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ABSTRACT 

This research work deals with reliability and availability studies of automotive manufacturing 

systems (AMSs) with consideration of structure and maintenance cost. Structure of the system 

means its elements and their interconnections. A reliable system performs its intended 

function or functions. Designing a reliable complex manufacturing system does require 

understanding of system functions including their variations and causes. Structure plays a key 

role in this regard. A systems approach; graph theory, is useful in representing the system 

structure explicitly. Digraph model of Lapp and Powers (1977) is extended to develop a 

methodology of functional cause analysis to help in identifying root causes of a top or 

undesired functional event of complex AMSs. This method offers a comprehensive analysis 

of functional causes and helpful to designers and practicing engineers for the objective.  

System reliability means the reliability of its elements and their interconnections. A 

systems approach is needed to evaluate reliability of complex manufacturing systems. A 

graph model in conjunction with matrix method is applied to carry out reliability evaluation 

and analysis of AMSs at various system levels. Reliability of components and their 

connections are assessed by keeping their functions/ function influencing parameters in mind. 

The methodology is developed and illustrated by considering a CNC cam shaft grinding 

machine.  

Analysis of functions of elements at various levels of manufacturing systems is essential 

to guide the designers to enhance or sustain system reliability. Difficulty in performing 

functional analysis arises due to system complexity. Structural consideration did provide 

effective solution to this. Fukuda (1981) approach is extended by developing digraph model 

to represent the functions and their interactions at various hierarchical levels of the AMS, and 

applied matrix method to evaluate importance of function. This helped to carry out cause and 

effect function analysis and aided in providing a tool to enhance AMS reliability. 
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Growing needs of agile and sustained automotive manufacturing system do necessitate 

effective methods to measure the availability of systems or its elements, which are subjected 

to varying failure and repair rates that are prevailing in real manufacturing systems. Semi-

Markov model is applied in this work to evaluate steady-state availability of a manufacturing 

system at its different structural levels by utilizing an analytical approach. It considers the 

increasing and decreasing failure and repair rates of elements by applying distribution, e.g. 

Weibull and lognormal. 

Due to production constraints, planned maintenance plans of the AMSs are deferred. 

This can increase maintenance cost due to increase in failure rate of system elements. A 

balance between maintenance and reliability is crucial to tackle this issue. By evaluating 

appropriate maintenance plans for the elements at various system levels under reliability 

constraint, the maintenance cost can be optimized. This is dealt in the thesis by using a meta-

heuristic technique; Particle Swarm Optimization (PSO) by considering the maintenance plan 

at the component level.  

The work presented in this thesis will be helpful to designers and production personnel 

to evaluate and improve key measures in terms of reliability and availability that offers cost 

effective maintenance solutions to automotive manufacturing systems.    

Keywords: Automotive manufacturing systems, System structure and system functions, 

Reliability and Availability, Maintenance cost, Graph models and matrix method, 

Semi-Markov models, PSO (Particle Swarm Optimization). 
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θm   Scale factor of Weibull distribution for m
th

 assembly 
 

θuv   Scale parameter of Weibull distribution for an element during  

   transition from state, ‘u’ to ‘v’ 

µuv   Mean of lognormal distribution for an element during transition 

   from state, ‘u’ to ‘v’ 

σuv   Standard deviation of lognormal distribution for an element during  

   transition from state, ‘u’ to ‘v’ 
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ABBREVIATIONS 

AMS/AMSs  Automotive Manufacturing System/Systems 

AFD   Assembly Function Digraph 

AFED   Assembly Function Event Digraph   

AFIEM   Assembly Function Importance Evaluation Matrix 

ARE Assembly Reliability Expression  

ARG   Assembly Reliability Graph 

ARM   Assembly Reliability Matrix 

CBM   Condition Based Maintenance 

CDF   Cumulative Distribution Function 

CEC   Composite Electrical Connection 

CL   Coolant  

CLUB   Central Lubrication 

CM   Corrective Maintenance 

CMC   Composite Mechanical Connection 

CMMS  Computerized Maintenance Management System 

CNC   Computer Numerical Control   

CPU   Central Processing Unit 

EL   Economic Loss 

EMC   Embedded Markov Chain 

FED   Function Event Digraph 

FMEA   Failure Mode and Effects Analysis 

FMS   Flexible Manufacturing System 

FRL   Filter Regulator Lubricator 

FTA   Fault Tree Analysis 



xxvi 

 

GA   Genetic Algorithm 

HP   Hydraulic Power 

JIT   Just-In-Time 

MC   Machining Centre 

ME   Mechanical 

MLE   Maximum Likelihood Estimation  

NC   Numerical Control 

PLC   Programmable Logic Controller 

PM   Preventive Maintenance 

PP   Pneumatic Power 

PS   Power Supply 

PSO   Particle Swarm Optimization 

RAM   Reliability, Availability and Maintainability 

RCM   Reliability Centered Maintenance 

RPM   Revolutions Per Minute 

SEC  Single Electrical Connection 

SFD    System Function Digraph 

SFED   System Function Event Digraph 

SFIEM System Function Importance Evaluation Matrix 

SMC Single Mechanical Connection 

SNNFCM System Node-Node Function Connection Matrix 

SPLUB  Spindle Lubrication 

SRE    System Reliability Expression 

SRG   System Reliability Graph 

SRM   System Reliability Matrix 



xxvii 

 

SSFD Subsystem Function Digraph 

SSFED Subsystem Function Event Digraph 

SSRE   Subsystem Reliability Expression 

SSRG   Subsystem Reliability Graph          

SSRM   Subsystem Reliability Matrix  

TPM   Total Productive Maintenance 

TQM   Total Quality Management 

VFD   Variable Frequency Drive 

VMC   Vertical Machining Centre 
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