MODELLING OF THREE DIMENSIONAL ROLLING PROCESS TO
DETERMINE SPREAD WITH BULGE

K. P. Maity
Department of Mechanical Engineering
National Institute of Technology, Rourkela-769008.

Email: kpmaity@gmail.com

Abstract

The present investigation is concerned with determination of spread with bulge
profile for flat rolling of mild steel using FEM modeling. The bulge profile is
compared with the solutions of three dimensional upper bound method based on
dual stream function method. It is observed that the bulge profile obtained in
FEM modeling is qualitatively similar to that of the upper bound method.

INTRODUCTION

When a billet of comparable width in height ratio undergoes compression in the roll, it not only
flows in the direction of roll rotation but also along a direction parallel to the roll axis. This flow
of material at right angles to the direction of compression is termed as lateral flow or spread.
The degree of spread depends on many factors such as friction condition along the roll/billet
interface, roll diameter and stock height to width ratio. The spread is made use of to achieve
the required shape as in section rolling. Tselikov had estimated spread profile under controlled
laboratory conditions[1] and developed some mathematical modeling as an earliest attempt. A
number of empirical equations were presented for estimation of spread in hot rolling by other
investigators[2],[3]. However, above analysis lack generality and apply only to specific rolling
conditions.

The theoretical studies for estimation of spread involves complex three-dimensional
deformation. The first endeavor in this direction was by Oh and Kobayashi[4] who sought to the



solution of the problem using Hill's general method[5]. Kobayashi et al.[6] determined spread
using rigid-plastic finite element analysis. However, both methods are only marginally better
than that of three dimensional modeling by upper bound method, though those involve
considerable computation time. Kennedy[7] has proposed an upper bound solution for
estimation of spread with bulge in hot-rolling. But , the kinematically admissible velocity field in
his analysis is based on guess work, rather than from a generalized approach.

In the present investigation, three dimensional deformation in flat rolling has been
carried out using an upper bound approach. The spread with bulge has been considered. The
kinematically admissible velocity field for the purpose is derived from the dual stream function
method proposed by Yih[8] and extended to metal deformation problems by Altan and
Nagpal[9]. Torque and thrust has been estimated for different friction conditions and for
different billet and roll geometries assuming three different spread profiles. The spread
determined from the present theory agrees well with the available experimental results. The
bulge is the variation of spread in the vertical direction. The shape of the bulge determined
from the modeling is concave in nature for all reduction with maximum spread at the roll billet
interface and minimum at the center. FEM modeling has been carried out to compare with
upper bound solution. The methodology used here is general in nature. The compatibility of the
theory with experiment is more compared to other theory[7] specially at high reductions.

DUAL STREAM FUNCTION

In a three dimensional flow field, a stream line is spatial in nature and such it is described as the
intersection of two surfaces. These surfaces are termed as the stream surfaces and the
functions specifying these surfaces are called stream functions. Since two stream functions are
necessary to specify a spatial streamline, these two are called dual stream function. If i(x,y,z)
and w»(x,y,z) are the two stream functions describing a three dimensional flow field field, the
three velocity components are given by
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It is easily seen that the velocity components derived through equations (1) above satisfy the
volume constancy condition identically. The boundary conditions on the velocity field can be
easily imposed on the velocity field can be easily imposed on the chosen stream function
making use of the properties of streamline and stream surfaces. For example, the material
velocity along the normal to the roll surface (also along the normal to the planes of symmetry)
m kust be zero. This boumdary condition can be satisfied by choosing the stream function in
such a manner that one or both of the stream function have a constant value along the roll
surface ( or at the plane of symmetry). Therefore, the velocity field determined through dual
stream function is kinematically admissible.

The upper bound theorem

The upper bound theorm states that among all the kinemetically admissible velocity fields, the
actual one minizes the expression

2 A o, mo,
J=—"=0o,|(WVe,e,)>av + == [|AV] ds, + —= [|AV] ds 2
NE o_y[ A i i \/5:[ 1 1 NG \_[ 2 (2)

2

Here |Av|1and |Av|2 are the velocity discontinuities on the planes of velocity discontinuity s;

and the friction surface s, (roll surface) respectively. The first term on the right hand side of the
equation 2) is the power of internal deformation. The second term represent the shear power
at the planes of velocity discontinuity (entry and exit planes) and the third term represent the
power dissipation due to friction at the roll/work piece interface.

Spread function with bulge profile
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The spread increases from entry plane to exit plane. The bulge is symmetric about the central
axis.

FEM SIMULATION

FEM simulation of the hot rolling process of mild steel has been carried out to determine
spread with bulge using DEFORM software. The width and height of billet is taken as 10mm and
5mm respectively. The constant friction factor has been assumed at the die billet interface with
m=0.75. The tetrahedral element has been considered for modeling. 25000 elements have



been taken for modeling. The billet velocity is 1Imm/min. The initial position of roll and billet is
shown in Fig.1. Final position of product and roll is shown in Fig.2. The diameter of roll is
10mm. RPM of roll is 4. The velocity of the product at the exit plane is 2.2mm/sec.
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Fig. 1 Initial position of roll and billet
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Fig. 2 Roll and billet after deformation
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Fig. 4 Spread in rolled product
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Fig. 5 Bulge profile in rolled product
RESULTS AND DISCUSSION

The variation of roll torque with respect to time is shown in Fig3. It is observed that 8490Nmm
is the roll-torque. The spread in rolled product is shown in Fig.4. The width of rolled product
increases to 12mm from 10mm at 66% of reduction. The bulge profile of the rolled product is
concave in nature as shown in Fig.5. The bulge profile obtained from the upper bound method
is also concave in nature. It is observed that the qualitative nature of the bulge profile for both
the methods is similar. The quantitative verification is to be done considering identical
condition in each case.
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