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ABSTRACT A mathematical model for wide magnitude and high speed aluminum foil 4-roll mill was estab-

lished by considering the theories of roll system elastic deformation, roll thermal deformation and distribution

of tension stress. Using the model, the shape and cross section profile of aluminum foil rolled were simulated,

and the theoretical results are very close to the experimental ones. The theory has very important significance

for studying the influence of technical parameters on the shape and improving the controlling accuracy of the

foil shape.
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1 INTRODUCTION

The theory of the foil shape mainly includes
the theories of roll system elastic deformation,
roll thermal deformation and tension stress dis
tributions. The theories of roll system elastic de-
formation and roll thermal deformation are rela
tively perfect among those theories, the theory
of tension stress distribution is not perfect al
though much research works about it have been
carried out, so it is difficult to effectively com-
bine them to form a complete and accurate foil
shape theory. In order to meet the demands for
developing the foil shape technology, the shape
calculation theory of high precision should be
founded as fast as possible to make it fit wide
strip and wide aluminum foil rolling. As the
model of distribution of the front tension stress
established by variation method can meet the de-
mand of calculation precision in engineering, the
theories of roll system elastic deformation, roll
thermal deformation and tension stress distribu-
tion are combined organically to form the com-
paratively perfect foil shape theory, and establish
the mathematic model of foil shape which is very

close to practical production. The model in this
paper is applied to simulate the cross section pro-
file of the foil rolled and the shape, the calculat-
ed results have good agreement with experimen-
tal ones to prove that the theory is correct. The
theory has important practical significance for
studying the influence of technical parameters on
foil shape and improving control precision of the
aluminum foil shape.

2 MATHEMATICAL MODEL OF FOIL
SHAPE

2.1 Model of roll system elastic deformation

The model of roll system elastic deformation
of aluminum foil mill is based upon that of heam
with simply supported ends, and is different
from that of the strip mill because it has work
roll kiss deformation. After appropriate simplif-
cation for bearing force state of roll system, the
calculating model is shown as Fig. 1, the calcu-
lating equations of the roll system elastic defor-
mation are given as follows.

( 1) Deflection equation of backup roll in the
vertical direction:
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Fig. 1 Calculated model of roll
system elastic deformation on
aluminum foil mill
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(2) Deflection equation of work roll in the
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(3) Force and torque equilibrium equations
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of backup roll
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(4) Equation of deformation compatibility
between work and backup rolls:
Zo(yi) = Zw(yi) = qlyi) Cew(yi) +
Mw(yi)+ My(yi) (5)
(5) Contacting distinguish equation at the
edge of work roll
Zww(yi) = (Zw(yn+1-i) +
Zwlyi) = 2Zw(ym)) =
(M\V(yn,\\+ 1- i) +

Mw(yi)= 2Mw(yn)) +

(h(0) = 2Zws(0)) (6)

I Zww(yi) 20. p(yi) = 0. if Zww(yi)
< 0, corresponding p(y;) can be computed by
Fopll formula.

In eqns. (1)~ (6):

Ow;, Opj, Qp;, Ow; —Influence functions
of work roll deflection, backup roll deflection,
backup push down force and bending force re
spectively;

(i)
between work roll and backup roll and that of

p(v;) —Distribution of pressure

rolling pressure ( including distribution of work
roll kiss pressure) ;

ABrr, AWRrL —Relative distances hetw een
two bearing points of backup and work rolls
beam with simply supported ends;

Kg Kw —Distances of the left extreme
points of backup and work rolls relative to the
left push down screw;

Mg(yi), Mw(y;) —Distributions of back-
up roll and work roll crown( including thermal
crown) ;

Zws(0) —Elastic flattening between work
roll and aluminum foil at the y = 0 point;

mg, my, mp —Element numbers of the
left extreme point, right extreme point and mid-
dle point of aluminum foil respectively;

ms, mrt, nw —Element numbers of the
left extreme point, right extreme point of back-
up roll barrel and work roll element total num-
bers respectively;

Cpw(y;) —Distribution of flattening coeffrr
cient between rolls if the distributions of thermal
crown, q(y;) and p(y;) are known, the roll
system elastic deformation can be calculated ac

cording to eqns. (1)~ (6).

2.2 Model of roll thermal deformation

The model of roll thermal deformation is the
roll divided model of layers structure presented
by Refs.[1- 4]. Asshown in Fig. 2, the differ-
ence equations of the model are established ac
cording to the energy conservation law, and
solved to get the unsteady state temperature field
and distribution of thermal crown. Assume ther
mal crown of the backup roll is zero, the differ-
ence equations of the work roll are founded as
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Fig. 2 Divided elements of temperature
and thermal crown distributions
of work roll
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In eqns. (7) ~ (9)
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work roll;

Cw. BPw —Specific heat and density of
work roll;

Mv —Thermal conductivity parameters of
work roll;

S —Each layer section;

t, At —Time and time step;

A —Relative quantity of divided width along
roll barrel (no dimension) ;

¢ b by,

temperature, aluminum foil temperature at the

$. —Relative quantities of roll

entry, atmosphere temperature and coolant liq
uid temperature;

¢, % —Radius and average radius of each
layer;

ay, 0 —Convection heatexchanging pa
rameters between work roll and atmosphere,
work roll and coolant liquid;

aw —Equivalent heat-exchanging parame-
ter between work roll and aluminum foil;

Qn, Qu @ —Plastic deformation heat,
friction heat and bearings generation heat of
backup roll of unit time and unit section;

C, P —Specific heat and density of alu-
minum foil;

vo —Speed of aluminum foil at the entry.

2.3 Model of distribution of tension stress
The transverse distribution of the front and
back tension stress can be expressed by the fol

lowing equations > °':

=21
Oi(y) = e Tt T

Co(y) = -+
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T, Ty —Total front and back tensions;

H, h —Integral averages of H(y/) and
h(y/) across the whole width of aluminum foil;

u(y/), AB —Lateral displacement func
tion of aluminum foil at the exit and wide
spread;

E, Y —Elastic modulus and Poisson ratio
of aluminum foil.

The lateral displacement function of alu-
minum foil at the exit can be calculated by the

variation method!"':
uty') = (A sy
[sh(N )sh(Ky' )] +
iglczi(Zg_)zi—l
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where [ —Length of deformation zone, ¢, —

E —Yield strength of

shearing stress, h, —Thickness of central point.

Average friction force,

The transverse distribution of unit width
rolling pressure can be calculated by Stone for-
mula modified. Above three models are com-
bined to simulate the shape of aluminum foil.

3 SIMULATED RESULTS OF FOIL SHAPE

In order to verify the precision of the shape
model, test was carried out on the 2200 4-roll a
luminum foil mill, which is equipped with auto-
matic flatness control, automatic gage control,
automatic thermal crown control, automatic roll

deflection control by work roll bending and auto-
matic push down force control systems. Parame
ters of the distribution of thickness at the entry
and exit were tested, and front and back ten-
sions, rolling pressure and coolant liquid temper-
ature, etc. were recorded'®

The mathematical model of foil shape estab-
lished in this paper is applied to the analysis of
numerical simulation for the rolling pass. The
distributions of steady state temperature and
thermal crown for the work roll are shown in
Fig. 3 and Fig. 4. The cross section profile and
the flatness of the aluminum foil rolled are shown

in Fig. 5 and Fig. 6.
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Fig. 3 Distribution of work roll
surface temperature

From Fig. 5 and Fig. 6, it can be found that
the calculated values are very close to measured
values. From Fig. 4 it is seen that work roll
thermal crown is very far away from aluminum
foil edge about 100~ 200 mm, so wave always
appears at this position in practical production
because the coolant ability of the mill is limited.
In order to increase the controlling ability of the
foil shape at this position, the profile of the work

roll should be changed.
4 CONCLUSIONS

In the paper, the roll system elastic defor
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Fig. 5 Comparison of calculated and
experimental results of cross section profile

mation is solved by the influence function
method, the roll thermal deformation is calculat-
ed by difference method and the distribution of
tension stress are solved by variation methods.
Above three sorts of theories are combined or-
ganically to form rather complete shape theory,
establish mathematical model of foil shape on 4-
roll aluminum foil mill, and also simulate the
cross section and the flatness of aluminum foil.

v/cm

Fig. 6 Comparision of calculated
and experimental results of foil flatness

The theoretical values have good agreement with
experimental ones. The theory has improtant
practical significance for studying the influence
of technical parameters on the foil shape and im-
proving shape controlling precision of the alu-
minum foil mill.
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