2
Type non-inverting inverting
R1 70 k2 80 k2
Gain 1.7 -0.8
Gp/Gn -2.125
5. 48

oY F4 H AA 23L& #e= 2449 72
B9 =g REr] 7EE K8 e 7HE of5
EEE FELIYLE o835ty T WS Al
Aatgth 2 4l A 22 #AAVE 7AT
T AE 243U ez 4d ¥E XY
FAEEN 7 JYo2REY Az dg o5
R 4A 59 H3:Ae FH3ee =g @A)



=2 = WL ALY ol FHHoR
A4HQ e HAe FFE Z Y oz
oz ZAEEe fPoE A9E 5+ A 99
23to HAZo = AR dudEE olREA,
o] 5¢] A 3slo)+= simplex search method & ©] &3}
Aok HAHsE o5& pHEEY oFd AHd
AeiH o~ 2E T3l FHEUL

AAE 29 ¥ de5g g3 BAE F
3 gstgon, doz HAPE Tty B Wy
719 H5E #9% qF o).

6. 1 28

[1] M. J. Balas, "Feedback Control of Flexible Systems,"
IEEE Transactions on Automatic Control, Vol.23,
No.4, 1978, pp. 673-679.

[2] L. Meirovitch, and H. Baruh, " The Implementation of
Modal Filters for Control of Structures," Journal of
Guidance and Control, Vol.8, No.6, 1985, pp.707-716.

3] C-K. Lee, "Piezoelectric Laminates: Theory and
Experiments for Distributed Sensors and Actuators,”
Intelligent Structural Systems, edited by H. S. Tzou
and G. L. Anderson, Kluwer Academic Publishers,
1992, pp.75-167.

[41 S.E. Burke, and J.E. Hubbard, Jr, “Distributed
Transducer Vibration Control of Thin Plates,” Journal
of Acoustical Society of America, Vol.90, No.2, 1991,
pp- 937-944.

[5] J-K. Ryou, K.-Y. Park, and S.-J. Kim, “Electrode
Pattern Design of Piezoelectric Sensors and Actuators
Using Genetic Algorithms,” AI44 Journal, Vol.36,
No.2, pp. 227-233.

[6] G. Strang, Linear Algebra and It’s Application,
Harcourt Brace & Company, 1988.

{71 DE. Goldberg, Genetic Algorithm in Search,
Optimization & Machine Learning, Addison-Wesley,
1989.

_449_



