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Abstract

Components made of short fibre reinforced thermoplasteEmareasingly used in the automotive industry, and more
and more frequently subjected to fatigue loadings durimg thervice life. The determination of a predictive fatigue
criterion is therefore a serious issue for the designesreguires the knowledge of the local mechanical response. A
the cyclic behaviour of polymeric material is reckoned tchighly nonlinear, even at room temperature, an accurate
constitutive model is a preliminary step for confident fagglesign.

This paper presents an extension of the constitutive bebaproposed by the authors in a precedent work, in order
to take into account the influence of the local fibre orieptatistribution (FOD) on overall anisotropic elastic and
viscoplastic properties. The proposed model is written geaeral 3D anisotropic framework, and is validated on
tensile samples with various FOD and loading histories: obamic tensions, creep and/or relaxation steps, cyclic
loadings.

Keywords: PA66 GF35, constitutive model, fibre orientatigstribution, nonlinear behaviour, anisotropic

behaviour

1. Introduction

1.1. Motivations

In order to reduce their environmental impact, carmakeshwo substitute heavy metallic parts by lightweight
composites structures. Short glass fibre reinforced (S@tRnoplastics are a cost-efficient solution which coméine
sufficient stiffness for many structural components andgeléreedom of shapes provided by injection moulding. The
choices of glass fibres and polyamide matrices are usual atidated by cost and thermal stability respectively.

These materials have long been used by the automotive iydiastcomponents which do not undergo much
mechanical loading. They are now increasingly used to maketaral parts such as intake manifolds or engine

mounts, which are subjected to complex and repeated mexzhdading as well as environmental conditions such as
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heat and humidity. Therefore, the need for a method to dekimge components against fatigue failure has become a
serious issue during the last years, when different auttegan adressing the problem. For example, in part Il of this
work [1], De Monte’s and Klimkeit's recent fatigue experimentsagithe basis for a comparative study of different

fatigue criteria 2, 3].

1.2. Approaches for fatigue design

Fatigue damage, particularly for composite materialsftenoconsidered as a continuous phenomena taking place
all along the lifetime of the structure and sometimes meadidis such. Continuum damage mechanics is an approach
which describes damage as an internal variable in the betmawiith its specific evolution law. Some authors have
developped constitutive equations for reinforced therastrs B, 5]. The damage is zero for the virgin material and
increases until it reaches the value of one which definagr&ilAlthough this approach relies on physical basis, it is
not convenientin an industrial context since it impliesshreulation of every load cycle from the very beginning until
the very end, when a macroscopic crack is initiated. Thetouraf such computations for automotive components
is prohibitive.

In cases where the cyclic response of the structure reacsteady state, an alternative approach consists of un-
coupling the damage evolution from the constitutive betnawiThe local response of the material is then considered
to be repeatable after a few cycles, and any relevant mezdiamiriable can be computed for the steady-state cycle,
once and for all, and related to a number of cycles to failites approach has been successfully put into application
in the automotive industry for fatigue design of metallimstures 6, 7] as well as elastomeric componergiinder-
going nonlinear strain mechanisms. Experimental data treniterature regarding fatigue of SGFR thermoplastics
[9-11] show that macroscopic quantities (e.g. secant stifffgsgteresis, cyclic damping, cumulated remanent strain
per cycle...) do not vary much during load-controlled faggests, provided that heat build-up is negligible. This is

the reason why we here adopt the second approach.

1.3. Cyclic behaviour: scale transition method or macrgscaenodelling ?

Because of their multiphasic nature, SGFR thermoplaste lbeen extensively modelled by scale transition
methods. The macroscopic mechanical behaviour of the csitepie deduced — through nonlinear homogenization
schemes — from constitutive models of the fibres and the ratidl from a representation of the microstructura{

15]. The fibres are usually considered as elastic whereas thérisanonlinear, with varying degrees of complexity.
These techniques yield interesting results since theyalatintegrate the anisotropy in every aspects of the bihayv
(including inelastic ones). Moreover, they provide statéd information on the mechanical state inside the déffer
phases. However, they suffer one major drawback: becaag@dicess of homogenization must be performed at each
increment, finite element (FE) computations of industrialctures are excessively long. Additionnally, they stil

not give a very precise description of the cyclic respongegchvis required in case of fatigue analysis.



Phenomenological models consider the material from a nsaopic point of view; they are better suited for
structural analysis. On the other hand, they usually irzalumerous material parameters (especially in case of
anisotropy), the identification of which being possiblcky and fastidious. This approach has thus not been very
applied to SGFR polymers, and works regarding the use ofghenological models for this kind of material are
often limited to random orientation of the short fibord6f19. However, Andriyana et al.20] have proposed a
phenomenological viscoelastic-viscoplastic model ferribnlinear response, in which the viscoplastic flow is formu
lated according to the fibre orientation tensor. This woikes the idea of introducing microstructure information
in a macroscopic model, which combines the advantage ofaalatescription of the anisotropy with an efficient
computation.

We have proposed in a previous wotl] a strategy for a robust identification of a nonlinear cdostie model
for SGFR polyamides. The method is based on the uncouplirtheofnfluence of the different parameters, and
is validated for complex loading histories. Besides, thipraach has been demonstrated as suitable for accurate
structural computation®p]. In this work, the same constitutive equations are comsidieand are developed in order

to explicitely take into account the influence of the microsture on the mechanical response.

1.4. Objectives and structure of the paper

Our goal is the estimation of fatigue life of SGFR polyamidesler multiaxial loadings. The adopted approach
involves two steps: the computation of the cyclic mechdmigsponse, and the suggestion of a local fatigue criterion.
This is the reason why our work is published in two parts. Ting part aims at developing the already-published
constitutive model for the cyclic behaviod]], since the mechanical response appears to be both nordineéaighly
anisotropic. Such work is therefore required for an aceusahulation of multiaxial fatigue loadings, and provides
input data for any fatigue criterion relying on the knowledy mechanical values in steady-state. The second step of
our approach, i.e. the choice of an appropriate fatiguerdoih for SGFR polyamides, is the topic of Part Il of this
work [1].

The outline of the paper is as follows. Sect®presents the experimental data which are used in this firsbpa
the work. In Sectior3, the constitutive equations for the cyclic behaviour aespnted, and we focus on modelling the
influence of the microstructure on macroscopic mechanicgigrties. The proposed constitutive model is validated
in Sectiond where numerical predictions are confronted to experimelatia for various loading conditions. Section
5 discusses the existence of a steady-state mechanicahsesaod the potential application to the choice of a fatigue

criterion. Eventually, final remarks and perspectives arergin Sectiorb.

1In this work, the word “microstructure” only refers to the BOpotential fibre clusters, fibre length distribution or maproperties hetero-

geneities (e.g. cristallinity gradient) are neglected waiibnot be further considered.



2. Experimental data

2.1. Material of the study

The material of the study is an injection-moulded polyantéereinforced with 35 wt% of short glass fibres,
provided by DuPont de Nemours (DuPont™ Zytel® 70G35 HSLKX}hle process of injection, the fibres are oriented
according to the viscous flow of the melted material, resglth an inhomogeneous, anisotropic structure, as repre-
sented in Figl. In shell-like structures (the case of most industrial congnts), the mechanical properties are then
likely to vary both across the section thickness and aloagfatial location on the shell, in addition to depend on the

material direction.

random orientation near mould walls
\/skin

Mould flow direction A

Figure 1: Schematic representation of the skin-core miroure resulting from the injection moulding process of a

fibre reinforced thermoplastic.

The polyamide matrix is also a source of complexity sincenéxhanical response is highly inelastic, dependent
on the strain rate and on environmental conditions suchrapdeature and water content. The behaviour of the
resulting composite thus exhibits both the features of thlggmide and those induced by the distribution of the
fibres. Tablel recalls microstructural and elastic parameters of bothirnand fibre phases of the studied material

[21].

Polyamide 66

Environmental conditions  Young modulus  Poisson coef.

23°C, DAM 3064 MPa 0.38

23°C, RH50 1987 MPa 0.40

Glass fibres

Volume fraction Young modulus Poisson coef. Aspect ratio
19.5% 72000 MPa 0.22 25

Table 1: Physical and mechanical properties of the studi€® R5F35 at room temperature, in dry-as-moulded state

(DAM), or conditioned with air containing 50% of relative tmidity (RH50).
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Figure 2: Injection simulation of the 1SO527-2-1A tensifgesimen withmoLDFLOW, and display of the average
fibre orientation over the thickne$s; ) = [04 a1(z) dz. 4242 triangular shell elements with 21 Gauss points thHioug

the thickness are used for the numerical computation (tfuahalysis”).

2.2. Experimental conditions and samples

In this paper (part 1), the material is always consideredanr temperaturel(=23°C) and in conditioned state

(RH50). Two kinds of tensile specimens are studied:

* 1SO527-2-1A injection-moulded specimens (see FR), which have been used for the investigation of the

nonlinear cyclic response in a previous WoPH]|

« 10S527-2-5A specimens milled out of plates, at differemjlasa = 0, 30,45, 60,90° (see Fig.3). Moreover,
when the tensile specimen is parallel to the moulding flolation ¢ = 0°), it may be milled out of the plate

in the central part or near the edge, where short fibres ayeeaiwith more intensity.

A first description of the local FOD of each specimen is theoadeorder orientation tensgrwhich is averaged

through the thickness and expressed in the global axggas,, €;):

0.916 -0.004 0. 0.589 -0.004 0. 0.899 -0.102 0.
Y _ Y _ Y _
%30527_2_1A -0.004 0.064 0. s gplate, center -0.004  0.402 0. s gplate, edge -0.102 0.084 0.
0. 0. 0.020 0. 0. 0.009 0. 0. 0.017

One should notice in Fig and3 that the FOD in the gauge length of the tensile specimensiis lomogeneous.

3. Modelling the cyclic response of the composite

The mechanical response of SGFR thermoplastics, and eflpexdithe studied PA66 GF35, is highly nonlinear.

The designer thus needs a constitutive model in order taitbesdbe local mechanical variables, such as the dissipated

2See Sec3.2.1for the meaning of notations regarding orientation tensors
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Figure 3: Injection simulation of the plate withoLbFLow, and display of the average fibre orientation over the
thicknesqa;) = [02 a1(z) dz. The plate dimension i800 x 100 x 2 mm? whereas the 1SO527-2-5A tensile specimen

length is 75 mm (gauge length 20 mm, sectibr 2 mn?). 5476 triangular shell elements with 21 Gauss points

through the thickness are used for the numerical computétraision analysis”).

energy, the cumulated plastic strain, etc. A phenomencébgpproach for the cyclic behaviour has been proposed
by the authorsZ1].

The ability of the proposed model to describe complex logdiistories has been demonstrated on a specific
grade of PA66 GF35 in DAM as well as RH50 conditions, at roomgerature 21]. Loading rate dependency of
the apparent stiffness, long-term creep or relaxatiorceffeave been successfully reproduced at low stress levels
thanks to Kelvin-Voigt elements. At higher stress levetmlimear viscoplastic mechanisms are activated, alonly wit
nonlinear kinematic hardening. At last, a cyclic stiffnesfiening has been depicted as a function of the viscoplasti
dissipated energy. The model has been identified and vatidatr one specific tensile sample geometry. In the

following, the proposed model is extended in order to take &tcount other microstructures.

3.1. Constitutive equations

The constitutive equations developed and physicallyfjastin [21] are briefly recalled. We here emphasize the
link between the local fibre orientation and the overall naedtal properties.

The model lies in the framework of the generalized standaaterials (GSM) 23, 24]. Five tensorial and one
scalar state variables are needed to define the current mieahstate, as well as their associated thermodynamic

forces:
* the overall strairg, external control variable, associated to the overalbsttensop;
« the long-term viscoelastic strag; E associated to the thermodynamic force for long-term \dla:siicityévl;
* the short-term viscoelastic strag'gz, associated to:ﬁtw;

* the viscoplastic straigw, associated toittvp;



* the hardening variable, associated to the center of the pseudo-viscoplasticcifa
« the cyclic stiffness softening variable, callédand associated td 3.

The overall strain is decomposed into :

€ =€ +e +e _+e (1)
= 2  =vp

—€ —v —v

Wherege is the instantaneous elastic strain. The state equatidimedhe thermodynamic forces as functions of the

state variables:

o = C(B):g, )
A, = ¢-Crig (3)
A, = ¢-C%:g (4)
A = 220 )
X = -52a (6)
A = geie ")

whereC*c andC" stands for the fourth-order elastic tensor, used for thairianeous elasticity or viscoelasticity:
is anisotropic and depends on the microstructure (see B2), whereasC"* andC"? are assumed to be isotropic

[20].
The softening depends on the variaBlaccording to the following equations:

C (B

with  g(8)

9(B) C*(0) (8)
()

The determination of the initial elastic tengot(0) in the general anisotropic case is discussed in Se8t@2

We define a yield functioif. Its formulation abides by the GSM framewodq] 24]:

~ 3y (25 4C% (2
f(g’é’%)‘j”“zxc(é(sp)é 9 %'(Sp)g) ®)
Jup is the equivalent stress built on the ten%%) centered onX::
Tn=\/(4,-%):F: (4, - ) 0

P is a fourth-order tensor introduced to generalize the vasel{isotropic) equivalent stress to anisotropic micuastr

tures (see Sec3.2.3. The evolution equations describe the state variable @tefunctions of the thermodynamic



forces:

£, = gder(4,) GEN
3
E, = gpder(4,) (12)
m P4 -X
5 = A[Sinh(va)] .M =p-n (13)
=vp H jvp =vp
. 2
& = -p (gup + g’yIP’ : a) (14)
. 2C
B = évp:(ce(ﬁ):ge—?g:% (15)

Let us remark that EdL3 does not explicitely involve a plastic threshold. The fofation with an hyperbolic sine is
similar to the model of Delobelle et aR¥]. According to the GSM framework, the instantaneous datsig energy

density equals the sum of the rates of each state variablépiied by its associated thermodynamic force:

D=A g tA E,TA :ép+§:g+,45.ﬂ' (16)

—vl —v2 —vp =v

3.2. Taking into account the influence of the microstructure
3.2.1. Local microstructure and orientation tensors

The microstructure of a sample made of SGFR thermoplastidsfined by the local fibre orientation distribution
1. As this quantity cannot be computed for a whole structmjeciion simulation softwares usually predict the statis-
tical moments of this distribution. These moments are dadigentation tensors, according to Advani and Tucker Ill
[29]. gw andA¥ denote the second and fourth-order orientation tensoeatisply. More specifically, onlglb is
computed by injection simulation softwares? is extrapolated frorr:W with a closure approximation.

In this work, we adopte the smooth orthotropic closure dquasuggested by Cintra and Tucker I127]. If we
call u, the 3 eigenvectors Gf, associated to the eigenvaluggwith a; > as > a3, and};; a; = 1), the fourth-order
orientation tensor is supposed to be orthotropic in thestas)
anda.,detailed in P7].

i-1.2.5- Its components are linear combinations:f

3.2.2. Influence of the microstructure on elastic propeartie

Overall elastic properties of a SGFR composite with any kihdhicrostructure (not necessarily random or uni-
directional) can be estimated by linear homogenizatioesas. For example, the two-step homogenization method
has been proposed by Camacho et28] pnd has been widely used in the literatu28432].

The first step is the determination of an equivalent unidioeal composite, with for example the Mori-Tanaka
scheme. The overall mechanical elastic terf388F is transversely isotropicCY? is characterized by five elastic
constantsk;. The second step is an orientation average of these elemdsiia composites, according to their

orientation. A stiffness averaging is often suggestedérliterature, which consists in a Voigt upper bound:

e (0) = [ CP@(p) do )
8



This integral can be analytically determined if one knowesgbcond and fourth-order orientation tensors:
C(0) = K1AY + Ka(a¥ @ L+ 1®a”) + K3sD(a?, 1) + 3K,4J + 2Kl (18)

We recall the expression of the five independant constaradrainsversely isotropic stiffness tensor, as proposed by
Tandon and Wend33):

K1 = Cihi-2Cins + Cas — 4CT515 + 2C550; (19)
Ky = C?1D22 - 052%3 (20)
K3 = CiJlez - CS3D23 (21)
Ky = Cay (22)
K5 = Cog (23)

In Eq. 18, we use the classical decomposition of the fourth-ordeyuansor into spherical and deviatoric projectors
I=J+K. Atlast,D is an operator on second-order tensors defined by its compoasD; i, (gb,%) = aj;céjl +

P P s P o<
a; 0k + ajlézk + ajkézl.

3.2.3. Influence of the microstructure on viscoplastic proips

The local fibre orientation distribution also affects theodplastic propertie2p]. When loading a composite in
the direction where many fibres are aligned, it is obvious i mechanical response is stiffer, but also less ductile
than when loading in a direction where few fibres are aligriBus explains why the viscoplastic equivalent stress
Juwp Must therefore be built according to an anisotropic tetfsor

According to Hill [34]'s theory,P is orthotropic in local material axe&s:,) PhysicallyP should lead to the

=1,2,3"
isotropic von Mises norm in the case of a random microstnedigotropic case):

ad’:ll = ]P’<><§K
3= 2

In the general case, its components in directions with fegnad fibres must be greater, so that the equivalent vis-
coplastic stresg,,, is more important, and the viscoplastic mechanisms are sasity activated. Hence, we propose

the following expression faP:

2B D-(B+C) C-(B+D) 0 0 0 |
D-(B+C) 20 B-(C+D) 0 0 0
p_| C-(B+D) B-(C+D) 2D 0 0 0 (24)
0 0 0 2B 0 0
0 0 0 0 28 0
0 0 0 0 0 2E

()

with 2B = (1-a,)", 2C = (1-a2)", 2D = (1 - a3)" and2E = (%)’H. k is an additional material parameter in-
troduced to describe the sensitivity of the viscoplastichamisms on the orientation distribution. We experiméytal
9



observed that a small variation of the orientation degrearad a highly oriented microstructure,(close to 1) has a
greater effect on the overall mechanical properties, themall variation around a poorly orientation microstruetur
(a1 equalsl/3 for a random distribution). With help of Figl, one can conclude that this observation should lead to

values ofk between 0 and 1.

Piiii
1g- T~s
C0<k<1
k=1
k>1 \
S .
0 1 A

Figure 4: Evolution of the componenigi of tensorP (expressed in material axes) according to the eigenvaloé

the second-order orientation tensor.

4. Numerical results

4.1. Monotonic tensile tests

The proposed model for the nonlinear anisotropic mechareésponse has been validated on ISO527-2-5A ten-
sile samples milled out of injected plates (see F8). The comparison between experimental data and numerical
predictions on monotonic tensions at two different load#tg is displayed in Figb.

Let us remark that all material parameters are those idettdn injected tensile specimen 1SO527-2-1A, as
presented ing1]. The parametek: is additionally estimated by a least-square method froneerental results; its

value is 0.53, which is consistent with its physical intetation (see Sec8.2.3.

4.2. Complex loading histories

In Fig. 6, the same comparison between experimental data and nai@edictions is made for complex loading

cases:
 anhysteretic curves, which are a strain-controlled tenssts interrupted by relaxation steps of 15 minutes;

« cyclic creep-recovery tests, which are stress-conttalasile tests with creep and recovery steps of 15 minutes.

The imposed stress is increasing at each creep step, wiileeestsess during recovery steps is always null.

These tests are convenient to illustrate the highly noatimeechanical response and are full validation cases. The

compromise between modelling complexity (only one addaiqparameteri — previously identified on monotonic

10
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Figure 5: Numerical predictions (continuous lines) verexgerimental data (symbols) on specimen milled out of

injected plates at different angles, for monotonic terisigs.

tensions) and the accuracy of the mechanical predictioairity fgood. The proposed constitutive model is thus able
to reproduce complex loading histories on various mictamstires.

One should notice that we implicitely made the hypothesigsofropic viscoelasticity in the model, since no
influence of the microstructure affects both long- and skenrh viscoelastic responses. A possible improvement of
the model would consist in either suggesting a phenomeiméaxgression of the anisotropic viscoelastic modiii
andH": (3D anisotropic generalization of scalar parametgor using homogenization schemes developed for linear
viscoelastic compositedp]. Such a work could improve the numerical predictions ofepresteps (for example)
when the fibres are poorly oriented along the mechanicalingadirection. However, the identification strategy
may be more complex or the computation time may be harshigésed. As the initial stiffness is well predicted
at 2.5 MPa/sas well as 250 MPal/s for all material orientatisee Fig.5), the hypothesis of isotropic short-term
viscoelasticity is mainly justified. The above-mentionethrovement would thus essentially regard the long-term
viscoelastic response. In view of the current extend of carkywe consider that the proposed model stands for a

good compromise.

4.3. Cyclic loading

Figure 7 displays the application of the proposed constitutive nhédeyclic loading. An injection moulded
ISO527-2-1A tensile sample is subjected to a sinusoidatstsignal at frequencfy = 1Hz, at amplituder, = 54
MPa, and at load ratid&2 = 0. The numerical response fits well the experimental daga the first 20 cycles (after
which the mechanical evolution is steady — see Sgahe residual strain evolution as well as the hysteregaare
especially fairly predicted.

The constitutive model is thus suitable for the descriptibeyclic loading in the nonlinear domain (where ir-

11
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Figure 6: Numerical predictions (continuous lines) verexgerimental data (symbols) on specimen milled out of

injected plates at different angles, for complex loadirgidries.

recoverable strains are activated). Additional experii@etiata regarding cyclic loadings for different orientati

distributions or multiaxial loadings would be yet inteiegt

5. Discussion on the existence of a steady-state mechanical response

Our approach for fatigue design relies on the uncouplingveen the determination of the cyclic mechanical
response and the application of a local fatigue criteriarthSan approach is justified since the response of the mlateria
reaches a steady-state under fatigue loading. As depittéigi 8, the experimental response may be interpreted as
the superposition of a cyclic parft) — £ and a static evolution of the mean strainThis result is very similar to the
observations made by Bernasconi et 835|[ Besides, Klimkeit et al.9], as well as De Monte et al3p], showed that
the static evolution depends on the load ratio and may bibatd to creep-fatigue coupling.

Figure9adisplays the evolution of the hysteretic ar&&lio; = fcydeU de according to the number of cycleéé.

It is shown that this mechanical value reaches a stabilizdabvafter a few number of cycles, estimated at 20 in our
case. We consider that the cyclic part of the mechanicabresphas then reached a steady-state; in that case, the
hysteretic area equals the dissipated energy density pks, &yiWgiss = [cycle‘@ dt. In the same manner, the evolution

of the residual strain, which is an indicator of cumulatesteplastic strain, reaches an asymptotic linear evolution
after 20 cycles: the residual strain increment is then yeamstant.

The numerical simulation of load-controlled fatigue tester 20 cycles gives access to some mechanical values
which are constant during fatigue life (e.g. stress comptser stress invariants, provided that stress redistabst
are negligible), which reach a steady-state (e.g. dissibaergy density per cycle, plastic strain increment pelegy

or which may continue to evolve (e.g. maximum strain, cut@dgplastic strain). With help of Fig7, it is clear

12
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Figure 8: Evolution of the mechanical response during tettilife (expressed in percentage of lifetime) of an injettio
moulded ISO527-2-1A sample under stress-controlled sidasloading. The centered strain is definedé9 - ¢,

wherez is the mean strain over the current cycle.
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Figure 9: Evolution of the hysteretic area and the residtrairsduring tensile-tensile cyclic loadings on injection

moulded ISO527-2-1A samples at various stress amplitfide]( Hz, R = 0).

that the numerical computation over 20 cycles gives faidgfient values for the determination of the mechanical
characterizing the steady-state: dissipated energytgenisiplastic strain increment, stress or strain ampétjctc.

At last, one must be aware that the uncoupling between thelafion of the cyclic response and the application of
a fatigue criterion is fully justified regarding constantstabilized mechanical values, but should be considerdd wit

caution regarding still-evolving ones. This point will beagpened in Part Il of this work].

6. Conclusions

This paper deals with the mechanical behaviour of shorsdlase reinforced polyamides under static and cyclic
tensile load. Constitutive equations proposed and vaitlmt a previous work for one specific fibre orientation distri
bution are generalized in order to take into account theénite of the microstructure on the mechanical properties.
A classical two-step homogenization scheme is used forltdsti@ tensor, whereas an original form of the Hill-like
equivalent viscoplastic stress is suggested, relying eis¢icond-order orientation tensor. The proposed model-is va
idated for different load histories and different fibre ot&tions; only one additional material parameter is ideti
to capture the anisotropy of the mechanical response inghkmear domain.

The proposed model is applied to stress-controlled cyelisite tests. It is shown that the numerical prediction,
calibrated on static and stepped static tensile histodisplays a good agreement with the experimental data. The
existence of a steady-state is discussed, and it is showBQ@twycles are sufficient to observe a stabilization of some

macroscopic quantities, such as the dissipated energytylenshe viscoplastic strain increment. However, cyclic
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loadings on tensile samples with different fibre orientagiovould be interesting in order to generalize these first
results to various microstructure.

Part 1l of this work will regard the application of the progaolsconstitutive model to multiaxial fatigue tests
published in the literature about SGFR polyamige3]. The goal is the choice of a criterion to estimate theirgfasi
life under multiaxial fatigue loading which are represértaof actual loadings encountered during the servicelife

vehicules.
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