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Synopsis :

The customer’s requirement for better Strip profile and flatness is growing stricter.
Accurate models to estimate profile and logic to determine rolling conditions, based on
these models, are required in order to produce hot-rolled strips with good profiles and
flatness. Two models have been developed by Kawasaki Steel. One is an analytical roll
deformation model, which is a simplification of a strict roll deformation model. The
other is a strip profile model, which is derived from a coupled model of a rigid-plastic
FEM and the roll deformation mode. By the application of these models to Mizushima
Hot Strip Mill, a hot rolling technology to achieve excellent strip profiles and flatness
has been established.
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Synopsis:
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The customer's requirement for better strip profile and flatness is growing stricter. Accurate models to estimate profile
and logic to determine rolling conditions, based on these models, are required in order to produce hot-rolled strips with good
profiles and flatness. Two models have been developed by Kawasaki Steel. One is an analytical roll deformation model,
which is a simplification of a strict roll defarmation model. The other is a strip profile model , which is derived from a
coupled model of a rigid-plastic FEM and the roll deformation model. By the application of these models to Mizushima

Hot Strip Mill, a hot rolling technology to achieve excellent strip profiles and flatness has been established.
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Fig. 1 Layout of Mizushima hot srip finishing mill
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Fig. 2 Model components of profile and {latness
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Fig. 3 Definition of variables for roll deformation calculation

N RS HE Vol. 28 No. 2 1996

ST, v (FHEFED L RKTUZ LA BUR DA, K,
3 7, G (TARMRPEERL, 1. (3 BUR DB 2 K E— A >
boAy EWFTRE, R IFSINEE (4/3) THY, W aidd
v ZEETOAR T, /2, FOMAK ST Fig 3 uin Lz,

IMR B LU WRIZOLT LRRIZELMES LRIz L b
— AR, by U BEIEHFTEL,

(b)Y ¢dom

LiKBETRDI I hA LG — LR TEET S & Ly
HOLOTED, Zo—AETohADESRTEMLLT
Wiy, BUR-IMR &5 L IMR-WR BT E &S %5
AT, FRLOATAHLHADBNRERMZT LI
4R DIERSTEDN P, BEEEOHMEIZEZ7205 b,
Urass Do BRSO DY, ¥R, [EEWMEIZL D WR 22025 ta
iz, FTATEHINLL,

e = Loy -+ Ly Sttreeerrae s (3)

(2) o=~y FF—izLblbA

FEEREIZ L A7cbA LRI, LRABLIF4RAEIZLS
72h B e Uens BRSO, BN TFRICL TR~
Sz L Blehd pew PRHEIENTEL,

Ve = Ve + Pt HrT et e (4)

(3) o—-n7oT7sNTtbdlcbA

=LA =L e LT Ty, =TI ST E LUER
Bz b o—nBoERGTESNA»ELL, o—rnithi
LT 5, —Mlz—wn 2 3 RERIIEBELT R TS
N, MECRESOELT S 2 LR TA A, EHEY o0&
Bikic ks a—nicba e Ehih kR BN —LT T
FROEZI LT IOREEEET S, Fig. 4imT &30,
O— O SAER R —EE L, FALE—AL D04
WREREET AL, FEOO AT T gl AD—
PR RSN w (D) FRHL L TE L, N(5)iomT &
G2, JOEMWEE INEFT AL To—-ahbi
PRODLIEHNTEDL, 2L, FEOO—NLT a7 ¢t LD
&, BN 2EOT 2283 TE Y, MUHETRITI &
Whhh, i, FOEHEKSHLNEZLLAL, Ho— R
WichiE LA 1RKEDIZbATH D,

(EEmo—L7u7inickdicha]

g{x) : arbitrary

wix) = ke{glx) +br+c}

50x) :/‘7 win)dy

e (x) :f's(q)dq

U;u(x) = alr_'_f Wi(ﬂ)(?]_x)dﬁ' ........................ {5)

0

Roll surface contour
gl

Contact length L

0w Contact force

wix)

i
\8a  Deflection

T LX) x

Fig. 4 Roll deflection by roll profile



SRR [UF I BITA 2 59 L RS T DR L M 83

G = Ilgfjjhm(r;) (5 —x)dy

N, B=T e T s LR TEbENRLET AL, IE
PATESN B X b AR KD B 2 LT E, N6)
Hrizkhing,

[4ikDO -7 07 s ATk BzhA]

g (x) = gtoxtarttor+oxt
w (x) = kecl{x)
. Lk,
v (x) = i {af () +of,is) tafilx)) (6)

L& &, & &
St T 360

T OB40D 120 400 840

v g s g
L v R TS T T

&= x/L

WD TR LN fEE7 a7 Mk do—nicbhak 4
RKETOT A NIZEBbARTELT, 4KkA7T 070D
IR T L R (T i, ThERCIEICL
THEZTO 7 4 sk blzhAi N LnihAadli b4 ka8
Do AR (Fiio—n 2370y Kb b, Tl R
GECIIBREE—A v oI BC L RN ENTES,

S/ fAL/D FAL/) (o o AL74)
Bl fem fmm fnm [fap={m Lo
S L/ L3074 FL3 L4 e we (3 L74)

...... (7)

oo —n 2 Fr o a VT, hiE s L& o —
ARt hAEAT ALl kL ERE Lo —nT o7
12k B WRZhA ten 2RB B EHTED,

3.1.2 WRBHEHFER
WR & HEH ORI FRDND 28R L, fifug{kaszniz
Is STy = A AT E AT e — o Rl R SRR L A A D
=i PUTIATOR R E RS S L LA, 2, n-nnf
BEME I Al LT, aN08) 27,

(1-vh P

ke W

R R e Rt
T - e e R - )

ele) = (8)

SOT ok BOI R ESRRR L LoMUE, o 0 WR EMH-TR, 0=
—W/2, xr=x +W/2, 1d fERERE, v BTV L, Ko D WR
A rH, RIWREME, ThD,

3.1.3 AEMO—ALZREIOT744

PLETa—n @ BRI T 50 ¢ TRURE N, #5 8
My —A7 o7 s NEBETY 7L O7 400 1), BT
T Welx), 42302370 o {x)N3H, BIUMI-WR
Ry = 0—=LTFr 74NN HIILEE WRZEA v (X)), o
(), vew(x), BIXUWRENMT c () EAMTEI 2N, &
(GHIRT o= 1 RO B A WREN7 a7 1 v Co () 5315
fLh, SHIZIERENREREY LAARROD - ¥ ey 770
T CHa R R @A L TN TEHEMLL,

Colr )= = ez ) T el F v 4 s o)+ e (0 4 e )+ elig) oo (9)

CHd =2 CAN— G Calml] e, (10}

Tabie | Calculating conditions

CCase wlo olelo
Dimension of rolls {mum) | WR/IMP/BUR © g 600,680,171 300 <2 300 L.
A;t_;ii):;'idth {mm) 1204 [ 800
Roll separating force  (MN) .“.__9-.8 -
Bending force per chock (KN} - 4()7 7 7‘7 1_9(1—'_ 0—_ o
IMP shifting b |0 400 0
WR crown {mm) i : 0.3 | 0

106G

200 ©

|l ——— Strict model

300 |

Developed maodel

Loaded roil gap profile{pm)

400 L— 1 o101,
0 100 200 300 400 300 600

Distance form strip center (mm}

Fig. 5 Accuracy of developed model

3.2 B—NERBREFLOMKE

Table 1 i2nTHE RO TR —AEFBEF L EBEETNAT
HAETHIEFNAZL AN M T A LI L > THIERMRAE L 72,
Fig. 5 I2HAED — A F o o 7707 s A0 EERE R, WS,
A2 e Z 57 ERRCICEHTOEE
FNEREFWAZLBAM T F + v 7727 4 I em B
ORHETE —# L Tuwh,

27—,

4 FEEMBEOKRS ST CBRETL

LB 7 7 77 g, JRAE R B TRATINAE - A s fuhuid o — ¥
o TA R LT TR TS B L Ll 5 43 o0 T
I, MEOERE oV OERE R LA & OBURE R A B
Ltz A w34 TEITT2DHEHIZHEETHE S, £H7025,
TN [EARE B NZ £ F 012 50 T, SFEPRE AT 18 % B A
B— i By D 0 = X o 7T e 7 g AR, M OE
BRI OVMIET IR Z7 - BEEFL AR T S,

B2 5 B E T AL, TRER Y Ya—ie (A7 ILF, S0,
AW 2 5 v, BIREIC & B ERCHE. A X R EoBEE LU
T AEFNMEETH L, BIE LI BT AL T A R M50
BT 2 20, BAICED BITEE RN TE 2 LRI R 2 2
b— TR D 3R R AT (CLIRM AT FEM S op
A R L, EEF LA LR AT AT LR
L7,

4.1 EREBIRCAFLOBE

Fig. 6 1B AT o A F DT o—F v — F 3T, IOLATFL
T, T A AR, THEFLVLD IR SHITE, o
U R PR R LR L, FAGSOELR & FTHI#IE: FEM

NI BEREE B Vol. 28 No. 2 1996



36 BURE RIF 2IZBIT A 7 5 7 2 BARHIE 7 DM 7 & R

Delivery sirip thickness
by roll deformation
analysis mode

Plastic deformalion analysis
by rigid-plastic FEN T

14

Deformed roll radius calculation

No !

Change of thickness
<1, 0um

Fig. 6 Block diagram for calculation of delivery thickness
distribution (coupled analysis model}

HERT 2 AT AT EAIIE RN B, L BRI PHE 8 & S 2 0T
W, R OEN L am LM E AR TR OELII®TY. o
Herald, kbt AR T I00E D& bR,
4HI A6 HL 2 AR EFTILENNT &,

7z, WAYE FEM (2, (1D DHUME D F Tvy, TS
ELTo LY HEM B BE %M Lo k& > TEALL
Poo ML EFNRELFRLIFEEMT2KHZ 2 RADHRD LN
57,

cp:f f Edédv+f r_,Audef T oudS o {11
v T S S

T O RS 8 < PR
T AT S o s sz b
Av B =/ kR E DRI M

R e L < 77 T 4 1)

Zfii[K]{U}dW-Zfi[F}‘[F]{AU}r!S—Zf[.-\f'?{T}515':{0} —{12)
- ‘

(k=181 (2 1R+ (5 2)1s1] 8]
(T BAWA~T b g ER
(AUY={ U}~ (Ui} (U} s

{U:}
[N] {ul=[NLU}
(F]:{ut=[FIL)

AEF AL IIRICOENRYT T, BHKIZIL 8 6 TifED—ikD
TAVZ AR o PRFELEWTNT 5,

Fig, T (2L BRAT SN, WA RO BES I £ 5§, BRMTHEDE L F
MDD 14 EFATHY, ERATHIF AT A1 $723 2 B
H, TR N PNES ~QBEEL, 4 PRI IEE
Bz 2 Bk LA, Wi i 02 XA < arll L, 20~30 B
¥ MEsmm) LR oTuwb,

Fig. 842, oML 27200 A0 —Ma 7. Zoming,
Ll FLIN~F7 30MENKETEL RO HI 4 -,
KICETH AR L0 TH L, MEAIEIZ 10 om F2H
DBEFR OGNS L0D, WEEZHA Y FRE & RRHEA L <
—HLTHED, BUICETOMRT 77 >, FOkFBHT 588 25
mm i s8W TRl T E 5,

WA sTso— gk [B];B=rluw o R
{el=[BHU}

N 8L EREE fie Vol. 28 No. 2 1896

alf of

strip thickness

Cont

Fig. 7 Schematic illustration of the rolled material for rigid-

plastic FEM

0

e

_if 50+

=

o

C:‘ N+ & Actual )

“ — Analysis ¢
1 | | 1 ,

0 100 200 300 00 500 500

Distance from strip center Cam)

Fig. 8 Comparison of actual result with calculated result by
coupled analysis

42 W7 oHEEFINOERL

FEAEHE M R 7 77 %, AfliRZ 57 ~ogtl, o—n ¥
7T 0T 4 DRI L TERIET A, A E T —HRC AN
W2 Z77 » OREFE RIS RETHEY, 737 b
LS EDFHESMELE A L2 37 -~ DR BRE A ERT,
TREHL, B—F e 7T 0T LOETRRY SRS, B —
HEDMFTOHEo— A Fe 7707 s DI Z 557 0~
BWMRETH B,

4.2.1 AQHRZ T ORTELEFLR

MMl r 7 2 i feE sy, W) TEERT 5.

A= DOCFA /UK e umn
SIT Crh M S, CFF L A S, TH S,

Fig. 912132 O#FEIE LT, A7 29707 4 —dndic
L ARMROM G FRT . FHIBRSBAL I B TiE, MEan

(=)
oo
T

=
[=r1
T

——
- el

/ Entry strip ¢crown pattern

/ -— 3 Sine curve

[=]
[3=]
T

Influence coefficient
of entry strip crown
=N

T

=== Analytical result of pre-rolling

1 1 L 1 1 ]
t 20 100 150 200 250 3t

=
=

Distance from strip edge (mm)

Fig. 9 Comparison of influence coelficients relating with
entry strip crown pattern for coupled analysis

18 —



BAE(E |

KT L BIE D fia i LT S LB 2 hERTIhILA S, HiE
PN B3 DT, SHDEFNACTIZAMZ 27 D70
T4 RERGERLT A
Fig. 10 (2, #HEMIZ BT 20 nLEE R % 2T,
MEPE R, W, 7 77 Rl R L e THE
L7z, 727 FfEREUC i) AL 25 A — 7 &, Af#IT

o — L,

CoBE W, TETF R Dy, CPEJEREALOL D Aee, A S O HD

B ek LAz, RIS, RRETETLE BRUS AT L TSR SR
AT,

B={a explb s HY 4 (d, » gtel oomemmmmmmemnns (1)

an o=F, (x, W)
b,= G {km)

275, dn ed3ERTHY, F, GIIMEERTEDLT,
422 O—-NEv 77 LOEEEEFL
BI—HEG AT T —A e u 7707 4 LOEY HE,

TrEHT D,
a= aC?’"/ aC/* ......................................................... (15)

(15

IIT Gl AF ey 7T RT 40, THE,
Fig. 1115, #FHIEC O TORE Y ROUEH 5 i, HikE

L T2 DY ED KRB L iz 5 F ez B T
IR ELELY LN TS, T RITE T L, WERECE R
et A—FERAML, K08 Tl 7,

a:{a_!.exp(b;,. Hy+e.)td. - P ga) e (16)
s = Fole, W)
b.= G (km)

7L da eERTEHED, £ GRIMEBEEREALT.

h = 2mm

h =4 mm
h = 1t mm

&/—f

h = 20 mm

Influence coetficient
of entry strip crown
T

h @ Aimed delivery thickness

0.0 { | | . | 1
’ 0 30 100 150 200 250 300

Distance from strip edge {mm)

=

Fig. 10 Influence coefficients relating with entry strip crown

h = 20 mun

h = 10 mm

Influence coefficient
of roll gap profile
=
T

0.2k h =4 mm
h=2%mm
0 | l i ! I | 1

t 50 100 130 200 250 300

[Mstance from strip edge (mm)

Fig. 11 Influence coefficients relating with calculated roll gap

profile

ib"ia TZ:??"J/-

FAKIEIE 7L DI - F T 87
- NMaterial thickness I 3.5 mm
EL 0 width . 1066 mm
S ol ® . Actual
2 — . Predicted value by crown model
SO )
2
_’,_5 a0 s
»
120 l . . . | ‘ . . . ]
{ 20 40 6l) 30 100
Distance from strip edge (mm)
Fig. 12 Comparison of actual result and predicted value by

crown model

4.3 WZF7-FREFAAOBRIER

W R T AN Z 77 v OREEN, p—AF e P 7a7 140
OVERG RO T & L DO MBS 2 T 4 R BT L TR 22
A RpRHTIC E N ER b LA b THRE, TALNDETLN
O MRIE AR T B U AR OB B & AR A TS & Fig, 12
SR, AERE LTy B HERER 26 mm LIAIOMEGZBGT, Ryv\—
A ailh,

5 KBERER

51 EESTOHRIQO7 4 NETIRE

Kby PR R o7 AR L A EBTOMT o7 s A ETL
I2& 5757 FllRIE® Fig, 13 10mR¥, EXEFA T TR
mﬁ#mhuwa—lnmnf$ﬁran;rL AEFNTIE o= 10
am & KIS E S L7

52 HEINEY PPy T~D

H7a7 1 LETNLDER
PIEM~TELR 7 a7 AEFLE, L3y PT v 7H
T HlLAAR, O M, (LT IS b
Fow7iiBoTid, TEFALIEYTOCTHELLE 7o 7 o085 L08
Bk & el T4 £, [E FESH, WR-V#—J)), IMR ¢ 7 b

HOFRBEHEFRET 5, TOEHNLS, TR aAn e
200
;~ Eelge 25 num
E n =498
’é 160 ¢ x— 7. lum
E g 9.6um
2 E
g 1205‘ o/
& E Q
© E
T 80
2 E o
.g E ol
= g o
= 3
QO 40F
b o
1l 1 i | 1 1 Il L lia
0 40 80 120 160 200
Measured Crown {(gm)
Fig. 13 Comparison between calculated and measured crown

at 1°7 stand after hot rolling (developed model)

NS REERSHR Vol. 28 No. 2 1996



88 WAL LIF I B IR 2Ty

BERHIRIE 70 ol 38 2 b A

TEGE £ 7 F o MET B & A G R 1 5,
F=fau ™, Crosy Crit™ )V +glha 7 Bo BT, 50 8777 -+ (17)
Ao (A% » PRI BgE AP0 H R
Croe o fELHWEIFE 2 577 > Crif" BEEZ7 Z9
h 127w P AT iR 8 v KR EERE R
B, iAF v FWR~NY ¥ —j; BT WR~ & — B
S iAF » FIMRY 7 FuiR SI7 DIMR 7 - MR
IIT, BIEHEAEETAEK - 757y EENT SV R
FEENLLALOTHN, B 2R VAT RNMET 58084
EhtMPTENERIRT AP ERHLIHOLATH ), BEF
CEENENEAMEREERT 5. SHEBREED 300 2 KEHH
MM E LTHEE, B (h B 5) kS5,

5.3 ERMBERARR

Ll b~ @ik 7 g 7 o n e F s D wizt s BT 7R 1995
FELIRLD, KBRy PRV w7 il iz LT3,
FOEW, K7 I AT T, K 25 mm {LElD 7 57 L in o
TFHEAE pm, EREEE ¢ 23 pm P L7, W o
BEIZ2OLTIE, fEl 2B g v IR 0 BERER 22 o 2

30% #eb L7

HlfE, Ko 7w 7 AFALEREET100% HRSATEY,
W7oz a0 Bkogifmt, BIokBbss b2 MYy 730
DEREEEIZE LTS,

6 ® B

BT AR L 2 1o BiF B 2 57 - BT 70 oG E L

BLOVEBER Firdy, LITOfEEL 2,

(1) AT7aid, o¥HT AL MiMET L THED
—ERETAL, 3 SOCHIIE FEM & 5F30 % 7000 AT
LD RBIRZ 7 IR EFLEEME L, BANEEE
TOEMET7T a7 « LT RIATRETH 5,

(2} KEFAZRGR FAP) 7L EIACy Ty 72
MFBichion, B7o7 0B LURERKEE#HLT 5Tk
FHRL

(3) HRAATAFRHBFETI00% RIS TEY, K727 H
DR FER DR T WIS T SR EREL L.

¥ E XM
1) PRIGRIEE, gEMFARGL, W4 MR, A0 R N rafiR, 560187410,
919

2y KEFET, BOR O, NERRE, R, BRAMEREE bl
33 WM, (1982), 419

3) ZEHWE, RN, R, EEBBR, NS, BRI
Tk, 16(1984)4, 235

4) K. N Shohet and N. A. Townsend: J fron and Sfee! Inst, 208
(1968) 11, 1088

5) bRk, SR AEAE, SFNE RS, mLIEERST WE XL, 36
(1995)417, 1163

6 FIEA, hACREX, FTIBMERE AR nTC, 21019807273, 902

TSR, M B, ¥R MK WU wOREZD AR

=1

N RSk B Vol. 28 No. 2 1996

L, 31(1990)350, 378

8 w0 3 S M, RN
(1993), 19

9} K. Osakada, ]. Nakano, and K. Mori:  Int [ Mech. Sci., 24(1982)
8, 459

10y ARt AMIBCR, SR, RMERL AR, GERD O,
FelLRNEE D BIPEE nlL 23(1982)263, 1172

1) N0 TR B AEEE, EmiE—, Mg B R L, 25(1984)
286, 1034

12 fER R, AUIEH, VKR, R M, LR MEe T o
422, 7(1994)5, 1388

44 [l TR R,



	★j28-082-088
	j28-082-088

