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Capacity Balancing-Oriented Leasing Profit Optimization of
Opportunistic Maintenance for Leased Series-Parallel Production System

SUN Bowen, GUO Wenyu, XIA Tangbin, PAN Ershun, XI Lifeng
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Aimed at service-oriented manufacturing model and outsourcing paradigm, an opportunistic
maintenance strategy based on capacity balancing is proposed to meet the demand of complex series-parallel
structure and multi-process., eventually maximizing the leasing profits. The series and parallel structures
are taken as the research emphasis. And the capacity balancing of the whole system is also considered.
Sequential maintenance scheduling for each machine with individual health evolution aims to minimize the
maintenance cost rate. At the process layer and the system layer, these maintenance time points are taken
as combined maintenance opportuuity. A capacity balancing-oriented leasing profit optimization (CB-LPO)
policy is also developed by considering the capacity balancing to dynamically optimize maintenance
decisions. In this study, by comparing with the global maintenance scheme during the lease contract
period, it is verified that the proposed strategy has significant economic advantages in service outsourcing
decision-making.
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Fig. 1 System structure of a series-parallel leased system
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Fig. 2 System structure of leased series-parallel system
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Tab.1 Maintenance parameters of various leased machines
Gk mi ik aji €jit Th:/h TR /h Ch/$ CR/$
(1, 3.1 7 000 0.025 1.035 20 66 6 500 18 000
(1,2) 1.8 6 400 0.016 1.042 25 74 8 000 30 000
2,1 2.1 8200 0.023 1. 054 10 38 3400 8 800
(2.2) 1.9 9500 0.038 1.032 12 68 9600 28 000
(2,3) 2.5 7900 0.018 1. 044 14 48 6 000 17 000
3,1 3.3 9900 0.015 1.039 15 30 7 000 20 000
(3,2) 1.7 8 500 0.036 1.052 10 22 8 800 26 000
(3,3) 2.3 7 500 0. 048 1.041 8 18 4 000 6 800
(3,4) 2.8 6 600 0.015 1.036 15 55 8 800 22 900
®2 BEHEEENHEESH
Tab.2 Lease parameters of individual leased machines
Gk Vi/$ Vi/$ wi/C$ ™D St Ci/$% wi/ (%« h™h)
(1,1 700 000 660 000 12 0.11 1200 108
(1,2) 960 000 860 000 16 0.15 1440 108
2, 400 000 350 000 8 0.12 800 72
(2,2) 860 000 700 000 18 0.22 1600 72
(2,3) 520 000 400 000 14 0.13 1000 72
3, 600 000 550 000 10 0.14 1350 54
(3,2) 750 000 600 000 20 0.28 1500 54
(3,3) 330 000 250 000 16 0.16 900 54
(3,4) 550 000 430 000 20 0.22 1500 54
x3 ESIMRGZEEHFFHA CB-LPO RK
Tab.3 CB-LPO optimization at the eighth system-layer cycle
(j+k) tiji/h ts/h Tie/h Tie/h LPAjs/$  LPRus/$ LPSus/$  QGk,ts)  ajs Yis TEm /h
(1, 14176 3656 545 4533 37674 —33 141 0 1 1 25
(1,2) 12 226 3124 1963 7332 5457 1875 1
2,1 11532 4633 4166 1499 1218 281 1
(2,2) 15874 5354 545 12 391 92 626 —90 235 0 1 —
(2,3) 11 065 11 065 4191 4191 1
3,1 15874 5354 545 4538 63170 —58632 0
(3,2) 14174 5072 1963 11757 19 378 —7621 2 2 0
(3,3) 13 931 4829 1963 3663 7369 —3705 2
(3,4 14 064 3 544 545 6 607 51723 —45 116 0
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Tab.4 Saving calculations at the eighth system-layer cycle ( $ )

Gk LPAkg LPARs LPAYs LPAjs LPRGs LPRRs LPRY:s LPR s LPS;s
(1,1 240 1200 3093 4533 37 104 570 37674 —33 141
(1,2) 400 1440 5492 7332 4732 726 — 5457 1875
2, 80 800 619 1499 381 117 720 1218 281
(2,2) 216 1600 10575 12 391 84 709 7053 864 92 626 —80 235
(2,3) — — — — — — — — —
3, 150 1350 3038 4538 61767 1403 — 63170 —58632
(3,2) 200 1500 10 057 11757 13937 5441 — 19 378 —7621
(3,3) 128 900 2635 3663 5840 1529 — 7369 —3705
(3,4) 300 1500 4 807 6 607 48 424 3299 — 51723 —45116
x5 ENHESAPNREZEAEERTHEER
Tab.5 Saving results of sequential system-optimization cycles
LPS;./ $

u t./h j=1 j=2 j=3

k=1 k=2 k=1 k=2 k=3 k=1 k=2 k=3 k=14
1 3470 —690 PM 665 —1167 741 —992 —283 —158 1696
2 3969 PM —41 824 933 —45 852 221 902 456 —57092
3 5594 262 1922 —3914 5306 —3216 PM —14 650 — 7036 —3675
4 5729 606 2277 —3 867 PM —3504 —309 222 —11 862 —5597 —1963
5 6 849 PM —830 136 —32 844 731 —20 608 —1918 —1000 1658
6 9077 —919 2684 —1031 —1222 —2308 —1646 1273 PM —2615
7 10 500 1504 —1704 920 1769 1110 618 —17 242 —8 209 PM
8 11 065 —33 141 1875 281 —80 235 PM —58632 —7621 —3705 —45116
9 13956 1526 2320 458 — 25 219 —1441 1298 PM 996
10 14 176 PM —107 386 —68 787 —113 314 —70 —204 296 —88929 —144 418
11 15 894 —3238 2165 — 1442 — 13554 —3223 PM — 7549 —3997 —3 943
12 16 971 —1034 PM 710 —2591 630 —24 232 —7 —158 1511
13 17 755 PM —15730 —12 180 1233 —9416 1633 782 —26 782
14 19 377 —3652 2748 —683 PM —6177 —331 9 882 —4 806 —5
15 19 899 —2654 PM 738 —1732 746 —3951 —2087 1487
16 21 242 PM —3 486 —3 941 1203 — 1558 695 —9 244
17 22743 — PM 765 — — — — 1462
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Tab. 6 Maintenance outputs of predictive maintenance groups of system-layer cycles
0Gk.t,)
u tu/h j=1 j= =3
k=1 k=2 k=1 k= k=3 k=1 k=2 k=3 k=14
1 3470 0 PM 0 0 1 0 0 2 1
2 3969 PM 0 1 0 0 0 1 1 0
3 5594 0 0 0 0 0 PM 0 0 0
4 5729 0 0 0 PM 0 0 0 0 2
5 6 849 PM 1 1 2 1 2 2 2 1
6 9077 0 1 2 0 0 0 1 PM 0
7 10 500 1 0 0 1 0 1 0 0 PM
8 11 065 0 1 1 0 PM 0 2 2 0
9 13956 0 1 1 0 1 0 1 PM 1
10 14176 PM 0 0 1 0 2 0 2 0
11 15 894 0 0 0 0 0 PM 0 0 0
12 16 971 0 PM 1 0 0 0 2 0 1
13 17 755 PM 0 0 0 1 0 1 1 0
14 19 377 0 0 0 PM 0 0 0 0 0
15 19 899 0 PM 1 — 0 0 0 0 1
16 21242 PM 0 0 — 1 — 1 1 0
17 22 743 — PM 1 — — — — — 1
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Fig. 3 Total leasing profit saving comparison of differ-

ent policies
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