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Abstract: A new second-order two-scale (SOTS) asymptotic coupled
piezoelectric models are developed for the axisymmetric composites. The
governing piezoelectric equations are compactly formulated in cylindrical
coordinates, and the composite domains are assumed to be periodically occupied
by the representative cells. The multi-scale asymptotic expansions for the
displacement and the electric potential are formally defined and the effective
elastic, piezoelectric, and dielectric coefficients are expressed in terms of the
microscopic functions defined on the cell domain. Particularly, the cell solutions
and the homogenized solutions for the plane axisymmetric problem are derived
analytically. The corresponding SOTS finite element procedure is proposed, in
which the Newmark algorithm is applied to construct the computational scheme
in the temporal domain. Numerical experiments are carried out to simulate both
the static and dynamic asymptotic behavior of the space axisymmetric and the one-
dimensional plane axisymmetric structures. It is validated from the numerical
examples that the asymptotic models proposed in the current work are effective to
capture the macroscopic performance of the piezoelectric structures and the
second-order expansions of the solutions is essential for obtaining the correct
distributions of the stress and electric displacement.
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