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Abstract

Temper rolling or skin pass rolling is one of cotling processes composed of a horizontal pass
cold rolling mill stand. In this process, the thikip is subjected to very light reduction (0.594%
in thickness in the presence of high friction angoles. One of the basic parameters of strip rolling
processes is temper rolling force. A new rollingceomodel has been proposed for temper rolling
strip mill considering the inhomogeneous strestritigion along the thickness of the strip. The
contact between rolls and thick strip is totallgstic. The deformation field consists of an elastic
(actually elastic) zone and that is highly non-hgereous across the thickness of the strip. Totally
elastic formulation can be used to predict the folice. It can be used to study the stress
distribution along the thickness of strip. The canimy results from this model coincide the similar
presented results in previous investigations done.
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1. Introduction

A temper mill is a steel sheet or steel plate meirg line composed of a horizontal pass cold
rolling mill stand, entry and exit conveyor tables mandrills and upstream and downstream
equipment depending on the design and nature ofptibeessing systemBut rolling force
calculation models have not been adequately irgegsl [1-4]. In many rolling calculations,
scientists naturally extended the rolling force miedof cold rolling to the calculation of temper
rolling force for the temper rolling process withihack strip. In Baoshan Iron & Steel Ltd, using a
hot temper rolling mill, the tests of temper rafjifiorce are carried out. It is indicated that the
traditional models are not so accurate to calcwats [5-8]. This could be due to the Karman plane
that should consider adopted models and the stndgsh was taken homogeneous in the
deformation zone distribution, with low elongati@amd small plastic deformation there is an
inhomogeneous stress distribution along the thiskraf the strip. So, Ref. [5] presented a new
model for the stress distribution along the thidea the deformation zone and in the condition of
totally elastic contact between roll and thick gtri€onsidering totally elastic contact, new model
was applied to the calculation of stress in elag@formation with no plastic deformation in the
present study. Finally, an analytical model basedao exponential rolling pressure function
considering inhomogeneous stress distribution atbadhickness of strip has been proposed.
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2. Inhomogeneous stress distribution along the thickness in a state of elastic contact between
strip and roll

Using Fourier progression in a limited length ofsiccording to the mechanics of elasticity plane
problems, a distributing load was assumed to bé&exppn the upper and lower surfaces of the strip
and roll. Stress parameters derived from the stigsstions [8]. In the cold rolling processes, a
rolling force p(x) distributing in an exponentialriction form within the contact length has been
proposed.

Note that this equation is an exponential modetl@ermining the rolling force in the rolling
processes (Figure 1).

2y
p(x) = poen 1)
Where h is the average thickness during the roindh = h,,, = hf:ho.hf andh, are the output
and input strip thicknesses respectively.
So we have:

2By
p(x) = poehm 2)

Firstly, the normal stregxx) on the surface of the strip was expended to Eopriogression within
a limited length of (£/2,L/2)

p(x) = % +Yo_1a, cos% +Yr_1b, sinnLix 3)

pix) = pye =IE|‘"“
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Figurel. Rolling force distribution

For the load is symmetry to Y axis, Bg= 0, then, the load is expressed as:

p(x) = 3+ iy an cos “
Where
z L 2 2u
1 1 24 2u,
ay =1 [ p(O)dx = 1 [7,poetn” dx = g ehn -
2 2 .
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The first item located in the right of Eq. (6) whg average gb(x) in the whole length of strip. It
was corresponding to the situation which the stvgs imposed by homogeneous compressing
along y direction €,=p(x), g,= 7,,= 0). Next is to get the stress components corredipg to

second item op(x).Because there is a symmetrical load distributidth aspect to the half of the
strip thicknessthe stress function was chosen as:

Y(x,y) = fL(y) cos% , n=123,.. (7)
Let k,, = nL—” So Y(x,y)=f,(y)cosk,x (8)
With Inserting and solving it in harmonized equafistress function was given as:

VAP =0 9)
Y(x,y) = ;’{zl(Ancosh(kny) + B,;sinh(k,y) + C,ycosh(k,y) + Dnysinh(kny)) (10)

Consequently, the corresponding stress componearts sthown below:

Ox =552 =

& _ k) (A cosh(k,y) + B,sinh(k,y) += Cnycosh(kny) +— Dnysmhkny) cos k,x

(11)
9%y
Oy = 9x2 ~
—¥%_. k,* (A,cosh(kyy) + Bysinh(k,y) + C,ycosh(k,y) + D, ysinhk,y) cos k,x (12)
Ty = aaxaq; =Yo_1kn (Ansinh(kny) + B,,cosh(k,y) + E—Zcosh(kny) + C,ysinh(k,y) +
%sinh(kny) + Dnycosh(kny)> (13)

Where indefinite parametess,, B,,, C,,, D,, can be defined by the following conditions.

When
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, Oy = Xp=1 k,? (A,coshk,y + D,ysinhk,y) cos k,x =

2u

Fom —
[(—;—;cosn—:#z—nsin’i—n)x(e ;1)]

2Ll 1, =0 (14)

w T

For distributing loads on the upper and lower stefaf strip to be totally equaly;, must be
symmetrical tox-axis. Then the coefficient of dissymmetry functiginh(k,,y) andycoshk,y in
the expression af;, in Eq.(10) must be zero. SB, andC,, are zero.

Inserting them in the expressionaf andr,, and mixing with boundary conditions give:

2u nm 2u
pohe_hm_l_@ L ehm—1
2 2 23
2u L (Zu) +(ﬂ) Py
Am L e’'m

D. = (15)
" . z( 1 h/1+25inh(kng)2
"\ kn 2\ sinh(kng)
[ nm ZE N\
Me;_::l+p_0< ZT _ <eh17:l—1>
2 L nm o
i ((72) ") )\ o
A, =

kn 2\ sinh(kng)

Z)) X (i + %coth (kn %)) (16)

2< 1 h/1+25inh(kn%)
kn t

After above coefficients were inserted in Eq.(1hd aeplacedk,, with nL—” the distribution of
oxalong the thickness of strip was given below:

nr 241

2n hn n
Poh iy 4 PO L em-1
20 L 2u\% | nm\2 B
(7e) +(F)") )\ efm w . 2((1
X Lin=1 kn T

ox(y) = 2
kn2< 1 Ih/1+25inh(kn§) >> k

h h
+ 5 coth (kn E)) cosh(k,y) +

kn 2\ sinh(kng)

ysinh(kny)} cos % a7

Dru
— 4

Moreover, the value af,,,, on the entry section in deformation zone was ghimeen! = %( .

2
\/(Dzﬂ) + 2Dtr). L is the length of the rolling bitex = iéandy = % where R is the work roll

radius and théh reduction isAh = h, — h¢[6]. Because of the low deformation in the tempdr m
rolling in comparison with the rolling stand millsge assume that the work rolls remains rigid.
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The distribution of o,,00n the entry

thickness was solved by an example pf= 443.15 N, h

mm andL = 1000 from Ref. [6] (Figure 2).

Oxno = O'x(}’) =

2u nm lf_”
?_hemﬁTo ZT _ <e nlll_1>
" () "+3°) )\ e )
ezl 1 Ih/1+25inh(kng)2
"\ kn 2\ sinh(kn%)
gk’ {(k—ln + %coth (kn %)) cosh (kn %) +

1 Dru Dru 2
heo . h -nn>(——+ , ——) +2Dtr)
7°smh (kn 70)} cos —=2 )

section

of

deformationzone

4.366 mm, |

along
= 5.38

(18)
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Figure 2. Distribution ob,,,, along the thickness on the strip entry section

3. Thetemper rolling force model

the

The deformation zone during temper rolling shouddsimilar with that of critical elastic contact
which is inhomogeneous along the thickness of stoip low elongation in temper rolling.
Therefore, it is necessary to adopt the boundangitions of contact surface between roll and strip
on the condition of not adopting the Karman’s plassumption.
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Dx COS ¢y & by SIN Gy = 0Oy, COS Py + Ty SiN Py (19
DxSing, + t,coSp, = 0, SING, + TynCOSP, (20)

Combining these boundary conditions with the foilogv equilibrium differential equations by
writing the equilibrium equations, we see that gteesses equations satisfy the equilibrium
equations. [5]

00x | Otxy _

% T3 =0 D)
Txy , 99y _

ox Ty =0 (22)

And the hypothesis of linear distributiongf,along thickness is

y

Txy = 2n(vy — vo) ) (23)
The relational expression of, andz,,0n the contact surface was given as:

Aoxn _ | Txn

— =% o (24)

When temper rolling was regarded as the compresstmeen two parallel planes,
¢, = 0,cosp, = 1,sin¢g, = 0Thent,,, = t,.

If it is Inserted in Eq. (24) and Igt = h/2, then:

=4 (25)

Figure3. Boundary conditions of forward and bacldwslip zone on the contact deformation zone [5]

This equation was inserted in literature [5], chethgyando,and previous horizontal stress on the
boundary of entry and exited in deformation zore #0 +o,,, ando;+o,,,.Here,o,,,o was the
stress value of contact surface.

In entry section, it is resulted from rolling for@nd friction on the contact surface together.
Oxno Can be calculated by the formula indicated in &t $ection considering the stress distribution
on entry. Exit section on the condition of elastimtact can be adopted as the stress distributing o
entry and it exits section during temper rollinggess for low plastic deformation. Moreover, the
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temper rolling force could also be calculated tigtodooking up the deformation resistance
corresponding to the deformation rate on the comsiaaceg,,[9, 10].

4. Validation of the proposed model

The validity of this model for calculating tempeiting force has been proved by comparison with
Ref. [5]. The parameters of material, rolling pregeand the contrast between calculated and
experimental rolling force are listed in Table1,

Tablel. Parameters of material and rolling process

Number of Material of | Specification| T.S./Y.S. Back tension| Front tension nglgzg
strip strip (mm) (MPa) (KN) (KN) (m/min)
1 SPHC 4.50%x1495 335/220 54 130 190
3 SS400 3.0x1490 470/320 54 130 190
B480GNQR | 2.35x1300 545/390 54 130 200
Table2. Difference between calculated and experiahealling force
. Friction Measured | Calculated | Calculated
Deformation - .
Measured coefficient | rolling force value value
Number . on . . ) . Present
. elongation in setting value with with
of strip the contact . . . . study
(%) surface (MPa) calculation of ail literature | literature[5]
(dry) pressure (T) [9]
1 0.96 310 0.2 300 269.5 310.5 300.5
2 0.643 380 0.2 300 264.2 305.6 294.1
3 0.8 410 0.2 300 251.2 293.2 287.2

Table 2 shows that the total rolling force simitaractual case can be calculated by this rolling
force model for temper rolling. The inhomogeneousss distribution along the thickness of strip
in the deformation zone was taken into accounhis ttolling force model for temper rolling mill.
This model proved to be valid by references [5a®d can be used to calculate the temper rolling
force after taking into account friction coefficteand deformation resistance.

5. Conclusion

For improving calculation accuracy of an elastioitest in cold rolling in tandem mill, a new
analytical model for the inhomogeneous stress idigion along the thickness of strip in the
deformation zone was taken into account in thiglyst‘’he new model proved to be valid by
experiment results and it can be used to calcthatéemper rolling force.
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