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FlXKFHEFERL Abstract

Development of Process Control System for
Hot Strip Rough Mills

Abstract

Process control system for hot-rolling is very important in the whole production. The
process-control-level computer supervised and controlled the hot-rolling process. As for the
traditional production line of hot-rolled strip steel, most of the rolling reduction will be
completed in the rough rolling from slab to finished strip, so the production efficiency of
rough mill had a determinative effect on the entire rolling rhythm and output. The
mathematical model is the core of the computer control system, and it determines the quality
of rolled products. So there is a profound significance in studying the hot-rolled control
system and the mathematical model.

Basing on the project “the digestion and absorption of hot rolling process control system
of shougiansteel 2160mm”, this subject did some researches on the function of control system,
the foundation of mathematical model, the establishment of BP neural network model of
rolling force and so on in hot strip rough rolling process, and achieved the following results:

1. Calculation models were established for the rolling force, deformation resistance and
spread of rough rolling process control, Self-learning model for rolling force and roll torque
of the horizontal roll, rolling force and roll torque of the vertical roll, mill power of the
horizontal roll and the vertical roll, exit temperature of the rough rolling, exit width of the
rough rolling and the finishing rolling.

2. Various forms of heat transfer which caused changes of temperature in rolling piece
were analyzed in rough rolling process. It contained air-cooled, water-cooled, contact heat
transfer, deformation temperature rise, friction temperature rise and so on. Temperature
control model was established in the rough rolling process.

3. The reasonable method to determine the smoothing coefficient and the range of the
smoothing coefficient were presented after analyzing the smoothing coefficient values which
had an effect on self-learning process.

4. According to the function of BP neural network, the number of layers, the number of
neurons in each layer, transfer function and training function were determined. According to
the characteristics of the hidden layer and the output layer, the initialization method of the
weights in the hidden layer and output layer was determined. BP network model for
prediction of rolling force during rough rolling process was established using MATLAB
language.

5. In this paper, the predicted accuracy of the BP network model had improved by
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1.81%~4.14% comparing with the mathematical accuracy of mathematical model.

Key words: hot strip mill; process control; roughing setting up; mathematical model; rolling

force; neural networks
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Fig.1.1 The process flow diagram of hot wide strip rolling
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Fig.1.2 The four arrangement schemes of Roughing Mill
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I—ZEE, C;
e—FHEREE, s
e —R R (BRI
C—HR4&.,
RERLVHE N HI R IER B K, 188 FNF BRI T 5 ARG BT
LR, BRARP.

. \(#®xT+a,) ag
K= % x 0, xexp(a, xT +a,) % (%) x[% x(fz) ~ (g, -1) x(o—i:)jl (3.20)

T = (¢ +273)/1000

AP: K—ERHN, kgm’;
t—REEE, C;
o, —HMEZH S, Bt=1000"C. £=04. é=10s" BRI, Pa;
E—FHEHEE, s
e R (ENT);
a, ~a,— B RH

HERG19E5REB.2004, éMe WHHEARN:

FH: s=xin, THE: f=xinl, e=mL.
I h I B h

R s vp—FEL. TAALBERE, mis;
U\ L —FHL AR ORI, m;
B, B,—SHALEHIRILIRE, m.
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PRSI, LRG0 TLERE, BHARMNHIBRLERL, il
REHRE R A, KPS RRERLR 3.1~K 3.3,
# 3.1 WK F WL RN R 5

Table3.1 Regression coefficient of ordinary carbon steel deformation
resistance mathematical model

7Y IAES
0 ¢/MPa a, a, . a, a, ag a
AD1 143.6 -3.130 3.984 0.4103 -0.4105 0.4847 1.575
AD2 146.9 -2.655 3.379 0.1456  -0.0754  0.4673 1.579
Q215(A2) 150.0 -2.793 3.556 0.2784  -0.2460 0.4232 1.468
Q235(A3) 150.6 -2.878 3.665 0.1861 -0.1216 0.3795 1.402

Q235(A3F) 140.3 -2.923 3721 03102  -0.2659  0.4554 1.520
Q215(B2F) 138.4 -2.716 3.458 0.2099  -0.1346  0.4552 1.595
Q235(B3F) 139.8 -2.861 3.642 0.2540  -0.1993 0.4349 1.510
Q235(B3F(2)) 143.9 -2.703 3.441 02572 -0.2016  0.4408 1.553
Q235(B3Cu) 147.3 -2.977 2.789 0.3104  -0.2661 0.4534 1.697

% 32 RS SR N BEFHRFIA R K
Table3.2 Regression coefficient of the low-alloy steel deformation

resistance mathematical model

. ElES
5
0 ¢/MPa a a, a, a, a, a,
16Mn 156.7 -2.723 3.446 0.2545  -0.2197  0.4658 1.566

16MnCu 160.1 -0.2427 3.090 0.0637 0.0387 0.4005 1.499
14MnMoV 177.1 -2.694 3.429 0.2616 -0.2445 0.4337 1.499

20Mn 136.5 -2.057 3.892 0.3743 -0.3194 0.4237 1.515
20MnSi 163.5 -2.494 3.174 0.0653 -0.0238 0.4247 1.492
10Ti 161.2 -2.527 3217 0.1520 -0.0839 0.4090 1.460
15Ti 171.1 -2.074 2.640 0.1457 -0.0840 0.3698 1.926

10CrNiSMoV  161.1 -2.922 3.720 0.2451 -0.2086  0.3752 1.362
10CrNi2MoV  153.1 -2.919 3.716 0.2652  -0.2379  0.4042 1.419
28CINi2MoV  154.8 -2.057 3.892 02220 -0.1697  0.3729 1.384

30CrSiMn 159.9 -2.883 3.670 0.1627  -0.0945 0.3454 1.337

12Mn 160.9 -2.744 3.493 02270  -0.1865  0.4433 1.543
12MnNb 164.5 -2.682 3.414 0.1216  -0.0508  0.4079 1.463
12Mn’ 146.7 2.541 3.234 0218  -0.1825  0.4801 1.529

12MnNb' 152.7 -2.270 2.890 0.0944 -0.0369 0.4927 1.844
Y12CrCaS 163.6 -2.454 3.124 0.4122 -0.4437 0.6638 2.364
Y45CrCaS 157.6 -2.933 3.734 0.2118 -0.1378 0.5728 2.034

Si15AQ 154.3 -2.621 3.336 0.2394 -0.2072 0.6631 2.403

F: bhs 1 RREBITRR ARG, BRI nAg 1250C, FAHH 850~1150°CHt1T R4, B
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Table3.3 Regression coefficient of high Quality Carbon Construction Steel
deformation resistance mathematical model

e BPRES
Me
o yMPa a, a, a, a, as a,

08F 136.1 -3.387 4312 0.5130 0.5320 0.5887 1.879
08Al 136.8 -2.999 3.818 0.3552 0.3186 0.4996 1.742

10 1514 -2.771 3.528 0.1147 -0.0353 0.4537 1.593

20 152.7 -2.609 3.321 0.2098 -0.1332 0.3898 1.454

45 158.8 -2.780 3.539 0.2262 -0.1569 0.3417 1.379

3.3 BEIER

KRN RGN RFRNERRERZ —. REFHEEREANATLIER
PRI R, TIERAAIA P RERTFRIEEFMAE &M, Bar#el KEE
RIERE, TERHELRELLEHE, WM REEERLIE S ELURE, Bl
TR EEARAL BRI, W, AAHEREEPERREEXEE,

TRV EERATHEAAERABEETRER. REHYRE, aF 5N
SM—FELAFER

FEHFENRRBEZABRER. EIRABIEES, HEHALRREEE, F
FRMBTEEE RN BT, Ah - b 4. CHUNSERBEA TR LFAER,
WA 3.2 FioR. SIS MBS R — AW R A LA E R, Edh, RAEEX
HEE: b REMEHBENRE: ARMBEME; CRMNETEWEKE.

- By -
:{H A. SCELATWTTE
Bz
h:‘[ H hy B. iLELfA Wi
\/__\4___
e l

C

Bl 3.2 SLELET. RAKIE RS A
Fig.3.2 Roll piece’s profile before and after edger rolling
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FAbKFHAEFEAL % 3F LTS R

SE—FRALHIES, i 3.3 s, WHE AL EETKRAE, R ERY
B RE R T B ENERA T AL, FURRREESTER
RREMERREZ. e

AB=AB, +AB, (3.21)

AF: AB—RMRE, m;

ABN——Q %ﬁﬁl m;
ABD ‘w%ﬁﬁ’ mo.

By
W 3.3 LGP ET A ER
Fig.3.3 Width spread during V-H rolling
3.3.1 BARR

3.3.1.1 B.IL. B##igk AR
ZAMBEBIIBRESHEIRIELNXER, NER EBRMERAN, ZIE%EEMN
— R R & 5 18 ST AR i A R T

x(\/RxAh ——ZA—hj;] (3.22)

AB, =1.15x 2

2xH

A#: AB,—BHARE, m; AM—ETE, m;
H—H4AOEE, m; R—ELEHF¥R, m;
f—EERH.
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EMRERARZETEERYE. MYLETE. ZRKKELALBRBRY ERHKE

Tom, BEETHMEERAENEE. KEIEW, HEHRERA X E PRGNS

KR LAB S 5L EE g8, Fa LA PSRt gsh.,
331.2 CU.HHELR
BT FH R & R EmRE R AR

ABN=(1+A—h)x(fx\/RxAh—éh—JxM B2
H 2 ) H

3.3.2 NEER

WP 3.3 Bow, SLAFSLELE BT A, AR E SR E AT

( ABN\

B, )
1d, =B, - B, (3.24)

AB, =bxde(1+

( M 0.016xm 0.015xm
a=exp| -1.64xm" x B x (ﬁ-)
L R

r 0.063 0.441 0.989 7.591
1b=exp|-1.877x (%} X (%] X (%‘—J X [%] ] (3.25)
0 e 0 E

B
H

m=

A: AB,—MHERE, m; AB,—HAREE, m; 4d—EE, m;
B, —5LEHMARE, m; B—HEEE, m; B—LEBHMARE, m;
H—43AEE, m; h—F5ERE, m;
R—KFH¥R, m; R—IEFE, m;
L—AFEBIELREMKE, m; o, b—JLEASH.

3.4 BEIEHIEE

EEME I RPAAREROERITTE A EE, BEhllE. 2. HHEIHE
BERWHAEE RS THEEN, bt ae . ST SR b
HIREEGR,
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(1) HLEIERE o & & R AL D M R R B R B T A BRI S B AR
TR BUEAFEBR UM RSN 2eBT. HANERTESEERX, &
FERLEME it AL R TEHI DI FAREL, FE4LEI IR E P SR R R ERAHAL

) BEGEGIRMUERB LR NEER, MASERILHIENRINTTEHE]
HUBEERBAE; BENEREZWEGLANRETE.

HUCET I, BSAHNRE TSR R+ EEN. FIREREPRESN. .
HSHAR, BIRT LIRS L3 A o A d R o SR A,

3.4.1 #HMIBSH

TR TN, BAE RN STADESE, ERIFEEp . MET
A, WHCEF. AXA/UT RSN LR, KASRERXRR, LR I4HAR
3.5, RIBRETR, LASEENRR, FIRAREBEQTET U FHERRE
Kfte R 5 HARE,

34 WHHFERZE, W/(m.TC)
Table3.4 Heat conductivity of steel, W/(m- C)
‘ T R BT 188
REC 006%C  008%C  0.23%C 04%C  Si-Mn® R

1000 2779 27.7 27.7 26.7 264 28.0
1050 28.0 28.0 28.0 272 27.2 28.5
1100 28.5 30.0 28.5 28.0 211 28.8
1150 29.3 29.3 29.3 288 28.5 29.3
1200 29.8 29.8 29.8 29.8 293 29.8
1250 30.2 30.2 30.2 30.7 30.1 30.2
1300 30.7 30.7 30.7 31.6 30.9 30.7

& 3.5 MMtLA, J(Kg-C)
Table3.5 Specific heat of steel, J/(Kg- C)

o 90 5 40 HEW 7 AN ‘ 18-8
BEC  006%C  0.08%C  023%C  04%C  SiMn® ruzem

1000-1050 670 662 653 636 645 653
1050-1100 670 662 645 623 653 662
1100-1150 670 662 662 645 662 670
1150-1200 670 662 662 653 670 670
1200-1250 670 662 678 670 678 678
1250-1300 670 670 637 687 687 678
1300-1350 670 678 695 703 695 678
1350-1400 670 687 703 720 703 678
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3.4.2 =A41EE

AT RN, SRABEAM ARG REES SR 5EROXTIEHR. S5
PEEATH 55 1% S A B B O DR L 5 A 2 e BB . S 5
B BB MR R ZA RS FIOEEHHAT R, HhAT XFZ o e F7ER
SRR E RS . BR L AER I AR AT R S TR AR, AR
FH—BURERER, WNTARREEE M TN

1

-3 7

At =100x (’**273) Joxexa b1 iomy (3.26)
100 100xcxp hxv

Rep: A —HERE, C
L —HNYIRIRE, C:
L—EHBRKE, m;
v—H R FIEE, s
h—A5HHERE, m
e —HL AR R
o—WHF—WHEEHER, 5.67w/(m®-K*);
c—H#, J/(Kg* C)s
p—EE, Kgm’;
h—5 AR, m.

3.4.3 kAR

KREBRE—NRBEHNZEE, Bt EEUSHITE. SRR RARNEER
HR, KA R EE RSN B SR RIIRAE B S Yk
WHEX, TAFERRTRENFOY RS RS, BT RsRRE— MR
RRHEE. ACRRAZETFERA KK R

AT, =22k T yx =2
pxcxh

(3.27)

TXaxy

AP k—RESHRZY W/(m-K);
p—HBEE, kgm’;
c—H#H, Ji(kg-K);
=3B, m
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Rt K F M+ a8 #3F maLd g ERE

b—AHIKBERKRE, m;
T—H S, K:

T,—AHKREE, K .
a—HLAFHT R, o s;

y—HLIEERE, ms.

3.4.4 JERBfEHR

FEALBIRES, HEHHRA RGN, FALAREREE. BELEREL
BAEAELTRE, ZRELASHBZRMHRE, KERERITER, BRUAAT 1A%
EREC), 1B HAIHRE A RTEERL.

a, Bt Ak (3.28)
h, CXPXT Vv

AP f—HAEEHERETUE, —&H 0.48~0.55;
t—EIEE, C;
c—t#, Ji(kg-K);
p—HMEE, kg/m’;
t,—HREE, C;
I —E RIS, m;
v—ELEERE, m/s;
h,—5 4 FEE, h =(H+2h)/3, m.

3.4.5 TR

HHBHRR T AR
Oy =ﬁxVxln—;1I- (3.29)

Rof: p—FHRMES, Pa
V—H AR, m;
H—3L4 5L EE, m;
h—H5.AF 5B, m.
RERETE, BHTHDEEETN A, FHERRRA:
ﬁx]n—l—{—

Aty = L (3.30)
pxc
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Ad: p—4HHEE, kg/m3;
c—tt#, J(kg-K);
n—IBHEER L) A L R E 2 5

3.4.6 BEERA

WiaE R FEER, fLBIRFLRIERTE SR A ENE I S ERLE B, EE
B LA B R A -

N—thxvxl_;xln—Ii
hyp (3.31)

=g
|

hxBxvxysxcg

__ __ %
= y Kg =
A Xy As X g

Ky

R N—HLfIE, W,

B SHR B RS TR K

y—HLIR M R, ms;

B—HAELFTRAE, m;

H—HLIF5L TR, m;

h—H5L LB, m.

A Agn Tgn Tan Con o HLAFSHMMBIESE, Wi« C) B kgm’s
tb#t, J/(kg-K).

3.5 HERE
3.5.1 ALHERERTHIHE

FLBITH R s g RO BUR RT M B RT RS RE, BT AL RSHERE T
EREMEK, FEERTRLSRBES RSN HERS, AR TE AR

TR RS . BEEBRMRELER 3.6
y=(1+axt)xx (3.32)

AP y—#HRTF, m; x—BRF, m;
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o —MEKES, 1/C; —iBE, C.
3.6 WML E
Table3.6 Variable needed transfer

HET n I
1. f#RIRE—ACC i+ H{E
Rt 2. BAFHRRE
3 WA WA
B RRLSLE R 1. ABHLI FHRAER RSU ST

2. FLELI R AE HAME

3.5.2 REMAOERE

ERALET B, TR A ERBON, PrUlsfBbpr & tbE D, BRBEERILEIK, B
CAE A 3R AE I e IR B LLAR TR 82, TS i T PR B4 5 LA DR
RS

S=h_£%¥h+% (3.33)
b, p—REHOEE, m,
So_gll\i?\ﬁéﬁ’ m,
p—TRvHEELE S, N;
po—ZRELEA, N;
C—HLHIKIEE, N/m.
SCRTFOE:
P
E=B:-¢ (3.34)

AF: B,—REVHEEOREE, m; P—iFEHILHN, N;
C,—ILHRIE, N/m.

3.6 BEMEES] |

HTEHRZEPFROSREFR TR — LR E RN ERER, FNE
SERME R RS bR AL BT AR . B BT, B LU B R A i e T
BRI R RO, AL B, BEHLE T ERER, BETEEE, %
BEHHEERNEHTAYY . BAEBARTA:

= f(x,%,...,x,) (3.35)

Kp: y—EETRME; x,x,....x, —HHEEELR,
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ARG INPRM—A BESIRYB, —BEHMEMEA,
(1) MR, HAHERE R Y-

y=f(%,%,..,x, )+ B (3.36)
(2) FERMER, ERERERA:
Y =Bx f(x,%,...,%,) (3.37)

BEnKIHEN, B=B,, RIEN(3.36)K3.37)iH HERFHE y, s LEELEY ,
LA B RIEIRE B, B, A T RFR:

B, =y* -(y,—R) 1 B, =B, Xy_’

ERESCEERE B, -
B

n+l

=aB,+(1-a)B, (3.38)

AF: a—FREK 0<a<l.

PR F S o ERMTRHEBNRERE, Ya=18, B REEn KA
BB, RIEIENE n+ RBITHR. 3% RA 7EOOR AN T S B R E M T 4
HTThE, SRR ERARTREM. Wa=0, WB,, =B, RrHn KEMERTE, Hit
B n K TR B, 051N B n+ L NNTRIRE B,,, « HUR A HAIIMER RAEE K
SRR BRI R ASE @ ERIK /N ED @ R REAL).

% o BOKER, TR SIAIE, BRNYASSIREINES: % ER
fRt, WZESERES, BT, W 34 PR EETT.

LA
”
2]
%
.
o
0 S .

B34 A5k
Fig.3.4 Self -learning process
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FAb K F M+ F1a0 X #3& jiLidfesFagn

EEBRAFR, BB SERR LN, FEBZEIDRRBRIVEER, FEFER
%Y, URRAENED), MEaildNaRNGE, REREHTEIME RN, WA
LR ET AR E LT HIA G M S WEER RO # 5. B, EA%AYRYXTa
(B B R i B R L s

(1) =HEH&E, ERRAATEN, MFEX—HRATES], BHERHER,

(2) HIRE, aBEELUMAMa=04~05), UNRBETRE. —HLiREHEE
BEE—CEN, NESHS o H(a=01~02), LLREZIMRE.

Q) MHBES VAT EETE, ANKKENEEOTERE, FTERN, I
a=0(F%); WEMEEN, Na=0358 04; MAEERRREN, Ta=0158
# 020

3.7 KENE

B TR TRALSREHNAGHRE, BRHNEE, TRER, BREGHEE
URHERBMBAMBEATE. ARGRFARTHLRENE—SARRETHE
Ao

(1) B TR TFRASEEGINELE N ZBRRN KRR HER,

@) AHRAEEFSRAFRERUKEFfERER, AFER. K. HEft
# BB BEEAE, BULTHALSEREEHEL,

() BEFERHEEN B ¥ IS BERERKN, RET ARG FR RS TS
HERITE,

EEEFTHEREARTE AZ31 &M E D, BEESRER)SEHRT
B, ¥FESKESRERTITHURDFERITH, GF: THERMITIER. Xe0
Tig, RELRETARNEGE, BROT B EHENER. BEHEREKXFYERL
FUR . FRGIRTHEEGSRESM, NotaSHRKVEIE, 1224
MURFEEREX.
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Al XFFMEFEAEL % 4 4L 425L%) H BP 4642 M AR

%48 I IELLH N BP HZME TN

LA AR SHLAEAM R BE AT ARM S HR IS AT, 80 FXDUS, %
HEPUN 8 R KEHAR RS, ALERNHAZARES N HENATEX
B, ANLERESERTENR, CBITT S ERF0HLEILRERE MR KL LR R
K, BB EPLELLEERET MEHE. EARNERRE LR, TR
BB AR, SRR R

HZMERATERN—MEREERTE. HENEHNHACZNET S AEE
HIRR, 550 R BabiEsl. wHEPBE. EEAEETRMMNAERTZ. EHMA
WE N, EEERTTELEIMNTES, BARTELETRRANFETERRI
WAHAK, BIRERSS. BEEME. SSnFRRAEWE, BENRHLEKRMAZ
BRYGHTEIE. MAMALHEZNSRTHLR TN, FrRmOREREELRERIN
BB L Z SN LRAE. A T HREREEE, FTRANSIEL AR KEN,
RSB ST .

AENAMER MATLAB EEEIHEMEER, MEMETIIS, ENGENS
B, ARG AR RREAT I, W RLERN A TR T LB S HER—EH
WBNER.

4.1 T M LEHELIE

AT #2 M2 (Artificial Neural Networks, ANNs), tHFRAFHZ ML (NNs), ZE
VML EHAITE B —FEEERL, B RS KM A B R R A Eht, HE
HZE TR LB SIS, L SGErIif. BEl, ATHEMEENA
FRE5UE.

4.1.1 EPMATREH SIIEER A

NTHZ RS NG % £ R TTR, — MBS TR~ MISAI, EAKK
TRt KA 100 (LA TE 60 LA BRI EL BN K Bk
| MBRREANEBAERT. EYMETEE MRk, R . SRR
W& 4.1 BioR.
(AR ARG TR, LS. SRR S BN, R
W TR R R AR, AT 7
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ALK FMEFLEHL % 4 F44LiE425L4) ) BP A4z M 44T

QW R: WAMEFSNE M B RB MBI YE, RERERAMR. METHE
PREZ KB HAMHETHRMAER, A THRERRA .

GV~ A R A S B B K — %03, HIEATES MMl g, Him i
WEMEARAFESHMRT, BT EHMEEI).

(4R fih: L TCZ IR — M0 22 TC 40 T AR A0 Btk P22 7T 1 40 A A R AT
BEEE ZIWERESTHETZEREAMEED, RARM. .

AREVFHACEIER: AXKBAESD, NRE—NMEYHETTEETHRN, H
ARZNEVHATIRERI B LB, MR L ETHFERENSLERE.

ﬁ K B o fh A 28 TUR R AR R A

5 il

4.1 EYMRTHEL
Fig.4.1 Biology neuron model

4.1.2 AT#HET&RE

ATHETRATIHEMRBRENESGBLERM. AIHETHERME 4.2
B, ERATIMEMS KA.

BWAES B

X
SN S i
— (o D—3 7@ o

z
. . b,
BiE
Bl 42 A I#ETTHIRY
Fig.4.2 Artificial neuron model

A
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A KEFMREFLEHAL % 4 &Lt 42404) A BP A2 M4 TR

AT TTHERI AT LABE i th =M A T RA

(1) —HiEH:: EREREHSER EHERR, SUETUBOFEETURAME, )
{69 ERNEE, REA R R AW

) =ML BTRBAGSXIME TR AR,

() —MEIERS: FRRREIMEuh R, BUSRECEMAG S REIR A
AR —EH. BF—IMHETHBNESRELCETER0, 1], REL[F, +1].

5i5h, ARG —AMHETERIM—MMERE, hb, . BRABE. BENES
RS N B PR SIS R IR AN . — M Z Tk AT LRI T ARER:

uk = Z W”(x,- (4'1)
i=l

Y =f(u,+b,) 4.2)

R x(=1...m)—HAES;
w, (i =1,...,m)—METTk FIBUE(m HEWAESHE);
u,— RN SEEH SRR,
b, — M2 TR TR B E;
S(O)—BiERE:
y—HETRNUES.

BERBH =R
(1) SERE: BORBE R EL, P ER HAT DUER A2 B K2

v=20

1
) ={0 (4.3)

v<0

(2) FREERE: LR, +1EEREARBRRER—2H, KT
BoE BT AR B R S OR RS AR L.
1 vl
v -l<v<li 4.4
-1 v<-1

() FEMEBERH. ZREOILHI R B0, 1JHIFEERS, BHEAMIELME
HRRER R Sigmoid()ii B, € XanT

fo)=

fm=

1
1+e”

4.5)
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FALkFHEFI1a5X % 4 FAL5LEA2E0L4) A BP AV L2 R TR

HOR MO SR SRS RS M RS, AT
4.1.3 BP #Z2WLE A LEH ]

W= 2 X [ 4535 W 4% (Error Back Propagation networks, f8iFR BP W4%)& H gy {F F &/ ..
ZH—MATHERLE, EhRiHnMEHELHS, IT ALHZNEKREE.
EHZHFE R, THERSEE. BP MEE—MAEHTREEINEZEHEME. ML
K S AEE RERA R AR EEREEIRET, AANGENBAERZEER
TRELE, HERMRALE, @F8RBcEERIIRHE SHEERBENTRER
£, REFHRER MRS, IWRAMERERZZREFEHREBEENE, /R
EESHD. EFHERE, BEEREBLSHREEK, BP MEIIELEFR. RHBI—
REFERE, BP M4 KNSR R B EREEERE, filErH LSRN BP MK
T 1,

& 43 =2 BP &4 HHE
Fig.4.3 Three-level’s BP Network structure

M 43 2~ REMZE BP MALH, T NSRRI RIS R T
37, FARBELRENEHTRBLR, HHES T RANEEVSEEREEN,
AR 015 B AR R E,

URSE—ANAAE, — MR, —AMBE, HEEN%. nEFFRAAEE n
AN B m AN, BB H AN S x5y ox,— AR oy y—
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Al KFREFLEAL % 4 FmiLitA2 4L 5 BP 4042 B 45 TR

MR w,—RABVWAERENWAZRMRE: w,—RENTAERHLET 2R
{E. -

4.1.4 HEMEAFER

ARG R B R T HENSENRE S, FERAEUTILANFE.

(1) T omRLE

LML AR BERHTEMAFT LIRS, B Rl FRILENEES, &
RKEVHEIERIZHE AN, ATLMRIRMIR B AR

(2) FEHLE

Ninp) B4R AR AN, ML MERDARBE RN RIFELERN. X5 AF 0
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Fig.4.4 The comparison of Artificial Neural Network with Mathematical model
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Fig.4.5 Structure diagram of Rolling force prediction neural network
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Fig.4.6 Neural transferring function
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Fig.4.8 Frame diagram of BP neural network learning algorithm
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5 4.04 7.12 3.08
6 4.39 8.53 4.14
7 4,72 7.14 242
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Fig.4.9 The compare for prediction of rolling force about the 1st pass
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Fig.4.10 The compare for prediction of rolling force about the 2nd pass
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Fig.4.11 The compare for prediction of rolling force about the 3rd pass
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Fig.4.13 The compare for prediction of rolling force about the 5th pass
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Fig.4.15 The compare for prediction of rolling force about the 7th pass
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Fig.4.16 The compare for prediction of rolling force about the 8th pass
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