Lehrstuhl fur Elektrische
EAA Antriebstechnik und Aktorik

Chair of Electrical
Drives and Actuators

Forschungsberichte
Elektrische Antriebstechnik und Aktorik

Hrsg.: Prof. Dr.-Ing. Dieter Gerling

Volodymyr Bilyi

Optimized synchronous reluctance
drive for effective application in wind
turbines and battery electric vehicles

b [tesla]

2.48

2.16
2,02
1.87
173
1.5
1,44
1.38
1,18
1.61
.86
a.72
.56
843
8.29
@14
.88

I - il EAA Forschungsberichte
Universitdt j‘} Miinchen Band 42



Optimized synchronous reluctance drive for
effective application in wind turbines and

battery electric vehicles

Volodymyr Bilyi

Vollstandiger Abdruck der von der Fakultit fiir Elektro- und Informationstechnik der Universitéit der

Bundeswehr Miinchen zur Erlangung des akademischen Grades eines

Doktor-Ingenieurs (Dr.-Ing.)

genehmigten Dissertation.

Gutachter:
1. Prof. Dr.-Ing. Dieter Gerling

2. Prof. Dr.-Ing. Christian Kreischer

Die Dissertation wurde am 10.02.2020 bei der Universitdt der Bundeswehr Miinchen
eingereicht und durch die Fakultit fir Elektro- wund Informationstechnik am

12.02.2020 angenommen. Die miindliche Priifung fand am 16.06.2020 statt.



Vorsitzender: Prof. Dr.-Ing. Walter Hansch
1. Berichterstatter: Prof. Dr.-Ing. Dieter Gerling

2. Berichterstatter: Prof. Dr.-Ing. Christian Kreischer

Tag der Promotion: 16.06.2020



Forschungsberichte Elektrische Antriebstechnik und Aktorik

Band 42

Volodymyr Bilyi

Optimized synchronous reluctance drive
for effective application in wind turbines
and battery electric vehicles

Shaker Verlag
Duren 2020



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: Minchen, Univ. der Bundeswehr, Diss., 2020

Copyright Shaker Verlag 2020

All rights reserved. No part of this publication may be reproduced, storedin a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
ofthe publishers.

Printedin Germany.

ISBN 978-3-8440-7607-3

ISSN 1863-0707

Shaker Verlag GmbH « Am Langen Graben 15a « 52353 Diren

Phone: 0049/2421/99011-0 + Telefax: 0049/2421/99011-9
Internet: www.shaker.de « e-mail: info@shaker.de



Preface

This thesis was written during my time as a research assistant at the Universitaet der Bundeswehr
Muenchen at the chair of electrical drives and actuators (EAA), which is very well-known with its
scientific publications around the world. I am very grateful that I got the opportunity to work with
this team.

I am very thankful to the head of the EAA department and my supervisor Prof. Dr.-Ing. Dieter
Gerling for the opportunity to work on the state-of-the-art problematics of modern electrical en-
gineering, for all resources at the department and perfect working conditions as well as for the
support in technical and also personal problem-solving, regardless of the subject matter.

I would like to thank Prof. Dr.-Ing. Christian Kreischer for taking over the review of my doctoral
thesis.

I received the permanent support from the EAA team in all cases. Therefore I am very thankful
for this to Dr.-Ing. Hans-Joachim Kd&bler and his lovely wife Rita Kobler, Dr.-Ing. Harald Hof-
mann, Dr.-Ing. Benno Lange and Dr.-Ing. Johann S. Mayer. For fruitful technical discussions and
sharing of his great experience in the field of electric machines, I would like to thank my group
leader for electric motor design Dr.-Ing. Gurakuq Dajaku.

T am very grateful to my brother and colleague, Dr.-Ing. Dmytro Bilyi, for his permanent support
on all occasions of my daily life, to my parents for their support and the opportunity to move and
study in Germany. I want to thank my wife, Svitlana, for her permanent support.

Also, I would like to appreciate my colleagues and friends Dr.-Ing. Oleg Moros, Dr.-Ing. Hans-
Christian Lahne, Dr.-Ing. Sachar Spas, M.Eng. Yevgen Polonskiy, for great cooperation during
my work at EAA.

Some sections of this work were published in author’s scientific papers [1], [2], [3], [4], [5], [6],
[7].






Summary

The presented doctoral thesis handles the analysis of the optimized synchronous reluctance drive
for effective application in wind turbines and battery electric vehicles. Herefor, the fractional slot
concentrated and conventional distributed windings electric machine for traction applications shall
be analyzed and optimized, which will show that the short end-turns and high slot fill factor in case
of the FSCW cause an improvement in torque capability, power factor, and efficiency.

Besides that, for the wind energy application area, the synchronous reluctance machine with
double-layer integer-slot concentrated winding will be taken under the loupe. The analysis will
prove the validity of the cost-effective, high-efficient synchronous reluctance machine for large-
scale wind energy conversion systems.

Herewith for achieving such results, the developed special flux barrier design method for torque
ripple reduction in synchronous reluctance machine will be described. The simulation results us-
ing this special design method will show the reduced values for the torque ripples, and thus the
applicability of the method to different winding types will also be shown.

In order to optimize the synchronous reluctance drive further by improving the quality of the mag-
netomotive force in combination with a decrease of a torque pulsation and by the increasing of
fault tolerance, synchronous reluctance machine with multiphase cage-winding will be introduced
and investigated.

Based on developments on the topic of rotor geometry optimizations, results on investigations on
intelligent stator cage drive with reluctance rotor will be introduced. The represented flux barrier
design method will prove itself as applicable, and important improvements in the machine charac-
teristics are resulting from that.

The entire doctoral thesis introduces the in-depth research on the optimized synchronous reluc-
tance drives, which could be used in several different types of applications, e.g., for the effective
application in wind turbines and in battery electric vehicles, which will be confirmed by results

from this thesis as feasible and very reasonable.
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