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ABSTRACT

Maintenance costs are one of the major costs in plants and companies. The
observation in many cases illustrates the lack of plans or mistakes in maintenance
activities that incurred great costs. In this study, the number of equipment failures
have been determined. Then the failure rate and reliability of each equipment are
calculated. The third step calculates total system reliability so the initial plan is
presented. After that, by using the obtained information, the sustainability aspects
of the program will generate and the maintenance costs and sustainability functions
will assess. At the end, this multi-objective optimization problem is solved by
MOPSO algorithm and the results are compared with a simulation method. As a
result, with this reliability centered maintenance program, the reliability of each
equipment, as well as the whole system are improved; economic aspect of
sustainability and customer satisfaction are increased; environmental pollutions and
maintenance costs are decreased by offering more reliability based program; a

scheduling plan for each maintenance procedures is provided and also more stable
internet connection is established by reducing the system failures.

1. Introduction

In today’s world of fast-moving global economy and fierce competition, maintenance has been
recognized as a key factor to quickly respond to market opportunities. Maintenance is no longer
regarded as being a necessary evil concerned primarily with corrective actions, but rather as a means to
an end, which significantly contributes to the achievement of the organization’s main objectives.

Maintenance involves actions to control or prevent deterioration process that may lead to device failures
and returns that equipment to its operational condition through corrective maintenance [1]. The
importance of maintenance becomes greater due to its unique role in preserving and improving product
quality, accessibility, and also safety requirements. Therefore, selecting the appropriate maintenance
strategies is one the most important decision-making activities in various industries [2]. Maintenance
in factories and industrial places plays a critical role to determine productivity. The main aim of
maintenance is reaching to the least failures and keep devices at the lowest possible cost of operating
condition. Therefore, maintenance shouldn’t be considered as a costly activity, but also consider as a
profit generating operation. Maintenance also increases different aspects of business like productivity
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and profitability. The loss output of a day that arising from an unplanned stop, never reverses without
additional costs such as overtime working and rewards to employees [3].

Various approaches have been investigated by researchers to cope with maintenance problems in the
past decades as the concept has gained popularity. These may include lean maintenance and Total
Productive Maintenance (TPM) [4]; proactive maintenance [5]; predictive maintenance [6]; Risk-Based
Maintenance (RBM) [7]; agile maintenance [8]; selective maintenance [9]; virtual maintenance [10],
and so on.

In the past decades, social, cultural, and technological changes have contributed to emergence of
quantitative treatments and rational frameworks for the reliability analysis of engineered systems [11].
Numerous books and papers are witnesses of this fact [12-14]. In this regard, Reliability Centered
Maintenance (RCM) is an effective way to proceed for establishing maintenance programs in practice
[15, 16]. It directs maintenance efforts towards those systems and sub-systems which are critical in
terms of reliability, production regularity, and safety [11]. However, the basic approaches are not
sufficient to cope with many realistic settings. Therefore, many of their extensions have been considered
and extensively studied [17-19].

Many studies have focused on development of maintenance optimization models to identify the best
suitable maintenance actions and strategies [20-23]. Such models can be of different types, but they are
all tools for balancing costs and benefits. By investigating the relationship between costs and benefits
associated with each maintenance alternative, the optimal blend of maintenance strategies can be
determined [24].

Recently, the concept of sustainability has attracted much attention of both academics and practitioners,
however contributions which apply this concept in maintenance problems are very few. Keivanpour
and kadi [25] proposed a conceptual framework to simultaneously integrate reliability, economic,
environmental and social performance of maintenance activities. Saniuk et al. [26] investigated the role
of maintenance in the sustainable developing practices. Ba et al. [22] presented a joint optimization of
preventive maintenance and spare parts inventory, while minimizing CO;emissions. Sabatino et al. [27]
proposed a sustainability-based maintenance optimization problem of highway bridges which provides
decision makers with optimal life-cycle maintenance actions. The main objective of their framework
was to reduce the extent of the impact of structural failure to sustainability dimensions. Their bi-
objective problem was solved using a GA-based optimization approach.

As mentioned above, almost all research papers conducted with reducing maintenance costs as a
primary goal. Providing maintenance schedule can both reduce costs and systemize this process in
various industries. In RCM method that is also focused on this study, there are some important goals
such as reliability, reduce mean time to failure, reduce failure probability and improve quality.
Sustainability in maintenance is a new and hot topic for researchers but there isn't many studies in this
field and most of those papers that research in this area, just identified the sustainability aspects. These
issues motivate us to introduce RCM approach that considers risks on sustainability aspects. Then this
problem has been solved by MOPSO. Rest of the paper is organized as follows: Section 2 describes the
Methodology, Section 3 introduces the MOPSO algorithm, Section 4 illustrates results and Section 5
provides conclusions.
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2. Methodology

The methodology of this study is an extension of the work by Sabatino et al. [27] to simultaneously
incorporate reliability and sustainably-based procedures into an optimization procedure. The first step
is introducing the list of intended equipment or devices and determine the system boundary. In fact, the
identified those items that could effect on equipment and system [1]. In next step, maintenance experts
need to highlight the potential equipment failures and determine that each equipment suffers what kind
of damages and then try to find the critical causes of each of these failures. After that, expert should
determine the harmful consequences of these failures [28]. All of this information can be taken by
historical archive and general interviews with industrial maintenance experts.

In next step, according to the number of equipment failures during a time period and regarding its
distribution, the reliability of each equipment has been specified and as a result, the system reliability
can be calculated. After that, the risks of each aspect of sustainability has been identified. This can be
done by using questionnaires or interviews with industrialists. It is obvious that the next step would be
accessing these identified risks aspects of sustainability.

Eq. (1) calculates the reliability for each equipment and Eq. (2) assesses the most important formula -
System Reliability- that creates a connection between two main objectives.

R, = e~(t/0)" 1)
RT=1_[Ri i=1,..n @)
i=1

In the next step, the risks associated with the sustainability dimensions are identified based on experts’
opinions. Eq. (3) denotes the 1% risk attitude for economic impact [29]. This formula calculates the
relaunch equipment costs risk. Eq. (4) denotes the 2" risk attitude for economic impact [30]. It assesses
lost profits risk due to the dissatisfaction of costumers and the probability of changing their company.

(1-Rp*XL, G

RAgco1n = A+t ,i=1,...,n (3)
(1 —=Rp) * [(ny *Z * cp * ) + (N * (1 — 2) * ¢ * f)]
RAgcoz2t) = Atr ) 4)

In Eq. (5), MDT shows the mean down time and it will be obtained by 9 different times that involves
realization time, access time, diagnosis time, spare part procurement time, replacement time, check out
time, alignment time, logistic time, and administrative time [31]. This equation evaluates 1% risk attitude
for social impact and uses for assessing subscriber lost time risk. Then, in Eq. (6) the distance imposed
to subscriber risk has been evaluated [27]. Also, Eq. (7) represents the cost per hour lost risk [30].
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Eq. (8) and (9) illustrate the carbon dioxide generated risk and the amount of energy consumed risk,
respectively [27, 32].

RAgNv1(t) = (1 = Ry) * (CD) * [(fy * ) + (fr * dp)] @)

RAgNv2 (1) = (1 = Ry) * (EC) * [(fy * dpp) + (f * dp)] 9)

A number of time-based maintenance actions are specified as all possible required actions for the system
and its components, so that the final optimal maintenance plan is a set of these actions. A maintenance
action is assigned to a component based its desired level of reliability, which itself is based on the
percentage failure that can be tolerated by that component as its acceptable failure level. Eq. (10)
calculates the maintenance costs for each maintenance action [33].

NC

CMaintenance = z (CMl,i * (le,i) + CMZ,i * (dDZ,i) + CM3,i * (dD3,i)) (10)

1

A maintenance plan details the type and timing of maintenance actions and it desirability depends on
the risks-attributes associated with the sustainability dimensions. In other words, the risk-attributes
capture the economic, social, and the environmental consequences of failures. However, these risks-
attributes are measured with different units and thus are not directly comparable. This implies need for
establishing a consistent range of values that each attribute may take. Therefore, the utility theory is
used to normalize the value of each attribute to a number between 0 and 1. The formulation of the utility
function corresponding to each attribute depends largely on the knowledge and preferential
characteristics of the decision maker.

Below, Egs. (11-17) describe the utility function for each sustainability aspects. They can be risk-
aversion (y>0) and risk-acceptation (y<0) [27].

T e R e w
T ™
s = Py 1o - e ®
T e w9
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1 [ RAENVImax — RAsoenvi
U - 1—exp<—y* )] 16
RAENVI =9 _exp(—y) | RAgNVImax — RAENVIMin (19
1 [ RAENV2max — RAgNv2
U e — 1—exp<—y* )] 17
RAENVZ =9 _exp(—y) | RAgNV2max — RAENV2min ()

Monotonically decreasing functions are used to effectively represent the relative utility of detrimental
consequences of the failures. The final utility function takes into account the weighted relative utility
value corresponding to each attribute involved. It is important here to note that each major attribute
within the presented approach may be associated with several sub-attributes, which are incorporated
into the function by using the same approach as described above.

This function depicts a sustainability metric that effectively weighs the extent of impacts to the
economy, society, and the environment. At the end, Eq. (18) illustrates the first objective that describes
the amount of sustainability. Each sustainability aspects, based on decision-maker has its own weight
(Keco, Ksoc and Kenv). The summation of both 3 aspects, describes the total sustainability function, and
Eqg. (19) shows the second objective that describes the maintenance costs utility function. The higher
amount of this 2 objective gives better performance.

Ug = Max [(Kgco1 * Ugcor) + (Kgcoz * Ugcoz) + (Ksoc1 * Usoc1) + (Ksocz * Usocz) + (Ksocs

18
* Usocs) + (Kenvi * Ugnvi) + (Kenvz * Upnvz)] (18)
1 Cmax - CMaintenance)])
U o (1 —exp(—y) ) [ =P < v Crnax (19)

The proposed optimization model is adjusted for the maintenance activities of a local Internet Service
Provider (ISP). Through this, an optimal maintenance plan is specified for the ISP’s equipment (i.e. a
number of server racks contain multiple electronic modules) that are located in the midtown building
of the telecommunications company.

Each single attribute may monotonically decrease functions that are employed to effectively depict the
relative utility of detrimental consequences of the failures. A final multi-attribute utility function is
developed that considers the weighted relative utility value corresponding to each attribute involved.
This function represents a sustainability metric that effectively weighs the contribution of impacts to
the economy, society, and the environment.

The utility theory is applied to normalize the values of sustainability and maintenance cost to numbers
between 0 and 1. The formulation of the utility function corresponding to each factor depends largely
on the knowledge and preferential characteristics of the decision makers. The final utility function takes
into account the weighted relative utility value corresponding to each attribute involved. It’s clear that
increasing the utility theory could give better performance. So, the main aim is to maximize both goal
functions. Table 1 shows the parameter definition of this study.
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Table 1. Parameter definition.

Symbol Definition Unit

Rt System Reliability %

Ci launching Cost for device i $

0 Usage rate for Household consumers per ADSL line Person
0, Usage rate for Household Corporate per ADSL line Person
Ts The average household subscribers percentage of total server traffic %
MDT Mean Down Time Hour
Nm The number of failure reports announced annually Number
dm The average distance of customer's home to the corporate Km?

fm The number of subscribers come to company annually Person
dr The average distance of corporate to telecommunications companies Km?

fr The number of experts went to telecommunications companies annually Person
EC The amount of energy consumed Kj/m?
CD The amount of carbon dioxide produced Kg/m?
A Risk Number
z Failure announced percentage for home subscribers %

Ch The average cost per household service $

Cy The average cost per corporate service $

fh The dissatisfaction percentage of failures announced with household subscribers %

fi The dissatisfaction percentage of failures announced with corporate subscribers %

dpij If equipment i order j maintenance method 0,1Variable
Cwmi,j Maintenance cost for equipment i when j maintenance method perform $

NC Total number of equipment Number
Chy, Internet outages cost per hour for household subscribers $

Chy Internet outages cost per hour for corporate subscribers $

2.1 Case Study

This work performed in Sabanet ISP' Internet Service Provider Company located in Isfahan, Iran. This

company like other ISP companies has a number of racks located in one of the telecommunication’s
company’s rooms called PAP room. In these racks, there are some equipment and devices that have
connected to each other. Eight equipment are identified in racks. These types of equipment are the first
and the most important point to get permission to access the internet. If one of these equipment fails,
people who used this ISP couldn’t access the internet. So the most critical place for these companies is
performing the best maintenance activities to reduce the failure probability for these equipment. Fig. 1
shows the rack equipment of this ISP Company.

"Internet Service Provider
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Fig. 1. Rack equipment.

In the first step, the intended equipment must be identified. Based on the equipment history and the
number of failures in the desired timespan, the failure rate of each equipment calculates. The next step
referres to determine the relevant distribution and assess the reliability of each equipment. Then the
total system reliability is calculated. In next step, the risks of each aspect of sustainability is identified.
In this study, two risk instances were determined for economic aspect: Lost profits risk and relaunch
equipment costs risk. Two risk were considered for environment aspect: The carbon dioxide generated
risk and the amount of energy consumed risk. And finally, three risks were considered for social aspect:
Subscriber lost time risk, Distance imposed to subscriber risk, and the cost per hour lost risk. Fig. 2
describes the proposed algorithm to solve this problem.
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Fig. 2. Proposed algorithm.
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3. MOPSO Algorithm

Particle Swarm Optimization (PSO) is a stochastic optimization technique that is similar to evolutionary
algorithms. This algorithm has been modeled after the invasion and accumulation of animals and their
behaviors. Unlike other methods, PSO doesn’t produce new samples. This algorithm doesn’t select any
sample, instead, PSO saves a significant statistically population whose members were optimized in
response to new discoveries. This technique was developed by James Kennedy and Russell Eberhart in
90s [35].

Like as differential evolution, PSO almost exclusively works in multidimensional space and on real
intervals, because the PSO candidate answers mutated to discover the best solution that really requires
a metric space. Due to using in real spaces and because the PSO has been inspired by swarms, PSO
algorithm tends to referral to candidate answers as a particle swarms. These particles never die. In
contrast, mutations execute in surrounding space and replaced particles. A particle consists of two parts:
Particle place in the space and particle velocity. Each particle will start at a random location with a
random velocity vector [34].

PSO algorithm is different from evolutionary algorithms. These differences are in the parents’ nature,
selecting, and parameter setting method that are mentioned in the following:

— In PSO, parents’ information includes the shared particle evolutionary optimization.

— PSO doesn’t include an explicit selection function of processing evolutionary optimization.
— PSO uses a guided mutation operator to manipulate individuals.

— There is no mechanism for PSO to adapt velocity step for the right amount of space.

In MOPSO, the velocity and position update are equals to what has been in a single PSO. All parameters
are like PSO algorithm except the objective function that is a multi-objective. The mathematical formula
for MOPSO is as follows:

Vit+1 — int +cy1y (Xpbest - Xlt) +cyry (ngest - Xlt) (20)

X = Xf+ Vit (21)

That w equals the inertia weight, ¢, is the cognitive acceleration factor, c, is the social acceleration
factor, ryand r» are the random variables between 0 and 1, Xphest iSthe best individual particles, Xgpest iS
the best global particle, X equals the current situation of i-th particle in iteration t and V\+? is the ith
particle velocity in iteration t [35]. Multi-objective particle swarm optimization algorithm basis is as
follows:

— Create the initial population.

— Initialize the velocity each particle.

— Evaluate each particle of the population.

— Separating non-dominated members of the population and store them in another archive.
— Tabulation the discovered purpose.

— Each particle of the archive, select the leadership and moves.

—  The best memory of each particle is updated.

— Non-dominated members are added to the current population archive.
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— Dominated archive members will be deleted.
If the archive numbers exceed the determined capacity, additional members will be removed
If the conditions are not fulfilled, then returns to Step 5; otherwise, stop the algorithm.

4. Results

In the first step as we highlighted before, we identified the critical equipment and calculate the failure
rate and reliability based on the number of failures and mean repair time in 1 year that are demonstrated
in Table 2. It must be noted that these values are the current situation of the company. By testing the
time between failures of each equipment, the Weibull distribution was used to calculate their reliability.
Then the total system reliability was evaluated and showed 0.01546. Then we defined a rule based on
the equipment reliability to identify its maintenance actions.

Table 2. Reliability of equipment.

. Data .
. DSLAM PDB Main . Copulative
Equipment DSLAM Card Fuse Cable Fan Terminal Pa_re Cables
Wires
Number of g 29 21 31 17 42 53 25
Failures
0 9.76 7.2 111 8.71 7.95 5.82 4.4 7.26
B 2.48 2.07 2.03 1.84 141 2.41 1.24 1.53
Reliability  0.8266 0.6249 0.8203 0.6976 0.5945 0.4998 0.3098 0.5682

If 0.8 < R; < 1.0, then select the 1* maintenance action.

If 0.5 < R; < 0.8, then select the 2" maintenance action.

If 0.0 < R; < 0.5, then select 3" maintenance action.

By this rule, the primary maintenance program was presented. Error! Reference source not found.
illustrates the current situation of maintenance program based on the equipment reliability. Also, Table
4 defines the amount of each parameter that was assumed in this study. Table 5 shows all times that
evaluate Mean Down Time.

Table 3. Primary maintenance program.

; Copulati
Equipment DSLAM DSLAM ~ PDB Main Fan Terminal Da}ta Pare ve
Card Fuse Cable Wires Cables
Reliability 0.8266 0.6249 0.8203 0.6976 0.5945 0.4998 0.3098 0.5682
Maintenance 1 2 1 2 2 3 3 2

Strategy
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Table 4. Amount of parameters.
Parameter Value Parameter Value Parameter Value
Ci 8*10°¢ Cmi1 8*10° Ca2 5*10*
C 17*10° Cmi2 25*10° Cies 10*10*
Cs 85*10* Cmis 6*10° A +lor-1
Cs 5*10° Cm21 13*10* ch 73*103
Cs 12*10° Cm22 75*10* cf 184*10°
Ce 45*10* Cm2s 15*10° fh 4%
Cy 15*10* Crmat 15*10* ff 9%
Cs 10*104 Cma2 18*104 MDT 21.583
nm 6*103 Concs 5*108 RAECON1max 107*10°
dm 125 Crnet 75%10° RAECON1min 85*10°
fm 850 Crnaz 11*104 RAEcoN2max 42*106
dr 9.2 Crnaa 38*10* RAgcoNamin 15*10°
fr 930 Const 5*10¢ RAENY1max 15*10°
EC 3.8 Cons2 28*10° RAENV1min 18*10?
cD 0.25 Conss 12*10° RAENV2max 135*10°
chh 8.33 Cone 3%108 RAgENv2min 9*10?
chf 21 Cres 3%108 RAsocimin 218*10°
0: 10.2 Conrt 3*10¢ RAsocpmax 48*103
T, 63% Conrz 8*10* RAsocrmin 6*102
01 3.4 Conrs 10*10* RAsocamax 55*10°
z 6 Cont 3%104 RAsocamin 67*10*
Cre2 5%10* RAsoc1max 145*10° - -
Table 5. Mean down time.
2 N .
E — 5 - % c
£ b = 2 3 © > 2 A N
[5) £ L g) 8 — - O ) b =
£ xS g = £ & = 8 3 S
[ < - < (@) o n o [a) < x
= . 025 18 0.083 0.167 0.583 0.167 0.33 0.5 15
Es
GE

First, we solved this multi-objective optimization problem with MOPSO with MATLAB (R2015a)
software. For our experiments, we utilized a Personal Computer (PC) equipped with an Intel® Core™
i5 5200 @ 2.20 GHz CPU and 8GB of RAM running Microsoft Windows® 10 Ultimate™. Table 6
illustrates the values that used in this algorithm for solving the problem.
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Table 6. Values used in the algorithm.

Variable Value

Iteration 300

Population size 50

Repository Size 300

Personal learning coefficient 2

Global learning coefficient 2

Mutation rate 55%

Leader selection pressure () 3

Deletion Selection Pressure 2

Inertia Weight 0.7

We want to solve this problem either for risk-acceptance models and risk-aversion models. It’s clear
that in the different iteration of the algorithm we may take different solutions. Table 7 represents the
best solutions that MOPSO found between all possible solutions for risk-acceptance models. As it
shows, there are four optimal maintenance programs that are different in their objectives amounts. The
goal is to maximize both objectives. All of these solutions give better performance than the current
program. This iteration was implemented in 17.449 seconds.

Table 7. Proposed maintenance program with MOPSO for risk-acceptance models.

The objective amounts of each program

Sustainability

@

o

The proposed = > §

maintenance program o g = =

£ s s S

2 s = =8 €

8 3 2 5% 3

L %) L [ >
[11131111] 0.9603 0.9490 0.9541 0.9549 0.9089
[11231111] 0.9611 0.9651 0.9850 0.9685 0.9070
[11112111] 0.9601 0.9312 0.9411 0.9435 0.9135
[11111111] 0.8508 0.8850 0.8701 0.8674 0.9273

Fig. 3 shows the Pareto optimal solutions for risk acceptance models. Fig. 4 specifies that when
sustainability utility increases, the maintenance cost utility decreases. But the differences between them
are very close and negligible. Also, Fig. 4 proposes maintenance program objective functions for risk-
acceptance models. Fig. 5 represents the sustainability aspects of this program and all three aspects,

increase constantly and have been placed in the range of [0.85-0.99].
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Fig. 3. Pareto optimal solutions for risk-acceptance models.
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Fig. 4. Proposed maintenance program objective functions for risk-acceptance models.
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Fig. 5. Sustainability aspects for risk-acceptance models.
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Now, we concentrate on risk-aversion models. Like previous one, MOPSO algorithm ran for finding
the best solutions. Table 8 proposes maintenance program with their objective function values. This
iteration was implemented in 18.561 seconds.

Table 8. Proposed maintenance program with MOPSO for risk-aversion models.

The objective amounts of each program
Sustainability

%]

o

The proposed maintenance = §

program L L 3 S

E E g 5

c .8 c < £

8 <3 3 IR 3

| %) L = 3 =

[12121133] 0.94 0.96 0.96 0.9527 0.7263
[11111111] 0.89 0.81 0.88 0.8582 0.8243
[11111231] 0.95 0.94 0.95 0.9466 0.8128
[12122123] 0.97 0.94 0.97 0.9601 0.7015

In this iteration, accidentally, four optimal solutions were obtained. As it has been specified in Fig. 6,
the objective values are not good as risk-acceptance one. Fig. 7 demonstrates this problem better. Like
previous one, by increasing sustainability utility, the maintenance costs utility decreased but the most
differences with that are the maintenance utility values which much less than the risk-acceptance model.

On the other hand, the sustainability aspects increase during these four programs that are recognized in
Fig. 8.

0.98 T T T

Sustainability Utility
o °
S © ©
© X} kN
T T T
1 1 1

e

o

=]
T

0.86 |- * 1

0.7 0.72 0.74 0.76 0.78 08 0.82 0.84
Cost Utility

Fig. 6. Pareto optimal solutions for risk-aversion models.
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Fig. 7. Proposed maintenance program objective functions for risk-aversion models.

0.95
0.9
0.85
0.8
0.75

0.7
1 2 3 4

Maintenance Program

e FCONOMIC emm==SQCjal es===Environment

Fig. 8. Sustainability aspects for risk-aversion models.

All of the Pareto solutions that were determined above can be used as an optimal maintenance strategy
with the maximum amount of both objective functions. It must be noted another time, because of the
various number of strategies, we decided to solve this with a meta-heuristic algorithm. It may take an
illogical solving time if we want to use such an exact method. By viewing the solutions, we can identify
that MOPSO gave better performance with better results in a very short time; furthermore, it gave more
diverse solutions so the decision-maker can choose the maintenance strategy more easily.

It is important to know that the upper and lower limits of sustainability aspects, could effect on solutions
quality. Another one is the sustainability aspects weights that refer to decision-maker and the type of
the problem. In this study, we assumed 0.40 for economic aspect, 0.35 for the social aspect, and 0.25
for environment aspect.
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5. Conclusion

With the increasing spread of the internet and the advent of social and scientific networks, uninterrupted
and rapid access to the internet become a basic requirement for all people in all over the world. The use
of information and communication technologies with specific and unique features, such as ubiquitous,
availability, and high speed is growing increasingly. Increasing the number of internet users in the
country and also being various ISP companies, makes it vital to assess the client needs and provide
guality to meet their needs in order to attract new customers and retain existing ones. Maintenance cost
is one of the most critical costs in all companies. For these reasons, this study aimed to determine
equipment maintenance in PAP room for Sabanet Company. First, a list of equipment prepared and
specified the number of failures by using their information. Then the reason for failures and also the
consequences of them were identified. In next step, the failure rate and the reliability of each equipment
were evaluated and the primary RCM strategy determined. After that by finding the risk attitude for
each sustainability aspects, the utility of each aspect was calculated so the total sustainability utility was
evaluated. Then each maintenance actions costs was determined and by using the maintenance cost
function, the amount of maintenance costs utility was determined. Due to various types of maintenance
strategies, we used MOPSO algorithm to solve this multi-objective problem. Then we used a novel
simulation method to compare with MOPSO algorithm. The results specified that MOPSO gives better
performance than simulation method in both risk-acceptance and risk-aversion models. And also both
methodologies were much better than current maintenance strategies. The proposed maintenance
strategies highly reduced the emergency maintenance that can harm equipment. As a result, the Mean
Time between Failures (MTBF), Mean Time to Failure (MTTF) decreased and the system reliability
and also equipment lifetime became greater. Some of the most important results of this study
demonstrate below:

— Increasing equipment reliability and system reliability.

— Increasing the economic utility by reducing the risks of system failures and loss the costumers.

— Increasing the costumer’s satisfactions with reducing the social risks.

— Decreasing the environmental pollutions by reducing the transportation for both costumers and experts
for maintaining failures.

— Reducing the maintenance costs by providing the accurate RCM strategies.

— Providing maintenance schedules for each procedure.

For future study, we suggest implementing this methodology for parallel-series systems. This novel
study can use in various industries with different types of risks that can influence on sustainability
utility. It’s challenging to solve this problem with other meta-heuristics or try to compare it with exact
methodologies.
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