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Fabrication of Flexible Piezoelectric Fiber Composite Actuator
by Arrangement-casting Method
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(State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

Abstract: The structure of piezoceramic fiber composite actuator was designed, consisting of interdigitated electrode
plates, binder and piezoceramic fiber composite layer. The flexible, planar piezoceramic fiber composite actuators
were prepared by arrangement-casting method. The electrical and mechanical properties of the PZN-PZT ceramics
were tested. Piezoelectric properties of piezoceramic fiber composite were estimated by iso-strain mixing formulas.
The strain properties of the actuator were tested using dynamic response system based on LabVIEW. The piezoelectric
constant d33;, Curie temperature 7, and elastic compliance coefficient 533 of the PZN-PZT ceramics are found to be
520 pC/N, 320°C and 20.5x10 "> m*/N, respectively. Theory of piezoelectric constants 7y; and #;, of piezoce-
ramic fiber composite are 509 and —156 pC/N, respectively. Test results show that the actuator is capable of producing
large, directional in-plane strains. 100 parts-per-million longitudinal strain and 58 parts-per-million transverse strain
were generated under a 300 V peak-to-peak applied voltage cycle. The stretching of the longitudinal and transverse di-
rections are 3.6 pum and 1.7 pum, respectively, indicating the actuator has a high electromechanical property.
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Fig. 1 MFC actuator structure diagram

Interdigitated electrode pattern, structural epoxy and piezoceramic fiber
composites
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Fig. 2 Preparation process map of the piezoelectric fiber
composites

(a) 45 mm X 13.5 mm X 0.3mm ceramic wafer prepared by tape-casting;

(b) Aligned ceramics; (c¢) Ceramics separated by spacers; (d) Ceramics

fixed with spacers removed; (e) Polymer stack (2-2 laminated composite);

(f) Piezoceramic fiber composites

3 MFC K5 ds 1) AR AR
Fig. 3 Interdigitated electrode plate of MFC actuator (50 mm X
35 mm, electrode gap: Imm, finger width: 150 um)
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Fig. 4 The encapsulated MFC actuator and structural detail
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Table 1 Dimension of MFC actuator

Properties Dimension
Package active area width, wpg 29 mm
Package active area length, /¢ 36 mm
Package maximum thickness, #. 450 pm
Piezoelectric fiber thickness, #; 300 um
Piezoelectric fiber width, wy 310 pm
Piezoelectric fiber spacing, k¢ 100 um
Interdigitated electrode gap, center-to-center, p, 1 mm
Interdigitated electrode finger width, w, 150 pm
Interdigitated electrode thickness, #, 18 um
Electrode laminate acrylic adhesive thickness, z, 13 um
Polyimide outer electrode film thickness, #, 50 pm
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Table 2 Properties of PZN-PZT ceramics

Properties PZN_P.Z T
ceramics
Piezoelectric strain constant, das/(pC-N™) 520
Piezoelectric strain constant, ds,/(pC-N™) -205
Density, p/(g-cm™) 7.88
Dielectric constant, ¢, 1704
Mechanical quality factor, O, 63
Electromechanical coupling coefficient, k33 0.6
Curie temperature, T,/C 320
Elastic compliance coefficient, s33/(m* N 2.05X107"
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Table 3 Theory of electrical properties of piezoceramic
fiber composite

Properties Piezocomposites
Piezoelectric strain constant, d33/(pC-N™) 509
Piezoelectric strain constant, d31/(pC-N™) -156
Dielectric constant, & 1296
Electromechanical coupling coefficient, 3 0.58
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Fig. 5 Free-strain performance of MFC actuator (£300 V,

10 Hz sine wave, 4 cycles)
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