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Abstract:

quality degradation in production. Therefore,

Machine degradation may cause product
a joint
optimization model of lot-streaming scheduling and
preventive maintenance considering the relationship
between product quality and machine degradation was
established. The machines were assumed to have two
states of "controlled" and "out of control". The stochastic
dependence between upstream machines and downstream
machines was established using the unqualified products
produced by "out of control' machines. Based on the
above-mentioned descriptions, a mathematical model
with an objective function for minimizing the makespan
and the total expected cost was derived. The improved
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differential evolution algorithm was designed to solve the
model. Finally, the convergence of the algorithm and the
effectiveness of the model were verified by numerical

results and the comparative experiments respectively.

Key words: preventive maintenance; stochastic

dependence; lot-streaming  scheduling; improved

differential evolution algorithm; integration optimization
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Tab.1 The definition of model parameters
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P3 1. 026 11154. 14 37278.18 460 1825 13 301. 26 8 321. 60 922. 83 12447.49
PO 1.048 5131. 56 24.872.89 80 700 2 260. 16 8073. 48 325. 86 13433. 39
10%10 P1 1.076 5006. 80 26 909. 29 60 650 0 9 849. 00 331. 84 16 018. 45
P2 1. 056 5053. 88 25682.52 80 700 3375.58 8 508. 04 333.32 12 685. 58
P3 1.067 5033. 20 26 367. 84 60 650 1 816. 60 9471. 80 348. 00 14 021. 44
PO 1.044 9271.36 55241. 46 380 2450 7132.46 16 543. 10 829. 34 27 906. 56
10%30 Pl 1.181 9577.68 67 689. 47 100 1750 0 22 160. 90 854. 20 42 824. 37
P2 1.077 9819. 30 55480. 96 380 2450 11 868. 36 14 484.42 810. 09 25488.09
P3 1. 059 9817. 20 53597.79 380 2450 8 346. 30 15432. 80 827. 20 26 161.49
PO 1.041 13 744. 84 82 974.58 580 3950 20 366. 50 28 271. 60 1267.88 28 538. 60
1050 P1 1.118 13133. 32 99 687. 39 280 3200 0 42 416.92 1435.17 52 355. 30
P2 1.091 13 066. 90 95 661. 66 220 3 050 26 945.40 29 298. 32 1355.76 34792.18
P3 1.042 13 328.76 85849. 10 520 3800 20 930. 50 29 025. 52 1300. 03 30273.05
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Tab.5 The results obtained under different production models
mxn s /i A$) Ed$) — M) _Q®)
(/Im (’ PM ( [0]5] (/]n sQ (/ re:
PO 1.001 2293. 10 2873.71 140 255 1105.40 515.48 110. 30 747.53
3X10 P4 1.167 2457.32 3620.19 0 150 825.74 730. 60 210. 44 1703.41
P5 1.111 2 576.00 3154.75 120 240 957. 60 658. 60 147. 00 1031.55
PO 1. 046 6271. 40 6449. 46 340 705 1047.58 1539. 24 401. 35 2416.29
3X30 P4 1.132 5 860. 00 7 957. 96 0 450 1252.12 1232. 40 564. 90 4458. 54
P5 1. 057 6 058. 70 6818. 11 240 630 1332. 50 1072.40 409. 00 3134.21
PO 1.003 8 706. 20 13 661.76 520 1140 4.390. 88 3218.52 454.21 3938. 15
3X50 P4 1.043 8953. 64 14 347. 60 0 750 4105. 20 3442.98 625. 54 5423. 88
P5 1.015 8972. 40 13 555. 38 320 990 3825. 20 3 688. 60 535. 50 4196.08
PO 1. 009 2934. 24 8106. 06 160 450 2 853. 28 2229.00 189. 60 2224.18
5X10 P4 1.179 2955. 80 10 848. 86 0 250 1478.88 2 561. 36 271.06 6 287. 56
P5 1.014 2922.60 8 266. 64 80 350 2 433. 60 2443. 20 216. 50 2743. 34
PO 1.015 6 476.70 21 260. 53 340 1175 7778. 54 6032. 32 504. 86 5429. 81
5X30 P4 1.063 6119. 48 24 517. 25 0 750 4701.06 7 392. 20 686. 68 10987. 31
P5 1.045 6761. 60 21 581. 26 300 1125 6 125. 90 6779. 60 540. 10 6 710. 66
PO 1.011 10926. 44 36 961. 82 560 1950 12 710. 60 8432.80 893.41 12 415.01
5X50 P4 1.133 10 769. 04 46 530. 29 0 1250 8675. 46 10 764. 88 1206. 56 24 633. 39
P5 1. 086 11 063. 10 42 051. 65 240 1550 9514. 20 9 823. 60 1063. 35 19 860. 50
PO 1. 048 5131.56 24 872. 89 80 700 2 260. 16 8073.48 325. 86 13433. 39
10X10 P4 1. 058 4942. 36 26 382.70 0 500 1326. 64 8491. 84 346. 90 15717. 32
P5 1. 049 4769.40 26 872. 20 120 800 2 331.00 10 767. 20 339. 85 12 514. 15
PO 1. 044 9271. 36 55241. 46 380 2450 7132.46 16 543. 10 829. 34 27 906. 56
10X 30 P4 1. 154 9292. 24 66 575. 68 0 500 2 222. 86 19 846. 74 856.48 42 149. 60
PS5 1. 094 9 252. 90 60 498. 28 320 2 300 6163. 20 19 648. 00 830. 35 31236.73
PO 1.041 13744.84 82974.58 580 3950 20 366. 50 28 271. 60 1267.88 28 538. 60
10X50 P4 1. 064 12 808. 48 92 869. 69 0 2500 13762.94 32 565. 28 1430.94 42 610.53
P5 1.045 13470. 64 85 387. 29 440 3 600 16 358. 70 30 201.92 1333.31 33 453. 36
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Fig.5 Influence of splitting times on the result
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