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Abstract—This paper presents the comparison between ffer-
ent approaches to determine the ffective properties of composite
materials. Homogenization is a very useful tool when the size of
heterogeneities is much smaller than the size of the device to
model, because the size of the numerical model would become
too big. The models presented here are Finite Element Model,
FFT model and homogenization based on inclusion problems. Figure 1: Principle of homogenization.
The application studied here show similar results on a fiber-
matrix composite but each method presents advantages and
disadvantages which are listed in this paper. .

Index Terms—Homogenization, Finite Element Model, Fast B. Full-field approach

Fourier Transform, E ffective Properties, Multiphysics. 1) Finite Element Method:The Finite Element Method

is a common approach to study composite materials. The

microstructure of the composite is fully described throtig
Composite materials are more and more used in indusg¥ometry and the mesh. Periodic conditions can be applied

because of their useful properties. Indeed, mixinffedent on a basic cell to study periodic materials. Nonlinear barav

materials in a proper way enables to design a material takipgn also be taken into account through iterative solvers, as

advantage of the fierent constituents. A classical compositge|| as coupled behavior[3].

material an epoxy resin embedding carbon fibers, which is atne determination of thefiective properties can be done

good candidate to replace aluminum in shielding enclosurgth the computation of the macroscopic response (average

The carbon fibers have on important role on the macrgyer the cell) for diferent macroscopic loadings (imposed

scopic electric conductivity whereas the epoxy resin makgsough the periodic conditions for example).

the composite have good mechanical properties for en@esur ) Fast Fourier Transform: The FFT modeling is an ef-

as well as a Iight weight, which is of interest for aeronautigcient approach to study periodic composites only [4]. It is

or automotive industry. _ _based on the Maxwell equations in the Fourier space which
A complete numerical model to study a device and carryingagds to simplifications in the equations. The microstrectf

the heterogeneous nature of the composite is impossible Mg composite is fully described through a pixel image of the

of the time because of the computational cost it involveggsic cell. The periodic nature of the fields in implicit iristh

That is the reason why homogenization approaches enablgyyroach. The algorithm is iterative and rely on a convergen

determine the macroscopic behavior of a composite matetiglrameter (like iterative solvers in FEM). Coupled behavio

and consider it as homogeneous in the numerical model Qfn aiso been taken into account[s).

the device[l]. Two main classes exist in homogenization, The determination of thefiective properties can be done

mean-field approaches versus full-field approaches. The fit$ 5 similar way than for FEM.

one only describes the microstructure of the composite from

statistical information (volume fractions, ...) and onkgqges C. Mean-field approach: based on inclusion problems

of information about the fields can be determined, such as thedne mean-field homogenization approach is based on in-

mean fields per phase for example[2]. Full-field approachefision problems[2]. The modeling of a composite material

need a complete description of the microstructure but can thmade ofn phases can be processed througbasic inclusion

provide the complete description of the field distribut®n[ problems. Unlike full-field approaches, only partial infea-

[4]. tion about the microstructure is needed. In the model based
In a first part, the dferent approaches will be brieflyon inclusion problems, volume fractions of the phases and a

presented. In a second part, the results obtained on a eriadiatistical information on the distribution are requirdflith

fiber-matrix composite are shown and compared. Then intifese pieces of information, the determination of tieative

final part, the comparison between the methods is performegioperties can be performed analytically. Nonlinear behav

pointing out the advantages and disadvantages of each thetftian be taken into account through a linearization process.

Multiphysic behavior can also be taken into account through

the decomposition of the fields intoftrent sources[6].

HOMOGENIZATION

|. INTRODUCTION

Il. HOMOGENIZATION APPROACHES
A. Principle
The principle of homogenization is to determine tiice- IIl. RESULTS ON A FIBER-MATRIX MATERIAL

tive properties of an heterogeneous material, seen as lemog The magnetic behavior is studied here. The studied compos-
neous in a higher scale. ites are periodic fiber-matrix materials. Random micrastru



tures (random location of the center of fibers) are created Table I: Advantages and disadvantages

for the full-field approaches (see Fig. 2). The results in Method || FEM | FFT | Inclusion problems

mean-field approach come from Hashin-Shtrikman estimate™ Computation time || - + +

which is well adapted for fiber-matrix composites. The et Pre-processing i +

permeabilities of the phases are: matrix = 1 and fibers N';ﬂggf%‘éiga’or = 'mpf:is'ble -

M2 = 10.
- - amm : Considering the pre-processing time, the FFT model is
500 3 the more #icient since it only needs a pixel image of the
800 ; microstructure. The geometry needs to be acquired in the
700 . FEM, which can be done thanks to image processing for

600

example, and the mesh of the geometry needs to be controlled.
The ability of the models to work with high frequency
shows that it cannot be performed with FFT since the field is
implicitly periodic on the cell. FEM formulations are able t
0s take into account higher frequencies. Some adjustments hav
0 been recently proposed for mean-field approach to take into
. . _ account higher frequencies[7].
Figure 2: Exgmple O.f FFT solution (1024)(102.4 pixels) on Finally, v%hen no?ﬂinear b[egavior is encountered, FEM and
a random. perlodlc mlcrostrluctlure for flber-mgtnx CompEE?LS'IFFT models can provide accurate results whereas the mean-
The solution is the magnetic field along(Applied magnetic field approach can only give a coarse estimate. In fact, the fie
field alongXx). distribution is essential when dealing with nonlinear heta
and more information than mean fields per phase are necessary
Different volume fractions for the fibers are considered. Sey obtain a suitable estimate. A first improvement is obtine

eral realizations of the random microstructure are peré@mthrough the determination of second moment of the fields
for each volume fraction. FEM and FFT results are vefyhich is possible in this model[8].

similar for the dfective properties in this case (Fig. 3). Some

discrepancies can be shown locally and will be presented in V. Concrusion

the full paper. The comparison betweenftérent homogenization models
is presented here. It shows that for linear behavior, each
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method give similar results for homogenization. Compaotati
of ] time can be a criterion to chose a model but other methods
s ] present other advantages compared to mean-field approach.
7t ] The advantages and disadvantages of each method are given
o ] and more explanations will be given in the full paper. Nonlin
Al ] ear behavior will also be studied.
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