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Analysis of Deformation and Residual Curvature of Steel
Sheets in Strip Process Lines

K.C.Park, Y.W.Jeon and K.J.Jeong

Abstract

In order to analyze the deformation and residual curvature of steel sheets in the strip processing
lines, a program for calculating curvature and work hardening of sheet was developed. Strip deforma-
tion caused by repeated bending under tension in the process lines was analyzed on the basis of the
incremental-plasticity theory with the mixed hardening model for the purpose of predicting the strip
shape and the yield stress change. The developed calculation program was applied to predict curl and
gutter of sheets within a 10% difference. The yield stress increment was also predicted with the simi-
lar accuracy. Application of the model to tension levelling process showed that gutter could be con-
trolled by intermesh and elongation. The yield stress increment in the electro-galvanizing line calcu-
lated by the developed program was found to be dependent on the yield strength, the applied tension

and the diameter of the smallest roll.
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Fig.11 Strain distribution at bending and unbending

process
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a2 B A1y 2 Ast Aol &8 FEeolnt

4.2 1-Roll 2 ZHolA{e] oH5 ghlnt XY WS}

Fig. 149 2& A@71dA 9] 272 30 mmZ 8}
3 AHe £ 45 mmE FH|8t AFH] 1.
kgf/mm?ol M & B3 AlEE st 78 AW A A
A% A9 wss J¥A e ANAFAE vwdte
Table 201 etk 544 Z3te] vl Ms 052
ARstm AN 297 F4E AESAAN P B
& o &x & vehla U3E & F vk Agel AR
NE 54L& ol st 2t

=

E = 22250 kgf/mm’, v=0.3
0 =K(e, +€,)" =57.495(0.010290 + £,)***" [kgf/mm’]
Sheet thickness : 0.73 mm

Table 2 Specimen shapes and material properties after roll bending test with 30mm dia. roll

d i 1 ti - Yi
. t |width |Tension rawing eonga,on Curl Gutter(1/mm) leld
condition .| force |(at loading) |(Curvature) Stress
(mm) {(mm) |(kgf/mm") 2 o )
(kgf/mm?) | (%) (1/mm) Loading |Unloading |(kef/mm")
Experiment | 0.73| 44.36| 1.89 0.65 0.41 352x10™ | 2.82x107°] 9.56x107"| 215
Isotropic, No Tension build-up 0.56 027 | 437107 | 2.46x107°| 1.07x107"| 240
Isotropic, Tension build-up 0.56 034 | 427x10° | 2.44x107°| 1.06x107°| 24.1
Mixed(M=0.5), No T. build-up 0.51 0.24 3.48x10™ | 2.00x107°! 8.73x10™*| 214
Mixed(M=0.5), Tension build-up | 051 0.30 3.40x10° | 1.99x10™°| 8.70x10™| 215
KinematicM=0), No T. build-up| 0.45 020 | 260x107 | 1.88x107*| 6.73x107| 186
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AR 54 g3 2o A= Fig. 159 A9
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+
T
(back tension)

Fig.14 Schematic diagram of continuous bending tester
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Fig.15 Stress and strain relation of tested sheet

Thickness = 0.73, Strip width = 45 mm

Yield stress = 19.1 kgf/mm’, Tensile strength
=30.3 kgf/mm?, Elongation = 44.9%

Ny = 0.221, 154 =1.93

M (fraction of isotropic hardening) = 0.5

Tension build —up : Not included in calculation

4 creretony d=30-300mm
3
I d=30mm o=3kgf/mmz
2
r Simulation  Experiment
g1 Gutter (residual)
-~ -
- /
Q0
2 <
= .
e -1
3 | Gutter (tension)
-2
-3
-4
-5

0 50 100 150 200 250 300
2nd roll diameter, mm

Fig.16 Strip shape at two-roll bending experiment

Table 3 Experimental and simulated results of 2-roll

bending test
Elongation(3) Te.nsion Yield Stress .
N 2nd roll ) build-up  [(initial=19.1kgf/mm")
o di {at loading)
ia, (mm) (kgf/mm) (kgf/mm®?)
exp. | cal | exp. [ cal exp. cal.
1 | none 067 | 041 | 051036 | 222 221
2 30 1.23 | 0.71 1057078 | 239 238
3 40 110 | 062 | 085067 { 236 234
4 60 090 (053 | 072]055 | 231 230
5 80 080 [ 050 | 065]050 | 230 22.7
6 100 075 | 048 | 061} 047 | 228 226
7 120 075 | 047 | 059|044 | 227 225
8 160 075 1045 | 058|042 | 226 224
9 200 065 (044 | 055|040 [ 225 223
10 250 - 0.44 - {039 - 223
11 300 - 043 - [ 039 - 22.2
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Fig.17 Experimental tension leveller used for test

Table 4 Mechanical properties of tested sheet

sheet  |[thickness| YS [ TS | El n fiting
(mm) [(0.2%) (%) (o=K(g+e)" )
DDQ 0717 180 | 309|456 |0236 | 569(001022+¢)"™

Table 5 Tension levelling experiment and calculated
results with DDQ 0.7mm thickness sheet

YS 02
(UnLoading) (kgt/mm®)

specimen | Unit |Inter- | Elongation (%)
width |Tension {mesh
(54.9mm) |(kgt/mm) | (mm)

exp. | cal. | exp. | cal
5480 | 5.76 0| 080 | 045 | 205|202
5470 [579 | o5 | 147 | 081 | 220 | 21.2
5465 {581 | 10| 200 | 118 {234 | 223
5450 | 607 | 20| 333 | 260 | 260 | 256
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Fig.21 Pretreatment and plating section of electro-galvanizing line
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Fig.22 Elongation of sheet after passing each roll of electro-galvanizing line
(M=0.5 and 1.0, Unit tension = 6.75kgf/mm2)
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Fig.23 Gutter at each roll of electro-galvanizing line (M=1.0, Unit tension=6.75 kgf/mm?)

TF Aggoe] Ayl 79 WM &9 wjdE Fig.
21 7 ¥t} % Tension Bridle Roll Ateloll 1] g 3474
o] 2o ola|A e Y gl FRUFE WA
g0 o]d] wal 7ste] gAabAsel AR A
utl A givk ebgate] E4o] thet 22 At B
o tate] & E1 R L A BY ol sty HAHs}et ¥
A #alg d2sig. 249 FAE 2% 0.7 mmolH
AR B AX JAABAM 7Y A4l BY
AEMES th&F o] ekt

tlo

SPCMN-1 :
Yield Stress = 1145 kgffmm®, & = 57.53(0.004689 +¢,)"*"
SPCMN-2 :
Yield Stress = 15.56 kgffmm?®, & = 56.30(0.008997 +¢,)**"
SPCMN -3 :
Yield Stress = 16.20 kgffmm®, o = 54.93(0.009959 + £,)"*

Aol 9 E% A S 6.75 kef/mm= HAII

Table 6 Yield stress and residual elongation of sheet tested at 6.75kgf/mm tension

Initial YS M=1 M=05
specimen (kgf/mm?) Yield stress Yield stress '
0% | 0.2% | 0% 02% | Elongation | 0% [ 0.29 | Elongation
offset | offset| offset | offset offset| offset
SPCMN-1 | 1145 | 1274 | 1479 | 1571 | 0.3097x10™ | 1473 | 15.64 | 0.3098x10™
SPCMN-2 | 1556 | 1644 | 16.13 | 1699 | 0.2229x10™ | 16,13 | 1699 0.2229x10°°
SPCMN-3 | 1619 | 17.00 | 1659 | 17.38 | 0.1455x10™ | 16.58 | 17.38 | 0.1455x10™

132/ 8340471388 X|/A 63 A2%,
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Fig.24 Amount of tension build-up at each roll of electro-galvanizing line
(M=1.0, Unit tension = 6.75 kgf/mm?)

=3 Ag=o) Aedhe 99 T A 44 B
%42 ANAE Table 6 3 2t SPOMN-1 9 A&
% 2.8 kgt/mm® B= FREHo| 433l 0.3% 3=

o Agwge] 47¢ & & Aok wele] SPOMN-25}

SPCMN-3 ¢ A%& 0.5 kgf/mm? ©}3}2] &8¢ 4
%o] dZ"c}. SPCMN-18 SPCMN-2 A|Ho & 1%
#S WAsly Mg AWNE Table 7ol vehAAct
SPCMN-1 Al#9} A5 A4S F 4.0 kef/mm 3
T2 Axste A5l 1 kgf/mm? B2 FE588 37}

& A3 =g

A7HA 2A 2344 S3E8AsRd (M=1) o A%
g BgAgEd (M=05) ¢ A%l dstd 2 & 52
o) & B ANET FH T 2Aste TLE Hd
2ol Gutter © Fig. 229 Fig. 233 2t} 2=l 24+ &
EAg 148 Wale A 2xe FR Aerd
o tiate] Fig. 249 2t SPCMN-1 A8E 1100 mm
Ao 88 Esle Ao A&z WHo| 7%

/“ oo o
ME =

% 5 9\15}. 223 Gutter &
g =54 ¥R s SPCMN-1 A&7 =89 3
deflector roll 9! 103} 211 E3} conductor & Ale]
AN Gutter TAo] th2 TF A F-Fol vl Ax+=
S EAE 4 Uk 2 Ao F o7 W ol 22
SPCMN-2 2@ SPCMN-3 Aol A = Gutter A 2}
7} Zrolr] ol2i3l fAdol TaE A vt AAHY Fvt

& vz 2HMRYL gvlam ol o] Y He
1100 mm &< E3els A% AUL & & ok,
Fig. 259 (a), (b) ZEl2 ()& SPCMN-13%

SPCMN-2 Z8]3 SPCMN-3 247} A7|=F 239
S SHAol o Wi AW E FEXE JE

Witk SPCMN-1 24 A4¥8 &) WA A0l 2
Pobel FURe) 2AYo] A% FHAE AYT B 5

Table 7 Sheet deformation at different tensions. 0.2% offset values are used for yield stress (M=0.5)

specimen  |U. Tension YS Elongation Gutter pl. strain
(kgf/mm) (kgf/mmz) (plating section) | (sheet center)

SPCMN-1 3.75 13.22 | 0.0222x107* | 0.0582x10™* | 0.0
(initial YS 475 1425 | 0.0975x107° [ 0.3598x10°* | 0.0779x10™°
12=74kg o) 5.75 1500 | 0.1994x10 | 0.8191x10* | 0.1975x10°°
. mm 6.75 1564 | 0.3098x107* | 1.378 x107* | 0.3274x10°*
7.75 1642 | 0.4628x107* | 1.448 x10™* | 0.5062x10°°

SPCMN-2 6.75 1699 | 0.0223x10% | 0.0119x107 [ 0.0
(initial YP= 7.75 1800 | 0.0915x10°° | 0.3084x10™* | 0.0702x10°®
164dkef/mmd | 875 1872 | 0.1961x10 | 0.8754x10™* | 0.1933x107
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Table 8 Measured and calculated mechanical property change of typical sheet at electro

galvanizing process
. experimental results calculated results
t Tension Y 9
No (mm) | (kggf/mmd) YS (kgf/mm"®) YS (kgf/mm°)
£ CR->coated | &vS__| CR -> coated | AYS | ELeeo
10.696 7.87 13.3->151 | 1.8 13.3 -> 1562 1.9 | 016
210.991 6.16 13.3->144 1.1 136 -> 14.7 1.1 0.10
3/0.695 7.89 13.3->15.1 1.8 128 -> 146 1.8 | 017
4(0.692 9.76 145->165 2.0 142 -> 16.6 24 | 020
5[1.211 5.78 15.0->16.0 1.0 146 -> 154 08 | 0.09

134/ = A MBS K| /A 68 41235, 19974



gk Azl el & PN IRTF LA Y

25

20 o

Coa"’.@,,....,_.,.,,._,.A,

eng. stress (kgf/mm2)

0 I i "
0 0.004 0.008 0.012 0.016 0.02
eng. strain

Fig.26 Comparision of stress strain relation between coat
ed and cold rolled sheet of No.1 specimen (Table 8)
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