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The rigid-plastic model for the single grain is developed in which the velocity gra-
dient is split into two parts connected with crystallographic slip and micro-shear bands
respectively. For crystallographic slip the regularized Schmid law proposed by Gambin is
used. For the micro-shear bands the model developed by Pecherski, which accounts for the
contribution of this mechanism in the rate of plastic deformation by means of a function
fms is applied. Different constitutive equations for the plastic spin due to two considered
mechanisms of plastic deformation are used. The presented model is applied to simulate
crystallographic texture evolution in the polycrystalline element.
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graficznej w elemencie polikrystalicznym.
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1. Introduction

The mechanism of shear banding was studied in [19], where also the derivation of
related macroscopic measure of the rate of deformation was presented. The continuum
mechanics description of the kinematics due to shear banding made a basis for consti-
tutive description proposed in [18, 20, 21, 22]. The attempts to identify the proposed
model for simple case of symmetric shear banding occurring in the case of channel die
test made possible to specify the contribution of shear banding as a logistic function
of equivalent plastic strain [19], [16]. Such a function accounts for smooth increase
of a contribution of micro-shear bands into the rate of plastic deformation, from zero
for very small values of equivalent plastic strain to rapid growth within certain narrow
strain interval up to the ultimate value, which is always lower than one.

1.1. Physical motivation

The available results of metallographic observations reveal that in heavily deformed
metals, or even at small strains if they are preceded by a properly controlled change
of deformation path, a multi-scale hierarchy of shear localization modes replaces the
crystallographic multiple slip or twinning. Different terminology is used depending on
the level of observation. In our study, the term micro-shear band is understood as a long
and very thin (of order 0.1 mm) sheet-like region of concentrated and intensive plastic
shear crossing grain boundaries without deviation and forming a definite pattern in
relation to the principal directions of strain. The detail experimental information about
mechanical behaviour and related structural features is reviewed in [18, 20, 21, 22] and
[11, 12, 17], where also comprehensive lists of references are given. The clusters of
micro-shear bands, produced for instance in rolling, form the planar structures, which
are usually inclined by about +35° to the rolling plane and are orthogonal to the
specimen lateral face. As it was already stressed in [18], it is typical of the clusters
of active micro-shear bands that their planes are rotated relative to the respective
planes of maximum shear stress by a certain angle 5, which is usually of the order
(5 + 15)°. This is related with the important observation, discussed in [18], that a
particular micro-shear band operates only once and develops fully in very short time.
The micro-shear bands, once formed, do not contribute further to the increase in plastic
shear strain. We assume that the successive generations of active micro-shear bands
competing with the mechanism of multiple crystallographic slips are responsible for
the process of advanced plastic flow.

1.2. General constitutive framework

Experimental observation confirm that micro-shear bands change the crystallo-
graphic texture evolution [9], [25] as well as the crystallographic texture of the poly-
crystal influences in the same time the initiation and development of micro-shear bands

[21, [6].
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There were many attempts to model shear banding phenomena. In [2] the poly-
crystalline aggregate composed of f.c.c. single grains was studied by FEM calculations.
One element, being single crystal or a part of single crystal, was described by means
of crystal plasticity model [4]. Shear bands in these calculations were identified as
domains of concentrations of active crystallographic slip systems. Mutual correlation
between the texture and shear banding identified in this way was found.

In some papers shear banding, mainly on the macro-scale but also on the micro-sca-
le, is described as a result of material instability (instability of the constitutive equa-
tions) and connected to the strain localization phenomenon cf. review in [14]. It was
proved that the strain localization of this kind could be achieved only with use of
plasticity model with non-associated flow rule [24] or yield suvface with vertices
without necessity to introduce the initial material inhomogeneity [15] or softening ef-
fect. In the case of crystal plasticity it led to the introduction of so-called non-Schmid
effects to the constitutive equations [5]. However, describing of behavior of material
in which the shear bands at macro-scale have already appeared requires non-standard,
advanced calculation methods of post-critical analysis [23]. These methods seem to
be not effective yet, to take into account micro-shear banding in large boundary value
problems.

In this paper we propose another approach. Using the framework introduced in [18]
we treat the micro-shear bands as the additional, mechanism of plastic deformation.
In the model, according to the experimental observations, the contribution of this
mechanism into the total rate of plastic deformation increases with the equivalent
plastic strain and depends on the type of the deformation process. For the presented
model the computational analysis of the prescribed boundary value problem may be
performed with use of the standard algorithms established for the crystal plasticity
theory.

Some drawback of the proposed method should be indicated comparing to the
concurrent one. In the case of the proposed model some assumptions about the ge-
ometry of micro-shear bands with respect to the axes of strain and stress tensors must
be made while in the instability analysis the geometry of micro-shear bands is one
of the results of calculations. Let us note that the local microscopic strain and stress
tensors are strictly connected with the local grain orientation and generally with texture
evolution during the process. It seems that this is the source of the relation between
the texture and micro-shear banding.

2. Kinematics

The rigid plastic model of single grain will be considered. In such a case for large
strain formulation we use the following decomposition of the deformation gradient [3]

F =F'F’ =R'F?, 2.0



578

where F* = R* is connected with the rigid rotation. Multiplicative decomposition of F
results in additive decomposition of the total velocity gradient L:

L = FF! = R'R* + R*F?(F?)"'R” (2.2)
— ~—————————
L Lr

For the total velocity gradient we apply the decomposition into the symmetric part
D (the strain rate tensor) and the skew-symmetric part £ (the spin tensor), that is

L=Q+D=Q"+QF + D" 2.3)

As it has been obtained above the rigid rotation part L* is only skew-symmetric.

It is usually assumed that the crystallographic lattice is motionless in the course
of plastic deformation and in rigid-plastic model is subjected only to the rigid rotation
R*. Though, the lattice reorientation is described by Q" in the form

a=Q", 2.4)

where a is some crystallographic direction in the current configuration of the single
crystal.

One of the main assumptions of this paper, based on the derivation in [19], is that
the plastic part L” of the total velocity gradient may be decomposed into two parts

FLE, @5)

where th.p is connected with the crystallographic slip mechanism of plastic deforma-

tion and L} ¢ with micro-shear bands. LY.,
the active slip systems

p_yP
L _leip

can be described as a sum of shearing on

M
L), =D ymen, (2.6)
r=1

where {m,, n,} defines the slip system.
We assume also that micro-shear banding is due to double shear, so that [18]

2
Lhs= ) 75s: @k 27)
i=1

Moreover, it is assumed that two systems of micro-shear bands form the planar struc-
ture. It means that in some basis {e;} for the current configuration of the body we
obtain

S; = cos¢e; +singe;,  § = cos pe; — sin ges, 2.8)

k; = —sin ¢e; + cos ge;, k; = sin ¢e; + cos ¢e;. 2.9
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The directions {s;, k;} depend on the actual strain tensor. The micro-shear band mecha-
nism of plastic deformation is thought to be instantaneous what means that the geometry
of bands in time #; can be completely different than that in time #,. They should be
established independently for subsequent deformation increments.

After the experimental observations it is postulated that {s;, k;} are align with the
prescribed angle to the principal directions of the strain tensor EP. In this case basis
{e;} is the basis of principal directions of strain tensor

E’ =Ele ®e; + EJe;®@¢; + Eje; Q3.

Further, let the bands be connected with the planes of the maximum shear strains. If
E, > E; > E, then the situation presented in Figure 1 takes place and

Fig. 1. Geometry of the planar structure of micro-shear bands

Ymax = |Ef - Egl

On the basis of the experimental observations one may approximate the angle
6 ~5°+10° (¢ ~ 38° +2°).
Using the decompositions (2.3) and (2.5) we obtain

D? =D}, +Djq, (2.10)
QF=Qf + Q¢ (2.11)
and in view of (2.6) and (2.7)
1 M M
D), =5 Z:; ¥ (m, ®n, + n, ®m,) = Z; o (2.12)

M M
1 -r Va r
nf,,.,,=521y (m,®nr-nr®m,)=zlyw, 13)
r= r=
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1
DY = Eny;g i@k + ki ®s) = Zy<°N<'> (2.14)
i= i=1

Zy“}g (s;®k; —k;®s;) = Zy(') SO, (2.15)

i=1

Let us introduce the following notations for the magnitude of the considered strain

7 Y P 1)
rate tensors D7, Dm » and DMS

IDP =d, D}, = dsiip,  IDgll = dus

and denote as follows the ratios
li d
f:\'ltp “p, Sfus = _M£ (2.16)
Using (2.10) it is obtained

2 2
D7)l = IIDZ,, + Dyl = d* = %, + diys + 2dsipdus cos ¥,

where
cosV¥ = upe “Hp, -

slip

The above equality gives us following relation between the ratios

fszxp + fis + 2fsipfuscos ¥ = 1. 2.17)

Additionally, for the strain rate tensor connected with the micro-shear bands we may
calculate that

dys = ((y(”)2 + (i) + 2757 5a cos dg). 2.18)
Similarly, introducing for the skew-symmetric part

1971l = w, R0, Il = wsiip,  1Qysll = wis

and e i
Fatip = :l:p , fus=—= (2.19)
it is obtained
Fan + Fis + 2fuipfuscos ¥ = 1, (2.20)

D Further in this paper the following notation will be used

Al = VA-A = JA Ay p, = ﬁ’

where A is the second order tensor
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where correspondingly

s¥ = ;
co Koz - Kot

For the micro-shear bands plastic spin we may calculate that

1
Wl = 2(y§‘3+y§2,§) . (2.21)

3. Constitutive modelling

3.1. The regularized Schmid law and the constitutive equations for
crystallographic slip

First, let us recall the single grain model with the regularized Schmid law
[8, 13]. In view of this model the crystallographic slip mechanism is being given way
when the following yield condition for the Cauchy stress o is fulfilled

1 8\
f(a):—Z(—) -m=0, 7 =n-0-m,, (3.1)
2n L\1g
where 7/, is the critical value of the resolved shear stress on the slip system, n is the
positive exponent and m is the material parameter independent of the lattice orienta-
tion [8].

The slip part of the strain rate tensor is associated to this yield condition

Mg e\l
D, =1y, = (;) P 3.2)
r=1 €V €
and for the plastic spin Qfl ip WE have
RURPEPRTLS!
Q=) = (T—) W (3.3)
=1 '¢ c

Comparing the above flow rules with the kinematic specifications (2.12) and (2.13)
one may easily identify that

1 ()"
y=d— (—) , (3.4)

where A is the plastic multiplier obtained in the classical way from the consistency
condition f = 0 or in the strain control processes from the current value of the
magnitude of the strain rate tensor

df:fltp
iz, L(z)" e
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For the critical value of the resolved shear stress 77 on the r'* slip system the
hardening rule is usually postulated in the form

M
=" hegly”| (3.5)
g=1

where h;, are the components of the hardening moduli matrix. Different hardening
rules were proposed in the literature. The most widely used are
e the Asaro rule [4]

hrq = h(q +i( 1y q)(srq)

in which h is the isotropic hardening function of the accumulated plastic strain &2,
and q is the latent hardening ratio which takes values 1.1 + 1.4
e the Weng rule [10]

hrq = k(g + (1 — g)(m, - my)(n, - ny))

in which & and q are defined as in the previous case but this formula, additionally,

takes into account different hardening rates for co-planar and non co-planar slip

systems.

Two constitutive models for the micro-shear bands mechanisms will be discussed
below. In the first one the concept of non-associated plasticity is used. The second one
is the simplified model developed analogically to one presented in [22].

3.2. Non-associated plasticity model for micro-shear bands

The yield condition (3.1) for the crystallographic slip mechanism in the presented
model is in the same time the yield condition for the micro-shear bands mechanism.
This statement corresponds to the experimental observation that micro-shearing is never
activated without even small contribution of crystallographic slip.

Let us introduce two plastic potentials g; and g, for the double micro-shear mech-
anism. Using these potentials two components of the strain rate tensor D,’;S can be
derived as follows

W O08;
DY =402, =12

In view of relation (2.14) it can be identified that
oy = V2NO
do
and the simplest forms of potentials g; analogous to the classical Schmid rule are

gi(0)=N?. o
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Further we assume the following relation

io 7y NO.o

e Noo T (36)
Finally, it is obtained
D} o = ADND + zN@) = yOND + pN@), (3.7)
Introducing (3.7) into the relation (2.18) one arrives at
: V2
sl = dus

V1 + 72 +2ncos4¢

The sign of 78; can be established from the condition of the positive plastic dissipation
as the same as sign of the projection N . o, Eq. (3.7) can be rewritten in the form

V2sgn(NY - o)
V1 + 12 + 2ncos4¢

D}

MS = d fus

(ND + N®)y, (3.8)

It is worth noting that

P, = sgn(N(l) ‘o )IIN(1>+,,N(2).
For the micro-shear band part of the plastic spin from Eq. (2.21) it is obtained

1+
wums = dfus 1L+ 7 (3.9
V1 + 72 +2ncos 4¢

and the part QK,S of plastic spin can be calculated as

V2sgn(N©D - o)
V1 +72 +2ncos 4¢

At the end of this subsection let us formulate the above constitutive equations in
the framework developed in the works concerning non-associated plasticity. According
to this framework the tensor DLS is decomposed into the part associated to the yield
surface (3.1) (the regularized Schmid law) and the non-associated part. Let as introduce
two IV-th order orthogonal projectors

Qs = dfus SV +78@). (3.10)

Irp=p_ ®pr, I7 = T4y ~ By ®pa,

where Iz, is the tensor that projects into the space of deviatoric tensors

1
Taev =1[—§'I®I
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and I and I are correspondingly the IV* order and II"¢ order identity tensors. The
associated and non-associated components of DLS are calculated as follows

Dyrs = Tr : Dy = (g - Diyomgs, Laty
Dys” = I : Diys = Dy = Dyig’ = I3l G12

Using the notations introduced in Eqs (2.16) we may write

D’/ = dfus(cos ¥u o + sin Wuyp). (3.13)

According to the model presented above the angle ¥ is calculated as follows

V2sgn(ND - o)
V1 + 72+ 2n7cos4¢

Let us note that in the above equations the significant role is played by the function
fums that up to now remains not defined. We will come back to this issue later in this
section.

cos¥ =

1), (VAN
(N™ - pag + N7 - pror).

3.3. The simplified model for micro-shear bands

In the simplified model for which the results of the simulations of crystallographic
texture evolution are further presented we follow the concept presented in [16] for the
Huber-Mises phenomenological model of plasticity. To simplify the constitutive
modelling we assume that the strain rate tensor DLS is associated to the yield surface
described by Eq. (3.1). In such a case

M My, =1=>cos¥ =1 (3.14)

slip

Then, the constitutive equation has the simple form

R W
— r

r

D? = d(fap + fusltor, =

The influence of micro-shear bands on the plastic yielding of the single grain is ob-
served through the reduction of the hardening modules (3.5). In the presented model the
hardening is solely due to crystallographic slip. Increasing contribution of micro-shear
banding will cause reduction of the current value of the yield stress comparing to the
model without micro-shear band mechanism of plastic deformation.

For the plastic spin ﬂﬁ,s we follow the idea proposed by Dafalias [7]. He
connected the plastic spin with the non-coaxiality of the stress and strain rate tensors.
In the discussed case this relation may be written as follows

Qs = (D0 — TDY).



585

The above rule may be further rewritten in the form

p oz
QMS = waSﬂD’;,sa'—a'D”Ms'

Using the equation (2.19) it can be found that

ry\2n-1
NZ = ()" Wi
w=A4 =
f:\‘lip
and f;, is related to fs through (2.20). The function fys is in the simplified model

the additional unknown for which some constitutive equation should be supplied. In
the simulations of texture development we have studied two cases

Fus =0, Fits = fus. (3.16)
3.4. Definition of fj;s function

Now, let us pass to the definition of the fys function that describes the ratio of the
plastic strain rate due to micro-shear banding in the total plastic strain rate. In [16] the
process of constrained compression in channel die test was studied. For this process
the following form of the fy;s function was assumed

R
1 + exp(a - ble])’

fus 3.17)

where material constants f;,c, a and b were identified for polycrystalline copper as
fus = 095, a =175, b = 13.6 and ¢ is the logarithmic strain in the compression
direction in the considered process or in general a measure of equivalent plastic strain.

It is known from the experimental analysis that the imposed strain path as well
as the change of this path during the process have the influence on the initiation and
the development of the micro-shear bands. For example, in the uniaxial tension the
contribution of this mechanism to the plastic deformation is rather small while in the
channel die test this contribution is much more pronounced.

Constitutive modelling rules require the proposed function fys to be invariant
with respect to the basis selection. The relation (3.17) does not take into account the
influence of the plastic strain path on the micro-shear banding mechanism. Below, we
would like to introduce the invariant form of this function that could be applied for
any deformation process and accounts for the effect of the type of the strain path.

Let £ be the some scalar function constructed with use of the invariants of the
plastic part of strain tensor and the plastic strain rate tensor. Analogically to (3.17) let
fus be of the logistic dependance of ¢ so that

Fus

TusE D) = 1 Gpta =5y
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To fulfill the requirements imposed by the invoked experimental observations we rec-
ommend following &
&=|E?|[(1 —a|cos36l), O0<axl, (3.18)

where
|cos 36| = 3 V6| det(up,)|

and the coefficient « is an additional material parameter that describes the following
ratio

a=1- fcos:io:l
‘fcos 36=0
for the same value of the magnitude of the plastic strain for two extreme types of strain

paths.
Let us note that for the proportional deformation path

det(up,) = det(ug,) = const.

Fig. 2 presents fys given by Eq. (3.4) for the proportional deformation paths
characterized by different values of the angle 6. The uniaxial, unconstrained tension

0.5 1.0 1.5 20 2.5 3.0

Fig. 2. The variation of fys representing contribution of micro-shear bands into the plastic strain rate in
the course of the deformation process characterized by different proportional strain paths described by
the angle 8
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process gives § = /3 while for the constrained plain strain process (the channel die
test) 6 = /6 is obtained. What happened for the presented model when the type of the
proportional strain path is changed in the course of deformation process is schematically
shown by the dashed line. In view of assumed fys in some cases rapid increase of the
contribution of micro-shear bands may be observed. The shape of ¢ function for some
prescribed level of |[E?|| is presented in Fig. 3. In figure function ¢ is plotted in the
deviatoric plane of the strain rate tensor for the proportional deformation path.

Fig. 3. The variation of ¢ for the constant value of the equivalent plastic strain and different value of ¢
representing the type of the plastic strain path

Let us now show how the developed constitutive model predicts the lattice re-
orientation during the process of large plastic deformations. We compare the results
obtained for the classical model that does not incorporate the micro-shear bands as
additional mechanism and two simplified models specified by (3.16) with micro-shear
bands. For two arbitrary selected initial f.c.c. grain orientations we have performed
calculations to obtain lattice rotation in the process similar to the channel die test. In
Fig. 4 the standard pole figure (111) is presented for those orientations in the course of
the deformation process for which the maximum contribution of micro-shear banding
mechanism is predicted. The material parameters for copper cited in [1] were taken
and additionally we have assumed & = 1.0 in (3.18) and n = 20 in (3.1).

It can be observed that when the micro-shear banding is added the lattice orienta-
tion stabilizes earlier than for the model with pure crystallographic slip mechanism of
plastic deformation. The difference between the models specified by (3.16) can be also
noticed. In the first case the orientation path is preserved although the distance passed
by the pole throughout the process is shorter comparing to the classical crystal plas-
ticity model. In the second case, in the moment when the contribution of micro-shear
banding becomes to be noticeable the orientation path starts to deviate from the path
predicted by the classical model.



588

+ o Initial poles + + initial poles

* o final poles for slip+fms » « final poles for slip+fins
o + final poles for slip = o final poles for slip
wwene Oficptation path o orientation psths

Fig. 4. The (111) standard pole figure for two arbitary selected orientations in the course of the channel
—f =l
die process (final: L;/Lg = 0.25) Model with f,,c =0 — left and f »;s = fus —right, @ = 1.0

4. Crystallographic texture development

The constitutive model accounting for two mechanisms of plastic deformation:
crystallographic slip and micro-shear bands presented above was applied as a single
grain model in the computations of the evolution of the crystallographic texture in
the polycrystalline aggregate. Computations were conducted for the simplified model
in which the plastic strain rates due to crystallographic slip and micro-shear banding
are associated to the yield surface (3.1). Material parameters for copper were assumed
similarly to the calculations discussed at the end of the previous section.

The classical Taylor assumption about equal velocity gradient L in every grain was
taken. This assumption is equivalent to the statement that the field of velocity gradient
is uniform within the aggregate.

In the calculated examples deviatoric, symmetric and uniform L and proportional
paths of plastic strain were considered. Therefore, in the basis {e;} of the main directions
of the plastic strain tensor it is obtained

Lb 0 0
L=D"~¢8| 0 L 0 , where [; = const,& = const.
0 0 —(11 + lz)

The & is the constant in time plastic strain rate magnitude if we impose the following
relation on ;

B+l2+(+h)Y =1
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Imposing initial condition on the deformation gradient F = I, boundary condition
V() x,=x,=x;=0 = 0 and using the rules of continuum mechanics for large deformations
one obtains the following representations of F(r) and the plastic strain rate tensor

defined as E?(¢) = In V(¢) = In F()FT(¢):

et 0 0 L 0 0
FiH)~| 0 et 0 , EP()~é6t] 0 b 0 “.1)
0 0 et 0 0 -(L+1)

In view of the above relations the current length of the material element in the direction
¢; is given by

Lgi) bes Lg)eél,'l e L(()i)eEpl,',

where Ly is the initial length of this material element and EP = ||E?||. Similarly the
time ¢ can be replaced by the magnitude of plastic strain tensor E” in the relation (4.1).
In the analyzed processes we obtain the following relation for the function £

& = EP(1 - a3 Vol + b))

that linearly increases with time or equivalently with the plastic strain rate magnitude
for the prescribed values of ;.

In view of the above forms of L,, E? and F and according to the relation (2.3)
we obtain that

E? = Ejs + Bl = (1 - fus)E” + fusE”, “.2)
F = FusFip. (4.3)
It should be noted that the above decompositions are not so straightforward in the case

of non-proportional strain path and in the model with non-associated flow rule for the
micro-shear band part of the plastic strain rate tensor. However, if we assume the multi-

Fig. 5. The initial pole figure (111) for the polycrystalline aggregate



590

plicative decomposition (4.3) of the deformation gradient F the additive decomposition
of L of the type (2.3) will result automatically.

Initial distribution of grain orientations within the aggregate was assume to be
random. The initial crystallographic texture for the considered aggregate is presented
in Fig. 5 in the form of the pole figure (111). Such a distribution of orientations results
in initially isotropic properties of polycrystal on the macro-level.

Fig. 6. The pole figures (111) in the course of the idealized channel-die process for the polycrystailine
aggregate for three considered models: (a) the model without micro-shear bands; (b) the model with
micro-shear bands and 7;,5 = 0; (c) the model with micro-shear bands and 'f_;,s = fus and 1)
LOILY = 0.757, fus = 0.022; 2) LI/LY = 0.574, fus = 0.485; 3) LOILY = 0.435, fys = 0.929; 4)
LOILY = 025, fus =095



591

Using computational program where the proposed model of single grain behavior
was implemented the texture evolution was calculated for the ideal channel-die process.
For this process l; =0and [y = -3 = 1/ V2. The results of calculations are presented in
Fig. 6 for three considered cases: the classical model without micro-shear bands and two
variants of the proposed model specified by relations (3.16). As it is shown, initially,
the texture evolves similarly for three models. After the fys reaches considerable
value further increase of the contribution of micro-shear banding mechanism into the
plastic deformation impedes the texture evolution. As a result the preferred orientation
distribution predicted by the pure crystallographic slip model is not reached. The
differences between two models given by (3.16) are secondary comparing to the effect
described above and it is hard to notice them in the presented pole figures.

5. Conclusions and final remarks

In the paper the model of crystal plasticity accounting for additional mechanism
of plastic deformation in the form of micro-shear banding has been proposed.

As a basis for the constitutive modelling the model with regularized Schmid law
presented in [13] was assumed. Further, in order to incorporate the micro-shear banding
into this model, the general framework proposed in [22] was adopted. In view of this
framework the part of plastic strain rate due to micro-shearing was described by the
non-associated flow rule. In the simplified model the contribution of micro-shear bands
has been taken into account solely through its contribution function fys previously
introduced for the classical Huber-Mises plasticity model [16].

In this paper the definition of fy;s was reformulated and proposed in the invariant
form that takes into account the influence of the plastic strain rate path on the acti-
vation and development of the micro-shear bands mechanism. In the simplified model
the influence of this mechanism is observed through the reduction of the hardening
modules for the critical shear stress on the crystallographic slip system and by, in fact,
“non-associated” rule for the plastic spin part attributed to the shear banding. This last
feature of the model causes that the crystallographic texture development predicted
by the proposed model different than that predicted by the pure crystallographic slip
model. Generally, as it was shown in the previous section, due to large contribution
of micro-shear banding into the plastic deformation the texture evolution is impeded
and as a result the final texture for the same level of plastic strain magnitude is less
pronounced than in the case of classical crystal plasticity.

In the calculations the Taylor model of polycrystalline aggregate was used.
The assumption of this model about the same especially velocity gradient in every
grain is very strong, in the presence of micro-shear bands. For the refined model with
non-associated flow rule for Df,s part of plastic strain rate tensor this assumption should
be modified in order to account for non-uniform plastic deformation field within the
single grain and the aggregate. In order to develop such a model better understanding
of geometry of micro-shear bands systems should be gained from experiments.
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