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a b s t r a c t

The flow behavior of nanostructured Al-6082 alloy material has been investigated in this

paper using an upsetting test. Specimens were produced by the equal channel angular

pressing (ECAP) technique and test samples were taken from the three perpendicular axes

of the produced parts. The true stress–true strain curves were plotted for all specimens in

three directions. Computer software and the Ludwik equation were used to analyze the true

stress–true strain curves data in order to determine the stress and strain parameters by

plotting the fitted curves onto the true stress–true strain curves. The deformed specimens

clearly showed anisotropic behavior.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

NC materials are conventionally processed by a number of
methods such as gas condensation, ball milling with subse-
quent consolidation, and severe plastic deformation (SPD).
The first two methods are often characterized by the presence
of some residual porosity or impurities (Valiev et al., 2000).
The SPD methods are free from these disadvantages and are
more convenient for investigation of the role of grain bound-
aries on the physical properties of different materials. Two
common variants of the SPD methods are equal channel angu-
lar pressing (ECAP), which has also been called equal channel
angular extrusion (ECAE), and severe plastic tensional strain-
ing (SPTS) (Alexandrov and Valiev, 1999). In the ECAP process,
a rod-shaped sample is pushed through a die containing two
channels. These channels are equal in cross-section and inter-
sect at an angle (2˚) (Meyers et al., 2005), which is usually equal
to 90◦, as shown in Fig. 1a. Nagarajan et al. (2007) have recently
shown that during the ECAP process, the material is subjected
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to a large plastic shear deformation, which leads to ultra-fine
grain size.

According to the previous work, (Yoshinori et al., 1998),
there are three kinds of passes (routes):

• In route A, the sample is pressed through the ECAP die repet-
itively without rotation.

• In routes B and C, the sample is rotated between each press-
ing around its longitudinal axis by an angle of 90◦ or 180◦,
respectively, as shown in Fig. 1b. In this paper, the fourth and
eighth passes of route C, in addition to pass one, are used
to investigate the mechanical behavior of this material.

2. Experimental procedure

In the upsetting experiments, specimens of cylindrical shape
with a diameter of 10 mm and height of 10 mm were used in
order to overcome the deviation of the longitudinal axes and
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Fig. 1 – (a) ECAP die; (b) illustration of the three routes used for ECA pressing.

Fig. 2 – Typical shape (caused by the anisotropy) of
compression specimen with 1.5 initial height to diameter
ratio.

the typical sliding layers that appear in the other h/d ratios of
the specimen, as shown in Fig. 2 (Muamar, 2005).

These specimens are produced by ECAP technology from
the Al-6082 alloy and were cut out from the three directions of

the axes. These directions are defined by the characteristics
of longitudinal direction, zero direction, and 90◦ direction, as
shown in Fig. 3.

To overcome specimen distortion, compression loading up
to 500 N (0.5 kN) was applied to the specimen, which was then
unloaded. After cleaning the end surfaces of the specimen,
the height and the maximum and minimum diameters were
accurately measured using digital Vernier calipers, which
had 0.01 mm resolution. Then, the specimen was reloaded
by a load increment of 0.5 kN over the initial load and the
procedure was repeated until fracture occurred in the spec-
imen.

The chemical composition of this alloy is given in Table 1.
The upsetting test experiments were carried out at room

Fig. 3 – ECAP part and the direction of specimen axes.
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