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Chapter 25

A New Flow Function to Model
Texture Evolution in Symmetric
and Asymmetric Rolling

Benoit Beausir and Laszlé S. Toth

Abstract. Using a new analytic flow function, an analysis of the deformation
field in symmetrical and asymmetrical rolling has been carried out. The asymmetry
concerns the differences in the angular speeds of the rolling cylinders. The flow
function describes the trajectory of the material flow from which the velocity field
and the velocity gradient is obtained by partial derivations. The new flow function
takes also into account the “discontinuity” at the entry of the material into the die.
By introducing a non-homogeneous velocity distribution at the end of the flow line,
the shear component in the rolling plane and in the rolling direction that is charac-
teristic to the asymmetric rolling is naturally introduced into the deformation pro-
cess. The varying velocity gradient along selected flow lines is incorporated into
the viscoplastic self-consistent polycrystal plasticity model to simulate the devel-
opment of the deformation texture. The effect of multiple passes as well as the
asymmetries on the evolution of the deformation textures is studied for bec iron.

25.1 Introduction

Several descriptions of the deformation by streamlines in symmetric rolling are
proposed in the literature [D00, SAC07]. Most of the time they describe only the
deformation zone with a discontinuity at the entry point. Concerning asymmetric
rolling, the difference between the roll speeds induces a shear component in the
rolling plane and in the rolling direction which is taken into account by simply
adding an arbitrary chosen constant shear to get the appropriate texture evolution
[JLO7,LL01,LL07,ZVS03]. In this work, a new flow function is proposed; it is
able to describe the discontinuity at the entry point of the plastic flow and a vary-
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ing shear component is naturally generated by introducing a non-uniform output
velocity profile. The velocity gradient is obtained by partial derivation of the
streamline function and implemented into a viscoplastic self-consistent polycrystal
plasticity model to simulate the development of the deformation texture in the
cases of symmetric and asymmetric rolling.

25.2 Flow Modelling

Figure 25.1 shows the geometrical parameters of the rolling process; the entry half
thickness e, the half exit thickness s, the roll radius R , the angle € correspond-

ing to the contact zone between the sheet and the roll, the x-coordinate d of the
exit flow, the top and bottom roll angular velocities @/, and @’ (rad/s), re-
spectively, the top and bottom contact sheet velocities v, and v, , respectively,
and the deviation part v, of the speed at the exit of the deformation zone in the
centre of the sheet. The z, parameter defines the position of the streamline at the

end of the deformation zone.
The proposed streamline is defined by:

U
¢(x,z)=z[1+(0{+(1—0{)(x—d)2/d2) } -2 Ja, o5
with a=s/e; d=Rsin(0); cos(6)=(R+s—e)/R.
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Fig. 25.1 Rolling schema. ¢
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By supposing a steady state flow, a kinematically acceptable velocity field can
be defined as follows:

v, =ﬁ,(x,z)8¢(x,z)/az =A(x,2){,
VZ=—ﬂ(x,z)('w(x,z)/ax=2/1(x,z)z(1—a)(x—d)g“d’zf*("”)l(fl, (25.2)

with E=a+(1-a)(x—d)' [d*, x=1+1/&", ="

The function A(x,z) is obtained from the velocity at the exit of the deforma-

tion zone (x=d): v =/1(x,z)(a'”+1)l/". Then by replacing

z

=0and v,

x=d x=d

A(x,z) into Eq.25.2, the velocity field is fully expressed. The output velocity
distribution (at x = d) is supposed to be parabolic (see Fig. 25.1) and given by:

1%

x

- =Az‘f +Bz +C
with  A=v)+v) =2(v, +v,)/25%; B=(v6—vf)’)/2s; C=v,+v,. (253)

to_ ot . b _ b . _ 1 b . — .
and vy =@, R, vy =w,R; v, = R(a)rall T Wy )/25 Vo =~ DVos

Here p is a parameter that specifies the exact shape of the parabolic output ve-
locity field; it can be affected by the friction conditions. Note that v

., 1s a func-

tion of z_, thus, in order to derive the velocity gradient, the velocity field has to be

fully expressed in terms of the x and z variables using the flow function before
further derivation. For this purpose, we express z, from the flow function as:

z, =az{. Then by replacing first z_ in vxL:d , the velocity gradient is finally ex-
pressed by:

L, =0v [ox= 241(0!—1)(J6—a')(3AZS2 +2Bz + C)/dzl((of" +1)1/n zo)
Lo =dv o=l (24, +B)/ (a7 +1)",
— 4Zs (l_a)z(d—x)zv

ad*K? ((x’" +1) '

o 25.4)

zx

1n

(n-1) EVPx z(24z,+B) k(n+1)
52(;#1) 2(1 _ a)(d _ x)z VX » 52(;’#1) 5(;&2) o
L. =0v,[oz=-L,, L, =L =L =L =L =0.

zy




418 B. Beausir and L.S. Téth

This varying velocity gradient can be incorporated into the viscoplastic self-
consistent polycrystal plasticity model to simulate the evolution of the deforma-
tion texture.

25.3 Velocity Field, Velocity Gradient and Texture Results

Variations of the velocity and the velocity gradient in the plastic deformation
zone are first analyzed. The following combination of the parameters were chosen:
e=2mm, s=lmm, R=80mm, & , 6 =15rads™", @' ,=1.0rad.s™ and p=0
(that means a linear distribution of the velocity at the exit, v, =0 ). From Fig. 25.2

it can be seen that the discontinuity is conveniently described by the streamline
function at the entry point of the flow line. The L_ component of the deformation

shows large variations near the entry point, at x=0. The v, component of the

velocity continuously increases along the flow line (a consequence of the incom-
pressibility condition). As the output velocity field is supposed to be linear, L_ is

independent of the flow lines position but varies along the x coordinate; at the exit
point it can be about 4 times larger than L _ .

Figure 25.3 presents the texture evolution results obtained for bcc iron for a re-
duction of 2 mm to 1 mm obtained in one or five passes in symmetric or asymmet-
ric rolling (the angular velocity ratio of the rolls is 1.5) on the upper flow line
(near to the faster roll) using the self consistent viscoplastic polycrystal plasticity
model [MCAS87]. The pencil glide mode was approached by using the
(110)<111> and (112)<111> slip system families with equal strengths. 2000
randomly oriented grains represented the initial texture. The n exponent was 35.
The power law of Asaro and Needleman [ANS85] with a strain rate sensitivity of
0.05 was employed for the slip process.

As can be seen, the texture evolution in asymmetric rolling is very different
from the symmetric rolled case. This is due to the shear component which can be
about 4 times larger than the compression component. The texture in asymmetric
rolling tends towards a shear type deformation texture of bcc metals, especially at
increasing pass numbers.
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Fig. 25.2 Streamlines and values of v ,v_,L_,L_,L_ in the thickness of the sheet (along
9 lines; top, %, ¥, Y4, centre, —4, —4, =4, bottom).
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Fig. 25.3 Simulated texture evolution in Fe for symmetric and asymmetric rolling on the upper
surface. ND is in the middle and RD is pointing down in all figures.

25.4 Conclusion

A new flow line function is proposed to describe symmetric or asymmetric roll-
ing processes in multiple passes. The model predicts shear type textures in
asymmetric rolling near to the surface region of the rolled plate. A comparative
experimental study is needed to explore the performance of the present flow line

approach.
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