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INTRODUCTION

The rolling industry is the most generic and widespread method of producing metal products,
especially for steels. Nowadays, more than 80% of metal products around the globe are produced
by this method. The rolling process consists of deforming metals by cold rolling (without heating
the metal) or hot rolling (with heating the metal over 1000°c).
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The process of hot rolling consists of passing hot metals between two rollers which rotate in
opposite directions and the distance between them is less than the thickness of the piece of metal.
Due to this, the metal will be pressed and plastic deformation occurs; therefore, the work-piece
elongates and it cross section will change, [1-10].

One of the main sections of the hot strip mill which actually is its heart is the finishing mill whose
main responsibility is to decrease the thickness of output load from the primary mill area and
changing it to the finishing production, i.e., the sheet. In the finishing mill section of Mobarakeh
Steel Company, seven rolling stands exist whose duty is to graduallysgessease thickness of the load
and providing the finished product. To prevent excessive defo Taithle rollers and accurate
control of the thickness and width of the load in the stand JAEN finishing mills, four
working rollers and two supporting rollers are used.

Due to their duty, all of the hot strip mill equipme C ari ’rs which
should be adjusted to their amounts (set-poi i he main set-points of
ultimate rolling pin equipments area are:

. Gap of each lateral directive.

. The short course of area lateral directive.

. Gap of each rolling stands.

. Rollers’ speed of each stand

hen, by obtaining the slip forward factor in
is calculated and next their angular speed is determined
A0 start up motor of each stand is calculated. Therefore,

ultimate rolling s calcylated through an empirical formula. This empirical formula contains
some coefficients, w this study area determined through and identification method.

CALCULATIO OF SLIP FORWARD FACTOR IN FINISSING ROLL
STANDS

Slip forward factor of piece of work is one of the fundamental rolling parameters and its accurate
calculation, makes the calculation and determination of friction factor and accurate calculation of
roll force possible. By knowing the shape of friction of the rollers, skidding which causes non-
uniform deformation of the piece of work can be prevented. At the present time, in calculating
model of ultimate rollers speed of hot strip mill area of Mobarakeh Steel Company, which is
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designed by Siemens Company of Germany, calculation of slip forward in rolling pin stands is
carried out using the following formula:

V, -V, R
FS=—"—r=f |—|-gR
S [ " J o(Red) )
In which, V; is the speed of output work-piece of the rolling stands, V; is the linear speed of the
rollers, R is the roller radius, hg is the thickness of input work-piece to the stand and Red is the
relative thickness reduction of the work-piece in the rolling stand. Also f and g are polynomials
which are assumed to be as follows:

Vv, 0

r

f(x)=a, +a,x+a,x* +a,x° +a,

Company, have been specified by the
Company of Germany as follows:

a,=2.1879ul0" a, =3.1075x10™ 4)
- _2552x107" a,

the conditions of the hot strip mill line at set-
strip mill till new many changed and modification have
in modification the slip forward factor of the work-

section, chang
stands, mounting stgnds cooling systems and change of between stands extension force.

Thus, for accurate calgtlation of slip forward factor in finishing rolling stands and then increased
quality of the ultimate product, it is necessary that the formula presented to calculate this factor is
put under close investigation and the optimum coefficients current conditions of finishing mill area
matching be calculated.

MEASURING SLIP FORWARD FACTOR IN ROLLING PIN STANDS

In the common and practical methods of measuring slip forward factor in rolling stands, one shaft
encoder is used for measuring the speed of the upper and lower rollers the speed of the output
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work-piece is usually calculated through measuring the time of the work-piece motion between two
photodiode switches or measuring the time of work-piece motion between two consecutive stands.
Fortunately, in hot strip mill area of Mobaraked Steel Company, The existing data logger in
finishing mill section records many variables and provides graphs of the basic parameters.
Therefore, measuring the slip forward factor of each of finishing mill stand is now possible.

As was mentioned in the previous part, the slip forward factor of the work-piece in a rolling stand
is defined as the relative difference between work-piece of speed and speed of the working rollers
is calculated by this following formula:

FS=
Ve

where Vo is speed of output work-piece between
rollers.

Hence, to measure the slip forward factor
speed of the rollers and speed of output

load to pass the distance betwé
distance between two consecuti
each stand is calcul

load between the two stands, stand load signals in data logger
ion can be used. Fig. 1 which is taken from the finishing mill
strates the speed graph of some of the rolling stands and the
entrance time of th Is stands.
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— Speed m_drive F1 [emis]

T stand loaded f2
stand loaded f1

— Speed m_drive F2 [omis]

[T Standlcaded 3
stand loaded 12

— Fa_Atspeed (i)

[ stand loaded 3
stand loaded 13

Figure 1. Speed graphs of some rollig
Thus, slip forward factor in this rolling pin stand can be cg easuring the motion
time of the output load from one stand to the next stand dnhd ne j g age speed of stand

rollers at this period of time (Fig. 2). A

— Speed m_drive F1 [emis]

Pl e

(N e

1 T stans oaded 2
stand loaded i

01:0558 01:06:00 01:06:01 01:06:02 01:08:03 01:06:04

SignalName X1 %2 in Max Average Std dew
Speed m_drive F1 (omis] 01:055916 01:06:03.07 131383 138,186 1338162 11610
stand lnaded 12 01065618 01:06:03.07 000 1.00 0243 0428
stand loaded 1 01055916 01:06:03.07 1.00 1.00 1.000

0.000

ig. 2. Measu e motion tirgg of the output load from one stand to the next.

IM COEFFICIENTS FOR SLIP FORWARD

pragtical method for measuring slip forward factor in finishing mill stands
was explained. But, some limitations, online measuring of the parameter is not possible for
all of the products rollpfg in the finishing mill section. Therefore, slip forward factor of each of the
finishing stands is calculating from an empirical formula (1).

As was explained before, this empirical formula has some constant coefficients which because of
changes made in the finishing equipment need review and redetermination. One of the best ways to

identify optimum coefficients of the mentioned formula is to use experimental of finish rolling
stands.
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Unknown parameters of the system can be identified through the determining the input(s) and
measuring its output(s). The inputs of this system are as follows: radius of working rollers (R),
thickness of the input load to the stand (ho), and the amount of relative thickness reduction of the
load in rolling stand (Red).

The output of the system is, slip forward factor in rolling stands (F.S). The coefficients of formula
(2) and (3) i.e., by to bsand ay to as are unknown parameters which should be identified.

To identify the unknown parameters of the aforementioned system 4ssisthe corresponding output
(F.S) should be measured for different inputs (Red, R) ho. Tj 116 augmentation of the

matrix equation:
Z=A(x)xB(y)

approximation th Based on this method, if by formula A(xc)*B(yx), the amount of z is
approximated, then t of error squares among measured valued is described as follows:

SSE=X(Z. ~A(x,): B(y,))’

To minimize SSE, the following nonlinear system of equations should be calculated:
OSSE

oa,

OSSE

b,

0

0
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This decimal system includes nonlinear equation i+j. Since in this study A(x) and B(y) are both
polynomials with 6 coefficients, therefore, a system of 12 equations and 12 unknown (&; and by) is

obtained. The following formula shows one of equations:

asaSE =0 = ;2*[A(Xk)*B(yk)_zk]*B(yk):O

A(x):zslaixi :

5 .
B(y)=>by' , y=Red
j=1

After setting up the above system of equations, a method to
which is discussed in the next section.

THE NEWTON METHOD OF CALCU

OF EQUATIONS
There are several methods to calculate a n
Broyden and Steepest Descent methods.

of its nature appeared as a di
convergent but, through spendi

t and J is Jacobian matrix:
of, of, of of, |
oa, ob, b, T dbg
of, of, of, of,
oa, db, b, T dbg
oy, o, of, o, O,
da, ob, 0b, b,

We form
Ac=Si.1 — Sk =—[I(S ) *F(Sy)

Therefore,

[3(S)]* A= -[3(S )]+ [ (SO * F(Sk)

(12)

m should be chosen
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and
[3(Si)]* A== F(Si) (15)

2. k=0 is set.

3. By knowing< Sy the values of J(Sx) and F(Sy) are calculated.

4. Formula (15), with F(Sy), J(S) being known, becomes a linear equation system with A
unknown.

Through using a suitable numerical method which is explained i ction thoroughly, the
system can be solved.

5. The new amount of S is obtained throug Sk+1= Sk +Ax

6. If |4, is small enough, in other words, if |4|

algorithm is finished. Otherwise, k=k+1 is set and
Itis of important to note that ||4,|, is 2-norm of

coefficients will

Jorithm of Gaussian elimination method is

(16)

First, we form th

J 112 J 113

J 2,12 J 2,13

‘]12,12 ‘]12,13
And then act as follows:
If J,,=0 we go to section 4, but if J,; =0we go to section3. Suppose that p is an integral

number in away thatJ;; =J,,,; =---=J,,;, =0but J . =0. If there is such a P, we change the

lines I and P and go to section 4. If there is no such P, the system doesn’t have a unique answer
and the process stops.
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1. Seti=1.
2. If 3;;=0,gotostep4,butif J;; =0, gotostep 3.

Suppose that p is an integer number inaway that J,, =J,,, =---=J

J 7 YiHi

=0,but 3, =0. If there

p-1,i
is such a p, we change the rows i and p and go to step 4. If there is no such p, the system does not
have a unique solution and the process stop.

3. Suppose that j=i+1,i+2,---,12, we subtract the product of m and ith row from the jth row

and replace it in the jth row. In other words (g, —m E )—(g,)

1 .
4. Seti=i+1.
5. If i <12, we go to step 2, but if i =12, we go to step 7.
6. If J,, =0 the system does not have a unique solution he process8iops. But if J  #0,

then:

J
6.1. Set 5, = 22

12,12

6.2. We calculate the amount of 8, = i1=11,10, -

6.3. The process will terminate

ne simply and very quickly and it will not occupy much space

o install and startup this software on the computer no extra
program is needed$
3. This software has rovided with graphical menus. Furthermore, the way of using it is very
simple so that each ang#€very user who has little information about computer can use it.
4. This software has help files that enable user to refer to them in different stages of using it and
receive lines to use it correctly.
5. In compiling this computer model, the effort was to use methods and algorithms that in addition
to accuracy decrease the program’s performance time to the least.
In the following table which is a sample of representation of FSLIP program results, the values of
the thickness reduction (He [amm] (REDUC [%]). Radius of rollers (Radius[mm]) and measured
value of slip forward factor in rolling stands (Measured FSLF [%]) and estimated slip forward
factor using the new coefficient (New FSLF[%]) and the errors are presented.
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Tablel. Sample measured and calculated data
RADUCTION FSLF [%]
[mm] Original

FSLF ERROR
Original Estimated

Given Estimated

389.25

6.34

7.29

6.73

-0.95

-0.39

376.65

7.38

8.12

6.71

-0.74

0.67

371.00

6.10

8.02

6.06

-1.92

0.04

364.30

7.27

7.63

6.29

-0.36

0.98

347.75

7.23

5.55

6.89

1.68

0.34

351.45

7.93

5.24

7.59

2.69

0.34

389.25

7.74

6.65

6.39

1.35

376.65

6.58

8.37

-0.43

371.00

4.55

7.69

-1.37

364.30

6.36

6.66

347.30

5.30

0.40

351.45

8.43

389.25

7.51

-1.29

376.65

371.00

364.30

347.75

351.45

389.25

376.6

g

The obtained new slip factor coefficients based on the above data are as follows:

a;

by

-5.0038809208431

0.1262496837933

5.6637730611968

-1.2915759281692

-2.0755476511603

11.3943906564029

0.3548131355540

-47.7452126449864

-0.0283239316792

96.7116392325892

0.0008525567105

-74.0299740147414
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Fig. 3 and Fig. 4 illustrate the graphs of the calculated FS factor by using the original and new
coefficients and their differences with the measured data (errors), respectively.

Forward Slip (%0)

|---0- -- Original FSLF —— Estimated FSLF —&— Measured FSLF

Fig. 3. Slip forward factor by the original formula, thg new esti
dat

ANV EkorNnwsOG
| I | I N —

| -- - -- Original FSLF Error —e— Estimated FSLF Error |

4

Fig. 4. Djfferences n the measUN&d data and calculated slip forward factors by the new and
yhal formulas.

imated = 62.291, Given vs. Original = 322.7141
stimated = 0.67696, Given vs. Original = 1.6159
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