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A Theoretical Model for Magneto-Mechanical Coupling
Behaviors of Magnetorheological Elastomers

LI Xu, WAN Qiang, SHI Ping’an
(Institute of Systems Engineering, China Academy of Engineering Physics,
Mianyang, Sichuan 621999, P.R.China)

Abstract: Based on the magnetic dipole interaction theory, a theoretical model was proposed
to describe the magneto-mechanical coupling behaviors of magnetorheological elastomers with
the principle of minimum potential energy. In this model, the fully coupled interaction among all
particles and chains was considered according to the micro-structure of magnetorheological e-
lastomers. The energy equations of magnetic interaction and the elastic potential energy equa-
tions based on the Mooney-Rivlin model were derived respectively. Then a theoretical model
was developed to describe the stress-strain relationship of magnetorheological elastomers under
uniaxial load. This model agrees well with existing experimental data and can be used to explain
the micro-mechanism of magneto-induced stress. The results show that the mechanism of mag-
neto-induced stress is closely related to the inner micro-structure, and the nonlinear property of

magneto-induced stress mainly depends on the interaction among both particles and chains.

Key words: magnetorheological elastomer; theoretical model; magneto-mechanical coupling;
magneto-induced stress
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