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Study on Plane Problem of Periodic Piezoelectric Fibrous Composites
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(1. State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics &-
Astronautics, Nanjing 210016, China; 2. School of Naval Architecture & Ocean Engineering, Jiangsu University of Science
and Technology, Zhenjiang 212003, China)

Abstract: Based on the complex variable techniques and linear piezoelectric theory, we derive a semi-
analytical solution for the plane problem of a periodic piezoelectric fibrous composite to explore the
distribution of the local stress field and predict the effective stiffness of the composites. Specific series with
unknown coefficients are introduced to describe the complex potential functions of the representative unit cell
of the composites. The unknown coefficients are determined from the continuity conditions on the interface
and the periodic boundary conditions imposed on the edge of the unit cell. Once the complex potential
functions are determined, the effective stiffness and effective piezoelectric constant of the composites are
obtained according to the average-field theory. The numerical results show that when the modulus of the
matrix is larger than that of the piezoelectric inclusion, the influence of the electric loading on the local stress
field around the inclusion is significant. The positive electric loading along the polarization direction of the
piezoelectric inclusion may induce the orientation of the maximum equivalent stress on the interface of the
matrix and the inclusion to change 90° relative to the case of non-electric loading or negative electric loading.

On the contrary, the electric loading has little effect on the local stress field. Because of the symmetry of the
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microstructure, the composite shows the same stiffness along the two symmetrical axes. It is also found that

the effective piezoelectric constant is sensitive to the modulus of the matrix.

Key words: piezoelectric {ibrous composite; complex variable technique; effective stiffness; local stress

field; semi-analytical solution
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R1 PZT-SHHBSH(CEMES C,;(10°N/m?), EEEH ¢, (C/m*), T EEHe,,(107°C/(V-m)))
Table 1 Material parameters of PZT - 5H ( Elastic coefficients C; (10'"°N/m?), piezoelectric coefficients ¢, (C/m?), dielec-

tric coefficients ¢,,, (10 °C/(V-m)))
*Z*"I‘ Cy Cy Cy C, Cy €3 €53 €15 & €33
PZT-5H 12.6 11.7 3.53 5.5 5.3 —6.5 23.3 17.0 151 130
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Fig.3 Comparison between our solutions and previous solu-
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