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Abstract. This paper presents some experimental investigations about the origins of the anisotropic behaviour in
cyclic loadings of AA2017 aluminium alloy. In the first step, fatigue damage evolutions were quantified for controlled
proportional cyclic loadings in axial and shear directions. In this stage, the aim was to confirm the anisotropic
mechanical behaviour, which has recently been revealed. To this end, several models of fatigue damage quantification
were used. After a comparative study between the obtained results we confirmed the anisotropic nature of the used
material. In the second step, microstructural investigations were performed in order to understand the origins of
the anisotropic mechanical behaviour. We used scanning electron microscopy to analyse phases and precipitates in
the transversal and the longitudinal sections. It was deduced that the structure and the morphology of these entities
are responsible for the anisotropic behaviour of the used aluminium alloy. Moreover, the results obtained using
Kikushi diagrams, poles figure and inverse poles figures have also confirmed these conclusions. Indeed, these results
have shown great differences in crystallographic texture of the material.

Keywords. Anisotropic behaviour; extruded aluminium alloy; fatigue damage; microstructures; EBSD and
Kikushi diagrams.

1. Introduction

The use of the aluminium alloys in aeronautical applications
has become increasingly important, due to its useful mechan-
ical properties associated with low density and good fracture
toughness [1–3]. Therefore, the AA2017 aluminium alloy
is currently being employed as the principal metallic mate-
rial in all the structures of planes [4–7]. Most engineering
structures are subjected to hard cyclic loading [8,9]. Conse-
quently, mechanical fatigue damage is one of the main forms
of failure in engineering structures. Hence, it is important to
formulate a method for the assessment of reliability and pre-
diction of engineering components [10–13]. Many studies,
such as the work of Mayer et al [14], showed that fatigue per-
formances of some materials for instance AlZnMgCu1.5 alu-
minium alloy, were insensitive to loading frequency, whereas
Kofto showed that some other aluminium alloys, such as
AMg6N, exhibited significant frequency-dependent fatigue
behaviours [15]. For this kind of aluminium alloys, ignoring
the influence of loading frequency on fatigue life can lead to
significant waste of the materials or potential dangerous over-
prediction of fatigue life [10]. In the recent work by May
et al [16], they concluded that the AA2017 aluminium alloy
exhibited an anisotropic cyclic behaviour. Furthermore, the
same authors have estimated the evolution of cyclic isotropic
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and kinematic hardening of the same alloy, in two directions
of loadings, axial and shearing ones.

The mechanism of fatigue damage in metallic materials
is generally attributed to the effect of initiation and growth
of micro-defects, which is usually reflected by degrada-
tion of macroscopic properties [17]. The micro-voids and
the micro-cracks are two frequent micro-defects in met-
als. The nucleation, the coalescence and the propagation of
these micro-defects are the predominant mechanisms in met-
als fatigue damage [18]. In addition to recent experimental
investigations on fatigue damage, numerical simulations of
cyclic damage evolution have been developed in recent years
[19–25]. In most cases, some theoretical models describ-
ing the nucleation and propagation of micro-defects were
verified either experimentally or numerically [26–30]. In
continuum fatigue damage mechanics (CDM), the constitu-
tive equations of fatigue damage models were often estab-
lished on the basis of thermodynamics formulations [31,32].
CDM had not provided much information about the detailed
microstructural mechanism of damage; instead, it focused on
modelling the macroscopic effect of damage. Therefore, a
dissipation potential parameter usually needs to be defined
and constructed to establish the constitutive equations [32].
This dissipation potential should be different for various
materials and/or different types of cyclic fatigue damage
[33]. On one hand, the construction of an appropriate dissipa-
tion potential is not an easy task to accomplish. On the other
hand, the constitutive and cyclic damage evolution equations

395

http://crossmark.crossref.org/dialog/?doi=10.1007/s12034-017-1383-3&domain=pdf
http://orcid.org/0000-0002-3308-8796


396 A May

may also be established experimentally using typical tests.
For the phenomenological approach, a basic theoretical
framework has been formed [34–36].

The modelling of anisotropic behaviour in cyclic loading
of metallic materials has also been investigated many years
ago [37–41]. This anisotropy was studied on several aspects;
some authors have investigated its effect on the cyclic
behaviour, essentially for the aluminium alloys [1,42,43].
Others have tried to show the importance of this anisotropic
behaviour and its consideration in design of structures
[44–46]. Furthermore, modelling of anisotropic behaviour in
aluminium alloys has attracted extensive attention of many
researchers due to its complexity and its effect on predict-
ing fatigue damage behaviours [47–49]. With other ideas,
some authors have incorporated anisotropy in the simulation
of cyclic behaviours [50–52].

Keeping the importance of such behaviour in view, the
microstructural investigations have been taken up by sev-
eral researchers [40,53–55]. Following the ideas of some
researchers who have worked in order to understand the
source of the anisotropic behaviour of some steels [56–58]
in our work led to understanding the origins and sources of
anisotropic behaviours of AA2017 aluminium alloy. First, we
confirmed this anisotropy with some other models. Indeed,
we have devoted this first part to quantify fatigue damage
evolution. In this context, a set of cyclic tests results from
the previous work of May et al [16] conducted on cylin-
drical specimens of AA2017 aluminium alloy were firstly
used. In the second part using several means of microstruc-
tural investigations, such as Scanning Electronic Microscopy
(SEM) and Electron Back Scatter Diffraction (EBSD), we
have inspected the origins of this anisotropic behaviour,
which is shown in depth through this paper.

Consequently, this article is divided into three sections.
The first section is devoted to the experimental procedure
while the second section presents a description of models
chosen to evaluate fatigue damage and their results. In the
last section, investigations and discussions about microstruc-
tural observations and their relationships with the anisotropic
behaviour are discussed.

2. Experimental

2.1 Material characterization

The high-strength aluminium alloy considered in the present
study belongs to the Al–Cu alloy family. Such alloys have
been specifically designed for their useful mechanical prop-
erties in critical structural parts of aircraft. It contains cop-
per (Cu) as a major alloying element and its hardening is
achieved by thermal aging [59]. The material used in the
present work is a hot-extruded bar of AA2017 aluminium
alloy, which is machined in the form of tubular specimens; its
metallurgical state and chemical composition are taken from
the previous work of May et al [16].

2.2 Description of the tests performed

The procured cyclic tests have been performed under stress
control, using a mechanical servo-hydraulic MTS-809 test-
ing machine (maximum force of 225 kN). An axial–torsional
extensometer with gauge length of 25 mm (attached to exter-
nal surface of specimen) was used to measure the displace-
ment and the rotation close to the region of interest with
high resolution. All cyclic tests have been conducted at room
temperature with triangular loading steps and frequency of
0.5 Hz in fully reverse control stress amplitude (R = −1).
All the tests have been conducted with a permanent cool-
ing of the specimens. Indeed, in order to get rid of heating
induced by plastic deformation process, a flow of fresh com-
pressed air was ensured on specimens. For additional details,
the reader is referred to the work of May et al [16]. However,
it seems important to remind in table 1 the list of the cyclic
tests performed in their works and partially used in the cur-
rent study (only ±280 MPa in axial loading and ±130 Nm in
torsional loading, mentioned in bold characters). Addition-
ally, note that equivalent shear amplitudes are deducted using
the Von Mises criterion (table 1).

Using the Von Mises criterion, we evaluated the equiva-
lent stress in shear load and we obtained that the test load
referenced as sh130 was comparable to axial load referenced

Table 1. List of the tests mentioned and used in the current study.

Axial tests Shearing tests

σzz (MPa) Referenced as σ eq (MPa) Torque (Nm) Referenced as

±240 ax240 ±170 80 sh80
±260 ax260 ±190 90 sh90
±280 ax280 ±211 100 sh100
±300 ax300 ±235 110 sh110
±320 ax320 ±256 120 sh120
±340 ax340 ±277 130 sh130
±360 ax360

Here σzz is the maximum stress applied in tension–compression direction and σ eq is the
equivalent maximum shearing stress.
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as ax280. Therefore, from all the tests showed in table 1,
we have considered only two tests chosen previously to be
compared in this work.

3. Description of models chosen to evaluate fatigue
damage

The mechanical fatigue damage can be defined with a dimen-
sionless parameter D as follows [10]:

D = SD

S0
, (1)

where S0 is the initial area without damage (virgin state of
specimen). SD is the new area generated by all microcracks
and cavities as shown in figure 1. It is worth mentioning that
the dimensionless parameter D takes values in the interval
[0,1].

3.1 Case of Chaboche model

Among different possible methods used to compute ductile
damage evolution in a metal subjected to cyclic loadings, a
suitable non-destructive procedure is that related to the vari-
ation of material stiffness E, due to diminution of the ini-
tial area as shown in figure 1a, which is explained well in
the work of Celentano and Chaboche [19]. In order to use
this procedure, either tension or shear cyclic tests are needed
to assess this diminution at high levels of deformation, in
slope change corresponding to elastic response during the
unloading.

In this case, Chaboche’s model has allowed us to assess
the evolution of fatigue damage variable D for each unload–
reload tensile cycle i:

Di = 1 − Ei

E0
. (2)

The obtained results for each fatigue loading test are repre-
sented as a curve.

Figure 1. Terminology of the terms used in this study: (a) load-
ing directions and surfaces used to define the fatigue damage and
(b) sections used in microstructural investigations (longitudinal and
transverse sections).

3.2 Case of Henry model

In addition to cyclic evolution of stiffness, other writers have
used another procedure to evaluate mechanical fatigue dam-
age [60]. They have associated the fatigue damage evolution
of material with its fatigue limit of endurance. The instanta-
neous limit of endurance, suggested by Henry, is given in the
following equation [13,60]:

σD = σ(1 − r)
(
σ − σD0/σD0

) + (1 − r)
= σ(1 − r)

γ − r
, (3)

where r = n/Nr is the fraction of fatigue life with σ loading
and γ = σ/σD0 is the overload factor with σ loading.

Using these conditions, the fatigue damage variable D can
be assessed for each cycle i:

Di = ri(γi − 1)

γi − ri

. (4)

It is noteworthy to point out that the oldest model of Miner,
used in order to quantify fatigue damage, is still usable in
different classical studies. It has an advantage of simplicity
to use it because it needs only the actual (Ni) and total (Nr )
number of cycles. The fatigue damage variable D can be
computed for each cycle i:

Di = Ni

Nr

. (5)

3.3 Case of Shanley model

In this model, we assume that cyclic loadings lead to the for-
mation of cracks from slip bands. Indeed, fatigue damage can
be expressed by the evolution of crack length under cyclic
loading:

L = L0σ
t
i e

−wσ tni , (6)

where L0 is the initial size of the crack, w and t are some
material parameters that can be deduced from the Wöhler
curve.

Therefore, the evolution of fatigue damage is given by
Shanley model (equation (7)). It expresses the nonlinearity of
fatigue damage evolution and it is easy to implement, since
there is no particular parameter to be deduced and it requires
only the Wöhler curve.

Di = (ewσ t (Nr−ni ))
1− 1

ri . (7)

Figure 2a and b shows the experimental result for the
evolution of number of cycles to fracture according to stress
levels. It allows us to determine the two material parameters
in Shanley’s model. To do this, we have to solve the follow-
ing equation system using linear interpolations and the same
figures (figure 2a and b):

{
Nri = 1/wσ t

i

Nri = 1/w0τ
t0
i

. (8)
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Figure 2. Evolution of the number of cycles to rupture according to stress levels: (a) in axial cyclic
loading and (b) in shear cyclic loading.

Table 2. Identified parameters of the Shanley model and the
Ellyin model.

Model Axial loading Torsional loading

w t w t

Shanley 1.84 × 10−8 5.65 9.83 × 10−6 3.58
A α A α

Ellyin 13.18 0.4 198 0.3

The obtained results of the identified parameters are given in
table 2.

3.4 Case of Ellyin model

In this model, the total energy (Wt) dissipated to break the
specimen had been evaluated. As shown in the work of Golos
and Ellyin [61], the endurance limit (ND) was assigned to the
cycles to failure (Nr ). Obviously, this assimilation is possible
since all the tests carried out were performed until failure.
To evaluate fatigue damage, the following model of Ellyin is
used:

Di=
(

ni

Nri

) log(�Wti /�W s)
log(ni /ND)

, (9)

where Ws = ANα−1
r is the dissipated energy of stabilized

loop, which is evaluated using its area. This allowed us to
deduce the material parameters A and α of two directions of
loadings (figure 3a and b). The obtained results are given in
table 2.

3.5 Case of Bui-Quoc

This model is based on the idea that fatigue damage accumu-
lation results in reducing endurance limit of the material dur-
ing cyclic loading. Furthermore, the decrease of endurance

limit according to evolution of number of cycles follows the
equation [62]

d
(

σD

σD0

)

dN
= −1

a

(
σD

σD0

)b (
σ

σD0

− σD

σD0

)2

, (10)

where a and b are some material parameters.
To obtain fatigue damage evolution, the following condi-

tions have to be satisfied:
σD = σD0 in the initial state and σD = σD0(σ/Rm)m in the

last cycle, just before the fracture of specimen. We also note
that the material parameter m is often taken close to 8 for
all aluminium alloys [13]. In this work, we also take σD0 =
0.35Rm for axial loading and τD0= 0.35τm for shearing one
[13].

Consequently, the expression for fatigue damage is given
as

Di = ni/Nr

1 +
(

σi − σD0 (σi/Rm)m

σi − σD0

) (
1 − ni

Nr

) . (11)

According to the equation (11), it is easy to confirm that
the nonlinearity of fatigue damage evolution is consistent
with the Bui-Quoc model and it takes into account the nature
and the type of loading through the use of instantaneous
endurance limit. This model can be used in all types of load-
ings except those below the endurance limit. However, the
history of loading can be taken into account only partially.
Moreover, the Bui-Quoc model needs to have mechanical
resistance (Rm) and endurance limit (σD0 ) of the material
defined beforehand.

3.6 Results and analyses

In the current section, the capabilities of describing the
anisotropic behaviour of AA2017 of the different models
cited earlier will be discussed. As shown in the previous
work of May et al [16], this aluminium alloy exhibits an
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Figure 3. Evolution of the dissipated energy for stabilized loop according to the number of cycles to
failure: (a) axial and (b) shear cyclic loadings.

Figure 4. Evolutions of the fatigue damage using the model of
Chaboche in two cyclic loadings: axial and shearing.

anisotropic behaviour based on different responses obtained
in two loading directions. In the rest of this section, the pre-
dictions of each models concerning anisotropic behaviour
will be discussed.

For the Chaboche model and according to the evolutions
shown in figure 4, the anisotropic behaviour of the current
aluminium alloy, between the axial loads and the shearing
ones, may be deduced from the differences between the two
curves. Additionally, according to the magnitude of fatigue
damage in the shear loading, it can also be deduced that this
loading is more destructive than the axial one.

For the Henry model, the obtained results are presented
in figure 5. It is shown that the fatigue damage evolution
seems to follow a polynomial growth from the virgin state to
the fracture of specimens. However, one can notice that this
model does not take into account the anisotropic behaviour of
aluminium alloy. Indeed, one can observe from figure 5 that
no significant differences exist between axial and shearing
loadings.

For the Shanley model, the obtained results for the two
cyclic loadings used in the current study are presented in
figure 6. From the evolutions of the two curves presented
in this figure, it can be deduced that this model takes into

Figure 5. Evolution of the fatigue damage using the model of
Henry in two cyclic loadings: axial and shearing.

Figure 6. Evolution of the fatigue damage using the model of
Shanley in two cyclic loadings: axial and shearing.

account only partially the anisotropic behaviour of alu-
minium alloys. Indeed, one can also mention that the two
previous curves seem to be distant from one another, by 10
to 90% of the evolution of fatigue damage parameter ‘D’.
One can conclude that, according to the Shanley model, the
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AA2017 aluminium alloy has an anisotropic behaviour but
without it being widely revealed.

Regarding the Ellyin model, whose results are shown in
figure 7, one can remark that fatigue damage had increased
exponentially. This finding is in good agreement with its
constitutive equation given in equation (9). Also, it can be
noticed that this model does not detect any fatigue damage
at the beginning of cyclic loading until mid-life of speci-
mens. Even more, the anisotropic behaviour of the current
aluminium alloy is not at all proven with this model.

Concerning the Bui-Quoc model, the obtained results
for two cyclic loadings used to compare their mechanical
behaviour are presented in figure 8. From their evolutions, it
can be noticed that when the two curves are overlaid, it can
be deduced that this model does not reveal the anisotropic
behaviour of aluminium alloys.

According to the previous analyses, one can infer that the
anisotropic behaviour of AA2017 aluminium alloy, exhibited
in fatigue damage, is revealed in Chaboche’s and Shanley’s
models. Indeed, it can be confirmed that this aluminium alloy
is an anisotropic material in mechanical behaviour. To give
more weight to this confirmation, we have shown an overall

Figure 7. Evolution of the fatigue damage using the model of
Ellyin in two cyclic loadings: axial and shearing.

Figure 8. Evolution of the fatigue damage using the model of
Bui-Quoc in two cyclic loadings: axial and shearing.

comparison among the models used in this study in figures 9
and 10. In the first figure, we depict the findings of axial
cyclic loading, where one can notice that the Shanley model
seems to be able to predict a large evolution of fatigue dam-
age. It began after 23% of fatigue life of the tested samples.
However, in the Ellyin model, this large evolution began after
54% of fatigue life of the tested samples.

A similar study is carried out for the shear loadings, where
one can deduce similar conclusions as those given for the
axial tests. Figure 10 shows a comparison among the five
models considered in this study for shear loading. It can
be noticed that the Shanley model begins to be sensitive to
fatigue damage at roughly 16% of the fatigue damage life.
However, the Ellyin model is insensitive to fatigue damage
even until the completion of 55% of fatigue damage life.

In order to understand the macroscopic behaviour of the
current alloy, one have to explore the structure of the alloy at
a microscopic scale. This is the second main objective of this
paper and will be dealt with in the next section.

Figure 9. Comparison among the fatigue damage evolutions
obtained in axial cyclic loading using different models.

Figure 10. Comparison among the fatigue damage evolutions
obtained using different models in shear cyclic loading.
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4. Microstructural investigations

In this section, some experimental investigations carried out
are summarized in order to understand the true origins of
the anisotropic behaviour of AA2017 aluminium alloy. To do
this, we have analysed the microstructural texture of the alloy
using SEM. The analysed samples were taken from cylindri-
cal specimens similar to those used in fatigue damage tests
and they were machined by extrusion. Indeed, three samples
were taken from three different locations of cylindrical spec-
imen used in cyclic loading. The last is taken from the batch
of samples used in May et al [16].

These investigations were performed using a detector cou-
pled with Aztec Oxford Instruments software. However,
before analysing the samples and in order to have sharper
mapping, their surfaces must be prepared. To do this, one
must first perform mechanical polishing followed by elec-
trolytic polishing. To identify the phases of the studied mate-
rial, a high-resolution EBSD detector (1344 × 1024) at a
frequency of 110 Hz was used in these investigations.

Note that the metallurgical state of the samples used in this
study was T3. To obtain that state, the samples were heated
until 500◦C and maintained at that temperature for 1 h. After
that, they were quenched in icy water and naturally aged for
24 h at room temperature.

4.1 Identification of the phases

Identification of the phases does not depend on crystal-
lographic directions of material’s texture, or the locations
where samples are taken from. Figure 11a and b shows two
types of images obtained using the Forward-Scatter EBSD
detector. The sample analysed was taken from a longitudinal
section presented in figure 1b.

Chemical analysis, in order to find the nature of the con-
stituent phases, has been performed at several sites of the
SEM micrographs shown in figure 11a. As the first step,
the alpha phase was analysed. It looks like a grey region of
solid solution where some copper atoms have been dissolved
in a matrix of aluminium atoms. This phase appears like a

homogeneous aluminium–copper system and seems to have
uniform physical and chemical characteristics. The obtained
results are shown in figure 12.

Crystallographic analysis of the samples taken from lon-
gitudinal section has been performed using a phosphoric flu-
orescent screen upon impact by backscattered electron. An
EBSD pattern is formed when electrons from several dif-
ferent planes diffract to form the Kikuchi lines, correspond-
ing to each diffraction plane. Using the illustrations given in
figure 12 and according to the chemical analysis, we have
deduced that the alpha phase is essentially composed of pure
aluminium and some traces of copper and magnesium. In
the second step and using the same method, we have like-
wise analysed all the visualized phases shown in figure 11.
The obtained results are shown in figure 12. The amounts
of Al2Cu precipitates are not fairly significant, because of
the type of heat treatment performed to samples. From the
same figure, we have deduced that the dark grey precipitates
shown with yellow circle in figure 13 were crystallized as
Mn2(Al,Si) system. The light grey (or white back curtain)
precipitates shown with blue circle in the same figure are
crystallized in the form of a defined compound Al2Cu. The
dark precipitates shown with yellow circle are crystallized in
the form of a defined compound Mg2Si. It can also be con-
firmed, using the very clearly obtained Kikuchi diagrams,
that the material used in this study is low in impurities and
grain boundaries.

4.2 Texture analyses

Using the EBSD images (IPF map), acquired through scan-
ning the same zone given in figure 12 and taken from a lon-
gitudinal section, we have obtained the distribution shown in
figure 14. One can remark that most grains are oriented in
〈111〉 direction. However, the average grain size estimated in
this analysed section is only about 9μm.

Another feature that can be drawn from this analysis is
the extension of grains in the longitudinal direction; it corre-
sponds to the extrusion direction of rods used to manufacture
samples. This phenomenon leads to prediction of anisotropic

Figure 11. Illustrations of phases obtained with a longitudinal section: (a) the phases
are obtained by chemical contrast difference and (b) the phases are obtained using a
topographic contrast.
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Figure 12. Illustration of location where chemical and crystallographic analyses were performed for
alpha phase.

Figure 13. Illustration of the locations and identification of the different phases analysed using
chemical and crystallographic processes.
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Figure 14. Microstructures of the transverse section and its grains size distribution for AA2017
aluminium alloy.

Figure 15. Crystallographic textures analysis on AA2017 aluminium alloy by EBSD:
(a) pole figures of {111}, {001} and {011} planes and (b) inverse pole figures of {111}
plane.

Figure 16. Microstructures of the longitudinal section and its grains size distribution
for AA2017 aluminium alloy.

behaviour in that direction compared with the transverse one.
It also allows to say that the analysed grains are textured.
Besides, to further confirm this contention, the pole figures
of the principal planes {011} and {111} have been analysed.
The obtained results are shown in figure 15. One notices

that the maximum pole density is slightly elevated for {111}
plane; it shows more than 27 m.r.d. (multiple random densities).

In other words, the results shown in the inverse pole
figures of {111} plane given in figure 15 demonstrate that
the fibres of AA2017 aluminium alloy are elongated in the



404 A May

Figure 17. SEM micrographs for extruded AA2017 aluminium alloy: (a, b) with two different mag-
nifications from longitudinal section and (c, d) with two different magnifications from transverse
section.

direction of extrusion given by random density direction
in {111} plane. These findings suggest preferential crys-
tallographic directions which lead to mechanical material
anisotropy.

To confirm these conclusions, the longitudinal section
(figure 1b) was analysed. Indeed, the same investigations
were performed using the same methods. The obtained
results show that the average grain size is strongly higher
than one obtained in transverse section and it is about
14μm (an estimated increase of around 55%). The origin
of this elongation can be attributed to the intense plastic
deformation during extrusion. We have illustrated the
obtained results in figure 16.

In order to illustrate these differences between the two
analysed directions and understand its effect on macroscopic
cyclic behaviour more, we examined two SEM images taken
from the longitudinal and the transverse sections and com-
pared them. In figure 17, we have shown the micrographs
taken from the longitudinal section in figure 17a and b. In
addition, the micrographs taken from the transverse sec-
tion are shown in figure 17c and d. On analysing these
micrographs, one notices that all precipitates (essentially
Mn2(Al,Si)) are elongated in the direction of material extru-
sion. Using a greater magnification (see figure 17b and d),

one notices that these precipitates are broken into small
pieces produced by the strong force during extrusion.

However, the micrograph in figure 17c taken from the
transverse section seems to show an homogenous distribu-
tion of precipitates and without distortion. With the greater
magnification in figure 17d, one notices that these precipi-
tates were not elongated by the extrusion operation and not
broken by the stretching stress. These findings can also con-
firm the microstructural anisotropy, which is the cause of the
differences obtained in cyclic loading behaviour of AA2017
aluminium alloy.

5. Concluding remarks

In this work, we have investigated the origins of the
anisotropic mechanical behaviour of AA2017 aluminium
alloy. This phenomenon has already been observed and
deduced from previous works, where a series of cyclic load-
ings have been performed on the same extruded aluminium
alloy at room temperature. Indeed, it was deduced that the
current material exhibits anisotropic behaviour of fatigue
damage in axial and shear directions. In the first part and in
order to confirm this anisotropic behaviour, different models
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of fatigue damage evolution have been implemented in order
to quantify the evolution of fatigue damage. On one hand,
some models have confirmed the anisotropic mechanical
behaviour of AA2017 aluminium alloy. In this case, the
model of Chaboche takes into account this singularity of
the present material. On other hand, the model of Shan-
ley takes into account this anisotropic behaviour only partly,
from 10 to 90% of fatigue damage life. However, the mod-
els of Henry, Ellyin and Bui-Quoc were not able to take into
account this anisotropic mechanical behaviour of AA2017
aluminium alloy.

In the second part, to explore the texture and the
microstructure of our material, some microstructural inves-
tigations have been carried out on samples extracted from
the tested specimens. The specimens were taken from the
longitudinal and the transverse sections and analysed using
EBSD/EDS coupled to SEM. The obtained results show
significant differences between the two analysed surfaces.
These differences, which seem to be the origins of the
anisotropic behaviour of AA2017 aluminium alloy, might be
due to physical transformations caused by the extrusion oper-
ation on the material. The SEM micrographs of longitudinal
surfaces showed that the extrusion of material had elongated
the precipitates in its direction until it had fragmented them
into small and broken pieces. However, the micrographs of
the transverse surface showed that its precipitates were not
transformed by the extrusion. Thus, these differences in the
morphologies of the precipitates can cause a big anisotropic
behaviour between the two directions of loadings: longitu-
dinal and transversal. Specifically, using the EBSD analysis,
we have demonstrated that the average grain size in longi-
tudinal section is 14μm; however in transverse section it is
only 9μm. Also, using the poles figures, we have confirmed
that the current aluminium alloy is textured. These are the
origins of the anisotropic behaviour of AA2017 aluminium
alloy.
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