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Abstract: Ionic polymer metal composites (IPMCs) are a promising class of soft active materi-
als. Their high compliance, low actuation voltage, and ability to operate in wet environments 
have motivated two decades of intensive research on IPMC actuators. While we have witnessed
several breakthroughs in the technology of IPMCs, from additive manufacturing of IPMCs to 
IPMC-based robots, our understanding of the physical underpinnings of their actuation remains 
elusive. There is a paucity of continuum physically-based models to investigate IPMC actuation 
and sensing. Presently, the literature relies on either black-box lumped models, whose paramet-
ers are experimentally identified from data, or phenomenological distributed models, construc-
ted upon classical beam theory. In this sense, we know little about multiaxial deformations eli-
cited by counterions' diffusion and electromigration through the ionomer. In this talk, we present 
a novel physics-based modeling framework that describes the chemoelectromechanical behavi-
or of IPMCs and, especially, resolves the complex interface phenomena taking place in the vi-
cinity of the electrodes. The chemoelectromechanical constitutive behavior is obtained from a 
Helmholtz free energy density, which accounts for mechanical stretching, ion mixing, and elec-
tric polarization. Focusing on experimental observations, we demonstrate the application of the 
framework to study both actuation and sensing through a combination of perturbation methods 
and finite element analysis.
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