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ABSTRACT

Rolling is an important process in metal forming because of high productivity and production
tonnage of wrought metals. Hence, any interruption in rolling line or wastage has large costs. So,
technological research or any change in rolling process is difficult along with a high risk of cost in
industrial scale. Thus, rolling simulation by computer and using of software could make rolling research
easy. Analysis of pressure profile on rolls and maximum rolling pressure in flat rolling process is very
important in metal forming investigations. It is also significant in controlling of force, power, rolls, rolling
process and so on. The author of this paper had a project in the field of computer simulation of flat
rolling by making software. This paper is about to show the simulation of flat rolling process by using of
that software and experimental industrial experience. Analysis of the rolling pressure profile and
maximum rolling pressure is also shown for an Aluminum alloy in this software.
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INTRODUCTION

One of the most important methods of
metals forming process is rolling, with high
production tonnage and high velocity. The production
capacity of rolling process is more than all other
processes in industry'. Rolling is a continuous
process and has been divided to two types. The
first process is called caliber rolling, which is used
for rolling of square ingot to | beams, rods, angles
and so on. The second process is called flat rolling
which is used to produces foil, sheet and plate of
slab. Flat rolling process is used in bulk metal
forming of steel, Aluminum, copper and other
metals. Recently, rolling is used also to produce
other materials such as composites, plastics and
so on. The capacity of steel rolling industrials is
about millions tons per years. This capacity is about
100,000 tons for non ferrous rolling industry.

Because of high capacity of flat rolling, the most
cost in rolling industry, is the stopping cost of
production line. Sometimes its cost is about one
million dollars per day. Wastages are the other
important cost of rolling industries. Because of
continuity of production line and coiling form of sheet
products any quality or technological problems can
makes, wastages all of the coil, which is weighted
about more than 20 tons sometimes. Any
technological problem that leads to wastages of
products, or worse than it, stopping production line
could make damage in industry. Hence, practical
research or technological change in rolling industry
is complicated and has high risk of cost. Therefore
computer simulation of flat rolling is important.

The researchers or engineers can modify
their rolling process by computer at first, then they
can use the results in the rolling process practically.
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This simulation reduces the cost of rolling examine  significant in controlling of force, power, torque, rolls,
as well as the time of technological research. crown, and so on, are analyzed by this computer
program. This paper is written to exhibit the

The author of this paper had a project for  computer program and its using in R&D, quality

computer simulation of flat rolling and he makes  control, planning and technology of flat rolling

software by using theoretical aspect of metal process industry.

forming, experimental data and experience in

industrial rolling technology. Analysis of pressure  Procedure

profile on rolls and other useful information and ~ By using theoretical and experience rolling

computation of flat rolling process which are relations were gathered and getting together
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Fig. 1: In the first page, the software asks for sample data
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HOLLIWNG COMDITIOMNE
1.front tenzion F&f - 58064 Hg
2.hack tenzin Fth = 4000 Ky
3.friction factop u = .1
4_rolling zpead reuvol= 1 rauol 4 gec

ROLLIMG MATERIAL
5.initial thickness hl = mm
G.final thicknezz h2 =4 mm
Z.dnitial ypield ctwezc ¥i =13 Ky #mm2
B.final yield ztress vz -1% Ko ~mmi2
Q.wide ] = 11066 mm
18.1dnitial lenght leli = 56088 mim

STAND SPESIFICATICONS
11 .ro0ll diancter = Jad mim
1Z.rolling nmotopr power Kn = 108 KW
13.=tand relling Force Fn = JI86EHE Hg
14 _»alling eficiency Efi = _95
15.ro0ll harel lenght 1rol = 16688 mim
CONSTAHTI : 16 .number of diviszion of blte angle Hu = 188
do you want to change data T if yes:{Enter data numbenri,. if no:=in> _

Fig. 2: The input data of rolling technology
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NOTICE
NOTICE
NOTICE F>Fm 376126

MOTICE roll will be broken ,you need four high mill

DATA ROLLING CONTROL

roll gap can not get slab then you need pulling s=labh to roll gap
you need to decrease w.D.5 or increasing front tension

38RA0A

Fig. 3: The software informs some technological comments after data analyzing

ROLLING FRESURE

& IICHMESS

hi= 7 = 4
h nn Ch= 3 8= 17.2
u= .1 re= .43
i Bfm= .19 Man= 623
StF= 1.1 Sth= .5

Fonax= 19.6 Fau= 17

F= 39% tons
i torg= 7.6 tonm
K= 5462

rolling ongel Cradinn)

" Bin= 198

Fig. 4: Rolling pressure profile and instantaneous plate thickness versus bite angle

OUTPOT OF ANALYZING AND SYMULATION

DINEMEIONE mm

Final lenght in m 1eZ=
lenght of contact L=
decreeae in thicknesa Dh~
roll flatened diameter D2=
roll hending <crown> cPro=

thiclknes at nutral point HH-
max initial thickness hinax=

nin Final thicknec=z hZnin= .

max decreese 1in thick Dhnax=
hite angle {radian BAM=

nutral angle HAMN=
reduction por pass H -
alongation por paps M sl=
true elongatian # elt=
ROLL EPEED nRAsBC Uppl=
zpeed at entry m=
speed at exdt 2=

atroin rate <$/3cc? clrate-

7
21.21
3

43
%
56

942
566
198
25.14

TEHS[OH Karmn2 3t= .8
Front tenzion tf= 1.1
hack tension 8th= .G
PRESURE Hg/nn2
average Pav= 17
max inum Fnaw= 19 &
at entry F1=16.5
at exit F2=- 16.4
rolling Foarce tonz 396

F=
BH.% P. volling force Fhif= 468
ralling torg tan—nm torg— 7.6
ralling powsr lﬂ= cal

Fig. 5: The outputs (data analyzing of inputs by software)
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Fig. 6: The software flowchart
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to make relations of initial, data of rolling. It
was some up more than 200 formulas in this
stage by using of geometrical, mathematical
and experimental formulas’.

Effective factors of the flat rolling process
were recognized and categorized, according
to practical engineering and research
experiences.

The effect of data or effective factors in the
rolling process from the view point of
mathematics and the principles of metal
forming has been examined and are
presented by mathematical equations.

The engineering software has been made
for all mentioned calculations by fundamental
studying of flat rolling.

Logical and mathematical controllers were
added to the software to operate in a precise
and logical way.

Experimental and engineering controllers
were added to the software to inspect the
input dada in an extensive area.

By using practical experiments, theories and
rolling calculations, some recommendations
and forecasts were added to the software in
order to exhibit some messages in relation
with forecast of errors and technological
problems to user according to input
assumptions.

The software has attained experimental level
by gathering real data from an Aluminum flat
rolling factory and using the results of
Aluminum alloy rolling. Results of real rolling
show the same consequences in comparison
with software’s predictions.

Sub program have been used in the software.
Hence, it has been tried to divide the program
to different collections and then to joint them
together. This method of program writing has
many advantages, and software experts use
it for long programs.

In the prepared simulation, the speed and
exactness of analysis and calculations are
chosen by using a coefficient at first.

Von Misses theory is used as effective stress
analyzing for metal forming in the software.

Argument and conclusion

The computer program flowchart has been
shown in figure 6, and a sample of software
performance and analysis have been presented in
figures 1 to 5. Figure 1 shows the first page and
figure 2 shows data login page. In page 3 you will
find some technological comments after data login
by software to inform analyzing. Analyses of
maximum rolling pressure, rolling pressure profile
and instantaneous plate thickness versus bite angle
are shone in figure 4 which have very useful results
for rolling specialists. As it could be seen, the
pressure profile of flat rolling has a pick which in
this type of process is more near to exit. This
computer program was confirmed by real practical
data and has been examined in industrial scale. The
simulated software can be used in production line
and flat rolling industries in order to perform in
research, quality control and production sections
of rolling industries. It could be also used by
universities for teaching rolling course, or metal
forming.
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