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Study on Shape Control System for Hot Strip Mill
Abstract

The shape accuracy of hot rolled strip is one of the main quality indexes, which
decides on the market competitiveness of products. At present, shape control technology
has become one of the core technologies in hot strip rolling and also the frontier and hot
point of current research and development.

On basis of the project of State Key Laboratory of Rolling and Automation (RAL),
Northeastern University and Shougang“Strip Shape Control System digestion for
Shougang 2160mm Hot Strip Mill”, and according to the existing shape control theory
and technology as well as the production field, the paper has studied the strip control
theory and technology systematically for hot strip mill, such as elastic deformation of
the roll system, thermal crown and wear, metal flow within the roll gap; the original
source code has been analyzed and the specific mathematic model has been concluded,
at last, off-line calculation has been carried out. The research achievement is as follows:

(1) The equipment and the technological process of Shougang 2160mm hot strip
mill have been introduced; the overall structure of the shape control system, the overall
strategy of PCFC (Profile, Contour and Flatness Control) system, and the PCFC setup
algorithm have been analyzed; the corresponding relationship of work roll shifting
position and the equivalent crown of the roll gap has been calculated with the curve
equation fit for CVCplus roll profile and the calculation of respective coefficients for
every roll.

(2) The calculation flow of roll thermal crown and wear model has been analyzed;
the temperature field of the work roll has been obtained by finite difference method
according to basic heat transfer equation and boundary condition, so the temperature
increment of every element,the thermal expansion and thermal crown of work roll have
been determined; the work roll wear has been obtained with weighted sum of two wear
model results.

(3) The solution method of width change and the flatness of the strip has been
determined,; the roll pressure vector has been obtained by the linear equations which are
established on the data, physical model and boundary condition, and then the width

change and the flatness can be determined.
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(4) The data of the similar sample strips have been analyzed; the model calculation
value of thermal crown and wear has been completely consistent with actual value after
comparison; there has been little difference of the calculation value of the work roll
shifting position and bending force between the similar strips, so the model calculation
has been stable; comparing with the strip crown and flatness, the model has excellent

control performance.

Key words: hot strip mill; shape; roll profile; crown; flatness; CVC; temperature field;

roll wear; metal flow
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Fig. 2.2 Definition of strip crown
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Fig. 2.3 Definition of strip flatness

23 PCFC &4 4E#)

PCFC (NE. BEREFEEEN) R4, WREEHZRS, FEBMRARSH
KA ROOBAEICET B AR, IR 51400 U AT R AR s

B RR T RERELR. ABRAURRETHERER B ML, THEH
BURRMMER . TEREFAMEKNEN. B, HREERRADTEER b
B RARNRT . JURE AR, SRR RE) R4 SRR R
£ PCFC R4%, MMMERARAMERBER, ARANENBRER RS BRE
kL Eich

REMBRESWETER LK, MEALRMHNERBL, ER—ESHFE
#R RAHNF ARSI P THE, T EH NS HA UENT EBITPREEL
BN~

PCFC RABHE B BB BE RER— YA G HRSE, W 24 F
e ZRIRBHUBEREM DR ERAREHERME, BTREENTEIHE
BUE B MBRE KRR~ R RS BT RILLRAE P B B ARG
BT, BTLl =% PCFC AA R M XM ETRANITHE. SHEUTHENEA:

- HLEDH . RBAA SRR,
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Fig. 2.4 Overall structure of PCFC system
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* B OE R DPC—EHF A MBNRERAR, HRFTRLEEETHTHE
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 BRAMER | BRC—FEALHIT P, HBRIZHIFREIREFTE O BB T

RAE BIREER, #1T AEREH TR TERBEER GLRATRLEREE) .

« PEERE PM—7EL SR #IT FERES, REELAS D AER LM

FHEEEEEMN BTN EEE.

2.3.1 PCFC Rk %mg
LA LR, ALE R R AR T EE . XA RGT
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Fig. 2.5 Control strategy of crown
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Fig. 2.7 influence factor on roll gap profile
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Rk FAEFEAL F2% REIRTEHNRGLENREMN

232PCFC@EE %

HEME: 0()BrBHBEHFRHOOE (=1~n), s)RTFiPIRFENLD
FHE(=1~n), RR6(2)F | EFWARDOE, s5,(2) R7H 1 HURIHFRA DT
EE.

ST nHUEREHNA, %1 HEFNMADNERNAOTEERRDN, EXTE
BURRABA (—KT 5 %8 BRI Re it EmZmed, Bikar bl a0
Koo HRAAD N 6,(2) RHFRAREER1% (R IERR M B 2 K%
i), NOSFEE s,(z) B 0.

T n LRI, 6,(2) Rs,(2) & ERFEM A, RIEAHRBGNE O
M6, (z) I OB s, (2) AR B iR 6, (2) MBI FEE s, (2) MIRTR T, BHE
Pl EMERAA DR, RRSHROSHEOFERLVAMTPEREERKA, #%
HIFHERIA.

S(2)<8,(2)<8,(2)  (i=1~n) (2.5)

#B—if, FRAERREIMER (SSE) BidiERHHHE SN HRAANDNE
0., (2) MADFEE s, (2) . LEEHERY RIFERE, FEBEBRLKEG(2), £
K545 B EEERD.

B, RSN M DR S DR RA SRR T HHAH N1
G R

B3k, TR TEREREREIE SRS A M0 E TR S H N X
BRREER, FRLERBEN T EENEETESHI TOLBRREER, XA
AT R B R R AR LR R RS, RERED DRERE S IRTE
AR .

B, AEESREEGE (BRAEE) AYEERATRR (5 ITER
ER%) METRT, WESENREEESNRITREE.

24 TIERIBE Hhix

Zitx BN TEROEE#ITEZHAME, CVCplus HLEBAR T AR

R(x)=Ry+ax+a,x’ + ax’ +a,x' +ax’ (2.6)
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RH, x WHELER: ROON x HAEH R R NE KR 0. as WETARRHL

MTFARRAM CVC A, 2HXEAK a) .. as RARN. ¥—MEEH CVC H A
AEREHE (BAMR/MI CVC TR MME—S5BNEERIERXESL, N
MRE CVC LT — 5 x AHER. Bm AT x THATE ETERMS MR fEML%,
SERiHy, T LRSS M) Minsk.
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Fig. 2.8 llustration of upper CVC work roll

2.4.1 F1~F2 H1 2289 T1E4R

FI~F2HL3R 4 TAERAICV Cplus i £ 77 72

R(x)=R +ax+a,x" +ax +ax* +ax’
AP, a=0.213875E-02; a;=-0.250000E-05; a;=0.833333E-09; as=0.100000E-25; as=
0.100000E-25; R¢=474.528mm.

R21 HEHZH
Table 2.1 Calculation parameter
BH REKE L XHR HBRARHER HBAREHR
¥{fi/mm 2200 949.0558 948.5764 951.4236
2H HAERIEBNE HEBAHBNE HLERPSAOE HERKTHOE
¥{fi/mm -100 100 -0.5 0.5
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Fig. 2.9 Work roll contour curve
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Fig. 2.10 Equivalent crown of CVC roll at different shift location
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B 2.1 AAFBBAET CVC AL MEANE. WE 211 T4, J LA MBEBNE
A-100mm Bf, L TFERAIEZ RHRASHNE D 0.5mm, FEELBEBERNSN, K
AN RSN, YEEEBIEEA 100mm B, ETFRILEZ BEAES N E
#1-0.5mm.

0.10 -

R4 80N B /mm

-1000 500 0 500 1000

FEALIR A OB 8 B /mm

M 211 FRHBAE CVC HRBETHME
Fig. 2.11 Equivalent roll gap crown of CVC roll at different shift location
A. s=-100mm; B.s=-50mm; C.s=0mm; D.s=50mm; E.s=100mm

242 F3~F4 M 22 T 1648

F3~FAH3 M) TAERAICVCplusfh 4 75 12:

R(x)=R +ax+ax +ax +ax* +ax’
A ¥, a5=0.213875E-02; ar=-0.250000E-05; a;=0.833333E-09; a,=0.100000E-25; as=
0.100000E-25; Re=374.528mm.

*®22 HHBH
Table 2.2 Calculation parameter
L3l BUKE wX R REmHR LRAmER
¥ ffi/mm 2200 749.056 748.5764 751.4236
S5 HRERDBRBANE BEBANBNE LBBIMANE  SUERANSRONE
¥{f/mm -100 100 05 0.5
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Fig. 2.12 Work roll contour curve
28, CVCHBBBMESSUNMENRR. FRBEBAET CVC 4LHMk4
&E*ﬂ F1~F2 m;}gﬁg*ﬁ[ﬁ]o

2.43 F5~F6 §lZ2RY T 148

F5~F6 1L 3 1) TAFHEAICV Cplus i 8¢ 75 72

R(x)=Ry+ax+a,x" +a,x’ +a,x* +agx’
AH, a=0.134713E-02; a,=-0.167500E-05; ay=0.583333E-09; as=0.100000E-25; as=
0.100000E-25; Ro=309.745mm,

#23 HE2Y
Table 2.3 Calculation parameter
28 B4 KK LXER HEAEmER HBRLARER
¥{6/mm 2200 619.49 619.185 621.178
¥ ARBAIBBNE HBRARBNE HABRITANE HAERASHOE
¥{t/mm -100 100 -0.03 0.35
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Fig. 2.13 Work roll contour curve

B 2.14 5 CVC ALHB B ESSNMENXR. i 2.14 741, CVC HLEES
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Bl 2.14 FREIBEH AL E CVC FLARAT RN
Fig. 2.14 Equivalent crown of CVC roll at different shift location
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Kl 2.15 RHEBEBME CVC $LBRAES RN
Fig. 2.15 Equivalent roll gap crown of CVC roll at different shift location
A.5=-100mm; B.s=-50mm; C.s=0mm; D.s=50mm; E.s=100mm
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(4) B RABR S TR CVCplus BB ML TR ARY, WHUHTHEREBAE
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RERETEE it HHT, RYREHEIERNARKE, HHERATHEL
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HEERUREZWHNRVNEERE, HERERYWLAEREELY, #E
MR, T LAERERNEEE MY . LRESERER BRI TRE
P RELUE RERINEE, RARFARER, Ml Af+4EZENEN.

3.1 TERRESMIE

HRBEG RN ER— D= FREREA, FBEVFUIREI 5N B H %
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Fig. 3.1 Mesh generation of work roll
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R X FALFEAL F3% HRALEABIR

YA RAUR T E R I E 3.2 R, TERERERTRDT:

2
cxpx%-lx 9—0 6_@ (3.1
ot ot o
26 o0
—RiRE L] 3.2
g Z3e TS PhES 62
y=R >
> y
- boiim
=0 4 | B © D) |® (F)
1R } Lopy  Lop L Yo Lo Lpgs b 30
z=0 Z=L0p2+L0pl+L

z=Lop+ Lopi+ L+ Log) + Lora + Lors

(Av E\ P2 (B. D)—HkBEBEH: C—HMIEH. RHKMZR A

B 3.2 TAFRIRA AT SR AT
Fig. 3.2 Simplified model of work roll temperature field
BI¥E: Ropr—F-(A); Rop—1-2(B); R—T43(C): Ror—T3(D); Rowa—TR(E): Rors—12(F);
Lomr—KB(A); Lop—HKBEB): L—KBE(C): Lop—KMED): Log—KBE(E): Lor—1KBE(E).

3.12 BR&H
(1) BEH C R B

00
'lxa =rSXth(6ly=R-0

y=R

+’thwX(9|y,R'9w) (3.3)
+r,xh, x(n.‘)]y“le -6,)

Rep, b ATHEBEBRATHRRR, Wimm>C): 6 AR (K RSUC, MSUC),
C; W IEREHRBRANLERE: b ATHEBSHLEADKHATRRY,
W/(mm>'C); 6, HALEAHAKERRE, C: ry W IIERSHBANKRAMLERY: b,
ATHEBEZRHBRAEY, W(mn>C); 6, hZSEE, BEl, C: r, A THER
SRSRANLERY: o %y = RENIIRER.



FARFHAEFIEAL F3¥F ALRALEFER

(2) $HAREM B 1 D MRE LR

-lxgg =erth(9|

y=Rop) or Rogy

y=Rop) or Rog, - 98) (34)

A, by ATHERSHAGEARE, Wiom™C); 6, HHARE, BEEMH, C;
TR S HA SRR LR R H(=1.0).

(3)A. E. FRMELK A. B, C. D. E s ffE#

-1 xg—iﬂm . =ryxhx(6] , -6 (3.5)
B —1x2—fz=me =r, xh, x (‘9|z=L,,,,2,e.c -6,) (3.6)
(4) F 51 9 B S B 8 (AL R )
0(z =L+ Lypy +Lop + Ly + Ly + Ly ) =0; - (3.7
K, 6, AELH FIREREER).
(5) TAERMEAREE
0(y=0)=0, (3.8)
Ad, 6 HAHPHEEER).
(6) TIEBRMEAMAIAEE
6 A TRV RERE, ZRREREKERAEE.
8, =const; 6, = const (3.9

313 METHRABRKRSHHE

A. B. CHMREAMBET ARAKRT:



Rk FHEFEBL £3F LRANEFRR

m, =round(Ryp, / Ay) +1
m, = round (Ryp, / Ay) +1 (3.10)
m, =round(R/ Ay)+1

A~E HiF P RS :

(1, = round(Lyy, | Az)+1

n, = round[(Ly, + Ly, )/ Az]+1

J n, = round[(Lyp, + Lop, + L)/ Az] +1 G
n, = round[(Lyp, + Lop, + L+ Ly, )/ Az]+1

ng = round[(Lyp, + Lop + L+ Liyg, + Ly, )/ Az] +1

s = round[(Lop, + Lopy + L+ Ly, + Ligy + Ligy) / Az]+1

314 TERERMESABRRTRARERTE

SRR R EREGES, MIETEERTRES. Sa=/cxp), WKE.1)
AR (3.12) 1R

0, j,k +1) =60, j,k) =ax{€(i+l, Jj,K)=2x80G, j,k) +6G -1, j,k)

At ()
(3.12)
806, +1,0)=2x00,j,0)+60; j-1k)
(Az)*
R, P AWy FAK: j A z HRAE; kAR o RRAS.
() XF >l HABH A BEAEAR:
60,7, k+1) =00 B+ ax A {0(i+1, j,k)-2x60, 2j,k)+9(i-1, k)
(&)
(3.13)
, 80, j+1,k)-2x8(,j, ) +60G; j—l,k)}
()

@) ¥F =l F AR E,06-1, 7,k NEETHE, BTV RRRXTHLRMEY
B, BTLAOG-1,,k) =00+, j,k). Bk, FLEMERETEAR:



REKFREFIHX F3% ALRAOAFRR

0 +1, j,k)-2x0(, j,k) +0(i +1, j, k)
Ay

, 00, +1K)~2x0(, k) +60,j~1,K)
(&)’

9(i,j,k+1)=9(i,j,k)+axAtx{
(3.14)

() TEHREEEMTHE
O MTIAERRS CHIRE, SHREMBLITREZAR, FEMTLEK
RAZAREREE. HRE.10)T5m=m,, RIEAREERGI)AB:

1 B0 0= 00m=1, 5. k)

A = 1 x hy x[0(m, j k) ~ 6]
+ry; X by, x[0(m, j, k) - 0,,] (3.15)

1, x by x[0(m, k) -6, ]

AxQ(m=1, j, k) + Ayx (rg x b x O +ry, x by X0y, + 1, x by x6,)

O(m, j,k)=
(m, k) A+Ayx(r§jxhs+rwjxhw+rijhA)

(3.16)

© TE% B.D HoRME, SHAEETRERABEEEA R, RIFLF £4KG.11)
AREETEAR:

_Ax8(m=1, j,k)+Ayx(hy x6;)

6m, . F) A+Ayxhy

m=m, (3.17)

® LB A.E.FHLERME, RETSA, RELRLZGRC.1)TEREFEAR:

Ax0(m-1,j,k)+Ayx(r, x b, x0,)

6(m, j, k)= promt m=morm,  (.19)
(@) HRMRE T RSB E
O EMRET R ZREERNTE(G =1n,n,)
i o(i’f’k)'i("’f L8 < p xh X006, j,K)-6,] (3.19)
0.y 2200 PR B2, by x8, 520

A+Azxr, xh,



R KFHEFEHL $3% URKDE SRR

@ A MsmE T R HRBERTE (= ny,n,,n)

—Ix 0(!,],1()“9(1,]—1,1{)
Az

=r,xh, x[6(i,j,k)-0,]

Ax8(i, j-1,k)+Azxr, xh, x0,

86, k) =
G.58) A+Azxr, xh,

(5) HBA N AR RN
O EBEREETARRIHEG =1 n ns i=my my m)

i BELOZOLILD o 166, k) -6,]
A(y2)

Ax8(i+1, j-1,k)+ A(yz)xr, x h, x0,
A+A(yz)xr, xh,

A(yz) = (Ay) +(Az)’

Q AMAMEEZREENTEG =ns np ng i=ms my m)

0, j,k) =

_ixé?(i,j,k)—ﬂ(i -1,j-Lk)
A(yz)

=r, xh, x[0(i, j,k)-6,]

AxO0(@-1,j~Lk)+A(yz)xr, xh, x0,
A+A(yz)xr, xh,

A(yz) =(&y)* +(4z)?

(6) fHIEY RAVE
RFEDFEMAXGT), BRTREELE:

6, j,k) =

0(i,n,, k) = 0, i=l~m,
B%0,=06,, 6, VESEE.
32 HRBHBME
321 HRERENSH

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

- (327)



Al kFHEF 0L F3% AR DA Fo R

(1) AR E 57 g 3.3 Biw, ATLLRAWTARHH:

6
7;<x)=7;°“—ATsx(l——2§] (3.28)

A, AT HHEWATiERE, C; L AHHTLRERRETEE, C.

Ts

i

Bl 3.3 T eRIR 4 7 i 2%
Fig. 3.3 Temperature distribution curve of strip

(2) I I TR 58 R 7 e B 23 A
N A T 5 AR e S T B RS

Xps = 0.5% (Lyg = B) =X (3.29)
WG LS TR A PR
Xse = Xrs + B (3.30)

TN A A B AR ) 3T R

ng =int[%zr-s-+0.5:|+nz (3.31)
AR R TSRS SRS

ng =int I:EZ—T;E-J +n, (3.32)
O SHBEMBHHREENIHE ) = (n, ~n,)

X =(j~-m)xAz

T (333)
eSj =TS —A]’sx[]__z_(x_kgﬁil]
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O SHLAEMMA SRR, < <n B, <j<n,:
65=0.0 (3.34)

AF, BARHBEMER, mm; LM AFRERERILRETHE C.

RO
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]
np : ns
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m ng I ng n3
. H I~ | i N
Ik | O oS0
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XRs > Xp |
> Xgrs ]
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XstE !

B 3.4 AR RN AR TT B A
Fig. 3.4 Strip temperature distribution along width of work roll
3.2.2 HWMALEMTIERSH LRAHE

W H B EEE R N(rpm), B P R8— e — B {55 F RO B0 4 60/N(HD), TAESRIR A+
HEAMN At. 5URE BRI MARAHTRENE 3.5 FiR,

Y 27 D i
SLLe
s WRII A
DN I AN\
5 A AL WRI 48
\"“'_ T+ F- 4 ] -
R —=

3.5 SR InAAAR LR

Fig. 3.5 Heating and cooling process during roll rotating one cycle

(1) HH AR E
Ln, <j<(ng-2)H(ng +2)< j<n, B



AKX FHEFEEL F3% SURAGE IR

7 =00 (3.35)

)

% j = (ng ~ )8y = (n, +1) B

'si = (§07 2) N 2xftdx R “ (-39
,]:(%/Zg]_nw ' (3.37)
ny = int(%z) (3.38)
Lng < j<ng b
L-% __1L (3.:39)

rs.= =
’ (60/N) 2xmxR
AP, LAEMIK, mm; RATEHER, mm; BAKILFNEE, mm.
2) THERKRLENTE

- (7;_7;)1+(I; -1, - Leep + Lyce

™ (60/N) Ix7xR (3.40)
R, Lo B ORPKEIE, mm; L, INDAHEEINK, mm.
Q) TERZRUENHE
ry=1-ry—ny (3.41)
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Fig. 3.6 Side view of work roll cooling

) EHHE
O BHSKEF HHSYEALE

AZcL s e 18
1234 —»f [— DHHETHT 192021

I HMOEERIEIREREY!

12345 —» p: miiisises 18 20 22

2l i

HHH++ HHHH ;:::::qE
135 —> 0 BYFIE ALY A2yl

3.7 1R SR T A A
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Fig. 3.8 Water flow distribution
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Fig. 3.9 Length of water cooling segment
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Fig. 3.10 Node number calculation of work roll cooling segment
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THEHBE, KARE—Y SRR A5 TARES A KR

Xpe) = -11‘5 - LLC ~Xps (3.42)
2
Xpcr = Xper T Lge (3.43)
WG T B (g=1~qp) 5 TR S AR IR
%y =(g-Dx Az (3.44)
554 ti(g=1~q) M MH THERAHX W E%RS p vt
1+int[-{&i“c—'} Yot $ X S Xpey
p= o (3.45)
0 Xg < Xgey OF Xg > Xpey
(2) KABARREMHE
THEHRBEY AR S (g=1~qe), SEMNHTERAHXITSHSH p.
hy(q) {0'0 p=0 (3.46)
wlq)= .
hy(p) p#0

KA, g WA EART: ¢ VRGMATRAEERS; p MLRRADIRYEAKS.

() TERBEKRMKEIME(Lyce » Lrp)
TAESE S KA KB M RELR . THERRETART @1~ SHA
M TERAHNR Y ARS A p, HTFARER, TABESKRIKTUd FAHH:
WNTFHRRT: g=1~¢;

0.0 p=0

L3 (9)= BMIN, \  rBMAX (3.47)
A LiMm(p)—LA d(Mii L‘;\MIN (P)x(d_dMlN) p;,_,o

AP, ¢ WTHBRBBMATARS: ¢ FTERREMEATINEERS; p ATHE
BAHIX A RS, 4% RCE HIEADM, RCDE1REH OM; B A TOP K15 L3, BOT
BHETH: MINIEB/ME; MAX S5B KM, 4 ATHEHER: LY. E"™augx
ﬁﬁo
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34 TIERIEYREMA S

34.1 BB ENRENITE

1 R 1 imax . '

Ty == 6'.[2x7txrx€(r)]dr =X ;[A(l)xe(z)] (3.48)
axr(l)? i=1

A@) ={nx[rG) -r(i-1*] 2<i<imax (3.49)

ax[R? -r(i-1)] i =imax

imax

r(i) = Z[r(i-1)+éy;—i)+———Ay(i'l)J

2 (3.50)

r(l) = Ay(1)/2

R, T, hFHEE, C; AG) X i MBERMRTEMR, mm?: r6) HEET SRR
*/;Ji; mm; e(l)y‘J!fLﬁjﬁEiiﬁlE’ uC: R%JEL%:"&',[%' mmoe.

342 AEKEMITEH
Cot = Ky x(1+0)x Bx AT, xR (3.51)

Kb, CO R E, mm: v NIERA, 028030, BAABIKES, 11x10°%
AT, WEEHE, C; K, BAREH, 1.0.

343 MEREMIEE
NTREBINETRRABKE Y, BNTBE:  SHARKEARELR
AR 14 A9 s K B IIA R34, a8 3.11 Fim.

1 k+
Cris = X f(a)] XC%[};L) (3.52)
Yo
k~ny
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Fig. 3.11 Thermal expansion correction of k point

(1) B3 £WA B+ YN R ERBTE
k=n, ~(n,+n)
j=(k-n)~(n,-1) : @;=0.0; Cyg" =00

_(k - )
(ny +1)’

(3.53)

j=n2~(k+n9) :wj=1

Q) REFHEANERBNHE
k=(n,+ny+1)~(n,—n,-1)

e ' __(k—j)2 (3.54)
j=lk-n)~(k+n) : ;=1 ——(n9+1)2

() BEEMIAT(ne+1)/N T AINERBMTE
k= (ny—ny)~m,

(k- j)’
(ng +1)}

j=(k-ng)~n, ‘o, =1- (3.55)
j=n+)~(k+n) :0,=00; Crgt =0.0
344 ROETE

THEPRSUBHAEKEZERAROE. DHPKE 2 REMREZ NS
BRENTHE TERAOENETIERROEIM.
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T EmHARERMER 4 ER, REAER EZTHBERPURER . §M
2160mm RIEZHI ARG KAM R L RER T EEWE R CRAmBRESIH. EaAUE
HREES) HFHERYLRHMERTURER.

ENESERABMHER Y RET R, REENERFMHRE ME—E.

3.5.1 TIERMAERITE

TS S BER R IR 5L AR A 8 SR 7 10 LB
R A UL T, AR & BT A SRR L AL A KM H AL B B AR
(1) FHEZA AT 8] 3 5L R
deltaStripLength = m _rollingSpeed x m _sampleTime (3.56)
AP, m_rollingSpeed REIEELE: m_sampleTime AH™ B3R A BB 1T RS 8] .
Q) BEEMBEHHBERNR/DETTRS, WRIEHE X R S E
indexRange = endlndex — startindex (3.57)
XS, startindex Fl endindex 53 ) iy TAEH 5 EEALK A TT IR A E RE TR S .
(3) B R ITTHIAL B D A A T R B HE

vHE B TTA R Al XS AT AL B
u = 1—2x 2 Startindex (3.58)
indexRange
THEZBR TN S TER AR
angle = m _contactAngle(u) (3.59)
THE BTN S TEREMKE.
length=m __contactLength(u) (3.60)
THE R TR AR ELE) S -
stress =M= rollForce(u) G.61)
length
WHRIZBRTESE:

deltaWearl = ~m _wearCoefficient x stress x contactAnglex deltaStripLength  (3.62)
RH, angle HEARLA; length AR, stress HBLIERELE S deltaWearl Ji%
HICEGE; m_wearCoefficient ABERAK, t M2 REBEERINRE, “RKEB
EBHKPIEERANSH.
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3.5.2 TIERBEERITE

TR A MBSO 47 03 g o (a1 8 4 B BRI R GR b B4, i LAMER B AL e 47

SHPENELE, BB KEOER. RIEPILHN MG e BRI MEHARY
WHARBR .
4
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Fig. 3.12 Ilustration of roll wear

(1) THEHNE TEREMER
contactArea =m_contacLengthxm _contactWidth (3.63)
R, contactdrea I TR G WM EME R m_contacLength F ¥ b K ¥ ;
m_contactWidth J BT o
) vHE AL EARAELE D F B0

m rollForce
stress = —————

(3.64)

contacArea

RH, m_rollForce HE.&I 7,
¢) AR FHERE
deltaWear2 =-m_ wearCoefficient x stress x contactAngle x deltaStripLength  (3.65)
R, angle WBMA; length BRI stress HPMERELFIS: deltaWear2 Fi%
BTERE; m_wearCoefficient WEBRAR, B M2 REBEEHERE, ZRYRE
EBBRKMIEERWSH.
(@) RIS TR MR T S
indexRange = endlndex - startIndex (3.66)
(6) WEBTHLCENTR, AHEHBHEWRY, RS PTBERE
THE BTN A X S AR E

wel-2x i —startIndex (3.67)
- indexRange '

TR TUER Y R



Rib Xk F bt FiaeL F3%F SLIRA I E Fo BRIR

_m_dyx(1-m_xt)

0=1 3.68
a 3 (3.68)
a2=a0x "= __ (3.69)
(1-m_xt)
a0 O<u<m_xt
m_corr = ) (3.70)
a0+a2x(u—m_xty ,m_xt<u<l

RP, m_corr HRTLERPMBIERE: 0H 2 HEREWMARIHANHTERRE:
m_xt Mm_dy AZWEBEWAB S ARRE, H M2 REBHITERE.
RAE B 01 B F AR F R LT BERE
deltaWear2 = deltaWear2xm _corr 3.71)
F, deltaWear2 J X RYEFHELE St H B BRI ERITRRE IFE 2L E
HE.

3.53 TIEREREME

AN EHTAERSRATHYOBERBENRRERERS, RENEZWRK
m_weight W H & BRI R A BHRES M.

m _deltaWear =m _weight x deltaWearl + (3.72)
(1-m_weighr)xdeltaWear2 )

KF, m_weight YNERY, HRSBEMNEELERE, BFTH 08123,
3.6 RENG

(1) RURAERIE AR RN, TR R A T TAERURE i S,
@) WisE TS AR R T B i,

() EATE BTREMRIER L, BEEET TERAWKE, #kHT
YER N,

@) ARRET THERSSBR BN TERERERR, RSN T THE
BB,
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Fig. 4.1 One-dimensional rolling load distribution in roll gap

AT HEHMREN TEREMK NN, BURELNHRNEZRE
WA, IMERAEIN=4TE. REFENSH SRR EBOINNNEXR. B
Hz 4, WM TEREAE AR R E AR MAIRE., FLTHER EHHR+EE
<SR <<HINE TR Z BN BIERY, PR R R LAy —
ARTFUBDH ZERmAD TR X MR TR REMNEKHHER.

B, R T RERMAT LA 5L BI A HE, RIE T LMRIKEH %

MBS DRI ER.

BRI FIARRES DA £RBHE). B ODHFNFEERRAT A
HECARN), FLUXAT R X = MEmE R R,

HTHARE, SRAHELFERBMREAFER. KT MRUERR A
HibB %, Bz BIwRATERERTNEENN HRYERERMEERY
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Fig. 4.2 Coordinate definition of metal flow model

4.1 AHhaHitRE

BRI SRS, REHIYEE RS H LB 2 A AL
RYEMRERAE, BERRASGRBEREEMEETRA, REEHHA LS
HEBRIFEAARE,

(=) HgaHMA LD LR

h0Vecto;{i]=£;-+9d' (4.1)

i=0,1,2,...... , MF2NoPointsZp2 - 1; MF2NoPointsZp2 = 42
0, RAMANLENE, TER d LHmpE

(2D MR DA RN G
hlVector[i]:%+0di 42)
i=0,1,2, ......, MF2NoPoinisZp2 - 1; MF2NoPointsZp2 = 42
Reh, 6, BHMHODKRR, TER 4 LHOEE
(Z) MEHAHERMADFERE
v,=1+4, 43)
i=0,1,2,......, MFNoPoinisZ -1; MFNoPointsZ = 20
At 4 REFADTFEEAR, TR ANTEES
(W) HE RS S
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F4% 2RBAY

P
BxL,

A, PREAERLH S, MPa; PRALES, MN.

P=

kSI =

&

ittpr 5%%%@1]16{*@.’ MPa.
(h) EXFHEE

RF, EERRHEANOHKER, MPa; E, 2 i TEHEHKIKE, MPa,

‘/EE w,0

eModRoll = ———
c

ET#:

20,
hOVector{i]=1+—

H

20
h1Vector{i]= L) 2

H H-
i=0,1,2, ...... , MF2NoPointsZp2-1, MF2NoPointsZp2 = 42
() WEAmEERH

(4.4)

4.5)

(4.6)

4.7

438)

4.9)

(4.10)

@.11)

4.12)

4.13)

SBIRYER A NERAR s, BARRES LU BFHRESIREHE
Ax=rhs, ERARx GFRE ks D, BHSREERNTHEBEERY, BRABRERY

FERE.
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(1) BUZERAE

rhs[0} =J—§Z'[%£-2xlog(l—%;—h) (4.14)

rhs(1]=

—-——x

BxL,x6 NX % NX  NX2 NX

Q) THABEE

e . L2 -
BP 2 5 oglt-anx 2 (D), loxd Ah)+[c3}l"2 @1

Ahx (Ah-AR? 1= Ak x AR™)

- 4.16
A0l 2x[(1-Am)x Ak]? x[1- Ak @19
A[O][l]:[Ahx(]—Ah)]'% X @ tan ,[;/% @.17)

A= -——

4x NX x(1- Ak)
A PN 123 O sy (UL L 1) B
g M Bhx (1) [NX Ah—- AR +atan o ]
=0 2xNXx[(1-Ah)xAh]"5x[1+Ahx%x(f§}1—z)]
atanwf A +a'(an(i"-l—_lyX)%xizrﬁ atan ~—&—
A=y — Ak NXxV1-8h ,__ V1-Ah - (419)
prs NX x - Ahx (AR -1) JAhx (1-Ah)
itq:, NX-_‘ IOo

(3) k& HEA
KRERTE LU BFHMEEKRESEHRA A x=rhs , ERFNE x FHRERE rhs.
(4) ARZRERHER

frictionVa lues[0] =10,0 9¥7 +0726x8 (4.20)
frictionValues[1]=10,004%+051758 4.21)
kappaX =rhs[0] (4.22)

hs[0]

kappaZ = ——— 4.23
Ppa m_frictionValues[0] 4.23)

yr= sl (4.24)

rhs[0]
() EREERNAE
.. 2

frictionVe ctor[i]= u, x {1 ~ (1 - M%%%) x (ZZ_') ] (4.25)

i=0,1,..., MF2NoPointsZp2 - 1; MF2NoPointsZp2 = 42;
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() TEEMINK

_ 2
1, J[M_wyh & @.26)

axE,  xB

R, o, BRE i THERMENERIK, E, £ THERHKER, MPa; PRHHN,
MN; HRADEE, mm; A BHOBEE, mm; R &2 i THEH¥ER, mm.

zFactor = L; 4.27)
B
= 428
w0 2xL, (“23)
O\) Vsl R al thek
(1) MHHEERE

06x3+1)]? 0.6xi1"

BX%”* M+l]_P5+M+J] (4.29)

IzVector [i]=

-2 -2
L, xdlos+ 28 M1 g5, 06 ] -057+1.17
Nz+1 Nz+1

zVectorSI[i] = IZ_VGC%S_I[Q]_

+ 2 IzVectorSI[m)
= (4.30)
B

-2 -2
o.5+°'6"N’J -105+ 0'6) +1.17 -4
Nz +1 Nz +1

06 Y .| o.6x(m+1))"_( 0.6m )"
x{{o.Sx(o.erNHl) 2};[(0& il °'5+Nz+1

i=1,.c., Nz-1; Nz=20; B RFEWMAORE, mm.
BEERZHE O TE:

hDiscVector{0}=0.0 4.31)
EEREBHESH N TE:

hDiscVector[2i +1] = Iz Vect;rSI [0

+ Y. IzVectorSI [m]
m=|

B (4.32)

) )
o.5+—°'(”‘Nz) (054 0'6) #1174
Nz +1 Nz+1

22 ; 2 ”
x40.5x| 0.5+ 06 _2+Z 0.5+0.6x(m+1) _ O.5+0.6xm]
Nz +1 m=l Nz +1 Nz +1

yoreess ,Nz-1;Nz=20
BEmENERHEITE:




R KFAEFEAL 4% 2B

I i+
hDiscVector[2i + 2] = ’i’ﬂ;ﬁi&

i+l
L+ S ebectorsiim)
m=}

B

-2 -2
05+ 2N _Jg5, 26 ] #1174
N +1 Nz+1

06 )" . 0.6x(m+1))-2_( o.6xm)‘Z
x{O.Sx(O.5+Nz+1) —2+§[(0.5+-——-Nz+1 0.5+ ol
i=1,....., Nz-1; Nz=20
2) FEZENHL

i
" 2x MFNoPointsX
MFNoPointsX=10,i=0, 1, ...... » MF2NoPointsZp2-1; MF2NoPointsZp2 = 42

zVal = hDiscVector| j] 4.35)

xVal (4.34)

Jj=0,1,...... » MF2NoPointsZp2-1;, MF2NoPointsZp2 = 42
() WHEBM S REAX MEE AR
HWES xVal, Vol RTBR, HENFEKRNHTIRY; ind & hDiscVector(i]

HPL Val MIFETTER NIRRT S

hOVector{ind + 1] — hOVector{ind]
hDiscVector|ind + 1] - hDiscVector{ind]

h0 = hOVector{ind] + x (zVal - hDiscVector{ind]) ~ (4.36)

hVector{ind +1]— hlWector[ind)
hDiscVector[ind + 1] hDiscVector{ind]

hl = hWector[ind ]+ X (zVal — hDiscVectorlind ]) (4.37)

hMatrix{ j][i]= h0 x [l - hOh—Ohl X (2 x xVal - xVal* )] (4.38)

(4) BA HEHERIL

Matrix([i][ j1= m_hMatrix[i][ j} (4.39)
i=01,..... , MF2NoPointsZp2-1;
Jj=0,1,...... » MF2NoPointsZp2-1; MF2NoPointsZp2 = 42,
U AOKERE. ANEEAE. HOBERERE
entryWidthVector[0] = 0 (4.40)

entryWidth Vector{i + 1]

-2 . -2 . ~2 i -2 -2
05428 | 41054 286D o5, 06XAED |7y, 5, 9 o.s+————°'6"(”'”)] —[o.5+——°"""]
Nz+1 Nz+1 Nz +1 pe] Nz +1 Nz+l

22 22
L, x [0.5+°'6xNz “los+-28_| a2
Nz +1 Nz+1

i=0,......, Nz-1; Nz =20; 4.41)

=0.5xBx




Fab X FMEFEH X F4% 2RAF

entryWidthDifferenceVector{i]

0.6x3i+2) 1" 0.6xi1"
0.5)<Bx{|:0.5+ Vol ] —[0.5+?V-Z—+—l-:’ } (442)
L, x{[0.5+°'6"Nz] ' -[0.5+—°i] 05 +1.1'1}
Nz+1 Nz+1
i=0,1, ..., Nz-1; Nz =20;
e, 6 6
ANOEERE: &5 =14y tuy T (4.43)
?2H H 2H
i=1,2, ......, MFNoPointsZ -1; MFNoPointsZ=20
6 @ 6
HOBBERR: oty byt o (4.44)

H 2H H 2H
i=L2,..... , MFNoPointsZ -1; MFNoPointsZ =20

(+) BIwHAH AL RA

HF AN RE R RIS, B —EEK RIS A 22X12 M
1, /AN RTSFRE NP OLD T &M FRUPLF &M AOE=% 4.
H O A= 4% S F 2 T8 5 REGERE m_4 MG R R B m_rhsVecror ] 264 1T,
BRI R B R B RS PR K R Tt R EERE m A FIG R E m_rhsVector B
J& 2017,

WAL AR R h 22X 12 W&, W 4.5 Fi, SEKERATNPLEL
R&t, BEXBRAAOR=ENFELM, THRERERMA L O=% 0 P65,
KX ERATN AR E .

(1) REFRPOLATEM, WPOE (FOXE) BRTHH&t TR

m_A[0][0] = 1.0 (4.45)
m_A[i)[i] = 1.0 (4.46)
m_A[i][i+Nx+2] = -1.0 (4.47)
m_A[Nx+1][Nx+1] = 1.0 (4.48)

i=12, ... , Nx; Nx = noPointsX =10,
Q) BEHEEMRADM=ELTE, HAQD (FRRKE) fxiHhR

m_A[K|[K] = -0.5; (4.49)
m_A[KI[k+1] = -0.5; (4.50)
m_ATK|[k+Nx2] = 0.5; (4.51)
m_A[K|[k+Nx+3] = 0.5; (4.52)
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Fig. 4.3 Mesh generation and boundary condition of metal flow model

Exv, E.xv,) E
m_ ALK\ MFMaxndex - Nz +i]= | =2y S XV | Y770 (453)
GxIy §yxTyy, ) 2xvixo
E. xv 3E
m_AJkKMFMaxindex-Nz+i+1] = SVt ViE, . (4.54)
Suxly  2xvIXG
BE, v, - 3E, (g, E,
m_rhsVector(k}=—%x Yin "y 2 Ex| Zxy, —=Lxv, | (455)
- led 2 2xvixa \ &, &
AF, DHAANEEENE.
() WEREFE, MEMXPO (HE) BT
JfrictionVector,, x fMatrix,,, .,
k- Ni-2]= ‘ 2 (4.56)
m Ak~ e -2] IzVector, x NX
m_AK]k-1]=- IzVector, + IzVector,,, "Watﬁxzi+.1j x NX (4.57)
m_ ALKk +1]=~ IzVector, +2IZVECt07}¢| foatrixzm,zja,z x NX (4.58)
m_ AR+ Ne+ 2] =~ frictionVector,,, x Matrix,,, , ., (4.59)

IzVector,,, x NX



K FHMEFEiL F4% 2RAY

N

m_A[k][k]=lX m x frictionVector,; x fMatrix,,,;,

Ix | lzVector,
IzVector, + IzVector, ) ) 4.60

+ ' 2 = x(/Mamxzm,zj +jMatnx2,+,2j+2) (4.60)

i’ . )

+ x frictionVector,,, x fMatrix ;.

IzVector,,,
BISRME:
rhsValue

= rhs, x (hMatrix,M 2js2 ~hMatrix, j)x NX

. . . 2
+4x (’M‘"’"xzmzj+2 + Matrixy,, ;- 2% fMatrix )x NX
4
+ X
IzVector, + IzVector,,,

(ﬁictz’on Vectory,,, x hMatrix ., .., + frictionVector,, , x hMatrix ;5 5, )x (hMatrix 2is22jer - hMatrix 5 )

m_lzVector,,,

(friction Vectory,, x hMatrix ,,,, ,.., + frictionVector,; x hMatrix ;, M)x (hMatrixZ,.+I 2j0 - hMatrix h,)

m_IzVector,
(4.61)
hsVector, =- (IzVector, + IzVector,, ) x rhsValue 4.62)
2x MFNoPointsX

(4) RIEALERRX S 0= 0¥, SlHD GRAaRE) BxilhhE

exitThicknessVector, x entryWidthDifferenceVector, (4.63)

m_Ak)[(Nx+2)x (I +1)+ Nx]= -

1=0,1,2,...,Nz-1;
exitThicknessVector, x entryWidthDifferenceVector, (4.64)

m_A[k][(Nx+2)x(I +1) +1+ Nx]= >

1=0,1,2, ..., Nz-1;
EE: HATERHMWEETRNZL

m_rhsVecto ] k]—(Z- Jix exitStripM eanTension ) &

x Y (exitThickn essVector , x entryWidth Difference Vector,)
estimateSt ress

Nz = MFNoPointsZ = 20 (4.65)
(5) MIEELILT %M, HiLH CRARKE) BTiHhE

m_A[k][k] = 1.0; (4.66)

m_A[k]{k] = 1.0; 4.67)

m_A[k][k-Nx-2] = 1.0; (4.68)

m_rhsVector(k] = 0.0; (4.69)

m_A[k][k] = 1.0; 4.70)

(6) RIFEHMIEERUMM NG E (PRERRIHTHNNNERR) , FIHE
[
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frictionVector,,,, x fMatrix,,,, , ol

m_AK)[(Nx+2)x(i+2)+j+1]=

IzVector,

- XThsy x Nx

frictionVector,,,, x fMatrix,,, , .,

AK[(Nx+2)x(i+1)+ j +1]=-
m_Ak][(Nx+2)x(i+1)+ j +1] IzVector,,, x rhs, x Nx

frictionVector,,,,

Nx-l
(Watnx21+3g 4 ./Matr X412 j+l) (4'73)

rhsVector{k]=
IzVector,,, x rhsy x Nx _o

Nx=MFNoPointsX = 10;
m_A[k]{k] = 1.0; (4.74)
(=) FLH D R B ML T4 K
SR AL 478 65 P& 4 2 4L 1= (Bi-Conjugate Gradient Stabilization Method, BICGSTAB)®®!
Xk & £ 2 7 B m_A-m_pressureVector = m_rhsVector , % R F ff & A &
m_pressureVector.
(+2) EFHmERE QLGN ERE
GUTRANKBRERR 284 TEF ) & m_pressureVector, % 1\ B
m_pressureVector Bf 264 1T R K K 22 N 12 TTETREBE] 22(Z F @)x12(X F [4)
5BE pmat, ¥ F1& m_pressureVector J 20 N TC RN EIF| 7 & dbVec.
(+=) AEEEEH NI

2
b H-h (_Lﬁ L, xi),i=0,1, ...... NLN=S0  (475)
2

2x L} N-1
2 T

Pa=i- (4.76)

2 T
Fya 5o 4.77)

4 h -k muxL B,
B, =P, +—=x-—14+2x LA A 4.78)
e \/— by +h N-1 by +h
i=0,1,..... N-2; mu=0.45

Popir =P pia i Thus g ke, Faa - 4g9)

rN-i-1 J— hN_H ei2 N-1 hy,y-hyi,
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N=2
min(Fo, P, o) + min(P 1, P, y,) +2x ) min(F,;, P,,)
il

P= (4.80)

2x(N-1)
BB FERTT x FES, BEEEAE 2 H WK —% 5 M0 & linePressure,
linePressure FFA] S A 4L 3B AR YN

16x(1-v,,")x P
axE, ,xB

linePressure, = {[ +H-h

2
1
*“#“Mﬁﬁgf (4.81)

estimateStress() MM X
X X pmat,;

V3 Py
MFNoPointsX =10
() Ry 55 B B9 AL 0 Ay ) BT BN 58

& linePressure RALEINVE z 77 W BIMNELEE O LRSI — i &, 4l
FINRTFHEP KSR 4T, B FE linePressure X RG] 27 & fullLinePressure 5
BEHBNEHREREEHNO—EM . FE linePressure 22 M TURER 1~21 B
513 & fullLinePressure ) 21~41 & 20~0,

F & m_zVectorFullSI &4 z F MM OmARIABH—ED4HE,
fullzVector X FHIBPLEENKRI, BRE m_zVectorFullSI SXTFRBREG 2[R &
SullzVector FBBIELHERE RN —EI 4o W& m_zVectorFullSI 22 N TR EIR
1~21 BB 0 & fullzVector B 21~41, 4§ SCF R ) 52 5O B 0] & fullzVector #) 20~0.
BB fullzVector BITRRHEF, BERIAFHA, HBIHMBFZH fullLinePressure,

42 FEWEETUMFEE KR

(=) WA BREME R R

exitWidthVector{i +1]
jctionVector,, 4.82)
= entryWidthVector,,, +Ixx JrictionVectory, (
m_kappaX
xMFN"Pmmx Matrixy,, , ., - Matrixy,, ., - Matriz, 5, X pmat,, ;. -pmat,, o |-
= IzVector,, IzVector,,
i=0,1,2,...... , N-1; N= MFNoPointsZ = 20;
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exitDiffWidthVector|i)
= entryWidth Vector,,, - entryWidth Vector, + m_Ix x
MPNePowsX | frictionVector,,,,  JMatrixy,,; ;. - fMatrix,,, 4. . pmat, g . - pmat ., (4.83)
X - Matrix 5,5 54 % )
= kappaX m_IzVector,,, IzVector,,,
_fric:onVectorz,. " Matrix ., ,,., - fMatrix,,_, 5. - Matrix,, ;.\ X pmat ., . -pmat, ;.
appaX m_IzVector, m_IzVector,
(Z) HHAREMX O FEE
HAW 98 BT [ & AR R
ViVer = entryThickness Vector,.‘ x entry Wzdtth}fe.ren.ceVector; x m_velocityVector, (4.84)
exitThicknessVector, x exitDiffWidthVector,
AW 9 LT [ B S P S A
Nl
(entryThickness Vector, x entryWidthDifferenceVector, x m_velocityVector, )
vimean == = 4 (4.85)
Z (exitThicknessVector, x exitDiffWidthVector, )
i=0
AW BT 1] & AR A E AR X
Viver, = Viver, -vimean = =0, 1,2,..., N, N= MFNoPointsZ =20 (4.86)
vimean
SEAXHE R B KA B ME R ZE R A D P EE
flatness = max(VI1Ver,)- min(V1Ver;)
V1Ver, - vimean . VIVer, -vlmean (4.87)
=max(—————) - min(—————
vimean vimean
_max(VIVer,) -min(ViVer;) AL
vimean L

43 FE/GE

(1) BT BAPRNG ZEEL B S A0 PR EEE, RERIEYEREY
AL F MRS EEF NI EU T RAMRBUEE NS RO E, BERBLETRE
H, BEBRHATFHIE A RE;

Q) REFLH N2, FET HNEERANFERNTETE.
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REUE 4 2160mm HRELNAMNGEERE, EEBETELERETHLI
FiAL4NFi 4 APISL-B, AMEFRIEE S M, HWIRHADEE. K4 EE. BHA
A%E. BLADEBEENES.1 iR,

& 5.1 BETHSH

Table 5.1 Parameter of sample strip

] A O /mm % )5 /mm A% /mm ANBRE/C
15 42.01 9.58 1292.0 984
25 42.01 9.59 1292.5 984
35 42.01 9.60 1293.7 984
45 42.04 9.44 1294.6 970
59 42.02 9.62 1290.8 1015

ME 51 TLLEH, #HMBEHADERE 42.04mm~42.0lmm Z[B], L4 EHE
9.44mm~9.615mm 2 [8], A DOTEE 1294.6mm~1290.8mm 2 [&], ADEEA 970.7
‘C~1015.4°C2Z 8], FrlliXsbasf sl o B4 RMSCER Tttt

50 TRBRAOENBRGERAH

BT AT, tREXAAHK, RdEmt L TR, BREAHKELTS, AR
BEBEPR ORERT% 0.001mm) WERE, St sScREAROEMERNEM; fid 2 /5
WG, HLRREI MY, BAREEERNERY, KNTURNARERE: ¥H
KMEEREE, TUERROERE. FREEHRYERERAMNAR, HELR
P A AL A S E A AR
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(b) Wear of work roll after rolling 1# strip
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Fig. 5.1 Thermal crown and wear of work roll after rolling 1# strip

e 1 SHWNE, THERANEMN PCFC HEEESLMNENRE N
0.0104~0.0221mm, T{E#HEHK PCFC i+ & 5L MERIRE K 0.0005~0.0008mm.
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(a) Thermal crown of work roll after rolling 2# strip
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(b) Wear of work roll after rolling 2# strip
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Fig. 5.2 Thermal crown and wear of work roll after rolling 2# strip

12 SFWNE, THEEAMEMN PCFC HEHESLTHENREZHR
0.0110~0.0220mm, T{E#EERK PCFC i+ HEE S5 LRERHHZ A 0.0005~0.0009mm.
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(2) Thermal crown of work roll after rolling 3# strip
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(b) 58 3 SHARH TARER
(b) Wear of work roll after rolling 3# strip
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Fig. 5.3 Thermal crown and wear of work roll after rolling 3# strip

HRE 3 EFPR, THHBNEN PCFC HHEELMENRE AN
0.0002~0.0057mm, T{E% B PCFC T+ HH 55 IE R #f 24 0.0001~0.0001mm.
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(b) .52 4 SHWFERTARER
(b) Wear of work roll after rolling 4# strip
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Fig. 5.4 Thermal crown and wear of work roll after rolling 4# strip
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(a) Thermal crown of work roll after rolling 5# strip
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Fig. 5.5 Thermal crown and wear of work roll after rolling 5# strip
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Fig. 5.6 Shifting position calculation result of work roll while rolling strips
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Fig. 5.7 Bending force calculation result of work roll while rolling strips
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Fig. 5.8 Crown calculation value of strips
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Fig. 5.9 Flatness calculation value of strips
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EXURIEKRFLABBRAREL AN ERESLRES SENE L5 A7 HE
JTE&MEGUE “ B4 2160mm AT RISH RGHUR” AEF, LLEHN 2160mm HiE
HHARBIEFREREEFANE, SEIHANRVERERSERTENEH
%, REMHIFHRAEFRSOC BRI IREEFIRAR, wilEHner. fnER
B, REATERS: 20, BA. AR EFERN, SHELIHE. R IENSR
PATF AR :

(1) XE4N 2160mm HOEFHA NS . TZRBEHIT TR S0 T VAR
FAZHI RS 4H . PCFC B A%ME . PCFC WEHE: MEREEMEHR & TR
CVCplus # R I T RN ARE, #E T TIERMBAESRAEFUHERKRER.

Q) AU TEERO BRI R RERTRE L _GFRENT
B, RAQRFGHETIERERS, ET SR ThBEEEE, HE T TIFR
PO AT E TAERS S B RN TERRHES, REEIMAE T TERER

=N
Ho

() HRT EBAIBFEHER, BEFREETUNFEE: RECHHE. OE
BEIIG FAMRSLAHTTRA, HHEUFLE RE, REREHNEREECNTEE;

(4) URBRHEAHRREREAIINE, LRAOENEROER T ES RS LR
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FERRELHREGHE, RARHIMERRY.
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