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Abstract

Flow line model as an efficient model in ECAP process analysis is
based on functions that evaluate the material plastic flow inside the
die. Among the various flow functions, the general flow function has
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this function have so far been considered as fixed parameters in
calculating velocity and velocity gradient fields. Previous studies
have shown a relatively linear relationship between the power in the
function and the initial position of the flow lines. Accordingly, in the
present work, the mentioned fields have been calculated based on
the variable power and in order to investigate its effect, the
experimental results of the ECAP process with an angle of 90 degree
of aluminum alloy AA2124 have been used. The experimental flow
lines were analyzed to find the linear relationship between the
function’s power and the initial position of the flow lines.
Simulations of the texture evolution were carried out subsequently
using the general flow function in both constant and variable power
conditions. Comparison of the simulated textures with the
experimental results showed a much better performance of the
variable power mode; in such a way that compared to the constant
power condition, the deviation in the position of the simulated
texture components in the variable power mode is significantly
lower. However, the change in the power mode of the function did
not show a significant effect on the intensity of the simulated texture.
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Effect of the power type of the general flow function on the texture simulation of ECAP process

Extended Abstract

Introduction

Among the severe plastic deformation (SPD)
methods used to produce nanostructured
bulk materials, equal channel angular
pressing (ECAP) as one of the most widely
used of these processes has attracted the
attention of many researchers over the past
decades. Several models have been
proposed to describe the deformation
manner in ECAE. Simple shear model [1] is
the first and most widely used deformation
model. In this approach, the simple shear
deformation is localized in a narrow zone
around the intersection plane of the inlet
and outlet channels. However, experimental
observations [1, 3, 4] and finite element
simulations [5, 6], however, showed that the
flow lines can be quite rounded. These
rounded flow lines were then modeled
basically by two approaches; the fan-model
[7] and the flow line model [4]. The second
model, which has a higher ability to interpret
the flow lines, is the main subject of the
present work. So, the first power-law flow
line model was developed for a 90° die
without rounding of the corners [4]; and
then it has been adapted s for the 120° die
[9]. Both of them are based on an analytic
flow line function using only one parameter;
which was not capable to describe the input
and output deviations revealed in the
experimental and simulated flow lines. So, a
general power-law flow line function is
presented subsequently [10, 11], which
consists of three parameters (n, @, m); the
parameter n control the sharpness of the
flow line and the parameter a and m makes
the input and output deviations on the flow
line. In the previous studies [10, 11], all of
these parameters were considered constant
during derivations in order to find the
velocity field and velocity gradients. So,
variation of these parameters affect
obviously the flow function behavior. As a
result, one can expect occurrence of some
differences between the obtained velocity
field and velocity gradients from the two
different conditions of constant or variable
parameters. The main part of the applied
strain is imposed on the material in the
curved part of the flow line; and it highlights
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the importance of examining the n
parameter. So, we focus on the exponent "n”
and analyze the effect of its variation on the
texture simulation in ECAP process. It should
be noted that another flow function is
presented and developed to interpret
NECAP and DECLE [12-15] processes.
Although these function have a relative
ability to analyze the ECAP process, however
it has not the high capabilities of the general
flow function in analyzing this process.

Materials and Methods

Analyzing of the experimental flow lines
revealed a linear relationship between the
Xo and n parameter [10, 11]. So, the initial
position Xo, and consequently the n

parameter, could be defined as a function of
x and y, using the general flow function. As
the result, the n parameter has been
considered as a variable parameter during
first and second derivations of the flow line
in order to find the velocity field and velocity
gradient components. The experimental
flow lines of an AA2124 aluminum alloy
sample attained from 90 degree ECAP
experiment, originally presented in the
previous work [12], were analyzed using the
general flow function. So, the respected
parameters of the flow lines were found and
linear variation of the n parameter with x0
for the flow lines was obtained,
subsequently. Effect of the variation of n
parameter can be illustrated by successful
modeling of the texture development. So the
texture evolution of the Al ECAP sample
(published previously [12]) has been
simulated using the velocity gradients
defined by variable and constant n
parameter. The ATEX software [16] was
employed to plotting of the ODF (orientation
distribution function) in two different ¢, =
0° and 45° sections of the textures. Based on
the plane of the samples in which the
textures were measured, the corresponding
flow line with respected parameters was
considered. Texture simulations have been
carried out employing viscoplastic self-
consistent (VPSC) model [17] and the 12
{111} <110> type slip systems [18] were
used. The Zhou et al. approach [19] was used
for Strain hardening simulation. Other
simulation parameters are considered
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according to reference [12].

Results and Discussion

The experimental texture contains the
expected shear components; with different
deviations from the ideal positions. The
deviation angles of the simulated texture
components (using both n conditions) from
the corresponding experimental positions
have been measured. For all components,
the deviation angles in the variable n
condition are considerably lower than the
constant condition. In the variable condition
of the n parameter, the largest value of
deviation belongs to the C component; the
deviation angles of the other components
are below one degree, and even for the A;*
component almost no deviation is observed.
It is quite clear that variable condition of the
n parameter have provided much better
simulation results than constant condition;
however, there is no considerable difference
in the relative peak intensities between the
simulated textures under two different n
condition.

Conclusion

The obtained results can be summarized as:
-The experimental data illustrated a direct
relation between parameter n of the general
flow function and initial position of the flow
line x0. It means that the n parameter could
be considered as a variable parameter
during derivations in order to find the
velocity fields and velocity gradient
components.

-Variable n condition produced a better
simulated texture than the constant n; so,
considerable lower deviations were
obtained in the simulated texture
components using variable n, compare to the
experiment.

-Variation in the n condition had not
considerable effect on the simulated texture
peak intensity.
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