Preface

This book is intended to be an exposition of the modeling and control of
electric machines, specifically, the direct current (DC) machine and the
alternating current (AC) machines consisting of the induction motor, the
permanent magnet (PM) synchronous motor, and the brushless DC motor.
The particular emphasis here is on techniques used for high-performance
applications, that is, applications that require both rapid and precise con-
trol of position, speed, and/or torque. Traditionally, DC motors were re-
served for high-performance applications (positioning systems, rolling mills,
traction drives, etc.) because of their relative ease of control compared to
AC machines. However, with the advances in control methods, computing
capability, and power electronics, AC motors continue to replace DC mo-
tors in high-performance applications. The intent here is to carefully derive
the mathematical models of the AC machines and show how these math-
ematical models are used to design control algorithms that achieve high
performance.

Electric machines are a particularly fascinating application of basic elec-
tricity and magnetism. The presentation here relies heavily on these basic
concepts from Physics to develop the models of the motors. Specifically,
Faraday’s law (§ = —d¢/dt, where ¢ = [, B B - dS), the magnetic force law
(F = if x B or, F = ¢vxB), Gauss’s law ( 3§B dS = 0), Ampére’s law

f H.df = Tfree ) the relationship between B and H properties of mag-
netic materials, and so on are reviewed in detail and used extensively to
derive the currently accepted nonlinear differential equation models of the
various AC motors. The author made his best attempt to make the mod-
eling assumptions as clear as possible and to consistently show that the
magnetic and electric fields satisfy Maxwell’s equations (as, of course, they
must). The classical approach to teaching electric machinery is to present
their equivalent circuit models and to analyze these circuit models ad nau-
seam. Further, the use of the basic Physics of electricity and magnetism to
explain their operation is minimized if not omitted. However, the equiva-
lent circuit is a result of assuming constant-speed operation of the machine
and computing the sinusoidal steady-state solution of the nonlinear differ-
ential equation model of the machine. Here, the emphasis is on explaining
how the machines work using fundamental concepts from electricity and
magnetism, and on the derivation of their nonlinear differential equation
models. The derivation of the corresponding equivalent circuit assuming
steady-state conditions is then straightforward.

Electric machines also provide fascinating examples to illustrate con-






