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As a system complexity increases and technology innovation progresses rapidly, leasing the equipment is considered as an
important issue in many engineering areas. In practice, many engineering fields lease the equipment because it is an economical
way to lease the equipment rather than to own the equipment. In addition, as the maintenance actions for the equipment are
costly and need a specialist, the lessor is responsible for the maintenance actions in most leased contract. Hence, the lessor
should establish the optimal maintenance strategy to minimize the maintenance cost. This paper proposes two periodic preventive
maintenance policies for the leased equipment. The preventive maintenance action of policy 1 is performed with a periodic interval,
in which their intervals are the same until the end of lease period. The other policy is to determine the periodic preventive
maintenance interval minimizing total maintenance cost during the lease period. In addition, this paper presents two decision-making
models to determine the preventive maintenance strategy for leased equipment based on the lessor’s preference between the maintenance
cost and the reliability at the end of lease period. The structural properties of the proposed decision-making model are investigated
and algorithms to search the optimal maintenance policy that are satisfied by the lessor are provided. A numerical example
is provided to illustrate the proposed model. The results show that a maintenance policy minimizing the maintenance cost is
selected as a reasonable decision as the lease term becomes shorter. Moreover, the frequent preventive maintenance actions are

performed when the minimal repair cost is higher than the preventive maintenance cost, resulting in higher maintenance cost.
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<Table 1> Lessor’s Decision Based on the Case 1(operating hour : year)
p; =i/(2i+1) G,/C =30 G,/C =07
(a, B) L | Policy" | N T clL, T'IN) R vy | Policy” N T cL, T'IN) R\
2 2 5 0.3266 9.6821 0.6142 2 2 0.6804 48118 0.1336
2, 3) 4 2 14 0.2604 225165 0.6552 2 7 0.4875 12.6346 0.1328
10 2 40 0.2409 61.4808 0.6318 2 23 0.4091 36.4792 0.1552
2 2 5 0.3361 6.6430 0.8520 2 3 0.5167 47173 0.3797
4, 6) 4 2 13 0.2837 15.6980 0.8679 2 10 0.3616 12.0037 0.6022
10 2 36 0.2689 44,0442 0.8554 2 28 0.3428 33.9436 0.5365
2 2 4 0.4095 5.3545 0.8609 2 3 0.5200 41717 0.5198
6, 9) 4 2 11 0.3330 13.0173 0.8981 2 9 0.4004 10.7086 0.6322
10 2 32 0.3021 36.1650 0.9169 2 27 0.3560 30.3964 0.7017
<Table 2> Lessor’s Decision Based on the Case 2(operating hour : year)
pzzl/(22+1) m/C QII/C
(0, B) L | Policy" N T (L, T |N) R | Policy’ N T /(L, T | N R\
2 1 5 0.3333 9.6950 0.6542 2 2 0.6804 48118 0.1336
2, 3) 4 1 14 0.2667 22.5971 0.7620 1 7 0.5000 12.6674 0.2043
10 1 40 0.2439 61.6272 0.7862 1 23 0.4167 36.5988 0.2931
2 2 5 0.3361 6.6430 0.8520 2 3 0.5167 47173 0.3797
(4, 6) 4 1 13 0.2857 15.9803 0.8960 1 10 0.3636 12.0080 0.6487
10 1 36 0.2703 44,0926 0.9123 1 28 0.3448 33.9813 0.6796
2 2 4 0.4095 5.3545 0.8609 2 3 0.5200 4.1717 0.5198
(6, 9) 4 1 11 0.3333 13.0177 0.9029 2 9 0.4004 10.7086 0.6322
10 1 32 0.3030 36.1832 0.9442 1 27 0.3571 30.4106 0.7824




30 Ju—hyun Lee - Ki—ho Bae - Sun—eung Ahn

54 &

2 AFoM e F 9 dio] Fujel gigt 7715 o
RA AL Aokttt Aoty GAo|A ouitRAd &
T2 BEA FUvit e Ao AT o
HA go] F3d o] % FHl9 Yol Yo AhalS
B9 Mo R 3 EHE Aoz nHIA AtE o
UHA GAs 7Rk 2 Al FA RS vE3 gio
ZE ANA NFE 7F AZEE 33T F Q= JAEA
B238E FHIIY. ActE JAAA 22 duiclo]
FARF AAS A= 7|2 & FARS 1
Hasht 13 49, dFss AE AFEE 4L
2 1y A2 U] AMSA.

2 AFdAM = At A gAPEA BIYS AY
3t7] 8l FAAAE Tl FA gAY A v &
T s gALAA BE AS it F FAES v
S Haslsle dURA FU1E Ze Aol AAHA
g, dtdHe] gl Fn Al AHEE A0 uEe 4
T drA g5 HF0] A dAgs AAo] YEE
AARHENeH Lo] ¥ 3FZE g B4rt s
TE F AARS HEE A AWEA G0
AAEYE AS s 2 AdF= ddde 9%
Al JAFAA B3-S AASAA T a1 1<
A4S BF 1y grAayg 23y o] Hasit, 2
AT= F714 ot B G ofye}l AF = 7)uk
o oHtH A Ao HLed 4 Q)
Acknowledgement

This work was supported by the National Research Foun-
dation of Korea(NRF) grant funded by the Korean govern-
ment(MSIP)(No. NRF-2018R1A2B6003232).

References

[1] Bae, K.H., Lee, J.H., Park, S.H., and Ahn, S.E., Deve-
loping the optimal decision-making process through pre-
ventive maintenance policy based on the reliability thre-
shold for leased equipment, Journal of Applied Reli-
ability, 2017, Vol. 17, No. 3, pp. 246-255.

[2] Dasgupta, S., Siddarth, S., and Silva-Risso, J., To lease
or to buy? A structural model of a consumer’s vehicle
and contract choice decisions, Journal of Marketing
Research, 2007, Vol. 44, No. 3, pp. 490-502.

[3] Doyen, L. and Gaudoin, O., Classes of imperfect repair
models based on reduction of failure intensity or virtual

age, Reliability Engineering and System Safety, 2004,
Vol. 84, No. 1, pp. 45-56.
[4] Goh, H.W., Preventive maintenance policy on large
enterprise with cellular manufacturing system, Journal
of Society of Korea Industrial and Systems Engineering,
1997, Vol. 20, No. 44, pp. 171-178.
Jaturonnatee, J., Murthy, D., and Boondiskulchok, R.,

Optimal preventive maintenance of leased equipment

—
w
—_

with corrective minimal repairs, European Journal of
Operational Research, 2006, Vol. 174, No. 1, pp. 201-
215.

[6] Jung, Y.B., Optimum periodic preventive maintenance
time for a system with imperfect maintenance, Journal
of Society of Korea Industrial and Systems Engineering,
1994, Vol. 17, No. 32, pp. 221-226.

[7] Kim, Y.H., Lee, Y.H., Song, J.J., and Lee, S.Y., The
Development of Investment Prioritization Criteria for
the Mooring Facilities’s Maintenance by the Delphi Study,
Journal of the Korea Academia-Industrial Cooperation
Society, 2014, Vol. 15, No. 1, pp. 515-524.

[8] Lin, Z.L., Huang, Y.S., and Fang, C.C., Non-periodic
preventive maintenance with reliability thresholds for
complex repairable systems, Reliability Engineering and
System Safety, 2015, Vol. 136, 145-156.

[9] Mabrouk, A.B., Chelbi, A., and Radhoui, M., Optimal
imperfect maintenance policy for equipment leased
during successive periods, International Journal of Pro-
duction Research, 2016, Vol. 54, No. 17, pp. 5095-
5110.

[10] Park, S.H., Park, J.H., Bae, K.H., and Ahn, S.E., Con-
structing a competing risks model for the combined
structure with dependent relations, Journal of Society
of Korea Industrial and Systems Engineering, 2017,
Vol. 40, No. 3, pp. 92-98.

[11] Schutz, J. and Rezg, N., Maintenance strategy for leased
equipment, Computers and Industrial Engineering, 2013,
Vol. 66, No. 3, pp. 593-600.

[12] Yeh, R.H. and Chang, W.L., Optimal threshold value
of failure-rate for leased products with preventive main-
tenance actions, Mathematical and Computer Model-
ling, 2007, Vol. 46, No. 5, pp. 730-737.

[13] Yeh, R.H., Chang, W.L., and Lo, H.C., Optimal thre-
shold values of age and two-phase maintenance policy
for leased equipments using age reduction method, Annals
of Operations Research, 2010, Vol. 181, No. 1, pp.
171-183.



Developing a Decision—Making Model to Determine the Preventive Maintenance Schedule for the Leased Equipment 31

[14] Yeh, R.H., Kao, K.C., and Chang, W.L., Preventive- ~ORCID
maintenance policy for leased products under various  Juhyun Lee | http://orcid.org/0000-0002-7993-0416
maintenance costs, Expert Systems with Applications,  Kiho Bae | http://orcid.org/0000-0002-6826-9159
2011, Vol. 38, No. 4, pp. 3558-3562. Suneung Ahn | http://orcid.org/0000-0002-8752-0265



