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Abstract

Cold rolling of steel is one of the most importametal forming processes so an accurate control of
its parameters during the process is necessaryhisnpaper, the friction coefficient has been
proposed as a function of cold rolling parametarshsas forward slip, forward and backward
tensile stresses ,strip thickness, static defoonatesistance of strip before and after rollirtigps
velocity before and after rolling and work roll chaters. A cold rolling model for computation of
rolling pressure and force with varying frictionegficient and work roll flattening is proposed. The
final results obtained from calculations were velyse to the experimental results and there has
been a good compliance with this method resultsahdr researches and this is the advantage of
this model. Finally the rolling forces in two standith three passes were measured. So, the results
demonstrated that an actual process in the twal sgarersing cold mill by increasing the work roll
flattening the rolling force increased consideralliso, by increasing the tensile stresses at itige e
of the steel strip, the rolling force decreased.
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1. Introduction

Cold thin strip can be rolled on a tandem cold roilla reverse mill where the work rolls are
flattened [1]. There are several analytical mogeesented for this rolling condition. For example
for cold rolling of foil [2], rolling of thin foils[3], rolling of thin strip [4] and for rolling ektic
deformation of thin strip [5]. In other researché&sshape and flatness have been calculatedqp], [
The analysis of cold rolling process has attrathedattention of a number of researchers. One of
the best methods presented for analyzing the otlidg processes is the slab method which can be
applied for analyzing the rolling force and torglrethis method, a slab of infinitesimal thicknéss
selected perpendicular to the rolling directiora@atarbitrary point in the rolling length. First ai,
force balance is made on the element by the slabadeFrom force balance a differential equation
in term of the forming stress is formulated. Thdre constants of integration are derived using
appropriate boundary conditions [8].

Friction hills or rolling pressure curves are nofjipressure distribution on every point of theingll
bite. This pressure increases from the entrangee@ad has its maximum amplitude at the neutral
point. Usually for determining the friction hill efficient between the roll and strip in the cold
rolling conditions, the researchers examine thg sample. By this method, they calculate the
friction coefficient but this coefficient is veryifferent with an actual cold rolling friction

5



Analytical Modified Model of Cold Rolling Procesad Investigation of the Effect of Work Roll ..., gp-13

coefficient. Many problems during the cold rollipgocess are work rolls damage, work rolls
flattening, and these problems influence on thetim coefficient. In this paper, the friction
coefficient has been proposed as a function of mallthg parameter such as forward slip, forward
and backward tensile stresses, strip thicknes$ic sfaformation resistance, and strip velocity
before and after rolling, and work roll diameteBased on this model, we proposed a model for
computing the rolling pressure and load duringabid rolling.

2. Equationsfor Analyzing the Cold Rolling

In this study, a new model for cold rolling of dte#ips in the two stand reversing cold mill, was
investigated. At the first, a coil is fed into thay off reel and it was passed among two stands and
its end was clamped at the delivery reel. The fo@$s passes among the pay off reel and the
delivery reel. And the second pass will be passethe opposite direction between the delivery reel
and the input reel and the third pass will be dionthe opposite direction between the same reels
[9-11].

2.1 Forward dlip
During an actual cold rolling, the exit speed oipsis greater than the peripheral speed of thekwor
rolls. This difference is the forward slip of roig).
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Wherev,the output is seed of the strip andis the peripheral speed of work roll. Bland andd~o
showed that the forward slip should be computed fasction of cold rolling parameters and strip
geometry [10- 12].
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k;and k, are the resistances to the deformation of striforbeand after rolling. The other
parameters needed are:
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And finally, the friction coefficient during the kbrolling is:
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3. Rolling pressure and load

Because of its high accuracy and integrating ttlexgoload by the part to part method, Bland and
ford's method is one of the best procedures thatuaed for plotting friction hill curves in the
rolling bite. In this method, the friction coeffait is assumed to be constant during the rolliteg bi
[13-15]. In this paper we used the Bland and fonatslel to compute the rolling load and rolling
pressure and we proposed a new method for detergnihe rolling load and rolling pressure in an
actual cold rolling mill. In this method, the raig pressure from input plane to the neutral plane i
p~ and the rolling pressure changes from the neutaalepto the exit plane is" .according to the
equations 3,4 ,the friction coefficient is:
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And the roll flattened radius is [8-9]:
R =R {1 + —r I) ©)

This is the Akulund's model and according to hiddeipthe C amount for the steel rolls is about
0.22x10" the rolling pressure on the both sides of thenaéptane is:
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In these equations thg andt¢, are the backward and forward tensile stresagsandzk, are the
static deformation resistance of the strip aftet bafore rolling and those are determined from the
two dimensional tensile test. (h) is the strip khiess at every point t of the rolling baads, is the
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initial thickness of the strip and, is final thickness of the strip. Based on the ¢iquna(11),
equations (9), (10) will be changed into equati@f)s(8)
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+ L I B e
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By equalizing the rolling pressure at the both sidé the rolling bite, the neutral point will be
determined.
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By solving the Equation (14), the position of naupoint will be determined according to the
Equation (15).
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Where, according to the equation (15), we prop@sedw relation for finding the neutral point and
in this relationg is the function of tensile stresses, flattenetnaius, friction and strip thickness
at the neutral point

And so on the rolling load is [12, 13]:

i
F=RW [, Pdg (19)
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By increasing the number of points, the accuractheffriction hill plotted will be more. All the
presented information is actual and those are aintd an actual cold rolling process in the two
stand reversing cold mill.

This information contains product and rolling prdps, which they are listed in table (1) and (2).

Tablel. Mechanical and physical properties of th&0®8 strip
Strip properties

0 =0.29, material
0 =2000001],

[, =2801100],
1.,=658 %% St1008(AISI&SAE STANDARD)
p=7.782—
W=1000 mm Strip width
The roll radius before . .

; The rolling stand properties

rolling [l = 240 1)

Table2. The rolling system properties

- Final Backward tensile stress Forward tenslie stress -
(L(’.)mltlal thickness (7)) (1) Fnc_tlc_)n

Pass stand thickness coefficient
(mm) (r(r:r:)ﬂ Mpa ton Mpa ton )
1 1 2 1.3 10.3 2.1 185.41 24.57 0.05
2 1.3 0.86 185.41 24.57 108.14 9.48 0.06
5 2 0.86 0.56 108.14 9.48 195.7 11.17 0.03
1 0.56 0.4 195.7 11.17 164.81 6.72 0.05
3 1 0.4 0.31 164.81 6.72 206.01 6.51 0.04
2 0.31 0.25 206.01 6.51 65.1 1.71 0.03

4. Results and Discussion

Fig.1 illustrates the rolling process in the twargt reversing cold mill. The forward tensile strip
exerting on the strip reduces the rolling presduen the neutral plane to the exit plane and it
moves the neutral point position to the entranagection. Increasing number of rolling passes

increases the work roll flattening and rolling lodwacreasing rate of rolling load when the rolle ar
rigid, is less than when the rolls begin to flat.
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Figurel. A 2stand tandem cold strip n. (1) Coiling #2, (2) tension meter, (Baser velomets, (4) thickness gauge,
(5) stand #2, (63tand#1, (7) coiling Machine #1 and (8pcoiling machin

Because of the roll flattening, there is a seveirtyeasing of rolling forces in the final passis.it
is demonstrated in Figs. 2-#he forward tensile stre:exerting at the end of the strip decreases
pressure at the output plane of rolling bite areb at decreases the work hardening of the ¢
Backward tensile stress exerting at the end ofsth@ moves the position of the neutral pc
toward the eit plane and it also decreases the rolling presatithe entrance plane of the rolli
This decreasing amount at the exit plane is basedhe equatior(18) and it is based on tt
eqguation (19at the entrance pla.

Because of increasing the frictal surface, not only this increases the amounblié power, bu
also it increases the backward slip at the entrpfaree[13].

0%y =20, ( —;[—UD) (21)

P =2k, (1 - &
F= 2k (1—30) (22)

According to Figures 2 and 8creasing the tensile stresses at the end oftthe decreases tr
rolling force. The forward tensile stress decreakesrolling pressure at the outside of the rol
bite and vice versa. Also, in this state, the waardening of the steel strip decreases consider
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Figure2. Effect of tensile stresses on the rolforge (work rolls are rigid)
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Figure3. Effect of tensile stresses on the rolfarge (work rolls are flattened)

Figures 4 and 5 illustrate the effect of work rdisrdening on the rolling force. By increasing the
roll flattening amount, the area between the ralid strips increases which leads to increasing the
shear stresses due to frictional forces [16, 17].
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Figure4. Effect of work roll flattening on the rolg force (with tensile stresses)
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Figure5. Effect of work roll flattening on the rioly force (without tensile stresses)

5. Conclusion
1. The most work hardening and residual stresseaheifirst pass.
2. Tensile stresses applied to the ends of strip deerthe rolling pressure.
3. Backward and forward tensile stress exerting ateihe side of strip decrease the rolling
pressure at the rolling bite.
4. Work rolls flattening severely increase the rollifagce due to increasing the shear stresses
along the rolling bite.
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