RAER
it 12707 1 SC
FAEL A EIORG PL D R 42 1l 2R U A A 5
A FEE
SN VAZ I
ke AR R
AT AN fRE S

20090601



RAXFREFIERL W £

A BRI TR B R AR O 5

W =

BT, B RN A= EOR K 5t R SR EBROR I EE, [N
PR AR EREMRE RE MR TESMEX. Fik, MHELidEd
R0, ALHNE B S8 2 S RORE B SR S AT BT AL, SEERAL IR P AL A
FMAFREEOERTE, URSENAFAIR, INRENKEVHEREEER
I X

AXBATRAEREANEAREL AU EXREALRE S EWIT MK
HFRFTELAFRMEERE— “TW 2160 RATREHREMHARIE”, HEE
A RELES . BHLRE R S E T EMLRAER, WRLRERRASR
FHRSHHER, BRI R AR S EEET TR, BHUTHARR:

() NEREHESHTHRLBEEREMINELLE, B THRILBES
REMER,: BIEEHEERSUGEWEFETL, BEAESERE1S
STMEEYIE BT, FTH KRR S LR E R ZE T EL£15C,

Q)BT A AER, ALH AR AL B R RA . @R T R A HOR
SHLREREI L, HLBIRR T S KRMER AR ETE 8.5%LIA; 4%
NFERE B 5 EREX R ETE 9% AP HEIThEEREE 5 LhER
HXHREZLE 10%LAR .

(3) MEit E#SHAFGI RN E R REELIHE, BIALKNANS
st i 2 REE: X REAR LR 2 B AR R EE T2
Wiz, ZRRAZBRRHIA o RERTERE, KMEETEESH,
BisA R R R B Tk g

Xgin: WAL BB HEh, BE; ETE

-II-



R KFHEFEET Abstract

Study on Process Control System Model for
Hot Strip Finish Rolling

Abstract

Presently, there is still a wide gap between our country and the advanced level of
the world in the hot strip production. In addition, high demands of the thickness
accuracy and shape quality are put forward by customers. Therefore, the study on
accurate algorithm of rolling force, rolling temperature and load distribution is very
useful. This study can realize the accurate calculation of rolling force and rolling
temperature, can make load distribution more reasonable. It is very important for the
development of China’s iron and steel enterprises.

In this paper, on basis of the project of RAL (State Key Laboratory of Rolling and
Automation), Northeastern University and Qiangang-“Digestion and Absorption of
Qiangang 2160 hot-rolling process control system”, combine with the existing
calculation methods of rolling force, temperature, load distribution and actual
production, the model of force and energy parameters, temperature model and loading
distribution model are given a research. The research achievements are as follows:

(1) The foundation process of finite-difference temperature model is derived from
the theory, and the model is established. According to the comparison between
calculation value and actual value, the model results and actual value agree well.
Difference between the calculation value and the actual value is in the range of £15°C.

(2) Rolling force model, rolling torque and rolling power are built. Comparing the
calculation value with actual value, the relative error is in the range of 8.5% in the
rolling force model; the relative error is in the range of 9% in the rolling torque; the
relative error is in the range of 10% in the rolling power.

(3) The foundation process of the multi-objective optimizing function has been
derived from the theory. Multi-objective optimizing model is built, which is used online.
The change of reduction ratio is compared before using multi-objective optimization

load distribution model with after using it. The five samples strip date indicates that this
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model is stability. After using this model, the reduction ratio is more reasonable. The
multi-objective optimization load distribution model has a better performance.

Key word: finishing mill; model; rolling force; temperature; reduction ratio
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Table 1.1 Development of the third generation hot strip rolling mill
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Fig.1.1 Structure chart of hot strip rolling control system
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(3) HRAEFENUE
BRIEWMARBSEREAR REEHEHE S HESRNAETE. R
AR S = E R
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p2

RIKFHEFIEHL F2% BAMY

a) EE#&EX (p<0)
SEATEHESL p<0, HNLETFREAR, HIERSELEKRERES
REE5RRB KRR ML NRE.
b) BEHBKX (p21)
SERETEMES p21, HRLTHRERX, REARELKRERESR
RIS R AT E T NEE .
¢) BMKX (o<p<1)
SEETENEM o< p <1, BHLTFHRAR, REXRESHTHHEHEBRR
WEEMKEARERE, REREp & #TIEHE, WTFHR:
A=(1-p)x A, +px i (2.12)
R, - HAIMESE, C;
A, —SHERRER M B RAERERE, C;
L—E5HERBEN NN BRRERMERE, T,

223 HNETIER

TERIRN, HINRRR AR i R AR LR RE T H A
TR ACy, TEHZERE AC I, HFEE. RRANRSHLETRNFRERE
RV £

HEARIRE ACs 1% F A AT 7

Tcy =911+273-203x [C] -15.2x [ Ni]+44.7x[ 1]
+104x[V]+31.5x[Mo] +13.1x [ ]

Rep: T, —AIREE, K
[X] 5 %.

ZEARAREE AC; BUER, A A #MTE LRI, ISR RRAE).
RIS, BAELRRALERANOER. SRAKET ACH, X
BRAHNERE AC100CHEANRARKHATR, 3 AR SHANANE
Fo HRHEARN:

2.13)

0 N PPN
sk Ah<h<h,, (2.14)
1 th<h,,—Ah
LB A EHAKQR8)HE,
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23 AELHEWREBRESEE

B EE T, BN, EHRERT A —ERRENE,
ALK — 48 REMNER KB #AEZHEQ2.1).

23.1 MAGH%I5 %

RO n A, S RN R TR, R
REECBETAMATOEE. LFE 1 MARE n MRS THEY
Liﬁ<nﬂ)ﬂ?%ﬁ(x=mxt,ﬁ%x=%1¢%ﬁwmﬁ&TEEm*
DAL

HEIFERTHMHEESRERL, FTURBHETRRLS P, &
A5 R BHR A B AT T BT

l—cos(—l—xn')
X = ’2"1 , (i=0,1,+-,n-1) (2.15)

BB MTRBIMIF. i=0, x=0; NTFEaAMWE, i=n, x,=1. &Y
BRI LUEL AR AL, BIH & RS hF AR

. top

£
g workroll

'_‘ x=0
.\:Eo,! : x
= | e
clel _sip 4| | l
— e
$ @i ‘
o e L
Co /ﬁﬁ “ x=1
g Wi

% bottom

¢ workroll

% y

S

, N S
S

B 2.3 JRRETT A RO O RISY

Fig.2.3 The division of mesh along the thickness direction

B 24 50T HRTHW RS Al NESTTLIE HERERERHOEFN,
FRTEEENRM i, BENAMREE P OMLE, SRTEEEIH M. thit
R, UHMERISHLEESR, TSP OB OBHT.
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-
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/
y
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A
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Fig.2.4 The curve of node of each unit

232 AESHENERL

BT AN Y BB R R A, T ZRGIR R AN R, B CART AR iR
WA EE, B
p(t,x)=const (2.16)
SHFEENEEERERRFE, BN TEERT i, PESHEE T
K

new old

%L(l)pxhdez i A‘t" x pxV, 2.17)
MR ¥ P9 IR ANBE I 18] B AL T AR A, U3 R 7 AR 2 IR AT LB A -
Ll)s,.dezsixV; (2.18)
SR, I Fourier B, FNNBHMMRELR:
j=AMT)xVT (2.19)

R A(T)—HRABAREIFE, W/(m K);
VT —HREREHE, Ko
RIEM YRS HER, WRIRE T RIS h MAEAR p &L, B

T=T(h,p) (2.20)
FEL, AR AR T -
j=a(T(n, p))xZ—ZVh = 4,(h, p)xVh (2.21)

h T KRR AR R B REREAT VR, RORTE IR R A cold”, B EUAY
BAR?, T + Ar BZIE R A 'new’, SLETRIRAE A 1™, At AREDK. W
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A KFHEFEEL $2% RSN

ERE AT, LLi M i+1 BTl B R E o, R, it 4848 T R R T
NEWE

[ jxde, = [ 4 (B, p)x Vi xdg, = 2, (*, p) W—‘hixa” 2.22)

i+l i

REBOUFRFM TR RRERE R, B
j=f(x.T) (2.23)
Reb: x, =0— b KL RAAEE;
x, =1 —TFTREAFAREE.
Pir LU S 2 T BG4 «
ijda —L/ x,,T,)xdé, = f (x,, T/ )xo, (2.24)

new od\ . Of(T) oT(h
st £, 1) £, 1)+ LI

x(hs'""' —h:’d)

h=h?M

BT AP BT 1 B TR R I R TR T TR
h"ew ho . h new _hl':elw
v xpr 5%V, - l(h "’,p) mxa

_a h"ifw_hi"ew
=4 (h Id’p)x (x —I-x. )xd

l [ A

X0o

HREMARRUER, -

new old - —
h A_h,- xpx(xm xi)+(xz ~ X )Xd sx(x“' xi)+(xi x-l)xd
t 2 2
- hnfw h"ew - h‘new_h.new
) hOId,p w2 hold,px i1 i
h( ) (xm xI)Xd h( ) (x,-—x,_,)xd
BB
y) ;old’
- ”( p) thlw
(% —x.)xd
N ,oxdx(xi—x,_l)+ A, (’?M,P) +p><d><(x,+,—x,)+ lh(}_‘ou,l’) <
i
2t (x,—x_)xd 2A¢ (%, —x)xd 2.25)
Y }To[d,
)
(xi+l_xl)xd
=s.'(‘xi+l_xl)+(xi_xl—l) d+ pd(xl xe—) hold pXx d(x:+| x:) x ol
' 2 2At 2At '
| pxdx(ny=x) , _ 4(R%.p)
5INES: = T e = 2N | :
§: 42200 oy LA



Al kFMEFEEL F2¥% BAHY

ks, B+ [kt s + K+ R X B — ks, x B

i+l

(2.26)

=5, (% _xi)-;(xi ) xd +kt_, x b + kt, x b
1AM AEBGE AL ST T RR:

new old
hy™ —hy pxV, =5, xV - [f(xo,%ou)ﬁf_@xﬂl

At or oh

x (kg =gl )]xa

h=hg"
-1 h"old’ hgew‘hlw
h( p)x(xl—xo)-dxa
HEMIRUER, -
e — po px(x’ -x,)xd =s0x(x’ -x,)xd
At 2 2

), (@) OT(h) _— - W -
[f e G "’°”)}ﬂ”(hw’p)"m
A,
[pxdx(xl_xo)+Ah(ﬁ°”,p)+af(r) AT }x m_ﬂh(’_'”"ap)xhlm
20t (r-%)xd o = Oh | (5= )xd (2.27)
=—de(x]"x0)xhgld +S0x(xl_XO)Xd_{f(xo’T;)"M)-—mxéz(‘Q Xhoam
2AL 2 or Oh yopu
o) ork) | R e,
Lk = o o |’ 0 LA w5
[ty + ks, +kf |x B = ksy x 7™
o x —x,)xd old ol @28
=kto"hod+s0x-(2—)_[f(x°’n )_VXh"d]
B EVES R, BHBAEETEER, WTFHR:
kty + ks, + kf —ks, k™| b
ks, Kty ks, +ht +hs, —ks, W | _| b
—ksn-l ktn—l+ksn-l+kf h:m b"
(2.29)

.

kto thld +5, X""“"——(xl _;0).61 —[f(x()’]l)old)—kf)(h:[d:], i=0;

—xY+(x —
piva i b,-.-«s,x(x’*' x,)z(x, Jc"')xd+kt,_,xh,""’+kt,.xh,.""",O<i<n;

kt, xh" +s, x———————(x" —xz"")Xd —[f(xd,ﬁ’d)"lsfx h;"'],:‘:n.

n

\
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233 BRFHREFERL

LSRR, BHERLENNBAERFRG FRRFE, RS
ARGy, BN BMAME. K BMEN. FREHENRALZE, THK
Bttt

2331 A MALZGEREERK
(1) ZFhEEH

WHTW N TR, FUAE s AT, BRI ETRERT®S, HREE
RHE TR A RAPGES . W ESORIT R T EAR K.
q)cﬂux =ax(7;wf _T;nv) ’ (2'30)

HA: @ = Fpaon @y o BE AR H7ANIE B 1 R A E -
a) v, <5M, a,=5.6+4.0xv;
b) v >=58f, a,=7.295303462x+"" .
AP v, —i MZHREEEE, w/s;
Frpeaone —ZUEHRREL
WK Z R AR BT E AKX K-
Dq, =x0x(T,, - T,,) 2.31)
AP o—BEEFEH, Wm’ K'): e — RN HRH %,
T, —HNiaNe b TRERE, K T, —HE0EE, K.
(2) ZABRTENERK
URHRE R R BT H AR A
S5 T ) =@ g + O =@ X (T, (H™) =T, )+ exOx (T, (H"")' ~T4)  (2.32)
AR 241 BiflEHARR:
(T2 ) = ax (T ()~ T, )+ ex0 (T, (k) -T,,)

orT. . (h* or . (h*™ (2.33)
@) orh) =ax-————’"'f( )+4xax0'xT,f(h""')3x—————’“’f( )
o oh | pm oh _ st oh

Hep, BEEXRER RS E A R0 508 A A 5 R EURIE R R
ke AR FER.
2332 KEBAFHREEL
(1) KABh&H
KA TR, FURE s A%, EHNAETREATAS, BThE5Res
KEKE LT H A RANES . FRREATHR AR EARA:
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Ak FHEFHEAL %% BEHER

(Dcﬂux =ax (];mf (h) - Tlm') + j'healTrans(‘oef’f' X (I;m_'f (h) - Tboil) (2'34)
REMFAESRBE AN
chaQWatcr X [1 -0.42x (71130%5273 - ]):l XV 2.9x1 O6 X4 ’Vﬂow

L

(2.35)

AheatTransCoeﬁ' =

AAF: L—HNAITEE, mm;
T —REBVKIRBRE, K
Voo — AL 58 FE A R 57K OV, m/s.
Sriapwae — K FIEARFREL
(2) KAEHERAXWE I
AR TCIERR B A R T A 3R
D = XX (T =T )+ Aptrascoet X Ty () = Toi) (2.36)
R ERBETE AR A
F(5T )= O + e = @ (T, (W)= T,,,) +

4 @2.37)
2x ;'heatTnnsCoeff X (];wf (h) - Tboil )+ EXOX (T;wf - r:v )
Hrp:

S(2,T) = ax (L, (h*)-T,,) + £x0x(T, (K'Y ~T?)

env

+ 2 X /’!'hea(TmnsCoeﬂ' X (rvmf (hso M) - 720.-1)

aT hou aT hold
1@ ) D s exaxt oy Zar W)
oT ~ oh |, ym oh Oh
a]-;u (hold)
+2x jl.leatTmnsCoeﬁ' X 'fah

2333 RS EBNRARER BRI
(1) 45 B
ZEAAT 5 AR AR R 5 T 2 A SV RIRF 2, TR A
ARN:

d)cﬂux =ax (Ilwf - T;oll) (238)

FEAEIAN RIS A S & T RSB ST O B, FTUVETH BB R e
M EZEHNAELRAOENE, FHNEHRARTREARA:
@, =exox(Ty ~Ty,)
£y Xy (2.39)

6‘” +8’ _8” Xgﬂ

Ap: o —BHBEHER, wm'K

&=
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Fib KF M+ F1a L $2E REARR

(2) AR b %R 3 3 28 5 I T8 b
T 5 AL LA P A N 17 B I 2 0f fr e B e ) R B B 2 h
~f(x,,LQ'“‘"‘):(DWHDW=ax(1;lw,(/z"”)——z;ﬂ,,)+gxax(z;,“,,(h'"”)‘—'1;;,,)(2.40)
o
[ (%) =ax (T, (k)= T,,) + exox (T, (h")* ~T2,)
o (r) or(h) zaxaﬂm(W“) or,,, (h"") »
oT = oh |_yu oh oh
A B _E 2 1 0 S 4 R T 5 2 AR A I 10 A A AT B
2334 TRXIRAZEREEEL
(1) 7B i1
FLAI DA P T S A SR BN, B R LR A A (6] £ PR 48 DL R S LARAE I e iy
WL AT S i i B A HO S0 o P8 2.5 B T SLAR AT AR 2 T 0 0 X 3l
fis N B A P 5L o

+4xexoxT, (h*") x

swrf

bl

fLAeRim

./rnll

HWWRE

e EED
./suip I

K25 SLER. NPl ikfh X A4 4

Fig.2.5 Thermal conduction between roll and strip
AL B IR G LA 5 Ao [a) (R 2 A% F R S 25 -

kxp
j'c = flilHea:ZRoll X W (2.41)

J:L: ITI . k = /lcnnduchorkRoll X ]‘conduclMalcrial " ﬂﬁ p HX%T&M&E—E&}L‘] B:igﬁ Vq B{]ﬁ’LﬁJu j}{a 1

conductWorkRoll + /lconduclMMcrial

'E: L“ E:] T /’l = 2' l X 10-9 X pconlaclPrcssulc y&’%:

a) !:L'i H >() B‘I y p= (2 1x 10_9 X pcomactl’n:murc)lj »
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A XKFHREFEAL %2%F RARY

b) % u<0ft, p=0.

AP Aogaworran — L IERMFAE TR, 30w/m/k;
Aonisetateri— T WAL R R, wim/k;
Poomactoressne — T I LA BEAUTEIAR L RIEL I, Mp.

e LT AR PR Rt B 5 R di SR B R 2 AL, TE IR I
YE R S B RR T E »
TEHL I A R A AR R TR Sh it AR Oh:

W - prm“i"BWOrk X vstrippoim X hin (242)

deformationWork — Ixh
-]

R Wy —EBIBTE T

TEALHI X A AT I BT iR, BN ETAREE AT B T 2R TR I = A A
B, SRR AR
8; = 0.5%X Wy o mationwork 0<i<n (2.43)
(2) AKX FHRAA XA HUL
LA AR T4, FERTEN A _E T SR T BT AR M B R A R AR R
BB ABAIE, WRRRERHOTHELAIN:

f (xxsz;m) =@, =Dy (2.44)
Hep.
-2x A xdt
x,Told =1 x(T hold _Told —W... X _ 4
f( 5275 ) e X swf( )= Ton )~ Wescrionwork X (Mhyese J;r' ﬂm,,xcpxpx\[d_t)
o) o] _, Ty )
oT oh e ¢ oh

RP: L —ETREMMESE, HETEHNBDROBERE, Wn/K;
Myer—EEBEDNF= L B fE AL R A EL ], E4 0.5
dt——BﬂLl'ﬁlf/FK, So

2.4 mERE I ELY

R E M 2160mm HELHHARGHE, 4aBEERNITES ST S
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AR XKFHEF5L 2% BAHN

Mo AICHFIEIT 5 REEATNARIRAREFLER T EBEBMNRE, RIENH
A ss400,, HHNERHVIAAOLHMADERE, K5 EE. A\OREMADEE
WE 2.1 FiR.

®2.1 BEHHSH

Table 2.1 Parameter of sample strip

W ADEEmm) A4S (mm) ADETms) ALDEE(mm)
1 427 11.86 1.31 1840.8
2 48.76 13.67 1.06 1835.7
3 4.7 9.86 1.35 1836.7
4 27 7.84 1.14 1837.7
5 30.53 5.81 2.02 1836.4

REFLITRE PR REARALBR, A SURIIHE A 40 LAt D BDRSSLALSE DA
FEELE R P MR R T R A e R MR MRS E I fhy T R I ANTE B AL
WREPEEMARUEERL, FFUREHBT 1 SHEAWRNSREATRRE
B LERRE. CFHREMTTE AL, W 2.6 k.

1200 - .
——F ¥ iaF
"o 4 4 ——L WER
\ —a-%E B
1100 - N
. 1060 - “"--%N_‘\tb-._,
» R P \.
P ““"“"-‘-._._ Tk
“ 1000 - T
% 050 -
000 -
850 -
§00 T v T g T T ] ? T T
0 20 40 60 80 100

&8 (s)
Kl 2.6 1 AR AL B PR R LA
Fig.2.6 The calculated value of strip temperature in finish rolling

1 SERHRAERLE OORMARE. OHREE. FHEREHELNL, TH
R T H AR LGSR, HEEETRX, RBREEEAERITFNRE
.
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Fab KF M+ F L 5 2% mAARY

ICRE AR AR AL DR NN E T STAL, ST LE P 2.7 .
[ R

] L

¢ed

Al beo &x

HifES

Vel 2.7 AR ELAL AP A TR v ST SR b

Fig.2.7 Contrast of actual value and calculated value for temperature in finish rolling
APECP 2.7 S S SRR SL TR P o A S, o SN S
iZEAE£1SCLUR, X B R LR R A B R

25 FBING

(1) WIRIEHE Gt T RALIE A 2 MRS, M TR LR
PRZEHLL

(2) FIHIBUARBAR AL T o IR BB e MR e . TR
HE I S MR AR A R, ST S S S ) & RO TR
AR SO SE TR AT T RS LR R 2 L £15°C
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FAbX a4 F 428X 3% Hrehiit Hagn

#3E NesiutERE

LI R R FE N R A0 FL B S B IRV T R R I R LA PR R AR 2 ), FEAE
LRELFE PR, HA R IRE —E MR AR 4,
EMAERL AR — e R KE.

3.1 5B hitEAEE
3.1 TREREARSH

(1) Ak R 42
TN BT, LRI BMRERREREER, XNREMIHCED
He bl HitHAXMT:

I =MXﬁXR+\/RXAh+(InX’?XR)2
-2 3.1
o _8x(1-p) G.h
nxE,

Bl =R xAh, SLRIERFERITEARXA:

R'=Rx[1.0+Cx p ]
A x B

_16.0x(1.0-v,%) 32

nxE,

C

A p—EAI ERFERAE S, kN

E,—H B KENKE, MP;
ve— AL
P4, kN
Ah—LET &, mm;
B—H M, mm;
R—TITEH+¥R, mm;
R'—TERER¥42, mm,

(2) ZFEE

AT RANRRERIAN, RAERRK PR EENTFHE, 8P
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Foab R FM+FIaR X £ 3% Hessat FAaRY

BRER, HHBERIT:

= Yy . h
£=—l-c,-—xln7 (3.3)
RP: E—FHEHEE, mm/s;
I —EREMIK, mm
hy—HAFNOEE, mm
h—HAH OB, mm;
v—HIREHEE, mm/s.

3.1.2 55 it EER
(1) BRX ATRIS R AR
HTRELE DI ERE, BTRRERIS N n NETT, HXEETHELE

TI#AT . AR S ICAER R O, WIS i AR TTER B R AT AR
Ak p A :

i xl’

x(i) = i=l~n (.4)
A n—BREATHINE [ —REKKE, mm

(2) BRTHHAMTE

FERLE A E AR R G, IRIE S RITHIZ 0L, BRITHIELEI 2 B AR T
M., REUER=FE R THITIE. 8 i MR RAGREER AR
SR ALEIAOME, WARYE K 2578 IR M E 44 T A AR 3.5 SRAW 2 T 2 28
B &4, HEENBHEAERL, WABHEERERATHASIHELR; &
RBUERAEHL T RS EAR T E R M ERL AN 3.6, NAKENLE
ST EI A E A R E S i AR ITRIELS T .

(k1+k2)

pli-1)+ x £(i) > J_ka,[z] (3.5)

A pli-D—F i-1 BITHELE S, MPa;
k. k2 —HURTE T RS
kp [1] 58 § BTRHIRTERS), MPa,
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FRKFREFERL 3% bt ERE

CxE, cin +1)

h(z—l) )
i< < p(i) 3.6)

RA: h+1)s h(G-1)—i+l. i-1 BTHMEE, mm;
fo—HEBRE
C—HBHEE
E,— WM K EE, MPa;
A —HERETKEE, mm.
TN &N BTN ORI G ELE 6, & PER TS TEARA:
1) EREEBERT, BixrslshitZARA:

Vg (k1+k2)_
2xvg —1 2

p(t)—p(l—1)+[ x £(i)

h(i)
(2xv - l)xOlenh( x[t +p(i-1)] Axxfg,x(vas—l)xp(i—l)

k=
1-v, (1-vg)x h(i-1)
) (2xvs—l)x0.5xlnh(l:+l)x[t,+ pli-1)+kl] (3.7
= h(i-1)
1-v

+Axxfnx[(2xvs—1)xp(i—1)+vsxk1+ES><£(i)x(1—vs)]
(1-v5)x (i)

(i)
0=y

A p()—5 i BMELHI S, MPa;
v —HAN IR L
p(i-1)—3% i-1 BTHIEH 7, MPa;
E,— WY KEMERE, MPa;
kL k2—ER S
e(i)—% i RITME N,
S —EREER AR
k(i) b =1 h(i-2)—i\ i-1. i-2 BCEMAERE, mm
t,——)\DﬁLﬂKfﬁﬁx MPa;
—HMBHEETKEZE, mm,
2) ZE:EMEH&TEYRT, B i KIEHDHEARA:
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AikFMEFEAL % 3% HeRMeHERER

2x(k. lil-k, fi-1
p(l):p(1_1)+(kl;k2)+ ( fral [l]\/5 fral [l ])
. hi)
2Xkﬁva/[l_1]x0.sxlnm+Axxfﬁxp(i_l)

3 h(i-1)

: h(i)
2x kg, [1]x0.5xIn ——— .
. foa [l] X nh(l_1)+Axxf”x(p(z—1)+k1)

kl=

L V3 k(i)
KH: p(i)s p(i-1)—5Fis i-1 KELHIS, MPa;
kot [i]s Fpa[i-1]—5 i» i-1 BICHIZETEITS, MPa;
S — AN EE R R AL
h(i) h(i—1) h(i-2)—3%F iv i-1s -2 BCELFREE, mm;
Ax—HBHRTKEE, mm.
3) EHBHTRERT, BiROAMELTHEALA:
h(i)

p(i):p(i—l)—fﬁ. xEsxlnh(i_l)

K. p(i)s p(i-1)—5F i i-1 BITHIELGIS, MPa;
fu—HBHXKERERY,
E,—mRiH R, MPa;

k@) h(Gi-1)—is i-1 2THAEE, mm.
(3) BHETHFINKHTE

(3.8)

(3.9)

AR O R FF S ELALH A 770 N — A T 46 1 HT T
RREHE, i BIR—REHA DT E RSN K TET H DEiLH E

Bt BB TR T H AR

B B4 BUTTRIEL BN 4 A B R RS B R R A AT o . & P

T RE B E A A:
1) HEBTHHER, THAR
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RILXF M+ F18 L 3% Heebsoat AR

h(i-1)

i
(2vs =1)x p(i-1)+0.5x v, x (k1+k2)+(2v; ~1.0)x E; Xlnh(i——?.)

o)
p(i-2) 2.0xv, -1

h(i) .
_ Axx fu X(ZVS —l)xP(i—l)—(zvs _])XO.lenh(i_z)x(to+p(,_1))
Ui L0-v

k1

Axx fig x| (2.0xvg —1.0)x p(i—1)+vsxk1—Esx(1_,,s)x1nh(.(l)l):|
i
k2= T i

(2xvg —l)xO.SXInZE#:;x(tO +p(i-1)+kl)
i

L 1-vs

(3.10)
AF: p(i-1)s p(i-2)—NEOHERE i1, -2 RTHEE SE, MPa;
v — NI TANA L
to— A ANFEELALE D AR HIBT 3K ), MPa;
fo — TR RY
E—HMpIHAARE, MPa;
kl. K2—ERIBH;
h(i)s h(i-1)s h(i-2)—% is i-1. -2 $UEE, mm;
Ax—HEPRTTKEE, mm.
2) HBHEREN, FHEAXA:

( X i-2]- i—
pli-2)= pli-1)+0.5x (ki +k2)+ (g | jlng'[ 1])

h,
. 2xkg, [i-1{x0.5xIn—-
=Axxfaxp(z—l)_ ﬁ"[ ] h_, 3.11)

b 3

2xkﬁ,a,[i—2]x 0.5x1n

1kl
h(i+1)

h(i-1)

k2=Axxf”x(p(i—l)+kl)_

{ h(i-2) | V3

s p(i-1)s p(i-2)—MBOFHHEEE -1, -2 BITHEBNE, MPa;
k1. K2—ERSH;
kpalils ke [i-1]—3 i i-1 THERSS, MPa;
Jo—FEERY
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h(i+1)s h(i)s h(i=1)s h(i-2)—% i1, iv i1y -2 BCEK, mm;
Ax— AR TCKEE, mm.
BB RS R I 3.1 BiR:
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=
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%
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S
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Fig.3.1 The flow chart of rolling force calculation

3.1.3 RS mEAY T E &R

AHIREEABICMA OGRS DT HEEE NG, WBREE, L% i
MRTAOLHEREBORTET H OB ER, By FHENE.

LB BRHIFL BN F T I AR FOBAE RN R — X3 A AL I AR N S
M, BECLERER. 560, 8, MAPHEEMENE.

3.2 5LH KR ERE
321 HFIXBAZS R T T RREMNITE
ML, FRANEESTHRMNKTEE, RIEDHERSEN, $il

BB E AL Y.

vﬁ)=‘{7zzg(7) (3.12)

A V(}’)—q“ﬁﬁlqumﬁ&» mn/s;
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h(y)—H R, mm;
h(i)—% i MATHERE, mm,
Bl i MR R H A A:
v V(i)xsing(x)
OS5 (3.13)
R v(i)—% i HITHEE, mm/s;
o(x)—% i BITHHEF ORBIRA;
h(i)—5 i MATTHER, mm.

322 3 BIXB AL NENITE
SRR DR RE, RIBILHIKR AR FA R ITHHTZEINH

FIHE T TR & AMURML R N E. 58 MRS DRI E AR N
T4, () = Ax Ldcyy ()% Rf (i) (3.14)

A Tg., ()—2 i FLERALEI R, kN xmm;
A—NERYG
Ld,, (i) — A, mm;
Rf ., () —%L%1 71, Mp.

3.3 ALBII R ERE

8 i MR BRI H A

Pw&A0=2x931x§&ﬂﬁle§ﬂgl (3.15)
RMmi (l)

A Pu, ()%, kW;
Tqc, () —HLEIIHE, kN xmm ;
n—HHLE;
Ve () —5LHEEE, mo/s;
RMrm'(i) _",;?Lﬁﬂéﬁ’ mmo.
3.4 hee SRt ELG
FEHAA TERMRTWR 3.1 frow.
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3.1 FHAFRER
Table 3.1 The size of finishing mill work roll

M F, F, 2 F, Fs Fs
THRER (mm) 884.8 820.5 795.8 6910 7117 741.4

AIXFENT 5 GHEARHNARIA D RS HH R, SRR A
ss400, HMERHNAANDLHAOERE, LA ER. AOBEMADRENR
3.2 Fi7Re

R 32 HEHHSH

Table 3.2 Parameter of sample strip

A ADEEmm) KL FEmm) ADRECC) AD%E(mm)
1 42.7 11.86 979.49 1840.8

2 48.76 13.67 982.81 1835.7

3 427 9.86 995.34 1836.7

4 42.7 7.84 987.03 1837.7

5 30.53 5.81 968.89 1836.4

MR 32 FAILLE, AXFERHFREHADEEREA 30.53~48.76mm,
LA EREVEY 5.81~13.67mm, FEELADBETEEN 968.89~995.34mm, KEHA
HSRETE A 1835.7~1840.8mm, BT LAFTE M 4R MM RL THHL 4 AL B A 7]
otk

B E B AER T B S SR EE, TSR A 3.2 R, Bl
R B EA R SN EL B D A 3.3 Fn, @ L mIh SR T S
F YA HIThEE W 3.4 Fiow.
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Fig.3.2 Calculated value for rolling force
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Fig.3.3 Calculated value for rolling torque
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Fig.3.4 Calculated value for rolling power
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HEIThES R EEAER, BRHEEE,

-34-



R FAEFEAL % 3% Hrebsot iR

10

~ ®© ©
a1 1

A X RE%
AN

A 0 a4 N 0 a& o
PN U N SUNPU U S

nae
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Fig.3.5 Relativity error between actual value and calculated value for rolling force
XL R 3.5 ZRAER M EL S E AR S AE R E ML, A H S
SRARES CERREES 6 NIRRT LK, BdEREHMNILEHES
SR Z7E 8.5%LAPY, FLEI R R REKREE.
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Fig.3.6 Relativity error between actual value and calculated value for rolling torque
XFECH 3.6 & B R AL B DA T ARSI AR R IR 2 2R, AR SCELEI A
A HRETHESLIEMIREES 3. 6 NIBRRUEKR. BB THE B
FNEESLAERELE 9%UA, AENERRAFRRNEE.
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Fig.3.7 Relativity error between actual value and calculated value for rolling power
xFHLE 3.7 & SRR BT EE MR ER R E L, ASCLH)
R ERE T HESCUEMREES 1. 4 PERAE/D. BEEETE R
HIThRE S LNERELE 10% A, HHEERAFRENRE.

35 KB

W T HLEIAEEL AR AR R BT R M T LGN RLHIRE
MELHITh RGO THEE, BAREERT. WM T HREAFHMAEN. 1
FAEMAF RO EESENE, AR HER ELFENENRE
TE 8.5%LAM, FLHINER AERRIIERE: S ERETHERSLHE
RIMIRHRETE 9% LA, SLBINERE AR AT ERE: HEThRRE S
RE L EMHENREE 10%LLA.
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F4E AGHERE

AP B, FREEY 6~7 MUARIMHAGES, A BIHATE BN
AR HR. X—RIIM AT R R KRR ML RS TH. Slesls
MO EREENRSIENET R, HESHELFLBERE, A
SR Fik, REMAHFRETREEBRT. &=, KR, REEEEb
TR A, ML BB HIBR .

TR RIE—EMELFIR G TR RNF, EE. BE. BEZHNE
ETEAE. AEFRLEY, ARSRRE TABERPRESE. ARIRET
B8, MAMAE. ABREARNERNZOHFTEENEE. HIEEHNRA
WA, FEZRMRHAHERERE, AIMEEMER. TEEH. 1B
MERE R RHE, XLRFEFRMEIFERN, ERRBABEAT, HRAH
) RR 15 EH A R AN

EFERETHENERNBERA, FER0ATIEEXRUTE R AT
Be. ANFARREERMMAITERFREANAMESLZ Bis o R~
H. XELGITW 2160mm HEAFL, MNEXMTEBITHH, FAERLEES
T BirR SRR,

4.1 SigR R RIEFRE KRN

FEXEH 2160mm FELAEF Lk £, HELHWMA AR RB AT U H: ANETE.
X E TR, AXEE0. St nmzd, HhEsET e &M EELTE
MANERESHOERZE; HXETEASMEINRRENETESZHR
MADEREZ HAE,

R 41 ARERE
Table 4.1 lading specification

RRM i S o7 5

KBARDA X FRE P& R NEF=L B fERHE s —MEE R 5
AR B REAE N &
KBAADA  #xtEREETH [(EFHF1 SEMERAEEMEARE &

KBARFW HXTELH A [h=N B AT AR X E I —ME E IR
PR AR BT 5 BRI AL 1

KBAAFW “uxtELHh [h=N P F7 {8 R BT 2% ER Al I R 5L

KBAINA i TR FREMATE

37-



A AFHEFEET ¥ 4% fEpmR

5E B S fer B ST ) SR BT BB, 4 1 R RS R I A R BT R AN TG
e

AR BT B AR B, o TSR @M AL H R — L, ST
035 4 75 17 A 2R S -
(1) BEHRGF A G2 AR R LX)
(2) FEFRME S AN RE—ANELH AT LRE A

42 RSB EZML

ry

42.1 RETEMIRE

AL PR B M HERTEETRE, RPRREEER:

g = %=ln(—l——) 4.1)

/ 1-7,
Kok B — 3 1 AMURBOA D mm:

h— 5 i AHLER B mm
r— 5 i MR E .

422 % BirtE LR A 3L
TRV L B RREE, MTFE—MIR i RIEFEETNAR, B

FRER T
(1) 4R ET RT3\

[ w1 (g-6Y)
ﬂzmm{;?{?) }
< 42)

e;,=ln 1
\ 1-by,

R e, —8 i B S RT SREERRRE;
v, —5 i MR R AT S B AR E T &
(2) EAEXET R AN
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At KFHmEFEHI % 4% fFomEl

(q) m"‘{zz ( ixg ]}

] 4.3)
s‘:,.:ln( 1 )
{ 1=y,
RF: f—HEE T RIBEHE T,
(3) TAXELFI A F A
1 (BB
%—mm{rzix[ P, ]} 4.4)

13:1' = lvi X Pmax.l

e P58 i HLAHE S A 2 EC N RIS H 48, MIN,
P, — 5 i FLEARHES 4 7 O B #L ) 1 oK, MN.
(4) TEAXTELE F7 77 B

2 B-pB,xP,
7o mm{.z?-( B J} (4.5)

P} = Iv,x 38000000

AP: B, —hEETESRREF;
P, — R I T A AR R O S LA 58 i HUARIOAELE] D (H, MN.
(5) TENBRZ S A
®, =min[i%xsi2) (4.6)

GAERBULAFEEFR, f%ﬂjﬁﬁﬂﬂﬂ’ﬁ’dmahmﬁ%
Z X( 1 m) +Z (8i_flx£ai)2+25x€:l

#(8) =9, =minj ' ’ﬂ " 4.7)

T | e s ey
WEAF R AMEERFERA LR, £ LR IS LA & RAEikH

—, BAEXT A TR XA L E D A R E RAeiE—A4.

¥ o(8) TEXISA 5 2* A =B Taylor EXURFF-
¢(§)zQ(§)=¢(E*)+§(€"‘)Tx(e“—é*)+%x(§—§")Txé(é")x(é‘—é") (4.8)
AR eE*)=C, CHER, FURILBIRRBATLUES:
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ERRUEHRETR, 3(6)NG(e ) HlRR, WTHR:
op ]
Os,
& 5(0 r .
— G, G, G
g o, 11 ‘I,n f,p
gEH=|- |=|- |, 5(5"): .
Gnl Gnn Gnﬂ
g | |99 ' .
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| 96, |
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F K A+ F L £4F fAENREY
dp _dp OB _B-pxF OR
8% “ap o (p”f)z s
Op __R-BxE
85 = -
o, £,
[
< @HgL={2[”]j=i (4.14)
%zjeaq(&) d¢
' 0P,
0_g,_x_, = 0, J#i
(0P, O
_%& 1,
| 0B, B o
G, 4 =1
R . _%, %, B _ 1 0B
P %e, oP 05 P, rs
(5) FEELIVASE i MR T
i o
T e—=g.
g; P
0g, .
) =L =1, j=i .
) % j=i (4.15)
ij =
% =0, j#i
L 68_,

423 B BRI RFZ S

EHE AR EE R &N TEAREKM, AELE BB HAR
&R, AT 2160mm BHRE, BEMITEARENE: BETEAR,
HBIAMEEAR. ABNHELAR. BHIRAR. ETRHEHLIR.

(1) BETEARARXA:

Hk Hk
Ze _ln( )+ln(h2 ]+ +ln( W ]
(4.16)

_m(i L H J m[H]
Wbk h, y
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n k+1 k+1
Ze,.“' =ln( Ii'ljﬂn[HfH )++ln(L]
i=l hl h2 hn

kel prkel k4l
=In 1;1|]fo| ka}I x"'xH":l =In i.]
W kT h, h

WIES k IRFNGE kt] B ZEER:
iagi =§(85M _gik)_:iz;:g:ﬂl _in & =ln(%)—ln(%] (4.18)

=1 n n

@.17)

(2) FLEAREEARARA:

(1_2ks)mein.i S‘Ek+l S(1+2k.t)xpmax.i (419)
T3 k1 IREELE DT E AR N
P=p +§£ x 5, (4.20)
REEE k RELE HERNELH D ARARB:
(1—2ks)mein,, <P +—Zﬂ x &€, <(1+2k)x P, (4.21)
AR
SR BB RIS NARLAN:
? x86,~ Py xk, <(14k)x P, - P*
£,
et (4.22)
oP k
- x(ggl’_Pmin,ixksS_(l_ks)meini+ E
0¢, |« ’
g AREHAHARA AR R
- Mse 1 - ]
i1 0 o - 0 =P, ( ‘i (1+k,)me,— B
¢, | ‘ '
o€
0 _afZ_ 0 0 _Pmax2 2 (1+ks)meax2_ sz
0¢, | ' "
oP, %;
0 0o = 0 -P,, <|(14k,)xP,,, - B | (423)
08, | . "
O¢,
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0 0 0 . == -P -
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BN LB ARA RBRE P TER 5 8RB A AR A R AR, R
R — Bt H AT 5 AR
(3) KA HBLARAN:

M <(1+2k)x M, (4.24)
HEAB B Mt EALA:
M =t s 2 (4.25)
O¢; |4

WSS k RELEI AT HARXRANLB S EARAAB:

x 0g; < (1+2k )x M, (4.26)

&*

M,"+%
Oe,

AT HBRAIHAHNEARAXA:
oM,

5 x58,—mekSS(l+ks)mei—M," 4.27)
&

!

Ek

AL A R R T Rt S i KEL I D AR A KRR AL, R R i
NG
(4) HHLRBARALN:
N <(142k)x Ny, (4.28)

T3 b+ KRR B A HE AR Oh:

N = N¥ 4 %ﬂ x 8%, (4.29)
€ |

EEEHARRANBHDEARTELAXF LR EERR:

Nl e, — N b, S (14, )x N~ N (4.30)

€, |

T AL R AR ARMEE R A h R RALB N AR AR AR, R
REP IR,
(5) ETRERARAXA:

Voins SH Sl 4.31)

MUAXBTHELE, BREMETRHERLYRAAZEN:
—In(1-ry, ) S-In(1-1)s-In(1-r,,) (4.32)
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Emins SE S (4.33)

min,i

R e BN EARRE A &4, ERAREERAR:

Epins —Ef SO6 SEpp; —E (4.34)

424 BHREEMTE

ATHHEENMENERE, ACHKM Lagrange Tk LHLAREMHIZ
AR, 7320 B Ar el BB B /N OE &
SRR B AR BE R 68 B, Bedbm KEEARECS kIR, MIstr &40
Ritvg HHARA:
g =€l +0.95x 3, (4.35)

BT 32 tH AR R BT AT S R

£ = ln[i] =-In (i] (4.36)
h H,

NE S F A B i MHURE S DR AR A

p =1l @37)

P exp(&,)

4.3 SRR Kt E LA

ASCIEBEIFN A ss400 B 5 AT £ BArtUAL T 0 BCE BT ST 2
B, SRERTNERINAAOLKADEE. BRREEWNE 4.2 Fir.
K42 HETWRSH

Table 4.2 Parameter of sample strip

4 A O8% (mm) H ¥ )5 E (mm)
1 4270 ’ 11.86

2 48.76 13.67

3 42.70 9.86

4 42.70 7.84

5 30.53 5.81

B 4.1 N hRFAHWESLFRE TR iE. RS REATNNSE, AE
FHIGS A IR T EEREWASMIROET RE, HH K& RE N E
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Fig.4.1 Distribution of reduction radio for each finishing mill
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Fig.4.2 Distribution of reduction radio after optimizing for each finishing mill
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