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Résumé— Magnetorheological elastomers (MRES) are ferromagpetiticle impregnated elastomers
whose mechanical properties are altered by the applicaticexternal magnetic fields. Due to their
magnetoelastic coupling response MREs are finding an isicrgaaumber of engineering applications.
The objective of this work is : (a) the experimental studyrahsversely isotropic MRES (i.e., the particles
form chains along a certain direction) that are subjectgudstressing and arbitrary magnetic fields and
(b), the phenomenological modeling of these materialsgusansversely isotropic energy functions.
Mots clés— magneto-mechanics, multi-physics, elastomers.

1 Introduction

Devices made of magneto-rheological elastomers (MRES baen proposed for a number of en-
gineering applications due to the potentially controkdabhture of their mechanical properties [1]. Al-
though there has been a substantial effort in theoreticarigitions of these types of solids (e.g. [2], [3]
and [4]), there have not been many studies—to the best kdge/lef the authors—dealing with the consti-
tutive modeling and characterization of MREs. Material ledor other magnetoelastic solids, however,
have been presented in the literature. For example, [5] thevéirst characterization of Terfenol-D. In
this regard, due to the absence of adequate constitutivaipliien for MRES, it has been difficult to
quantify the extent of benefits that a MRE device could offée objective of this work is twofold ; first,
we present experiments of iron-particle-filled elastonseitgected to prestressing and arbitrary magnetic
fields and second, we carry out a phenomenological modefitigese materials.

2 Experiments and modeling

Experiments are carried out for MREs comprising 25% of irartiples of sizes ranging from Quin
to 5umcured in a 0.5T magnetic field. The application of a magnedld fduring the curing process
leads to formation of particle chains aligned with the cgrfield direction. The experiments involve
three different setups; (a) uniaxial stress tests in thectdon of a magnetic field which is aligned with
the particle chains, (b) uniaxial stress tests in the doacdbf a magnetic field which is perpendicular
to the particle chains and (c) simple shear tests where ttielpachains are initially aligned with the
applied magnetic field, as shown in Fig. 1.

The second part of this work pertains in finding an energy idefisction (i that best fits the experi-
ments reported above. As already pointed out, the matard@ninvestigation is a transversely isotropic
composite since the iron particles form chains along a icedigection. This implies that the free energy
density) should also depend on the unit veckd(see Fig. 1), which defines the initial orientation of the
particle chains. Thus,

P=0(C,N,M), C=FTeF, NeN=1, (1)

whereF is the material’s deformation gradierft'( denotes its transposeS, denotes the right “Cauchy-
Green” tensor andl the specific magnetization. Following [44.{. relations (2.42) and (2.44) in that
reference), we obtain the following expressions for thaltGauchy stresg and the magnetic field
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wherep is the current material density. Note that in vacuym=0), the total stress is non-zero and
equals the Maxwell stregghh — (1/2)(heh)l].

Theoretical predictions, based on the energy density cditemju (1) are compared to experimental
results in the case of a simple shear test, shown in the battdtig. 1.
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FIGURE 1 — Top left, shows the schematics of a specimen subjected tplesighear in the presence of a ma-
gnetic field. Top right shows an electron micrograph (froff) fif a MRE comprising 25% of iron particles of
sizes ranging from Ojimto Sumcured in a 0.5T magnetic field. The application of a magnegid fduring the
curing process leads to formation of particle chains alipmi¢h the curing field direction. In the bottom figure are
experimental (discrete marks) and theoretical (solidsjimesults showing the influence of the magnetic field on
the MRE’s simple shear response widenoting the shear modulus.

Références

[1] Ginder, J., Nichols, M., Elie, L., Tardiff, IMagnetorheological elastomers : Magnetorheological tlagers :
properties and applicationsSmart Structures and Materials 1999 : Smart Materials fielclgies Ed. by M.
Wuttig, Proc. of SPIE,3675, 131-138, 1999.

[2] Borcea, L., Bruno, O.Qn the magneto-elastic properties of elastomer-ferroneagomposites]. Mech. Phys.
Solids 49, 2877 — 2919, 2001.

[3] Dorfmann, A., Ogden, R.WMagnetoelastic modelling of elastomgEur. J. Mech. A/Solids 22, 497 — 507,
2003.

[4] Kankanala, S.V., Triantafyllidis, NOn finitely strained magnetorheological elastomdtdMech. Phys. Solids
52, 2869 — 2908, 2004.

[5] Moffett, M.B., Clark, A.E., Wun-Fogle, M., Linberg, Jleter, J. P., McLaughlin, E.ACharacterization of
Terfenol-D for magnetostrictive transduceds Acoust. Soc. America 89, 1448 — 1455, 1991.



