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ABSTRACT

Electroactive polymers (EAP) are very attractive actuation materials with remarkable electronic and
mechanical properties with a great similarity to biological contractile tissues [1]. They consist of poly-
mers in various compositions and in variable forms. They are lightweight, fracture-tolerant and can be
manufactured in variable shapes [2].

In the present work we are investigating chemically and electrically stimulated polymer gels in a solu-
tion bath as well as ionic polymer-metal composites (IPMCs).
Ionic polymer gels consist of a solid phase containing a polymer network with bound charges and a liq-
uid phase with mobile ions. By changing the ambient conditions, a diffusion/migration flux of hydrated
ions - from the gel to the solution phase or vice versa - leading to a swelling or deswelling of the gel,
occurs.

We present modeling on different scales: On the macroscopic scale, a model based on the statistical the-
ory by Flory and Rehner [3, 4] is given, while on the micro-mesoscopic scale, a coupled chemo-electro-
mechanical formulation [5, 6] which is capable to give the concentrations and the electric potential in
the gel as well as in the solution is presented. The chemo-electric field is decsribed by a convection-
diffusion equation while the unsteady swelling behavior of the gels is formulated by an equation of
motion. In this work, a full coupling between all the fields (chemical, electrical and mechanical) in-
volved is applied.
In order to represent the local mechanical properties of the polymer chains, a (microscopic) discrete
element formulation is also employed.

To demonstrate the quality of the given formulations, numerical simulations for different EAPs have
been performed, based on unconditionally stable space-time finite elements. For the ionic polymer metal
transducers, the migration of the ions in the composite material for an applied alternating electric field
will be presented, while for the polymer gels, the ion movement as well as the swelling and bending of
the fibers will be given.
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