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Optimization Method for Plate Hot Rolling Production Scheduling
YU Chun-Yue? WANG Cheng-En* QU Rong-Xial
Abstract Scheduling steel plate hot rolling is a typical single-machine scheduling problem subject to multiple constraints

including precedence constraints and limited waiting time and finite buffer capacity. To describe the steel plate hot rolling
scheduling problem with an AON (Activity-on-node) network, an equilibrium principle is formulated for single-machine
scheduling problems on the AON networks. Subsequently, a nonlinear constrained optimization model is built for steel
plate hot rolling scheduling problems, which maximizes utilization of the rolling mill and is solved by software LINGO.
Numerical computations indicate that the hot rolling scheduling method is more effective than the heuristic methods
available in reaching optimal production schedules that may significantly improve production stability and efficiency.

Key words Plate hot rolling, AON (Activity-on-node) network, nonlinear constrained optimization, single-machine

scheduling

Hh SR AR Pz R AR LR A0 2 A
PRI FLRI RS, B dE 55— B BEL I AR 28 — By
BELTR. o SRR AL U 2 Tn) R, 9t A AR A AR ) L)
IS TR R A Ul I TR RO UL E 5% 3R, DA AR I B2 PR, 5
P 72 A 1R T 6 L ) IS ) i ) i sF ) 7 e e A
IR T AG o 5L R v (REAIK) MR AH AL
FEIHRE T, 780 A HELHUR S IR I ), 4 s LA
FIZ, 4 S FLAN S B4R il i EZ o aell. H i,
WFRIEL A= TH R I SCik i 22 1491 T oG T rp &
AL ) S A T AR 2D, Heedman!™ 76 854N
LI T Z vt O, St T AR LI TR | 32 s ALAL
R RE %, P28 T % 3 PRy
LRI ELILA H R A 2 (HEA X 2 A (3 Bk
L)1) AL DA T FRS A0
IR ELHLE A7 & (Time-location-matrix, T-L-
M) KB SR AR AL T B o) EAT T A0 AT, e
TR A A, LS (8] RE, BT A
ks HIH 2008-10-14  SH H#H 2009-05-31
Manuscript received October 14, 2008; accepted May 31, 2009
A2 S 7 Ak 2 A% 3 G A 2 A VT AU 4 I H  (9140A18010207LN
0101) %)

Supported by the Ministry of
of PLA Weapon Equipment
(9140A18010207LN 0101)

1. AR Tk ErG A BB FE AL % VLM 110004

1. Key Laboratory of Process Industry Automation, Ministry
of Education, Northeastern University, Shenyang 110004

General Equipment
Pre-research  Foundation

2 R T SRR LR R B B, TR L VAR
T T2 W00 o AL o e — R e kXA kAT
b e 2 7 A el R P A RIS AR R £
JEE i e i) JE, P AR [) 0 TR R vk R AT S A0 -2
ASCFH AON [ 25 BEAT il S &, 42 HOFR M
£ ST 5 B ST T AR LR ML AR B A R
A LINGO #EA7SA%, fefa s th 75,

1 [e)@REA

Hh SRR AL AT SR B 1 P, RO I A Y
IR — g R S R s i B B AL AT
Bk (%), FRs i 2 DY 4R NS T AL LRt
AT HLA, AR5 PA— 5 03 B e SR I K V% e a6 EAT
A, BEARREL. i SRR A o G AL AN IR,
s B VUSRS n] 3 LML EREAT 2 IE IR (8~ 16
EIK) AR AL, XA ZIECEL RIS R A5 A5 M
ANELTIRY B — AR B, B BORBRBE S, SEAE
FLBL B AL 4~ 6 TER (LI BY), 8214
— RS (PR E R TERE), AR AL LAT EAL AL
Jr RS R BEAT IR BRI (RRi b BL), g — BUR ]
(Frifm I e]), LSRR B2 R (SR 5L ) I, FH4L
AR (3 AL BY). b T B AR ],
FE 53 A AR A5 2L IR AL AL (K 25 PR IS [R], i AT 5
B PE, S22 PR AR [ I 5 2 AT %L ).



20 TR A A TR A R B A T i 283

PUAR n] LA

g BREEHL JERKIR AT
C B A L
[ [OIOIOIOIOIOIOIOIOIOI0) 000000000000 0000000
B X AR E FLALRTARIE ALV R IE PV X ARIE

é |

K1 SR AL
Fig.1 Plate hot rolling line
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Table 1  Comparison of the two methods
Gl RE RO HEL HE1 TE2 E 3! TE2 GIEES E 3! Ti% 2
W (s)  SELEfE (s)  SELRE (s)  FHE (%) FHE (%) R (%) HE (s) AR (s)
1 6 22 2730 3514 3206 77.69 85.15 7.46 0.4 0.6
2 9 30 2402 3149 3107 76.27 77.31 1.04 0.6 1.3
3 13 48 3391 4483 4091 74.84 82.01 7.17 1.2 2.6
4 17 51 4189 6018 5644 69.61 74.22 4.61 2.2 7.1
5 20 67 5383 8258 7526 65.18 71.53 6.35 5.3 20.9
6 22 81 8471 12678 11487 66.82 73.74 6.92 8.1 41.4
7 24 105 10045 15222 13681 65.99 73.42 7.43 12.3 63.6
8 27 129 14654 20 828 18475 70.35 79.32 8.97 18.4 102.1
9 32 150 16 708 23101 20193 72.32 82.74 10.42 28.3 143.2
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Table 2 Production data of the first example

s ZHL LT (mm) LAELKJE (mm) Jut Di1(s) w; (s) Ppi2(s) AT (s)
I 12 14500 2 98 168 70 336
11 16 16 500 4 56 266 70 392
11 20 12500 4 56 154 84 294
v 22 12500 3 70 182 56 308
A% 24 10500 5 70 196 42 308
VI 30 9500 4 42 182 56 280

3 L R
Table 3 Schedule for the first example

B E D! T2
i STy, FTy ST;s FT, Tiig ST, FT; ST FT; Tiita
1 0 98 266 336 0 0 98 266 336 0
2 98 196 364 434 238 98 196 364 434 0
3 434 490 756 826 14 196 252 518 588 182
4 504 560 826 896 14 434 490 756 826 98
5 574 630 896 966 14 588 644 910 980 14
6 644 700 966 1036 336 658 714 980 1050 126
7 1036 1092 1246 1330 28 840 896 1050 1134 238
8 1120 1176 1330 1414 238 1134 1190 1344 1428 28
9 1414 1470 1624 1708 28 1218 1274 1428 1512 238
10 1498 1554 1708 1792 238 1512 1568 1722 1806 0
11 1792 1862 2044 2100 0 1568 1638 1820 1876 0
12 1862 1932 2114 2170 0 1638 1708 1890 1946 238
13 1932 2002 2184 2240 238 1946 2016 2198 2254 0
14 2240 2310 2506 2548 0 2016 2086 2282 2324 42
15 2310 2380 2576 2618 0 2128 2198 2394 2436 126
16 2380 2450 2646 2688 238 2324 2394 2590 2632 42
17 2688 2758 2954 2996 0 2436 2506 2702 2744 14
18 2758 2828 3024 3066 238 2520 2590 2786 2828 56
19 3066 3108 3290 3346 14 2646 2688 2870 2926 56
20 3122 3164 3346 3402 14 2744 2786 2968 3024 42
21 3178 3220 3402 3458 14 2828 2870 3052 3108 56
22 3234 3276 3458 3514 / 2926 2968 3150 3206 /

~Vv

10 szl 1 rEE R
Fig. 10 Scheduling Gantt chart of the first example
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