Accepted Manuscript " ..
p p e ‘

A general result for the magnetoelastic response of isotropic
suspensions of iron and ferrofluid particles in rubber, with
applications to spherical and cylindrical specimens

Victor Lefévre, Kostas Danas, Oscar Lopez-Pamies

PIl:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

Joumal of the
Mechanics
and Physics
of Solids

S0022-5096(17)30275-2
10.1016/j.jmps.2017.06.017
MPS 3155

Journal of the Mechanics and Physics of Solids

10 April 2017
10 May 2017
25 June 2017

Please cite this article as: Victor Lefévre, Kostas Danas, Oscar Lopez-Pamies, A general result for
the magnetoelastic response of isotropic suspensions of iron and ferrofluid particles in rubber, with
applications to spherical and cylindrical specimens, Journal of the Mechanics and Physics of Solids
(2017), doi: 10.1016/j.jmps.2017.06.017

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jmps.2017.06.017
http://dx.doi.org/10.1016/j.jmps.2017.06.017

A general result for the magnetoelastic response of isotropic suspensions
of iron and ferrofluid particles in rubber, with applications to
spherical and cylindrical specimens

Victor Lefevre?, Kostas Danas®, Oscar Lopez-Pamies®

@ Department of Civil an/d Environmental Engineering, University of Illinois at Urbana-Champaign
YLMS, C.N.R.S., Ecole Polytechnique, Université Paris-Saclay, 91128 Palaiseau, France

Abstract

This paper puts forth an approximate solution for the effective free-energy-funetion describing the ho-
mogenized (or macroscopic) magnetoelastic response of magnetorheological elastomers comprised of non-
Gaussian rubbers filled with isotropic suspensions of either iron or ferrofluid particles. The solution is
general in that it applies to N = 2 and 3 space dimensions and any ‘arbitrary (non-percolative) isotropic
suspension of filler particles. By construction, it is exact in the limit,of small deformations and moderate
magnetic fields. For finite deformations and finite magnetic fields,its aceuracy is demonstrated by means of
direct comparisons with full-field simulations for two prominent_cases: (%) isotropic suspensions of circular
particles and (i¢) isotropic suspensions of spherical particless

With the combined objectives of demonstrating the possible benefits of using ferrofluid particles in lieu
of the more conventional iron particles as fillers and gaiming insight into recent experimental results, the
proposed homogenization-based constitutive model is deployed to generate numerical solutions for boundary-
value problems of both fundamental and practical significance: those consisting of magnetorheological elas-
tomer specimens of spherical and cylindrical shape ‘that are immersed in air and subjected to a remotely
applied uniform magnetic field. It is found that magnetorheological elastomers filled with ferrofluid particles
can exhibit magnetostrictive capabilitiesfarsuperior to those of magnetorheological elastomers filled with
iron particles. The results also reveal{that the deformation and magnetic fields are highly heterogenous
within the specimens and strongly dependent on the shape of these, specially for magnetorheological elas-
tomers filled with iron particles. Fromsan applications perspective, this evidence makes it plain that attempts
at designing magnetrostrictive/devices, based on magnetorheological elastomers need to be approached, in
general, as structural problems, and not simply as materials design problems.

Key words: magnetorheological elastomers, ferrofluid inclusions, magnetostriction, finite
magnetoelastostatics

1. Introduction

Ostensibly dug to the renewed experimental impetus started during the 1990s (see, e.g., Shiga et al. 1995;
Jolly et al., 1996; Ginder et al., 1999), increasing efforts have been devoted by the mechanics community to
construct continuum models capable of describing the magnetoelastic response of magnetorheological elas-
tomers under finite deformations (involving arbitrary finite strains and rigid rotations) and finite magnetic
fields. These efforts can be roughly classified into two categories: (i) top-down or phenomenological ap-
proaches in which macroscopic free energies are postulated based on macroscopic experimental observations
(see, e.g., Kankanala and Triantafyllidis, 2004; Dorfmann and Ogden, 2005; Bustamante et al., 2011; Danas
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