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A new Model to Optimize the Process Conditions in Tension Leveling
- Part Il : Prediction of the Residual Stress Distribution
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Abstract
Tension leveling is the process that removes the shape defects such as edge waves and center buckles, which may be
formed in the rolled strip. The main purpose of tension leveling is to eliminate the differences in elongation in order to
reduce the residual stresses. In this paper, a new approach for the optimization of the process conditions in tension leveling
is presented. This new approach is an analytic model that predicts the residual stresses from the strip curvature. The
prediction accuracy of the proposed model is examined through comparison with the predictions from a finite element model.
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Fig. 1 Process geometry for industrial tension leveling
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Fig. 3 A graphical representation of the radial return
algorithm
ANM oy, g = AH
deviatoric strain tensor2 WERNIL 4
shear modulus, N +14}efoA2] & == vfepdic)
21(1)-(5)= &3l deviatoric strain tensorS 7 2] s

thg3} o] vrehdt.

deviatoric stress tensor,

YN+1 % 7_}'7_}'

1-2v 1-2v

L P (21
de, 3(1_‘/)dgx+3(1_v)dgx + ~ def (21)
C 1+v _2(1—21/) _2(1—21/) (22)
08 =3 T B y) O ey O
- 1-2v
de, :—m(da‘X —-deg —dgzp) (23)

T At
def =Co ™" (24)
def =Co,™ (25)
L) TL? L2 2
N R R
C= 2 2 (26)
2 (o7) (o) +(oi)
21(17)-(26)S F3l A WP Fo] L A9 T
¢l AL & 4 v} o] Newton-Rhapson HS =
& 1 e 7 5 A



380 24

N

] S (initial stress) 2 =& (curvature)S 2]

& glojert

& (plastic strain)<S 0°.= 7}A gk},

B dE o By

N g

B~ ol

ox M
a
o

o
o
1]
o
%'U
Il
o &
ol

5) 2(6)= Fall dol¥d W E(ds, )= AT

6) 21(21)-(23)= 3l deviatoric strain S(de, , )S
Alkghck
7) 2(24)-(26)0% T 24 WHE FH(de)S A

T ' -
9) &7 WMPEl s HA
3] el
By

= Agsty] fls 3 A v
3 8n Fdo] AREH S
ig. 4 clAek o] el 3
shar wbHl, 5 A

s r}o|(flat die)7} {3

o_|>:, 2
i
1o
ox u)
o
oX,

14
= "
B
R
z0 N FlO oflt
T

B
)
o
Rufys
=2

>

ro Mo
rO
G
=2
o
Wy 1l =
[}
N,
il op
oot

Lo 9

32,
o
1A
e

2
-z
Lo

2

Mooy W T 30 I of
fo o 4

rl o
Ho
%

d }:O o>
B>
:Oé
o
lo,
>

o

o
U ol
[rl
o
N

o,

2 O o
o
o

>
%

sy

i)

g

n o
N ox i
H rlr

o
©

R

o2

o

)
Hor
il
L
gl:l

o

off
o
-z
o
il

o
ks

o] (flat die)ol

e KL ol o2 @ B Hr S oox
oo = )
o
X

ny

@

©
Fig. 4 The type of the boundary conditions for the tension
leveling, (a) roll touched boundary condition, (b)
prescribed velocity boundary condition, (c) total
tension (force) boundary condition
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Table 1 Simulation conditions

Strip Thickness (mm) 1.0
Strip Width (mm) 800
Strip Length (mm) 800
Line Speed (mpm) 300
Tension (MPa) 200

L, (mm) 30.0

L, (mm) 80.0

Stretching unit ™ po11'1 diameter (mm) | 30.0

Roll 2 diameter (mm) 30.0
Roll 3 diameter (mm) 80.0
Intermesh IM, (mm) 0.4
D (mm) 100.0
L (mm) 42.5
Roll 4 diameter (mm) 80.0
Roll 5 diameter (mm) 40.0
Roll 6 diameter (mm) 80.0
Intermesh IM, (mm) 0.4

Between units

Anti-cambering
unit
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