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The development of FE model for the precision prediction of
strip profile in flat rolling

K. H. Yun*, T. H. Kim**, T. J. Shin*, W. H. Lee*** and S. M. Hwang*
Mechanical Engineering Department, POSTECH*
Automotive Steel Application Research Group, POSCO Technical Research Laboratories**
Knowledge Asset Department, intellectual Property Team, POSCO***

Abstract

A full, finite element (FE)-based approach is presented for the precision analysis of the strip profile in flat
rolling. Basic FE models for the analysis of the mechanical behavior of the strip and of the rolls are described in
detail. Also described is an iterative strategy for a rigorous treatment of the mechanical contact occurring at the
roll-strip interface and at the roli-roll interface. Then, presented is an integrated FE process model for the
coupled analysis of the mechanical behavior of the strip, work roll, and backup roll in four-high mill. A series of
process simulation are conducted and the results are compared with the measurements made in hot and cold
rolling experiments.

Key words : flat rolling, FEM, roll-strip and roll-roll interface.

1. M2

£ BE 452 AF FAY
o 28 et 9280 2] 94 9 4385 9gs Aol
G4, B3 92F, Wl WHo] B AAY QY WEe] 3TE B3 A7 we JE
ot 37 & A7FAE) ¥ T2y A% 2 Aol sl e W B ol B Ty
bt SAIAEEE deel gou Jle Rdd B IS A8¥o= Aa 24
Mok ARHRR A% FUEs} deldnk A2 3 AL FELL 2L uRd
8g ol8% FAAN mASel Avslel JE ZAuc A% FUSE BAA T Lot
2ag gAL + 38| ahicad
B ATAAE 19 dedde B 9 A28 A98 Age A
9k Y ZUE ARG BH B Aoldl HIAA AP VR AL UL B B2 44
97 9259 94 99 U = 9P 42 4287 ¥y @AY S AA Astel vk
4o FadE dge 1 s1s) chope e 34 230 4830 99 % 99 AN ol
A YA AN AHgEE BAN R AT A E vlwske] woket

x%

I“'L?‘olﬂ

Ay BN T o [ ok

7] 918 3 34 9

oﬂ, F-?!J
m1o (R

HT!

J\N- e (g do

AN
fﬂ‘a*»

29k vlmsto] B
2. mo| ZAaN W siA U Fo| By W3l s

wo] 4 Q el EW I'S traction 4,7} Y FE T, & £5 o 7} Fog 2B T, 2 vhrol

i

B Toe 3 29 AFES Avidoh. A0 H 89 2939 BAA EAle 7]3}7374]

197



A BEHE SEF YA 99 5 @l daol the 3249 B u T 2

ja @, dQ~ j 40,40 [f0dQ-Y [hodl
Q ar,

’ (D
- [-& @, ~w))o,dT - [ u&u, —u)g(Au)w,dl =0

c c

2 |{Au

g(|Aul) = =tan 1('_,‘) 2)
/s a

A71A a & w§ &L AFola £, HEA Y penalty F4E v

vltEAl 2o &) AFd p v p=-£E, Ao A& ZAksE T

o WkA 2 = WA ale 73 3lo] direct iteration method E+&

@tk

jmp
Y]
o
w
o
=3
3
2
g
@
o
i
_,z
, do
3\_:{
3
=1 4>

1Ze g4 FARAE 7123 P
=

Ok

,dQ) - j— »,dQ~ jfcon > [hodr
a o, (3)
—j~ﬂ%-ﬂﬁmﬂf=0
L

4714 23 B Abolg 3
SR EERRE
& AAH M2l

3.1 Mechanical contact 2] &

& A7 92 EAd dEstdA 5 o dEE & of WY el FAE e vl
dA YA @) gl AEW) AAxAE FdE F ok 43} 422 BA, £ 29 DA
5ol olo #Fars ojHd AT E7) A8 T A S WG FYP e

=
Step 1. & B + present configuration ol 1o™ ZAlet 7188t T'c ZAE 71d &4 A 9
NAR A% e S, olw 7i7iﬂ“4°ﬂ/\14 SHEXLE o E3

Step 2. step 1 oA A28 AAHANMY SHELE traction 22 FAH FAE %= &4 BY
AAE AF S st

Step 3. ) B 9 deformed configuration & t& 402 At

x, =X, +aUl +(1-a)U;” (4)

ANA x & Xk £ 27 deformed $ undeformed configuration °llA9 el 9= dEHE
quisty, Us AAe WY Ay | & &85 a & 8 F9 2 F3AI7] 48 2ZAFE
0<a<0.5 2 B AX A&}

Stepl~Step3 & zZ} S0 thale] o}2 2 F=HZAE WEE 7hx] ¥HE ot

198



<g (5)

B

AZVA Up & 5t B2t Solztd 24 BAMEE, 2471 Soletd 24 = 9HE vt
3.2¥gE EA B AR AL

A A 8 B B Alole] AANA 4 B 9o 2 A FAHEY - 2L EA A Y
EdoAMY A HAWUEY A F2T 20|tk (4F Eo] B YA EY AA N A
A7l Bola B7F 9380l gth.) =g ¥ydd EA(HYEE A2 )] A JHoE AT &5
A o] Aol T Fastch olo tid) otef el 2o} deformation gradient o 71&gh M %4
AL-g-ghet,
Z7)s} ¥ ¥ configuration & 22 x & Xk & B3t o5 2ot

o §

X = xk(XK) (6)
dx, = x, (dX - 7)
Xey =Xk (8)

o] 714 xpx © deformation gradient tensor & 17| gtc},
HEE T ds A A HAWE p, & B3 Zo] A

nds = JdSN, X, 9)
4714 N aEd meelde B4R gadEeln J=|x, 9 #AE AT
MY B ds oA BHY YAYE py & T Lol REHL

n, =normalize(N,X,‘,.) a0
HEyd 2d Ao S5 dE y, = 38D SE9E V9 oS A9 g2 #AE 7L
u=x,V, (11)

A0 & AAD2FE AHAMY ik & Adstoiol st 5 9gd 94 EW) FA A
E4% 871 Wl ol A8 vy M en

x?"—x.”:x,f’K(X,’("—X,?) (12)

1 i

o714 A & deformation gradient 7} AAEE HPE Qs N 2 2H 4 & 3% =z
Q40A 2 Yoo BYE oujdir)
X' BEEE AL ASPE o) §3H oS A2 RH FHY.

199



F, = foQKL 13)

PiL:Z(xiN"‘xfozl_Xf) 14)
N
Ou = T (XY - x2fx¥ - x1) (15)
N .

2(13)& 2 (10), AAD A FEAN™E 59 & /F=8 & Ao

n, = normalize (N ,'Q,LEL'I) (16)
u; = P00V an

4. YAZY oA 2H

kel A ?ﬂ]° mechanical contact & @ dte WHE 7202 thakst 59 v B3
29 WY AA AHHL 9T B 7T 22 2D oy JHx Wy oz FEH| A Fig. 1
IHY 4 & AN AL HPE EAT3 Aol o8 AA9 1/4 REw
e ste] ANk ‘FE‘EUPE}
o7IM B HA2E Alo]d AAE AHe BE A
Atol o] A AE 2131 A3Es =4 AR BdE B
Atolo] wtE g gz d ¥ B WY 4 g 5 F shyich

A
=
1l

¢

START )

L Analysis of Strip Deformation I

E\na\ysis of WR deformation l
v

Enalysis of BUR deformation I
v

LUpdate BUR configuration J

LUpdate WR configuration ‘

STRIP converge?
Y

Fig. 1. A computational procedure for the analysis of a quarter system of a four—high mill.
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Fig. 2. A schematic representation of the roll meshes and strip mesh used for the analysis of a

four-high mill
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Table 1. Hot rolling process conditions

Parameter Value
Strip Flow Stress 5=157521500 (GPa)
Strip Inlet Dimension 251x3 (mm)
Reduction Ratio 30 (%)
Rolling Speed 55.2 (mpm)
WR Barrel/Diameter 400/200 (mm)
BUR Barrel/Diameter 500/350 (mm)
Young’s modulus 208.8(GPa)
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Table 2. Cold rolling process conditions
Parameter Value

Strip Flow Stress 7 =0s340.001+2p (GPa)

Strip Inlet Dimension 220,300%0.792 (mm)

Reduction Ratio 30 (%)

Rolling Speed 12 (mpm)

WR Barrel/Diameter 500/200 (mm)

WR Bender Force -12.3 (ton/chock)

BUR Barrel/Diameter 500/530 (mm)

Young’s modulus 205.8(GPa)
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Fig. 3. Strip profiles, measurements and predictions in hot rolling experiments
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Fig. 4. Distribution of roll force per unit width at strip~WR and WR-BUR interface
w=220mm w=300mm
20 — 20
10 10
e, L
o R T e, 0 e S [
*// ST W(Whaﬂ
~ 10 H - ~ -10
8 1 g ;_
g0 | g 20 L
2 *] o = }
30} 4 i + Experiment “ 30 + Experiment |
l‘ Present model b - Present model \;
.40 J ~—~—- FE simulation l\ 40 ~—- FE simulation ([
i
50} \ -50 i
60 L1 . — L . L.
-120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 -160-140-120-100-80 -60 -40 -20 0 20 40 60 80 100 120 140 160
width (mm) width (mm)

Fig. 5. Strip profiles, measurements and predictions in cold rolling experiments
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