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Two decades ago, new experiments accompanied by the modernization of magnetoelastic
theory have spawned a great amount of theoretical, numerical but also experimental
developments on magnetoelastic composites such as magnetorheological elastomers (MREs).
Thanks to extensive research efforts, their coupled magnetoelastic response is well understood
nowadays. However, this applies only to MREs and related materials based on sufficiently
stiff matrix material. Indeed, as the shear modulus of the matrix material is reduced further
and further, magnetoelasticity turns out to be an insufficient theoretical framework at the
macroscopic scale as demonstrated in this contribution. Even when neglecting the dissipation
in the constituents, one may observe significant dissipation.

In composites based on very soft matrix material that can only store rather small amounts of
elastic energy, the magnetic energy may dominate the total energy of the system. Multiple
(meta-)stable configurations are the consequence, which render the composite material
"magneto-pseudoelastic" even when both the inclusions and the matrix material are prac-
tically non-dissipative. While such “magnetodeformal shape-memory” effects can be found in
mainly experimental literature, e.g., [1,2], we are not aware of corresponding quantitative
simulations.

In this talk we present ongoing work pushing the limits of finite elements simulations for
extremly deformable multiphysics systems. Along the way we will encounter challenges for
theoretical description, modeling and numerics of extremely soft MREs. They shall serve as
motivation for the development of new experiments, numerical techniques and eventually
extended theories for dissipative magnetomechanics.
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