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Texture of Asymmetric Rolled Aluminum sheets

S. Akramovi, Insoo Kim'*

Abstract

Drawability and other mechanical properties of sheet metals are strongly dependent on their crystallographic
orientations. In this paper the formability of the AA 5052 Al alloy sheets was investigated after asymmetric rolling and
subsequent heat treatment. In most cases, after asymmetric rolling specimens showed a fine grain size and subsequent
heat treated specimens showed that the ND // <111> texture component were observed. The anisotropy of formability is
often described by the plastic strain ratios (r-value) as a function of the angle to the rolling direction in sheet metal. For a
good formability, a high r-value is required in sheet metals. In the asymmetry rolled and subsequent heat treated Al alloy
sheet, the variation of the plastic strain ratios have been investigated in this study. The plastic strain ratios of the
asymmetry rolled and subsequent heat treated AA 5052 Al alloy sheets were higher than those of the original Al sheets.
These could be related to the formation of ND // <111> texture components through asymmetric rolling in Al sheet.
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1.4 28

In the past decade, many researchers are interested in
optimization of the formability of the aluminum alloys in
order to replace low carbon steels. Using shear
deformation processes can be obtained very fine grained
materials with high strength but limited formability
properties.

It has been found that the deformation in metals sheets
of <I11> plane parallel to the sheet surface helps to
increase the r-value and variation of the textures
decreasing A r-values. However, due to the high energy
stored in the deformed state and the existence of
structural heterogencities, annealing conditions are
critical and unwanted structures may form. [1-5]. In the
present paper investigation of the AA 5052 Al alloy sheet
was asymmetrically rolled with high reduction ratio

without fubricant to investigate the effects of the severe
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shear deformation on plastic strain ratio of subsequent
heat treated AA 5052 Al alloy sheet.

2. & oY

Sheet of commercial AA 5052 aluminum alloy was
used to obtain a severe deformation by asymmetrical
rolling process with rolls diameter ratios 1.5. The sheet
samples, with dimensions of 60mm x 40mm x 3mm,
were prepared from a sheet along the rolling direction.
Then these plates were annealed at 500 ° C for 1 hour to
homogenize the initial grain size through thickness
(named initial Al sheet). The annealed Al sheets were
then asymmetrically rolled to different reductions
ranging from O to 80% on a laboratory asymmetrical
rolling mill with roll ratiol.5. Hence we will observe
only 80% asymmetrically rolled samples in 3 passes. To
obtain high friction ratio no lubricant was used during



rolling process. To obtain the information of the texture
change in the frictionally rolled and heat treated samples,
the incomplete pole figures of (111), (200), and (220) for
each sample were measured by using X-ray goniometer
[5]. After the asymmetrical rolling, to study the
formability of the asymmetrical rolled Al sheets, samples
were annealed at the temperature of 300°C for 20 min in
an air condition. It was tensile tested to obtain the r-value
along the angles of 0°, 45°, 90” to rolling direction. The
average r-value (r -value), and Ar-value was obtained
from the measured and calculated r-value data. The
average measured r-value (r -value) was calculated by
the use of r = (rp + 2145 + roo) / 4, and Ar-value was
calculated by the use of Ar = (rp - 2r4s+ o) / 2. Here, the
Io, 45, and rg mean the r-value of along the angles of 0,
45°, and 90° to rolling direction, respectively.

3. 21t & E9

Texture measurements were performed at one tenth
(8=0.9) thickness and half thickness (S=0) of the
asymmetrically rolled sheets. (111), (200), and (220)
pole figures were obtained by using the Cu-Ka radiation
with the Schultz reflection method.

Fig. 2 shows (111} pole figures the change in texture
of the AA 5052 aluminum alloy sheet after heat
treatment at 300°C for 20min compared to the texture
without heat treatment and initial Al sample. Strong cube
component is observed in initial Al sheet Fig. 1(a,d). At
one tenth of thickness layer Fig. 1 (a, b and ) after 90%
asymmetric rolling the strong cube component is

distorted and y-fiber ND//<1 1 1>, {001}<110> were
observed. In case of subsequent heat treatment for 20min
at 300°C intensity of the <111> pole and rotated cube
texture component slightly increased.

5=0.9

S$=0
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Fig.1. (111) Pole figures from one tenth surface layer

$=0.9 (a) initial Al sheet, (b) 80% asymmetric rolled,

(c¢) 80% asymmetric rolled and subsequent heat

treated at 300C for 20min. From center layer S=0 (d)

initial Al sheet, (e) 80% asymmetric rolled, (f) 80%

asymmetric rolled and subsequent heat treated at
300C for 20min.

Table 1 shows also the variation of average r-value (r-
value), and Ar-value that obtained from the measured r-
value data. The average r-values of the 80%
asymmetrical rolled and subsequent heat-treated at
300°C is higher than that of the initial specimen. The
average r-values of the asymmetrically rolled measured
Al sheet are higher than that of the initial Al sheet.

Table 1. The Comparison of measured r-value, ;, and | Ar | of the 80% cold rolled Al sheet data.

Conditions of samples

r-value

N A
0° 45° 90°

Initial specimen (500°C/1 hr)

0.752 0.472 0.813 0.628 0.437

80% asymmetrical rolled (300°C/20 min)

0.448 1.223 0.533 0.856 0.302

4. 8 &

In the present study the plastic properties of AA 5052

Aluminum sheet during asymmetric cold rolling was
investigated using tensile test. The following conclusions
are summarized from this research work:

~ 478 -



(1) The average r-values of the asymmetric cold rolled

with measured Al sheet is higher than that of the initial Al
sheet.
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