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前 言

可靠性是元件、产品或系统的完整性的最佳度量。可靠性是元件、产品、系统在

规定环境下 ,规定时间内 ,规定条件下无故障地完成其规定功能的概率。

可靠性工程提供了理论和实用的工具 ,使元件、产品或系统在规定环境下 ,规定

时间内 ,规定条件下无故障地完成其功能的概率和能力得以评定、预测、设计和试验。

科技进步推动生产复杂产品并形成越来越多的复杂系统 ,例如装配生产线、通信

设备、计算设备、防污染设备、原子能电站、家用取暖及制冷设备、电力系统。这些产

品和系统建造费用昂贵 ,若在运行中出现故障则损失更大。可靠性评估的作用日显

重要。

近十年作者为清华大学的电气工程与其他工程系科的高年级学生及一年级研究

生开设“可靠性工程原理”课程。这门课颇受学生欢迎。本书就是在《可靠性工程原

理》讲义的基础上出版的。该讲义获 1996 年清华大学优秀教材奖。

本书融入了作者在清华大学近十年积累的科研成果和教学经验 ,具有强调基础、

反映新成果、重视应用、适宜自学的特点。书中反映了作者大量的科研成果 ,如基于

对数正态分布的强度应力模型、变压器寿命评估、停电损失费用估计、中国产电比数

值等。全书精选了约 200 道例题 ,以帮助读者理解基本概念和自学。约 110 道习题

的解答附在书末。因此 ,本书也可作为有志进入现代可靠性领域的工程师们的参

考书。

本书共有 8 章。

第 1章是可靠性工程领域的概论 ,介绍了可靠性和可靠性工程的基本概念。

第 2章讨论了广泛应用的一些故障函数 ,包括二项分布、泊松分布、指数分布、威

布尔分布、正态分布、对数正态分布和极值分布等 ,并介绍了强度—应力模型。

第 3章讨论了不可修复系统的可靠性估计方法 ,包括串联系统、并联系统、储备

系统、表决系统的可靠性评估方法。还介绍了用最小路集法和最小割集法求复杂系

统可靠性的方法。讨论了故障树分析法和故障模式、影响和危险度分析法。

第 4章介绍马尔柯夫过程和马尔柯夫链。讨论了求解瞬时状态概率和平稳状态

概率的方法。

第 5章介绍了应用马尔柯夫过程评估可修复系统可靠性的方法。讨论了频率和

持续时间法 ,混合乘积法。介绍了串联结构、并联结构、r/ n结构的近似等值。还讨

论了共同模式故障。

第 6章介绍了软件可靠性。给出了软件可靠性的基本定义及指标。介绍了运行
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可靠性、系统性能可靠性、可靠性增长函数。

第 7章介绍可靠性和经济的协调。包括冗余经济学、修理和维修经济学 ,以及评

估停电损失费用的各种办法。

第 8章介绍电力变压器的可靠性。介绍了评估电力变压器可靠性指标的统计方

法以及基于检测老化过程中聚合度的中小型变压器寿命评估方法。

作者对帮助出版此书的个人及单位致谢。程林博士、博士研究生张鹏、宋云亭校

读了全书手稿。清华大学选修过我的课程的学生也曾对讲义提出过改进的意见。清

华大学教材基金资助了本书的出版工作 ,在此表示感谢。

最后 ,感谢我的夫人朱爱菁教授的帮助。

郭永基  教授
2001 年 4 月
清华大学
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Preface

Reliability is the best quantitive measure of the in tegrity 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 condition s .

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 .

Scien tific and t echnological advances produce or form more and more complex

products and systems , for example, assembly lines , communication equipment ,

numerically machine tools , antipollution equipment , atomic energy plan ts ,

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 evalua tion takes on an ever increasing import ance .

T he emphasis placed on quality and reliability of products fur ther st resses the need

for studying, quantifying and innovating to improve the reliability of engineering

systems .

Recent 10 years , the author lectured the course P rincip le o f Rel iabil ity

Engineerin g at the senior-elective level in E lectrical Engineering Department ,

T singhua University . T his cour se is welcomed by students .

T his book is published based on lecture note P rincip le o f Rel iabil ity

Engineerin g which was aw arded excellent lecture note prize by T singhua

University in 1996 . The materials contained in the book have evolved over a period

of 10 years of teaching experiences . T his book is characterized by four features:

emphasis on fundamentals , reflection of new advances in science and technology ,

emphasis on application s , s uitability of self-study . Newest scientific research

res ults achieved by the author are reflect ed in this book . These materials include

strength-stress model based on lognormal dist ribution , lifetime evaluation of

t ransformer based on degree of polymerization , outage cost evaluation , statis tical



values of ratio of output value to unit energy consumption . Nearly 200 carefully

selected examples and problems are included to illust rat e the basic concepts and to

assist reader s in self-study . Answers to all 110 problems are given at the end of the

text . T hus , this book can also serve as reference for practicing engineers who is

en tering the field of reliability .

T here are 8 chapters in this t ex t .

Chapter 1 contain s an in troduction to the field of reliability engineering . Basic

concepts of reliability and reliability engineering are in troduced .

Chapter 2 discusses the impor tant distributions that have found widely

applica tions in modeling reliability functions . These dist ribu tions are: Binomial

dist ribu tion , Poison dist ribu tion , Exponential dist ribu tion , Normal dist ribu tion ,

Weibull distribu tion , Lognor mal distribu tion , Extreme-value dist ribution .

Chapter 3 discusses methods for reliability evaluation of non-repairable

systems , including series system , parallel system , standby sy stem , voting system .

Determination of complex system reliability using minimum path sets and minimum

cut sets is int roduced . Fault Tree Analysis ( F TA ) , Failure Mode , Effects and

Criticality Analysis ( FMECA) are discussed .

Chapter 4 in t roduces Markov process and Markov chain . Methods for

determining transien t state probabilities and steady state probabilities are

discussed .

Chapter 5 in troduces method s for reliability evaluation of repairable systems

using Markov process . F requency and dura tion t ech nique and mixed product

approach are discussed . Approximation of series structure, parallel st ructure , r/ n

structure is in t roduced . Common-mode failure modeling is discu ssed .

Chapter 6 in t roduces software reliability . Basic definitions of soft ware

reliability are in troduced . Reliability indices of software are mentioned . R un

reliability , system performance reliability , reliability growth function are

int roduced .

Chapter 7 int roduces coordination of reliability and economics . Redundancy

economics , repair and maintenance economics are in troduced . Methods for

evalua tion of outage cost in diffe ren t count ries are mentioned . New methods for

evalua ting out age cost a re presen ted .

Chapter 8 in troduces power transformers reliability . Evaluation of reliability

indices of power t ransformers based on statis tics are in t roduced . Evalua tion of

lifetime of s mall and medium size tran sformers based on detection of degree of
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polymerization by accele rated lifetime experiments is presented .

My sincere thanks to the following individuals and organiza tion who provided

help for preparing this book . Doctor Chen Lin , Doctoral Candida tes Zhang Peng

and Song Yu ntin proofread the manuscript of whole book . Students of T singhua

University who elected my course provided comments for improvement of the text .

Fou ndation of t ex t books of Tsingh ua University sponsor s 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 .

P rof . Guo Yongji
April 2001

T singhua University
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电站电气主接线可靠性评估》等国家重点项目 ,取得高水平的研究成果。

为本科及研究生开设课程 8 门。已培养博士及硕士 18 名。著有《电力系统新进

展》、《电力系统可靠性原理和应用》(上、下册 ) ,合著有《串联电容引起的交流电机自

激》、《中国电力百科全书·电力系统卷》(一版、二版 )、《中国电机工程师手册·基础

卷》,合译有《电力系统可靠性》、《自动控制系统可靠性的理论基础》。发表论文 100

余篇。被《科学引用索引 ( SCI)》及《工程索引 ( EI)》引录 20 篇次。代表性论文有《基

于蒙特卡洛法的大电力系统可靠性评估》、《概率电压稳定分析》、《配电系统可靠性评

估》、《中小型变压器寿命评估》。事迹被收入英国出版的《世界名人字典》,我国出版

的《中国专家大辞典》、《中华人物辞海》、《世界文化名人辞海》等。
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