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Abstract: In a hot steel strip production line,the coiling temperature control is critical for strip quality.In this paper,the coiling

temperature control of a typical steel strip mill is investigated.A simplified dynamic model is introduced,based on which a cool-

ing control scheme with combined feedforward,feedback and adaptive algorithms is developed.Simulations with a model validated

using actual plant data are conducted,and the results have confirmed the effectiveness of the proposed control method.

Key words: hot steel strip coiling temperature; combining control algorithms;simulation system

B B A AEUT AR A TR RS E AR R AT R B R E A TR, AR T — A LR AL AR RIS IR A
Yo, LT — A RACH B AR ERA SR — AR BE A SR AR A 0 A R TR AL T — A Qe A RE R
WA BERBESIER EkEh R, B E T AN AT LA, AT A OB, SR RIENIR B 5

FRA AN B RGABR K ERE L
SR AU AR R BB AR Sk R L
G :1002-8331(2007)27-0222-04  SCHkbR g : A

TEPFUF B AL P R v, PG L A B 2 S0 it
W ANTERER B2 T 22 — AR B A R A ) i B o
R TR RPN R ORI A R I RPERE,
R HZ RS A E R PGS BB AT JE ] TR A
R NI B AN REEAGESAGN , h PRIEG L B R
TR PERE , PAELAE PR BEK RGERACHT BEATHLIG R I8 204k
B K RS BEE AR HS R SR HE . RIS A
FEHATIRARLNE o3 A S AR AR XE LU SRS R ) 20
R N — BRI AR H RGO i I R AR
BT S A A R R (B R SE, IR EE S B R
PR H ) I RAT R R B R

1 JARANLZE 5
FE—ADPELE) (- 1), KN R R Sl 2853 i %5 HL
FLKEEL , SRIGAS R 20— R Bt N2 1A 21X ( Cooling
Section, CS) , )& HHAEBALAEE .
Cooling Section

Q{! @ i
[ O O

Rough rollers Fine rollers Coiler
P 1 BELE) I CS i
it 25 BURLE (Coiling Temperature , CT ) &= LT 4 it
B R, R CT A Fa il e LAy 8 ) i — A T 2R
51 o CS ARV IR AFBTK HAy30E , 1ARE OGS T 245010

Furnaces

by I 5. TP391

S5BBHLZH) o 8 I d st K 00 $T I 5 5% b 45 i A
BOIREE . CS BIZEHINIE 2 B,

L .
ERs Observed i.e. actual
?‘; strip temperature
% f Reference
& _|_'_; strip temperature
= | b
=] 5
L] H
‘ | | i | | Length
L — ‘Pyrometer

e

Trimming water section

Main water section

Down coiler

¥l 2 CS MK S5 iR e il

T EOREFER A, P — AN Y BV RS B
SRR  FER AR, — IR FE N C 24 . G.
Van Ditzhuijzen 5 T —AN2H G i e AR LG AN ] 1) 3L
% Henrich®Z5 7 — AW JABGS MRS SR S5
MR . GuoP 4 T — N WS- R T B R RGN B 14
EE . — A ORI S SRE EAr kS Hd R B
HIYEER N o (H RPN A B 3% 18 HUK IR, M 2
# RGN IRE B FIE.

s, —SE R P IR BRI S 2 © S. Latzel™
MARE MBS R T — AR 75 - Hsu A WuPldar It
FLLLER A B A — AR AR S Saini E A2 511
B MR PERE M TR AL T — s SRS o JeongMHRAR T —F

Finishing mill

YERRIr 32 J3(1967-), 55, Wide, WA S, B il Bl e S TR Zll AP R A 5 T AL AT AT



Y N, EERABITRERBEREERNTERITEHE

2007,43(27) 223

TELNT YIZKRH) RBF FALERAE IEE U . RBF 45 # iR
ARG B LI AL, Fay R PR R B ) R SER)
g

ORI, RSB A T BRI 5% OF HAR A
fBE RGREIRAS T F2 il  PUOAE LA FPAS [ ) o EE 3l
HSHaIBEE T 558, S s B iy B 2 80k 5 i 2
PRI BR . b, DA SERR b B S AR G o0 A v R
ORI R IR . A SO — AN B — P P, — s
P BB R (GAs ) IRE , IF HE th 17 LUZAR R ARk ) 52
B ST o AT AT B SRR B 3B, 20 R % A AN ] T
EEOR TR b5 7 — MRS H R SR A A
SR,

2 RHVER R
2.1 BRI

TP A 2L e 223 v HIGRGE 21 CS B H LG LY
SXEH ) BROATA HIR RS AR KRR s .

TE CS N, ARENA N RIS A2 Ay LA i 5, 2%
LR AR L8 S BRI AL . AFNTER
AT ARl AR TB) 3 B B, Y HERGE 7 A T X

—HEPAT IR B T R CS AR, A S 2R
BRE IR A IVIZAE S AL EAR A . CS A kT RAE T B %
SR E [ Puy I N

T=U+(T~U,) e (1)
H U, #1 T, 43 SRR IRIR BRI LA LRI . Z A i iEN
B BOIT] P R e H B R (R ), SR G S
B AR AN S A R, RN

TLF
()
(o+o)F  K,*WLF

TEX B TLF R B0 S AR50, 0 WLF A B0 S R
B EMTHMEIRZ K D by R E h RPN s o 5394
AN _EIEK K S AR A P R AL XA R E
AET L EE(GAS ) TS . I A5 B AR PR R
BT EE 2 (R H AR [F) A TE A P i ot . F RKIR KRR
WNEEZEAIBIE RS, © LA

A Y S A B L R, S R TS LR
D28 HH RGN, v H KAy B ATl o £8 Bl s
(1), A HIHE] Z, AR CS AR HIKE
2.2 [isEIE(FFA)

TAFARIEN CS, BTl ems (V) BRsE . PRI SRR
BB ARG BRI P ARGHE .

WLFxhxk,

T.(ny,n)=U+(T,(ny,n)-U,)*exp|- Z P(ny,n)Z(ny,n)](2)

AF)RIETHRIRI(1) , x B HKBL. 2 ny ANHHEL
BEN CS WISk n 2 )5, Fr BEiARR TR e —2H bRl P B dh
YEBE ny AN LR RS

WA EG IR 7, BB BARGEURE 1., 817 A4
BB, Al A AR S FIR ) . R IhAE :

minl7,-T| (3)

AT R A AR

T,,(ny,n):Uw+( Te(ny,n)—Uw)*exp[— 2_, P(ny,n)Z(ny,n)] (4)

T(ny,n)=U+(T.(ny,n)-U,)*exp[- Z P(ny,n)Zs(ny,n)](5)

I,=U, :exp{—ZP(ny,n)Z(ny,n)} (6)

T.-U, n=1

L-U, =exp{— ZP(ny,n)Z(ny,n)} (7)

T-U, =l

T,-U,

IHW:—P(YL}/, D Z(ny, D+P(ny, 1) Zs(ny, 1) -+
—P(ny,w)Z(ny ,w)+P(ny w0) Zs (ny ,w)— (8)
P(ny,i)Z(ny,i)+P(ny,i)Zs(ny i)+
—P(ny,x)Z(ny,2)+P(ny,x)Zs(ny ,x)

In ;—g =P(ny,i)AZ(ny i) -P(ny ) AZ(ny ) 9)

e B — AN ZDX A I, R V (ny o) EANAE
o AR AR BILLT4Y

TimUn _p( iy Ialnysi) Li(ny,w).
In U, =P(ny,1) V(ny,i) P(ny,w) VCoy0) (10)
MAPAREIA HH B AR«
Ly )= ()
where k= P(ny,?') _ P(ny,w) (an
v(”y’l) U(ﬂy,w)

BHIF ) AR AR T ARG ORI TX N S PR B
R E R AN R TR
2.3 REBSHL(FBA)

— HAF R SL AN BOL , S 465 BT B T LASRAS , R ikt
RS . XLESE I ARAS A (A f] b B0 I, AT R 15t
el o S B EE A H PR B RE UL, A 208 HK R
Gigiang

Lf( ny,m ):;Tln( T,( n%LI;‘)—Tu )
K(ny,m)P(ny,m) 3 K(ny,m—] )P(ny,m—l )

v(ny,m)

Gt 1 D TEIERF.
2.4 HISRERSEE(ACA)

Af—A HAB B SRR —FE, 7R (DL HAERT 52
FREGFESRITML. PR T 5 SEPhR R, (X SR 5 | N A&
IEN FRARIEH Y .

ETEP - Ks HORAEAARS 7 FE (1) P 5 1E B 1u) 5 B0 14
P B Ta)EE0EE Py, n)#% K(ny,n) *p. (ny, n )RR k57
FR(2)M SR T

MB= (12)

v(ny,m-1)

T,(ny,n)=T+(T,(ny,n)~Texp[- X, K(ny,n)p(ny,n)
n=1

Z(ny,n)] (13)

K(ny,n)REHTIEE TR R B IR R RS T 51
MINAELIZAT -

K(ny,n)=K(ny-1,n)+F*(KUG-K(ny-1,n)) (14)
Horp KUG 240 FETIEIER - ERE (0 RI(T) Z LR
4, BRI R A E AR Z M) R R o F & — A0 F) 1
BB, I 0.6 KUGs SEFETT 2 (2) BB IER 11
HTRE, 1 HLD A RIREE W ARG O Sz, RIS R
5K 3 )& —E M H



224 2007,43(27)

Computer Engineering and Applications T+ENL LIRS N

Controller | Plant ||
Adaptive  (—XR
Controller
Predict
P model |

P 3 5l R 4 HE

3 DirE e

A EREHR  JFE T MIE RS, %ARFGAREPA
oy — ARG E(MS), B— M RERGGE(SS) . JrZin
43R /4 B HIEAYB% (RP) . BAC JEEAE H 30
b, B2 HAEH SR A PCCRRFA HEHI 88 ) HvS HISC
BEAIE ] R ERZ(SS) AARA HHil g5 (SPCCOFI
BHIERI(SM) .

Mo !
| RP Feedback |
i i
i Disturbance I
Ro:oling file + |
L_p| PCC ’_ﬁ BA |_| Plant !
| |

Cooling file.

I
—| SPC |—\—{ Simulation model ’—‘
K
SS +

P4 DistRH%THR

3.1 B
TERIBI BT T, a0 F A2 (15) P s i) 2 ks
FEHIYE R RS B RGREE
Ou(x,y,t) +(1) Bu(x,y,t) —a Bzu(x,y,t)
ot dx ay*

/\Mhﬁ)zaz(a}z(%,t)—u(x’o’t)) (15)
dy

A 8u(x,y,t) |
dy

XE w(a,y,0) 2 (o, y ) FE ¢ BF R AR o SR HIHK N 5
],y S B EE R T 1) 0 () S BT A R ME SN E o
RSN 2, o v AT E RO R B, 0w, AT
WL R B TIRLEE T b AR R

MR A AR BRI REAE TR BT B N BEE RS . X
H I #1758050 i), FBE 153.4 m, JEBE 16.32 mm, 2440
E 855.8°C, HFRIRE 650°C. BRI EL AL A 5 fon, b

o= (w,(x, ) —ulx,hyt))

Simulation results

670
Observed temp.

/ target temp.

¢ Simulation calculated temp.

Hot strip coiler temperature

510 15 20 25 30
Hot strip length

Pl 5 AP EA R IR 0 56 H b L S

ERYEEIRAL 6.64 [ 6 i AR SR T B2 AN SRl i
BEZ )i ZE50]

The error difference of measured
temp and model temp

J

Temperature

N |
W (=)

|
[}
[=]

(=}

5 10 15 20 25 30

strip length(segment number)

6 AL B R h 2

— BRI TR RAER 7 SR, Wi A A A e 8
iR

First point temperature change

840
820
800

4780

2760

£740

5720
700
680
660
640

1 2 3 4 56 17

Cooling section

Bl 7 3Bt g e 2k

8§ 9 10 11

The strip temperature in thick direction

~
5%
n

~
%)
(=]

ture

~
5]
L

Tempera
N
o
S

~
—
w

710,

0 5 10 15 20 25
Thickness

Pl 8 AiFEOIRLIE 5 ) AR A i 2

32 A4k

HEX —AN X B, SR H S A BRI 5 B9 IE R RS R, e g
ot B L P T B 47 1) 5 ( PCCO) BEA T IE . SPCC 7E R %84 AL
Z a4, SPCCREM T HIEAVAEF v ABIEK -+ K Al
Bk 1% P, LN #1758050 M5, B ARIEEEREAE 55000 +10°
TR N o BEAELAR GGy o 2R G RRAE SR N ) A 96.3% . 17
BEAYZE SR TR ARG T UL 9.

1619 IR D) sedis i 7 4%



=+

Y N, EERABITRERBEREERNTERITEHE

2007,43(27) 225

KA H H SEB B P 2 SRS TR SERR B , 25 R0
i BRSO R I 959% (JEEFEE/D T 12 mm) , 0 TS SN AL RE AL 2
85%(JSEERET 12 mm) , PRGN 8% , L5 B w2

HET SRR IR R R At , H A ik s —
MEUFHPERISCR . AR RIBALS TR S, AV i,
fHGE IS IE AR LR SO I RRRE A MR . 07 EH 50
BARATRIE— Bt R I 5 1 B B B A 2 SRS L A5
HRZ TR (IR HI9:2007 451 H)

%% 3k -
[1] van Ditzhuijzen G.The controlled cooling of hot rolled strip:a combi—
nation of physical modeling,control problems and practical adap-

tionJJIEEE Transactions on Automatic Control,1993,8(7):1060-1065.

[4] Latzel S.Advanced automation concept of runout table strip cooling
for hot strip and plate mills[J].IEEE Transactions on Industry Ap—
plications, 2001,37(4):1088-1097.

[5] Hsu Y,Wu C.An improvement of the thermal model for producing
the ultra—thin strips in a conventional hot strip mill[C]//39th IEEE
Conference on Industry Applications,[AS Annual Meeting,2004,2
(3/7):891-896.

6] Saini S,Shaw D A,Ramon H P,et al.Coiling temperature control
and performance at AHMSA hot strip mill Mexico[C]//33th IEEE
Conference on Industry Applications,IAS Annual Meeting,Oct 12—
15,1998,3:2244-2251.

[7] Jeong S,Lee M,Lee S,et al.Ilmproving lookup table control of a
hot coil strip process with online retrainable RBF network[J].IEEE
Transactions on Industrial Electronics,2000,47(3).

[2] Henrich L,Holz L,Kneppe G.Physically based cooling line model [8] f’é‘g&,ﬁ?@ﬁ,ﬁl&%ﬁ%*ﬁ%}%{ﬁ@%ﬂ{ﬁﬁ%%ﬂ%ﬂ%[ﬂﬁ%éj‘f{ﬁ
to meet growing demands in temperature and flexibility [J].Iron H¥H,2002, 14(5) :620-622.
Making and Steel Making,1996,23(1):97-81. (9] Fa e, SERAMG , EEE0E 5% AU 2 IS 2 R G0 B AL 5T
[3] Guo R.Modeling and simulation of run-out table cooling control SR RGN ES]R,2002,14(6) : 785-788.
using feedforward —feedback and element tracking system|[J].IEEE [10] TEEHHES  FER T, SE R A L Z 4 S0 A2 A 2 e s 15 B4 Ak
Transactions on Industry Applications, 1997,33(2):304-311. B RS E AR, 2005, 17(2) :332-336.
( F4% 46 70) 22 AR B A BV lena )
, B .
¥ OB W & & ¥ H ¥ ¥
SFIEURE EUTRTRT  MERMERT MRS JLATSTUD JUGTIEEE  JPEG E4E USM B AZEiL
# 1 BeroKan g WBGHACDLGE ) ik % out decoding and re—encoding[C]//Proceeding of the SPIE Confer—
KLHR SRR ence on Multimedia Computing and Networking 1997.Bellingham:
HrikieA Bk 24 B xrp NG PSNR NG SPIE Press, 1997,3020:264-273.
S = lena 39.6760 1.0000 32.8879 1.0000 [3] Yen Hui-cheng.Watermark embedded in permuted domain[J].Elec—
T .
couple 40.707 1 1.0000 30.976 8 1.0000 tronies Letter,2001,37(2):80-81.
- s lena 24.8310 0.8125 263318 05628 [4] Kankanhallims, Raimohan, Ramakrishnan K R.Content based water—
ARGRUS X
. couple 25.7483 0.7869 27.6851 0.608 0 marking of image [C]/Effelsherg W.ACM Multimedia Electronic Pro—
. . 1 25.5004 09756 252289 0.9521 seeding , the rnation: imedi: erence.Ne
TR tp 2.0 {53 ena ceeding,the 6th ACM International Multimedia Conference.New
couple 26.1831 0.8969 21.6175 0.9104 York: ACM Press, 1998:61-70.
WM (100) o 132320 09793 150628 0.9225 [5] FMEL, PN, B RAT:. — s i) B 5 R B /K BN 7 80 A b
I— couple 13.9450 0.9917 13.8644 0.8278 JeEEREAE L ARBIEEET ,2002,30(2) - 81-84.
P ) :
,a.lﬁif"%;u(ZO.W%) lena 143713 09919 153680 09106 [6] Kutter M,Jordan F,Bossen F.Digital signature of color images us—
e (8.7 ouple 223123 0.8960 21. 1 0. 1 . . . . . .
RIWHRTE (8.79%)  couple 223123 801 0.850 ing amplitude modulation[J].Journal of Electronic Imaging,1998(7):
. e lena 14.8513 0.9809 20.1432 0.9079
JU g o) FfBLET I 326-332.
couple 15.4077 1.0000 152217 0.895 1 7 N n Haskell B G.Dicital oi . J
iy I lena 153313 0.868 1 192669 0.8265 [7] etra'valan, aske .Digital picture representation and com-—
JE couple 99278 08741 102376 08102 pression[M].New York:Plenum Press, 1998:245-299.
o —— lena 363741 09593 306393 0.786 0 [8] Kuoch,Chen C F.A prequantizer with the human visual effects for
IPEG FEHi AT 8 couple 353477 0.8645 282706 0.7027 the DPCM[J].Signal Processing:Image Communication, 1996(8):433—
USM #ift lena 259533 1.0000 29.478 1 0.9502 422.
(& 60%,F-425) couple 28.5865 1.0000 26.5942 0.9353 [9] Puertpan R, Amornraksa T.Gaussian pixel weighting marks in am-—
[ G35

sy, lena 21.5075 1.0000 23.2567 0.9424
couple 21.7982 1.0000 20.1049 0.928 8

AR N K ER TG m] WA RS20 . (5)FESREGE Re b g i
ALTII B A LR ELH A, b G A M N B 7K B SR B R A
SO o SCHIERH | AR SO A5 28 ) A B &tk 5t
AT H R AR 5SS IIRE, KOy e T H N RTER .
(WehsHIH:2007 4 1 H)

%7 3Cik :

[1] Cox I J,Miller L.The first 50 years of electronic watermarking|J].
Journal of Applied Signal Processing,2002,56(2):126-132.

[2] Hartung F,Girod B.Watermarking of MPEG-2 encoded video with—

plitude modulation of color image watermarking[C]//Proceedings of
the IEEE ISSPA, Kuala—Lampur, Malaysia,2001.

[10] Amornaraksa T,Janthawongwilai K.Enhanced images watermarking
based on amplitude modulation[J]Image and Vision Computing,2006
(24):111-119.

[11] Ahmidi N,Safabakhsh R.A novel DCT-based approach for secure
color image watermarking[C]//Proceedings of the International Con—
ference on Information Technology:Coding and Computing (ITCC’
04),2004,2:709-713.

[12] #E4%E, Yun Q Shi, Bkl FE B 2800 Bl B EHE K ENEREL ).
IR TSR, 1999,4(A) (+) :640-643.

[13] REHH, SRR, X, % —FhH FRRBGE R (R3P8) 2 DhRE R
FEGIK ENETEL] HL 24T, 2004, 32(5) : 778-781.



