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The design of new technologies of rolling bimetal plates poses a lot of problems with obtaining a uniform distri-
bution of rolling reduction into the layers and a straight strip at the roll gap exit. This is the main cause to
determine optimization criterion of relative flow rate. Computer analyses of the asymmetrical rolling process
were performed in this study to optimize the conditions of production of bimetallic plates. A Finite Element
Method-based program, Forge 2D, was used for computer simulation.
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Utjecaj faktora asimetrije i deformacije na kriterij optimizacije relativne brzine toka bimetalne trake
St3S+0H13J. Projektiranje novih tehnologija valjanja bimetalnih limova predstavlja mnogo problema glede
ujednacene redukcije u slojevima ravne trake na izlazu izmedu valjaka. Glavni razlog je odredeni kriterij optimizacije
relativne brzine protoka. U svrhu optimizacije uvjeta proizvodnje bimetalnih limova provedene su racunske
analize asimetrinog procesa valjanja. Za kompjutersku simulaciju se koristio program Forge 2D zasnhovan na

metodi konacénih elemenata.

Kljucne rijeci: kriterij optimizacije, asimetricno valjanje, bimetalni lim, metoda konacnih elemenata

INTRODUCTION

From numerous studies [1 - 6] on the process of asym-
metrical rolling bimetallic sheets it has been found that
the greatest problem arising when developing new tech-
nologies is non-uniformity of deformation of strip layers.
A phenomenon of non-uniform flow of bimetallic strip
layers appears both in the plane of exit and in the roll gap
itself. The effect of this inhomogeneity is a bending of the
bimetallic strip toward the layer with a greater deforma-
tion resistance (i.e. the hard layer) and flowing of the soft
layer around it. This phenomenon often makes the con-
tinuation of the rolling process impossible, as the rolled
sheet may enter into the roll gap and cause damage to the
rolling mill and its equipment.

To counteract this phenomenon, an asymmetry of the
peripheral speed of working rolls is introduced, among
other things. By increasing the peripheral speed of the roll
contacting with the hard layer, the velocity of flow of this
layer at the roll gap exit increases. Thereby, the strip cur-
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vature reduces until a straight strip is obtained. The issue
is to determine the optimal value of the asymmetry factor
(i.e. the ratio of upper roll speed to lower roll speed). For
this purpose, the introduced flow rate optimization crite-
rion will allow the optimal value of the asymmetry factor,
A 1O be quickly determined based on numerical exami-
nation carried out.

AIM AND SCOPE OF NUMERICAL ANALYSES

The study discusses the plastic flow of two-layer
St3S+0H13J strip at the roll gap exit. To this end, a series
of computer simulations were performed. The Forge 2D
software was used for numerical examination, which uti-
lizes the finite-element method for its computation. The
investigation was carried out for sheet of a thickness of /|
= 14 mm for three relative rolling reductions, namely: € =
10 %, 20 % and 25 %, and for three different strip layer
thickness ratios, ./H, = 3/11, 5/9 and 6/8. The rolling
process was conducted hot at a temperature of 1000 °C.
Friction forces in the asymmetrical rolling process were
modeled based on Tresci’s solution and determined from
Equation [7]:

91



D. RYDZ: THE INFLUENCE OF ASYMMETRY FACTOR AND DEFORMATION ON THE CRITERION ...

o, AV

T=—m——— (1)
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where:

T - vector of unit friction forces,

o - base yield stress,

AO V/IAv - parameter describing metal slip on the roll (AV-
roll peripheral speed for a given time step, Av
velocity of metal slip on the surface of contact
with the tool),

m - friction factor.

For numerical examination, an average friction factor
value of m = 0,4 was taken, thus relating the friction forces
with the value of yield stress, the temperature of each layer,
and rolling speed. The value of friction forces in the roll
gap was automatically determined in the Forge 2D pro-
gram for particular surfaces of contact of the sheet with
the rolls from relationship (1).

The parameters of work-hardening curves for the steel
+ steel bimetal pairs making up the bimetallic sheet were
determined, as dependent on temperature and deforma-
tion velocity, from the Arrhenius equation:

K(T.e)=Ko-(E+5) e 2)

where:

& - vector of regulated deformation for successive
steps,

€ - vector of total deformation,

K, n, 3 - parameters of the work-hardening curve.

The aim of the study was to determine the optimal value
of asymmetry factor a0 based on the criterion of optimi-
zation of the relative flow rate of two-layer strip.

For this purpose, a series of computer simulations of the
process of asymmetrical rolling St3S+0H13J bimetallic
sheets was conducted. From these simulations, the effect of
the asymmetry factor on the plastic flow of strip leaving the
roll gap was established. As the optimization criterion, the
flow rate of bimetallic strip layers was taken after work [1],
which is represented by the relationship below:

q/;:j;h(va—vs.r)zdv—> min (3)

where:

v, - flow rate of metal particles along the height at strip
" exit from the roll gap,
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v, - average flow rate of metal particles in the plane of
strip exit from the roll gap,
1 - criterion of optimization of strip flow rate.

INVESTIGATION
RESULTS AND THEIR ANALYSIS

This study uses the term of relative flow rate defined
as the ratio of the flow rate of clad sheet layers at the roll
gap exit to the constant speed of the upper roll.

The distribution of flow rate of bimetallic strip along
its height in the plane of roll gap exit depends on the dis-
tribution of the total deformation into particular clad sheet
layers. Increasing the deformation of the hard layer in an
asymmetrical rolling process entails a reduction of differ-
ences in the flow velocities of layers at the exit for the roll
gap. To obtain a perfectly flat product, it is necessary to
determine the optimal value of asymmetry factor - for
which the behaviour of relative flow rate distribution in
the plane of roll gap exit is as much close to linear as pos-
sible. Figures 1. through 3. show examples of bimetallic
strip relative flow rate distributions depending on the val-
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Figure 1. Distribution of relative flow rate along the strip height in
the roll gap exit plane for St3S+0H13J strip with H = 14

mm for optimal conditions of: 1) e =10 %, a,,, = 0,957; 2)

e=20%,a,,,=0,86;3)c=25%,a,,=0,78
Slikal. Raspored relativne brzine protoka duZ visine trake u

otvoru valjaka na izlaznoj ravnini za traku sastava
St3S+0H13J s visinom trake H = 14 mm za optimalne

uvjeteod: 1) e=10 %, a,,,=0,957;2) e=20 %, a,,,,=0,86;
3)e=25%,a,,,=0,78

vopt

vopt vopt

vopt vopt

vopt

ues of reduction ¢ and ratio - The bimetallic strip height
has been divided according to the number of nodes.

It can be seen from the data in Figures 1. to 3. that, for
the optimal conditions of the asymmetrical rolling pro-
cess, the distributions of relative flow rate in the plane of
roll gap exit are linear in character. The value of the abso-

METALURGIJA 44 (2005) 2, 91-95



D. RYDZ: THE INFLUENCE OF ASYMMETRY FACTOR AND DEFORMATION ON THE CRITERION ...

15 1 i 3
13
% 11 _C§ 1
2 .
5 9 !
2
[= 7
=}
4
5
£ '
3 —
L
1 T T T T T T T
S 8 3 <= = 3 S

Relative flow rate

Figure2. Distribution of relative flow rate along the strip height in
the roll gap exit plane for St3S+0H13J strip with H = 14

mm for optimal conditions of: 1) e =10 %, a,,,, = 0,868; 2)
e=20%,a,,=0,33;3)e=25%,a,,=0,311

Slika2.  Raspored relativne brzine protoka duZ visine trake u
otvoru valjaka na izlaznoj ravnini za traku sastava
St3S+0HI3J s visinom trake H = 14 mm za optimalne

=0,868;2) =20 %,a,,=0,33;

vopt

vopt vopt

uvjeteod: 1) e=10 %, a
3)e=25%,a,,=0,311

vopt

vopt

lute flow rate of strip layers is dependent on the value of
asymmetry factor and technological parameters.

The distribution of strip flow rate is influenced both
by the value of deformation ¢ and bimetallic strip layer
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Figure3. Distribution of relative flow rate along the strip height in
the roll gap exit plane for St3S+0H13J strip with H = 14

mm for optimal conditions of: 1) e =10 %,a,,,=0,86;2)

=20%,a,,,=0,3;3)e=25%,a,,=0,25
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Slika3.  Raspored relativne brzine protoka duZ visine trake u
otvoru valjaka na izlaznoj ravnini za traku sastava
St3S+0H13J s visinom trake H = 14 mm za optimalne
uvjeteod: 1) =10 %, a,,,,=0,86; 2) € =20 %, a,,,=0,3;3)
=25%,a,,,=0,25
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thickness ratio /,/H, . The distributions of the relative flow
velocities of metal particles along the strip height were
determined for a,,. The value of a,, was determined from
the minimum value of optimization criterion. To obtain a
straight two-layer strip after rolling, the function described
by relationship (3) must attain the minimum value.

The dependence of optimization criterion values on rela-
tive reduction € and asymmetry factor a_ for different layer
thickness ratios /,/H, is illustrated in Figures 4. to 6.

B 0453 [ 4543 [ 8633 | 11.723
Bl 1816 [ ] 596 [ 999 [ above
B 3179 [] 7270  [EEE10,360

¥ = 606,425 — 1266,074 a,— 5,425 ¢ + 664,792 a,” +
+5456a,¢+0.013 ¢

el %

Figure4. Effect of relative rolling reduction and asymmetry factor
on the value of criterion optimizing the flow rate of bi-

metallic sheet in the exit plane for o,/0,, = 1,22 and

H,/H,=3/11
Slika4.  Utjecaj relativne redukcije valjanja i faktora asimetrije
na vrijednost Kriterija optimizacije brzine protoka bime-

talne trake u ravniniizlazaza o,,/o,,=1,22i H,/H,=3/11

The minimum of the criterion of optimization of the
flow velocities of layers in the exit plane determines the
optimal value of roll speed asymmetry factor for a given
rolling reduction value. The obtained function equations
shown above the diagrams in Figures 4. to 6. are equa-
tions describing the shape of a plane obtained by the least
squares method from the results of computer simulation.

The relationships illustrated in Figures 4. to 6. for
a =1,0 show that with increasing ¢ the value of optimiza-
tion criterion 1/ increases. This behaviour imparts a sig-
nificant effect on the value of asymmetry factor - which
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decreases as deformation increases (i.e. the roll speed
asymmetry is greater).
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Figure5. Effect of relative rolling reduction and asymmetry factor
on the value of criterion optimizing the flow rate of bime-

tallic sheet in the exit plane for 0 ,,/0,,, = 1,22 and H,/H,,=

5/9
Slika5.  Utjecaj relativne redukcije valjanja i faktora asimetrije
na vrijednost kriterija optimizacije brzine protoka bime-

talne trake u ravniniizlazazao,/o,,=1,22iH,/H,,=5/9

The distribution of optimization criterion varies de-
pending on the layer thickness ratio, /. /H,,, and the value
of deformation, €. The minimum of optimizing criterion
value for a given reduction determines the location of the
optimal value of asymmetry factor.

Obtaining a straight strip is only possible, when the func-
tion equations given above the diagrams in Figures 4. to 6.
reach a minimum value. For all cases of rolling bimetallic
sheets, it can be seen that the value of optimization criterion
decreases for asymmetries from 1,0 to - while further
increasing asymmetry causes this parameter to increase
again. It can be noticed from Equation (3) that the decrease
in the optimization criterion value is associated with an in-
crease in the uniformity of two-layer strip flow rate along
the height in the roll gap exit plane. Hence, decreasing opti-
mization criterion value results in straightening of the sheet.

Figures 4. through 6. show the influence of layer thick-
ness ratio, deformation ¢, and asymmetry factor a_on the

94

shape of the surface representing the value of optimiza-
tion criterion. The flattest surface for a pair of materials
with the ratio of UPT/ on = 1,22 was obtained for the layer
thickness ratio of H /H = 3/11. In the case of increasing
layer thickness ratio //./H,,, the concavity of the planes
shown in Figures 4. to 6. increases. The planes shown in
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Figure 6. Effect of relative rolling reduction and asymmetry factor
on the value of criterion optimizing the flow rate of bime-

tallic sheet in the exit plane for o ,/0,,,=1,22 and H,/H,, =

6/8
Slika6.  Utjecaj relativne redukcije valjanja i faktora asimetrije
na vrijednost Kriterija optimizacije brzine protoka bime-

talne trake uravniniizlazaza o, /o,,=1,22iH,/H, = 6/8

Figures 5. and 6. for H /H,,= 5/9 (0,56) and H /H,,= 6/8
(0,75) have a similar shape.

Comparison of the examination results represented in
Figures 1. to 3. indicates that the minima of functions de-
scribing the shape of planes, determine an optimal value
of roll peripheral speed asymmetry factor a0 for speci-
fied deformations.

SUMMARY AND CONCLUSIONS

Performed numerical analyses confirm that it is pos-
sible to control the flow rate of two-layer strip layers by
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using roll peripheral speed asymmetry. The presented in- REFERENCES
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