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Abstract: Today, one of the most important issues in the field of optimizing
production systems is machine maintenance and repair policies. Also, in
manufacturing industries, maintenance and repair costs account for about 30
percent of total current costs. Therefore, maintenance and repair should be
considered as a main pillar in manufacturing industries. If maintenance and
repair intervals are not considered in quality control and production scheduling
for reliability control, interruptions caused by maintenance and repair
interference for reliability control may lead to unfulfilled demand. For this
purpose, this research presents the creation and development of a new method
for evaluating reliability in a maintenance and repair system. To design the
research model, first, all factors affecting reliability in the maintenance and
repair system were carefully examined and extracted; then, using the opinions
of respected professors as well as specialists and experts in this field, some of
them were eliminated and some were added. Among the factors affecting the
reliability of a maintenance and repair system is the level of repairability of
equipment and machinery, the quality of the maintenance and repair system,
the level of use of modern quality control methods, the level of use of reliability
improvement programs, the level of achievement of international standards, the
level of employee training, the level of employee skill, the level of ability to meet
customer needs, the level of ability to detect changes in the system, the level of
customer satisfaction, etc.
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Extended Abstract

Introduction

Quality control and scheduling is a decision-making process that is used in many service and
manufacturing industries based on certain principles (Wakiru et al., 2018; Zahedi-Hosseini et al.,
2017). Quality control and scheduling can be defined as the allocation of limited resources to
activities over time, with the aim of optimizing one or more performance measures (Huang et al.,
2020; Zhang et al., 2017). In a manufacturing environment, existing machines are considered as
resources and operations of a manufacturing process are also considered as activities. Various
objectives are also considered in quality control and scheduling problems (Upasani et al., 2017).
In quality control and production scheduling, resources are usually called machines and activities
are called work. Quality control and production scheduling problems are studied in various
environments, including the manufacturing system environment. This manufacturing environment
has many applications in real-world problems, and many industrial processes, including metal
smelting, automotive, chemical, food, and oil industries, can be modeled as a manufacturing
system problem.

The purpose of this research is to conduct maintenance and repairs using a system dynamics
approach to properly maintain rotating machinery in the oil industry. Thus, the problem can be
considered from two different perspectives. The first perspective is related to quality control and
scheduling of production work, and the second perspective is related to planning maintenance
activities for reliability control.

Theoretical framework

From the perspective of quality control and production scheduling, the rotating machinery problem
in the oil industry is defined as a permutation production system. In other words, the jobs must be
processed by the machine, while the order of operations on the jobs and the order of operations on
the machines are the same. The performance criterion in this part is to minimize the manufacturing
time. Thus, this part of the problem seeks to permute the manufacturing jobs so that the
manufacturing time is minimized. From the perspective of maintenance and repair, the machines
are subjected to maintenance activities for reliability control. Maintenance and repair for reliability
control are a set of activities that reduce the probability of system failure (increase system
availability). Maintenance and repair activities can be performed in between production jobs on
the machines. The time to perform maintenance and repair activities on each machine and the
number of these activities are defined as decision variables. The performance metric considered
in this section is minimizing system unavailability (Yan et al., 2018; Zhang et al., 2019).
Production tasks and maintenance activities for reliability control should be assigned to achieve a
common goal, which is to maximize the efficiency of the system. Therefore, a balance should be
sought between production and maintenance objectives. Hence, the problem is considered
multivariate and the ultimate goal is to have a system that provides maximum availability of
machines (maintenance planning objective), so that jobs can be processed in the shortest possible
time (quality control and production scheduling objective). Each system is usually part of a larger
system in a hierarchy; in other words, it is a subsystem of a larger system (supersystem). Also, a
subsystem does not necessarily belong to only one supersystem. If a change occurs in one of the
subsystems, its consequences must be examined in all its supersystems. As can be seen in Figure
1, the repair system, as a subsystem, is part of the larger quality and production systems, and to
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examine a change in a repair system, its consequences in both the quality and production systems
must be examined.

Methodology

The problem-solving procedure in this research is defined as follows: to evaluate and control the
reliability in a maintenance and repair system, after receiving the observed reliability values of
each of the equipment and machinery, which is indicated by R(i), to control the reliability level in
a maintenance and repair system, or in other words, to bring the system under control, both the
system dynamics approach and the CUSUM control chart can be used, so that ultimately the
expected reliability level of the system can be achieved. In order to design the research model,
first, all the factors affecting the reliability in the maintenance and repair system were carefully
examined and extracted; then, using the opinions of respected professors and also specialists and
experts in this field, some of them were eliminated and some were added to them.

Discussion and Results

Most organizational learning about organizational issues is through trial and error, usually after
making bad decisions. However, many mistakes gradually erode the system's capabilities and have
a disproportionate impact on the system as a whole. Modeling is the best way to test the impact of
new ideas on systems. Using these models, managers will be able to test new policies, discover
new ways of thinking, and identify hidden lever sensitivities and pressure points on companies.
The simulated model is implemented after design. This simulation was implemented over a two-
year time horizon.

The reliability of the maintenance and repair system has shown a linear and increasing trend. The
failure rate has shown a decreasing trend as an exponential distribution function, so that this rate
has reached from about 4.5 at the beginning of the first month to almost zero at the end of the
simulation period. The quality of the maintenance and repair system has also shown an increasing
trend.

The number of quality improvement programs has been assumed to be constant during the period
and is 2 programs per month. The number of equipment and machinery failures, like the failure
rate, has shown an exponential distribution function. This rate has reached from about 45 machines
at the beginning of the first month to about zero machines at the end of the 24th month, that is, at
the end of the simulation period. The number of machinery and equipment repairs has decreased
after about six months from the beginning of the simulation period, which had an almost constant
value. The level of security of machinery and equipment has increased significantly after about
two months.

Employee productivity is another effective factor in improving the system, which has also
increased during the period, from about 70 units at the beginning of the period to about 85 units at
the end of the simulation period. Employee satisfaction has increased stepwise, from about 230
units at the beginning of the period to about 250 units at the end of the period. The use of modern
quality control methods has fluctuated greatly, varying between 10 and 20 times per month.

The number of customers has had a linear and increasing trend. This has increased from about 20
customers at the beginning of the first month to about 40 customers at the end of the 24th month.
The market share has also fluctuated greatly, reaching a minimum of 1,000 and a maximum of
28,000 units per month. Marketing costs have increased stepwise, from zero units at the beginning
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of the period to about 45,000 units at the end of the period. The degree of variability in customer
needs has also fluctuated greatly and has remained variable throughout the entire period.

Conclusion

In this article, an attempt was made to present an appropriate and systematic method for
solving complex and multidisciplinary problems of the current world, especially the
management of maintenance and repair projects; because solving the aforementioned
problems with current mathematical and linear methods will be accompanied by
limitations and problems and will not be able to provide completely realistic results. For
this purpose, one of the appropriate methods is to use system dynamics. It is clear that
changes do not occur all at once and have a dynamic process and, for this reason, they
arise from the interaction of various factors; because understanding and controlling
dynamic phenomena is not easy; it leads to an increase in their complexity, which makes
it very difficult to identify the appropriate direction for change.
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System Dynamics Equations in The Maintenance System Units
reliability
improvement IF THEN ELSE (preventive maintennace>=5, 5, 2) 1/Month
programs
failure rate 1/reliability 1/Month
international
standard using modern quality control methods*thoroughness of risk assessment Dmnl
achievement
control chart usage RANDOM UNIFORM (0, 10, 0)*thoroughness of risk assessment 1/Month
. - time for improvement efforts-SMOOTHI (process problems*optimality of
defect introduction maintenance system*ability to see impact of variability on system, 2, 0) Dmnl
confidence in EXP (ability to meet customers' need) Dmnl
product
average quality+effect of employee productivity on maintenance
quality+effect of material quality on maintenance quality+effect of quality
improvement programs on maintenance quality+effect of using modern
maintenance quality quality control methods on maintenance quality+employee Dmnl
productivity+employee satisfaction+material cost per machine
maintenance+price+skills+using modern quality control
methods+availability+maintainability.
obsorbing customer IF THE’[\I E_L_SE (number of r_narketing prggram>0, number of marketing
b Ketin program*efficiency of marketing program*RANDOM UNIFORM (20, 30, person/Month
y mar g 0), 0)
reward to staff IF THEN ELSE (employee productivity>80, average reward, 0) dollar/Month
skills INTEG (skills learned-skill lost, 10000) points
— L —
skills learned number of training*number of staff that training*training efficiency points/Month
skill lost skills*loss rate points/Month
current investment o ]
INTEG ((government subsidies-governement tax)*profit, 100) dollar
marketing cost+material cost+staff cost+training cost+reward cost+failure
cost before tax - Dmnl
cost+reworking cost+wastage cost+other cost
inflation 0.008 1/Month
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