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Electric Fatigue Behavior of a Bending
Piezoelectric Composite Actuator
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Abstract

In the present work, we address electric fatigue behavior in bending piezoelectric actuators using an
acoustic emission technique. Electric cyclic fatigue tests have been performed up to ten million cycles on
the fabricated specimens. To confirm the fatigue damage onset and its pathway, the source location and
distributions of the AE behavior in terms of count rate are analyzed over the fatigue range. It is
concluded that electric cyclic loading leads to fatigue damages such as transgranular damages and
intergranular cracking in the surface of the PZT ceramic layer, and intergranular cracking even develops
into the PZT inner layer, thereby degrading the displacement performance. The electric-induced fatigue
behavior seems to show not a continuous process but a step-by-step process because of the brittleness of
PZT ceramic. Nevertheless, this fatigue damage and cracking do not cause the final failure of the bending
piezoelectric actuator loaded up to 10" cycles. Investigations of the AE behavior and the linear AE source
location reveal that the onset time of the fatigue damage varies considerably depending on the existence
of a glass-epoxy protecting layer.
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Carbon-epoxy prepreg
(120x 710136 mm)

\ PZT Ceramic 4@“,“&;%%]
(120%92%0.07 m

(72x72x0.25 mm)

(a) Specimen-1 (b) Specimen-2

Fig. 1 Schematic of bending piezoelectric actuators.
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Fig. 2 Schematic of experimental set-up for an
electric cyclic fatigue test and in-situ
acoustic emission monitoring.

Table 1. Basic setting of the AE measurement

system
Model of AE sensor Micro30, PAC
Channel 2
Pre-amplifier gain 40 dB
Threshold level 45 dB
High filter < 600 kHz
Low filter > 40 kHz
Event lock out time 1 ms

Length of event 1 k (0.256 ms)
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Fig. 3 Micrographs of actuator-1: (a) grains and boundaries on the surface of PZT ceramic with no electric
cyclic loading; (b) dominant transgranular fatigue damages loaded up to 10" cycles; (c) an intergranular
fatigue main crack propagated across the center of surface; (d) crack developed from the bottom
surface to the top surface of the PZT ceramic layer.
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Fig. 5 Behavior of displacement and the AE count
rate for specimen-1: (a) the entire cycling
loading and (b) the loading range between
2x10%nd 10’cycles.
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