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Cosserat modelling of inhomogeneous flexo-electro-
magneto-thermo-elastic media using FEM

The use of multi-coupled materials in modern applications is increasing due to
their multi-functionality. However, many of these applications use micro-devices
and the micro-structure of the materials should be considered. Therefore, the study
of multi-coupled materials taking into account their micro-structure is a challenge
for the Continuum Mechanics community.

The present work presents a 3D Finite Element formulation to study a fully coupled
thermo-electro-magneto-mechanic problem assuming small deformation and
taking into account the micro-structure of the medium. For this purpose, a
Cosserat micropolar model is considered: macro-continuum is simulated by macro-
displacement and micro-continuum by micro-rotations.

From a theoretical point of view, the governing equations are obtained using a
Continuum Physics approach. From Mechanics, the linear and angular momentum
balance equations are stated. From Electrodynamics, the Maxwell laws are used
to obtain the electromagnetic equilibrium equations and the scalar potentials.
From Thermodynamics, the entropy balance and the constitutive equations are
calculated by assuming small increment of temperature to guarantee reversible
(conservative) processes.

From a numerical point of view, standard first-order isoparametric eight node
elements with nine degrees of freedom per node (three macro-displacements,
three micro-rotations, electric potential, magnetic potential and temperature) are
used. Time integrations are solved by using the Newmark-b algorithm and non-
linearities, which arise due to the presence of the Maxwell stress tensor, by the
Newton-Rhapson.
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