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ABSTRACT

The minimum-power method has been used to investigate the final ratio
soft-layer thickness to tough-layer thickness in bimetals with porous layer
rolling. The velocity fields has been determined and the total deformation power
has been calculated: the rolling force and roll torque have alsobeen estimated,

using the energy method.
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1.Introduction

A prime objective of the mahematical analysis
of rolling processes is to predict rolling force, roll
torque and power, as well as strain distribution in the
deformation zone.The problem is especially
important in bimetal plate rolling, when the reduction
of the tough layer is less than that of the reduction of
the soft layer (ep>e>er). The reductions of the layers
are depedent on the initial soft layer thickness to
tough layer thickness (Hy/Hr), the ratio of the yield
stresses (Yn/YT), the mean thickness-to-length ratio
of the plastic zone (A), the friction coefficient (f) and
the reduction per pass (¢).

2.Velocity field in bimetal plate rolling

In order to determinate the velocity field the
following assumptions have been made:
- a state of plane strain exists in the deformation zone;
- the arc of contact can be replaced by a chord;
- the function v,=v,(y) is linear;
- the friction force is constant along the arc of contact;
Figure 1 shows the geometrical configuration of
the rolls and the bimetal plate with an infinitesimal
element in the deformation zone.

A% A
R
V.
m VM -
= 4 =
as) =)
o)
s VxT E ;(
S
)

lg

Fig. 1. Geometry of the rolls and bimetal plate, showing the infinitesimal element.
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Notation:
a — variational parameter = hy/hy
H, h — initial and final thickness of the plate
Hyg, hy — initial and final thickness of the soft layer
(the porous strate)
Hrt,hr — initial and final thickness of the hard layer
(the steel strip support)
14 — length of the deformation zone
R — roll radius
— initial plate velocity
VoM, Vot — initial velocity in the soft and hard layer
— peripheral roll velocity
Vi, Vxr — Metal velocity in the soft and hard layer
o - angle between a chord of the arc of the contact
and the x axis
[ - angle between an infinitesimal element and the x
axis

Vo

A - the mean thickness —to-length ratio of the plastic
zone
Ay0, Ayl — initial and final thickness of infinitesimal
element
€ — reduction per pass
em,er — reduction in the in the soft and hard layer
Am, Ar — elongation coefficient in the soft and hard
layer
If the layers should not be bonded, their
elongation coefficients would be:
7\'M HM/hM 5 kT:HT/hT; (1)
For a given pass geometry, the velocities are
determined from the continuity condition for an
infinitezimal element by the following relationships:
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where:
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Bonding of layers involves changes of
velocity in the y direction, and the function v,=v,(y)
is assumed to be linear. The coordinates of the
infinitesimal elements in which velocities are vy=vyy
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The non-linear equations (5) are solved by

Newton-Raphson  iterative  method, enabling
determination of coefficients b, and b,.
V_o y— b1 H M Zy

VO
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VO
1- 2z, (x/1,) (2)
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and v,=vyr are, respectively: y = bjHy and y = -b,Hr
(bl si b2 are coefficients, 0 < bl < 1; 0 < b2 < 1).
This results in the following relationship from (2):

(y_blHM )+VXM

where:

(6)
A= /(I—Z ) l/( )
bH, +b,H;

By differentiation of the velocity field the
strain-rate components are obtained in the form:
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where angle B is defined by:
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3. Mathematical model of rolling
(the power balance equation)

The purpose is the obtaining of a dynamic
function (F — rolling force, M — roll torque) in
correlation with the initial plate velocity, with the
reduction per pass, with the friction in the
deformation process, with the behavior at
deformation of the material. The mathematical model
is obtained from the virtual power principle (the
power balance equation):

Pp + Ps =Py + Pr ©)

where:

l_ZT(X/Id)

+&.19p

bH, +b,H;

A(y_blHM )+1(1_ZM)

1(1_ZM )_A(HT +b1HM)

Pp — the power for internal deformation
Pg — shear power over surfaces of velocity
discontinuity
Py — the driving power of the rolls
Pg — the power dissipated with the friction

4.Calculation of the process parameters of
the rolling of bimetal plate

On the basis of equations shown in Section
3, computations of power for internal deformation,
power for friction losses and power over the surfaces
of velocity discontinuity have been carried out. The
results of these computations are exemplified in Fig.
2., in terms of change of the power components as
functions of the variational parameter a= hy/hr,
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Fig.2. The relationship of the power components to the hy/hr.ratio (Hy /Hr =3, £ =0.3)
1 — relative power for internal deformation; 2 —power for friction losses; 3 - power over the surfaces
of velocity discontinuity.
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5.Conclusions

The method described in the present paper
enables the determination of the total power in the
rolling of bimetal with porous layer. For any given set
of rolling conditions, variational parameter (a )can be
computed using the minimum power method, and
rolling force and roll torque can be computed using
the energy method. A range of computations has been
carried out to illustrate the effect of variation of the
different rolling parameters on the hy /hy ratio, as
well as on the rolling force and the roll torque. The

accuracy of the present method has been confirmed
experimentally.
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