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Material possessing electromechanical coupling phenomena are a prominent group within the
class of smart materials. Such materials can transform electrical energy into mechanical
energy and, possibly, vise versa. These properties make materials with electromechanical
coupling phenomena very attractive for the design of smart devices, such as sensors and
actuators. Two typical examples are piezoceramics, which undergo states of small
deformation, and electro-active polymers, which may exhibit states of finite deformation.

The first part of the lectures introduces the general modelling of electromechanical coupling
phenomena from a continuum mechanics perspective. This includes in particular relevant
balance relations. Special emphasis shall then be placed on the modelling of piezoceramics
under state of small strains. Since such materials show hysteresis behaviour under sufficiently
high levels of electromechanical loading, a set of suitable internal variables is introduced
together with related evolution equations. The modelling framework is embedded into an
electromechanically coupled finite element formulation in order to simulate representative
boundary value problems under inhomogeneous states of deformation.

The second part of the lectures addresses the modelling of electro-active polymers under
states of large strains. Even though such polymers in general show viscous response, the
lecture shall restrict to the modelling purely electro-elastic behaviour. One the one hand,
different particularisations of a phenomenological framework are discussed, whereas a so-
called micro-sphere model is elaborated on the other. This micro-sphere framework may
transform statistical physics based constitutive models to a macroscopic continuum
framework. Both approaches are embedded into an electromechanically coupled finite
element formulation.

The third part of the lectures focuses on the algorithmic implementation of finite deformation
electro-elasticity under homogeneous states of deformation. The general framework can be
interpreted as an iterative constitutive driver - including tangent operators similar to those
required for finite element formulations. Special emphasis shall be placed on incompressibility,
different phenomenological models, a simple micro-sphere application and stability
phenomena.
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