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Preface

Today, engineering systems are an important element of the world economy,
and each year, billions of dollars are spent to develop, manufacture, operate,
and maintain various types of engineering systems around the globe. Many
of these systems are highly sophisticated and contain millions of parts. For
example, a Boeing jumbo 747 is made up of approximately 4.5 million parts
including fasteners. Needless to say, reliability, safety, and maintenance of
systems such as this have become more important than ever before. Global
competition and other factors are forcing manufacturers to produce highly
reliable, safe, and maintainable engineering products.

It means that there is a definite need for reliability, safety, and maintenance
professionals to work closely during design and other phases. To achieve
this goal, it is essential that they have an understanding of each other’s dis-
cipline to a certain degree. At present, to the best of the author’s knowledge,
there is no book that covers the topics of reliability, safety, and maintenance
within its framework. It means, at present, to gain knowledge of each other’s
specialties, these specialists must study various books, reports, or articles on
each of the topics in question. This approach is time consuming and rather
difficult because of the specialized nature of the material involved.

Thus, the main objective of this book is to combine these three topics into
a single volume and to eliminate the need to consult many diverse sources
in obtaining basic and up-to-date desired information on the topics. The
sources of most of the material presented are given in the reference section
at the end of each chapter. This will be useful to readers if they desire to
delve more deeply into a specific topic or area. The book contains a chapter
on mathematical concepts and another chapter on the basics of reliability,
safety, and maintenance considered useful to understand the contents of
subsequent chapters. Furthermore, another chapter is devoted to methods
considered useful to analyze the reliability, safety, and maintenance of engi-
neering systems.

The topics covered in the book are treated in such a manner that the reader
will require no previous knowledge to understand the contents. At appropri-
ate places, the book contains examples along with their solution, and there
are numerous problems at the end of each chapter to test the reader’s com-
prehension in the area. An extensive list of publications dating from 1926
to 2013, directly or indirectly on engineering systems reliability, safety, and
maintenance, is provided at the end of this book to give readers a view of the
intensity of developments in the area.

The book is composed of 11 chapters. Chapter 1 presents the need for and
the historical developments in reliability, safety, and maintenance; engi-
neering systems reliability/safety/maintenance-related facts, figures, and
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xvi Preface

examples; important terms and definitions; and useful sources for obtaining
information on reliability, safety, and maintenance. Chapter 2 reviews math-
ematical concepts considered useful to understand subsequent chapters.
Some of the topics covered in the chapter are Boolean algebra laws, probabil-
ity properties, statistical distributions, and useful mathematical definitions.

Chapter 3 presents various introductory aspects of reliability, safety, and
maintenance. Chapter 4 presents a number of methods considered useful
to analyze engineering systems reliability, safety, and maintenance. These
methods are fault tree analysis, the Markov method, failure modes and effect
analysis, probability tree analysis, technique of operations review, hazard
and operability analysis, interface safety analysis, maintenance program
effectiveness evaluation approach for managers, and indices for mainte-
nance management analysis. Chapter 5 is devoted to computer, Internet, and
robot system reliability. Some of the topics covered in the chapter are com-
puter failure sources, computer-related faults classifications and reliability
measures, fault masking, Internet failure examples, a method for automating
fault detection in Internet services, categories of robot failures, and robot
reliability measures and analysis methods.

Chapter 6 is devoted to transportation system failures and human errors
in transportation systems and covers topics such as defects in vehicle parts
and categories of vehicle failures, rail weld failures and defects, rail tanker
failure modes and causes of failures, mechanical failure-related aviation
accidents, ship failures, typical human error occurrence areas in railway
operation, types of pilot—controller communication-related errors, methods
for reducing the manning impact on shipping system reliability, and com-
mon driver errors. Chapter 7 presents various important aspects of software,
robot, and transportation system safety. Some of the topics covered in the
chapter are software safety assurance program; software hazard analysis
methods; robot safety-related problems causing weak points in planning,
design, and operation; robot safeguard methods; truck and bus safety-
related issues; railroad tank safety; analysis of world airline accidents; and
marine accidents.

Chapter 8 is devoted to medical and mining systems safety. Some of the top-
ics covered in the chapter are medical system safety-related facts and figures,
types of medical device/system safety, safety in medical device/system life
cycle, methods for conducting medical device/system safety analysis, min-
ing equipment/systems safety-related facts and figures, causes for mining
equipment-related accidents, mining equipment maintenance-related acci-
dents, and methods for performing mining equipment/system safety analy-
sis. Chapter 9 is devoted to software maintenance and reliability-centered
maintenance and covers topics such as software maintenance problems and
maintenance types, software maintenance methods, software maintenance
costing, reliability centered maintenance goals and principles, reliability-
centered maintenance process, elements of reliability-centered maintenance,
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and reliability-centered maintenance program effectiveness measurement
indicators.

Chapter 10 presents various important aspects of maintenance safety and
human error in aviation and power plant maintenance. Some of the topics
covered in the chapter are maintenance safety-related facts, figures, and
examples; factors responsible for dubious safety reputation in performing
maintenance tasks and reasons for safety-related problems in maintenance;
maintenance personnel safety; guidelines for equipment/system design-
ers for improving safety in maintenance; causes of human error in aviation
maintenance; common human errors in aircraft maintenance tasks; methods
for performing aircraft maintenance error analysis; human error causes in
power plant maintenance and most susceptible maintenance tasks to human
error in power generation; and guidelines to reduce and prevent human
error in power generation maintenance. Finally, Chapter 11 presents six
mathematical models for performing engineering system reliability, safety,
and maintenance analysis.

This book will be useful to many individuals, including design engineers;
system engineers, reliability and safety professionals; maintenance engi-
neers; engineering administrators; graduate and senior undergraduate stu-
dents in the area of engineering; researchers and instructors of reliability,
safety, and maintenance; and engineers-at-large.

I am deeply indebted to many individuals, including family members, col-
leagues, friends, and students for their invisible inputs. The invisible contri-
butions of my children are also appreciated. Last, but not least, I thank my
wife Rosy, my other half and friend, for typing this entire book and for her
timely help in proofreading.

B.S. Dhillon
Ottawa, Ontario
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