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Preface

Reliability is the best quantitive measure of the integrity of a designed
component, product or system .

Reliability is the probability that components, products, or systems will
perform their designed-for functions without failure in specified environments for
desired periods under specified conditions .

Reliability engineering provides the theoretical and practical tools whereby the
probability and capability of components, products, or systems to perform their
required functions without failure in specified environments for desired periods
under specified conditions, can be specified, predicted, designed and tested .

Scientific and technological advances produce or form more and more complex
products and systems, for example, assembly lines, communication equipment,
numerically machine tools, antipollution equipment, atomic energy plants,
homeheating and cooling machines, electric power systems. These products and
systems are massively expensive to build, and even more expensive if they fail to
operate as designed . Reliability evaluation takes on an ever increasing importance .
T he emphasis placed on quality and reliability of products further stresses the need
for studying, quantifying and innovating to improve the reliability of engineering
systems .

Recent 10 years, the author lectured the course Principle of Reiability
Engineering at the senior-elective level in Electrical Engineering Department,
Tsinghua University . This courseis welcomed by students .

This book is published based on lecture note Principle of Reiability
Engineering which was awarded excellent lecture note prize by Tsinghua
University in 1996 . The materials contained in the book have evolved over a period
of 10 years of teaching experiences . This book is characterized by four features:
emphasis on fundamentals, reflection of new advances in science and technology,
emphasis on applications, suitability of self-study . Newest scientific research
results achieved by the author are reflected in this book . These materias include
strength-stress model based on lognormal distribution, lifetime evaluation of
transformer based on degree of polymerization, outage cost evauation, statistical



values of ratio of output value to unit energy consumption . Nearly 200 carefully
selected examples and problems are included to illustrate the basic concepts and to
assist readers in self-study . Answers to all 110 problems are given at the end of the
text . Thus, this book can also serve as reference for practicing engineers who is
entering the field of reliability .

There are 8 chapters in this text .

Chapter 1 contains an introduction to the field of reliability engineering . Basic
concepts of reliability and reliability engineering are introduced .

Chapter 2 discusses the important distributions that have found widely
applications in modeling reliability functions. These distributions are: Binomid
distribution, Poison distribution, Exponential distribution, Normal distribution,
Weibull distribution, Lognormal distribution, Extreme-value distribution .

Chapter 3 discusses methods for reliability evauation of non-repairable
systems, including series system, parallel system, standby system, voting system .
Determination of complex system reliability using minimum path sets and minimum
cut sets is introduced . Fault Tree Analysis (FTA), Failure Mode, Effects and
Criticality Analysis (FMECA) are discussed .

Chapter 4 introduces Markov process and Markov chan. Methods for
determining transient state probabilities and steady state probabilities are
di scussed .

Chapter 5 introduces methods for reliability evaluation of repairable systems
using Markov process. Frequency and duration technique and mixed product
approach are discussed . Approximation of series structure, paralld structure, 7 n
structure is introduced . Common-mode failure modeling is discussed .

Chapter 6 introduces software reliability . Basic definitions of software
reliability are introduced . Reliability indices of software are mentioned . Run
reliability, system performance reliability, reliability growth function are
introduced .

Chapter 7 introduces coordination of reliability and economics . Redundancy
economics, repair and maintenance economics are introduced . Methods for
evaluation of outage cost in different countries are mentioned . New methods for
evaluating outage cost are presented .

Chapter 8 introduces power transformers reliability . Evaluation of reliability
indices of power transformers based on statistics are introduced . Evaluation of
lifetime of small and medium size transformers based on detection of degree of
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polymerization by accelerated lifetime experiments is presented .

My sincere thanks to the following individuals and organization who provided
help for preparing this book . Doctor Chen Lin, Doctoral Candidates Zhang Peng
and Song Yuntin proofread the manuscript of whole book . Students of Tsinghua
University who el ected my course provided comments for improvement of the text .
Foundation of text books of Tsinghua University sponsors the publication of this
book .

Finally my special thanks to my wife Prof . Zhu Aijing for her patience and
assistance in making the writing of this book possible .

Prof . Guo Y ongji
April 2001
Tsinghua University
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