Journal of Advanced Materials and Technologies: Vol. 13, No. 1, (Spring 2024), 1-11

Journal of Advanced Materials and Technologies

Materials and Energy
Research Center

Journal Homepage: www.jamt.ir MERC

Original Research Article - Extended Abstract

Simulation of Developed Texture During Warm Rolling of IF Steel

Alireza Kolahi

Assistant Professor, Department of Nanotechnology and Advanced Materials, Materials and Energy Research Center, Karaj, Iran.

*Corresponding Author’s Email: arkolahi@merc.ac.ir and arkolahi@yahoo.com (A. Kolahi)

Paper History:
Received: 2023-07-30
Revised: 2023-08-13
Accepted: 2024-03-10

Abstract: Precise prediction of the texture component and simulation of the microstructure evolution facilitate
the control and design of the final mechanical and physical properties. Through coupling the finite element
simulation and crystal plasticity modelling, the current study introduced a robust technique for predicting the
texture component after warm rolling. The simulation was then performed at two temperatures of 300 and 500°C

Keywords: for warm rolling. To calculate the appropriate hardening parameters for the crystal plasticity simulation, the
Texture, experimental flow curves were obtained from torsion tests at the same temperatures of warm rolling. The
Simulation, presented framework predicted the texture components and associated intensities accurately. This was confirmed
Warm Rolling, followed by comparing the results with the experimental ones. The proposed approach also predicted the flow

Finite Element Method,
Crystal Plasticity Modelling

curves correctly and precisely, as further proved by comparing the simulated flow curve based on the
experimental flow curves. Revealing the effect of deformation gradient on the texture evolution, the simulation

also showed that the shear components imposed by friction rotated the texture components along the ND

direction of the specimen.
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1. INTRODUCTION

The orientation and morphological distribution of
the grains and strengthening phases are known as texture
in materials science and technology context (Kocks
2000). The importance of the texture of the materials lies
in the fact that a majority of their properties are texture
dependent. After plastic deformation, recrystallization,
and phase transformation, the materials usually take a
new texture which in turn justifies the significance of
simulation and modelling of the texture evolution.

Warm rolling reduces the production costs by
eliminating the cost and times spent on cold rolling,
decreasing the temperature of the preheat furnace,
lowering rollers wear and material loss associated with
cold rolling (Esling et al., 1982). Many material features
such as grain size, strength, toughness and especially,
Lankford’s value (R-value) (Engler & Randle, 2009;
Thakur et al., 2022) are more modified by warm rolling,
compared to the cold rolling. It is only in the recent
decades that texture evolution and physical metallurgy
of warm rolling has gained attention in the scientific
communities. Some studies on the texture and
microstructure evolution such as (Hawkins &
Shuttleworth, 1979; Senuma et al., 1990; Thakur et al.,
2022) can be recognized as a precious investigation on
this topic. However, these studies do not conclude
enough comprehensive aspects of warm rolling of IF
and low carbon steels. Halder et al. (Hu et al., 2020) and
Kolahi et al. (Kolahi et al., 2009) are among a few
research groups who experimentally studied the texture
and microstructure evolution in a wide range of
temperatures and deformation. Numerical study and
simulation based on crystal plasticity fundamentals
(Barnett & Jonas, 1997b; Kocks, 2000; Zebarjadi Sar et
al., 2018) can reveal more aspects of texture and

anisotropic mechanical behavior of the materials during
warm rolling and can broaden the scientific horizons on
the fundamentals of the texture evolution in warm
rolling. To better understand the microstructural
evolution during warm rolling of IF steels, this study
employed Visco-Plastic Self-Consistent (VPSC) crystal
plasticity (Kestens & Jonas, 1997) modelling in
conjunction with finite element method to simulate the
textural evolution during warm rolling. Of note, in
addition to the texture evolution, grain refinement
during severe plastic deformation and deformation
gradient during warm rolling are also considered in
simulations. In this regard, attempts were made to verify
the results using the experimental observations.

2. MATERIALS AND METHODS

2.1. Materials and Experimental Procedure

The material used in this investigation is Ti-added IF
steel with chemical analysis briefed in Table 1. This
material was provided by Geelong Technology Precinct
(GTP) research center of Deakin University.

Table 1. Chemical composition of IF steel under
investigation

Chemic C N Mn P Cu Ni Ti

al
Wt.% 000 000 015 000 0.00 0.00 0.0
6 2 3 7 5 7 8

The specimens with the dimensions of 10*35*100
mm were cut for the next warm rolling. For warm rolling
operations, the operation temperatures of 300°C and 500
°C were chosen, and the equivalent strain of 4 mm/mm
was imposed on the specimens. The diameter of the rolls
and rolling rate were set as 350 mm and 15 rpm,
respectively. To experimentally study the texture
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development, Electron Back-Scattered Technique
(EBSD) was then employed along with LEO1530 FE-
SEM. To analyze the evolved texture after warm rolling,
HKL technology software was utilized. The
experimental orientation distribution and obtained pole
figures extracted from this software were used to verify
the crystal plasticity simulation.

To calculate the appropriate hardening parameters
for the crystal plasticity simulation, the experimental
flow curves were obtained from torsion tests at the two
temperatures of 300 °C and 500 °C. In fact, these curves
were employed to verify the used parameter for Voce
hardening model designed in the current simulation.

2.2. Numerical investigations and Simulation
procedure

Two aspects must be carefully taken into account
while investigating each crystal plasticity: 1-
macroscopic scale, i.e., convenient macroscopic
deformation history, and 2- provided crystallographic
properties and robust crystal plasticity model. To ensure
higher accuracy in both aspects in this study, a
combination of Finite Element method and VPSC
crystal plasticity method was employed.

2.3. Finite element simulation

To calculate the macroscopic deformation history,
finite element simulation was performed using
ABAQUS, i.e., commercial FEM software. To model
warm rolling, two dimensional elements were utilized.
Using this type of library for elements leads to more
economical calculations, and the same results in
comparison of three-dimensional simulations would
justify it. In addition, the geometrical symmetry along
the ND direction was assumed to construct the model for
warm rolling.

The wheel and specimen dimensions of the rolls
were chosen based on their experimental counterparts.
The simulation was performed at the two temperatures
of 300 and 500 °C. The Young’s Modulus and Poisson’s
Ratio of the IF steel were obtained as 210 GPa and 0.33,
respectively. For the initial contact of the specimen with
the roller, the initial velocity of 0.3 m/s was imposed on
the specimen. This amount was calculated based on the
linear velocity of the roller. The friction coefficient
between the specimen and roller was assumed to be 0.25
which is the indicator of slipping friction condition. The
size of the used elements for finite element simulation
was calculated based on mesh sensitivity analysis. The
global size of 2mm was determined to be appropriate for
this analysis. After the simulation, the deformation
history was calculated by the plastic strain tensor
components. The velocity gradient tensor could be
calculated by the following equation for any desired
element:

Eyj = % @
where Ef] and E}] are the components of strain tensor

at two consecutive times, and At is the time increment.

2.4. Crystal Plasticity Simulation

The deformation history obtained by Equation (1)
can be directly used as an input for VPSC code. This
code considers a viscoplastic constitutive equation to
relate stress and strain to each other both in macroscopic
and microscopic states.

3.RESULTS AND DISCUSSION

Figures 1 illustrates the simulated pole figures at 300
°C at the surface of the specimen. The observed fibers
from this simulation are RD||<110> and ND|| {111} that
are compatible with the results obtained by Kolahi et al.
(Kolahi et al., 2009). However, the notable difference in
these pole figures is the rotation of texture components
along the ND direction of the specimen. This rotation is
proportional to the amount of shear component, and the
shear component of the strain tensor increases upon
increasing the amount of this anti-clock wise rotation.
The analysis of the texture of the deformed specimen at
500 °C led to the same results. Figure 2 shows the same
simulated pole figures. Here, the texture components
rotate anti-clock-wise upon increasing the amount of
shear component of the strain tensor.

These texture components were also reproduced
qualitatively through further experimental
investigations. Fig. 3 presents the results of the EBSD
analysis at 500 °C at the same strain level in the
simulation. The similarity of the texture components and
intensity obtained from the experiments with the
simulated one, again verifies the conducted crystal
plasticity —simulations. A  comparison of the
experimental and simulated results suggests that the
simulation can successfully predict the texture
components and intensities, showing the robustness and
efficiency of the current presented methodology in
predicting the texture development after plastic
deformation.

Figure 4 presents the activation of each slip system
during warm rolling at two temperatures of 300 and
500°C. It also indicates that the role of secondary
{112}<111> slip system in the deformation and texture
evolution is more pronounced at 5000C.
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Figure 1. Simulated pole figure for the surface at 300 °C
Rolling.
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Figure 2. Simulated pole figure for the surface at 500 °C
Rolling.
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Figure 4. The fraction of activated slip systems during warm rolling.

4. CONCLUSION

The proposed approach used for the simulation

confirmed that:

The shear component of strain tensor affected the
texture evolution.

The friction stress rotated the texture component
along the ND direction.

This simulation indicated that the role of secondary
{112} <111> slip system in the deformation and
texture evolution was more pronounced at 500 °C.
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