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ABSTRACT 
 

In the present era of globalization, every manufacturing industry is facing the pressure of 

improving its performance for productivity, quality, cost, delivery of services/goods and 

customer satisfaction. To be successful, it is essential to improve the efficiency of 

manufacturing operations and reduce operating costs. A manufacturing industry can reduce 

operational costs by adopting cost effective production and improving the performance of its 

production shop floor activities. The research in this thesis is related to the interdependency 

between three important shop floor aspects, maintenance, quality control and production 

scheduling. In actual practice, these shop floor aspects have an interacting effect with each 

other. For example, while production schedules are planned; it is assumed that machines are 

continuously available during production. However, in real life scenario, machines may fail 

and hence become unavailable for production due to corrective maintenance. If machine is 

not properly maintained, it may have a high failure rate resulting into lower availability and 

as a consequence, delay in delivery schedule. This may lead to inefficient production 

schedules, which may affect the efficiency of the production system and may lead to 

increased production costs due to increase in schedule penalty cost. Apart from this, a poorly 

maintained machine will produce more defective products resulting in large amount of 

rework and scrap. Hence, there exists a strong interrelationship between production 

scheduling, maintenance and quality control. 

This thesis is an attempt to develop a methodology for the joint consideration of maintenance, 

quality control and production scheduling. An integrated model of maintenance, quality 

control and production scheduling is developed by capturing the interrelationship between 

them. The objective is to investigate the benefits of the integrated effect in terms of the 
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expected total cost of system operation of the three functions and identify an appropriate 

integrated strategy. 

In the present work, mathematical models comprising of total cost of selective maintenance, 

process quality control and production scheduling are developed. Selective maintenance is 

defined as, the process of identifying the subset of maintenance activities from a set of 

desired maintenance actions. The proposed methodology includes two types of cost models. 

In model 1, the methodology for integrating maintenance,  quality control using sampling 

based procedure and production scheduling is developed, while in model 2,  ̅-control chart 

for quality control is considered for integration with maintenance and production scheduling. 

The objective of optimization is to obtain the optimal decisions on the three aspects by 

selecting one of the three maintenance actions namely, repair, replace or do-nothing for each 

of the system components along with the optimal values of the parameters of quality control 

procedure and an optimal production schedule. The concept of integration is presented using 

three integrated approaches: 

In the first approach, an optimal schedule for the batches to be processed is obtained 

independently while the maintenance and quality control decisions are optimized considering 

the optimal schedule on the machine. This approach is represented as S+M/Q. In the second 

approach, the schedule is also optimized simultaneously along with the maintenance and 

quality control decisions. This approach is the full integration of the three aspects and is 

called S×M/Q approach. The approaches S+M/Q and S×M/Q include all the three aspects for 

optimization. The third approach is called the cyclic approach and in this approach, 

optimization of one function considering the interacting effect of the other function is done. 

On the shop floor, it may not be the requirement to optimize all the three decisions during 

every opportunity and there may be situations in which only one of the decisions needs to be 

changed. The cyclic approach is flexible to meet such requirements. To compare the benefits 
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of integrated approaches with the conventional approach of independent planning, expected 

total cost of „No Integration‟ is also calculated.  

A numerical example of a high pressure die casting machine is presented to demonstrate the 

applicability of the proposed integrated approaches. Two solution methodologies namely, 

Simulated Annealing (SA) and Genetic Algorithm (GA) are used for optimization of the 

decision parameters. Results of the integrated approaches have shown cost savings as 

compared to the conventional approach. Among the integrated approaches, it is observed that 

the S×M/Q approach requires a high computational time as compared to the S+M/Q approach 

for large size problems. The parameters of the SA algorithm are selected using an 

experimental analysis. 

The Genetic Algorithm based approach is also considered to obtain the near optimal solution 

to the decision parameters. Three crossover techniques namely, single point crossover, two 

point crossover and the uniform crossover are tested on different cases of initial population 

size and number of generations. The results of SA and GA are compared and from the results, 

performance of SA algorithm is observed to be better as compared to GA and the 

computational time required for approximately same near optimal solution is less for SA as 

compared to GA. 

The  effect of five model parameters namely, scale parameter, component cost, number of 

component affecting quality, rejection cost and the penalty cost on solution quality is 

investigated using full factorial experiment. A performance estimation model based on the 

results of the experiment is presented. 

The S+M/Q approach using SA algorithm is extended to a parallel machine problem. For 

production scheduling of the parallel machine problem, a hybrid approach of simulated 

annealing and backward- forward heuristic is used. The problem is solved for different cases 
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of effective ages of components and the results have shown significant cost saving over the 

conventional approach. 

The dissertation concludes with research contributions, limitations of the research and 

suggestions for some future research directions in this area. 

In essence, the present research results into a systematic methodology for the joint 

consideration of maintenance, quality control and production scheduling of manufacturing 

system. The proposed integrated models and approaches will help the managers of all the 

three functions in optimal decision making in a more cost effective manner and to create 

coordination between the three functions on the shop floor. 
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