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Opportunistic Maintenance Modeling of Large-Scale Hot Rolling
Production Line Based on Maintenance Priority and
Dual Variable Time Window

MAO Wenzin, ZHOU Xiaojun
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To solve the problem of differential maintenance demand caused by daily dynamic maintenance
and periodic replacement of support rolls in large-scale hot rolling lines, a maintenance priority rule is
introduced to identify maintenance judgment order of components under long distance condition and
downtime constraint. A dual variable time window rule is constructed to identify whether components
should be maintained and distinguish maintenance demand, and then a dynamic opportunity maintenance
model is established for the system. The case study shows that the model can effectively solve the problem
of differential maintenance scheduling for large-scale hot rolling lines under the constraints of maintenance
resources and downtime, and has more cost advantages than the traditional time-window-based model.
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Fig.1 Schematic diagram of production line
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Fig. 2 Decision process of opportunistic maintenance
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Fig. 3 Dual variable time window strategy
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Tab.1 Equipment parameters

i Xi/m
1 36
2 48
3 147.3
4 251
5 338.7
6 517
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Tab.2 Component maintenance parameters and fault parameters

i j ai.j B 0:.; MR/ ot /ot ?/ 78 oM/h
1 1 1.91 190. 30 0.99 19 955.75 10 022. 30 63 926. 94 0. 26
1 2 2.11 572.81 0.99 14 660. 86 7 338.08 63 926. 94 0.29
1 3 3.19 262.87 0.99 19 628. 20 9 834.12 63 926. 94 0. 34
2 1 2.15 190. 81 0.97 21 364.43 10 778.73 63 926. 94 0.23
2 2 2.89 336. 95 0.97 24 905. 46 12 551. 00 63 926. 94 0. 30
2 3 2.38 298.07 0.97 11 100. 67 5 552.24 63 926. 94 0. 30
3 1 2.05 323.81 0.98 19 687.53 9 845. 41 63 926. 94 0. 34
3 2 1. 40 218.42 0.98 21 586. 06 10 854.72 63 926. 94 0.33
3 3 2.42 226.00 0.97 16 004. 07 8 068. 35 63 926. 94 0.23
3 4 2.34 189. 25 0.98 18 473. 28 8 274.24 63 926. 94 0.29
4 1 2. 44 289. 29 0.98 11 235. 69 8 163. 95 63 926. 94 0. 26
4 2 2.91 450. 77 0. 96 7 524.52 3 765.91 63 926. 94 0. 24
4 3 1. 96 360. 03 0.97 23 924. 34 11 962. 74 63 926. 94 0.21
4 4 1. 65 240. 31 0.98 24 208.23 12 198. 36 63 926. 94 0.29
4 5 2.04 352.06 0.98 11 982. 24 6 026.53 63 926. 94 0.23
5 2 2.42 253.50 0.96 10 127.18 5 139. 05 63 926. 94 0. 34
5 3 2.18 277.35 0.99 15 932. 36 8 253.69 63 926. 94 0.32
5 4 2.08 244.23 0. 96 20 118.95 10 129. 69 63 926. 94 0. 25
6 1 2.78 190. 87 0.99 15 752. 26 7 950. 42 63 926. 94 0. 30
6 2 1. 90 356. 04 0.99 10 034. 88 5073.03 63 926. 94 0. 36
6 3 3.91 239. 46 0.97 8 474. 86 4 303. 24 63 926. 94 0. 27
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Tab.4 Comparison of results of different strategies

s TV /h TV /h C/7t C*M /7t CMR/IT CRs/7t

1 60 50 11 906 720.0 1 804 806.52 5237 031.37 4 864 882.08

2 30 70 12 245 530.1 1752 787.59 5 383 183.74 5109 558.77

3 120 120 12 331 983.3

1 805 587.98 5502 394. 46 5024 000. 91
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Tab.5 Comparison of total cost of different strategies at dif-

ferent downtime costs

C/7t
rl)
g 1 F W 2 W 3

0.5 9 620 459.5 9 705 047. 2 9 809 341.9
0.8 11 137 170.5 11 253 346. 3 13177 470.9
0.9 11 645 926. 6 11 758 861.0 11 857 452. 1
1.1 12 450 669. 2 12 649 852.0 12 649 851.9
1.2 12 836 969. 8 13 147 182.0 13 177 470.9
1.3 13 182 547. 6 13 467 639. 1 13 467 639. 1
1.4 13 692 836. 8 13 982 316. 3 14 003 082. 2
1.5 13 974 578.3 14 177 837.0 14 221 703. 6
1.6 14 529 246. 8 14 712 756. 4 14 740 627. 2
1.7 14 872 695.2 15 225 633. 6 15 260 733. 4
1.8 15 225 633.5 15 472 867. 0 15 482 514. 8
1.9 15 668 527.0 15 928 027.0 16 020 137.9
2.0 16 004 840. 5 16 334 781.7 16 337 258.5
3.0 18 962 605. 2 19 118 940. 2 19 430 157. 4
4.0 21 386 509.9 21 932 994. 6 22 347 742. 4
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Tab. 6 Comparison of total cost of different strategies at different preventive maintenance costs and minimal repair costs

C/Jt C/Jt
SPM MR
M 1 Fmg 2 w3 Fmg 1 g 2 Fmg 3
0.4 10 842 663 11 058 172 11 076 813 0.4 7 617 885 7 675 420 7773 159
0.6 11 092 007 11 218 433 11 289 565 0.6 9 362 511 9 483 791 9 532 783
0.8 11 431 720 11 585 273 11 585 273 0.8 10 756 493 10 879 263 10 896 904
1.0 11 737 294 11 900 250 11 951 963 1.0 11 906 720 12 245 530 12 331 983
1.2 11 906 720 12 245 530 12 331 983 1.2 13 240 993 13 287 997 13 501 420
1.4 12 377 192 12 434 377 12 434 377 1.4 14 353 124 14 578 590 14 631 391
1.6 12 711 406 12 832 599 12 892 816 1.6 15 347 480 15 612 128 15612 128
1.8 12 881 166 13 030 062 13 030 062 1.8 16 355 153 16 522 962 16 634 735
2.0 13 139 298 13 348 537 13 348 537 2.0 17 233 474 17 371 955 17 602 482
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Fig. 4 Comparison of results total cost of different strategies at different parameters of maintenance resource
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