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Abstract

In this study, various damage modes in bending unimorph piezoelectric composite actuators with a
thin sandwiched PZT plate during bending fracture tests have been evaluated by monitoring acoustic
emission (AE) signals in terms of waveform and peak frequency as well as AE parameters. Three
kinds of actuator specimens consisting of woven fabric fiber skin layers and a PZT ceramic core layer
are loaded with a roller and an AE activity from the specimen is monitored during the entire loading
using an AE transducer mounted on the specimen. AE characteristics from a monolithic PZT ceramic
with a thickness of 250 pum are examined first in -order to distinguish different AE signals from
various possible damage modes in piezoelectric composite actuators. Post-failure observations and stress
analyses in the respective layers of the specimens are conducted to identify particular features in the
acoustic emission signal that correspond to specific types of damage modes. As a result, the signal
classification based on waveform and peak frequency analyses successfully describes the failure process
of the bending piezoelectric composite actuator exhibiting diverse failure mechanisms. Furthermore, it is
elucidated that when the PZT ceramic embedded actuators are loaded mechanical bending loads, the
failure process of actuator specimens with different lay-up configurations is almost same irrespective of
their lay-up configurations.
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Fig. 1 Typical acoustic emission (AE) signal and
the definition of AE parameters
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Fig. 2 Lay-up configuration of the actuating specimens used in the study
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Table 1. Basic setting of the AE measurement
system

Model of AE sensor Micro30, PAC

Channel 1
Pre-amplifier gain 40 dB
Threshold level 40 dB
High filter < 1200 kHz
Low filter > 10 kHz
Event lock out time 1 ms

Length of event 1 k (0.256 ms)
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Fig. 4 AE responses for a monolithic PZT ceramic under a bending load: a typical load-displacement curve
versus the distribution of (a) cumulative event count, (b) amplitude and energy and (c) peak frequency
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Fig. 5 Waveform and STFT contour map from a
PZT ceramic: (a) signal at the maximum
load and (b) signal after the maximum load
presented in Fig. 4
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Fig. 6 Load and displacement curve and corresponding AE response in terms of event counts, normalized
cumulative energy and the distribution of peak frequency for each specimen
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Fig. 11 Behavior of the classified signal type
presented in figure 10 in terms of
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