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Modeling and optimization of piezoelectric fiber
composites based on finite element method

LIN Xiu-juan, ZHANG Dou, ZHANG Xiao-yong, LI Zhi-you, ZHOU Ke-chao

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The effect rules of electrode structure, piezoelectric ceramic fiber thickness and volume fraction on the electric
field distribution in fiber and strain properties of composite were simulated and analyzed by finite element using ANSYS.
The results show that the inhomogeneous zone exists in the fiber of piezoelectric fiber composites with interdigitated
electrode. And the strain properties of composite are influenced simultaneously by the field strength and proportion of
this zone. When the constant electric field is applied, the highest strain is generated when the electrode width is half of
the fiber thickness. The field strength and proportion of the homogeneous zone in the thinner piezoelectric ceramic fiber
are higher, which improves the strain properties of the composite. When the constant voltage is applied, the strain
decreases with the increase of the electrode separation. 90% of ideal strain can be achieved with the electrode separation
to the width larger than 10. The strain properties of the composite can be improved using the piezoelectric fiber with
higher volume fraction.
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Fig. 2 Schematic diagram of structure of representative

volume element (RVE) of composite along fiber axis: (a) 3D

model; (b) 2D cross-section
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Table 1 Boundary conditions of displacement (U), electrical

potential (V) and electrical displacement (D) applied to RVE

Location in Mechanical Electrical
RVE condition Condition
X=0 Uy=0 Dy=0
¥=0 Uy=0 V=UJ/2 or 0 on electrode
(Dy= 0 elsewhere)
7=0 U~0 D~0
X=L Uy coupled D=0
V= U2 or 0 on electrode
Y=H Uy coupled
Y oup (Dy= 0 elsewhere)
Z=2W+P Uy coupled D~0
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Table 2 Material properties data used for finite element analysis“x]
Material ess/ es/ ers/ en/ e33/ e/ ¢/ ¢/ c33/ cadl
(Cm?%) (Cm?) (Cm?) @EFm") (Fm) Pa Pa Pa Pa Pa
Piezoelectric
ceramic 8.137X  7319X  1.203X  7.518X  7.509X  1.109X  2.105X
fiber 23101 —0.395  12.295 107 107° 10" 10" 10" 10" 10"
(PZT-5A)
Pol B B B 3.542X  3.542X  4.83X 2.96 X 2.96 X 483X  9348X
olymer 107! 107! 10° 10° 10° 10° 108
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Fig. 3 Effect of electrode width on strain response of RVE(a)

and electric field Z-direction at fiber centre axis(b) (H=120 um,

P=400 pum, V=400 V)
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Fig. 4 Effect of electrode separation on strain response of

RVE(a) and electric field in Z-direction at fiber centre axis(b)

(W=60 pum, H=120 pum, V=100 V)



522 %5 6

MIEE, S T ROOEE AR S WA B 1751

—5

= ;
« \

(2)
S*
(b)
5 IHEERGYIN g

Fig. 5
piezoelectric fiber composites with interdigitated electrode(a)
and ideal electric field(b)

Schematic diagrams of electric field vector for
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