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Triple-Level Opportunistic Maintenance Optimization Policy for
Multi-Location Operation and Maintenance of
Leasehold Service Network

SI Guojin, XIA Tangbin, SONG Ya, XI Lifeng
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: This study focuses on the multi-location operation and maintenance problem of the leasehold
service network where original equipment manufacturers provide global maintenance services. We propose
an opportunistic maintenance optimization policy with dynamic interactions between the machine level, the
system level and the network level. According to individual health evolutions of leased machines,
preventive maintenance intervals are scheduled at the machine level. At the system level, group
maintenance schemes are arranged by using leasing profit optimization. By pulling the requirements of
multi-location leased lines, the balancing of lease service demand and maintenance resource constraint is
handled at the network level. Therefore, a triple-level opportunistic maintenance policy is developed and
an alternating algorithm based on hierarchical progression is then designed. Through arithmetic analysis,

this proposed policy is proved to be effective and feasible.
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Fig. 1 TIllustration of triple-level opportunistic maintenance optimization policy
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Tab.1 Maintenance parameters of various leased machines
L. M, (mj o) Cajseq) T, /h Ty /h Coi/ $ Cy/$
L M, (3.1,4000) (0.025,1.035) 20 66 6 500 18 000
M, (1. 8,4 400) (0.016,1.042) 25 74 8 000 30 000
M; (2.5,5500) (0.018,1.044) 14 48 6 000 17 000
L, M, (2.1,3200) (0.023,1.054) 10 38 3400 8 800
M; (1.9,3400) (0.038,1.032) 12 68 9600 28 000
M (2.3,5600) (0.048,1.041) 8 18 4 000 6 800
Ly M; (1.9,3400) (0.038,1.032) 12 68 9600 28 000
Mg (1.7,6 500) (0.036,1.052) 10 22 9 800 16 000
M, (2.3,5600) (0.048,1.041) 8 18 4 000 6 800
L, M, (3.1,4000) (0.025,1.035) 20 66 6 500 18 000
My, (1.8,4400) (0.016,1.042) 25 74 8 000 30 000
M. (3.3,3900) (0.015,1.039) 15 30 7 000 20 000
®2 BHAEFEZNBEERHE
Tab.2 Lease parameters of various leased production lines
=/h
2 - - - - - V. M, VS/$ VE/$ k/($ +h D) 8 w./h
=0 =1 =2 =3 =4
0 0 56 69 71 72 (0,0) - - - - - -
1 56 0 100 79 126 (—28,48) M, 700 000 660 000 14 0.11 50
M, 960 000 860 000 18 0.15
M, 520 000 400 000 16 0.13
2 69 100 0 140 98 (—47,50) M, 400 000 350 000 10 0.12 50
M; 860 000 700 000 20 0.22
Ms 330 000 250 000 18 0.16
3 71 79 140 0 101 (50,50) M; 860 000 700 000 20 0.22 50
Mg 750 000 600 000 22 0.28
M, 330 000 250 000 18 0.16
4 72 126 98 101 0 (51,—50) Mo 700 000 660 000 14 0.11 50
M, 960 000 860 000 18 0.15
M, 600 000 550 000 12 0.14
x3 FINMNEEREFEAHNRAERTER
Tab.3 Optimization scheme at the 1st network-maintenance cycle
L. s/ B Qe bus T /h RT, Ci/$
L, 2 2219 2269 25 0—1—0
L, 2 1899 1949 12
L; 1 2009 2059 12 0—>2-—>3—>4—>0 1803
L, 3 2153 2203 25
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Tab.4 LPO programming at the 1st network-maintenance cycle

L. M, 1 e LPA/$ LPR/ $ LPS/$  W(itw) T,;/h GP, T/l
Ly M, 2269 - — — 1 20
M, 2384 2269 1345 478 867 1 25 11,2} 25
M; 3086 2531 2692 —161 0 14
L, M, 1949 — — — 1 10
M; 2059 1949 1382 704 678 1 12 (4,5} 12
Mg 3969 2 889 5224 —2335 0 8
L; M; 2059 — — - 1 12
Mg 6062 2059 12 895 25 746 —12 851 0 10 {7} 12
My 3969 2 800 4730 —1930 0 8
L, Mo 2269 576 207 369 1 20 {10,11,12} 25
My, 2384 2203 1842 771 1071 1 25
M. 2203 — — — 1 15
x5 FEATWMEEHPAHRNAERR 6 FI0ANNEEEPAHOBEETE
Tab.5 Optimization scheme at the 4th network-maintenance Tab. 6 Optimization scheme at the 10th network-maintenance
cycle cycle
L. se/f Ayz bue T /h RT, Ci/$ L. se/f Az bue T /h RTyo Cu/$
L, 3 6148 6151 25 0—>1->3—>0 4 301 L, 1 14760 14 810 14 0—>2—>0 9120
L, 3 7371 7421 12 L, 3 16 707 16 757 12
L; 2 7743 7793 12 0—>2—>4—>0 L; 2 17841 17 891 12 0—>1—>3—>4—>0
L, 3 8 554 8 604 25 L, 3 20141 20191 25
12
10558
9840
10f 9120
8411
8371 7957
8 7601
- 6809
= 5994 5988
S ot 5158
S 4301
4k 3421
2529 2748
1803
2_

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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Fig. 3 Operation and maintenance costs of sequential network-maintenance cycles
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Fig. 4 Total operation and maintenance costs com-

parison of different policies
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