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Abstract

The present paper discusses possibilities of combination of the Crystal Plasticity (CP) modelling with the 3D Digital
Materials Representation (DMR) approach for the simulation of the non-linear deformation processes. Application of
such modelling strategy as an extension of the existing multiscale model developed for prediction of the strain inhomoge-
neity during processes subjected to the complex strain paths, is presented and discussed. Two metal forming processes,
characterised by non-linear loading conditions i.e. Accumulative Angular Drawing (AAD) process and the cyclic torsion
deformation were chosen to verify the proposed modelling strategy. It is shown that thanks to a combination of the mul-
tiscale finite element model with the DMR and CP approach, detailed information on strain inhomogeneities and texture

can be accurately obtained in both investigated processes.
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1. INTRODUCTION

For many decades, metal forming industry has
evolved from relying on practical experience at-
tained from trial and error tests in its early days to
more and more complex numerical models for pro-
cess optimisation and prediction of properties of
manufactured products (Beynon & Sellars, 1992;
Sellars, 1985; Sellars, 2011). Such models devel-
oped and improved by understanding the fundamen-
tal physics behind the microstructural changes and
assisted by ever increasing computing power, are
now standard tools for both: off-line optimisation
and on-line control of thermo-mechanical pro-
cessing.
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For most industrial metal forming processes, the
material is subjected to complex deformation histo-
ries with non-linear strain paths. In contrast, howev-
er, most of the current microstructural models have
been developed based on the studies of microstruc-
ture evolution under simplified laboratory condi-
tions, using monotonic deformation tests, i.e. linear
strain paths, isothermal temperature or constant
strain rate. Whilst these types of models are ade-
quate in prediction of microstructure in the centre of
the rolled plate, they are totally inadequate to predict
the microstructure gradient through the whole thick-
ness of rolled slab, especially near the surface of the
rolled plate, where the strain path history is non-
linear due to the shear deformation caused by the
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friction between the rolls and the stock material
(Sellars, 2011).

Therefore, it is recognised that there is a need to
develop new generation of models which are capable
of predicting the local variations in microstructural
evolution during metal forming when there are ma-
jor changes in strain paths (Sellars, 2011).

In the present paper, further extension of the re-
cently developed multiscale modelling strategy
(Muszka, 2013; Muszka & Madej, 2013) is present-
ed and used for the prediction of strain and texture
inhomogeneity during metal forming processes in-
volving complex strain path changes.

So far, in the previous version of the presented
model, the orientation of the grains was taken into
account only at the beginning of simulation via arti-
ficial diversification of the material model parame-
ters and their assignment into each grain randomly,
according to Gauss distribution function. However,
such approach does not allow tracking of the grains'
crystallographic orientation changes during defor-
mation. Current stage of model development in-
volves incorporation of the Crystal Plasticity (CP)
model at the micro scale in order to allow tracking
of texture changes during deformation. The CP
method is generally considered as one of the most
accurate approaches for the description of the mate-
rial behaviour during deformation. This is because
the method is based on the crystallographic aspects
of deformation and takes into account such factors
as slip in the slip planes, crystallographic orienta-
tion, and evolution of orientation.

2. EXPERIMENTAL INVESTIGATION

In order to provide data for the numerical model-
ling, two deformation processes, characterised by
complex strain path changes, have been carried out
i.e. Accumulative Angular Drawing (AAD) process
and cyclic forward/reverse torsion test. These two
particular processes have been chosen in order to
verify the proposed model, as they are fully non-
linear, and hence, they cannot be simulated using
axisymmetric nor simple 2D models. Moreover, the
textural changes in these two processes are complex
and yet the ability of their prediction and optimisa-
tion is of a paramount importance.

2.1. Accumulative Angular Drawing (AAD)
process

In the AAD process, high energy accumulation
is utilised to deform the drawn wire to a higher

strain, and thus, to refine its microstructure to much
higher degree, compared to the typical linear wire-
drawing process (Wielgus et al., 2010). Nb-
microalloyed steel (0.07C/1.37Mn/
0.27S1//0.07Nb/0.009N) supplied as a wire rod, with
homogenous equiaxed ferrite microstructure and the
mean grain size of 15um, was used in this study. The
6.5mm diameter wire rods were drawn down to the
diameter of 4 mm through the set of three dies (in
two passes of drawing) with the total strain of 0.97
(Majta et al., 2012). Although the AAD design al-
lows various combinations of die positioning to be
used (figure 1), the present study was focused only
on the stepped die positioning (figure 1c), in which
the offset from the drawing line between the succes-
sive dies was equal to 15°.

Fig. 1. Schematic drawing of the AAD tool - front view -
a) and examples of possible dies positionings: alternate -
b) and stepped - c).

The example results of the microstructure and
texture study after AAD deformation are presented
in figure 2. The wire drawing textures of bcc metals
typically have <110> fibre texture component. In the
AAD process, however, strain accumulation and
inhomogeneity due to a complex deformation geom-
etry (combination of drawing, bending, burnishing,
shearing and torsion) lead to complex textures that
are composed of drawing, shear and torsion texture
components.

Moreover - as it can be seen in figure 2 - the tex-
ture after AAD process is inhomogeneous (with
stronger intensities in near-surface areas), and thus,
difficult to predict. After wire drawing and subse-
quent annealing, recovery and recrystallisation take
place, leading to grain refinement and weakening of
deformation texture. Due to the fact, that high de-
formation inhomogeneity and local strain concentra-
tions are observed in the AAD process, the drawn
wire displays more pronounced textures and strong
through-diameter gradients in both textures and mi-
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crostructures compared to the conventional drawing
process (Majta et al., 2012).

The initial microstructure of the studied material is
shown in figure 3a. Solid bar torsion specimens with
gauge length of 20 mm and gauge diameter of

d)
DD TD ND

)]

Fig. 2. Optical micrograph showing deformed microstructure near the wire's surface (longitudinal cross-section - parallel
to the drawing direction) -a); Euler maps and corresponding inverse pole figures taken near the surface -b), d) and in the

middle -c), e) of the drawn wire.

a)

o

Fig. 3. Electron Backscatter Diffraction (EBSD) map of the initial austenite microstructure —a), and the deformed microstructures after

deformation using 2-pass -b) and 8-pass -c) torsion test respectively.

The presented work confirmed that the strain
path applied in the AAD process affects directly the
microstructure and texture of the drawn wire. Be-
cause such a complex texture is difficult to predict in
the AAD process, the use of numerical tools can be
the only way to support its control and optimisation.

2.2. Forward/reverse torsion test

The effect of cyclic strain reversal on the austen-
ite was studied in forward-reverse torsion tests using
Fe-Ni model alloy system with a chemical composi-
tion of 0.092C-30.3Ni-1.67Mn-1.51Mo-0.19Si (the
remainder being Fe - in wt. %). Fe-30wt.%Ni model
alloys are widely used to study the behaviour of
austenite as this phase is stable in these alloys down
to the room temperature. Moreover, they have simi-
lar Stacking Fault Energy and high temperature flow
behaviour to low carbon steels (Sun et al., 2011).

10 mm were deformed using servo-hydraulic torsion
rig at 840°C with strain rate of 1/s. Chosen defor-
mation temperature is well below recrystallization
stop temperature. Two deformation schedules were
applied, both with the same equivalent total strain of
2. In the first case, 4 cycles of forward/reverse with
strain of 0.25 per pass (8-passes in total) were ap-
plied. In the second case, 2-passes of deformation
with the strain of 1 per pass and only one reversal
were applied.

Deformed microstructures observed using EBSD
analysis are presented in figure 3b and c (Sun et al.,
2011). It can be seen that upon strain reversal, the
original shape of austenite grains has been restored
in both cases. In the case of 2-pass deformation,
however, the initial austenite microstructure has
been subdivided into well-developed lamellar struc-
tures separated by high angle grain boundaries (fig-
ures 3b and 4a). More detailed EBSD analysis
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showed that in the case of 2-pass test, local orienta-
tions measured by the <111> pole figures (shown in
figure 4b) indicate the orientations of the lamellar
subgrains alternating between two texture compo-
nents. Furthermore, it is quite clear that one set of
the subgrain orientations is aligned with an ideal
torsion (shear) texture component (Barnett & Mon-
theillet, 2002; Toth et al., 1989), whilst the other set
appears to be non standard. It is also noticed that the
majority of rotation axes between 2 and 90 degrees
are closely aligned with the r direction in the defor-
mation geometry (figure 4c) which is the invariant
direction during torsion deformation. The above
observations suggest that the origin of the new
HAGBs during hot deformation of austenite is simi-
lar to the texture mechanism which was reported in
aluminium alloys by (Hughes & Hansen, 1997):
under straining, crystallites within individual grains
such as cell blocks of different active slip systems
eventually rotate to different preferred end orienta-
tions or to the same stable orientation but at different
speeds (Barnett & Montheillet, 2002).

@ ,
A1(11T)[211]

2 01=160° ©=40° p2=60°

£ y 0° +20°
Fig. 4. Detailed EBSD analysis of the 2-pass specimen: (a)
texture component map showing ideal shear texture component
A;* as green and non-standard component with Euler angles of
0l1=160° ®=40° and p2=60° shown as brown both with maxi-
mum 20° deviation. Red lines represent LABs>2°. (b) <I111>
pole figure of A1* component and (c) rotation axes with respect
to macroscopic coordinates. (d) legend for the colouring method
in the texture component map.

For the 8-pass cyclical deformation to the same
strain of 2.0 (figures 3¢ and 5a), there are well de-
veloped substructures within the original austenite
grains but the HAGBs (black lines) generated by
grain subdivision are quite limited. The misorienta-
tion angle/axis line scan revealed that these HAGBs
have similar features but relatively lower disorienta-
tion angles (20°~30°) compared to those from the 2-

pass test. In this case, the <111> pole figures of sub-
grain 6 and 8 (figure 5a) are similar to the ideal A2*
(11-1)[112] (Z-0) shear texture component which is
shown by the <111> pole figure in figure 5b.

AS(TD[112]

©1=260° ®=30° p2=10°
— ]
0° +20°

Fig. 5. Detailed EBSD analysis of 8-pass specimen: (a) texture
component map showing ideal shear texture component A2* as
blue and non-standard component with Euler angles of
p1=260° ®=30° and p2=10° as yellow both with maximum 20°
deviation. Red lines represent LABs>2°. (b) <I111> pole figure
of A2* component and (c) rotation axes with respect to macro-
scopic coordinates.

More interestingly, figure 5a shows that some of
the boundaries separating the two texture compo-
nents were mixtures of LABs (red) and HABs
(black). This observation suggests a possible transi-
tion from microstructure/dislocation-accumulation
mechanism to texture/subgrain-rotation mechanism
for generating HAGBs.

The present study confirms that strain path effect
represents one of the most important processing
parameters characterising hot metal forming pro-
cesses. Based on the above observations, it can be
summarised that the amount of new HAGBs formed
by the texture mechanism is sensitive to the strain
path because there is a threshold strain level for
monotonic deformation to produce HAGBs when
preferred stable orientations are well developed.
Below this threshold strain, no or only very limited
amount of HAGBs can be developed by the texture
mechanism. This affects the number of possible
nucleation sites for the subsequent phase transfor-
mation and its products what in turn has a direct
impact on the properties of the final products. There-
fore, proper computer model taking into account the
above-mentioned phenomena can put some new
insight into understanding and optimisation of the
processes carried out under complex loading condi-
tions.
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3. NUMERICAL MODELLING

The main aim of the present work is a further
development of the modelling framework that has
been proposed in (Madej et al., 2011b) and already
used in (Muszka, 2013; Muszka & Madej, 2013).
The original multiscale model was designed to pre-
dict the strain inhomogeneity during deformation
processes characterised by a complex strain path
changes. Its strain path sensitivity was achieved
thanks to the utilisation of the combined isotropic-
kinematic material model, instead of a pure isotropic
model (Madej et al.,, 2011a). As it was already
shown, the original model, thanks to the incorpora-
tion of the 3D Digital Materials Representation
(Madej et al., 2011b) and multiscale approach, re-
sulted in much higher accuracy in terms of strain
inhomogeneity predictions compared to standard
macro scale models. On top of that, application of a
full 3D approach allowed for complex loading cases
to be effectively modelled.

Global model
(FEM)

Submodel 1
(FEM)

Fig. 6. Concept of the multiscale model of the AAD process.

Current stage of model development involves
incorporation of the CP-FEM model at the micro
scale in order to allow tracking of texture changes
during deformation. So far, the orientation of the
grains was taken into account only at the beginning
of the process, via artificial diversification of the
material model parameters and their assignment into
each grain randomly, according to Gauss distribution
function. Such approach, however, does not allow
modelling of the texture development during defor-
mation. The CP models make use of the basic prin-
ciples of mechanics to achieve transition from the

Subm_odel 2

macro to micro scale (e.g., the stress equilibrium and
the geometrical compatibility at the individual grain
boundaries). In this approach, the plastic defor-
mation occurs due to crystallographic dislocation
slip, while other factors, such as diffusion, twinning,
and grain boundary sliding, are not taken into ac-
count (Cao et al., 2010).

In the present work, two types of CP models
have been chosen and tested in terms of their ap-
plicability for modelling of the processes character-
ised by strain path changes and are presented in the
following chapters.

3.1. CP multiscale model of the AAD process

Multiscale model of the AAD process due to its
complexity requires two steps of submodelling as
presented in figure 6. First, global model with 42000
eight-node hexagonal reduced integration elements
with hourglass control (C3D8R) was realized using
Abaqus Explicit. Draw-
ing of 300 mm long wire
with the initial diameter
of 6.5mm was modelled.
Tools were meshed with
quad-dominated discrete
rigid elements (R3D).
Furthermore, the analysis
was repeated on the
smaller cylindrical area
(10 mm long) subdivided
from the global model
using Abaqus Standard
and much finer mesh was
used. The second sub-
model was generated
using the 3D DMR ap-
proach and calculations
were performed again,
using Abaqus Standard. Set of 5 unit cells (100 um
%100 pm % 100 um) containing 37 grains each was
created to capture the effect of the process on inho-
mogeneity of both strain and microstructure.

Finally, at the micro level — submodel 2 (see fig-
ure 6) — besides of the unit cells with DMRs, addi-
tional submodels were created where CP model
(Groh et al., 2009; Cyberinfrastructure for ICME,
2013) was combined with the Finite Element Model
(FEM) and used to predict the texture evolution at
the various positions of the cross-section of the
drawn wire. In this model, description for the kinet-
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ics of the a-slip system is based on the well-known
power law function given by:

% =y‘{%} (1)

where y“ is the applied shear stress on the a-slip
system, “ is the shear strain rate, y is a reference
shear strain rate, and «” is the slip system strength or

hardness. The strain rate sensitivity exponent, m, and
the reference shear rate are defined as:

kT 7, =p, b0 exp(
aﬂb2d 0 m D

AG, 2
m =
kT
where T is temperature, £ is Boltzmann constant, u
is the shear modulus, a is the average strength of the
dislocation forest, b is the length of Burgers vector,
d is distance to bypass the obstacle, vp is the Debye
frequency, p, is the density of mobile dislocations
and the 4G, is the energy stored in the material
when an obstacle is bypassed by moving dislocation.

and

Global model: FEM

where /4 is the initial hardening rate, x; is the initial
strength, and ; is the saturation strength. Presented
model was implemented into Abaqus Standard code
using UMAT subroutine. At the current stage, the
parameters of the CP model were taken from
(Tikhovskiy et al., 2008). As the input, 500 random
crystallographic orientations were assigned into each
of the unit cells, that were put into different posi-
tions at the wire’s cross section. As the output, be-
sides of the strain and stress distributions, evolution
of texture was calculated and saved into a text file in
the form of Euler angles (in Kocks’ convention). In
order to present the results of texture calculation, the
pole figures were plotted subsequently using Mtex
Matlab Toolbox (Hielscher & Schaeben, 2008).

3.2. CP multiscale model of the cyclic torsion
test

The multiscale model of the torsion test was de-
signed according to figure 7. Similarly to the previ-
ous case, submodelling technique was used here to
bridge the different length scales. Global model of
the whole strain gauge was done in Abaqus Stand-
ard. Next, the submodel was
generated using the DMR ap-
proach and calculations were
performed again. A unit cell
(100 pm *x 100 pm % 100 pum)
with 37 grains was created to
capture the effect of the pro-
cess on inhomogeneity of both
strain and microstructure.

In this case - on the contra-
ry to the AAD process - the
CP-FEM model is incorporated
directly into the DMR unit cell.

Submodel: DMR+CP

It is expected that this way, the
accuracy of the predicted tex-
ture will be further increased.
The CP-FEM model used here
is also different to the previous
one. In this classic CP model,
the total deformation gradient

Fig. 7. Multiscale model of the cyclic torsion test.

In the present model the slip system hardening
rule is described by the following scalar form:

-a K, —K a
K :ho[’( . jz7 3)
s 0 a

consists of two terms: stretch-
ing and rotation F", and plas-
tic shear F” :

F=FF® (4)

The velocity gradient in the current state is de-
composed into the symmetric rate of stretching D
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and asymmetric spin tensor W. These two tensors
consist of lattice parts and plastic parts:

D=D +D°

W=W" +W°
where: D*, W* — lattice parts of the rate of stretch-
ing and spin tensor, D?, WP — plastic part of the rate
of stretching and spin tensor.

The decomposition must satisfy the following
conditions:

)

D' +W =FF"!
D° + WP = 27‘,(a)s*(a)m*(a) (6)

where: 7* — slipping rate on slip system o, s,

(o

m"“ — slip direction and normal to slip plane in
local coordinates for slip system o. The slip direc-
tion and normal to slip plane are related to both the
local and global coordinate systems.

§@ =F'§®

i =nf R

) _ slip direction and normal to slip
plane in global coordinates for slip system o. The
crystalline slip in the model is controlled by the
Schmid law. The Schmid stress depends on the cur-

rent stress state ¢ and the current lattice orientation
described by:

(7

(a

where: s'“), m

£ = @@ (8)

The amount of shear on a slip system 7(“) is cal-

culated based on the Schmid law. For rate-dependent
crystalline, it is determined by:

(@) n-1

. . T

FO = () —
g

T(a)

(@)
g

9

where: a‘*’— reference strain rate of slip system
o, n — stress sensitivity parameter, g'*’ — cur-

rent strength for slip system o

g(a) — Zhaﬂy(ﬂ) (10)
B
h(7)=hysech? | 1L a=p
i [ (11)
qh(y) a#pf

where: haﬂf matrix of hardening modules that de-

scribes self and latent hardening of slip systems, /g —
initial hardening modulus, 7, — shear stress where
large plastic flow initiates, 7 — critical resolved
shear stress yield stress, ¢ — constant, ¥ — cumulative
slip strain.

In the present work, the CP-FEM was imple-
mented at the micro level of the models of cyclic
torsion test, where the unit cells are simulated using
DMR technique. The CP-FEM strategy is incorpo-
rated here using the UMAT subroutine and thus, it
replaces the combined hardening model that was
originally used. The initial orientations of the grains
are assumed random. The texture evolution is calcu-
lated during the first cycle of strain reversal for two
strain paths - i.e. forward/forward and for-
ward/reverse torsion.

4. RESULTS OF NUMERICAL MODELLING

The main aim of the present work is to assess the
possibilities of capturing textural changes in the
processes characterised by complex loading condi-
tions. In the first part of the work, the texture evolu-
tion and inhomogeneity was modelled in the AAD
process at the micro scale using unit cells attached at
various positions of the cross-section of the drawn
wire. In the second part of the work, CP-FEM model
was combined directly with the DMR and used to
study the texture changes during torsion test.

4.1. CP-FEM model of the AAD process

Example results of the simulation of the AAD
process using presented multiscale model are shown
in figure 8. It can be noticed that the inhomogeneity
of stress that is characteristic for this deformation
process was properly captured by the applied model.
Application of the submodelling technique com-
bined with DMR approach significantly improved
the accuracy of the results compared to global model
only (figure 8c). Also, strain inhomogeneity on the
cross section after subsequent deformation stages
corresponds to the earlier observations in the micro-
structure analysis.

{110} pole figures simulated after AAD process
are presented in figure 8a together with the initial,
random texture. Because of the complexity of the
process it is not possible to track the textural chang-
es during deformation using experimental tools, and
thus, the direct quantitative comparison is not possi-
ble. Nevertheless, the qualitative analysis of the
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results shows that significant texture inhomogeneity
was generated in the cross-section of the wires, that
was also observed from the EBSD results (see: fig-
ure 2). Comparison of calculated (CP-FEM) and
measured textures (EBSD) in the surface area of the
drawn wire, that is shown in figure 9b, also supports
this statement. It can be noticed that the pole figures
are correctly represented what shows the potential of
the proposed strategy. Based on these preliminary
results it can be summarised that by the combination
of the CP-FEM and multiscale modelling approach it
may be possible to predict and optimise texture and
microstructure inhomogeneities in the processes
characterised by complex non-linear loading condi-
tions. However, more detailed quantitative analysis
requires further work and more experimental data.

S, Mises
a) (Avg: 75%) C)
+3.615e+02
+3.314e+02
+3.013e+02
+2.712e+02
+2.411e+02
+2.110e+02
+1.809e+02
+1.508e+02
+1.207e+02

+3.044e+01
+3.3588-01

strain, microstructure and texture inhomogeneity
with a reasonably good accuracy.

4.2. CP-FEM model of the torsion test

In the simulation of the cyclic torsion test - on
the contrary to the AAD process - each grain in the
unit cell of DMR was modelled using CP model
(presented in the paragraph 3.2) assigned directly. It
allowed to track the textural changes in the grains as
well as to predict the equivalent strain and stress
distributions. Comparison of the shear strain distri-
bution calculated in the unit cells after two various
strain path: forward/forward and forward/reverse
torsion deformation as well as in the global model is
presented in figure 10. It can be seen that application

Fig 8. Example results from AAD process simulation: von Mises stress distribution in global model - a), b) and equivalent strain distri-

bution in global and local models - c).

a) Do

Initial texture

(random)
ERTTE

& %
32 Ty ok L
& i R0 ot

oK, .-‘

b)
[y 00
by A b ,l‘ o
S ) R
sy, © oo

Fig. 9. Results of CP-FEM calculations: texture inhomogeneity in the cross-section of the drawn wire - a), comparison of the measured
and calculated pole figures - b).

Based on the presented procedures of the com-
puter modelling, it can be stated that the applied
modelling approach was able to catch most of the
important phenomena accompanying the AAD pro-
cess. Presented strategy allows for simulation of

of the submodelling technique with combined DMR
significantly improved the accuracy of the results
compared to the macro model.
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a) Forward / Forward

£=+0.25 +0.25

b) Forward / Reverse

e=+0.25-0.25

Fig. 10. Example of simulation results: shear strain distribution in global models and unit cells along with the corresponding texture
calculated after deformation with Forward/Forward - a) and Forward/Reverse - b) deformation routes.

Initial texture:

F4
a)e=0 \/ o b)e=+0.25

Forward / Forward:
. ©) &=+0.25-0.25

Forward / Reverse:
€)e=+0.25 +0.25 "

Fig. 11. Comparison of the simulated pole figures extracted from a single grain after deformation with Forward/Forward - a), - b, - ¢)
and Forward/Reverse - a), - d, - f) deformation routes and experimental data.

Moreover, 3D DMR properly captured not only
stress state but also grain shape changes — as an ef-
fect of strain reversal. It can be seen that the first
pass of forward/reverse cyclic deformation caused
grains rotation. Their original positions were then
restored after strain reversal and application of the
second pass of deformation with the same strain
level applied in the opposite torsion direction.

The further advantage of this approach is the ca-
pability to track the textural changes at the grains
level. The pole figures for the single grains extracted
from unit cell deformed with various deformation
routes are also summarised in figure 11 and com-
pared with the data from experiment. It can be ob-
served that strain reversal caused the grain to return
not only to its original shape but also to its original
crystallographic orientation (figure 1la-c) whereas
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during deformation with no strain reversal, further
grain rotation was observed. This is consistent with
the data observed during experiments (figure 11)
what proves the accuracy of the presented method-
ology and shows its potential in simulations of the
processes with cyclic strain path changes.

5. CONCLUSIONS

The main aim of the present work was a further
development of the modelling framework designed
to predict the strain inhomogeneity during defor-
mation processes characterised by a complex strain
path changes. An attempt to extend this model to-
wards its capability to predict textural changes in the
above-mentioned processes was made. In the first
part of the work, the texture evolution and inhomo-
geneity was modelled in the AAD process at the
micro scale in the unit cells attached at various posi-
tions of the cross-section of the drawn wire. In the
second part of the work, CP-FEM model was com-
bined directly with the DMR and used to study the
texture changes during torsion test.

Based on the presented modelling results it can
be concluded that the applied modelling strategy was
able to catch most of the important phenomena ac-
companying processes with complex deformation
modes with reasonably good accuracy.
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INFORMATYKA W TECHNOLOGI MATERIALOW

ZASTOSOWANIE TECHNIK MODELOWANIA
WIELOSKALOWEGO WYKORZYSTUJACYCH
PODEJSCIE MIKROSTRUKTURALNE DO
PRZEWIDYWANIA NIEJEDNORODNOSCI
ODKSZTALCENIA W PROCESACH
CHARAKTERYZUJACYCH SIE NIELINIOWA
SCIEZKA ODKSZTALCANIA

Streszczenie

W artykule oméwiono mozliwosci zastosowania potaczenia
modeli Plastycznosci Krysztatu z trojwymiarowym modelem
Cyfrowej Reprezentacji Materiatu do symulacji procesow charak-
teryzujacych si¢ nieliniowa $ciezka odksztatcania. Podejscie to
zastosowano do rozbudowy istniejacego wieloskalowego modelu
opartego na metodzie elementéw skonczonych, ktérego mozliwo-
sci zweryfikowano i przedyskutowano na przykladzie dwoch
wybranych procesow przerobki plastycznej, zachodzacych
w zlozonym stanie odksztatcenia tj. procesu Katowego Wielo-
stopniowego Ciagnienia (KWC) oraz proby cyklicznego skrgca-
nia. Wykazano, ze dzigki zastosowaniu podejscia wieloskalowego
oraz jego polaczeniu z Cyfrowa Reprezentacja Materialu oraz
Plastycznoscia Krysztalu mozliwe jest uzyskanie szczegdtowych
i doktadnych informacji o niejednorodnosci odksztaltcenia i tekstu-
ry w symulacjach wybranych procesow.
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