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Preface to the Second
Edition

The field of electrical engineering is generally segmented into three major areas—
electronics, power and control. Power electronics is a combination of these
three areas. In broad terms, the function of power electronics is to process and
control the electrical energy by supplying voltage and current in a form that is
optimally suited to the load. The advent of power semiconductor devices, thyristors,
in 1957, has been an exciting breakthrough in the art of electric power conversion
and its control. Power electronics has undergone intense technological evolution
during the last three decades. Starting with the conventional thyristor-type devices
in early days, the recent availability of high-frequency, high-power, MOS-gated
self-controlled devices are opening new frontiers in the field.

In modern power electronics equipment, there are essentially two types of
semiconductor elements: the power semiconductors that can be considered as
the muscles of the equipment, and the microelectronics control chips that provide
power to the brain. Both the elements are digital in nature, except that one
manipulates power upto gigawatts and the other handles only miliwatts. The
close coordination of this end of the spectrum of electronics offers reduced size,
cost advantages and high-level of performance.

The market demands on industry for productivity and quality are increasing.
This has resulted in an increasing demand for automation in production processes
and hence in the use of variable speed drives.

The use of electric cars, electric trams and electric subway trains can
substantially reduce urban pollution problems. Power electronics permits
generation of electric power from environmentally clean photovoltaic, fuel cells
and wind energy sources. Widespread application of power electronics, with an
eye for energy conservation and generation of power from environmentally clean
sources, can help in solving problems like acid rains and greenhouse effects.

This textbook presents the basic tools for the analysis and design of power
electronic circuits and provides methods and procedures suitable for a variety of
power electronic applications. This text is suitable for undergraduate-level courses
in power electronics and/or electrical machines and drives. It is also intended for
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practicing engineers who wish to gain knowledge of the recent developments in
this rapidly expanding field.

In response to the comment and suggestions from students and teachers,
several changes in the presentation of topics have been made and new topics
have been included in this revised edition of the book.

The second edition offers several improvements over the first edition. Many
sections have been rewritten to further simplify the presentation. Several chapters
have been revised by adding new updated material. New problems have been
formulated for many chapters.

The book consists of 16 chapters. Two chapters (Chapters 1 and 12) are
newly added and the sequence of chapters has been modified for better flow of
the content. The following is a brief description of the topics that are covered in
each chapter with an emphasis on the revisions that have been made in the second
edition.

Chapter 1 contains an overview of power electronics and its applications to
make the reader aware of the meaning of power electronics and its importance.

Chapter 2 deals with the physical principle of thyristors, their structural details
and switching characteristics. The section on turn-on switching characteristics
has been completely revised.

Chapter 3  gives a brief description of gate triggering circuits. A new section
on microprocessor interfacing to power thyristors has been added.
Chapter 4 contains series and parallel operations of thyristor.

Chapter 5 covers the various power semiconductor devices such as power
MOSFETs, GTOs, IGBTs, SITs, SITHs, IGCTs, MCTs, MTOs and ETOs.
Device structures and physical operations are described and typical terminal
characteristics are shown. Many sections are completely revised. The section on
power transistors along with solved examples has been moved over to the online
learning centre (OLC) of the book. New sections and subsections on IGBTs and
ETOs have been added.

Chapter 6 presents various phase-controlled rectifier circuits with their
mathematical analysis and performance factors. A new section on power-factor
improvement has been added. Many sections have been revised for better
understanding. Sections on Firing Circuits for Line Commutated Converters and
Triggering Circuits for Single-phase Fully Controlled Converters have been
removed from the book. However, these are available on the OLC of the book.

Chapter 7 gives a detailed account of dual converters and their characteristics.

Chapter 8 is devoted to the discussion of the principles of choppers in D.C-
to -D.C. conversion. A new section on flyback converters has been added. The
section on chopper firing circuit has been removed and is available on the website.

Chapter 9 gives a comprehensive treatment of dc-ac inverters in which the
various voltage-fed and current-fed inverter circuits are discussed and some
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typical forced-commutating circuits are investigated. A number of design examples
are presented. Sections on three-phase bridge inverters with input circuit
commutation and three-phase current source inverters are now available on the
website.

Chapter 10 introduces the phase-controlled cycloconverters. The section on
ring-connected cycloconverter circuits has been relegated to the website.

Chapter 11 presents a.c. regulators.

Chapter 12 deals with resonant converters where LC resonant circuits are
utilized to improve the performance of converters. This chapter is newly added
and covers the basic technology of resonant and soft-switching converters. Various
forms of soft-switching techniques such as ZVS and ZCS are addressed.

Chapter 13 introduces the protection, cooling and mounting of power semi-
conductor devices.

Chapter 14 discusses various schemes for D.C. motor speed control. The
section on closed loop control of D.C. drives has been shifted to the website.

Chapter 15 introduces variable speed A.C. drives and briefly describes their
benefits. It examines their classifications from different perspectives. The section
on microprocessor controlled A.C. drive has been removed from the book and is
available on the website.

Chapter 16 considers power electronics application circuits. Many sections in

this chapter have been completely revised. Also, many new sections have been
added.

Web Supplements

The Online Learning Centre of the book at (http://www.mhhe.com/singh/peZe)
has separate sections for students and instructors. Students’ resource consists
of PSPICE simulation examples and multiple-choice questions with answers.
For instructors, the website offers the solutions manual wherein all the exercise
problems in the book have been solved. It also has chapterwise PowerPoint
slides which will help the teachers in preparing lectures and presentations.

M D SINGH
K B KHANCHANDANI



Preface to the First
Edition

The field of electrical engineering is generally segmented into three major areas—
electronics, power and control. Power electronics involves a combination of
these three areas. In broad terms, the function of power electronics is to process
and control the electrical energy by supplying voltage and current in a form that
is optimally suited to the load. The advent of the power semiconductor device,
thyristor in 1957, has been an exciting breakthrough in the art of electric power
conversion and its control. Power electronics has undergone intense technological
evolution during the last three decades. Starting with the conventional thyristor-
type devices in the early days, the recent availability of high frequency, high
power, MOS-gated self-controlled devices is opening new frontiers in power
electronics. -

In a modern power electronic equipment, there are essentially two types of
semiconductor elements: the power semiconductors that can be considered as
the muscle of the equipment, and the microelectronic control chips that provide
the power to the brain. Both elements are digital in nature, except that one
manipulates power up to gigawatts and the other handles only milliwatts. The
close coordination of these end-of-the-spectrum electronics offers reduced size,
cost advantages and high level of performance.

The market demands on industry for productivity and quality are increasing.
This results in the increasing demand for automation in production processes
and hence for the use of variable speed drives. Today, power electronics is an
indispensable tool in any advanced country’s industrial economy. Saving energy
is an important aspect of power electronics applications.

The use of electric cars, electric trams and electric subway trains can
substantially reduce urban pollution problems. Power electronics permits
generation of electric power from environmentally clean photovoltaic, fuel cell
and wind energy sources. Widespread application of power electronics, with an
eye for energy conservation and generation of power from environmentally clean
sources, can help in solving problems like acid rain and greenhouse effects.

This textbook is intended as an introduction to the basic theory and practice of
modern power electronics, in particular it deals with the applications of power
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electronic techniques for d.c. and a.c. motor control. The text is suitable for
degree-level and postgraduate courses in power electronics and/or electrical
machines and drives. It is also intended for practicing engineers who wish to
acquaint themselves with the recent developments in this rapidly expanding field.

The book consists of 14 chapters.

Chapter 1 deals with the physical principles of thyristors, their structural
details and their switching characteristics. Chapter 2 gives a brief description of
thyristor-firing circuits. Series and parallel operations of thyristors are discussed
in Chapter 3.

Chapter 4 discusses all types of line-commutated phase-controlled converters
with their mathematical analysis as well as performance factors and triggering
circuits for these converters.

Chapter 5 is a comprehensive treatment of d.c.-a.c. inverters in which the
various voltage-fed and current-fed inverter circuits are discussed, and some
typical thyristor forced-commutating circuits are investigated.

Chapter 6 is devoted to the discussion of the principles of choppers in d.c. to
d.c. conversion. Chapter 7 introduces the phase controlled cycloconverters.
Chapter 8 gives a detailed account of dual converters and their characteristics.
Chapter 9 deals with a.c. voltage controllers.

Chapter 10 discusses the various modern power semiconductor devices such
as power transistors, power MOSFETs, GTOs, IGBTs, SITs and SITHs. Device
structures and physical operations are described and typical terminal characteristics
are shown.

Protection, cooling and mounting of SCRs is discussed in Chapter 11. Power
electronics control of d.c. and a.c. motors is treated in Chapters 12 and 13
respectively. Chapter 14 considers power electronic application circuits.

Most importantly, it was the help and advice of Tata McGraw-Hill Publishing
staff that made this whole project a reality. In particular, we wish to thank
Ms Vibha Mahajan, Assistant Sponsoring Editor, Mini Narayanan, Copy Editor,
and Anjafi Razdan, Proofreader, of Tata McGraw-Hill. We are grateful to the
authorities of SSGM College of Engineering, Shegaon, for providing all the facilities
necessary for writing the book.

We would like to express our thanks for the many useful comments and
suggestions provided by colleagues who reviewed this book during the course of
its development, especially to Prof. J K Chatterjee of IIT Delhi and Dr Murugesh
Mudaliar of BMS College of Engineering, Bangalore.

Finally, we would like to thank our family members for their love, patience
and understanding during the preparation of the book.

M D SiNGH
K B KHANCHANDANI
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