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SIMULATION OF COLD FLAT ROLLING
USING FINITE, ELEMENTS MODRELING

Asaad K. Sayhood Dr. Mujtaba A. Almudhaffar Dr. A. kaream F. Hasan
Univ. Of Baarah Tech. Goll.f Basrah Univ. Of Easrah

BSTRACT

This research makes a two-dimensional model for cold flat miling process using ANSYS
rrogram The Contact pair are used between the contact surfaces wsing the boundary condition of
Surface to Surface Contact . The process of symmetric tolling is tast=d for two Lypes of materials
{alumiput and mild steel} . The rollieg foree for (1%6) 10(25%) reduction of a slab of dittensions
of (200" Mhnun using (Avitzurj theoretical equations and ANSYS, The radius of the rolls for
aluminum are {75)mm and that for mild steel are (304) mm.

The numerical results were eompured with (Avitzur) theoretical equations . The COMparIson
shows that the values of furces caloulaled using (Avitzur) theoretical equativns arc wxurate
encugh ap to (3%) reduction, and the numerical resulls proved (s accuracy up to (25%)reduction.

The study shows that forces increases as a resulis of increasing the tolling metal area at
cntiy rate. The angle of the nemral paint was also smidied in this worl: and it ie [sund that it
decreases with the increasing of reductions rate, due to un increase in the cohesion area on
the sliding one within rolling process while the theoretical 1esults failed to caloulate the angle of
the neutral point gorrectly,
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Introduction

Due  to increasing competition in
mdustry, there i an ever-inercasing dernand
op the manufachrrer to be maore flexible,
more responsive and competitive with ensrgy
saving efficiency. The competition is strong,
and complex products are required &t higher
guality for the same cost and margins.
Optimal rolling systerm designs can play a
sipnificant role in  dealing with those
challenges[1]. Scietific  approaches in
favor of taditional approaches s
increasingly adopting and several algorithm
are emerging as Alternative solutions to deal
with the complex search space propertier of
the real warld process problems[2].

In  rolling process whachy tie work
piece 15 a longinadinal prism, is placed
between two opposite direction rollers to drag
the work piece along the force to reduce the
crass seetion | the rolls transfer cocrgy to the
swip through the fiction between the two
bodies . Under regular rolling condition the
strip moves elower than the roll at the entrance
and faster at the exit, with a newtral point in
between at which the speeds are equal. The
angle of no slip s small in sip roliing
kecavse the tell radivs iz larper than the
thickness, The pressure is normzi to the
surface of the rollss.  The fuction force
hetween the surfaces in comact with the rolls
is increasing up to the end of the entrance
side of the neutral point, and points toward the
exit .while on the exit side of the neutral point,
the fictlon force points iowards the entrance
side and it decrensing.[3].

The friction ketween the rall and the metal
surfoce is of grsat importance in rolling. Not
only because the frictional force puli the metal
into the rolls, but also because it affect the
magnitude and disribution of the roll pressuc

The larpger the frictional forees the greater
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must be the relling load and the more steeply
the pressurs builds up toward a maxmum
value at the newiral point. The roll pressure
distribution  is  commonly called Siebel’s
theory and known as “The theory of friction
hill”. Tt econcluded that the pressure
distribulion alung the arce of contact is non-
uniform and mising to a maximum value at a
position which approximate the nentral point.
The peak pressure and the averape pressure
increass as the coofficient of friction increases
and decreases with the application of front and
back tension .

The main varizbles which control the
rolling process are © (1) The roll diameten(?)
the deformation resistance of the metal,(3) the
frietion between the rolls and the meta
,and(4) the presence of front tension and back
tension.

Increasing the dismeter of the wolls
incrcases  the rolling load for any reduction
and frictional conditions because the contact
area will he greater for a large roll diameter .
The flow stress for cold rolling does not
depend on the strain rate or 1ol speed.

Defurmation in Rolling Procass

The deformatiot produeced by rolling
can be considered as o twe-dimensional \To a
pood  approximation in  sheet rolling , the
reduciion im thickness is transferred into an
increase in length with little increase in the
width . Thus, there is good justification for the
use of z plane-strain modsl in the
mathematical analysis of rolling, while the
lateral spread is usually of Little importance in
a rolling sheet and strip.

The amount of lateral spread depends on
such fastors ag the diameter and condition of
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the rolls, the flow propertics of the metal |
and the ameuwnt of reduction. In comparison
with other metal-working processes  the
deformation produced by rolling is relatively
upiform. However, studies with grd netwerks
have shown that the surface layers are not
only compressed it also sheared.[5] Whils
the greatest shear strain occurs at the outside
fibers when & har i3 always rolled in ons

direction, when the direction of rolling is

reversad afler cach pass the maximum sheer
gtress oceurs naar the center of the thicknese.

Cold Rolling Theory

The basic linear first order differenial
equation for rolling is :
aF

dE:z-R-P,-(smax;:-caMJ (1}

Where: 9 _ variation of the force dunng
d o

the centact angle .

Reroll  radius.
pressure. i =coefficient of friction.

P=Radial

Verious rolling  theories resorted to
mathematical appreximations  in  solving
wquation {1} according 1o the natre of these

approximations

Von Kammar,[7] i his theory assutned
that the normal pressure approximation equzals
the vertical stress , The form of Von Karman®s
cquation is:

08

L2 RP fsinatpcosa) (2)
da

Where: o {# 3 _ variation
g &

pressure muliplying by the thickness of the
strip during the contact angle.

ot the roll
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Thie equation cannnt  bhe directly
integrated so that Trinks,[6} mude a graphical
solutions for  the variables assuming a

~ constant yield stress along the arc of contact.

Tselikov derived roll foree formula,[6] basad
on the assumption that the angle of contact is
smali and the newal engle is egual to half
anple of contact. S0 that Tselikov had reduced
Yon Karman equation to a from which can be
ecagily integrated. He gave a series of diagrams
showing the cffcct of the coefficient of
friction, rolt dizmeter snd reduction cn the

pressure distribution along the arc of contact.

Ekelund formula has been derived [6.5]
mainly for celoulation of roll foree in hot
rolling. This formula has been simplified by
Bland and Ford,[3] S0 as it can be used for
calovlation of the load in cold rolling. The
new form of Ekelund formulz is:

16- g RO —£)-12%00 ~£)
=B [RG_ i 14 o o 1

(ID-H'].)'

Wheie 7 ~mean yield stress, = thickness,

o for entry and f for exit

The influence of 1]l peripheral speed was not
taken inte account in Ekelund formula. Also
this formula did nol take into ascouni the
influence of front and back tension which was
gludied by Hessenberg and  Sims{9,10].
Hessenberg and Sims ghowed that -

e e )
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Where <. 7= back and front tensions.

&, “mean vield stress

€ =neutral angle{ Hesscnberg and

5ims assumed that o, = %]
Some theories have additional simplifizd
assumptions. All of these assumptions aims to
simplity  the solving of equation(l).Bui
unfortunately some of these assunmptions leads
1o a sacrifice in accuracy of estimation of roll
foree and torque and average pressure[3].

The torque in rolling can be estimated
by assuming that the rell sepamiing force F
acts in the middle ol e we of contacr, [4,17]
and

T=04FL For wold rofling

T=05FL For hot ralling

FEM Gensevation of
process mode!

Many researchers(C. Liu, et al 1985.[12].
Foi-chin  Jan  end  Oladipe  Onicede
Ir. 200013 Antonio  Favelianges o
al.2003.[14}. Luis Gerarde,2004,[15]. Adbert

Celd Rolling

Sedhnaiar, 2005, [16]) nees different software,

packages 10 simuiate elasticplaglic finite
cicmenl methed for plane strain deformation
of strip ralling . This work uscs the finite
elemeni software ANSYS version 10,0 bassd
on the following assumptions:

1- The arc of contmel is eircular, no elastic
doformation of the rolls.

2- The coefficient of fdction is constant a1 all
points on the arc of contact.
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3-There is no latzral spread, so that rolling can
e considered a problem in plane sirain.

4- plane vertical seetions remain plane.

5. The elastic deformation of the sheetr is
negligible in comparison with the plastic
dulonmalivin

6- The distortion —energy criterion of yielding
for plane sirain will be used[3,5].

7- Rack and front 12nsions will be ignared.

The rolter is made of high-carbon steel of
isotrepic elastic material [L8]. The parameter
of the roller is shown i table (1). Two types
of material is rolled ihe first 15 mild steel and
the szcond is aluminwm{3003), The parametcr
of thage mzterial is shown alse in tables( 1),

Gonerating ¢ ontact  Alithough some
of the first complex comact problems have
been solved, using the Finite Element methed
quite some time zgo, much interest exists in
the: research and solution of contact problems.
The analysis of contact problems  is
computationally extromely difficult, even for
the simplest constitutive refations used. Much
of the difficulry lies in that the boundary
conditions of the bodies under comsideration
arg not known prior to the aralysis, bur they
depend en ihe solution veriable.

Contact problems are highly ponlinear
and reguire significant computer resoucess 1o
solve, Tt it important to undarstand the physics
of the problem and take the time to set up the
model to run as efficiently as possible. Contact
problams present two significant difficulties:

First, the regions of contact is not known unti
the problem is run. Depending on the loads,
maierial, bouadary conditions, and other
factors. Surfaces can come into and go out of

R o
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contact with each other in 2
unpredictable and abrupt manner.

largely

Scoond, mmost contact problems need W
ancount for fiicticn, There are gevaral friction
laws and models to choose from, and all are
nenlinear. Hrictional responsg can be chaotic,
making golulion convergence difficult.

Contact problems ¢an be classified imto:
1- Rigid-te-flexible contact problems.
2- Flexible-to-Aexible contact problems.

In rigid-to-flexible contact problems,
one or more of the contacting surfaces are
treated as rigid (e has a much higher
atiffness relative to the deformable body it
contazta). In genersl, any time a Soft material
comes in contact with a hard meterizl, the
probiem may be essumed to be rigid-to-
flexible. Mary metal forming problems fall
inle this eotegory-

Thres contact models can be usad:
2- Node-te-node coniact .
1- Node-to-surface contact .

13- Surface-to-surface contact .

Surface-to-surface contact is used for
hoth rigid-to-flexible and flexible-to-flexible.
This cortact uses a target surface and contact
surface  to form a contact pair .The dgid
surface is referred aa the target surface, in this
work It is medcled with target 169 element.
The surface of the deformable body is reforred
s the contact surface and i3 modeled with
contact 172 element [19].

In cold rolling simulation, rigid-to-
fexible comact problom, and surface-to-
surface contact model are vscd. The roller is
the rigid material{target surface}, and the work
piece ix the deformable (contact surface), that
means. A half  model with syrmmetrical
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constraims produce the same results ag the
analysis of the full model[20].

Result and Discussion

Calculation of rolling force

A Teduction matio ranged from 1% 0
25% for Aluminum and Mild stes] was used
1o calealate the roliing foree to sheck te
accuracy of hoth  the theoretical result
using{Avitzur)  theoretical eguations
avmberts) and the tumerical results using
ANSYS program version 10.0 and the
matching of them to find the limit of
reduction that the theoretical equation can be
used for,

(o

The results of ferce caleulations for
aluminumn and mild stez] are shown in fipuTes
(1)(2). The percentage errors belwesn the
theoretic} and numerical results of foree for
alurninum are ranged fram{13.1%Mor (1%}
reduction to (17.8%) for {5%) reduetion
10(42.4%) at (25%) reduction while that for
mild steel are (12.7%) For(1%) reduction and
(17.4%} for (5%) reduction and (42,1%) for
{25%} reduction.

It is known from previcus figures that
ieurclical equation is not accurate for large
reduction refiu becausc it uses the average
value of thickness at entry and cxit zons in
arder to be used in a linear equation and the
il gap angle (L) increased with increasing of
the reduction ratio.

Tirosh (21} presents a comparisons betwsen
measurad, predicied i computed roll torques
verses percentage  reduction {or  steel,
figare(3). Table{2] is extracted {iom this curve
¢ show the percentage eror befween

20004 :..u.ue.ﬁl r_gll-u ipadl dae

&)



compwied and measured and predicted amd
measured values at (5-20%) reduction . The
results of preseni are inserted in this figure and
it can be concluded that the regults ol present
work are good encughon comparisons with
Tirosh , and the theoretical equation (5} is
liclplul in giving the e estimmation up te 5%
reduction,

Nodal solution of Finite Element
Modeling using ANSYS program  vession
(100} for the twe materials for (2.594)
reduction and wp to {23%9) reduction are
shown in oxdinary view and zoom view
figures (4) to (), for aluminum and mild stes]
rnaterial.

Calculation of Neutral Point Angle

Tha reniral paint may ke caleulated using
equation :

&, = Jgtdn{ﬁzji (6)
R R 2

The result of Finite Elements Modzling for
(2.5%) reduction and up fo {25%) reduction
using coentact tecliique between the roll
surface and ihe work piece surface 1o finds the
neutral point for alumionm and mild steel
materials,

The results for alumimum meterial are drawn
in figure (6) wd e results Doe puild sieel
materinl are drawn in figure(7}. Figure (8)
shows the nodal solution of Finite Element
Modeling(FEM) wusing AMSYS program
showing the contact frictional strosses for
alumipum and  mild  steel  metedial
fespectively.

Conclugions
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The results of this work leads to some
impertant conclusions as foliows:

1-The ANSYS program was applied and a model
of the cold ilat rolling process using contact-pair
technique hetween surfaces in (wo- dimensional
was achizved.

2-The theoretical equation can be used for
small limit of reduction vp 1o (3%) This is
achieved after compatison with experimental
and theoretcal results of other rescarchers.

3-The model that is used o this work show
acewrate velues precesiion  éxactness  in
caleulation the roll forces and the torques for
high redustions up to {25%).

4-The toll force and torque increases with any
increase in reduction ratio due to the increase
in the gap angle because the increase in the
area during relling process.

5-Angle of the noutral point decreases with the
increase in the reduction rativ dus to the
increase in the area of the sticking zong with
respect io the area of slipping zone.
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Table(2) pereentage reduction grrers

20748

40.2%,

£
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Table(1) Parametor of materials used .
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