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One of the most important management concepts in large and
manufacturing industries is the concept of maintenance, which has a
significant impact on productivity, optimal performance, and costs due to
sudden failures in manufacturing industries. Many maintenance managers
believe that using a proactive maintenance policy is more cost-effective
than other maintenance policies due to the longer life cycle of the
equipment, but there is no reliable evidence to prove this belief in
manufacturing businesses. The purpose of this paper is to design a
mathematical model to help managers in the decision-making process of
choosing the most appropriate maintenance approach from a cost-benefit
perspective. In this study, we used the gamma probability distribution to
estimate the time required for a failure event to occur in a pump, before
and after the failure. In this work, we examined the cost of three different
maintenance approaches (corrective, preventive, and predictive) by
considering different parameters. It was observed that the corrective
approach, due to the lack of a maintenance process, had the shortest life
cycle duration and the highest cost, while the predictive approach had the
longest life cycle duration and the lowest cost, and the preventive
approach was placed between its two counterparts. The mathematical
model in this study helps managers in this field to decide on the most
appropriate network policy.
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A Presentation a mathematical model to examine the economic advantages of maintenance strategies

1. Introduction

As a critical industry activity, with a significant
impact on costs and reliability, maintenance greatly
impacts a company’s ability to compete on low
price, high quality, and performance. Any
unplanned breakdown of equipment or machinery
can cause a reduction or interruption in a
company’s core business, potentially resulting in
significant fines and immeasurable loss of
reputation. For example, Amazon experienced just
49 minutes of downtime, which cost the company
$4 million in 2013. According to a market study by
the Ponemon Institute, organizations lose an
average of $138,000 per hour due to data center
downtime (Xie & Li, 2023). It has also been reported
that the operation and maintenance (O&M) costs
for offshore wind turbines account for 20-35% of
the total electricity revenue generated. (Gong &
Qiao, 2014) and maintenance costs in the oil and
gas industry range from 15-70% of the total
production cost (Bevilacqua & Braglia, 2000).
Therefore, it is crucial for companies to establish a
proactive and efficient maintenance policy to
prevent unexpected outages, improve overall
reliability, and reduce operating costs. The
evolution of modern techniques (such as IloT,
sensing technology, artificial intelligence, etc.)
indicates a shift in maintenance policies from
corrective maintenance (CM) to preventive
maintenance (PM) and predictive maintenance
(PdM). Predictive maintenance is widely believed
to be more efficient and economically beneficial
than other maintenance policies, However, there is
very little research to confirm this assumption in
manufacturing industries. To measure the cost
advantages of predictive = maintenance, a
comprehensive approach to perform cost analysis
of maintenance across all policies needs to be
developed. However, limited efforts have been
made in this area. The main advantage of this
research over previous studies is that it provides a
method for modeling a failing equipment and
relating the repair costs to the mathematical
method presented, so that by calculating the costs,
it will be possible to compare different
maintenance approaches. The aim of this research
is to develop a model for making maintenance
decisions that simultaneously calculates the impact
on cost and the environment. The result of this
research will open wup bright horizons for
maintenance managers who favor predictive policy.

2. Methodology

In this study, we used continuous probability
distributions (gamma) to estimate the time

required for a pump failure to occur before and
after a failure in a petrochemical complex. We also
performed interventions by the repair expert in the
direction of the studied pump failure to check that
the cost related to three approaches, before and
after the failure, has undergone changes .In this
work, we investigated the cost of three different
maintenance approaches (corrective maintenance,
preventive maintenance, and predictive
maintenance) by considering a significant number
of parameters (before and after the occurrence of
failure). To implement the proposed method in a
practical and realistic way, a vacuum pump was
used.

3. Results and Discussion

This paper investigated the economic advantages of
different maintenance approaches by simulating a
number of scenarios. Due to the regular monitoring
time in the preventive approach, we see the
difference in standby time and cost. Therefore, for
this approach, five different times were considered
for monitoring the condition of the equipment, but
corrective  and predictive approaches were
excluded from this rule due to not having regular
time intervals. The parameters related to this
research include the duration of standby time, the
number of maintenance and repair times by the
expert, the costs associated with each cycle, and
the scalability of the unitized cost per unit of time
with and without equipment failure was calculated.
It was observed that the corrective approach,
because the maintenance and repairs process does
not take place in it, has the shortest duration in
terms of readiness for operation and has the
highest amount in terms of cost, and in contrast to
the predictive approach, it has the longest duration
in terms of readiness for operation. In terms of time
and cost, it has the lowest value compared to other
approaches. In terms of readiness and cost, the
preventive approach is between the other two
approaches, which means that with the increase in
the monitoring time of the equipment, the duration
of readiness for operation is reduced due to the
decrease in the maintenance frequency. Less,
decreased.

4, Conclusions

The limitations that can be seen in this research are
that the investigation of the subject of this research
was done during a one-year simulation process,
which has a meaningful distance with the real
environment to access more authentic data and the
possibility of correct and suitable comparison for
managers. There is no maintenance area. It is better
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than this model to investigate sensitive machines in
the oil and gas and petrochemical industries in a
real environment as research for later, where more
effective and original parameters, such as the actual
impact of machine out of service on production
costs, is considered to be applied so that the
possibility of comparison in the real world is more
visible and tangible. As a suggestion for researchers
for future research, it would be appropriate to use
sensitivity analysis (examining the influence of
variables) for rotating equipment failure models to
what extent it affects the selection of maintenance
approaches.
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maintenance with the model (Orhan & Celik,
2024).
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Figure 4. Destruction simulation for different
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