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Abstract

The texture-induced anisotropic mechanical behasfier highly textured AA 7020-T6 (maximum
orientation density of 29.7 multiple random distitibn), was characterized by the lattice strain
evolution along rolling direction (RD), 45° to RDhé 90° to RD, respectively, under uniaxial
tension using high energy X-ray diffraction. Théaxal tensile tests were done till ultimate teasil
strength (UTS), which show different yield strergyYS), UTS and elongations along the three
directions on a macroscopic level. On micromectar@vel, the lattice strain evolution explains
the correlation between crystallite orientation aliffierent mechanical behavior, leading to the
macroscopic anisotropy. In the elastic region,shmple 45° to RD has the lowest lattice plane
dependent Young’s modulus compared to the otherdivextions. In the elastic plastic transition
region, lattice strain differences among differfitk} lattice planes are highest for sample 45° to
RD and lowest for sample 0° to RD. Moreover, thé #b RD sample has the lowest lattice
dependent YS. In the plastic region, the work hairte behavior of different {hkl} lattice planes
in all three directions can be divided into two s, corresponding to two types of dislocation
combinations. However, {200} planes of samples @&d 90° to RD behave abnormally due to the
stress along <110> of the {200} planes and thentaigon density of {200} planes parallel and
perpendicular to the loading direction (LD).
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1. Introduction

Engineering components may exhibit anisotropictmaical behavior as a function of the angle
from the RD due to the producing processes that gise to preferred orientations, which is
considered to be the main contributing factor foe elastic and plastic anisotropy of rolled
aluminum alloys [1-3]. The anisotropic mechanicahévior includes different Young’s Moduli,
yield strengths, UTS and elongations along diffedirections with respect to RD, which lead to
the occurrence of earing during deep drawing axauted sheet [4]. Literature reported that the
7000 series aluminum alloys have such anisotrogh@bior on a macro scale due to texture [5, 6].
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AA 7020 alloy belongs to the 7000 series alloys @mdvidely used in welded engineering
structural components due to the high strength,dgeeldability and low producing costs.
However, AA 7020-T6 exhibits mechanical anisotrajiye to the texture resulting from the
producing procedures. In industry, the anisotrapyarmally characterized by the plastic strain
ratio (r-value), which only shows the anisotrop&hhvior on a macro scale [7]. In contrast, lattice
strain evolution reveals that in a textured makeciystallites oriented in a given direction passe
specific mechanical behavior, which gives insighttoi mechanical anisotropy from a
micromechanical level.

The lattice strain of individual lattice planesder external load depends on the single crystal
properties, on how the lattice planes are orientitlll respect to the loading axis and on how they
interact with the neighboring crystallites [8]. Tfiest factor belongs to the intrinsic properties o
the material, while the last two are extrinsic ¢aist both of which exert influence on the geometry
of dislocation slips. The lattice strain evolution face-centered cubic (fcc) materials with
random orientations or with weak texture duringauial tension were investigated by several
researchers [9-15]. In the elastic region, elaatisotropy, which is expressed by,J0C1; — Co),
plays an important role in lattice strain evolut[@n10, 11]. However, the ratio of Young’s moduli
E114/Eoo0 in @ polycrystalline material may be differentrfrahat calculated by the Kréner model,
because of the interactions with neighboring clijss, resulting in different lattice plane
dependent stress-strain behavior [12]. Furthermtire, measured lattice strains of individual
lattice planes imply that the;f is not the largest one in a textured polycrystallcopper, even
though the k&, is the largest one in copper with random orieateti[13]. From elastic-plastic
transition region on, lattice strains are domindigdoth elastic and plastic anisotropy, the latter
of which is dependent on the easiness of dislocaiip. Load redistribution at the elastic-plastic
transition region causes lattice strains of diffiédattice planes to possess different magnitudes.
Experimental results show that the lattice planégchvyield firstly carry smaller load than the
other ones which still deform elastically. For ramdy oriented aluminum which has small elastic
anisotropy, the crystallites with the normal of {}Iplanes parallel to LD possess larger lattice
strain than the other crystallites, while for copped stainless steel which have large elastic
anisotropy, the crystallites with the normal of @@lanes parallel to the LD possess larger lattice
strain [7]. Moreover, the lattice strains of otleltice planes are bounded by those of {111} and
{200} lattice planes [9, 10]. Besides, simulatioesults of lattice strain evolution of weakly
textured material can only qualitatively capture ttharacteristics of the measured results, and
Daymond et al. [10] attributed the differences lestw the simulated results and the measured
results to the texture (with maximum orientatiomsly smaller than 3 mrd). By contrast, in the
present study, the emphasis is on the lattice gd@havior along different orientations of a highly
textured AA 7020-T6 alloy characterized by high rggeX-ray diffraction, to understand the
mechanisms contributing to the mechanical anisgtrop

Third generation synchrotron radiation providaghkenergy X-rays with high brilliance, which
makes it possible to get the microstructure infdiomaof a material in a short exposure time by
transmission technique [16]. It allows situ lattice strain measurements to be carried outowuith
stopping the loading machine at a relatively lovadimg speed. During the measurement,
complete Debye-Scherrer rings are collected by rea detector, from which one can get the
lattice spacing of individual {hkl} lattice plands both parallel and perpendicular to the LD
simultaneously.



2. Experimental
2.1 Material

The investigated material was from a rolled AA 70 aluminum block with thickness of
29.7 mm. The as-received AA 7020-T6 block, whictused for military use, was got from a
French company called CNIM (Constructions induBiégede la Méditerranée) [17]. The AA 7020
block went through T6 heat-treatment (solution Hesdted and artificially aged) after rolling, to
get the maximum strength [18]. Its chemical comipmsiof the material is listed in Table 1, which
was obtained using atomic emission spectroscopreelat samples were cut from the center
layer of as-received AA 7020-T6 block along rollidigection (RD), 45° to RD and 90° to RD,
respectively. The sketch of the flat sample is showFig. 1. The thickness of the sample is 3 mm,
and the X-ray was parallel to the thickness dioectiuring the measurement. The center layer of
the as-received block shows the strong plane-stddiimg texture of high stacking fault energy
fcc materials. The orientation distribution functiODF) analysis results of the center layer are
shown in Fig. 2. One can see that the orientatimasnainly concentrated along théber which
runs from copper component {112}<111> through S ponent {123}<634> to brass component
{011}<211> in Euler space [19]. The maximum origita density is 29.7 multiple random
distribution (mrd). The optical microstructure dfet sample exhibits that grains are elongated
along RD, as shown in Fig. 3. The sample was etoh#te solution consisted of 200 ml distilled
water and 5 g 35% tetrafluoroboric acid for 2 masutunder 30 V voltage, which produced
different colors on grains with different orientats [20], and the microstructure image was
obtained using optical microscopy Olympus-PMG3. Tilack spots in the Fig. 3 are the
precipitates consisting of, n and T’ which were formed after T6 heat-treatmeif

Tablel. Chemical composition of the studied matariaveight percent.

Zn Mg Fe Mn Zr Cu Si Ti Al

AA7020-  4.172+0.0 1.215+0.0 0.319+0.0 0.300+0.0 0.148+0.0 0.078+0.0 0.033x0.0 0.013+0.0 Balanc
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Fig. 1. Sketch of the flat sample (mm).
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Fig. 2. The ODF analysis results of the centerrlé@e Brass componentp : Copper component;
¢: S componentm : Cube component).

Fig. 3. Microstructure of the sample obtained btiaah microscopy.
2.2 Lattice strain measurement

The lattice strain measurements were carried othitealligh Energy Material Science beamline
HEMS, P07B, at PETRAII (DESY, Hamburg). The X-ray beam from the storaijg was
monochromatized by a single bounce monochroma®M{Somprised of two flat water-cooled
Laue crystals Si(111) and Si(220), with which thergy can be changed between 53 and 87 keV,
respectively. In the present work, the 87 keV X-team (X-ray wavelength of 0.1420 A) was
chosen to characterize the lattice strain evolutisith beam size 0.5 x 0.5 nimand
sample-detector distance of 1119 mm. The flat sam@ls fixed in a universal testing machine
(UTM) which can reach the maximum load of 20 kN][Zlhein- situ tensile measurements were
performed at room temperature with a loading spefesl x 10* mm/s till UTS. The diffracted
beams, Debye-Scherrer rings, were recorded by fPdfkhner XRD 1622 flat panel, a fast
data-collecting area detector which has 2048 x 204&s with pixel size of 200 x 20@m? The
misalignment of the area detector was correctethéyaB standard powder using the software
package FIT2D [23], and the tilting angle of theéedtor was 0.12°.

The LD of the three samples with respect to thélAl) pole figure is shown in Fig. - situ
tensile tests along these three directions can igisight into the initial texture effects on the
lattice strain evolution. The load-elongation cenaf the three samples and the measured points
are shown in Fig. 5. The elongation is the lendthnge of the whole loading system, which was
recorded by the software coupled with the tensildling machine. The texture dependent yield
strengths are 317.8 MPa, 297.5 MPa and 303.5 MRthdd_D parallel to RD, 45° to RD and 90°



to RD samples, respectively. The texture leadsheolowest yield strength in the 45° to RD

sample.
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Fig. 4. LD of the three samples with respect t¢JAll) pole figure (maximum pole densityR=
24 mrd). The LD of the three samples are paral&D, 45° to RD and 90° to RD, respectively.
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Fig. 5. Load-elongation curves and the measureatgoi

2.3 Calculating of lattice strain

The diffraction patterns were collected at eachsuesal point shown in Fig. 5. An image from
the detector is shown in Fig. 6. The Debye-Scheingis correspond to the different {hki} lattice
planes oriented in such a way that they satisfyBitegyg's law with respect to the incident beam.
Therefore, it is possible to determine the lat8pacing of particular sets of {hkl} lattice planes
which are oriented in certain directions such asaldd perpendicular to LD.



In order to get the lattice spacing of differenkifhlattice planes oriented along LD and along
perpendicular to LD, two sectors along these twedtiions, respectively, were integrated into a
26-intensity spectrum, as shown in Fig. 6. The raoigthe sector is 10° ip angle, which means
the lattice spacing of specific {hkl} lattice plamés the average value of the crystallites oriented
10° within LD or perpendicular to LD. After thatc@ording to Bragg’s equation, 2d * 8ir A,
one can get the lattice spacing of different {hklanes along these two directions. The lattice
strain of specific {hkl} lattice planes can be detéed from the changes in lattice plane spacing
using

- dhkl - dO,th

hkl
dO,hkl

where d yy is the lattice spacing of the sample at the beg@af stable elastic deformation [24].
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Fig. 6. Integrated sectors along LD and perpendidol LD (sample LD//RD).

3. Results and discussion
3.1 Overall lattice strain evolution

The texture dependent lattice strain evolutionglifierent {hkl} lattice planes in both parallel
to and perpendicular to the LD are shown in FigDude to the strong texture, the intensities of
some {hkl} peaks, either in parallel to or perpendir to the LD, are so low that it is not possible
to get the peak positions. Therefore, the lattitairs evolution of some lattice planes may be
missing in some of the figures. From Fig. 7, one sae the texture-induced anisotropy through
the different responses of individual {hkl} planesented in different directions. In the randomly
oriented aluminum, the lattice strains of othetidatplanes are bounded by those of {111} and
{200} lattice planes [9]. However, in the presentiyestigated samples, the lattice strains of other
lattice planes are not bounded by those of {1113 £00} lattice planes due to the strong texture.
The behavior of different lattice planes in the 4Bd 90° to RD samples are more different than
those in the RD sample.
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Fig. 7. Lattice strain evolutions of the RD, 45RD and 90° to RD samples during uniaxial
tension as a function of elongation. (a), (b) arjchfe the lattice strains parallel to LD. (d), 4ed
(f) are the lattice strains perpendicular to LD.

3.2 Lattice strain in the elastic region

In the elastic region, parallel to LD, the latt&teains of different {hkl} lattice planes depend on
both elastic anisotropy and texture. Since thetielasnisotropy of aluminum is small, which is
expressed as 2¢ (C;1-Cyp) with a value equal to 1.22, the lattice straiffedénces among
different lattice planes are not pronounced, coebao copper and stainless steel which have



higher elastic anisotropy [9]. The magnitudes & thttice strains of {hkl} lattice planes are
influenced by texture, which makes Young’'s moddlidifferent lattice planes depend on the
orientations with respect to RD. The Young's modulti a lattice plane can be determined by the
slope of the linear fitting of applied stress lattice strain in LD Aoy / g/ nq), While the Poisson’s
ratio can be determined using the slope in LD diglidby the minus value of the slope in the
perpendicular to LD &o./ €1 ni), equal to €. na / €rnk). One should notice that the first three
points has different slope from the slope of thtefgpoints in elastic region, as shown in Figay, (
(b) and (c). This is due to the relative movemeettMeen the sample and the sample holder, i.e.
the elongation of the sample is different from #hengation of the whole loading system at the
beginning of the tensile test. Therefore, the tatt@nts in the elastic region are used to caleulat
the Young’s modulus and Poisson’s ratio. Fig. 8wsh@an example of how to obtain Young's
modulus and Poisson’s ratio. In Fig. 8 the poirdeduto calculate the Young’'s modulus and
Poisson’s ratio are from thd'4o 12" points in Fig. 7 (a). The errors of the Young'sclus and
Poisson’s ratio are from the error in the elonggtizecause the lattice strain value is the average
value of the whole exposure time, i.e. averagingrav short range of elongation, but in the
load-elongation curve, the starting elongation eatithe beginning of the exposure time is used
to draw a measurement point.

The Young’'s moduli (Eg) and Poisson’s ratios) of the {hkl} lattice planes of the three
samples are shown in Table 2. Owing to the stremgite, the intensities of some reflections in
the @ spectrum are too low to determine the peak ceefthrsr along LD or along perpendicular
to LD. Therefore, it is not possible to obtain twresponding Young’s modulus and Poisson’s
ratio, as shown in the Table 2. As can be seen ftmrmable, the Young’s moduli of the lattice
planes in the 45° to RD are lower than those indtier two directions. The stiffest reflection
{111} in randomly oriented polycrystalline aluminuim no longer the stiffest one in the three
measured samples, i.e. the Young’s modulus of {lislhot the largest one. Also, the softest
reflection {200} in randomly oriented aluminum polystalline is not the softest one in the RD
and 90° to RD samples. Texture influences the ntadaiof lattice strain that a reflection
undergoes during uniaxial tension. The magnitugedds on the texture itself, on how the lattice
planes are oriented with respect to the LD andhengeometry limitation from the neighboring
crystallites. It means that under the same extdoaal, the lattice strains of {hkl} planes in a
highly textured material are more limited by théghéoring crystallites than those in a randomly
oriented material [25], because in a randomly deiémmaterial different {hkl} lattice planes have
equal probability to appear in a given direction.this case a crystallite oriented in a given
direction has equal chance to meet crystallitesnted in other directions. However, in a textured
material, a crystallite may have more neighbor$ wppecific orientation. Moreover, the specific
orientation correlation between neighboring cry#tsl may exert influence on the crystallites’
behavior [26]. It leads to the measured Young’s uliodeviating from those calculated by the
Kroner model [25]. For instance, there are verylsaraounts of {200} planes with their normal
parallel to LD in the 90° to RD sample, as showrTable 3 (The volume fractions of {111} or
{200} lattice planes oriented in a given directiarere calculated by the software MTEX [27]
based on ODF analysis. Here it should be mentidhatifor a randomly oriented material, the
volume fraction of 10° orientation interval alondLlis 190/000. In the present research, the
orientations are concentrated on frigoer [19]. Therefore, the volume fractions listedhe table
are smaller than 190/000.). The external load sriduted more to the {111} lattice planes,



making the lattice strain of {200} smaller than thaf {111}. It causes the measured Young's
modulus of the {200} to be larger than that of {3114 this sample.
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Fig. 8. An example of determining the Young’s maguhand Poisson’s ratio.

Table 2. Young’s modulus, Poisson'’s ratio and ysttdngth of different lattice planes.

Lattice plane 200 311 420 422 220 331 111
LD parallel to RD
Ena/GPa 71.5%0.2 73.320.3 72.320.3 71.4%0.1
Vhil 0.298+0.004  0.322+0.003 0.301+0.002
YS/MPa 314.1 3123 322.2 315.4
LD parallel to 45° to RD
Ena /GPa 64.8+0.9 70.0£0.3 71.320.2 67.840.1 70.940.1 66.910.5
Vhil 0.338+0.007 0.362+0.006  0.374+0.004 0.332+0.004 0.368+0.002  0.355+0.006
YS/MPa 290.2 296.1 299.8 298.6 304.7 293.6
LD parallel to 90° to RD
Enha /GPa 73.1+0.7 75.2+0.7 71.7+0.7 72.840.7 70.6+0.7
Vhki 0.368+0.009  0.349%0.007 0.323+0.006
YS/MPa 295.8 311.4 312.7 308.8 298.5
Values calculated by the Kroner model for random aluminum polycrystalline
Ena /GPa 66.7 69.2 69.3 70.8 70.8 71.2 72.3
Vhil 0.358 0.352 0.352 0.349 0.349 0.348 0.346

Macroscopic yield strength

LD parallel to RD LD parallel to 45° to RD LD parallel to 90° to RD

YS/MPa 317.8 297.5 303.5




Table 3. The amounts of crystallites with the ndrafg111} and {200} parallel or perpendicular
to the LD (volume fractioBboo).

Samples LD//RD LD//45°toRD LD//90°to RD
Crystallites with the normal of {111} parallel to the LD 14.7 2.5 17.2
Crystallites with the normal of {200} parallel to the LD 3.1 5.0 0.7
Crystallites with the normal of {111} perpendicular to the LD 17.2 2.8 14.7
Crystallites with the normal of {200} perpendicular to the LD 0.7 8.4 3.1

3.3 Lattice strain in the elastic plastic transition region

When it approaches the elastic plastic transitiegian, anisotropic behavior of individual
lattice planes oriented in different directionshwiespect to the rolling coordinates can be diyectl
observed, which gives a hint of the texture-induesisotropy. The lattice strain differences
among different {hkl} lattice planes are largertire 45° and 90° to RD samples than those in the
RD sample, indicative of a more diverse load reithistion, as shown in Fig. 7 (a) to (c).

Parallel to LD, in the RD sample, the lattice straf {311} inflects while the lattice strains of
{111}, {222} and {200} still increases linearly, glicating that in this sample the {111}, {222} and
{200} are the lattice planes which carry more loadhe elastic plastic transition region. Similarly
in the 45° to RD sample, {111} and {222} carry mdoad than {311}, {331} and {420}, and in
the 90° to RD sample, {111} and {222} carry moradbthan {220}, {311} and {331}. All the
other lattice planes appeared in Fig. 7 (a) tob{t®) not mentioned above, carry loads that are
between maximum and minimum. In contrast, in thengum with random orientations, the {111}
carries the highest load and the {200} carriesltmeest load in the elastic plastic transition regio
[28]. Therefore, the lattice strain behavior sha¥wat load redistribution in the elastic plastic
transition region is texture-dependent. Howeves {ttl1} lattice planes are the main load carrier
in all three samples. Perpendicular to LD, theidattstrains of different lattice planes are
controlled by Poisson contraction and interactieiwleen neighboring crystallites, which will be
more discussed in the section 3.4.

The yield strength of individual lattice planes das determined from the stress-lattice strain
plot. The stress value where the lattice strairissta deviate from linearity is defined as theldie
strength. The yield strengths of individual {hk8ttice planes in different directions are shown in
Table 2. The {hkl} lattice planes of the 45° to RAmple have the lowest yield strengths among
the three samples, which reveal the reason whyrthero yield strength of this sample is the
lowest. Texture changes the dislocation slip gepnwetich is determined by both the orientations
of the {hkl} lattice planes with respect to the ldDd the orientations between {hkl} lattice planes
and their neighboring crystallites. This leads targer resolved shear stress in the 45° to RD. [29]
It results in the lower lattice plane dependenidystrength in this direction.

3.4 Lattice strain in the plastic region

In the plastic region, the differences of stresahstresponse among {hkl} lattice planes are
more evident than in the elastic region, dependingthe initial texture, as shown in Fig. 7.
However, in this region parallel to LD, except @ifenormal behavior of the {200} lattice planes,
work hardening behavior can be mainly divided imto groups, which is deduced from the slope



of the lattice strairvs. elongation curve, as shown in Fig. 7 (a)-(c). Tir& group shows a very
small strain hardening rate, e.g. the {222} and@@ the 45° to RD sample, as shown in Fig. 7
(b). The second group shows an increasing lattieénscurve. The slope of the lattice planes in
this group is almost the same, e.g. the {111}, {£&0d {311} in the 45° to RD sample. The work
hardening behavior of the other lattice planes tvtdo not belong to these two groups show
intermediate situation between the two groups. Wheets close to UTS, the work hardening
behavior of almost all lattice planes becomes simivhich may be attributed to the dislocation
density inside the material. In our other study, fwand that dislocation multiplication and
annihilation became balanced with each other mrigion [30].

The two types of the work hardening behavior caratibuted to the stress states which the
individual lattice planes undergo. Bishop estalgiistthat four different types of crystallographic
stress states can activate polyslip [31], and Kdaeksstigated the work hardening behavior of the
different types of polyslip [32]. Based on theisuéts, the two work hardening behavior are
caused by the so called [100] tension and [111}itenstress states, respectively. The [100]
tension stress state activates 8 slip systemscoimbination of these 8 slip systems cannot make
contributions to the hardening on the effecteddatplanes. By contrast, the [111] tension stress
state activates 6 slip systems, but it can harbeneffected lattice planes. Those lattice planes
whose strain hardening behavior are between thegtawaps are in the stress state which is in the
combination of the [100] tension and [111] tension.

The abnormal behavior of {200} lattice planes atétauted to two factors. One is the amount
of crystallites with the normal of {200} lattice gotes parallel or perpendicular to the LD, i.e.
texture, which are shown in Table 3. The other isnghether the <110> directions of the {200}
planes are stressed or not, depending on the dtitara between neighboring crystallites. When
the <011> directions of the {200} planes are skdsshe active slip systems are (111)[10-1],
(111)[01-1], (11-1)[101] and (11-1)[011]. If the aont of slip on the 4 active slip systems is the
same, the deformation is asymmetric. It will calasge contraction in the [001] direction [28, 33].
If the contraction is along the LD, it will causentile stress to the {200} lattice planes, as shown
in Fig. 7 (c). If the contraction is opposite thB,Lit will cause a compressive stress to the {200}
lattice planes, as shown in Fig. 7 (b). Howeverthes deformations goes on, the lattice planes
rotates in such way that the <110> directions ef{f00} planes are not stressed, resulting in the
decrease of the contraction along the [001] dioecti

Perpendicular to the LD, the lattice strain evalntiafter yield is mainly controlled by the
Poisson contraction and the interaction among teighg crystallites, the latter of which is
strongly related to the texture. The effect of ititeraction among neighboring crystallites can be
demonstrated by lattice strain evolution differencd the {111} and {222} lattice planes, as
shown in Fig. 7 (e) and (f). The reason for thithit the difference of thedZ/alues for {111} and
{222} is around 3.5° under the experimental comditiwhich means that {111} and {222} planes
are from two different groups of grains (with 1.7difference in the orientation). The different
groups of grains may have different neighboringirgréhaving different orientations, i.e. the
orientation correlations [26] with the neighboriggains are different, which may lead to the
different lattice behavior of the {111} and {222However, further investigation on this point via
numerical simulation is required. The lattice straif {200} in the 45° to RD sample shows
positive values, which indicates that both the <ldllections of {200} are stressed and there are
sufficient amounts of crystallites with the nornaél{200} perpendicular to the LD, as shown in



Fig. 7 (e) and Table 3. Under this condition, thatcaction along the [001] direction can offset the

Poisson contraction. However, in the RD and 90R®» samples, there are not enough such
crystallites so that the lattice strain of {200}lp®experiences a tensile stress at the beginning of
this region, as shown in Fig. 7 (d) and (f).

4. Conclusion

The lattice strain evolution along the three dimd, i.e. RD, 45° to RD and 90° to RD of a
highly textured AA 7020-T6 alloy shows that thetit-dependent Young's moduli, yield
strengths, the amount of {hkl} lattice planes otezhin a given direction and the interactions with
the neighboring crystallites, lead to the macrogcamisotropy which exhibits the lowest yield
strength and UTS along the 45° to RD and highesh@lRD. In the elastic region, the
texture-dependent lattice strain evolution indisatgat the Young’s moduli of the lattice planes
with normal along 45° to RD have the smallest valuEurthermore, the deviations of the
measured Young’s moduli from those calculated by Hréner model for polycrystalline
aluminum with random orientations, are relatech® amount of {hkl} lattice planes in a specific
direction and the deforming limits from the neighihg crystallites.

In the elastic plastic transition region, the leadistributions in the 45° and 90° to RD samples
are more diverse than those in RD sample. The riextbanges the dislocation slip geometry
along different directions with respect RD, makihg lattice plane dependent yield strength along
45° to RD the one with the lowest value.

In the plastic region, parallel to LD, the so-cdll@00] tension and [111] tension stress states
are dominant in all the three samples, resultingwio types of strain hardening behavior. The
abnormal behavior of {200} lattice planes is rethte whether the <110> directions of {200} are
stressed, which induces a contraction along th#][@Dection. If the contraction along the [001]
direction is parallel to the LD, it will induce artsile stress along LD. If the contraction alorg th
[001] direction is opposite to the LD, it will inda a compressive stress along LD. Perpendicular
to LD, the lattice strain of individual lattice ples are controlled by the Poisson contraction and
the interactions among the neighboring crystalliielse {200} lattice planes of the 45° to RD
sample exhibit positive lattice strains due to bthté contraction along the [001] directions of
{200} lattice planes and the amount of {200} la#tiplanes, which are strongly related to the
initial texture.
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