
JOINT OPTIMIZATION OF PRODUCTION SCHEDULING, 

MAINTENANCE AND QUALITY POLICIES IN MANUFACTURING 

By 

DIVYA PANDEY 

Department of Mechanical Engineering 

Submitted 

in fulfilment of the requirements of the degree of 

Doctor of Philosophy 

to the 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

November 2011 



Dedicated to my Dearest Father 

"Mr. R. N. Pandey" 



CERTIFICATE 

This is to certify that the thesis entitled "Joint Optimization of Production Scheduling, 

Maintenance and Quality Policies in Manufacturing" being submitted by Divya Pandey 

to the Indian Institute of Technology Delhi for the award of the degree of Doctor of 

Philosophy is a record of original research work carried out by her. She has worked under 

our guidance and supervision and has fulfilled the requirements for the submission of this 

thesis, which to our knowledge has reached the requisite standard. 

The results contained in this thesis have not been submitted, in part or full, to any other 

university or institute for the award of any degree or diploma. 

(Dr. Makarand S. Kulkarni) 
	

(Prof. Prem Vrat) 

Associate Professor 	 Vice Chancellor 

Department of Mechanical Engineering 	 ITM University 

Indian Institute of Technology Delhi, 	 HUDA Sector 23-A 

New Delhi-110016, INDIA 	 Gurgaon — 122007, INDIA 



ACKNOWLEDGEMENTS 

I express my deep sense of respect and my gratitude to my supervisors: Dr. M.S. Kulkami and Prof. 

Prem Vrat. It is very lucky for me to have two excellent supervisors for my Ph.D. dissertation. 

Throughout my Ph.D, they created a friendly research atmosphere for me, enlightened me with great 

ideas and patiently corrected my writing. It was really a lifetime experience for me to work with them, 

and I would never have finished without their guidance, support and direction. I am greatly inspired 

by their work ethics and high standards. They also provided helpful carrier advices and suggestions 

whenever I needed. I am greatly inspired by their way of communication. I feel greatly privileged to 

be one of their students. 

In the first place I would like to record my gratitude to Dr. Kulkarni for his supervision, advice, and 

guidance from the very early stage of this research. Dr. Kulkami is the one who actually motivated me 

to carry out the research in the field of integration of Operations Management aspects. With his 

outstanding vision, crystal clear thought process and razor sharp analytical sense, he had evaluated my 

work with sheer pace and provided invaluable inputs to remove the vagueness and set the right 

direction for further research. I will be indebted throughout my life for his guidance par excellence. 

I gratefully acknowledge my other supervisor Prof. Prem Vrat for his judicious guidance, valuable 

suggestions, deep interest and constructive comments throughout the course of my research work. His 

truly scientist intuition has made him as a constant oasis of ideas and passions in engineering, which 

exceptionally inspired and enriched my growth as a student and a researcher. With his excellent 

knowledge in the area of Operations Management, he gave me lots of inspirations and insight in this 

area. He is epitome of knowledge and wisdom and with his practical approach; he provided new 

angles and perspectives for our chosen research problem. Above all and the most needed, he provided 

me unflinching encouragement, crucial contribution and support in various ways, which made him a 

backbone of this research and so to this thesis. I am indebted to him more than he knows. 

I am grateful to my SRC members, Prof. P.V. M Rao, Late Prof. Kanda, and Prof. D.K. Banwet for 

their valuable suggestions and comments. 

I am immensely grateful to Prof. S.G. Deshmukh, for his ever-ready support and personal attention 

even in the busiest of his schedule. I could never have embarked and started all of this research 

without his prior teachings in Operations Planning and Control and Supply Chain Management. I wish 

to acknowledge and express my regards to Dr. Kiran Seth, Prof. A.D. Gupta, Dr. Vipul Jain, Dr. 

Nomesh, Prof. Ravi Shanker, and Prof. O.P.Gandhi for their support during my stay at IIT Delhi. 

I am grateful to Prof. J.P. Subrahmanyam, Head of the Department of Mechanical Engineering, and 

Prof. K. Gupta, Dean PGS&R for being supportive during my research work. 



I wish to thank IIT Delhi and Department of Science and Technology for providing me travel grant to 

attend POMS 2010 conference (at Vancouver, Canada, May 7-May 10, 2010) and 1NTERRA 2010 (at 

Novosibirsk, Russia, Sep 21-Sep 26, 2010). 

My parents deserve special mention for their inseparable support and prayers. I wish to express my 

heartfelt reverence to my parents, grandmother and siblings for their constant support. Their presence 

is the most precious blessing thing in my life and what I say remains absolutely missing as I cannot 

express my love and gratitude to them in words. I owe the entire of my academic achievements to my 

dearest papa. 

Where would I be without my Husband? Words fail me to express my appreciation to my husband 

Mr. Kanchan Kumar Shrivastava whose dedication, love and persistent confidence in me, has taken 

the load off my shoulder. It is for his motivation and constant backing, I could devote necessary time 

to my thesis writing without ever bothering about my duties at home, which he single handed 

managed to perfection. I also express my unconditional love for my in-laws and other family 

members who have always blessed and motivated me to continue my work with full vigour. 

I am also thankful to Mr. M. K. Bhatnagar and Mr. S.C. Sharma for providing all facilities in the 

Industrial Engineering and CIM lab. 

I would like to express my recondite thanks to my friend Dr. Bhupesh Lad, who has given me 

company and shared the odd moments during this research work. I am thankful to my friend Mr. 

Avinash Samvedi for his help dealing with Matlab programming which were very fruitful for my 

research. I shall be failing in my duty if I do not express my thankfulness for the continuous help 

extended to me during research work by my friends Dr. Anuj Prakash, Mr. Prashant Ambad, Md. 

Asjad, Mr. Gajanan Panchal, Mr. Sumit Sakuja, Mr. Praveen Tambe, Mr. Pankaj Zine, Mr. Umang 

Soni, Mr. Anirban Kundu and Mr. Vedpal. The time spent with them in lab and cafeteria is 

undoubtedly golden for me and I wish to cherish the memories of this for my entire life. I would like 

to thank Dr. A.C. Shukla, my M.E. supervisor, who helped me in building the foundation for my 

research career. 

Finally, I would like to thank everybody who was important to the successful realization of thesis, as 

well as expressing my apology that I could not mention personally one by one. 

Date: 	 (Divya Pandey) 



ABSTRACT 

Performance of any manufacturing system depends upon its ability to meet several 

requirements like quick response to market demand, high product quality, low manufacturing 

costs, and timely deliveries. It is well known that a manufacturing system performance 

strongly depends on performance at the shop floor level. The shop floor level operational 

policies in the context of quality, maintenance and scheduling have been in the past examined 

individually to understand their effect on the overall system performance. However, these 

three aspects of operations planning also have an interaction effect on each other and hence a 

joint consideration of various policy options pertaining to scheduling, maintenance and 

quality is an important area of investigation. This research attempts to examine the impact of 

such joint considerations with a view to examine the extent and nature of such interactions 

which may be significant in altering the behavior of a manufacturing system. A comparison is 

made between the individual effect as well as the joint effect of various policy options on a 

given performance measure. An optimization model to encompass the features of scheduling, 

maintenance and quality policies in an integrated manner is developed and an effort is made 

to identify the key policies which would alter the performance of a manufacturing system. 

The sensitivity of the various policy models is also examined. The emphasis of this 

dissertation is on providing a methodology for the joint consideration of maintenance 

scheduling, quality control and production scheduling and investigating the benefits of joint 

optimization in terms of the expected total cost of scheduling, maintenance and quality 

control policies. 

As the first contribution of this dissertation, a methodology is proposed for the joint 

consideration of maintenance scheduling and quality control policy for minimizing the 

expected total system cost per unit time for the preventive maintenance and control chart 
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policy. The concept of integration of preventive maintenance, scheduling and quality control 

policy is explored under four approaches. These are as follows: 

Approach 1: 

In the first approach, we consider a X control chart (goal post approach) and an imperfect 

time based maintenance policy for the simultaneous economic design of preventive 

maintenance and quality control model. It is assumed that the machine is conceptualized as a 

critical single component. If a component is working then the machine is working and if the 

component is down then the machine is also down. The process quality can be evaluated by 

measuring one key quality characteristic of the produced part. 

The objective of the optimization procedure, is to find the optimal values of the preventive 

maintenance interval, sample size, sample frequency and coefficient of the control chart limit 

that minimize the expected total cost per unit time for the integrated model. The expected 

total cost per unit time of preventive maintenance and control chart policy is the ratio of the 

sum of the expected cost values of the process quality control (it consists of false alarm cost, 

sampling cost, cost of operating while in in-control state, cost of operating while in out-of-

control state, cost of restoring after fixing the assignable cause), preventive maintenance and 

machine failure to the evaluation time. 

To examine the effectiveness of the integrated preventive maintenance and quality control 

model, stand-alone models of preventive maintenance and quality control have also been 

developed. A numerical example is presented, which indicates that the proposed integrated 

approach performs better than the stand alone approaches. Sensitivity analysis with respect to 

some of the important model parameters is also presented. 

Approach 2: 

In the second approach, we incorporate Taguchi's loss function in the simultaneous economic 

design of preventive maintenance and quality control policy. This is done by redefining the 
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in-control and out-of-control costs using Taguchi's loss function. Numerical examples are 

presented to illustrate the application of the model along with a sensitivity analysis to 

determine the effects of changes in the key input parameters on the optimal solution. 

Approach 3: 

A major disadvantage of a X control chart is that it is relatively insensitive to small shifts in 

the process mean. CUSUM (cumulative-sum) control charts can be used as an effective 

alternative to the X control chart to detect small shifts in the process mean. 

In the approach 3, we extended our integrated maintenance planning and quality control 

model by considering CUSUM control chart for detecting small shifts in the process. 

Taguchi's loss function is used for optimizing the preventive maintenance interval, sample 

size, sampling frequency, reference limit and the decision interval that minimizes the 

expected total cost per unit time for the integrated model. 

Approach 4: 

Machine tool is a complex system consisting of many subassemblies and components. These 

sub-assemblies and components undergo different degrees of restoration during maintenance. 

To make the integrated preventive maintenance and quality control model more generic, the 

approach 2 is extended from a component level to a system level, where a system is assumed 

to be comprising of a set of independent multiple components. 

As the second contribution of this research, a methodology is developed which integrates the 

production schedule with the jointly optimized maintenance schedule and quality control 

policy for the single machine problem. The objective of combining these two policies is to 

determine the optimal production sequence for which the expected cost per unit time for the 

joint consideration is minimized. However, the problem of integration is complicated by the 

fact that the tardiness values for the batches are stochastic, since the machine may or may not 

fail during each batch and the preventive maintenance decisions affect the probability of 
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machine failure. To obtain the optimal production schedule, a total enumeration method is 

used. An illustrative example is presented to show how the proposed integrated model works. 

The numerical example indicates that the proposed integrated preventive maintenance and 

production schedule model performs better than the stand alone models. 

As, the problem size increases, the total enumeration method becomes infeasible to solve the 

problem due to excessive time requirement. In the present work, a Backward-Forward 

heuristic and Genetic Algorithm is used to solve the problem. The numerical results for 

several problem sizes are used to compare the performance of the Backward-Forward 

heuristic and GA with total enumeration. The integrated framework is further explored for a 

serial production line. 

In essence, the outcome of this research is a systematic, more practical and manufacturer 

oriented approach for joint the consideration of production scheduling, maintenance 

scheduling and quality policies in manufacturing. Thus, the proposed methodologies are 

helpful to the manufacturer in making effective cost driven decisions while improving the 

performance of the shop floor. It is hoped that the research presented in this thesis will pave 

the way for more concerted efforts in this direction. 
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