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Abstract

Multiscale modelling of stress and strain partitioning in Dual Phase (DP) steel was carried out using both realistic mi-
crostructure-based Representative Volume Element (RVE) models as well as stochastic microstructures generated by
Monte Carlo (MC) method. The stochastic microstructure models were shown to resemble that of realistic microstruc-
tures, enabling research on the specific aspects of the microstructure that could be difficult to control and study during ex-
perimental work. One such feature of the realistic microstructures studied in this work was the grain size and microstruc-
ture morphology. The microstructures were generated with varying average grain sizes while all other parameters, such as
boundary conditions, material properties and volume fractions of martensite and ferrite were kept constant. It is found that
the effect of grain size is much more pronounced during the initial localisation of the plastic deformation at and around
the interface of the phases. In addition, the decrease in ductility and increase in strength of the DP steels are directly relat-
ed to the refinement of grain sizes of each phase and the stress-strain partitioning in between them.
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1. INTRODUCTION

Research on Advanced High Strength Steels
(AHSS) is stimulated by the need to understand (and
benefit from) the profound microstructural effects of
these materials and achieve the desired balance be-
tween the strength and durability. The so called third
generation AHSS steels are expected to fill the gap
between the ideal balance of the strength, ductility
and the complex and costly manufacturing issues
(Wagoner, 2006). Problems involved in the forming
of AHSS are very similar to those encountered in the
forming of conventional steels. However, the com-
plex microstructural phenomena in AHSS accentu-
ates some of the manufacturing issues such as higher
loads on presses and tools, greater energy require-
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ments and increased need for springback compensa-
tion and control. During forming process, AHSS
sheets have greater tendency to wrinkle because of
the lack of adequate binder force and often a reduc-
tion in sheet thickness. Dual Phase (DP) steel is
a well-studied AHSS with numerous research and
applied works carried out on its forming, springback
and crash simulation and experiments (Al-Abbasi &
Nemes, 2003; Jacques et al., 2007; Lani et al., 2003;
Lani et al., 2007; Nygards & Gudmundson, 2002;
Rashid, 1981; Saleh & Priestner, 2001; Sun, X. et
al., 2009a; Wagoner, 2006). The microstructure of
DP steel contains a soft ferrite matrix with hard mar-
tensite inclusions and in some cases small amounts
of retained austenite or other phases (Zaefferer et al.,
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2004). DP steels have high tensile strengths as well
as moderate total elongations, excellent for automo-
tive applications such as cold-pressed wheel rims,
B-pillars or other body-in-white parts (De Cosmo et
al., 1999; Konieczny, 2001; Konieczny et al., 2001).
Due to unique combination of soft and hard phases
in DP steel, the microstructural configuration influ-
ences the stress-strain curve. In other AHSS such as
Transformation Induced Plasticity (TRIP), phase
transformation plays a significant role too but the
composite effect of microstructural features remains
to be similar to that of DP steel. In DP steel, the
yield stress is determined by the onset of the plastic
flow in the soft phase, ferrite. At this stage, marten-
site is still in the elastic region. With higher applied
stress, the material exhibits exceptional work hard-
ening behaviour. Therefore, strain partitioning oc-
curs in the two phases such that in the soft phase the
strain and in the hard phase the stress remains above
the mean value of the composite DP steel. The easi-
est and straight forward way to explain this behav-
iour is by using the mixture rule of composite struc-
tures (Hulka, 2003). However, the simple additive
rule of mixtures is only valid for the axial compo-
nents of flow stress and strain of the phases (Dietrich
et al.,, 1993). The partitioning of stress and strain
between the ferrite and martensite phases are re-
quired to be known to calculate the flow behaviour
of the dual phase. For a two phase composite struc-
ture, this partitioning can be characterised by the
ratio m defined in figure 1 as the slope of the tie line
which joins correlated stresses and strains in the soft
ferrite (F) and hard martensite (M) and the compo-
site structure, DP steel (Dietrich et al., 1993). Corre-
sponding states of soft and hard phase are essentially
defined by the time step of the micro-scale model.
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Fig. 1. Schematic stress-strain relationship between hard phase
(martensite), soft phase (ferrite) and the composite structure
(DP steel) described in terms of m slope of the line joining
corresponding state in the two phases.

Shown in figure 1, at any given point in time, the
hard phase (M) could experience higher stresses and
lower deformation than what will be experienced by
the soft phase (F).

Instead of the simple rule of mixtures, a realistic
microstructure modelling technique can be used to
investigate stress and strain partitioning in DP steels
(Asgari et al., 2009). In this multiscale context, the
finite element modelling is employed to provide
a predictive capability for microstructure design of
DP steels in which material properties are resulted
from only few input parameters relevant to the con-
stituent phases. In recent years, the realistic micro-
structure modelling technique has been greatly ex-
ploited to analyse and study the different microme-
chanical features of DP steels and other AHSS. Sun
and co-workers have performed micromechanical
failure analysis based on the actual microstructure of
DP steels (Sun, X. et al., 2009a). In their study, het-
erogeneity of the microstructure is used to initiate
the plastic localisation due to the incompatible de-
formation between hard martensite and soft ferrite.
The ultimate failure of the material is therefore dic-
tated by the initial microstructural inhomogeneity
which translates into coalescence of the highly
strained regions in the RVE (Sun, X. et al., 2009a).
In a series of similar works (Choi et al., 2009a;
2009b; Choi et al., 2010; Cong et al., 2009; Soulami
et al., 2010; Soulami et al., 2011; Sun, X. et al.,
2009a; Sun, X. et al., 2009b), they have used realis-
tic microstructure-based modelling to study the ef-
fect of various parameters and features on ductility
and failure of DP and TRIP steels. In one example,
Sun et al. used various microstructure-based models
with different volume fraction of martensite and
varying distributions of micro voids to study the
ductility of the DP steels (Sun, X. et al., 2009b). The
effect of pre-existing micro voids on reduction of
ductility were found to be more pronounced when
the volume fraction of martensite was less than 15%.
When the volume fraction of martensite is above
15%, the overall ductility is found to be influenced
by the incompatible deformation between martensite
and ferrite. The size of Optical Micrographs (OMs)
that Sun and co-worker have studied range between
51 to 92 um. Their models are considered to be in
the state of plane stress with displacement boundary
conditions defined to simulate the uniaxial tensile
loading along the rolling direction defined as x di-
rection in the RVEs. The right side of RVE is dis-
placed in x direction, the left side is fixed in x direc-
tion while both sides are left free in y direction. The
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macroscopic engineering stresses are calculated by
using the reaction force of the RVE in the x direc-
tion divided by the initial area and engineering
strains are calculated by dividing the displacement
of the right edge with the initial length of the model.
This method of setting up and running an RVE mod-
el has two drawbacks. First, the engineering strain is
prescribed by the user and second, the effect of vari-
ous initial sizes of the RVEs, which is explicitly
embedded in the results, is ignored. Furthermore, the
application of displacement boundary condition, as
well as traction boundary conditions are shown not
to be suitable to represent a microstructure statistical-
ly (Kouznetsova, 2002). It is well known in the liter-
ature that periodic boundary conditions are much
more representative when an RVE is being used,
even if the microstructure is not physically periodic
(Terada et al., 2000; Van der Sluis et al., 2000).
When displacement or traction boundaries are used
the sampling size of the RVE must be significantly
increased to include enough microstructural infor-
mation into simulation (Kouznetsova, 2002).

In this paper, we use periodic boundary condi-
tions on RVEs that are created from the realistic
microstructure as well as RVEs that are created sto-
chastically with only one varying parameter, the
grain size. The microstructures that are created using
Monte Carlo simulations of grain growth significant-
ly resemble the actual micrographs of DP steels, thus
enabling us to study the effect of grain size variation
and sampling of microstructure information while all
other parameters and features in the multiscale mod-
els are kept constant.

2. METHODOLOGY

2.1. Realistic microstructure-based RVEs

Two commercial grade steels of DP590 and
DP1000 were selected for this study. The chemical
composition and volume fraction of constituent
phases for the two DP steels are shown in table 1.

The experimental results on the evolution of the
local stress and strain of in-situ tensile tests of
DP1000 steel using Digital Image Correlation (DIC)

technique are documented by Ghadbeigi et al.
(2010). Similarly, the experimental results on uniax-
ial tensile test and stretch forming of DP590 are
established by Nikhare et al. (2010). The realistic
microstructure models of these steels were generated
using Optical Micrographs) OMs based on a proce-
dure explained in more details in a previous study
(Asgari et al., 2009). The material properties of fer-
rite and martensite were defined by using the stress-
strain curves of each constituent phase as an elasto-
plastic material (figure 2). The stress—strain curves
of each phase were obtained from experimental
measurements of Delannay and co-workers as pre-
sented in Delannay et al. (2005)

The models are assumed to be in a quasi-static
state, where inertia effects are ignored. The von
Mises yield condition is assumed for martensite and
ferrite given by

f=0—o0y (1
The equivalent stress, g, is given by

3
o= |5 00; (2)

ij
yield stress oy is taken to be a function of the equiv-
alent plastic strain to describe the isotropic harden-
ing behaviour of the single phases, as shown in fig-
ure 2. In a previous study (Asgari et al., 2009), we
have developed a sub-volume homogenisation
method in which a finite number (7;,) of RVEs could
be selected and the macroscopic stress components
were found by a global averaging scheme over all
selected RVEs. In this work the value of 1;, = 1 was
used, and the macroscopic stress was found by
a volume averaging over the domain of the selected
RVE. The same number of nodes was used on the
left and right sides as well as top and bottom of the
RVEs and the periodic boundary conditions were
prescribed on each model to ensure a representative-
ness of RVE is achieved.

with the deviatoric stresses o;; = 0;j — 0y /3. The

Table 1. Chemical composition of selected commercial DP steels from (Ghadbeigi et al., 2010; Nikhare et al., 2010).
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) Chemical composition, wt%
Steel Grade Thickness
C Mn Si Al Nb Cr \ Ni
DP590 1.97 mm 0.069 1.410 1.040 0.022 0.011 - - -
DP1000 1.5 mm 0.152 1.53 0.474 - - 0.028 0.011 0.033
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Fig. 2. Stress—strain curves of single phases used in the microscale model.

2.2. Stochastic RVEs created by Monte Carlo
grain growth simulation

To study the effect of microstructure morpholo-
gy and grain size of DP steel while all other parame-
ters are kept constant, we use a stochastic Monte
Carlo simulation method to control the static grain
growth and generate initial microstructures. These
microstructures are then meshed and studied with
the same technique described in previous section for
the realistic micrographs of DP steel.

A review of MC Potts model is provided by
(Miodownik, 2002), and here we describe the steps
relevant to the generation of microstructures in this
work. The microstructures are generated from a ran-
dom distribution of the cubic 2D lattices. The ran-
dom state was reset at the beginning of each micro-
structure generation therefore resulting in micro-
structures that have same random distribution with
the only controlled difference being the grain size
due to initially prescribed lattice sizes. The lattice
sizes were chosen to be in the range of 1/30 to 1/480
um. Here we use Monte Carlo Q-state Potts method
with modifications described by (Ming Huang et al.,
2006; Zheng et al., 2006) to simulate the recrystalli-
zation from these initial random lattice distributions.
In this type of MC Potts model, the grain growth is
controlled by the grain boundary energy inside each
phase as well as the interfacial energy between two
phases. A two dimensional triangular domain of 1x1
mm is considered in which NxN lattices are dis-
persed. The energy of the whole system is found by
its Hamiltonian defined as

1 2
H= E]MF Z?’:l ?:1 (1 - 55i5j) +

1 Ny K
E]M Y1 j:Il (1 - 6Qsz)
1 Np <K
+5]F Yty jil(l - 6Pin) + NpEp + NyEy (3)

where N2 is the total number of lattice sites, Nr and
N,, are the number ferrite and martensite lattice sites
with Ny + Ny, = N2, and K is the number of nearest
neighbours of a lattice site with K and Kj; occupied
by ferrite and martensite, respectively, and Ky +
Kr = K. The interfacial energy between ferrite and
martensite is defined by Jyr while Jgp, Jyy and Ep,
E), are proportional to grain boundary energy and
surface energy of ferrite and martensite, respective-
ly. 65i5j (or 6Qin, (Spipj) is the Kronecker delta
function with 65i5j = 1if §; =S§; where S; (or §j)
indicate the type of phase ferrite (or martensite), Q;
(or Q) and P; (or P;) are the orientation indices of
ferrite and martensite at sites i (or j), respectively.
Once the free energy of a lattice site is calculat-
ed, another random site is chosen and the free ener-
gy is calculated with the newly chosen crystallo-
graphic orientation. Depending on the change of
energy, the new orientation is accepted with a prob-
ability index using Metropolis algorithm (Metropolis
et al., 1953). The reorientation and grain growth
takes place in instances when two randomly selected
lattice sites (i.e. the initial site and one of its nearest
neighbours) belong to the same ferrite or martensite
phase, otherwise a site exchange is performed.
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crographs. The heterogencous

800.00 1 elements were cut off at a thresh-
o) ..
0000 | 686.49um old of 90% using an unc'ondltlon-
al refinement. As such if an ele-
o ment had more than 10% hetero-
geneity it was refined into two
500.00 separate elements of either four-
£ node quadrilateral or three-node
§ 5 tetrahedral element.
The FE models were then im-
00009 254.03pm ported into Abaqus 6.10 software
p—— package for processing. Defini-
tion of boundary conditions and
107.31 pum . . .
100.00 - material properties was carried
46.73pm o C
- 22.09 1m out similar to the realistic micro-
0.00 - T g — structure-based RVE simulation
1/30 1/60 1/120 1/240 1/480

Lattice size (um)

Fig. 3. The predicted Average Grain Size (AGS) at the last Monte Carlo step based on

varying initial lattice size.

In this work, the grain growth procedure was
carried out using 100 Monte Carlo steps to ensure
a stabilised Average Grain Size (AGS) is achieved
in the final microstructure. The AGS of each micro-
structure was directly related to the initial lattice size
as shown in figure 3. Therefore, the lattice size,
which is the only prescribed input parameter, is used
throughout this work as a direct measure of AGS for
each microstructure to study the effect of grain size
variation. When the lattice size is varied, the volume
fraction of martensite and ferrite in the final micro-
structure is dominated by the random state of the
MC model. The predicted volume fractions of ferrite
and martensite are shown in table 2. We assume that
volume fractions of ferrite and martensite are kept
constant when varying the lattice size since small
variation of vp and vy for each different lattice size
is less than 5% as shown in table 2.

Table 2. Predicted volume fraction of ferrite and martensite at

the end of Monte Carlo simulation by varying the initial lattice
size parameter.

Lattice size (um)

1/30 | 1/60 | 1/120 | 1/240 | 1/480

Volume fraction of

ferrite (vp) 0.66 [ 0.62 [ 0.65 [ 0.67 [ 0.62

Volume fraction of

martensite (vy) 0.34 | 0.38 | 0.35 | 0.33 | 0.38

The stabilised microstructures at the end of the
last Monte Carlo simulation were used to generate
finite element meshes of the simulated realistic mi-

described in the previous section.
The whole procedure (MC model-
ling, meshing, processing and
post-processing of the results)
was automated using a python
script to loop through various lattice sizes.

3. RESULTS AND DISCUSSION

Figure 4 shows the results of the RVE simula-
tion as opposed to DIC experimental observations of
Ghadbeigi et al. (2010). In the undeformed RVE
simulation, the green (darker) areas are shown as
ferrite and the red (lighter) regions are denoted as
martensite. As an example, an initially undeformed
grain of ferrite indicated by letter A in the DIC ex-
periments are followed in both simulations and DIC
observations. The elongated shapes of this grain is
clearly captured and represented in the RVE simula-
tions. In addition, the stress partitioning found with
the RVE simulation is in strong agreement with the
reported deformation mechanism of DP1000 steel by
Ghadbeigi et al. (2010) in which both ferrite and
martensite experience very similar average stresses
and strain.

The inelastic strain and plastic stress distribution
of each micrograph generated with varying lattice
size in MC model is shown in figure 5. In the first
column of this figure, the MC generated micro-
graphs are shown with blue (dark) area being ferrite
and the magenta (light) area representing martensite.
The grain boundaries, identified by black colour in
these micrographs are given same material proper-
ties similar to the ferrite. Clearly, the grain size and
morphology of the phase distribution in these micro-
graphs changes with varying the lattice size. For the
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coarse grain size, with the lattice size of 1/30 pm,
the large ferrite grains experience a low plastic
stress, while near the grain boundaries the inelastic
strain is at the highest in the ferrite grains. In this
coarse grain case, the disparity of stress and strain
distribution between ferrite and martensite is much
more than micrographs with smaller grain size. In-
deed, as the grain size reduces the flow of ferrite in
between martensite islands becomes more apparent
with the 45° shear bands clearly forming in the ine-
lastic strain distribution.

with the previous works on stress partitioning be-
tween the soft and hard phases in a multiphase mate-
rials (Jacques et al., 2007). The effect of grain size is
also shown in this figure for both phases with refer-
ence to the prescribed lattice size. When the lattice
size increases from 1/30 to 1/480 pm, the grain size
refines significantly too and the strengthening in
both phases becomes apparent. With smaller grain
size, the ductility of the ferrite and martensite phases
reduces marginally as shown in figure 6. In addition,
the lower stress levels reported in figure 6 compared

RVE simulation

DIC experimental (Ghadbeigi, 2010)

Undeformed

Deformed

S, Mises

(Avg: 75%)
+3.383e+04
+3.142e+04
+2.902e+04
+2.662e+04
+2.421e+04
+2.181e+04
+1.940e+04
+1.700e+04
+1.460e+04
+1.219%e+04
+9.78%e+03
+7.386e+03
+4.982e+03

000S6

Fig. 4. Plastic stress distribution in a deformed RVE simulation compared with the DIC experiments for the same micrograph

(Ghadbeigi et al., 2010).

In each of these cases, the per-phase distribution
of stress and strain is calculated and plotted in figure
6. The calculation involves a volume averaged inte-
gral of all elements that belong to a specific phase,
such that the values of stress or strain are summed
over all integration points of these elements and
divided by their total volume. This procedure is re-
peated for each phase independently. More detailed
representation of the volume averaging process is
given in Asgari et al. (2009). From data in this fig-
ure, it is clear that ferrite deforms to higher ductility
at lower strengths while martensite undergoes lower
deformation at higher strengths. This is consistent

to the input data in figure 1 is due the non-uniform
distribution of stresses within the ferrite and marten-
site, also shown in figure 5. Within each phase,
some areas are extremely stressed while other areas
could be at lower stresses, and this consequently
affects the volume averaging performed across each
phase to obtain data in figure 6.

The slope of the tie line joining the stress-strain
values of the two phases at each corresponding de-
formation state was determined as the parameter m
shown in figure 1. Based on stress-strain partitioning
shown in figure 6, the value of parameter m can be
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Plastic stress distribution(MPa)
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Fig. 5. Inelastic strain and plastic stress localisation in microstructures of the same overall size generated with varying initial lattice
size (proportional to the grain size) using Monte Carlo method.

calculated for microstructures with varying lattice
sizes and plotted in figure 7. It is interesting to note
that after a certain level of straining in the micro-
structures, the value of m converges to 1 to 2 GPa
regardless of the initial grain size. The effect of
grain size is however very pronounced near the yield
stress of the DP steel showing that the more grain
size is refined, the higher is the slope of the line
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joining the state of stress between the two phases. In
other words, sensitivity to phase morphology and
grain size is much more pronounced during the
yielding of the phases and the initial stages of the
plastic localisation and as the material deforms the
stress-strain partitioning of the steel converges to
a state that is mainly dominated by factors other than
the grain size and phase morphology.
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Fig. 6. Microscale stress-strain partitioning between ferrite (F) and martensite (M) phases in microstructures with varying lattice

parameters ranging from 1/30 um to 1/480 um.
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Fig. 7. The slope parameter of the joining line between coressponding state of phases at microscale predicted using microstructures with

varying lattice parameters ranging from 1/30 um to 1/480 um.

The micromechanical solutions result in a macro
stress-strain relationship for the DP590 steel, which
is calculated during FE model and plotted in figure
8. The yield strength of this steel is expressed in its
designation to be 590 MPa. The data in figure 8
shows that with increasing the grain size the predict-

ed yield strength approaches the expected 590 MPa.
The RVE model with 1/480 um lattice size gives the
most accurate account of this yield stress for DP590.
This is consistent with the findings shown in figure 7
where the effect of grain size was significantly high-
er during the plastic localisation at the yield. How-
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ever, from figure 8 it is clear that once the initial
plastic localisation stage is passed the changes in the
morphology and grain size variation has some no-
ticeable effect on the strain hardening of the DP steel
at higher strains. In these stages of deformation, an
inverse relation of strain hardening to the grain size
can be observed. The larger grain size model tends
to behave similar to a perfectly-plastic material
whereas the fine grain microstructures have higher
strain hardening and toughness behaviour.

measured during Monte Carlo simulations (MCS) to
generate the initial micrographs, followed by the
image processing and meshing procedure (Meshing)
and then processing and post-processing of the re-
sults using Abaqus software package (FE model-
ling). The total time spent for each simulation is the
addition of all of these three steps for each micro-
structure lattice size. The most time consuming case
was the refined microstructure with the 1/480 pum
lattice size, which took nearly 45 minutes in total.
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z 600.00 1/30
=
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Fig. 8. Macroscale homogenised flow curves predicted using microstructures with varying lattice parameters ranging from 1/30 um to

1/480 um.

The stochastic modelling procedure of micro-
structures in this study was automated as it was de-
scribed in the methodology section. The MC method
is proven here to be a useful technique to generate
microstructures that are relatively comparable to
realistic microstructures and give the benefit that
almost all parameters related to the microstructure
morphology and grain size could be explicitly con-
trolled during simulations. The MC method could
directly output a digital microstructure that can be
used as an RVE. In this work, however, an extra step
is carried out where the digital microstructure of MC
method is treated like an OM used earlier in this
work for realistic microstructural models. This ena-
bles us to obtain microstructural meshes that are
comparable between realistic and artificial MC-
based microstructures. The cost of running simula-
tions for different lattice sizes is shown in figure 9.
The data presented here are the actual CPU time

This is clearly more efficient than actual experi-
mental work to heat treat numerous samples to
achieve multitude of grain sizes and phase morphol-
ogies of the DP steel. Furthermore, if the digital
microstructure created from the MC method is
meshed directly the cost of running multiple simula-
tions could significantly decrease. Therefore, the
MC method is suitable forthe multiscale modelling
of DP steels in which the microstructure could be
stochastically designed and tested virtually to estab-
lish the level of the stress and strain partitioning in
the steel. It should be mentioned that using periodic
boundary conditions is an essential component of
maintaining representativeness of the RVE simula-
tions as opposed to traction or displacement bounda-
ry conditions that have been used elsewhere (Sun, X.
et al., 2009b).
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Fig. 9. The cost of running simulations with varying lattice parameters defined in terms of CPU time spent on Monte Carlo simulations
(MCS), digital image processing and mesh generation (Meshing) and finally, solution and post-processing of the RVEs using Abaqus

software (FE modeling).

4. CONCLUSIONS

This study set out to determine the effect of
grain size and phase morphology in the realistic
microstructure-based simulations of DP steels. The
realistic microstructure-based model was used to
compare the DIC observations on DP1000 steel with
strong agreement in prediction of the stress and
strain partitioning. In addition, the study has shown
that by using Monte Carlo Potts model it is possible
to create simulated micrographs of DP steel that
resemble the realistic microstructure models of DP
steel. The results of generating stochastic micro-
structures with MC Potts models show that average
grain size of the microstructure could be controlled
through a strong correlation with the initially pre-
scribed lattice size parameter in the MC model. The
resultant volume fractions of martensite and ferrite
are shown to be almost constant with less than 5%
variation. This enabled the possibility of assessing
the effect of phase morphology and grain size in
ductility and strength of DP steel. It was found that
during initial local plastic deformation, the disparity
of stress and strain partitioning is at the highest near
the grain boundaries. The sensitivity of predictions
to the level of stress and strain partitioning was de-

i @ termined to be highest near the yield stress of the DP

steel while the refinement of the grain sizes gave
a better prediction of the yield stress for the DP590
steel. The effect of grain size and phase morphology
was found to be noticeable during strain hardening
of DP steels with varying initial lattice sizes.
A number of caveats need to be noted regarding the
present study and similar works. The boundary con-
ditions used in this study were prescribed as periodic
BCs as opposed to traction and displacement BCs. In
addition, complete bonding between ferrite and mar-
tensite phases were assumed during this work. In
amore detailed future work, we will consider the
effect of grain boundaries deformation by explicitly
defining the corresponding grain boundary regions
in between multiple phases. In addition, the possibil-
ity of using 3D stochastic microstructure modelling
to carry out RVE modelling will be assessed to study
the effect of triaxiality, grain volume size and micro-
structure morphology in multiphase materials such
as DP steels.
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WIELOSKALOWE MODELOWANIE ROZDZIALU
NAPREZEN I ODKSZTALCEN W STALACH )
DWUFAZOWYCH O WYSOKIEJ WYTRZYMALOSCI.

Streszczenie

Wieloskalowe modelowanie rozdziatu naprezen i odksztat-
cen w stalach dwufazowych (DP) przeprowadzono wykorzystu-
jac zardwno reprezentatywny element objetosci (ang. represen-
tative volume element — RVE) z rzeczywista mikrostrukturg jak
i stochastyczng mikrostrukture wygenerowana metoda Monte
Carlo. Stochastycznie wygenerowane mikrostruktury przypomi-
naly te rzeczywiste, umozliwiajac badanie specyficznych cech
mikrostruktury trudnych do analizowania metodami do$wiad-
czalnymi. Jedna z takich cech byta wielko$¢ ziarna i morfologia
ziaren. Mikrostruktury wygenerowano stosujac rézne $rednie
wielkoséci ziarna podczas gdy pozostate parametry, takie jak
warunki brzegowe, wlasnosci materiatu oraz utamek objetosci
martenzytu i ferrytu pozostawaty niezmienione. W konsekwen-
cji zaobserwowano, ze wplyw wielko$ci ziarna jest bardzie
widoczny w czasie inicjalizacji lokalizacji odksztalcenia pla-
stycznego oraz wokol powierzchni migdzyfazowych. Dodatko-
wo stwierdzono, ze spadek plastycznos$ci i wzrost wytrzymato-
$ci stali DP sa zwiazane z rozdrobnieniem ziarna kazdej z faz
oraz z rozdziatem naprezen i odksztatcen migdzy fazami.
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