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Actuating Performance of a Bending Piezoelectric Composite Actuator
with a Thin Sandwiched PZT Plate under Static Loads
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Abstract

This study presents the static and dynamic actuating performances of a bending piezoelectric actuator
with a thin sandwiched PZT plate under a static load. The stored elastic energy within the actuators

which occurs during a curing process is obtained through a flexural

bending test. An actuating

performance is evaluated in terms of an actuating displacement at the simply supported condition. The
results reveal that an actuator that consists of a top layer having a high elastic modulus and a low
coefficient of thermal expansion exhibits a better performance than the rest of actuators due to the
formation of the large stored elastic energy within the actuator system. When actuators are excited at the
alternating current voltage, the effect of PZT ceramic softening results in a slight reduction in the
resonance frequency of each actuator as the applied electric field increases. It is thus suggested that the
static and dynamic actuating characteristics of bending piezoelectric actuators with a thin sandwiched PZT
plate should be simultaneously considered in controlling their performances.
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Fig. 1 Lay-up configurations of bending piezoelectric
composite actuators with a thin sandwiched
PZT plate (unit: mm)
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Fig. 2 Schematic of a flexural bending test to obtain
the stored elastic energy occurred after a
curing process
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Fig. 3 Experimental set-up for measuring the
actuating  displacement at the simply
supported boundary condition
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Table 1. Specification of each specimen

Sp#l Sp#2 Sp#3

Thickness (mm) 0.655 0.64 0.625
Mass (@) 13.16 13.06 12.96
Bending stiffness (Nmm?) 80.3 66.7 41.7
Dome height (mm) 0.97 0.89 0.21

Stored elastic energy (¥m?)  136.7 78.1 2.9
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Fig. 4 The load necessary to flatten each specimen
from a flexural bending test at the boundary
condition presented in Fig. 2
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Fig. 5 Comparison between free displacement and
actuating displacement as a function of
electric field for each specimen
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specimen with an increasing load
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Fig. 7 Actuating displacement versus drive frequency

for each specimen showing the effect of PZT

ceramic softening
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