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Fig. 1 Ferroelectric test results of ferroelectric crystals
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Tab.1 The specifications and dimensions of the FPD
samples with different types

ELIERN 8514° 8528 8557
AR EE /mm 85 85 85
A BT /mm 14 28 57

BK/mm 105.5 105.5 105.5

S5 /mm 24 38 67

SR /mm 0.37 0.37 0.37

Fitt/g 2.52 4.65 8.99
RAE B /(g em™) 4.47 4.51 4.50

Pl 4y i 4% T 4% FPD 2k B M 45 SR AL 46 e
T I 50 B il 2k (1) FAR Ak i 52 -H 377 56 JEE il 46

®2 FPDEEILALEHSHE R

Tab.2 Geometric structure parameters of each layer of

FPD
2 SR ZH{H/mm
214t 58 0.4
FEHAHE S 2 4 ) iR 0.1
Y R 0.25
25 Y 55 W ) A R SRR 0.0002
LRSS 0.1
MR 2 P A F5 T 0.75
P A 4 R 0.0146
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Fig.4 Ferroelectric test results of PZT-51 based FPD (test
conditions at 1 Hz and 25 °C)"*
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Fig.7 Bias strain results of FPD at different bias voltages
(frequency at 1 Hz, voltage peak-to-peak value at
2000 V)
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Actuation characteristics of flexible piezoelectric fiber composite

actuator device

QU Jiao, DU Yue-min, JI Hong=li, QIU Jin-hao
(State Key Laboratory of Mechanics and Control for Aerospace Structures,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Flexible Piezoelectric fiber composite actuator Device (FPD) is a promising choice for structural actuation and vibration
control applications owing to its excellent performance. However, there are few reports about its intrinsic performance parameters
that described the actuation behavior, which limits its widespread use and maximum efficiency. Herein, by analyzing the actuation
strain mechanism of FPD, a method is proposed to predict its operational voltage range based on ferroelectric parameters and calcu-
late its blocking force based on piezoelectric equation, and the reliability of the method is verified by experimental measurement.
Moreover, the influence of the active width on the electromechanical impedance properties and strain actuation performance is in-
vestigated. The results show that the prediction for the operational voltage range of FPD from the ferroelectric parameters is reason-
able and feasible, and the allowable operational voltage of FPD must be limited between the negative subcoercive voltage and the
positive poling voltage. The unsymmetric voltage drive mode can realize large strain and small hysteresis synchronously. The de-
duction of the blocking force of FPD based on the piezoelectric equation is effective and reliable, and the blocking force of FPD is
proportional to its own piezoelectric coefficient, elastic modulus, cross-sectional area and the applied electric field. Furthermore,
the capacitance and actuation capability of FPD increase with increasing the active width, while the impedance decreases, the reso-

nant frequency, free strain and hysteresis remain fairly static.

Key words: piezoelectric fiber composites; piezoelectric actuators; flexible device; actuation performance; operational voltage;

blocking force; electromechanical impedance properties
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