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Two-stage Optimal Modeling and Algorithm of Production Scheduling for

Steelmaking and Continuous Casting

WANG Xiu-Ying? FENG Hui* REN Zhi-Kao® ZHOU Yan-Ping!

Abstract Steelmaking and continuous casting production scheduling is a multi-equipment assignment, multi-objective,
multi-constraint, discrete and continuous variables hybrid optimization problem. Traditional modeling and solving meth-
ods are usually adopted to solve it, but they cannot meet the requirement in terms of high scheduling accuracy and fast
problem solving speed. A new two-stage optimal modeling algorithm is proposed in this paper. In stage one, we show
that minimizing the waiting time from steelmaking to continuous casting is equivalent to maximizing the converter oper-
ating time at first. Then we built a multiple-stage dynamic programming equation and optimization model using discrete
variables, with the goal of maximizing the converter operating time. In stage two, we establish a linear programming
conflict elimination model using continuous variables by converting a non-linear performance index into two equavalent
linear optimization indexes including lead time, lag time between pratical casting and planned casting, and combining
the other two indexes including time gap between furnaces on same caster and waiting duration for steel ladle among
converters, refining furnaces and casters. On-site industry application validates that the proposed method can solve the
scheduling problem with high speed and accuracy.
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Table 1  Initial data of three cast including ten charges
REPE sess me T wmRw
25 5 Jrk
1 115578 DV3943D1 R 1#CC
1 2 115579 DT0192D1 R 1#CC
3 115580 DV3948D1 R 1#CC
4 115769 DTO0138D1 R 1#CC
5 118275 AP0740D5 C 2#CC
2 6 118277 AP0740D5 C 2#CC
7 118281 DV3943D1 R 24#CC
8 461348 DV3943D1 R 3#CC
3 9 461349 DV3943D1 R 3#CC
10 461350 DV3943D1 RK 3#CC
2 AT ISR TR IRE
Table 2  Equipment assignment base on
dynamic programming
R e IR e g 2
5 5 (534h)
1 2#LD-1#RH-1#CC 35, 36,48 8, 14
. 2 2#LD-1#RH-1#CC  35,36,39 8, 14
3 2#LD-1#RH-1#CC 35, 36, 52 8, 14
4 2#LD-1#RH-1#CC  35,36,45 8, 14
5 3#LD-1#CAS-2#CC 35, 30, 49 9, 12
2 6 3#LD-1#CAS-2#CC 35, 30, 61 9, 12
7 3#LD-2#RH-2#CC 35, 36, 42 9, 15
8 1#LD-3#RH-3#CC 35, 36, 64 8, 20
3 9 1#LD-3#RH-3#CC 35, 36, 64 8, 20

10 1#LD-3#RH-KIP-3#CC 35, 36, 25, 43 8,9, 19

3 ETESH 10 AP UCRITR R 202

Table 3  Ten charges rough schedule base on dynamic

programming
VAl/N e K 1 Kk 2 %

= L L e I e K

1 5:44 6:19 6:27 T7:03 -~ - 717 8:05
2 6:32 7:07 7:15 T7:51 - - 8:05 8:44
3 7:11 7:46 7:54 8:30 - - 8:44 9:36
4 8:03 8:38 8:46 9:22 - - 9:36 10:21
5 5:44 6:19 6:28 6:58 - - 7:10 7:59
6 6:33 7:08 7:17 T7:47 - - 7:59 9:00
7 7:25 8:00 8:09 8:45 — - 9:00 9:42
8 5:46 6:21 6:29 T7:05 - - T7:25 8:29
9 6:50 7:25 7:33 8:09 - - 8:29 9:33
10 7:21 7:56 8:04 8:40 8:49 9:14 9:33 10:16

A S MLERT 5 10 AN ke s b
MRV IR W3R 3. 13 3 A5 A AP e

WA SN PIR A w5, BT DARFER 3 HH R
FBIER, WK 2. MK 2 A DATEREHLE Y, 55 =ik
WP 9 5k 10 78 1#LD &5 FAAFER &
MR, 78 3#RH WArfEnpse. FIHSE —RrBeE#iny
MR R AUR AR I, 15 3 Jo i 22 AR M s [R] 6 N
X IS B4 H 4 P 430l L 4 FTE 3. L pp S i A
AU g R AR HOh SO [19] i 07 vERR A, FR T AR AL
Sym: C1 = 20, C2 = 10, C3 = 30, C4 = 15.

Machine ,
1#LD [ 8 1 [ 5N o 1
241D [ S — E——
3#LD [ 5 !\()'\ [ [ !\‘\ |l\ 7 : "‘l\ "
1#RH M—
24RH A :
I4RH ‘\i 1 i [ — i l \\
14CAS e -
KIP - e
14CC 4‘.\_#_
24CC | T m— s i T
3#CC \\ 8 \I 9 \I 10 1
L T I .
5:30 6:30 7:0 8:30 9:30 Time

B2 BTSSR 10 AN R A
Fig.2 Gantt chart of ten charges rough scheduling
based on dynamic programming
410 M UALE SRR S TR R
Table 4 Ten charges schedule table after

conflicts eliminated

ValN B ki 1 Kbk 2 e

= LR N N S B S} PN

1 5:44 6:19 6:27 T7:03 - - 717 8:05
2 6:32 7:07 7:15 T:51 - - 8:05 8:44
3 7:11 7:46 7:54 8:30 -~ - 8:44 9:36
4 8:03 8:38 8:46 9:22 - - 9:36 10:21
5 5:44 6:19 6:28 6:58 - - 7:10 7:59
6 6:33 7:08 7:17 T:47 - - 7:59 9:00
7 7:25 8:00 8:09 8:45 - 9:00 9:42
8  5:46 6:21 6:29 T:05 - - T7:25 8:29
9 6:45 7:20 7:28 8:04 - - 829 9:33
10 7:21 7:56 8:04 8:40 8:49 9:14 9:33 10:16

5 A

RSO T T 1) [ AR AN ) R — R A
7R R T AR A 9 B e A S R SR AR SR 1, R
Yo% OB % A5 PR AN B 75 R0 ST A G L
WIRF « JEBE HARAI L S A, IR T
SRIGHITEANERE. R TR T RA AT 2 i
TER TR, R UK ATV ME AT 2 2L
X ] JEE R TR M 7 e S ARG J3E ) T L. A SCHRE S )
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EF A TR - ERE TR LSRR I Be DL AR AL 5 Bk

1709

B B A AR T TR AN BULE R AOPA T2 B o 52 4 A B
005 2, i EL =4 AR MR i SRR i
FEURBER I, TG T X A B R AR e AT B B
S5 B B TR IRAR P 2 B H 138 a6 4 TR AR T B
Al TP RE P IT A N A EE S 9730, 5 T3
JE IR R AR 2 R A R 35 1

Machine ,
#LD ——— [~
1
241D _“__'1___
\ \ \ \
[ 3 IR [ J E— 7,1 \
3#LD H 1\\ 1 T T
1#RH ‘\\ \ ‘\ | \ l\'_T|_| \
1 A 1 1 \ 1\
24RH N Vo |l [ \
34RH b P ‘l . e \\
\ W A n \
= Ve ' N
14CAS S ,\\
\ \ 1
KIP — N ]
\ *
1#CC T N \ \ \
2#CC I \\ 5 I \\6 I T 1
\ \ \
3#CC | fl k] l‘ 9 || 10 1
L L »
5:30 6:30 7:30 8:30 9:30 Time

B3 10 AN SR R B H 4 1
Fig.3 Scheduling Gantt chart after ten charges machine

conflicts eliminated
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