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Design optimization of distributed piezoelectric sensor/actuator
for vibration control of laminated composite plate

Jung-Kyu Ryou*, Keun-Young Park** and Seung-Jo Kim*

ABSTRACT

Distributed piezoelectric sensor and actuator have been designed for efficient vibration control
of laminated composite plate. Finite element method is used to model the structure that includes
the piezoelectric sensor and actuator. Electrode pattern of the anisotropic piezoelectric film is
optimized to enhance the performance of the transducer. To utilize the anisotropic characteristics
of the piezoelectric film, various lamination angles of PVDF film are considered.

Electrode pattern over the entire surface of the plate is determined by deciding on or off of each
electrode segment. Actuator design is based on the criterion of minimizing the system energy
under a given initial condition. Sensor has been designed to minimize the observation spill-over.
Modal forces for the control modes and the residual modes have been utilized as parameters for
transducer characterization. Genetic algorithm, which is suitable for this kind of discrete
problems, is used for optimization. Discrete LQG is used to generate control law for real time
vibration control. Performance of the sensor, the actuator, and the integrated smart structure
shows good agreement between analysis and experiment.
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Fig. 1. A finite element with 4 electrode segments.
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Fig. 2. Block diagram for the total system.
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Table 1. Natural frequencies of the integrated
structure from experiment

1" mode 27 mode 3% mode 4" mode 5" mode

140Hz 664Hz 8.1Hz 196Hz 2336Hz
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Table 8. Material properties of prepreg and PVDF

Graphite/Epoxy prepreg PVDF film
En = 1225 GPa
En= 7.9 GPa E = 3.0GPa
G= 7.2GPa v o= 0.33
Gu= 7.2CGPa t = 0.052mm
Gn= 36GPa p = 1780 Kg/rrﬁ
Vi = 0.329 do=  23.X10™V/m
t = 0.125 mm de=  3.X10"V/m
p = 1520 Kg/m®
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