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Abstract: To address the potential issue of lessees abusing equipment during cooperative production in leased manu-
facturing systems, a production decision-making model and an incentive mechanism of revenue adjustment are proposed
considering equipment protection to develop the optimal production strategy. From the perspective of equipment protection,
an optimization model is developed considering the usage rate and protection degree of the leased equipment by lessees with
the objective of maximizing the total revenue of the leased manufacturing system. The model determines the optimal
production strategy by defining the effort degree of equipment protection, the equipment usage rate and the state deviation
between a new equipment and the equipment after maintenance. Then, an incentive mechanism about revenue adjustment is
proposed using compensation to adjust the revenue of both parties. The mechanism ensures that the optimal strategy for
independent decision of each party align with the systematic optimal strategy. In this way, the best compensation coefficient
is determined and the revenue adjustment plan is developed. Case study shows that the system decision-making model
identifies the optimal effort degree and preventive maintenance degree that maximize the total revenue. Additionally, the
maximum total revenue obtained by the system decision model is always higher than that with independent decisions.
Moreover, increasing lessee efforts in equipment protection and lessor preventive maintenance can reduce the average

number of failures of leased equipment.
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Table 2 Production strategies and revenue outcomes using independent and system decisions
VS Wik i g e TN M 1 11 11
ThSTSR 82.962 1.420 0.826 14.983 761.380 757.870 3.510
RGN 100 3.750 0.531 3.905 2170.000 1265.625 904.375
4.1 HURRES LSS I LY R R TR, DA B b

53 X BT I BT FEUSON s~ FRAOLES T RAR
h i BB o FEBURTE /38T, BH9L 3 NS HUMAS
AT e SR AR B R B A TR S 1) e Ok B DA R R s 4
m%moé%,iuﬁmﬁEWA%ﬁ%@@%ﬁ
SRR 3 PR

RAEDEL, MG R aiias . 2RI, 2507 i
[V AE SN I I B — e (B, Bt SR IR 2 s 2530
PR, DAL, A 1EXT FR G0 i o B2 1 FH g
. BEE M RGN, oL R B R
LU SRS 1 4 B 60.51% 920 E] 35.09%

TR 3 A CATHEAS R, 2 A A TR P A X5 TRl RS R BN, BT e SR AR A T
EWNIE I 3] — e FE I, M7 P sk B3 & R4 A AT UG A BT IR, S B RR 2
YL MRS I 4 B Y 35.09% N F 56.13%, X 1T F%
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Table 3 Sensitivity analysis of potential income unax per unit time

Yeik I Umax st g B TN M 11 11 7
600 82.962 1.429 0.836 15.090 757.870 3.511 761.381
620 85.950 1.482 0.828 14.856 850.355 114.378 964.733

BT Pk 640 88.916 1.535 0.829 14.732 945.100 229.235 1174.335
660 91.869 1.589 0.831 14.605 1042.800 348.271 1391.071
680 94.804 1.643 0.833 14.462 1 142.600 471.309 1614.909
600 100 3.750 0.531 3.905 1265.625 904.375 2170.000
620 100 3.656 0.512 4.097 1478.760 829.521 2308.281

Rtk 640 100 3.563 0.492 4265 1694.624 753.399 2448.125
660 100 3.469 0.473 4.428 1913.525 676.006 2589.531
680 100 3.375 0.453 4.570 2135.156 597.344 2732.500

W E 3K, Mu,.. =600, AT LEM ST
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Table 4 Sensitivity analysis of unit effort cost 7 with system decisions

h r & o* M In 15 n
100 100 3.750 0.531 3.906 1265.625 904.375 2170.000
105 100 3.478 0.511 4.631 1353.497 783.894 2137.391
110 100 3.243 0.493 5.223 1428.780 680.409 2109.189
115 100 3.038 0.478 5.712 1493.991 590.566 2084.557
120 100 2.857 0.464 6.122 1551.020 511.837 2062.857

Mg 2R E o BUBNE WSS R0k 5 . lid
RS FULRBL, BEE A% R BN, AhaT o s
AR TT . LT R R G R aS S I I R B
L RECE TR, ARKHE T e A FR R 4
VOIS DR A I TR, Horh, AR5 fRY B
e 155 73 AR YA 48 B0 4% 1) A 7 AL 2 k2D
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Table 5 Sensitivity analysis of price coefficient o

DT SIES ag r & e 8o M m Iy 1
0.017 98.346 1.708 0.836 14.279 977.065 335.901 1312.966
0.018 92.652 1.603 0.832 14.576 897.528 208.916 1106.444
JRAT R TR
0.019 87.552 1.511 0.829 14.796 824.528 99.158 923.686
0.020 82.96 1.42 0.826 14.983 757.870 3.510 761.380
0.017 100 3.750 0.531 3.905 1565.625 604.375 2170.000
0.018 100 3.750 0.531 3.905 1465.625 704.375 2170.000
R
0.019 100 3.750 0.531 3.905 1365.625 804.375 2170.000
0.020 100 3.750 0.531 3.905 1265.625 904.375 2170.000
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N N N N | o =
BT 5 1 46 CRAP R4 H 8 4 R RO TLATER
ﬂj T%a m %ot ? é}ﬁ % ﬁE /ﬁi lﬂ% Hﬂ' B/‘J Y % {i H % ” @z %‘ Table 6 Results of comparative analysis
’ AN — 1~
P TEIHORUOR M 5 R SRR TR LA BT 7 MU BOE R
SIS RUE 6 . P 62.450 100
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i 761.381 2170.000

E i




38 Tk T2 027 %

%

9}
¥

BT R A, B B AR
PREE AL BT i R G A P R AR, DA RSt
et e KA A AR, B e AL T e ORI IS5
R, ¥ %ﬁ%%%&%FF&%%u%mﬁﬁu
i 22 JERE) FI ) 28 Gt B R A 77 SR o (R BEIEAE =,
THCEE R UL, B AR AR DT 5 AT R
a1, WA R R gm0 Hbr. & &MS
PR R B A R, RS & A HSOA M
& A WAL PR R R R S v, AR R A S
M4

RO TR, R G L A A R A7 A A5
Yo 2k foe K 1 B A 55 J RE L AN TR 4R REE . T HL
RGP B R R e 2 e TR SL R R ) B
KB BURPE TR, 78 A e iy B AR U
AK%%%%T K AR GE o ST DL 2 18 A
A, XA G R DR BARTS DLk A
ﬁm%ﬁﬁﬁ,%%mﬁ%uﬁﬁmﬁﬁo%%,
STt AR5 R B8 R (155 R BERT H AL X v
MITRBT L, W] LLyg /b A B e s~ St 8, A
T 358 1 X7 HRIUAL 2 o

Sk

[ 1] R, R0, M50 K. 5 RS A2 I (8] BEATLAN 4E 42 1 51 (10 78 52

W& TR L4 B SRS B AL (). Tk TR 58 B, 2020,
25(2): 30-35.
JIN Yulan, LIU Ying, YAN Jiaxin. Research on preventive
maintenance strategy of leased equipment considering random
maintenance time and maintenance penalty[J]. Industrial Engi-
neering and Management, 2020, 25(2): 30-35.

[2]ZHOU X J, WU C J, LI Y T, et al. A preventive maintenance
model for leased equipment subject to internal degradation and
external shock damage[J]. Reliability Engineering & System
Safety, 2016, 154: 1-7.

[3]1CHANG W L, LO H C. Joint determination of lease period and
preventive maintenance policy for leased equipment with resi-
dual value[J]. Computers & Industrial Engineering, 2011, 61(3):
489-496.

[4]XIA T, CAO L, XU Y, et al. Multi-level maintenance and in-
ventory joint optimization for a k-out-of-n hyper-system consi-
dering the selection of suppliers with incentive discount poli-
cies[J]. Reliability Engineering & System Safety, 2024, 241:
109700.

[ 5] DE JONGE B, DIJKSTRA AS, ROMEIINDERS W. Cost bene-
fits of postponing time-based maintenance under lifetime distri-
bution uncertainty[J]. Reliability Engineering & System Safety,

2015, 140: 15-21.

[ 6 ] HAMIDI M, LIAO HT, SZIDAROVSZKY F. Non-cooperative
and cooperative game-theoretic models for usage-based lease
contracts[J]. European Journal of Operational Research, 2016,
255(1): 163-174.

71 REE, HIRM, IR, 4RSS NS EE KA T

AT SR B TR M A A2 e HE 0], Tk AR 5 A, 2023,
28(4): 38-46.
LIU Biyu, HU Chengyang, YANG Haidong. Reliability-based
preventive maintenance decision considering extended lease pe-
riod in a two-dimensional lease contract[J]. Industrial Engineer-
ing and Management, 2023, 28(4): 38-46.

81 M, M1k, TRIK IR, 5. H B TR M e 44 i) — 4 Sk

DR SIS 5 A A R A R AL LT]. VHELER G R, 2023,
29(11): 3812-3822.
LI Longhui, LIU Zixian, ZHANG Zhaomin, et al. Joint opti-
mization of two-dimensional basic warranty strategy and price
considering preventive maintenance[J]. Computer Integrated
Manufacturing Systems, 2023, 29(11): 3812-3822.

[91 WANG XL, LI LS, XIE M. Optimal preventive maintenance
strategy for leased equipment under successive usage-based
contracts[J]. International Journal of Production Research, 2018,
157(18): 5705-5724.

[10] 3Kz 1E, FRIGEZL, ¥ di]. A0 B B & PR S LR IE SR AR 5 1R

I RE LRI 55, 2019(7): 1732-1743.

ZHANG Yunzheng, ZHANG Xiaohong, ZENG Jianchao. Mo

deling and optimization of state maintenance decision for leased

equipment[J]. Systems Engineering Theory and Practice, 2019

(7): 1732-1743.

ST, R, A e 2. T 1] Zh A5 L 5T A B8 S AR AR

L5 5 % T 4 57wk SR [D]. T S HLAE k) iE R 48, 2017,

23(2): 380-386.

WU Changjie, TENG Chunxiao, ZHOU Xiaojun. Dynamic leas-

ing oriented imperfect maintenance modeling and flexible pre-

[11

—

ventive maintenance decision[J]. Computer Integrated Manufac-
turing Systems, 2017, 23(2): 380-386.

[12] 2P, ZRifte, P [ 2. 26T CSD-STM i JRUHLAL T 4 A

B R R A S T 4 B HERE [J/OL). T SEHLAE Bk it R 4,
2022 (2022-11-03). https://kns.cnki.net/kems/detail/11.5946.TP.
20221103.1338.012.html.
LI Yaping, LI Haiyan, TAO Liangyan. Reliability assessment
and preventive maintenance strategy of wind turbine consider-
ing performance degradation and shocks[J/OL]. Computer Inte-
grated Manufacturing Systems, 2022(2022-11-03). https://kns.
cnki.net/kcms/detail/11.5946.TP.20221103.1338.012.html.

[13] ZRifgte, 20T, whi K. 258 E AR IR AL 5 il i UL P 5

PEVE Al 5 BUPT 4E 5 S 0F 70 (0], Tl TR, 2023, 26(3):
67-74.
LI Haiyan, LI Yaping, HAN Tengfei. A reliability assessment
and preventive maintenance strategy of wind turbines consider-
ing natural degradation and shocks[J]. Industrial Engineering
Journal, 2023, 26(3): 67-74.

(T4 % 101 M)


https://doi.org/10.1016/j.ejor.2016.04.064
https://doi.org/10.12011/1000-6788-2017-2099-12
https://doi.org/10.12011/1000-6788-2017-2099-12
https:// kns.cnki.net/ kcms/detail/11.5946.TP.20221103.1338.012.html
https:// kns.cnki.net/ kcms/detail/11.5946.TP.20221103.1338.012.html
https://kns.cnki.net/kcms/detail/11.5946.TP.20221103.1338.012.html
https://kns.cnki.net/kcms/detail/11.5946.TP.20221103.1338.012.html

	1 文献梳理
	2 问题描述
	3 模型构建
	3.1 故障率函数
	3.2 成本与收益函数
	3.3 系统总收益及最优生产策略
	3.4 收益调整激励机制设计

	4 数值案例研究
	4.1 敏感性分析
	4.2 对比分析

	5 结论
	参考文献

