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Equivalent Beam and Equivalent Bimorph Beam Models for
Ionic Polymer-Metal Composite Actuators
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Abstract : In the present paper, equivalent beam and equivalent bimorph beam models for IPMC(Ionic Polymer-Metal Composite)
actuators are described. Physical properties of an IPMC, such as Young’s modulus and electro-mechanical coupling coefficient, are
determined from the rule of mixture, bimorph beam equations, and measured force-displacement data of a cantilevered IPMC
actuator. By using a beam equation with estimated physical properties, actuation displacements of a cantilevered IPMC actuator was
calculated and a good agreement between the computed tip displacements and the measured data was observed. Finite element
analysis(FEA) combined with the estimated physical properties was used to reproduce the force-displacement relationship of an
TPMC actuator. Results from the FEA agreed well with the measure data. The proposed models might be used for modeling of IPMC

actuators with complicated shapes and boundary conditions.
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Fig. 1. Test for the force-displacement relationship.
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Fig. 2. Force-displacement relationship of an IPMC actuator.
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Fig. 3. Equivalent beam model.
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Table 1. Maximum tip displacement of an IPMC.

2V Input 3V Input
Equivalent Beam (mm) 294 3.78
Measurement (mm) 2.87 3.50
Relative error (%) 24 8.0
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Fig. 4. A typical shape of bimorph beam.
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