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An Effective Quasi-static Modeling of the Piezoelectric Benders
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Triple-layer Bender(E 8] & #|¢]o] ¥lt]), Quasi-static Mode(FHEF 2 2)

Abstract

In this article, the constitutive relations of three types of piezoelectric benders, which are a unimorph
bender, a bimorph bender and a triple-layer bender, are derived based on the beam theory under the quasi-
static equilibrium condition. The relation coefficients are described as the geometry and material properties of
the benders. More general constitutive relations involving fixed-free, fixed-roll, and fixed-simply supported
boundary conditions under the inconsistent length condition between the piezoelectric layer and the
nonpiezoelectric one are discussed. The complicated constitutive relations can be easily calculated and
checked by using the symbolic function in ‘Mathematica’. The relation coefficients for the benders are plotted
in three dimensional graph using the developed program.
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Fig. 1 Radius of curvature and external forces in the
multiple layer bender
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Fig. 6 An unimorph bender actuator
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