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Preface to the Second Edition

The excellent response to the first edition of the book by students and faculty of
Indian and foreign universities and the practicing engineers has motivated the
authors to venture for the second edition. The main aim was to include the
latest developments in the field of power system engineering.

A large number of teaching appendices of the first edition has now been
rewritten as full-fledged chapters, since all these topics continue to be
important and are part of the curriculum. We hope students and teachers will
welcome this. ‘

This edition covers a wide variety of topics in power system engineering
which are normally not found in a single volume. Since the appearance of the
first edition in 1994, the overall energy situation has changed considerably
and this has generated great interest in nonconventional and renewable energy
sources, energy conservation, energy management, power reforms and
restructuring and distributed/dispersed generation. Chapter 1 has been
therefore, enlarged and completely re-written. In addition, the influences of
environmental constraints are also discussed.

In Chapter 6, load flow under power electronic control, that is, AC-DC-LF has
been added. In Chapter 7, maintenance scheduling, power system reliability, have
been included. For the first time, unit commitment has been further elaborated as
an appendix to Chapter 7 In Chapter 8, AGC of restructured power system is
added, keeping in line with the latest changes in the power sector.

In Chapter 4; a few more sections/topics such as power transformer have been
added. In chapters 2 and 3, magnetic field induction and electrostatic induction
have been added, respectively. In Chapter 5, voltage control topic has been
boosted by including control by midline boosters. Two appendices, K and I of the
first edition on lightning phenomenon and neutral grounding, have now been
brought in the main chapters as per the wishes of readers for completeness and
clarity. In Chapter 14, new topics such as isolators, fuses and contractors,
kilometric faults have now been included as per the review reports. In Chapter
15, numerical (digital) relay has now been introduced along with new trends.

The present edition, like the earlier one, is designed for a two-semester
course at the undergraduate level or for first-semester postgraduate study.

With all these features, this is an indispensable text for electrical engineering
students. AMIE, GATE, and UPSC Engineering services and IAS candidates
along with practicing engineers would also find this book extremely valuable
as a text/reference book.

A first-level PG course may be taught from sections (1.17, 1.18) chapters 6,
7, 8, sections 9.6, 9.7, 11.7, chapters 12, 13, 15, 20, 22. For UG courses a
combination of chapters may be chosen depending on the syllabus of a
university and type of the course.



Xiv Preface to the Second Edition

Sallent Features

e Recent developments in various power system topics included
e Computational algorithm for various system studies presented
e Large number of solved examples and unsolved problems with answers
presented at the end of each chapter for practice and self-evaluation
s New chapter added on voltage stability
e Old appendices of the first edition have been enlarged into full-fledged
chapters 16-21 such as HVDC and Distribution Systems
e New appendices on:
MATLAB and SIMULINK demonstrating their use in problem solving
Real time computer control of power systems
Power Quality
MATLAB and SIMULINK ideal programs for power system analysis are
included in this book as an appendix along with 18 solved examples illustrating
their use in solving representative power system problems.

A new chapter on voltage stability has been added. A new appendix on real
time computer control of power systems has also been added to more students
aware of latest methods of power system control and monitoring in load
dispatch centers. A new appendix on power quality has also been included.

Tata McGraw-Hill and the authors would like to thank the following
reviewers of this edition: Prof. S. Dasgupta of S.I.T. Siliguri, Prof. P. R. Bijwe
of LL.T. Delhi, Prof. S. Roy of B.L.T.S. Pilani, PG and doctoral students of the
first author, Mr. Sunil Bhat of VNIT Nagpur, Mr. Jayaprakash of GCEK Kerala,
Mr. Praveen Verma, Mr. Abhishek Rathore, Mr. Jitender Malik, Mr. Vijay
Pratap, Mr. Rajeev Ranjan Kumar, Mr. Sivananda, Dr. Subir Sen of Power Grid,
Dr. Shekhar of Alstrom, Mr. K.P. Singh of NPTI Guwahati for their help in
preparing the manuscript.

We would also like to express our heartfelt thanks to Dr. R.N. Patel of IIT
Roorkee, Dr. S. N. Tiwari of Motilal Nehru National Institute of Technology,
Allahabad, Prof. Subhasish Banerjee and Prof. Ashok Kumar Basu of Calcutta
Institute of Engineering and Management, Kolkata, Prof. K. Chandra Sekhar of
RVR and JC College of Engineering, Guntur, Dr. M.R. Mohan of College of
Engineering, Guindy, Anna University, Dr. K. Shanthi Swarup of IIT Madras
and Prof. Hiren Dinker Mehta of Government Engineering College,
Gandhinagar, for their valuable feedback.

While revising the text, we have been greatly encouraged by many
colleagues, students and practicing engineers, reviewers who used the earlier
edition of this book. All these individuals have influenced this edition. We
express our thanks and appreciation to them. We hope this support/response
would continue in the future also.

We also thank TMH personnel and our families who supported us during this
period and given all possible help so that this book can see the light of the day.

New Delhi
June 2007

D.P. Kothari
LJ. Nagrath



Preface to the First Edition

Mathematical modelling and solutions on digital computers constitute an
extremely viable approach to system analysis and planning studies for a
modern-day power system with its large size and complex and integrated
nature. A stage has, therefore, been reached where an undergraduate must be
trained in the latest techniques of analysis of large-scale power systems. A
similar need also exists in the industry where a practicing power system
engineer is constantly faced with the challenge of the rapid advances in the
field. This book has been designed to fulfil this need by integrating the basic
principles of power system analysis illustrated through the simplest system
structure with analysis techniques for practical size systems. In this book large- °
scale system analysis follows as a natural extension of the basic principles. The
form and level of some of the well-known techniques are presented in such a
manner that undergraduates can easily grasp and appreciate them.

The book covers a wide variety of topics in power system engineering which
are normally not found in a single volume. The book is written in such a
comprehensive manner that at least three courses on power systems can be
designed—one at the postgraduate level and a two-semester sequence at the
undergraduate level.

The reader is expected to have a prior grounding in circuit theory and
electrical machines. He should also have been exposed to Laplace transform,
linear differential equations, elementary optimization techniques and a first
course in control theory. Matrix analysis is applied throughout the book.
However, a knowledge of simple matrix operations would suffice and these are
summarized in an appendix for quick reference.

The digital computer is an indispensable tool for power system analysis, and
therefore, computational algorithms for various system studies such as load
flow, fault level analysis, stability, etc. have been included at appropriate places
in the book. The students should be encouraged to design computer programs
for these studies using the algorithms provided. Further, the students can be
asked to pool the various programs for more advanced and sophisticated studies
such as optimal scheduling. A novel feature of the book is the inclusion of
current trends that are practically useful such as unit commitment, generation
reliability, optimal thermal scheduling, optimal hydrothermal schedulmg and
decoupled load flow. :



xvi Preface to the First Edition

The introductory chapter presents a discussion of various methods of
electrical energy generation including renewable energy sources and their
techno-economic comparison. The reader is also exposed to the Indian power
scenario.

Chapters 2 and 3 provide the transmission line parameters and these
are included for the sake of completeness of the text. Chapter 4 on the
representation of power system components highlights the steady state model
of the synchronous machine and the circuit models of composite power systems
along with the per unit method.

Chapter 5 deals with the performance of transmission lines. The load flow
problem is introduced at this stage through the simple two-bus system and basic
concepts of watt and var control are illustrated. A brief treatment of circle
diagrams is included as this forms an excellent teaching aid for putting across
the concept of load flow and line compensation.

Chapter 6 elaborates on power network modelling and imporiant techniques
of load flow analysis like Gauss—Siedel, Newton—Raphson and decoupled load
flow. Chapter 7 deals with optimal system operation for both thermal and
hydrothermal systems. A rigorous treatment for thermal system is also
presented.

Chapter 8 deals with load frequency control wherein both conventional and
modern control approaches have been adopted for analysis and design. The
chapter also covers the treatment of generation rate constraint.Voltage control
is also discussed briefly.

Chapters 9-11 discuss fault studies (abnormal system operation). The
synchronous machine model for transient studies is heuristically introduced to
the reader. Zgys algorithm is presented and its use illustrated for both
symmetrical and unsymmetrical faults.

Chapter 12 elaborates upon the concepts of various types of stability in
power system. In particular, the concept of transient stability is well illustrated
through the equal area criterion. The classical numerical solution technique of
the swing equation as well as the algorithm for large system stability are also
dealt with. A step-by-step solution of a 3-machine stability problem is
presented.

Chapter 13 deals with power system transients. Topics such as traveling
waves or propagation of surges, generation of over-voltages on lines, insulation
coordination are discussed at length.

Chapter 14 presents a detailed account of various types of circuit breakers
including HVDC breakers. Methods of testing circuit breakers are also
explained.

Chapter 15 covers the important topic of power system protection. It
includes an exhaustive survey of relaying schemes and also deals with the
different types of protective relays used for the protection of various parts of
power systems along with their theory, threshold characteristics as well as their
merits and demerits. Microprocessor based relaying is also briefly explained.



Preface to the First Edition xvii

A large number of appendices have been provided to deal with topics such
as Cables, Insulators, Sag and Tension, Neutral Grounding, Corona, Lightning
Phenomena, HVDC and Distribution Systems. These topics are still being
taught and continue to be very important.

Every concept and technique presented is supported through examples
employing a two-bus structure while at times, three- and four-bus illustrations
have also been used. A large number of unsolved problems with their answers
are included at the end of each chapter. These have been so selected that apart
from providing a drill they help the reader to develop a deeper insight and
illustrate some points beyond what is directly covered by the text.

The organization of various chapters is flexible and permits the teacher to
mould them to the particular needs of the class and curriculum. If desired, some
of the advanced level topics could be bypassed without loss of continuity. The
style of writing is amenable to self-study.

We are indebted to our colleagues at the Birla Institute of Technology and
Science, Pilani, and the Indian Institute of Technology, Delhi, for their
encouragement and various useful suggestions. We are also grateful to the
authorities at BITS, Pilani, and IIT, Delhi, for providing the facilities necessary
for writing this book. Further, we would like to thank the National Book Trust
for subsidizing the production of the book and thereby facilitating its
availability at an affordable price. We welcome any constructive criticism and
will be grateful for any appraisal by the readers.

L J. Nagrath
D.P. Kothari
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