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Reduction of detrimental torsion in ionic polymer-metal composite actuators through

coupled electrochemical-mechanical simulation
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Abstract
This study proposes a multiphysics framework to analyze and mitigate torsion in ionic polymer—metal
composite (IPMC) actuators by simultaneously considering viscoelastic and electroactive effects. The
governing mechanical equations are derived using Euler—Bernoulli beam theory and the minimum energy
principle, then coupled with the Nernst-Planck—Poisson equations to evaluate the torsional moment
generated by ion migration under an electric field. To capture electric-field-induced softening, the mechanical
moduli are modeled as functions of both time and voltage. Simulations show that under 5 V and 1 mm

thickness, the shear modulus decreases by nearly 85% within 10 seconds, significantly reducing stiffness.
However, adding transverse stiff layers and applying symmetric longitudinal excitation reduces the torsional
moment to less than 5% of its initial value, effectively eliminating twisting. A stability index is introduced to

account for the combined effects of time, electric field intensity, and boundary conditions. Although softening
decreases shear and bending stiffness and increases viscous energy, proper edge constraints successfully
suppress torsion even under severe degradation. Geometric sensitivity analysis indicates that length and width
have limited influence, while boundary conditions are the dominant factor in torsion control.

Keywords: Ionic Polymer-Metal Composite (IPMC) Actuators; Euler-Bernoulli Beam; Energy Method;
Nernst-Planck Equation; Poisson Equation; Torsion.
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