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Preface

It is with pride, excitement and a lot of expectations, I am
presenting this book to the professional community of the world. As you know, power electron-
ics and motor drives constitute a complex and interdisciplinary subject which have gone through
spectacular evolution in the last three decades. Recently, artificial intelligence (Al) techniques
are extending the frontier of this technology. It is without any doubt that the power electronics
will play a dominant role in the 21* century in industrial, commercial, residential, aerospace,
utility and military applications with the emphasis for energy saving and solving environmental
pollution problems.

I have been in the power electronics area for more than forty years (since the technology
was born) through my career pursuits in academia and industry, and have followed the technol-
ogy evolution very aggressively. [n the past, I contributed a number of books (authored and
edited) in power electronics area of which Power Electronics and AC Drives (Prentice Hall-
1986) is most important. It was taken as an advanced text in many universities in the world. This
new book can be considered as significant updating and expansion of the previous book where I
have tried to embed practically whatever knowledge I have in power electronics and ac drives. It
contains the subject from A-to-Z, i.e., power semiconductor devices, electrical machines, differ-
ent classes of converters, induction and synchronous motor drives with control and estimation,
and AT techniques (expert system, fuzzy logic and neural networks). In essence, I have tried to
incorporate practically all the aspects of state-of-the-art technology of power electronics and
motor drives in the book. The content of the book is essentially based on my lecture notes of one
senior course and three graduate courses, which [ have developed and taught in the University of
Tennessee during the last fourteen years. It will be my deep satisfaction if [ can see that the book
is being considered as a text in more universities than the previous one. The universities, which
are already following my previous book, can now safely accept this new book.
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The content of the book can be summarized as follows: Chapter | contains description of
different types of power semiconductor devices including the recent IGCT, where IGBT device has
been emphasized. Chapter 2 describes induction and synchronous machine theories in somewhat
detail from the viewpoint of variable frequency drive applications, which include dynamic d-q
machine models. Complex space vectors have been introduced but avoided in much of the text
because, in the author’s opinion, they tend to frighten most of the students. Switched reluctance
machine has been included for completeness. Chapters 3 and 4 discuss the classical phase-
controlled thyristor converters and cycloconverters, respectively. For completeness, high frequency
link converters are included in Chapter 4. Chapter S covers voltage-fed converters and PWM tech-
niques where space vector PWM has been emphasized. More recent topics, such as soft-switching,
power factor compensation, multi-level converters, static VAR compensators and active filters are
included. Chapter 6 deals with current-fed converters that include PWM converters. Chapter 6
describes slip power recovery drives with wound-rotor induction motors, and mainty consist of
Kramer and Scherbius drives. Chapter 8 covers control and estimation of cage type induction
motor drives which includes discussion on speed sensorless control and drive self-commissioning.
Induction motor drive is a dominant theme in the book. Chapter 9 describes control and estimation
of synchronous machine drives that includes sensorless control and a brief description of switched
reluctance motor drive. Chapter 10 gives a brief description of expert system and its applications.
In the author’s opinion, ES has a lot of potentiality but has been practically ignored by the power
electronics community. Chapter 11 deals with fuzzy logic and its applications, and finally, Chapter
12 gives description of neural network and its applications. [n the author’s opinion, the ANN tech-
nology will have a large impact on power electronics area in future. A set of questions has been
formulated for different chapters which will be forwarded to readers on request [bbose @utk.edu].

This book could not be possible without the help of some of my professional colleagues and
students. First, 1 am deeply grateful to Burak Ozpineci, my graduate student, for his enormous help
in the manuscript preparation of the book. Next, my gratitude goes to the student Joao Pinto who
helped me in revising the manuscript. The two demo programs in Chapters 11 and 12 were devel-
oped by him for the book. I would like to express my thanks to Dr. In-Dong Kim of Pukyong
National University, Korea (who was formerly visiting professor in my laboratory) for supplying
the Corel Flow software that helped us to draw most of the art work. I am very grateful to Prof.
Paresh Sen of Queen’s University, Canada for his constant encouragement. Also, I thank Prof.
Marian Kazmierkowsky of Warsaw University of Technology, Poland; Prof. Marcelo Simoes of
Colorado School of Mines, and Dr. Ned Mohan of University of Minnesota for their help.

Finally, I thank Wil Mara, Prentice Hall PTR’s production editor, for doing this enormous
Job so efficiently. Also on the production end, I thank Aurelia Scharnhorst for her superb page
composition, and Corinne Ovadia for her skillful creation of hundreds of new drawings.

L am deeply grateful to the brilliant scientists and engineers on whose scholarly contributions
this book is based. Finally, I am very grateful to my wife Arati for her immense patience and sacri-
fice while preparing this book during the last three years.

Bimal K. Bose

University of Tennessee



List of Principal Symbols

S ymbols are generally defined locally. The list of principal
symbols used in the text is given below.

d®-q°  Synchronously rotating reference frame (or rotating frame) direct and quadrature axes
E-q Stationary reference frame direct and quadrature axes (also known as & - B axes)
f Frequency (Hz)

1y Dc current (Ampere)

Iy Machine field current

'3 Rms load current

1, Rms magnetizing current
Ip Rms active current

Ig Rms reactive current

1, Rms rotor current (referred to stator)
I Rms stator current

igS & — axis rotor current

igs d° — axis stator current

g ¢ — axis rotor current

g q° — axis stator current

J Moment of inertia (Kg-m?)
X, Rotor reactance (Ohm)

X Synchronous reactance
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d° — axis synchronous reactance
Rotor leakage reactance

Stator leakage reactance

g° — axis synchronous reactance
Firing angle

Advance angle

Turn-off angle

Torque or power angle of synchronous machine
Thermal impedance (Ohm) (also torque angle or angle)

Angle of synchronously rotating frame ( @,r)

Rotor angle

Slip angle

Overlap angle

Time constant (s)

Commutating inductance (Henry)
Dc link filter inductance
Magnetizing inductance

Rotor inductance

Stator inductance

Rotor leakage inductance

Stator leakage inductance

d® — axis magnetizing inductance
¢° — axis magnetizing inductance
Turns ratio (primary to secondary)
Synchronous speed (rpm)

Rotor speed

Number of poles (also active power)
Airgap power (watts)

Mechanical output power
Reactive power
Rotor resistance (Ohm)

Stator resistance

Slip (per unit)
Time period (s) (also temperature) (°C)
Developed torque (Nm)

XXI11
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T Load torque

Lo Turn-off time (s)
Vy Dc voltage

Vi Inverter dc voltage

Ve Induced emf

Vi Peak phase voltage (volt)

Ve Rms airgap voltage

Vi Rectifier de voltage

Vg Instantaneous supply voltage

V4 Inst. D¢ voltage

vy Inst. Field voltage

v, & — axis rotor voltage

Vg d® - axis stator voltage

Var g° - axis rotor voltage

Vgs g° - axis stator voltage

] Displacement power factor angle
W, Armature reaction flux linkage (Weber-turns)
v Field flux linkage

VY, Airgap flux linkage

Y, Rotor flux linkage

W, Stator flux linkage

vy d® - axis rotor flux linkage

v, d® — axis stator flux linkage

Vor g — axis rotor flux linkage

Vs g° — axis stator flux linkage

, (or w) Stator or line frequency (1/s)

@, Rotor mechanical speed

w, Rotor electrical speed

@y Slip frequency

X Peak value of a sinusoidal phasor or sinusoidal space vector magnitude (also estimated

parameter) ( X is any arbitrary variable)
Space vector (X is arbitrary variable)
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