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ABSTRACT 

The evolving manufacturing environment, is characterized by increasing variety 

and time based competition with shorter lead-times, better conformance to delivery 

schedules, competitive costs and an ever-increasing thrust on quality. Enterprises need to 

respond to these challenges through appropriate manufacturing system configurations and 

relevant planning and control mechanisms. Accordingly, different manufacturing_system 

configurations emerge ranging from flow lines for high-volume/low-variety products to  

batch production for medium-volume/medium-variety products to job shops for low-

volume/high-variety products. To alleviate the problems of traditional process focused 

configuration (e.g. batch manufacturing and/or job shops) two distinct configurations 

emerged, viz. Flexible Manufacturing System (FMS) and Cellular Manufacturing System 

(CMS). While FMS is very costly to implement, for developing countries like India, CMS 

offers a viable option. However, even a best designed CMS can only cater for a specific 

range of variations in product mix and may not perform satisfactorily if the changes are 

beyond the range. Hence, in an evolving dynamic environment, conventional CMS face 

greater challenges in terms of part mix changes. In practice this can be dealt in two ways, 

either by forcing the new parts into the existing cells there by allowing some performance 

degradation, or by altering the manufacturing system configuration (at least virtually) to 

cater for change in part mix. For transforming to any new configuration, it is expedient to 

first develop a better understanding of the various factors and their impacts. Thus, there is 

a need for developing tools that may assist in the design and evaluation of alternative 

manufacturing system configurations for the evolving environments. 

This thesis addresses some of the issues in design and evaluation of alternative 

manufacturing system configurations to deal with part mix variations. It demonstrates the 

efficacy of a set of tools that may assist the system designers and planners of 

manufacturing systems in CIM environment. These include 1) A simulated annealing 

based tool for assisting the designing of cellular manufacturing system configuration, 

considering routing sequence of each part, with the objective of minimization of total 

number of intercell moves. This tool is capable of dealing with multiple routings for each 

part. Also, unlike the conventional methods, the solution procedure does not require prior 
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information on number of cells to be formed. 2) To handle new parts and part mix 

variations with in the existing configurations, two approaches are suggested that may help 

in assigning the new parts to the existing cells. The first one is a Back Propagation 

Artificial Neural Network (BPANN) based tool, which uses the knowledge about the 

current system to assign new parts to most appropriate cells. It is envisaged that the 

BPANN may act as a highly responsive operational tool for absorbing new parts into the 

existing manufacturing system, where part mix changes are frequent. The second tool is 

based on a technique for the assignment of parts to manufacturing cells, using feature 

based modeling system. This is a knowledge based parts assignment system, which 

analyzes the feature based CAD model and generates process sequences using petri nets. It 

utilizes syntactic pattern recognition technique to carry out the cell inference and part 

assignment. Finally in the context of comparing the performance of two alternative 

manufacturing configurations, mere comparison of intercell movement is not adequate. 

The performance measures must encompass the design, operational and control issues. 

Towards this, demonstrative simulation models are developed to study the effect of part 

mix changes on the overall performance of the system, for different configurations (i.e. job 

shop, various cell configuration options etc), using the system performance measures such 

as make-span, average machine utilization etc. The research contributions are discussed 

and it is demonstrated how these tools may assist the design and evaluation of various 

manufacturing system configurations from a material flow perspective. 
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