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In this paper, the textures are determined under plane strain tension, nonequi-biaxial
stretching and equi-biaxial stretching. The changes of the major texture components in
the sheet are analyzed and discussed. It is found that under plane strain tension, the
strength of the 110}(112) component increases by more than four times followed by the
110}(111), whereas the fraction of 112}(111) component falls gradually. In the sample

deformed with a strain ratio intermediate between these of plane strain tension and equi-
biaxial stretching, the textural change is relatively small. Under equi-biaxial stretching,
there is a big increase in the 110} rolling plane components with the peak at 110}(111)
orientation. The strength of the other components falls rapidly (e.g. 110}(112)) or re-
mains low (e.g. 112 111 )).
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1. INTRODUCTION

The plastic deformations of single crystals and polycrystals is based on
the microscopic behavior of solid materials. Various models for plas-
tic deformation of crystals have been proposed according to certain
microscopic features of these crystals. The crystal orientation is one
of the crystallographic characteristics that describe microplastic de-
formation of solid. Taylor (1938) formulated a model of polycrystal
plasticity, based on the crystallographic nature of plastic deformation
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and the assumption of homogeneous strain. The orientation changes
in tension and compression for a FCC polycrystal with random ori-
entation distribution can be predicted by use of the model. Pickus
and Mathewson (1939) who used Taylor theory, explained the origin
of rolling texture in face centered cubic metal.

Texture development under partially constrained deformation
should therefore be primarily prescribed by crystal geometry; physical
differences between materials enter only after symmetric orientations
have been reached, and only in the absence of geometric orientation
stability. Fuh and Havner (1989) proposed a theory of minimum
plastic spin for finite deformation of crystals, consistent with loading
conditions and constrains. Three families of multiple-slip configura-
tions of f.c.c, crystals were comprehensively investigated: (i) pure plane
strain compression with a [100] axis of free extension; (ii) (110) loading
in channel die compression; and (iii) all multiple-slip orientations in
uniaxial tension. Panchanadeeswaran and Field (1995) focus upon the
development of deformation textures in aluminum during this type of
processing. Daniel et al. (1993) had investigated the texture evolution
induced by tensile deformation and deep drawing. The results indi-
cate that the initial texture changes drastically after a few percent of
plastic strain and evolves towards a single orientation for which the
(110) direction is aligned with the tensile or drawing axis. The ideal
orientations of rolling textures for f.c.c, metals are investigated by
Zhou et al. (1996). Analytical solutions for the stress states, slip distri-
butions and lattice spins are obtained using both a rate-sensitive crys-
tal plasticity model and the classical Bishop and Hill (1951) theory.
It is shown that, in the limit of zero strain-rate sensitivity, the
analytical rate-sensitive results turn to those of the Bishop and Hill
theory. Furthermore, all of the possible Bishop and Hill slip systems
turn out to be active in the limiting rate-sensitive solutions. Using a
rate-sensitive crystal plasticity model together with the full constraint
Taylor theory, Zhou and Neale (1994) investigated the formation of
textures during biaxial stretching of FCC sheet metals. The investiga-
tion discloses the paths of orientation development and respective
stable orientations, as well as the relation between the evolution paths
and the biaxial strain ratio. The behavior of f.c.c, sheet metals having
rolling textures was simulated under biaxial stretching conditions by
Zhou and Neale. A rate-sensitive crystal plasticity model together
with the full-constraint Taylor theory is used. Closed-form analytical
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solutions were obtained for the stress states, slip distributions and
lattice rotation fields at these ideal orientations of f.c.c, rolling tex-
tures. Under equi-biaxial stretching, the change of texture was studied
by Lee et al. (1990). However, under nonequi-biaxial stretching,
the development of texture was investigated very little.

2. MATERIALS AND EXPERIMENTS

The material used was an AA3003 aluminum alloy containing 1.09%
Mn, 0.47% Fe and 0.15% Si with minor constituents 0.012% Zn,
0.024% Ti, 0.003% Mg and 0.095% Cu. One sheet was DC cast and
hot rolled to 9.94mm thickness, and then the sheet was hot rolled to
2.5 mm and heat treated.

2.1. Plane Strain Tension

An approximate state of plane strain is created in a wide sheet which is
pulled in between two cross-heads in a tensile testing machine. If the
lateral spread is small in comparison with the reduction in thickness,
the sheet is deformed under an approximately plane strain condition,
with the exception of narrow zones near the edges. Samples of the
plane strain tensile test were prepared from a 2.5 mm thick hot rolled
sheet. The size and shape are shown in Figure 1. Tensile tests were
carried out on a MTS Testing Machine at a cross-head speed of
5mm/min. The major strains, 11, employed are listed in Table I.
The samples were stopped in eight strain levels under the plane strain
test, and the sample was deformed to fracture.

150ram

50ram

FIGURE Sample for the plane strain tensile test.
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TABLE Strain values under plane strain tension

Sample No. Pst 0 Pst Pst2 Pst3 Pst4 Pst5 Pst6 Pst7 Pst8

(%) 0 5.10 12.2 15.6 20.5 25.8 28.6 31.7 34.3

2.2. Biaxial Stretching

The thickness of samples used for the equi-biaxial stretching test was
2.5 mm. The size and shape of the samples are designed and illustrated
in Figure 2. The samples were stretched to five different strain levels in
equi-biaxial stretching, and six different strain levels in nonequi-bixial
stretching on a two axes testing machine. For equi-biaxial stretching,
the speed of the two cross-heads was set at 5 mm/min. For nonequi-
bixial stretching, the cross-head speed of the X-axes was Vll 5 mm/
min and Y-axis was v22= 3mm/min. The major strain and minor
strain of each sample were recorded by the use of an instant grid
method, and are shown in Tables II and III.

A

FIGURE 2 Sample size and shape for biaxial stretching (mm).
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TABLE II The major strain and minor strain of samples in equi-biaxial
stretching

Equi-biaxial stretching (v22/Vll 1)

Sample No. EBO EB1 EB2 EB3 EB4 EB5

el (%) 0 5.25 5.87 7.20 7.74 18.03
e22 (%) 0 4.00 5.08 6.00 7.54 11.82

TABLE III The major strain and minor strain of samples in nonequi-biaxial
stretching

Nonequi-biaxial stretching (v22/vl 0.6)

Sample No. NBO NB1 NB2 NB3 NB4 NB5 NB6

el (%) 0 5.45 6.08 8.41 13.91 15.7 22.44
e22 (%) 0 2.29 5.20 5.40 6.00 6.49 7.04

2.3. Measurement of the Pole Figures and Calculation
of the Orientation Distribution Function

Three incomplete { 111 }, {200} and {220} pole figures were collected on
a Pillips Dual X’pert XRD Systems (PW3710) for each sample. The
tube electric current was 35 mA and the tube voltage was 40 kV. Roe’s
system was adopted and the orientation distribution function was

PstO Pst Pst2 Pst3 Pst4

_
Pst5 Pst6 Pst7 Pst8

FIGURE 30DFs of the sheets (at constant qo=45) with various deformations after
the plane strain tension.
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FIGURE 40DFs of the sheets (at constant 99=45) with various deformations after
the nonequi-biaxial stretching.

EB0
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EB4 EB5

FIGURE 50DFs of the sheets (at constant o=45) with various deformations after
the equi-biaxial stretching.

calculated by using the software of Cai and Lee (1994) on an IBM/
586 microcomputer (see Figs. 3 5). The volume percent of the ma-
jor texture components in the sheet metal changes with strain under
deformation (see Figs. 6 8).
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FIGURE 6 Percent of major texture components under plane strain tension.
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FIGURE 7 Percent of major texture components under nonequi-biaxial stretching.
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FIGURE 8 Percent of major texture components under equi-biaxial stretching.
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3. THE RESULTS ANALYSIS AND DISCUSSION

The experimental pole figures and the calculated ODF of the sample
sheet deformed under various stress states are shown in Figures 3 5.
The starting textures of all samples are similar and the major texture
components are {001}(120/, {110}(111), {111}(011}, {112}(011) and
{112)(111).
The change in the volume percentage of some maor texture

components of the sheet samples deformed under different strain
rate ratios (e/el =0, 0.6 and 1) are summarized in Figures 6, 7 and
8. Comparing the samples, relatively large change is found in the
texture formed under plane strain tension and equi-biaxial stretching.
In the tensile sample, the strength of the {110)(112) component
increases by more than four times followed by the {110)(111), whereas
the fraction of {112)(111) component falls gradually. In the equi-
biaxial texture, there is a big increase in the {110) rolling plane com-
ponents with the peak at { 110 (111) orientation. The strength of
the other components falls rapidly (e.g. {110)(112)) or remains low
(e.g. {112)(111)). In the sample deformed with a strain ratio inter-
mediate between these of tension and equi-biaxial stretching, the
textural change is relatively small. The {110) fibre texture remains
unchanged. Among all texture components, the cube {001) rolling
plane components are found to decrease and remain weak from plane
strain tension to equi-biaxial tension. Under nonequi-biaxial stretch-
ing, it is the characteristic of the changes in various texture com-
ponents to increase or decrease between plane strain tension and
equi-biaxial stretching.
Kohara (1981) measured the texture development in the equi-biaxial

stretching of an aluminum sheet. The observed initial textures at
the beginning of deformation comprised the S ({124){211)) plus Cube
components. The texture obtained under equi-biaxial stretching could
be represented by a (ll0)-fibre. Other minor components in the
equibiaxial stretching texture were also present. The development of
the Cube and the Copper orientations under equi-biaxial stretching
has been simulated by Zhou and Neale (1994). The Cube orientation
rotates to the Goss position and the Copper orientation rotates finally
to the Brass position. The experimental equibiaxial textures obtained
here conform with their predictions.



TEXTURES UNDER BIAXIAL STRETCHING 225

4. CONCLUSIONS

(1) Under plane strain tension, the strength of the { 110} (112)
component increases by more than four times followed by the
{110}(111), whereas the fraction of {112}(111 component falls
gradually.

(2) In the sample deformed with a strain ratio intermediate between
these of plane strain tension and equi-biaxial stretching, the tex-
tural change is relatively small.

(3) Under equi-biaxial stretching, there is a big increase in the { 110}
rolling plane components with the peak at { 110} (111) orienta-
tion. The strength of the other components falls rapidly (e.g.
{110}(112)) or remains low (e.g. {112}(111)).
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