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Abstract— The plastic deformation behaviour of IF Steel
during Equal Channel Angular Pressing (ECAP) has
been studied (with two channels intersects at 120o) by
Finite Element Method (FEM) using ANSYS software
package. A sound knowledge of the plastic deformation
and the load is necessary for understanding the
relationships between plastic deformation, grain size and
mechanical properties of IF-Steel. It is observed that the
precise results were obtained in comparison to the
analytical models reported in the literature. It is also
found from analysis that processing geometry of die and
the friction between the die and the work-piece has great
influence on the extrusion pressure and flow in the
process, where these parameters lead to strain
distribution of workpiece becomes inhomogeneous and
non uniform.
Index Terms— Severe Plastic Deformation, Equal
Channel Angular Pressing, Finite Element Analysis,
Ultra Fine Grained, Workpiece, If-Steel.
I. INTRODUCTION
Interstitial-free (IF) steels constitute an important class of
steels having carbon content less than 0.01 wt.%. These steels
are extensively used in automotive industries for making car
bodies owing to the high formability that they posses. In
recent years, efforts have been made to improve the strength
of this class of steels by means of grain refinement mostly
through Severe Plastic Deformation (SPD) processes. The
primary idea in all of severe plastic deformation (SPD)
processes is to develop very large plastic deformations within
metals and alloys, with associated dislocation substructures
and then to use the processes of recovery, recrystallization
and rearrangement of microstructure to develop the
crystalline microstructures of interest. SPD processes are of
great interest in industrial forming applications, as they give
rise to significant refinement in microstructures and
improvements in mechanical and physical properties.
However, most SPD processes result in ultra fine grain sizes
in most materials. Equal Channel Angular Pressing (ECAP) is
the most common technique in which very large plastic
deformations are developed by forcing a metal rod (the
sample) through a die, with a die axis that changes direction
suddenly (resulting in substantial shear deformation). The
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sample dimension after pressing remains the same. The
plastic deformation behaviour of the materials subjected to
ECAP was analyzed various numerical experiments for the
die angles of 90°, 120° and 150°, different friction conditions,
and different round corners under plane strain condition and
an isothermal system [1-2]. There are four basic processing
routes (A, BA, BC and C) in ECAP, in route A the sample is
pressed without rotation, in route BA the sample is rotated by
90o in alternate directions between consecutive passes, in
route BC the sample is rotated by 90o in the same sense (either
clockwise or counterclockwise) between each pass, in route C
the sample is rotated by 180o between passes and these routes
introduce different slip systems during the pressing operation
so that they lead to significant differences in the
microstructures produced by ECAP. IF Steel was processed
by room temperature ECAP upto 8 passes using routes A and
C and the experimental results on microstructural evolution
and the variation of the mechanical properties were found
[3-4].
A schematic diagram representing such a process is shown in
figures 1 & 2 with a hard plunger forcing a metal sample
between two channels of equal size connected by an angular
section (thus the name Equal Channel Angular). The
magnitude of the shear strain that is developed in a single pass
of the specimen through the die is determined by the die
geometry and particularly the included angle Ishown in the
figure. The angle ψ subtended by the external radius is also an
important parameter. Various obtuse die angles and
dimensions may be used and die design is critical a critical
part of an effective ECAP process [5]. The friction between
the die and the work-piece has great influence on the
extrusion pressure and flow in the process; this was studied by
finite element modeling [6]. Recent studies on the plastic
deformation behavior during ECAP suggested that the
influence of material properties, die geometry, friction
conditions, back pressure, load, temperature etc. play vital
role on microstructure and grain size of the workpiece [7-13].

Figure 1: Schematic view of the die used in equal channel
angular pressing (ECAP) [5]
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afterwards decreases in the extrusion force. This is in
agreement with the results published by others.

Figure 2: The principle of the ECAP schematically shown [6]
In the present study, a quasi-static solution to the ECAP
process by the FE modeling was done using two channels at
angle of intersection 120o, considering only single pass of
pressing and adopting a plain strain condition. The
generalized Coulomb law was assumed in all cases.

Figure 3: Extrusion Force Vs Workpiece Displacement (μ
= 0 .0 0 )

II. FINITE ELEMENT ANALYSIS
The two-dimensional plane strain element (Plane 182) was
carried out using the ANSYS package. The material
properties used are for If Steel. The workpiece is considered
of dimensions 10 mm (width) x 50 mm (height) and unity
thickness since a plane strain condition is assumed. The stress
strain relation is

V

544.96 0.004852  H

0.235

Figure 4: Extrusion Force Vs Workpiece Displacement (μ
= 0 .0 5 )

The material properties are
Table 1: IF-Steel Material Properties

Young Modulus

1 9 5 0 0 0 Mp a

Poisson ratio

0 .2 9

Yield Stress

1 8 6 Mp a

For the contact the elements considered are Target 169 and
Contact 172. The workpiece was modelled with four node
plane strain elements. Only one half of the model is
considered and symmetric boundary conditions have been
applied. A smooth fillet radius was chosen to avoid
convergence problems. The friction coefficient between the
die channel (Rigid target surface) and workpiece (Contact
surface) are 0.00, 0.05, and 0.10. In order to compare the
results with the results previously published [14] the values of
friction coefficient (μ) are taken as 0.00, 0.05 and 0.1.

Figure 5: Extrusion Force Vs Workpiece Displacement (μ
= 0 .1 )

III. RESULTS AND DISCUSSIONS
Figure 3, 4 and 5 show the extrusion force for unit thickness
Vs workpiece displacement for the friction conditions 0.0,
0.05 and 0.1 respectively. It can be observed as expected the
increase in the friction coefficient requires higher pressures or
punch loads. It can be seen that an increase of extrusion force
initially (upto 7.5 mm for zero friction condition) and
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Figure 6: Von Mises Stress (μ = 0.0)
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Figure 10: Von Mises Strain (μ = 0.05)

Figure 7: Von Mises Stress (μ = 0.05)

Figure 11: Von Mises Strain (μ = 0.1)
Figure 8: Von Mises Stress (μ = 0.1)
Figure 6, 7 and 8 show the Von Mises stress for the friction
conditions 0.0, 0.05 and 0.1 respectively. This is a very
important to understand the material behaviour i.e. if the Von
Mises Stress exceeds the Ultimate Tensile Stress (UTS), then
the material is considered to be at the failure condition.
Figure 9, 10 and 11 show the Von Mises Plastic Strain
respectively. In this it is observed that the strain reaching high
value is highly localized and it is not uniform and same on the
total workpiece. A new methodology has to be developed so
that the work piece undergoes high plastic strains over the
entire workpiece uniformly.

Figure 12: Shear Strain (μ = 0.00)

Figures 12, 13 & 14 give the Shear Strain for the friction
conditions 0.0, 0.05 and 0.1 respectively. Since shear strains
give an indication of the plastic deformation undergone and
indirectly the microstructure.

Figure 13: Shear Strain (μ = 0.05)

Figure 9: Von Mises Strain (μ = 0.00)
Figure 14: Shear Strain (μ = 0.1)
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CONCLUSIONS
Plastic deformation behaviour of IF-Steel during ECAP is
analyzed under plain strain condition by assuming the
generalized Coulomb law in all cases through finite element
method using ANSYS package. These were carried out
considering strain hardening and frictional contact. It is found
that the plastic deformation behaviour of IF Steel during
ECAP is localized and the extrusion pressure increases with
increasing friction. Also it is found that the deformation is
inhomogeneous and non uniform.
REFERENCES
[1] Kristian Mathis, Tomas Krajnak, Radomir Kuzel and
Jeno Gubicza, ’Structure and mechanical behaviour
of interstitial-free steel processed by equal-channel
angular pressing’ Journal of Alloys and Compounds,
Vol. 509, Issue 8, pp 3522-3525, 2011.
[2] Pinar Karpuz, Caner Simsir, C. Hakan Gur,
‘Simulation of equal channel angular pressing
applied to produce structures with ultrafine-sized
grains’, International Journal of Microstructure and
Materials Properties, Vol. 4, Number 3, pp. 356 367, 2009.
[3] Valie, R. & Langdon, T., Principles of equal channel
angular pressing as a processing tool for grain
refinement. Progress in Materials Science, 51, pp.
881-981, 2006.
[4] Hyoung Seop Kim, Won Sun Ryu, Milos Janecak,
Seung Chul Baik and Yuri Estrin, ‘Effect of ECAP
on microstructure and mechanical properties of IF
Steel’, Advanced Engineering Materials, Vol. 7, No
1-2, pp. 43-46, 2005.
[5] K. T. Ramesh, ‘Nanomaterials Mechanics and
Mechanisms’, ISBN978-0–387-09782-4, Springer
Science + Business Media, LLC, 2009.
[6] Basavaraj V Patil, Uday Chakkingal and T S Prasanna
Kumar, ‘Influence of friction in equal channel
angular pressing- a study with simulation’, METAL,
5, pp. 13-15, 2008.
[7] Jong-Woo Park and Jin-Yoo Suh, Effect of die shape
on the deformation behavior in equal channel
angular pressing, Metallurgical and Materials
Transactions A, 32A, pp. 3007-3014, December
2001.
[8] Wei Wie, A. V. Nagasekhar, Guang Chen, Yip
Tick-Hon and Kun Xia Wei, Origin of
inhomogeneous behavior during equal channel
angular pressing, Scripta Materialia, 54, pp.
1865-1869, 2006.
[9] S.C. Yoon, P. Quang, S.I. Hong and H.S. Kim, Die
design for homogeneous plastic deformation during
equal channel angular processing, Journal of
Materials Processing Technology, 187-188, pp.
46-50, 2007.
[10] R. YE. Lapovok, The role of back-pressure in ,
Advanced Engineering Materials, 9, No. 7, pp.
572-576, 2007.
[11] .11. Masakazu Kamachi, Minoru Furukawa, Zenji
Horita and Terence G. Langdon, ‘A model
investigation of the shearing characteristics in equal
channel angular processing’, Materials Science and
Engineering, A 347, pp. 223- 230, 2003.

64

[12] S. Li, M.A.M. Bourke, I.J. Beyerlein, D.J.
Alexander and B. Clausen, ‘Finite element analysis
of the plastic deformation zone and working load in
equal channel angular extrusion’, Materials Science
and Engineering, A 382, pp. 217-236, 2004.
[13] A.V. Nagasekhar, Yip Tick-Hon, S. Li and H.P.
Seow, ‘Stress and strain histories in equal channel
angular extrusion/processing’, Materials Science
and Engineering, A 423, pp. 143-147, 2006.
[14] Neil de Medeiros, Shimeni Ribeiro Baptista,
Luciano Pessanha Moreira, Jeffersn Fabricio
Cadoso Lins and Jayme Pereira de Gouvea,
‘Computational simulation of an IF-steel deformed
by equal channel angular pressing via the finite
element method’, Mechanics of solids in Brazil
2007, Brazilian Society of Mechanical Sciences and
Engineering, ISBN 978-85-85769-30-7.

www.ijerm.com

