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Prediction of the Residual Stress for a Steel Plate after Roller
Leveling - Part I : Development of the Model
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Abstract

Steel plates are widely used in many manufacturing areas such as ship and bridge construction industries and are
fabricated by different forming processes. Steel plates can have various shape defects, such as curl or camber. Roller
leveling reduces the magnitude of the residual stress by using small amounts of reverse bending via an appropriate
arrangement of the rolls and the associated plastic deformation in the steel plate. In this study a model for the residual
stress after roller leveling is developed. In order to simplify the formulation, a plane-strain condition is assumed and the
stress in the thickness direction is assumed to be negligible. The camber deformation in a real sized plate are measured
and compared with the prediction values from the model to validate the accuracy of the model.
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Fig. 1 Schematic figure of the roller leveler
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Fig. 4 Curvature of the plate
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Fig. 6 Curvature of the roll 2
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Fig. 7 Meshes used for the model simulation

t
. 13 E
Al“:;jl — vy ©)
v
1} E
A9 —;j s (10)

o~

t
Af’:—%j E(dersvder)ay ()

ZA(:) * ZA(I) As :li/&u) (12)
niig

o714 EE Young’s modulus, v i= Poisson’s ratio

[«

*

]

2= Elementd] gt de, & dFA WIEH

TE RIS olgad fgn gol And %
st
(i)
de;, =dky +de, (13)
A7NA dk = FEZEZ, V= j9A Element
ZA o] TA ek yg].g_o]l:}_
(e}

Radial return algorithm< ©]-8-3}< R’ >R™olH
2XAE 072 Plastic straing A4S RT < R™
oW EFA W3 O F Plastic straing 0°.= 714 3HTH
[6].
RT _Rn+1 O_!TL

dgf 22— ];T (14)
u
RT _Rn+1 1TL
del ==~ GRZT (1)
u

ok

bR I3 ets| X /A 223 M1%, 20134/7



o &
1T 1T 1T n+l 2
:\/O'x +o, +o. , R =\/;Y (16)
o/ =0 +2ude,, 0" =0 +2pde), 0" =07 +2pde]
17
dgzz 2—v 12v o+ 1-2v e’ (18)
' ( N 3
2(1-2v 2(1-2v
de) =- ( )dg - ( )dgf (19)
: 3(1—1/) 3(1 v) 3(1-v) -
1-2
del =- Y (dg -de’ dg) (20)
3(1-v)
1714 u & Shear modulus, Y™ (n+1) Stepol
Aol EAF ot
=8 FEFHS A A thee FUHA
=718 Mgt
A A, AA Q] Plastic strain 54> Plane strain
Z7(de, =0)3tell A A T8 FEF (do. )&
7138 A o)X= Plastic strain =& 72T}
FHA, TWFgo e 7 #FA WIE FEF
(de? )y <" liting)? A 29 (unloading) 31l
T WA geth
Aol TP ERE HAA §¥H FEFe] v
o] Aejdrt

d&\" = A dk+ A de"” + A @1)
Y3 Plane strain =13 TS §8& 002
Hdatel( o, =do, =0), 8 TEZFE &
2ol ﬁl*PEJE} [7].
do . =— (dgY —de’ —vdd’) 22
-y '
do, :—2(vng ~dg’ —vdgf) 23)

l-v
e

il

w}2}A] Plastic strain¥ S8 SEFo] ALbE
olgfl ¢} o] The- Step2l Plastic strain¥ 52 ¢
o] HFH oz ¢ o] E(update)F Tt

al

n+l _ __n n+l _ __n
" =0l+do, 0" =0 +do, (24)

8 /et=madrtasra R /M 22¢ H1%, 20134

oX,

ot

e
n+l n p n+l n
gl =g’ +de, & =&’ +de’ (25)
—n+l(i)  —n(i) — (i) n n
. =0. +do., K'=k"+dk (26)
3. 22 HZ ¥ &2

= gy J 59 *‘Xﬂi HeEs 5
4t & glonzg #s ZAS u DA &3
#Ql Cambers A3l F{HSEH A5 2dS
HS8 Bokt.

T4 29 #@E" HdY Camberg ©o]&3ste] %
FeEs dSstn o] 2dS F8 2 @
H 5o ZFSES dF5ste], Camberg AAHSH
H AgA e} vl wgkt

Table 19] FAZ7A Fig. 8914 HIo] #&
Zpgko e gE SRS HAGE H, ssROR
2439t} Fig 9014

9} o] Zh2d AEHE Al
gk 40 &4 s =9 dE" A3 &
9] CamberE ZHo|Weo = 1/4,
Z}zy ZA5od.

E8 d¥® e CamberE ©| &3} Fig 100
A HZo]l Camberst & FAMS T FES

ARtk

o

172, 3/47] 3l A

J

o

2 HAE

=, iy
o
il t
o=
ful
rr i
N
>,
)
2
e

olo
1

AL L
F
il
N
N
o L% g
o

>
ofo
o ¥

A
* 0
B

M Ae

a F

LN

o el
[

kel
My —~
olo olo

bﬂ—zs‘t o o7, ia]

J

-
_O|L
2
r&;lL
)
o 3
O._ﬂ‘

=}
=)

o
X,
=

Hj\{rﬂwh
by

o
o
>

¢

ot
oo

R
iih3
H
—r
X
%
ogl
o
Ly e
:(l>l:t
o,

fo w0 of & o I

[T

td
=

s

Camber



2o 993y TN T2

Table 1 Roller leveling conditions for the camber

experiment
Thickness 40.35mm
Width 2360mm
Yield Stress 0.451GPa
Young’s Modulus 200.1GPa
Roll diameter 360mm
Roll pitch 390mm
Number of the roll upper : 4, lower : 5
Entry intermesh t- 6.5mm
Delivery intermesh t+0.3mm
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Fig. 8 Schematic figure of the slitting plate
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Fig. 9 Shape of the camber
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Fig.10 Relation of the camber and the curvature
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distributions for the roller leveling

= = 29 "9 FAANA Fi9
AFSEE odFE 2o FEM(Finite element
9 H

i=}

o = o wo
< o] g3 Rde g

EEES

0x

471885 x|/M 228 M15, 2013H/9



30

20 +
— 10 A \
E
E 5‘“-\‘\- B
g O RN el S
o N\, - ~— T -
E . *. Y
- o
© 0 \\
—e— initial \\
< experiment ™
20 4 — -~ simulation )
-30
0 1 2 2 4 s °

number of plate

(a) At the 1/4 length

20 4
1o
£
£ ~
P Nt iy o
o= R
=10+ \\
—e— inttial AN
a experiment .
-20 - —-w— simulation RN
Y
30
[¢] 1 2 2 4 5 2]
number of plate
(b) At the 1/2 length
30
20 o
o
£
£
FER i
8 e e Ty
10 +
—&— initial \\ ®
[l experiment
=20 + —w— simulation \
.
30 \.
o 1 2 3 4 5 6
number of plate
(c) At the 3/4 length
Fig.12 Comparison between simulations and

experiments of the camber after roller
leveling

10 /8= 2d7tE s X /M 223 M 15, 20134

:Oé
1
>
=
tlo
o
-
ol
ol
rir
it
)
fass
2
>
2
r_ﬁ{:
o}
=2

F. Yoshida, M. Urabe, 1999, Computer-aided
Process Design for the Tension Levelling of Metallic
Strips, J. Mater. Process. Technol., Vol. 89-90, pp.
218~223.

J. W. Morris, S. J. Hardy, J. T. Thomas, 2002, Some
Fundamental Considerations for the Control of
Residual Flatness in Tension Levelling, J. Mater.
Process. Technol., Vol. 120, No. 1-3, pp. 385~396.
S.Z.Li, Y. D. Yin, J. Xu, J. M. Hou, J. Yoon, 2007,
Numerical Simulation of Continuous Tension
Leveling Process of Thin Strip Steel and Its
Application, J. Iron. Steel Res. Int., Vol. 14, No. 6,
pp- 8~13.

Y. Itami, 2003, Calculation of Deformation on Plate
Leveling Process, CAMP-ISIJ, Vol. 16, No. 2, pp.
396~398.

R. D. Krieg, D .B. Krieg, 1977, Accuracies of
Solution Methods for the Elastic-
Perfectly Plastic Model, J. Pressure Vessel Technol.,
Vol. 99, No. 4, pp. 510~515.

F. P. Beer, E. R. Johnston Jr, J. T. Dewolf, 2006,
Mechanics of Materials 4th ed., McGraw-Hill, New
York, p. 213.

J. Chakrabarty, 1987, Theory of Plasticity, McGraw-
Hill, New York, p. 103.

Numerical



