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Modeling and optimization of actuation strain property of
piezoelectric fiber composites
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(1. Beijing Spacecraft System Engineering, Beijing 100094, China;
2. State Key laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The piezoelectric fiber composites become one research focus of smart materials due to the larger strain and
better stiffness than those of other piezoelectric composite. The influence of structural parameters on actuation strain
property of piezoelectric composites was studied by the finite element analysis. The modeling results show that the high
electric field near the electrode edge is four times larger than that in the middle of the fiber where the electric field is
uniform. So in this area, the piezoelectric fiber easily cracks due to the stress concentration, which leads to the failure of
composite. The electric field and the strain are close to the ideal actuator with the increase of the electrode separation.
The performance of composite increases by using higher volume of the piezoelectric fiber and smaller thickness of
polymer between the fiber and electrode. Compared with the circular fiber composites, the strain property of the square
fiber composite is improved at least 60%.
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Fig. 1 Schematic diagrams of piezoelectric fiber composites: (a) Macro fiber composite; (b) Active fiber composite
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Fig. 2 Schematic diagrams of representative volume element (RVE): (a) Active fiber composite; (b) Macro fiber composite



o 25 B4 11 8] BT, S5 IR S YN s AR P R RO 3115

FEN G SHA TR H2. oA sE e wi2.
HUk AR P2 R G YRR L 55 (ESERU I Hr
R RGN R 1 BT 1A S A

R 35 2] 7y BEAR 52 S5 A4 L0 T HL 2T 4R (AR AL
Jr T Z 507 AR 3 A . e, A7 RROT
B AL A R 284 2.

=3 WL ALY )i EVA AN EVE I BER R SUR A S 08
Table 1 Boundary conditions of displacement, electrical

potential and electrical displacement applied to RVE

Coordinate Mechanical condition  Electrical condition

A0 Ux=0 Dy=0

Y=0 Uy=0 Dy

7=0 U0 -
X=M Uy coupled D=0
Y=H/2+L Uy coupled V= U/2 on electrode

(Dy=0 elsewhere)

Z=WI2+P/2 Uy coupled D~0
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Table 2 Material parameters data used for finite element analysis
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