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Vibration Control of Beam using Distributed PVDF sensor and PZT actuator

Keun-Young Park, Jung-Kyu Ryu, and Seung-Jo Kim

Abstract

Distributed piezoelectric sensor and actuator have been designed for efficient vibration control of a
cantilevered beam. Both PZT and PVDF are used in this study, the former as an actuator and the latter as a
sensor for our integrated structure. For the PZT actuator, the position and size have been optimized. Optimal
electrode shape of the PVDF sensor has been determined. For multi-mode vibration control, we have used
two PZT actuators and a PVDF sensor. Electrode shading of PVDF is more powerful for modal force
adjustment than the sizing and positioning of PZT. Finite element method is used to model the structure that
includes the PZT actuator and the PVDF sensor. By deciding on or off of each PZT segment, the length and the
location of the PZT actuator are optimized. Considering both of the host structure and the optimized actuators,
it is designed that the active electrode width of PVDF sensor along the span of the beam. Actuator design is
based on the criterion of minimizing the system energy in the control modes under a given initial condition.
Sensor is designed to minimize the observation spill-over. Modal control forces for the residual(uncontrolled)
modes have been minimized during the sensor design. Genetic algorithm, which is suitable for this kind of
discrete problems, has been utilized for optimization. Discrete LQG control law has been applied to the
integrated structure for real time vibration control. Performance of the sensor, the actuator, and the integrated
smart structure has been demonstrated by experiments.
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Table 1 Material properties used

Density (Kg/m®) Young’s Modulus (GPa) d, m/V)
PZT 7700 61 171e-12
PVDF 1780 3 23e-12
AL2024-T3 2767.5 72.3 N/A
Table 2 Modal forces per unit voltage of actuator and sensor design results
PZT Actuator #1 PZT Actuator #2 PVDF Sensor
1st Mode 1.34e-2 6.90e-3 -1.27e-4
2nd Mode -4.01e-2 5.45e-2 -3.07e-4
3rd Mode 3.00e-2 -8.41e-2 9.39¢-9
4th Mode -5.18e-2 1.80e-1 1.57e-8
5th Mode 1.61e-1 -3.07e-1 -1.57e-8
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Host Structure

Fig. 2 A beam structure with PZT segments

Fig. 3 Interpolation of the electrode width

235mm

PVDF Sensor

Haost Stmucture

PZT Actuator (#1) PZT Actuator (#2)

Fig. 4 Dimension of the specimen used and actuator design result
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Fig. 6 Experimental Setup Fig. 7 Open-loop and Closed-loop Transfer Function
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Fig. 8 Open-loop and Closed-loop time response
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