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In modern manufacturing systems, preventive maintenance is recognized as
a key strategy for optimizing performance and reducing costs. This research
aims to develop a novel preventive maintenance model for high-speed press
machines. The proposed model, considering operational constraints and
targeting the minimization of time and cost while maximizing reliability, is
formulated as a multi-objective optimization problem. To solve this
problem, the metaheuristic algorithms NSGA-II and Grey Wolf Optimizer
have been employed, and the model’s effectiveness has been evaluated
through solving small-scale examples. The results indicate that the
proposed model can significantly reduce maintenance costs and
simultaneously minimize machine downtime by determining optimal times
for preventive maintenance activities. Furthermore, the suggested
preventive maintenance model improves system reliability, leading to
increased productivity and reduced costs associated with sudden failures.
This model can serve as an effective decision-making tool for managers and
engineers in various industries.
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1. Introduction

In recent years, the accelerating trend of knowledge
and technology development at humanity’s disposal,
coupled with the achievement of new fields in
science and technology, has led to the design,
construction, and production of complex and
sensitive engineering systems and equipment
(Ulansky & Raza, 2024). Maintenance is among the
fundamental concepts in organizations, and their
position is moving and growing, holding a special
rank among managers and employees of the
organization (Alqaryuti et al, 2025). By
implementing preventive maintenance policies,
breakdown costs have significantly decreased
compared to when no specific policy governed
maintenance, were carried out after failure (Shams et
al., 2025).

High-speed press machines are considered crucial
devices capable of high-volume production, making
them profitable for manufacturing plants due to
their high speed and productivity. Factories strive to
utilize them for profitability. Therefore, the
maintenance of these machines is of high importance
and always constitute a major concern for
production managers in factories that use these
machines for producing various products. This paper
addresses  the optimization of preventive
maintenance by presenting a multi-objective linear
mathematical model with integer and mixed
variables. This model, after mathematical modeling,
is validated and tested using real data from a
manufacturing plant (as a case study at Khavar
Hasste Iranian Company). For this purpose,
specialized software in the field of operations
research will be utilized. One of the very important
aspects in the maintenance unit is preventing
emergency shutdowns, with various factors related
to the preservation and maintenance of equipment,
and the existence of a reliable program. In this study,
given sufficient data on preventive maintenance
program issues and the sensitivity of this topic,
optimization regarding preventive maintenance is
addressed, considering various constraints and
different objectives, which will have varying degrees
of importance depending on different sections of this
complex.

2. Methodology

This research, in terms of its objective and outcome,
is applied and based on operational research
methods, which are carried out through the
development of a mathematical model. In terms of
execution nature, it is descriptive. The variables in
this research are quantitative. This research is
considered cross-sectional in terms of time. The
current study does not use statistical analysis due to
the use of mathematical modeling and the
development of a mathematical model, and thus
lacks a statistical population and sample. The data
for the current research has been collected from the

failure information of the high-press machine, and
the data collection tool is the failure dataset of this
machine. The goal is to provide a model for
preventive maintenance for this machine, pursuing
three objectives:

e  Minimizing cost

e  Minimizing time

e  Maximizing reliability
These objectives are pursued based on the decision
variables of reliability and effective component life.
For the press machine, there are various
components, and the fundamental assumption is
that component replacement is not possible during
preventive maintenance, and thus the production
system is halted during maintenance.

3. Results and Discussion

In this section, the model presented in the previous
section is analyzed. To solve the model, the
metaheuristic algorithms NSGAII and Grey Wolf
Optimizer have been used. In this stage, first, the
model validation is performed, followed by a
comparison of the algorithms. Then, the model is
solved based on the case study, and finally, a
sensitivity analysis of the important and influential
parameters is conducted.

4. Conclusions

The proposed model can reduce maintenance costs
by determining the maintenance time and, on the
other hand, lead to an improvement in downtime
and maintenance time, which would otherwise
impose a high cost on a system utilizing a high-speed
press machine. The system’s reliability also increases
with the help of the proposed model, and
consequently, it can be expected that improved
reliability will have a positive impact on the
machine’s performance. From a managerial insight’s
perspective, it should be emphasized that given the
high importance of the high-speed press machine,
preventive maintenance should be prioritized.
Planning maintenance based on the model presented
in the current research can contribute to improving
the model’s performance. To enhance the machine’s
reliability, structured preventive maintenance
planning is necessary, and corrective maintenance
should be avoided due to its high cost. The absence
of preventive maintenance can lead to increased idle
time and machine downtime, as the machine may
not be usable in case of corrective failure. This can
result in significant time being spent on corrective
maintenance, thus preventive maintenance should
be considered in this regard.
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Figure 1. Cost increases with increasing problem size.
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Figure 2. Time increases with increasing problem size.
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Figure 3. Reliability increases with increasing problem size.
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Figure 4. Computation time increases with increasing problem size.
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Figure 5. Comparison of metaheuristic algorithms in terms of Pareto front generation.
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Figure 6. Comparison of metaheuristic algorithms in terms of distance to the ideal point.
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Figure 7. Comparison of metaheuristic algorithms in terms of crowding distance.
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Figure 8. Comparison of metaheuristic algorithms in terms of computation time.
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Figure 9. Comparison of different crossover rates on the cost objective function.
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Comparison of different mutation rates on the cost objective function.
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Figure 11. Gap analysis of metaheuristic algorithms.
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Figure 12. Sensitivity analysis of component failure cost for the cost objective.
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Figure 13. Sensitivity analysis of component failure cost for the time objective.
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Figure 14. Sensitivity analysis of component failure cost for the reliability objective.
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Figure 15. Sensitivity analysis of maintenance cost.
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Figure 16. Sensitivity analysis of replacement cost.
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Figure 17. Comparison of the effect of replacement cost and maintenance cost on total cost.
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Figure 18. Comparison of the effect of replacement cost and maintenance cost on total time.
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Figure 19. Comparison of the effect of replacement cost and maintenance cost on total reliability.

cuols HUasl Hled so 4B o g Wb oo ili8l caiall)|
Ly olKiws 0 ,Slas 5 e 1 licedsl Cllild 050
bas 05 aST ab 2o e sla i S 510,108 o
(5‘)“) ylau.c).u ‘_g‘)b 8 La oKiws 45...»‘ aQ 4}5;
2 SIS g yeesS S yaelin g 43,5185 s o
Sgufe A &‘3.1‘5‘0 j“l-"' &.ﬂ.‘?u 3o o..\.un\jb‘ JM u.uL..u‘
SoblB o YU jebaieds .l S8 Jow o Shas
9 goxi gde (Siydelin el a3Y oKl
SIS g jons 5l g BT Djg0 il Siny (5 IS
5 goxi pas 0gh oLzl YU anie Lo 4 ol
5 &% olej Gl el Wl oo ail Sty (6l
5o ookl B oSiws aST > el oSws  Soldl)lssl
Lol Wlgh oo ol (red 5 S (ANl o5 250
by oloy (PNl (6)laeKS g et jolaieds 09
Ol 0 b AleSiny (6555 g eend I g 0ud B0
25 hod gopely 5 oz Jae S 4 ogas
3 85 e (sl Sjson ) S pol Biiod
) pol> Gudos Codgamme Silgh oo ST Gubos a5 J>
Ol a4 Al U wled adi o Jlaix! Joo S il L

Des S SG05 28l

ke Cow pod —F
dxlad i
Slej 0,99 t
BT Ji

\o)Lm:a lid c,,ol\f*é JL“’IG)B"}‘QSW@“W

& A i pol> Griod )3 aslllaes g0 o9 )
e 4 (S Ape S s 4 aslad plas’
SIS g et lp askd opl 1 g 0,5 JeoS
Cou Bro adl 0,5 )18 Cuglgl jo Wil oo &l ) Sty
5 e s ol ol g S e e p
Gefot Joe 50 5 e liebl CoblB g ()l
ol Badod Joo Cuzonlil &5 09 Coeal ilo 2L
Lo oKiws pgas ;0 diedgw (2mls &l 4 0l
allaes o ogaz 3 03 e &S5 09 Vb
Slabd 51 G 5o slr 6N g seesd 3l e
5 iy oley Bus dw & axg b Ko led oy
axlss n el g 4 ab aseie oliebl colls
SFll Gagas elal (nl p g (aagni b 09d ress
Dyge Yoo pu b oy olSiws lp 650K g sess
9 yeoni dipyp &5 U atiie K00 (s 5l 2SS
2 dee S s Sl IS )il ar Caig 5 6,
SIS 5 eond a3p Sl el Gl oS )8 (0 >
@ ke Slalad (hygad CAS plgoe W g 00g i
SF sl Egorme;d g 39 00w Slp 50 Ll

oo Vb pu b i o8 sl (6 Fomlie
(SIS 5 end Oley et b Wlgi e 0l e
S S g sl el ) (IS g eend anie
S9% (§)INSS g et g (SOl o Sgae 4 ymie
IS ot 2 1) (YL ape Sygo (pl juf )3 &S
Jors oS o ooliil Yoy b Loy olfiuss
Joo S8 b 5 i Olipabl ol syl oo



Yoy (o SLooliws (gl il iy Ol pmos 9 (551K (5L Joo (2150 vv.

Sciences, 13(1), 640.
https://doi.org/10.3390/app13010640

Chen, X, Li, Q., Sesay, T., You, Q., & Chineche, E. B.
(2024). Valorization of recycled wastes in
pavement preventive maintenance: A review
on reclaimed asphalt pavement and recycled
waste tire. Heliyon, 10(6), Article e27776.
https://doi.org/10.1016/j.heliyon.2024.e27776

Damchi, Y., & Saebi, ]J. (2023). Risk-based
preventive maintenance planning model
considering intangible risk indices. Tabriz
Journal of Electrical Engineering, 53(3), 171-182.
https://doi.org/10.22034/tjee.2023.53875.454
0

de Oliveira Salles, G. M., Baracy, Y. L., Venturini, L.
F.,, Weigert-Dalagnol, G. R., de Souza
Benedito, R. A, & Issicaba, D. (2025).
Inspection and preventive maintenance
optimization of electrographite brushes for a
hydrogenerator unit in the Brazilian
interconnected power system. Results in
Engineering, 25, 103770.
https://doi.org/10.1016 /.rineng.2024.103770

del Castillo, A. C., & Parlikad, A. K. (2024). Dynamic
fleet management: Integrating predictive and
preventive maintenance with operation
workload balance to minimise cost. Reliability
Engineering & System Safety, 249, Article
110243.
https://doi.org/10.1016/j.ress.2024.110243

Emadji, S. H., Sadeghian, A., Rabbani, M., & Dehghan
Dehnavi, H. (2024). Application of optimal
control approach in the optimization of
production inventory systems in supply chain.
System Engineering and Productivity, 4(1), 85—
98.
https://doi.org/10.22034 /msb.2024.2026595.1
203

Gorji, M. A., & Jamali, M. B. (2022). Comprehensive
model for evaluating maintenance and repair
policies based on interval fuzzy numbers.
System Engineering and Productivity, 2(1), 51—
74. https://doi.org/10.22034/sep.2022.243404

Hasani, A. A. (2018). Multi-objective hybrid
metaheuristic search algorithm  for
distributed reentrant permutation flow shop
scheduling via considering preventive
maintenance under uncertainty. Research in
Production and Operations Management, 9(2),
1-22.
https://doi.org/10.22108 /jpom.2018.92504.0

Javadi, M., Fatemi, S., Azizi, A., & Najafi, E. (2024).
Designing an intelligent dynamic model of
preventive maintenance and repairs in the
textile and clothing industry in interaction
with production using fuzzy-artificial neural
network. Engineering Management and Soft

Computing, 9(2), 63-90.
https://doi.org/10.22091/jemsc.2024.9078.116
9

OB e g sres )l

5 Slaol joye (SRR (esie Joo i gl Wb
Aoz (laosls ol o ool Joe o ki acig
Jolos syl anciy g Slosl jee tdese gyo
P A (MRS S0t isS g Laosls
Ry R (i) (9% g )1 Ayl (o) i

e (§,555L 159> g0 (G oo

&L olas

b yo Ble olad 48 men o5 wiiS o0 plel Bty

O9*R 9 “-;léj-bsg O ygody C"L"’ 3 &)‘& ]«al:> o b
el o..\.o]w\)cb LS“BP l) sa éﬁL..A s

‘53|.>)o.é

Ol A 95 aass g e dll LA JlSes ass
)| O p—’)‘ri'dla-w u.\id; QS’L’L” SeS 'S’“’g'z',‘
Slp olsaiad;)l oblpiy bl 4 Wil ol

&0

Afsharnia, F., & Marzban, A. (2020). Investigating
the long-term  effect of preventive
maintenance strategy on the operational
efficiency and failure rate of sugarcane
harvester using time series. Journal of
Agricultural ~ Machinery, 10(2), 347-359.
https://doi.org/10.22067/jam.v10i2.70962

Ali, B. M, Tariq, J., Mohammed, A., Fakhruldeen, H.
F., Hanoon, T. M., Khurramov, A., & Algburi, S.
(2025). Sustainable strategies for preventive
maintenance and replacement in photovoltaic
power systems: Enhancing reliability,
efficiency, and system economy.
Unconventional Resources, 6, Article 100170.
https://doi.org/10.1016/j.uncres.2025.100170

Alqaryuti, A.,, Moawad, K., Salah, K., Mayyas, A, &
Jayaraman, R. (2025). Blockchain-driven
framework for preventive maintenance
management of aircraft hydraulic systems.
Discover Internet of Things, 5(1), 1-25.
https://doi.org/10.1007/s43926-025-00149-x

Borowski, S., Szubartowski, M., Migawa, K.,
Soltysiak, A., Neubauer, A, Hujo, L. U,, &
Nosian, J. (2023). Mathematical model for
determining the time of preventive
replacements in the agricultural machinery
service system with minimal repair. Applied

Y o lols £ 0590 [VF+D Ju/6)9°ﬁﬁwww


https://doi.org/10.22067/jam.v10i2.70962
https://doi.org/10.1016/j.uncres.2025.100170
https://doi.org/10.1007/s43926-025-00149-x
https://doi.org/10.3390/app13010640
https://doi.org/10.1016/j.heliyon.2024.e27776
https://doi.org/10.22034/tjee.2023.53875.4540
https://doi.org/10.22034/tjee.2023.53875.4540
https://doi.org/10.1016/j.rineng.2024.103770
https://doi.org/10.1016/j.ress.2024.110243
https://doi.org/10.22034/msb.2024.2026595.1203
https://doi.org/10.22034/msb.2024.2026595.1203
https://doi.org/10.22034/sep.2022.243404
https://doi.org/10.22108/jpom.2018.92504.0
https://doi.org/10.22091/jemsc.2024.9078.1169
https://doi.org/10.22091/jemsc.2024.9078.1169

™)

0 g (Glao,

Industrial Management Journal, 17(1), 1-33. (In
Persian).
https://doi.org/10.22059/imj.2025.383567.10
08199

Shams, H., Hashemzadeh Khorasgani, G. R,
Abbaspour Esfadan, G., Farsijani, H., &
Shahmansouri, A. (2025). Presentation of a
mathematical model to examine the economic
advantages of maintenance strategies. System
Engineering and Productivity, 5(2), 17-33.
https://doi.org/10.22034/sep.2025.2051634.12
64

Su, H., Li, Y., & Cao, Q. (2024). A stochastic model of
preventive maintenance strategies for wind
turbine gearboxes considering the incomplete
maintenance. Scientific Reports, 14(1), 5700.
https://doi.org/10.1038/s41598-024-56436-0

Ulansky, V., & Raza, A. (2024). A historical survey of
corrective and preventive maintenance
models with imperfect inspections: Cases of
constant and non-constant probabilities of
decision making. Aerospace, 11(1), 92.
https://doi.org/10.3390/aerospacel1010092

Wang, D. D., Wang, K., Qian, Z., & Jiang, F. (2025).
Is it wise for manufacturers to implement
preventive maintenance in the sharing
business model? International Journal of
Production ~ Research,  63(4), 1415-1435.
https://doi.org/10.1080/00207543.2024.2377
691

Wang, Y. (2025). Quality control and preventive
maintenance site management of oil drilling
machinery equipment based on intelligent
monitoring. Academic Journal of Engineering
and  Technology  Science, 8(1), 50-55.
https://doi.org/10.25236/AJETS.2025.080108

Y o lols £ 0590 [VF+D JW/G)S%Q-IBW@"W

Kaewbumrung, M., Plengsa-Ard, C., Pansang, S., &
Palasai, W. (2024). Preventive maintenance of
horizontal wind turbines via computational
fluid dynamics-driven wall shear stress
evaluation. Results in Engineering, 22, 102383.
https://doi.org/10.1016/j.rineng.2024.102383

Khodayari, M., & Abdollahzadeh, S. (2018).
Proposing an approach to determine the
appropriate multi-product preventive and
maintenance policies using simulation and
MCDM. Industrial Management Journal, 10(2),
279-296.
https://doi.org/10.22059/imj.2018.248555.10
07365

Moshiri, S., & Rashidi Komijan, A. (2023).
Integrated  supply-production-distribution
model with the aim of profit maximization
(Case study: Zimaband Ariafer Factory).
System Engineering and Productivity, 3(1), 157—
184.
https://doi.org/10.22034/sep.2023.706146

Pourghader Chobar, A. (2022). Mathematical
modeling and problem solving Integrated
production  planning and  preventive
maintenance with limited human
resources. Journal of New Researches in
Mathematics, 8(39), 5-24.

Ramezani, K., Motamedi, M., Darvish Motevali, M.
H., & MehdiMovahedi, M. (2024). A Multi-
Objective Optimization Approach for Smart
Preventive Maintenance in High-Speed
Presses Using MOPSO and Real-Time
Reliability Analysis. Journal of Industrial and
Systems Engineering, 16(3), 118-130.

Ruiz-Castro, J. E., & Zapata-Ceballos, H. A. (2025).
Algorithmic modelling of a complex
redundant multi-state system subject to
multiple events, preventive maintenance, loss
of units and a multiple vacation policy
through a MMAP. Mathematics and Computers
in Simulation, 230, 165-192.
https://doi.org/10.1016/j.matcom.2024.11.005

Salehian, Z., & Jahan, A. (2022). Establishing a
reliability-based maintenance methodology in
a gas pressure reduction system. System
Engineering and Productivity, 1(1), 121-136.
https://doi.org/10.22034/sep.2022.243401

Sanchez-Garrido, A. (2024). On  Krylov
Complexity. arXiv preprint arXiv:2407.03866.
https://doi.org/10.48550/arXiv.2407.03866

Sénchez-Garrido, A. J., Navarro, L. J., & Yepes, V.
(2024). Sustainable preventive maintenance
of MMC-based concrete building structures in
a harsh environment. Journal of Building
Engineering, 95, 110155.
https://doi.org/10.1016 /j.jobe.2024.110155

Sedighi, A., Ghandehari, M., & Abtahi, S. M. (2025).
Condition-based preventive maintenance
planning of railway tracks: A genetic
algorithm-based mathematical model.



https://doi.org/10.1016/j.rineng.2024.102383
https://doi.org/10.22059/imj.2018.248555.1007365
https://doi.org/10.22059/imj.2018.248555.1007365
https://doi.org/10.22034/sep.2023.706146
https://doi.org/10.1016/j.matcom.2024.11.005
https://doi.org/10.22034/sep.2022.243401
https://doi.org/10.48550/arXiv.2407.03866
https://doi.org/10.1016/j.jobe.2024.110155
https://doi.org/10.22059/imj.2025.383567.1008199
https://doi.org/10.22059/imj.2025.383567.1008199
https://doi.org/10.22034/sep.2025.2051634.1264
https://doi.org/10.22034/sep.2025.2051634.1264
https://doi.org/10.1038/s41598-024-56436-0
https://doi.org/10.3390/aerospace11010092
https://doi.org/10.1080/00207543.2024.2377691
https://doi.org/10.1080/00207543.2024.2377691
https://doi.org/10.25236/AJETS.2025.080108

	1- مقدمه
	2- پیشینه پژوهش
	6- فهرست علائم
	مشارکت‌های نویسندگان
	تضاد منافع
	قدردانی
	مراجع

