2019 IEEE 10th International
Symposium on Sensorless Control
for Electrical Drives (SLED 2019)

Turin, Italy
9 — 10 September 2019

I E E E IEEE Catalog Number: CFP19SLE-POD
4 ISBN: 978-1-7281-0767-7



Copyright © 2019 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP19SLE-POD
ISBN (Print-On-Demand): 978-1-7281-0767-7
ISBN (Online): 978-1-7281-0766-0
ISSN: 2166-6725

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



TABLE OF CONTENTS

ITERATIVE TRACKER FOR ANISOTROPY-BASED SELF-SENSING CONTROL OF PMSM........cccooeniniiine, 1
Niklas Himker ; Georg Lindemann ; Axel Mertens

ENHANCED OBSERVER WITH ADAPTIVE REFERENCE FRAME FOR SELF-SENSING

CONTROL OF PIMSIM ...ttt h e st e e bt b e s ht e bt b e e b e 4 b £ 21 e e ek £ o2 b e e b £ et e b e e R b e ARt 2R et ek e e R b e e bt et e ebe e b e sbe e e e abeenras 7
Georg Lindemann ; Niklas Himker ; Axel Mertens

ANALYSIS OF VOLTAGE DISTORTION AND COMPARISON OF TWO SIMPLE VOLTAGE

COMPENSATION METHODS FOR SENSORLESS CONTROL OF INDUCTION MOTOR ......ccccoovviiiniiienicninns 13
Ondrej Lipcak ; Jan Bauer

AN IMPROVED IDIM TECHNIQUE FOR SENSORLESS CONTROL OF SINGLE-PHASE

ELECTROMAGNETIC DRIVES ...ttt bbbt bbb e b e bt sttt e 19
Niklas Koenig ; Giorgia Anzelmi ; David Naso ; Matthias Nienhaus ; Emanuele Grasso

COMPARISON OF ANISOTROPY SIGNALS FOR SENSORLESS CONTROL OF STAR-

CONNECTED PIMSIMS ...ttt bttt b e ht e b e b e e b e h e e A bt e E £ e b e e h b oAbt eh e e R e e R b e b e e b e e bt ebeenbeebe e bt antenbeareens 25
Klaus Schuhmacher ; Stephan Kleen ; Matthias Nienhaus

INVESTIGATION OF THE LINEAR ALTERNATIVE OF THE SMO SWITCHING FUNCTION

USED FOR SELF-SENSING HIGH-SPEED PMSM........cooiiii ittt sttt st sba e s ba e e s nnaesnneenrae s 31
Andreas Kramer ; Mirza Cizmic ; Tobias Strnad ; Abid Ali
CHALLENGES OF SENSORLESS CONTROLLED HIGH-SPEED PMSM DRIVES.........cccooiiiiiiiiiiee e 37

Simon Zossak ; Marek Musak ; Marek Stulrajter ; Pavol Makys

AUTOMATIC TUNING PROCEDURE AT STANDSTILL FOR EXTENDED KALMAN FILTER

IN SENSORLESS CONTROL OF PERMANENT MAGNET SYNCHRONOUS MOTORS .......cccccoiiiiiiiiieieniens 43
L. Ortombina ; D. Pasqualotto ; F. Tinazzi ; M. Zigliotto

MACHINE-PARAMETER-INDEPENDENT REDUCTION OF HARMONIC ERRORS IN SELF-

SENSING CONTROL OF PIMSIM ...ttt sttt sttt sttt b e bbbt s e e bt e st e sb e s e e bt e st e sb e e seeebeenb e st e eseenbeeneas 49
Mirza Cizmic ; Andreas Kramer ; Abid Ali

CURRENT SENSORLESS FIELD ORIENTED CONTROL OF A RSM BY EXTENDED-

KALMAN-FILTER BASED STATE ESTIMATION .....ooiiiiiiiiie et 54
Matthias Laumann ; Christian Weiner ; Ralph Kennel

SELF-SENSING-ORIENTED OPTIMIZATION OF SYNCHRONOUS RELUCTANCE MACHINE

Giacomo Bacco ; Silverio Bolognani ; Nicola Bianchi ; Virginia Manzolini

COMPARATIVE STUDY OF SPEED RIPPLE REDUCTION IN SENSORLESS PMSM DRIVE

SYSTEM WITH PULSATING LOAD ...ttt bbbt b et ab bbbt ebe i 66
Yukinori Inoue ; Yuma Komaru ; Shigeo Morimoto ; Masayuki Sanada

SELF-SENSING CONTROL OF A SYNCHRONOUS HOMOPOLAR MACHINE USING FIELD

CURRENT RESPONSE FROM PHASE-SHIFTED PWM......ocoiiiiiiiiiiiie e 72
Alecksey Anuchin ; Maxim Lashkevich ; Dmitry Aliamkin ; Maria Gulyaeva

SENSORLESS CONTROL OF PMSM DRIVES THROUGH MODIFIED THERMISTORS

WMVTRINGS ...ttt ettt bbb bt es b e e b £ a1t ekt e R b e S b £ oAt e b e e R b e A he e A8 ekt e s b e Ah e e bt eb e e n b e nb e et e e b e en b e nb e e rtesbeenbenbeenes 77
L. D. Tornello ; G. Scelba ; G. Scarcella ; M. Cacciato ; S. Foti ; A. Testa

APPLYING THE SQUARE-ROOT-CONDITION COMBINED WITH DB-DTFC AS A FLUX

OBSERVER-BASED MAXIMUM TORQUE PER FLUX STRATEGY .....occiiiitiieiiiit et 83
Hadi El Khatib ; Mario Pefia ; Benjamin Grothmann ; Emebet Gedlu ; Michael Saur

A NEW SELF-COMMISSIONING TECHNIQUE FOR SENSORLESS SYNCHRONOUS

RELUCTANCE MOTOR DRIVES. ... ...ttt ettt e et e et e e e et e e e s et e e e s ba e e e e abe e e e sabeeesteaeeaanes 89
S. De Caro ; S. Foti ; T. Scimone ; A. Testa ; L. D. Tornello ; G. Scelba
ELECTRICAL-SENSORLESS CONTROL OF INDUCTION MOTOR™ .......ooiiiiiiiiee ettt 95

Kenza Bouhoune ; Krim Yazid ; Mohamed Seghir Boucherit ; Babak Nahid-Mobarakeh ; Mohamed Menaa

CARRIER SEPARATION TECHNIQUES FOR IMPROVED DISTURBANCE REJECTION OF

INJECTION-BASED SELF-SENSING CONTROL ...ocotiiiiiiiesiiiie sttt st ste e saa st snsensesnes 101
Marc S. Petit ; Bulent Sarlioglu ; Robert D. Lorenz ; Christoph H. Van Der Broeck

ROBUST PHASE-SHIFT ESTIMATOR FOR SELF-SENSING CONTROL OF PM

SYNCHRONOUS MAGCHINES ... oottt ettt et e te e b e s nbe e s beeasteess e e anbeesbeeeseesnbeanbeesreeenreenns 107
A. Messali ; M. A. Hamida ; M. Ghanes ; M. Koteich

AN IMPROVED LOW-NOISE SENSORLESS PMSM DRIVE ABLE TO FACE HIGHLY

INTERMITTENT LOAD TORQUE ...ttt st ta e e et e st ae e ste e s st e e te e e saeesseeanbeestaeetaesnbeenteeannees 113
Mario Marchesoni ; Massimiliano Passalacqua ; Luis Vaccaro ; Marco Calvini ; Marco Venturini



FULL ORDER DISCRETE-TIME MODELING FOR ACCURATE AND SPEED-INDEPENDENT

PULSATING VOLTAGE INJECTION SELF-SENSING.......ccoii ittt estee e see e see e snee e snae e nneeaneas 119
Timothy Slininger ; Marc Petit ; Huthaifa Flieh ; Shao-Chuan Chien ; Li-Hsing Ku ; R. D. Lorenz
FAST MOVING HORIZON ESTIMATOR FOR INDUCTION MOTOR SENSORLESS CONTROL .................. 125

Andrea Favato ; Francesco Toso ; Paolo Gherardo Carlet ; Matteo Carbonieri ; Silverio Bolognani

SENSORLESS CONTROL OF INTERIOR PERMANENT MAGNET MOTOR USING A MOVING

HORIZON ESTIMATOR BASED ON A LINEARIZED MOTOR MODEL........cccooviiiiiiiiieeeeeese 131
Paolo Gherardo Carlet ; Andrea Favato ; Francesco Toso ; Silverio Bolognani

SYNRM SENSORLESS TORQUE ESTIMATION USING HIGH FREQUENCY SIGNAL

INTECTION .tttk h bttt ekt h e e bt e h e e ke e b e b e e h e e AR e SR £ e b e e he e H e AR e e bt eh e e e e e b £ e b e ebe e b e e b e e mbeebe e e e ebeanbenbeanes 137
Maria Martinez ; Diego F. Laborda ; David Reigosa ; Daniel Fernandez ; J. M. Guerrero ; Fernando Briz

IMPROVED SIMPLE I-F OPEN-LOOP START-UP OF PMSM DRIVES WITHOUT SPEED OR

POSITION SENSOR ...ttt ekt bbbt bbbt st b e e h e b e e bbbt b et s e bt e bt bt n b b e et e bt 142
Matej Pacha ; Simon Zossak

SENSORLESS SYNCHRONOUS RELUCTANCE MOTOR DRIVES: A SENSITIVITY ANALYSIS

FRAMEWORK AND DESIGN TO ACHIEVE STATOR RESISTANCE IMMUNITY ...ccooiiiiiiiiiecienn 148
Anantaram Varatharajan ; Gianmario Pellegrino

IDENTIFICATION OF MOMENT OF INERTIA IN SENSORLESS PMSM DRIVE AT QUASI

ST AND -STILL ...ttt bbbttt bbbtttk e b e s b et ek e R b e eh e e et e b e e a ke e h e e b e e b e e mb e eh b e be e b e e bt ebeenbesbeenbesbeennenbeen 154
Sandro Calligaro ; Jacob Jose ; Roberto Petrella

EVALUATION OF EXTENDED ELECTRO MOTIVE FORCE OBSERVER DYNAMIC

PERFORMANCES USING COMPLEX VECTORS. .......ooiiiiiieitiiee ettt 160
Abdelrahman Elsman ; Fabio Giulii Capponi ; Giulio De Donato ; Federico Caricchi

AN OPEN-LOOP STARTING PROCEDURE FOR SENSORLESS CONTROL OF

SYNCHRONOUS RELUCTANCE MOTORS ...ttt sttt bttt e b e sseenbesneenneens 166
Andrea Credo ; Mauro Paletta ; Simone Paolini ; Marco Tursini

PERMANENT MAGNET SYNCHRONOUS MACHINE TORQUE ESTIMATION USING LOW

COST HALL-EFFECT SENSORS ... .ottt bbb bbbttt b e et s bt et ke et b e e be st e et naee s 172
Daniel Fernandez Alonso ; Yegu Kang ; Diego Fernandez Laborda ; Maria Martinez Gémez ; David Diaz Reigosa
; Fernando Briz

CRITICAL ASPECTS AND STRATEGIES FOR SENSORLESS CONTROL OF IPMSM BASED

ON LOW-FREQUENCY VOLTAGE INJECTION ..ottt bbbt sne s 178
Riccardo Brugioni ; Emilio Carfagna ; Emilio Lorenzani ; Fabio Immovilli

DISCRETE-TIME IMPLEMENTATION ISSUES IN BACK-EMF OBSERVER FOR SENSORLESS

CONTROL OF PMSM AND SYNRM ...ttt sttt sb ettt e b e s be e besbe e b e sseenbesaeebenns 184
Nicola Bedetti ; Sandro Calligaro ; Roberto Petrella

NOVEL SENSORLESS CONTROL ALGORITHM FOR SYR MACHINES BASED ON LOW

SPEED ACTIVE FLUX ...t bbbt bbb bbbt b e e bt e bt e bbb e bt e bt et b e nb e 190
Paolo Pescetto ; Arzhang Yousefi-Talouki ; Gianmario Pellegrino

COMMISSIONING AND SENSORLESS CONTROL OF HIGH POWER SYR MACHINE

PROTOTYPES ...tttk b e bt h e bt h b e b e e h e e e b e e R b oAb £ e h e e b £ e R b e A b e 2R e e b e e hb e Ab £ 2R e e Rt e mb e nb e e he e et e e meenbenbeebeanean 196
Paolo Pescetto ; Eric Armando ; Gianmario Pellegrino

FEASIBLE AUTO-TUNING PROCEDURE FOR MID-PERFORMANCE SENSORLESS IPMSM

AND SYNRM DRIVES ...ttt bbb bt bbbt b e bt bbb ettt b e bbb et et eane 202
Nicola Bedetti ; Sandro Calligaro ; Roberto Petrella

CONVERGENCE PROPERTIES OF DIRECT POSITION AND SPEED ESTIMATION IN

SYNCHRONOUS MOTOR DRIVES ... .ottt bbbt b e 208
Matthias Preindl

Author Index





