Book Review

Author :Prof. Ramu Krishnan, IEEE Fellow

Title :Permanent magnet Synchronous and Brushless DC Motor Drives”,575 pp

Publisher:CRC PRESS, Taylor and Francis Group, New York, ISBN 978-0-8247-5384-9

About the timing of the subject
Permanent magnet electric(synchronous) motors(PMSMs) without mechanical brushes with sinusoidal or trapezoidal current waveform 3 phase current control have become in the last decade a mature technology with worldwide markets and applications from small power (a few tens of watts ) to super-high torque(3Mega Nm range) as directly driven wind generators or ship propeller drives. There are a few books that treat the subject but not exclusively,  with one exception, which ,however, is concerned mostly on PMSM design rather than control.
The numerous papers and patents in the field illustrate the R&D interest in the field of more and more advanced control of PMSM.

About the author’s expertise in the field
Prof. Ramu Krishnan, an IEEE Fellow, has worked and published extensively in the field of electric machines and drives . The content of the book expands mainly  the R& D effort of his team at Virginia Tech ,but it also reflects the author’s search and assessment of main literature knowledge in the field. So the author is fully qualified for the job.

Nature  of the book

The book has attributes of both an up to date  monograph and a graduate course in PMSM electric drives; it should thus be useful both in industry and academia.
The Contents
The book(575pp) is divided into three parts that treat :

- Part 1:permanent magnets and machines(Chapter 1) and inverters with their control(Chapter 2)
-Part 2 :permanent magnet synchronous machines and their control(Chapters 3-8)

-Part 3 :permanent magnet brushless dc machines and their control(Chapters 9-14)

Chapter 1, the largest(120pp) ,deals with the basic aspects of permanent magnet characteristics, PM rotor topologies and their field distribution, stator windings(distributed and concentrated), fundamental PMSM relationships, core losses, cogging torque calculation and mitigation. The PMSM theory exposed in this vast chapter should be sufficient for approaching the preliminary design and the control  of this class of electric machines of various topologies.
Chapter 2(80pp) is a very useful and elegant introduction to power electronics required to control PMSMs: from topology, to steady state, losses and control strategies

Chapter3(50pp) deals with dynamic modeling of PMSMs and their control based on the dq and space phasor models and equivalent circuits; digital simulation results on transients are given together with the lines of the computer codes used for their derivation.
Flux weakening is dedicated a separate chapter(Chapter 5); various implementations with Matlab  digital simulation results are given, compared and assessed.

Chapter 6 deals in detail with the design of current(in rotor and stator coordinates) and speed controllers , again in quite a few competitive solutions with useful illustrative case studies.

Parameter sensitivity and compensation is treated shortly but intensively in Chapter 7, around the strategies of air-gap(active)  and  reactive power feedback control with illustrative digital simulation results.

Chapter 8 is dedicated to signal injection rotor position estimation and position sensorless control of PMSM drives with one  implementation and case study treated in detail

In Chapter 9 the author presents a dynamic circuit model for the surface PM rotor concentrated(q=1) stator winding PMSM with trapezoidal emf and current control, called commercially the “PM brushless DC machine”; a digital simulation case study  with its Matlab  source code is given for convenience.

Commutation torque ripple computation and phase advancing of trapezoidal current control to extend the torque/speed range for the PM brushless DC machine is dealt with in Chapter 10; again, with very illustrative digital simulation results.
Chapter 11 describes the 3 power switch(halve wave) unipolar current control of PM BLDC motor drive  without and with front end converter, in an effort to illustrate lower cost drive solutions with their performance. Design of current and speed controllers for PM BLDC motor drives(Chapter 12), their sensorless control(Chapter 13) and some of its special issues(Chapter 14) are treated rather shortly  at the end of the book.
The style
The book content  is presented  with extreme clarity; there are many numerical results and many of the Matlab source codes for them; mathematics is visible but kept to the minimum necessary; lots of references, though, in essence, the book expands on the  author’s group work in the field.

Based on the above I warmly recommend the book to students and faculty in EE, mechatronics and  automatic control as well as  to R&D engineers in industry that are interested in electric motion applied control for energy savings and for  more productivity.
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