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Purpose: This paper aims to propose a flow shop scheduling problem for equipment overhaul. This
problem consists of three stages, the separation of the components of an equipment is done in the first
stage. Repairs and overhaul operations are carried out on the separated parts of the first stage in the
second stage. Finally, the overhauled parts of the previous stage are mounted on each other in the
third stage. In the third stage, operations are performed in parallel workshops. The objective function
of the problem is the maximum time to complete jobs, and the sequence of processing jobs should be
done in such a way that the value of the objective function is minimized.

Design/methodology/appr oach: To solve the problem, a mixed integer programming model has been
proposed for small size, which determines the processing sequence of jobs based on the position of
each job. A genetic algorithm has been used to solve the problem in large dimensions. By increasing
the size of the problem and in different sizes, the results have been examined and analyzed, which
shows the efficiency of the model and the proposed algorithm.

Findings: To check the accuracy of the model's performance and also the effect of the presence of
parallel machines in the third stage, an example was presented in this paper. Accordingly, while the
accuracy of the model's performance was checked, the effect of the presence of more machines was
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determined in the third stage. As the number of machines increased in the third stage, the value of the
objective function did not deteriorate. The performance of GAMS in solving the problem in a small
size was investigated. Considering that solving the problem for large dimensions is not possible in a
reasonable time and the problem is NP-hard, then solving the problem in large dimensions was done
using a genetic algorithm. Therefore, solving the problem on a large dimension has been done using
the genetic algorithm. According to the obtained results, the efficiency of the genetic algorithm was
shown. Due to its low average value, it indicated the convergence of the genetic algorithm.

Research limitations/implications. Considering that there are not many published papers in the field
of equipment overhaul, it is difficult to access related models and papers. Therefore, in this paper, the
model and solution method have been written with many reviews. Also, to check and reduce costs, the
number of third-stage machines has been determined using sensitivity analysis.

Practical implications. The problem of equipment overhaul is used in many fields in reality. For
example, the operations related to the maintenance, repair and overhaul of the aircraft engine have
been investigated. Since the planning of maintenance and maintenance operations is difficult, the
focus of research has been on improving maintenance operations by finding suitable scheduling for
job shop operations in maintenance operations. They emphasized that scheduling can improve
maintenance operations and presented a simulation model.

Social implications: The purpose of creating a space to start an activity is to reduce costs, earn
money and achieve profit. To examine the cost-effectiveness of the equipment overhaul issue, we can
refer to the number of third-stage machines. According to the amount of equipment to perform an
overhaul on them, the number of third-stage machines can be determined. Therefore, extra machines
can be removed to reduce the cost. On the other hand, if the related equipment to the customers is
different, to reduce the storage costs or increase customer satisfaction, different goals should be
considered. Here, the objective function of maximum completion time is considered for this purpose.
If the equipment must be available at a certain time, goals such as the total time to complete the job
can be considered. In line with the application of the social implications in the investigated problem in
this paper and considering that the investment costs, as well as the ability to respond to the applicants'
requests, are related to the number of third-stage machines, the value of the objective function is
analyzed based on the number of third-stage machines and analysis has been done.

Originality/value: In this paper, a three-stage flow shop scheduling problem in the overhaul industry
was studied. Accordingly, a new mathematical model based on the job processing position was
proposed, which dealt with the exact solution of the problem in small dimensions. According to the
type of problem in the overhaul environment, the combined flow shop problem for equipment
overhaul was investigated. Also, the use of parallel machines in the third stage of the equipment
overhaul problem is one of the new issues under investigation.
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Table 2- Different values of parametersin order to create different problem sizes
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Table 3- Job processing times
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Table 5- The completion times of the jobsin stages 1 and 2
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Fig. 8- The sequence of processing jobs on each of the machinesin the third stage
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Table 7- Comparison of genetic algorithm results and exact solution for large size problem
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Fig. 9- Comparison of timeto solve cplex in different problem sizes
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Table 8- Evaluation table of genetic algorithm resultsfor large problem size
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Fig. 10- The effect of different values of the objective function for the number of 9 jobs
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Fig. 11- The effect of different values of the objective function for the number of 17 jobs
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Fig. 12. Theimpact of different values of the objective function for the number of different values of joba and 2 machinesin the
third stage
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