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Actuating Characteristics of a Piezoceramic fiber Composite Actuator
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ABSTRACT

Piezoelectric Fiber Composites with Interdigitated Electrodes (PFCIDE) were previously introduced as an
alternative to monolithic wafers with conventional electrodes for applications of structural actuation. This paper is an
investigation into the performance improvement of piezoelectric fiber composite actuators by changing the matrix
material and actuator shape. This paper presents a modified micro-electromechanical model and numerical analyses of
piezoelectric fiber/piezopolymer matrix composite actuator with interdigitated electrodes (PFPMIDE).

Numerical analyses show that the shape of the graphite/epoxy composite plate with the PFPMIDE may be controlled

by judicious choice of voltages, piezoelectric fiber angles, and elastic tailoring of the composite plate.

: material stress

: material strain

: electric field

: electrical displacement

: elastic constants

& : dielectric constants

e : piezoelectric stress constants
V : volume fraction
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Fig. 1 Schematics of a combining process
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Tablel. Properties of composite materials

PZT Co- Hybrid  Epoxy
SH  polymer matrix{9]
fibers

CE (Gpa) 127 798 8.15 5.14
CE (Gpa) 802 5.10 4.01 277
CE (Gpa) 847  5.10 4.01 2.77
ci (Gpa) 117 798 8.15 5.14

e, (c/m?) -442  -0.05 0 0
e, (cm?) 155 019 0 0
&5/ 1392 8.0 11.2 4.0
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Fig. 2 Effective piezoelectric constants of a PZT 5H
fiber/hybrid matrix actuator
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Table 2. Plate dimensions (mm)

Length (L) 63.5
Width (W) 14
Thickness (t1) 0.145
Thickness (12) 0.125
ul A PFPMDE
tef | t—=graphite/epoxy

Fig. 3 Schematic of a PFPMIDE and graphite/epoxy
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Fig. 4 Vertical deflection of a plate
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(a) [0/0]

(b) [0/90]

Fig. 5 Schematics of curved actuator
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Fig. 6 Height of Curved actuators
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Fig. 7 Displacement of Curved actuators
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