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1- Equal Channel Angular Rolling process

The Equal Channel Angular Rolling (ECAR) process is
designed by introducing two rolls to the ECAP equipment
for overcoming the discontinuities observed in the
previous method for producing ultra-fine structures.
Ultra-fine structures are produced continuously by shear
deformation of metal strips. In the ECAR die, the channel
intersection angle, @, is typically 120 degrees, and the
curvature angle of the die, W, is zero degrees. Friction
between the rolls and the metal sheet provides the force
required for ECAR. The maximum feeding force is
constrained by the attainable thickness reduction ratio,
contact area, and the friction coefficient between the rolls
and the sheet. In order to reduce die friction and
deformation resistance in ECAR, the outlet-channel
cross-section is designed to be slightly larger than the
inlet-channel cross-section. During rolling, the sheet
thickness first reduces and then increases as it travels
through the deformation region around the junction of the
two channels.

2- Mechanical Properties of ECARed Materials

In the ECAR process, materials experience high strain in
passing through the intersection between channels, and
this strain affects their microstructure as well as their
mechanical properties. According to research, the ECAR
process can enhance the mechanical properties of metals
and alloys through increased dislocation density and grain
size refinement. Metals and alloys having face-centered
cubic (FCC) and body-centered cubic (BCC) crystal
structures find good formability as they can withstand
high strains due to successive passes in the ECAR
process. The ECAR process on sheets of aluminum alloy,
low carbon steel, and pure copper has been established to
have better mechanical characteristics. The initial pass of
ECAR results in an abrupt increase in strength and in
microhardness, accompanied by a decrease in ductility.
As processing advances, the improvement in strength in
the range of the first and third pass becomes small, and
these characteristics remain substantially unchanged after
processing in the third pass.

The rapid improvement in mechanical properties is due to
an increased dislocation density and the development of

an ultrafine grain structure. The ultrafine grain structure
is formed in several stages: initiation of dislocation cells,
transformation of these dislocation cells through
polygonal dislocation walls due to increased strains,
transformation of these dislocation walls into boundaries,
and transformation of an ultrafine grain structure
throughout the material.

Materials possessing a hexagonal close-packed (HCP)
crystal structure, including titanium and magnesium
alloys, commonly have limited deformation modes and
develop a strong crystallographic texture during rolling,
limiting subsequent deformation. The materials,
therefore, face significant limitations when activating slip
systems, and an external input of energy in terms of heat
supply is commonly necessary to allow severe plastic
deformation without accompanying cracking. In addition
to dislocation slip in HCP materials, severe plastic
deformation may involve twinning. The twinning can be
tensile, compressive, or recrystallization-type, depending
on the crystallographic texture and the nature of the
deformation. Table 1 shows some ECARed alloys'
mechanical properties.

Figure 1 demonstrates that, for the soft metals like
aluminum alloys, steel, and copper, the transformation of
the tensile strengths takes place sharply during the first
pass up to maximum values between the second and the
fourth passes. The ductility of most metal sheets
following the ECAR process tends to fall sharply during
the first pass, with successive passes further reducing the
ductility. Thus, increasing beyond three passes, besides
incurring additional ECAR costs, yields only a slight
increase in strength and may even degrade mechanical
properties while reducing ductility.

Metals of an HCP structure, including magnesium
alloys, develop grain refining by ECAR, but the variation
in yield and tensile strength differs from that of other
classes of metals, often accompanied by a marked
decrease in these mechanical properties. Moreover,
ECAR in these metals increases ductility. As for titanium,
also of an HCP structure, projected trends for strength
may coincide with those for the magnesium alloys, but the
improvement defined by the successive passes from the
sole study recorded calls for further investigation.
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Comparison of microstructure and tensile characteristics
of pure copper processed by ECAR and ECAP reveals the
same values for the same channel angle. The mechanical
properties after ECAR exhibit a sequence similar to
increasing
decreasing ductility. The principal distinction of the two
processes is the continuous nature of ECAR relative to
ECAP. Although the widespread pattern of tensile
properties for the two processes resembles each other, the
ECAR process reveals a higher strain value for the metal

ECAP, characterized by

for a specified channel angle.

3- Conclusion

process, with the results classified into two groups:
materials with FCC and BCC structures, and materials
with HCP structures. The research reports indicate the
greatest variation of the mechanical properties occurred
during the first three passes; after this, variation becomes
extremely minute or, for a few, reverses. For HCP
structure-based alloys, ECAR uses preheating as well as
inter-pass heat treatment to compensate for the limited
formability so as to refine the grains and attain nanoscale
structures. However, the effect of ECAR on mechanical
properties for metals with HCP structures, such as
magnesium alloy AzZ31, differs: ductility is improved
while strength is reduced.

strength and

In this paper, a review was conducted of the reported
mechanical properties of materials after the ECAR

Table 1: Results from examining the mechanical properties of some metals and alloys after the ECAR process

Author Pass | Alloy Results
Increase in microhardness by approximately 18.5% in the first three passes, followed
by a slight decrease.
1 | Nemati Charietal. | 5 5083 Increase in yield strength and tensile strength by 71% and_13%, respectively, in the
Al first pass, with very small changes as the number of passes increases.
40% reduction in elongation after the first pass, with minor changes as the process
passes continue
Increase in microhardness by about 52% after three passes.
5083 Increase in yield strength and tensile strength by 94% and 19%, respectively, after the
2 | Bozcheloei et al. 3 Al first three passes.
60% reduction in elongation after the third pass
Increase in microhardness by about 13% after 5 passes; the rate of increase after the
fifth pass was very low.
Pure Increase in yield strength and ultimate tensile strength by 470% and 74%, respectively,
3 | Kvackaj et al. 13 Cu only in the first pass, with negligible changes thereafter.
Reduction in cross-sectional area in the first seven passes occurred at a high rate, but
after reaching pass 13, it nearly returned to the initial value.
70% increase in microhardness in the first two passes, followed by minor increases in
microhardness with further passes.
L Pure Increase in yield strength and ultimate tensile strength by 145% and 23% in the first
4 | Habibi et al. 10 - .
Cu three passes, with subsequent changes being very small.
Decrease in elongation in the first three passes by 67%.
Increase in microhardness by about 50%.
5 | Hassani et al 10 AZ31 | Decrease in yield strength and tensile strength by 37% and 52%, respectively.
' Mg Increase in elongation from 13% in the initial sample to 79% after 10 passes
A731 Decrease in yield strength and tensile strength by 58% and 5%, respectively.
6 | Chenetal. 5 Mg Increase in elongation from 14% in the initial sample to 24% after 5 passes
_ _ Increase in microhardness by 40%.
7 | Honarpishehetal. | 4 Ti Increase in yield strength and ultimate tensile strength by 72% and 52%, respectively
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Figure 1 shows the changes in a) Tensile Strength, and b) Ductility with an increasing number of ECAR process passes on

different metals.
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A Brief Review of Mechanical Properties of Metal Sheets processed by Equal Channel Angular
Rolling Process

Asiyeh Habibi

Abstract Equal channel angular rolling based on the equal channel angular pressing is a severe plastic deformation
process. This process has been developed to overcome the limitations of discontinuity and the lack of using strips in the
equal channel angular pressing process. This process has the ability to apply severe shear deformation and fabricate
ultra-fine grained structure, as well as improve the material properties of thin sheets without changing the dimensions.
Process parameters such as rolling pass number and route have been investigated to analyze the mechanical behavior of
materials. In the present study, the impact of equal channel angular rolling process on the mechanical properties such
as yield and tensile strength, elongation and microhardness in different alloys of materials is briefly summarized by
focusing on the effect of pass number and rolling route. Despite the improvement of mechanical properties in sheets by
repeating the number of equal channel angular rolling process passes, repeating more than three process passes to
improve the properties does not seem logical.

Keywords Equal channel angular rolling, Severe plastic deformation, Yield strength, Tensile strength, Ductility,
Microhardness.
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