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Abstract. The mechanical properties of medium manganese steels with TRIP
effect, which are typical of third generation automotive steels due to their high
strength and plasticity are heavily dependent on their microstructure. Therefore,
realistic microstructure based computational modeling of themechanical behavior
of mediummanganese steels is built in the current research., and a user subroutine
is developed to couple the martensitic phase transformation model. Virtual ten-
sile process simulations are carried out using the representative volume element
method to investigate the stress-strain partitioning and TRIP effects in the load-
bearing process of medium-manganese steels. A comparison with experimental
data is made to verify the accuracy of the method.
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1 Introduction

The Mn content of medium manganese steel is about 3 ~ 12 percent. It has excellent
performance. Such as high strength, good plasticity and other characteristics in line with
the third generation of advanced high strength steel characteristics. Manganese steel as
a potential candidate steel has been actively studied because of its good balance between
material cost and mechanical properties. It makes use of TRIP effect plasticizing mech-
anism to redistribute stress and strain in different phases of steel during deformation. As
a result, the local stress concentration is effectively alleviated, the strength and plasticity
of medium manganese steel are enhanced, and the elongation of steel is improved. At
present, the TRIP effect is mainly studied on TRIP steel composed of residual austenite,
ferrite and bainite multiphase, but the medium manganese steel without deformation is
a two-phase TRIP steel containing only ferrite and residual austenite [1]. And because
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the concrete plastic instability behavior of medium manganese steel is different from
that of traditional steel, there are few studies on the microstructure changes of medium
manganese steel under the action of external forces, so the physical mechanism behind
it is not clear. Therefore, RVE simulation of mechanical behavior of mediummanganese
steel based on real microstructure has profound significance.

In this study, the real microstructure of medium manganese steel obtained by SEM
was used to establish a two-dimensional RVE finite element model. The criterion of
martensitic transformation based on OC model [2] is introduced. On this basis, the
ABAQUS phase change subroutine implemented by Fortran language is introduced.
The microstructure evolution of medium manganese steel was successfully simulated
by introducing the residual austenite phase change subroutine and without considering
the phase change state. The effect ofmartensitic transformation onmechanical properties
of medium manganese steel was studied.

2 Experimental

The composition of medium manganese steel used in this study is 0.06 wt% C, 6.0 wt%
Mn and 0.95 wt%Al. The tensile test instrument is Shimadzu AG-100kN electronic uni-
versal testing machine. The tensile test was carried out in displacement controlled mode
at room temperature. The tensile speed is 2 mm/min. After stretching, the engineering
stress-strain curves and the flow stress-strain values of austenite, ferrite and martensite
phases were obtained by nano indentation test for RVE simulation.

In this study, scanning electron microscope (SEM) was used to characterize the
medium manganese steel samples before stretching. Thus, it is used to establish the
microstructure of finite element simulation. The preparation of samples in the early
stage of SEM detection can be roughly divided into three parts: insert, grinding and
mechanical polishing. Immediately after mechanical polishing, rinse with alcohol and
dry quickly with cold air. Then it can be used for SEM observation. The microstructure
of the sample observed by SEM is shown in Fig. 1.

Fig. 1. Schematic diagram of the sample microstructure observed by SEM.
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3 Finite Element Model and Boundary Conditions

3.1 Establishment of Finite Element Model

In this study, Python was used to segment SEM microstructure images to define the
phase boundary between ferrite and residual austenite in materials. After obtaining the
microstructure profile, the STP format file needed for RVE simulation was exported. The
STP format files obtained after vectorization were imported into ABAQUS as sketches.
Then a new shell with the same size as themicrostructure diagram is built as thematrix of
thematerial. Partition on the newshell using the imported sketch. The crust can be divided
into ferrite and retained austenite. Then a two-dimensional plane model based on the
actualmicrostructure ofmediummanganese steel as shown in Fig. 2 is established.Green
represents residual austenite and white ferrite. It is then possible to set the parameters
of the simulation so that the results can accurately reflect the mechanical properties of
the experimental material.

3.2 Boundary Conditions

The establishment of appropriate boundary conditions is conducive to better simulation
of uniaxial tensile test. RVE finite element simulation uses homogeneous boundary con-
ditions. Boundary conditions are applied to the outer edge of the microstructure image,
as shown in Fig. 3. The finite element simulation of uniaxial stress-strain characteristics
is carried out under displacement control mode. The displacement is applied to the upper
boundary along the Y-axis, which is also the loading direction of the tensile test. And the
freedom of the upper boundary in the X direction is not constrained. All nodes along the
left boundary are constrained in the X direction (not allowed to move), but are allowed to
move unconstrained in the Y direction. All nodes along the lower edge are not allowed
to move in the Y direction, but are free to move in the X direction. During tensile loading
along the y direction, the nodes on the upper edge are also allowed to move along the
X direction. In addition, the multi-node constraint is applied to all nodes on the right
boundary requiring the same displacement in the X direction.

Fig. 2. Two-dimensional plane model of actual microstructure.
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Fig. 3. Boundary conditions applied to microstructure.

4 Results and Discussion

4.1 Influence of Stress-Induced Martensitic Transformation on Stress-Strain
Distribution of Medium Manganese Steel

Mises stress distribution was simulated from Fig. 4 under the strain condition of ε =
14.69%. Austenite bears more stress than ferrite regardless of phase transition. It shows
that ferrite is the soft phase and austenite is the hard phase under this strain. When the
phase transformation process is not considered, the austenite stress distribution range is
1000–1250 MPa, and the ferrite stress distribution range is 860–980 MPa. After consid-
ering the transformation process, the stress distribution of austenite changes to 1050–
2600MPa, and the stress distribution range of ferrite hardly changes. It can be concluded
that under the action of stress-induced martensitic transformation, the strain hardening
ability is stronger than that of ferrite austenite. When the deformation of medium man-
ganese steel reaches a certain threshold (πC = 15 MPa), the residual austenite will be
transformed into martensite. During the phase transformation, the volume fraction of
martensite increases while that of retained austenite decreases. One of the main proper-
ties ofmartensite is its high strength and hardness. Therefore, theMises stress was higher
than that of the original austenite with improved mechanical properties. As a result, the
overall strength of the material is increased and the plasticity is retained. Under the strain
condition of ε = 14.69%, the strain distribution of medium manganese steel can be seen
from the true strain distribution in Fig. 5. That is, ferrite bears more strain than austenite
regardless of whether martensitic transformation is considered. The strain distribution
range of austenite under phase transformation is higher than that without martensitic
transformation.
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Fig. 4. Results of Mises stress distribution at ε = 14.69%: (a) phase-free subroutine austenite;
(b) Phase-free subroutine ferrite; (c) austenite with phase variant subroutine; (d) Austenite with
phase variant subroutine.

Fig. 5. Real strain distribution of simulation results when ε = 14.69%: (a) phase-free subrou-
tine austenite; (b) Phase-free subroutine ferrite; (c) austenite with phase variant subroutine; (d)
Austenite with phase variant subroutine.
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Fig. 6. Comparison of simulated and experimental stress-strain curves.

4.2 Comparative Analysis of Real Stress-Strain Curves in Experimental
and Virtual Tensile Processes

Figure 6 shows the comparison of simulated and experimental stress-strain curves. It can
be seen that the results of RVE simulation on the sample fit well with the real stress-strain
curve obtained from the experiment, but the elastic deformation part of the simulation
curve is longer than that of the experiment curve. And the yield stress of the three samples
is much larger than the experimental results. After comprehensive analysis, it is likely
that the stress - strain curves of each phase are inaccurate. Compared with the RVE
simulation without considering phase transition, the fracture of the sample is delayed
and its ultimate strength becomes higher when phase transition is considered. It shows
that the ductility of medium manganese steel increases at this time, which verifies that
the martensitic transformation in medium manganese steel will increase its elongation.

5 Conclusions

In this study, a two-dimensional plane RVE model established based on the real SEM
microstructure was developed to simulate the microstructure evolution of medium man-
ganese steel during virtual tension process, and martensitic transformation was coupled
in the model. Based on this, a series of analyses are made. The main conclusions are as
follows:

(1) Compared with the simulation results without phase change subroutine, the stress
and strain distribution of residual austenite and ferrite changes with phase change
considered. The distribution range of stress and strain under austenite becomes
higher.

(2) The RVE simulation results of samples fit well with the real stress-strain curves
obtained from experiments. Considering that the fracture of the sample is delayed
and its ultimate strength becomes higher, it is verified that the medium martensitic
transformation ofmediummanganese steelwill increase its ductility and elongation.
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