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Optimization for set-point values in secondary cooling process with

disturbance on job arriving time
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Abstract: Continuous caster is a machine in which the molten steel is solidified to slabs by spraying on it the cooling
water. Nonlinear partial differential equations (PDE) of heat conduction cannot accurately describe the physical process,
because of the uncertainties in molten steel temperature and ingredient, and the machine status that causes the variation in
arriving time of the next job. Therefore, the optimal set-point values of the caster speed and the cooling water flow-rate
are difficult to be determined. In practical industrial plants, those values are given by operators based on the look-up-table
method which can not ensure the optimal efficiency and quality of slabs. By considering several operation performance
functions and operation constraints, we present an optimal operation set-point model and develop an algorithm based on
the genetic algorithm framework using weighted performance functions and central difference method. This model and
algorithm are validated in experimental tests with real industrial data. In comparison with the look-up-table method, ex-
perimental results show that our method provides better operation set-point values which improve the production efficiency
and slab quality.
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Jey R BEALAE R AE D), [ ORERE T R0 2 FE 1, Bk
H IR RS S, (R AR S R R AN R RO, A gt
FERL IR A BRI 2R,

5 LMk ¥ 5 £k 2 5 (Industrial data experi-
ments)

AT IAA S M 7%, DARET A AR s
RS ML BRI N S, MEAT Tk 2 25 2R 500
51 TR ZE (Industrial data set)

510 BJEHNN EEH KRS H(Parameter of

continuous caster)

B IEVEHLE E B ES S H R 1R,
k1R EHFAEZEEASH

Table 1 Technical parameter of continuous casting
machine in the plant

IH S
ML T 1A i A
TR A KRG
2k i A K/ (mm) 800
TAE+7 34/ (m-min ™) 1.0~1.6
B VR T T ) S/ mm 200
AR %/ mm 900~1910

HaKE/ m 39

TR XL AL BB (zone), SR LT T I
FH g s 7K 7 =0 1. WKV E XA 3008 B A 45
PRI 88 51910 mm.

5.1.2 PN RS K2 (Physical parameter
of steel grade)

A SCIARE A K E AR A GR 1) Hls, A
S A AR STy = 1462 °C; #UAH £
Ty = 1518 °C; %

7000 kg/m®, T < Ts,
p=1 7250kg/m?3, Ts < T < Ty,
7500 kg/m®, T > Ty,

HP TN IR, LEEC, = 540 J/(kg-K); i #4
JE A 17 °C; HE [ VR 265.6 kIlkg; SR
28W/(m-K), T < Ts,
A= 30W/(mK), Ts < T < Ty,
50W/(m-K), T > Ty

Z A K KA R &= B € (Water-air flow
rate)

TR I 30 T S e WL IR P A T R A ) K R
oE K, REAEAN[R] 0 dr o B A4 2028y vk 5 —
A& B K. Pl KBS R I

Qi=AV?>+ BV +C,, (28)
Hh Ay, By, CoO/KEIHSAL, I il i v
He/K 2 3 ml Y49 2 (1 Z 5.

GRIWEC /K S HA;, B;, C:IFE B A=Al i
TETHE AV P SEER A E . T IR L S T
DB E A, AN SO 2 AH DG H AR
514 %A R B h ) # E(Comprehensive
heat transfer coefficient h)

1) iR L,

&5 dhan (N IR 4% O) KRRt S50 A, BIfE
SUTT LU AE HH 45 O & I B S g AR SOXT T 45
s B R B AT R — 2D (AR B, SR S AL e
PR BCE A S5 S T R L, R 4l A 3 0y
B, 3K HURE S B A B, 0 A B A R B AT
73 B, W2, Forh Z 0 B i .

A2 ERBFHRAAK
Table 2 The equivalent heat transfer modulus of

5.1.3

crystallizer

5 Zimm gs/(W-m~2.K™1)

1 0 1200
2 200 970
3 400 770
4 600 600
5 800 450
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5 N H 29 %

R, Z = ORI, Z = 800fU%
25t V0 HY T, AR S5 3 1 70 BURURRAT S5 30 AR
HehrAh. BB A hFHER R VA T 5

2) “AREGEEIARLED.

LR PRI ZRIE WA DPrR, )
SRR3R,

PRI o TUF R & - Ji]

Table 3 The parameter of comprehensive heat

transfer coefficient

Zone i hm‘ Twi Tai

1 107.40 0.41 0
2-9 58.86 032 0.173

W ERSHUE, AAKXADP, FHAANTZRX
(7K 5 RE BRI LT AR, At R4S 31 —
R IX % BLER B AR I,

5.2 J5EEIIEA 525 5 %) b 43 AT (Test experiments
and analysis)

KA WA E S R A P as AT i, i I
N T3 J7 :O7 DA AR A 77 (07 X2)15 3
FRAN [R) B 5 BT ) 85 R SR T - 40 B2 FA 0 B, et
AT AL a5
5.2.1 EH A BE N B UE 524 (Test instances

of SCP setting)

WCATERENLLAV, = 1.2 m/min bR AERHE AT
GR AR — 1 4N 7K AR AR AR GRS : 1910 mm x 200 mm)
AR IS A PR ARSI A AT e R B DRI AR SO0 il IX
PRI S AT T IR IE.

Bl 1 A e s

AP AN 2K BT RIS AT A L I T 21 55 T
B ISR vyl i 2 /D BN BV, A VR 42
T IKAE BV, T kb BT I TR] AL, AT BR ALy
I 1) 4.

B 2 BRARALE 4.

NANYIR EAR 7K 23 B RITIE IR Ao I ) 2k I
TR DI BN Vg, AT AR AN KA
T Vown I 38 08 VE I ] ALy, AT TH B AL B 8] T
.

WEE o (1) A4k, VA I A R /K B v e
LR N YR, DLARAS IS A% AR,

522 J5 152 % 45 B(Experimental results of
Method 1)

Bl 1 Bl Ak 0l RS LI R 2V,
= 1.5 m/min, 2R 5 18 1 #5 1) 7K A5 2 S08 5 1
- BUKHQ, Ak S . R B 4.

Bl 2 I AR N GO B B Vg =
1.0m/min, $8 )5 38 1 A5 ) /K R A5 2 502 5 1 =%

F B AR Sl A . FURCRI B 4.
&4 75 RAngy X2 T 9432 34 R @8 BAT
Table 4 The comparison of the slab surface average

temperature by Method 1 and Method 2
(°c)

R AL HERAL
Iﬁ EI Taim
Tme Topt Tme Topt
V/(mmin~Y) - 1 1 15 15

Zone 1 1048 914 909 964 973
Zone 2 978 990 993 999 1000
Zone 3 903 982 967 989 985
Zone 4 884 938 914 946 939
Zone 5 882 919 895 922 909
Zone 6 881 895 879 893 880
Zone 7 877 874 872 877 872
Zone 8 891 891 900 906 895
Zone 9 894 850 884 912 913

DA g N T Ay e 8 ) iy 922 AEK
BN (A R] eT E T, 28 R S AR A PR e T T R I
V) A0 PR A A e Jeb N U 45 3 1 o ok R ik
P /K ZRAG 3 1) — Ve IC /K B E (H AR AT Re i dh o0 3 1
Uk 2PN T 2505 5 i B i 2 K, 3 PRSI T
HAP BRI,

523 IR 25545 R 5 X} 4 BT (Experimental
results of Method 2)

R ASCARATTVE R TAUAG S50 1) i L, LA v )
o o Aof T e R T2 A L e 2 B/, 1
B T AR P

Bl 1 BRI AR R S AR IR (] Aty S RALE
AR S B S BN TR TV, R AE Vo~ Vi L
T A A A S e A PR R T Vg R
R BLK Q) ope1 KPR UE T I 5T .

B 2 R AR W SR R I TR AL, HAER
e AR 7 R e DR IR U S R D T AR
T Vaaowns SRJEAEVinin~Vaown LI 1 F W IE LA
TR B AR M RE Vo M R LK R Qs opra K AR
[RzaZN:)jis

FERA T F L R T, AEATE R — 2,
A0 55 B B B (popsize) « 1% AR K B (maxgens) 38 X A%
K (pxover). 4% 5 #f % (pmutation) Z 73 2 8] 25 HU D
KA AR ATSE RS FroR.

RS & ZAREAAHER BAT S SR
Table 5 The operation parameters of continuous
casting operation optimization model

popsize pxover pmutation maxgens Az/mm AT/s

50 0.8 0.015 200 2.5 1
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BN AR EA IR [ PEB) N IEFHL i B BOE (R IL AL 1 1299

7677 25250, B e A PR 7 SR A R A
AR, B A KBTI, DAE 5 07 201 45 Rk
TR L, SR JE 45 T IR A fr A — 74 7K (1) &
P

1) AR, At ¥ K.

AN S AR B AL, BIOREE T L fr AR
AR, iy 2 BT A K

Wk i ) PR ALY OB R AR B
AT 2T VA 5 BBE IR 36 10 1 Y I8 R o
RAFTR. Ty Fn T EER I H PRI E, TR TT
SR 8 IR TP YIS, T, /0% 75 2 1%
IR TP I4 L

Fe6 k7 AT 2 PSRRI E S T 2%
SR H Al R 2 8] ) ZE B0 b, o] LAAS G R &5 i

© i1, FrEV = 1.5 m/minf, 7 R2HF 64N
B A X RKERS51.7%) F PR E S H
FRuaLEE (A 240 T 7 301, HoAh &% B iR 2245 1
J5 1 i KA R 50C.

@ fi29, PRV = 1 m/minff, J7 245N A
Bl A R K 46.6%) R 1HPT- 1 5 H bR
P Im ZE LT 07 20 S5 B R 2255 17
A1 HRIE N9 °C.

A6 F X1Air KT HHEAT FHBEL LY
Z R4 B AFRE EMEAT L
Table 6 The comparison of the slab surface average
temperature between technics objection with
the calculation of Method 1 and Method 2

<)

H F%Atg H MRAt
I B
Taim —Tme Taim - Topt Taim —Tme Taim - Topt

Zone 1 134 139 84 75
Zone 2 —12 -15 —21 —22
Zone 3 —-79 —64 —86 —82
Zone 4 —54 —-30 —62 —55
Zone 5 —37 —13 —40 —27
Zone 6 —14 2 —12 1
Zone 7 3 5 0 5
Zone 8 0 -9 —15 —4
Zone 9 44 10 —18 —19

2) [AIHEAREE S = K&

Iy A8 B P A K &

W )RR A B LT SR R T AT B
R 7 2T %8 % B IR 36 1H1 1 24 48 5 (L G
TR,

75 URT7 2T 1) A 4 Bobs PR 3% 11 341 5
55 T2 ZR I H RS 22 L8 /R, thksn]

DA A T &6

1) 1, FEV = 1.476 m/min, 7 24784
KBy AR IX B K K184.1%) & 1 P 3% 5 H
Pl B2 1) 22 00 307 X0, 59 8 AN AV B ek
295107 AU R KA A 70 C, B4 P 1) A A4 26 T il J32
(CE N T

2) fl2rh, iV = 0.972 m/minf, J5 24774
B A B IT77.1%) RT3 L
H BRI EE R 220 T 07 2 1. HAh 25 B PR 8 O 225
T 7 U B R AE 12 °C, 85 P 1 5 Ak 3 T o 7
R TR

AT 75 NAedy R2AF 2| 094530 4 i B 3918
Table 7 The slab surface average temperature by

Method 1 and Method 2

(°c)

H R AL

H R Aty

A Taim
Tme Topt Tme Topt

Zonel 1048 914 907 964 965
Zone2 978 990 983 999 997
Zone3 903 982 955 989 984
Zone4 884 938 904 946 938
Zone5 882 919 888 922 903
Zone 6 881 895 880 893 878
Zone7 877 874 879 877 870
Zone8 891 891 903 906 889
Zone9 894 80 876 912 903

k8 FRIFFR2THHTEATBELS TLER
49 B ARl B ZAEAT P
Table 8 The comparison of the slab surface tempera-
ture between technics objection with the
calculation of Method 1 and Method 2

()

H %}Atg H %\Atl
I E
Taim —Tme Taim - Topt Taim —Tme Taim _Topt
Zone 1 134 141 84 83
Zone 2 —12 -5 —21 —19
Zone 3 —-79 —52 —86 —81
Zone 4 —54 —20 —62 —54
Zone 5 —37 —6 —40 —21
Zone 6 —14 1 —12 3
Zone 7 3 -2 0
Zone 8 0 —12 —15
Zone 9 44 18 —18 -9

6 Z5i&(Conclusions)
AL O B A T R v 28 AR IS R
TS RO BRAREE I L, T AT R v
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7om B g

5

N 29 3

KB B S 1) R, B H T AN K B AR S R
() A e A A RN A0, it DL i I %
PR AE B AT I B L s 50, WL TN LRy
TR SC 7 925 PR R PR 2 TSP J40 30 P88 A 2, i T A
SCOTVERI AT AT VA RobE. B A SCHR L T VAN
Ab B BT IS ) P (81 2130 min LA ) Fé) i) R, DR
DRI E T B A SR A ok AR ) P73, DABRAR AR P 250 A
A, FERE ML TR 4% A0 7K B R A A 7 S K
Z I R). IXFERRE L, 75 ZE I R ARSI ARG
[7) 5 S B T) -0 AR T . 3 A S A Sk — 2B i E 5T
TAE.
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