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Training eff HigityyQbalified: Bérsormehe!

Apnill 2001 -April 2017

Over the past six years

Currently (excluding the current year)

Supervised Co-Supervised Supervised Co-Supervised

Undergraduate 0 3 4 0 7
Master 0s 4 0 5 2 11
Doctoral 10 1 7 6 24
Postdoctoral 1 0 8 0 9
Resea_rch 1 0 5 0 3
Associate

TOTAL 16 4 26 8 54
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ResearcihAxeasobflie 4 EBR Gnaum

U Electrical Machines and Power Electronics

Advanced Models for Core Losses
Electrical Machine Design

Adjustable Speed Drives

Digital Control of Advanced Motor Drives
Advanced Propulsion Applications

Control of Power Electronic Converters

U Renewable Energy and Energy Harvesting

> > > > > > D> > P

Photovoltaic Systems (PV)
Waste to Energy

Vibration Energy Harvesting
Emergency Power

Wind Energy

Osmotic Power

Organic Fuel Cells

Hydro -Kinetic Power

Integration of Renewable Energy  Sources

“————’

U  Miniand Microgrids

A
A
A

Control and Communication of Mini-Grids
Rural Electrification

Distributed Power Systems

U  Transportation Electrification

A
A
A

Electric and Plug -in Hybrid Electric Vehicles
Railway Transit Electrification

Traction Motor Design and Automotive
Electrified Powertrain

Automotive Power Electronics and Motor
Drives

Battery and Ultra -Capacitor Storage
Systems

More Electric Aircrafts

Fuel Cell Vehicles

Q CRSNG Hyg{,%bec 6 Concordia
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Sponsaons amdiCollaboratatsrs

U Industry

C Hydro-Québec : Institut de recherche

d'Hydro -Québec (IREQ
Dr. Jérbme Gosset

Dr. Gaétan Lantagne
Dr. Innocent Kamwa
Mr. Pierre Angers

Dr. Claude Laflamme
Dr. Michel Dostie

Dr. Jacques Brochu
Dr. Arezki Merkhouf

C OPAL-RTTECHNOLOGIES
C TM4 Inc.

C Eskom

C Infolytica Corporation

C CEATIInternational Inc.

C Motor and Machine Association, USA
C Bombardier Aerospace

C ALCOA

To o Do To To To Io I

G————"

i

Government

C NRCan: Natural Resources Canada
C CRSNG/NSERC Natural Sciences and

Engineering  Research  Council  of
Canada
C FRONT Fonds de recherche du

Québec 0 Nature et technologies
C Transport Canada
C Canadian Space Agency
C InnovEE

C NRE National Research Foundation ,
South Africa

C Mitacs

Non-Governmental Organization
C Equiterre

Academic Institutions

CETS

C McGill University

C University of Ontario -Institute of
Technology

C University of Cape Town
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Shortlist of Alumni HR DeVElOpmentS

Dr. Ayman Al -Quraan , Assistant Professor, Yarmook University, Jordan

Dr. John Wanjiku , Infolytica Corporation, Canada

Mr. Hesam Akbarian , accepted to PhD program in the USA.

Dr. Jonathan Maisonneuve , Assistant Professor, Oakland University, USA.

Dr. Maher Al -Badri, Research Associate and part time Professor, Concordia University, Canada.
Dr. Abhijit Choudhury , Researcher, Experimental Power Grid Centre, Institute of Chemical and Engineering Sciences, Singapore.
Mr. Maninder Singh, OPAL-RT TECHNOLOGIESCanada.

Dr. Lesedi Masisi, CSIR, South Africa.

Dr. Nathan Curry , Director of Business Development for Isolated Habitats, Terragon , Canada.
Dr. Seyedmorteza Taghavi, Consultant Engineer, Iran.

Dr. Maged Ibrahim , Assistant Professor, Pharos University, Egypt.

Ms. Nazak Soleimanpour , OPAL-RT TECHNOLOGIESCanada.

Dr. Florence Berthold , Famic Technologies, Canada.

Mr. Arvind Vyas Ramanan , MDA Corporation, Canada.

Mr. Sean Smithson , MDA Corp., Canada.

Mr. Kang Chang , Infolytica Corp., Canada.

Dr. Olivare Dizune Mipoung , Assistant Professor, Oklahoma State University, USA.
Ms. Lekha Sejpal , ABB, Canada.

Dr. Rachel Namuli , Consultant Engineer, Uganda.

Dr. Natheer Alatawneh , PDF, McGill University, Canada.

Dr. Arbi Gharakhani Siraki, Hyper-loop, USA.

Dr. Maged Barsom, Rockwell Automation, Canada.

Mr. Mohammad Sharafat, SES Engineering, Canada.

Mr. Moustafa Dalal Bachi, Enbridge Pipelines, Canada.

Mr. Abdul Adud Shikder, Private Business, Canada.

Dr. Reinaldo Tonkoski, Assistant Professor, South Dakota State University, USA.
Dr. Youcef Berrouche , Consultant Engineer, Canada.

Dr. Zahra Amjadi , Assistant Professor, Texas Southern University, USA

Mr. Peng Zang, Air Canada, Canada.

Mr. Giampaolo Carli, General Electric Lighting Solutions, Canada.

Mr. Pablo Cassani, INNOVOX, Canada.

Mr. Xin Lee , Bombardier Transportation, Canada. ® NSERC Hydro = .
Ms. Di Wu, Bombardier Transportation, Canada. CRSNG Québec \J, Concordia
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Comité scientifique

Comité consultatif

Dr. Pragasen Pillay
Professeur et titulaire de la chaire de

recherche industrielle CRING/Hydro-Québec

CMr. Joseph W oods ) ¢

Technicien

Dr. Maher Al-Badri

Associé de recherche
Ph.D., May 2012-1ily2015

Machines électriques et entrainements

ﬁ Dr. Maged Ibrahim

P.D.F, 1y 2016-Aug. 2016
Ph.D., Sep. 2011-Dec. 2014

2. Dr.R. Sudharshan Kaarthik
P.D.F, Oct. 2015-March 2017

3. Dr.John W anjiku
P.D.F, Sep. 2016-Dec. 2016

4. Dr.Jhn W anjiku
Ph.D., Jn. 2012-Sep. 2016

5.  Ms. Jemimah Akiror
Ph.D., May 2013-Date

6. Mr. Kang Chang
Ph.D., Bn. 2014-Date

7. Mr. Amirmasoud Takbash

\ Ph.D., Sep. 2014-Date

9.

10.

11.

12.

13.

14.

Mr. Akrem Aljehaimi \

Ph.D., Jn. 2015-Date

Ms. Seyede Sara Maroufian
Ph.D., Bn. 2015-Date

Mr. Chirag Desai

Ph.D., Sep. 2015-Date

Mr. Mahmud Ghasemi Bijan
Ph.D., Jn. 2016-Date

Mr. Rajendra Thike

Ph.D. Jn. 2017-Date

Mr. Rajendra Thike

M.&., Bn. 2015-Nov. 2016

Energies renouvelables

}( Int®yration de I@nergie renouvelable )

15. Mr. Mohammad Masadeh
Ph.D., Sep. 2014-Date

16. Mr. Amitkumar Kortagere
Ph.D. Sep. 2016-Date

17. Mr. Andrew Jensson
M.Sc., Sep. 2015-Date

18. Mr. Tamanwe Payarou
M.&., Sep. 2016-Date

Mr. Mohamed Omer

M.&., Sep. 2016-Date /

;——i

-

Energie hydrolienne )

( 19.

Mr. Moham madhossein Ashourianjozdani
Ph.D., Sep. 2014-Date

NSERC
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1. Dr. Ayman Al -Quraan

o

. John Wanjiku

Dr. Jonathan Maisonneuve

Mr. Hesam Akberain

=

. Maher Al -Badri

9

. Seyedmorteza Taghavi

9

. Lesedi Masisi

Dr. Abnhijit Choudhury

9

. Nathan Curry
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. Maged Ibrahim
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. O. Dzune Mipoung
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. Rachel Namuli

13. Dr. Natheer Alatawneh
14. Ms. Jemimah Akiror
15. Dr. Arbi G. Siraki

16. Mr. Maged Ibrahim

17. Mr. Nathan Curry

Ph.D.

Ph.D.

M.A.Sc

Ph.D.

Ph.D.

Ph.D.

Ph.D.

Ph.D.

Ph.D.

Ph.D.

Ph.D.

Ph.D.

M.A.Sc

Ph.D.

M.A.Sc

M.A.Sc

Students Campléted (| (2009-2017)

Nov. 2016
Nov. 2016
Aug. 2015
Aug. 2015
Jul. 2015

Mar. 2015
Mar. 2015
Mar. 2015
Mar. 2015
Nov. 2014
Oct. 2012

Sep. 2012
Sep. 2012
Sep. 2012
Aug. 2012
Sep. 2011

Aug. 2010

End Date Title of PrOJeCt

Wind Energy in Urban Area

High Flux Density Rotational Core Loss Measurements

Osmotic Power for Remote Communities in Quebec

Design of a Power Electronics Based Diesel Engine Generator Emulator for Study of Microgrid Related Applications
Algorithms for Induction Motor Efficiency Determination

Design of Synchronous Reluctance Machines for Automotive Applications

Design and Development of Novel Electric Drives for Synchronous Reluctance and PM Synchronous Machines
Three-Level Neutral Point Clamped (NPC) Traction Inverter Drive for Electric Vehicles

Anaerobic Digestion CHP Solutions for the Urban and Rural Environments

Application of Magnetic Hysteresis Modeling to the Design and Analysis of Electrical Machines

Enhancement of Frequency Support Capabilities of Type 1 and Type 2 Wind Turbines

Optimization of Rural Biomass Waste to Energy Systems

Design of a Test Fixture for Rotational Core Losses in Electrical Machine Laminations

O0Model for Core Loss Prediction at High Frequency and High
Efficiency Estimation of Induction Machines with Limited Measurements

Modeling of Core Losses in Electrical Machines Laminations Exposed to High Frequency and Non - Sinusoidal Flux

Modeling and Design of ~ Urban Biomass Waste to Energy

® CRSNG Hygngec 6 Concordia
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Mr. Amirmasoud Takbash

2. Mr. Akrem Aljehaimi

w

Ms. Seyede Sara Maroufian

4, Mr. Chirag Desai

(&

Mr. Mohammad Masadeh

Mr. Rajendra Thike

Ms. Samhita Dey

Mr. Mohammadhossein  Ashourianjozdani
Mr. Andrew Jensson

10. Mr. Mahmud Ghasemi Bijan

11. Mr. Amitkumar Kortagere

12. Mr. Tamanwe Payarou

13. Mr. Mohamed Omer

Ph.D.

Ph.D.

Ph.D.

Ph.D.

M.A.Sc

M.A.Sc

Ph.D.

M.A.Sc

Ph.D.

Ph.D.

M.A.Sc

M.A.Sc

Cumnrentt Students

Sep. 2014

Jan. 2015

Jan. 2015

Sep. 2015

Sep. 2014

Jan. 2015

Jan. 2015

Sept. 2014

Sep. 2015

Jan. 2016

Sep. 2016

Sep. 2016

Sep. 2016

Title of PrOJECt

Analytical Modeling and Torque Ripple Reduction of Variable Flux Machine
Rotor Flux Linkage Estimation for Variable Flux Machine

Generator Application of Synchronous Reluctance Machines ( SynRM)

Torque and Core Loss Characterization of a Variable -Flux Permanent -Magnet Machine

A Three-Phase Power Electronic Converter
Renewable Energy Systems

-Based Induction Machine Emulator and its Application in

Efficiency Improvement of Variable Flux Machine drive

Micro Hydroelectric Power System Based on Osmotic Energy

Hybrid Hydro -kinetic -diesel Energy Conversion Systems

Integration of Renewable energy sources

Algorithms for Induction Motor Efficiency Estimation

Power-Hardware -in-the -loop based Emulator for Rapid Testing and Prototyping of Electric Drives
A Single Phase 1 kW Low Price Inverter Design

Thermal Derating of Induction Machines for Unbalanced Distorted Three Phase Supplies

® NSERC Hydro
CRSNG Québec
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Postdactorab FEHow Ré@searchcAssaciatéate
CumnrenttamnddCompletede d

Tite of PrOJeCt

1. Dr. Maher Al -Badri R.A. Sep. 2015 Date Novel Algorithms for Induction Motor Efficiency Estimation

Dr. R.Sudharshan Kaarthik P.D.F. Oct. 2015 Feb. 2017  Emulators for Electric Vehicle and Renewable Energy Applications

Dr. John Wanjiku P.D.F. Nov. 2016 Dec. 2016  High Flux Density Rotational Core Loss Measurements

Dr. Jonathan Maisonneuve P.D.F. Aug. 2015 April 2016  Osmotic Power for Remote Communities in Quebec

Dr. Seyedmorteza Taghavi P.D.F. Mar. 2015  April 2016 Design of Synchronous Reluctance Machines for Automotive Applications

Dr. Abhijit Choudhury P.D.F. Mar. 2015 Dec. 2015  Three-Level Neutral Point Clamped (NPC) Traction Inverter Drive for Electric Vehicles

Dr. Maged Ibrahim P.D.F. July 2016 Aug. 2016  Application of Magnetic Hysteresis Modeling to the Design and Analysis of Electrical Machines

Dr. Natheer Alatawneh P.D.F. Nov. 2012 Nov. 2013  Design of a Test Fixture for Rotational Core Losses in Electrical Machine Laminations

® CRSNG Hyg{,‘;bec _6 Concordia
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Fundiingy, Shortlist

: Supported
Title of Proposal l;l:ggr'ggqsl\?;r;c: TOTAL 'A‘[r:(]g::]t Stjl_%r; IOf
From To

NSERGInnovEE

Emulation and Design of Electric and Collaborative Research and

Hybrid Electric Vehicle Motor Drive o $ 681,900 $ 227,300 $ 389,657 2016 2019
Development and  InnovEE
Systems (PI) L
Provincial Grant
Design and Performance of Special NSRRI OnEpas
g : P NSERC/Hydro-Québec $ 2,000,000 $ 400,000 $ 2,000,000 2014 2019
Electrical Machines (PI) . .
Industrial Chair
Core Losses and Machine Design for NSERC
Electric/ Hybrid Vehicles (PI) Discovery AL e 2L U0 2013 2018
Research and Training via an Institute in NSERC
Water, Energy and Sustainability (Co -PI) CREATE 9 LARIBED HZEEI0 ¥ LABEID AU 20y
Lab on Chip (LOC) Based Micro
Photosynthetic Cell (Co  -Pl) FQRNT $ 123,000 $ 41,000 $ 18,450 2013 2016
. Concordia University
1TESE SRUTEmET oy EmEEiele [Emeg;, Capital Research Innovation $ 131,750 $ 65,875 $65875 2015 2016
Microgrids and Electric Vehicles (PI) Fund
Equipment for Upgrading the Research Concordia, Vice -President,
Infrastructure on Renewable Energy Research&Graduate $ 40,000 $ 40,000 $ 20,000 2015 2015
(Co-PI) Facility Optimization Program
Innovations in Motor Drive Technologies
to Reduce or Eliminate the Need for NCE AUTO21/TM4
Permanent Magnets in Electric/Hybrid AUTO21 DALl DAL BRI 2014 2015
Electric Vehicles (PI)
Feasibility Of A Pressure Retarded Mitacs and Hydro -OQuébec
Osmosis Process for Québec Electricity Y $ 40,000 $ 20,000 $ 20,000 2013 2014
. Accelerate (Cluster)
Generation (Co -PI)
Innovations in Motor Drive Technologies
to Reduce or Eliminate the Need for NCE AUTO21/TM4
Permanent Magnets in Electric/Hybrid AUTO21 e JED DE 2012 2014
Electric Vehicles (PI)
Energy efficiency in Electrical Machines NSERC/Hydro-Québec
for Small Scale Renewable Energy NSERC/Hydro-Québec $ 2,000,000 $ 400,000 $ 2,000,000 2009 2014

Production Systems Industrial Chair
TOTAL SHARE $ 4,955,482

H —
® g:sszg yg{l%bec Q// Concordia
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Laboratory Facilities

Digital Scope and Data Acquisition

Mixed Domain Oscilloscope MDO 3024  Digital Oscilloscope 500 MHz, 4 GS/sec  High Speed Data Acquisition SL1000
(Tektronix) LT 374 (LeCroy) (Yokogawa)
e 0 NN

ooonaes

i 3
"t

=ugm
)

Rapid Prototyping and Hardware-in-Loop

Rapid System Development for Power Real-Time Controller OP4112C Real-Time Controller DS 1103
(OPAL-RT) (dSPACE)

FACULTY OF ENGINEERING
AND COMPUTER SCIENCE



Laboratory Facilities

Power Converters

Two-Level Inverters Three-Level Inverter Three-Phase Rectifier/Inverter
(Custom Built) (Custom Built) (Semikron)

Motor Drives

Four-Quadrant AC Drive 25 HP i ACS800  Four-Quadrant DC Drive 18 HPi DCS800 Programmable AC Power Source
(ABB) (California Instruments)

Québec  Concordia
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Laboratory Facilities

Core Loss Measurement Test Benches

Pulsating Core Loss Measurement (Donart System)

Hygz%bec €C5ﬁ¢9'F?? ia
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Laboratory Facilities
Machine Dynamometer Test Benches

13 kW Dynamometer Test Bench (Hydro-Québec) 17.5 kW Dynamometer Test Bench

Hygz%bec —Q/: Con Cord la
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Labarnaioryy Facilitiess

Machine Dynamometer Test Benches

112 kW Dynamometer Test Bench (Hydro -Québec) Test Bench Electric Wiring and Protection

NSERC Hydro = vnivensire

ansue Québec Q//’Conqgvrcﬁl\ile‘av
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Machine Prototyping

Variable Flux Permanent Magnet (AINiCo) Machine

A ERE R R R G
O N RN

Mé“&z:;%w ity et :i;.i\"": ‘

Y P
o o ! R ,L l‘ 347,';_7!”‘”“:?.'

Dume O MEpec Tconcordia
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Research Facilities Under Development

Urban Biomass System for Concordia
Hall Building

Solar House (Loyola Campus) i Hybrid Electric
Vehicle (HEV), Solar Charging Infrastructure and
Microgrid Environment

!

hot water
supply

pipe jacketed
heat exchanger
(waten)

Existing
Gas fired boller

Gas line

from city
I l watermaln

©)

Biogas line

Heat

dlgeslerl ~ plpe J d Elevatlon vlew
n?w;;sw bypass \4 ) (wateq Anaerobic digester

variable speed water pump
actlvated by heat pumps

sludge backup
pump  heater

Dume O MEpec Tconcordia
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Industrial Research Chair in Design and Performance
of Special Electrical Machines (<150 kW)
Research Program Summary

U Energy Efficiency

A Using state of the art software for the design of test fixtures to allow measurement of rotational
core losses with higher flux density and harmonics.

A Measurement of induction machine losses for a variety of machines when fed from VSDs at
Concordia and in collaboration with the Hydro-Québec Laboratories in Shawinigan for the higher
power machines.

A Understanding the impact of temperature on motor losses and developing compensating methods

to allow more rapid motor efficiency testing.

U Electric Machine and Drive Design
A Examining design topologies of the synchronous reluctance machine.

A Developing associated drive topologies for specific machine configurations chosen.

® CRSNG Hyg{,%bec 6 Concordia
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Industrial Research Chair in Design and Performance
of Special Electrical Machines (<150 kW)
Research Program Summary

U Novel Technologies for Exploring Renewable Energy Sources
A Hydro-Kinetic: develop designs and models to allow the prediction of power and energy from
hydro-kinetic systems for remote communities.
A Machines for Renewable Energy Production Systems and Electrified Powertrains.
U Generators for Renewable Energy Production Systems
A Develop the application of synchronous reluctance and PM machines for selected renewable
energy applications.
A Examine the possibility of designing machines using low cost magnets or no magnets.
U Integration of Different Renewable Energy Resources
A The particular source technologies will include hydro-kinetic generator operating in parallel with

diesel or wind systems for remote communities.

Dume O 8pec Tconcordia
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Novel Algorithms for Induction Motor
Efficiency Estimation

Background

A Environmental concerns as well as an
increasing demand for energy are strong
motives for further investment and research in Maher Al-Badri
demand side energy management techniques.

A In Canada and the United States, A To do so, a credible methodology is required to

approximately 60% of the electrical power make the efficiency estimation possible

generated is utilized by electrical machines. without  performing costly dynamometer

~ . : : testing.
A Efficient operation of the motors can directly (‘,,}.,,;

bring significant  savings in energy
consumption and indirectly reduce green
house gas emissions as well as requirements
for the installation of new power plants,
transmission lines and distribution systems.

25, 60, and 100 hp induction motors tested in Hydro-Québec
A Energy saving calculations by means of any Photos courtesy of Hydro-Québec

tool and the relevant decisions, such as Objective

replacement of an existing motor, are strongly  Development of a mathematical tool and a

dependent on an accurate knowledge of the  testing methodology to estimate the efficiency of

motor efficiency. repaired, rewound or any existing three-phase
A Therefore, the evaluation of efficiency of induction motor based on the uncoupled motor

installed motors in the field or rewound motors ~ t€sts as well as the nameplate data which can be

in the workshop is a necessity to detect the  Performed in most electric motor service centers

motors with poor efficiencies and to take the !N North America. — o
appropriate action. Qé".fs‘ﬁg Vuébic Y Concordia
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This work presents 6 novel techniques for &} 7 .
induction motor efficiency estimation. i L = <l

A Methods 1 & 2 are based on no-load tests.

A Method 3 is an in-situ algorithm for induction
motors operating with balanced voltages.

A Method 4 is also an in-situ technique for
induction motors operating with unbalanced
voltages.

A Method 5 is another in-situ technique for '«
induction motors operating with unbalanced
distorted voltages.

A Method 6 proposes a new stray-load loss
formula for small and medium sized induction
motors.

A All those methods utilize large induction motor
test databases provided by Hydro-Québec and
BC hydro.

Quse (% ¥ Concordia
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Methods 1 & 2

A Method 1 requires one no-load test with rated
voltage and rated frequency.
A The method utilizes Hydro-Québec/BC hydro
data.
A It was validated by testing 196 induction
motors in the range of 1-500 hp.
_ . Experi | f ing 7.5 hp inducti hine i
A Method 2 utilizes IEEE Method F1-Equivalent xperimenta Set”pcé’;éﬁfé'ilﬁaboraﬁ’;r”y retion mashine
Circuit. It also utilizes Hydro-Québec/BC hydro =
data.
A It was validated by testing 8 small and medium
induction motors.
A A software has been developed based on the

two methods and it is approved as an
industrial tool by several Canadian power
companies including Hydro-Québec.

150 hp induction machine test setup in Hydro-Québec
Photo courtesy of Hydro-Québec
NSERC Hydro PR
CRSNG Québec Q/”Concord ia
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Motor

Methods 1 & 2

Method 2 Experimental Results

Load

The Developed Software EEVC1.0

Size - o e 11|re.efPhase/.60 Hz Induction Motor ——
A e o IS e e
Measured %—  80.4 79.1 75.6 63.9 recsurement ethod. | OMMISTTESt <] rul mercons o honco v e sore cncoone | A | Pt |
O Estimated %—  80.2 79.7 76.5 65.4 o S e
YError 0.20 -0.60 -0.90 -1.50 0.047 O Abient Temp. Max.venagau' 440,22V 11 | 38.679 A Pll 1.506 kw
Measured %-— 90.5 91.2 90.8 86.9 e let N S tond ] [0.087 om  [21 w[maey © [Eeams r[Tae w
(O Estimated % 90.1 91.1 91.0 87.3 oot om = .
Y%Error 0.40 0.10 -0.20 -0.40 Voltage/Current Test —| — Nameplate No-Load Measurements Method A v4| 176.36 v 14 I FER A p4| 0.735 KW
Measured %— 90.6 91.2 90.7 86.5 :e:;d;e Eet numbe ourrut[ 100 HP No-Load Voltage l— VEI — 15 I o P5| T
15 EStImated %— 90.1 90.9 90.5 86.5 lﬁ Hzlﬁu— Mo-Load Current l—;« Min. Vclmgavﬁl o v % I ol - PGI e kw
%Error 0.50 0.30 0.20 0.00 l— uoL‘rslT No-Load Pawer l—k\‘-.' Speed atpoit5 ImR‘P‘M.
Measured %— 92.0 92.8 92.8 90.3 ot aves[ 120,20
I3 Estimated %— 92.7 93.4 92.8 89.3 — won [T == [ Reset |
%Error -0.70 -0.60 0.00 1.00 — e[ | _ o | ] [ e
Measured %— 92.8 93.1 92.6 89.2 A EFFICIENCY] 94.5 % 951 954 950 931 ;gm:j::;:v :zj ;g:i:::d;:::d 1;: :;:
1510] Estimated %— 92.2 92.7 92.1 88.3 l—;4 . CL“sslr—Ll A: 50% Efficiency:  95.0  50% Load Speed: 1793  r.p.m
%Error 0.60 0.40 0.50 0.90 e[| &= e Efncy: | 931 25% Lowd Spest: 736 1
Measured %— 94.8 94.9 03.9 91.0 ’l*m’c wwucomam ER Equivalent Cct Parameters according to IEEE Std 112™ -2004
Estlmated %_ 943 947 944 928 E 20 R1: 0.080 Ohm Rfe: 661.92 Ohm R2: 0.049 Ohm
%EI’I’OI’ 050 020 _050 '180 Resat - ?oox 7 0% 25% | X1: 0.959 Ohm  Xm: 19.047 Ohm X2: 1.431 Ohm
Measured %_ 955 955 949 921 (:’:ﬁxﬁ:?ﬁiﬁ:}ﬁenw according to the American National Standard ANSI/NEMA MG 1-2011 is: Nominal: 954 Minimum: 94.5 |
100 Estimated %— 95.1 95.4 94.9 93.0 — ro ]
%ErTOr 0.40 0.10 0.00 -0.90 § Concordia CEATI) Qe BGhydro i1 SaskPower e yanitoba
Copyright © 2014 CEATT International Inc. All ights reserved.
Measured %— 93.6 93.4 92.1 87.1 This phase/60Hz induction motor’s efficiency based on. IEEE Standard 1127 -2004 methodology, 10d in compliance with Canadian Standards Association CAN/CSA €392-11
(U Estimated %-— 93.4 93.6 92.7 88.4 Copyrights of CEATI International Inc.
%Error 0.20 -0.20 -0.60 -1.30
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Method 6

This method proposes a new stray-load loss
formula for small and medium induction
motors based on tests data of a 196, 60 Hz
induction motors in the range of 1-500 hp.

The proposed formula is validated by
recalculating the efficiency of the same
number of motors by using the proposed
formula, as well as the IEEE Std. 112 and the
IEC 60034-2-1 standards.

The new formula demonstrates better

accuracy. This formula shows the potential to
replace the existing stray-load loss estimation
formula for this horsepower range.

Error [%]
o
2

%ﬂﬂﬂﬂﬂﬂ'
0@70-092’0 -
60‘0970 SHHHHE
0 = 8IEC 60034-2
Y BIEEE Std 112
00° _
OAQ,Q.OQ i m New Formula
o 500° o
002@09?’0 o
’0920 =3
00\°
0005'0'0 N
0000’0'005
0 5 10 15 20 25 30 35 40 45

No. of Motors
New formula accuracy evaluation

® NSERC Hydro
CRSNG Québec
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Method 6

Accuracy Evaluation of the Proposed Formula, IEEE Std 112
and IEC 60034-2-1

A The new formula estimated the stray-load loss e

of 94% of the total motors within the range of Formula IEEE Std 112 | IEC 60034-2-1
accuracy of 0.0-1.0%. .2 .2 -
S5 g'\? S5 2 = S5 2 =
bsolute Error §§ §& §§ g& §§ g&

- Abso © @ o)

A |EEE Std 112 and IEC 60034-2-1 standards % o o o
0 0 H H 0.000-0.005 1 1 0 0 0 0

scored 93% and 2_32/0 within the same range of 0.005.0.010 1 1 > 1 0 0
accuracy respectively. 0.010-0.020 2 1 2 1 1 1
0.020-0.030 0 0 4 2 0 0

0.030-0.040 2 1 1 1 3 2

- . 0.040-0.050 5 3 3 2 1 1
A The proposed formula could estimate the 0.050-0.060 4 2 2 1 1 1
H H i H i 0.060-0.070 0 0 4 2 0 0
majority of its 184 motor_s within t_he_ level of T 6 3 5 . 3 >
accuracy (0.09%-0.5%) while the majority of the 0.080-0.090 4 2 0 0 5 3

: H 0.090-0.100 10 5 5 3 1 1

181 motors of the IEEE Std 112 is in the range 0.100.0.200 o8 4 o3 15 i 5

of (0.1%-0.9%). 0.200-0.300 42 22 18 9 16 8
0.300-0.400 23 12 24 12 15 8

0.400-0.500 21 11 18 9 15 8

= . . 0.500-0.600 4 2 18 9 17 9
A A technical paper (TEC-00903-2015) is 0.600-0.700 12 6 16 8 22 11
H i i 0.700-0.800 7 4 21 11 17 9
publlshe-d in IEEE Transactions on Energy e . 2 = 5 1 5
Conversion. 0.900-1.000 7 4 1 1 13 7

Total 184 94 181 93 160 82

NSERC Hydro — )
CRSNG Québec Concordia
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Induction Machine Parameter Estimation

Background

A

e —

With increasecdenergycostsin the lastfew decadesenergy
consumptionand efficiency of the equipmentis of great
interest Induction motorsare the mostwidely usedtype of
electricmachinegdueto their simpleandrobuststructure

In the two recentdecadeshnoninvasive methodsfor IM
efficiency estimationhave been proposed Thesemethods
usea setof input parametersuchas statorvoltage, stator
current,input power (or input power factor) and operation
speedat one or severaloperationpoints to estimatethe
efficiency

In the optimizationbased techniquesas a nortinvasive
method,the parameterf the equivalentcircuit of an IM

are estimatedwith the help of a searchalgorithm (suchas
GA). Basedon estimatedparametersthe lossesof the IM

can be estimatedfor eachoperatingpoint, and thus, it is
possibleto estimatethe efficiency of an IM at any desired
operatingcondition

Sincethe GA is a searchtechnique,it must be limited to
exploringa reasonabl@egionof variablespace The search
regionis smaller,is morelikely to reachthe correctanswer

A

27

Mahmud
GhasemiBijan

Objective

A simple and straightforwardsolution for determiningthe
rangeof variablesareprovidedby usingequationandNEMA

design, and applying some assumptions This method uses
only nameplatelata .

Parameters Range

Rotor resistance(R,)

The rangeof R, can be determinedbasedon the no load
current percentage Maximum and minimum of no load
current(l,) have beendeterminedbasedon the empirical
results provided by Hydro-Quebecdatabaseand study of
around 130 motors in the range of 1 to 500-hp with
differentnumberof poles

P :3&52
S

wheres s slip, Py, is determinedby usingoutputratedpower
and assumedvalues for stray load loss and friction and
windagelossesl, is theratedcurrent
® NSERC Hydro
CRSNG

Québec €Concordia
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A Core lossresistance(R;,)

Recentlystudy on 182 motors has shown that maximum
corelossof aninduction machineis 6% of input power at
ratedcondition This criteriacanbe helpful to determinghe
minimum value of Ry, in the range For this purpose,by
calculating input power at rated condition, the maximum
P..e IS calculatedby consideringas 6% of rated input
power Then R i, can be achievedby using following

equation Ve

P

core

Rfe :3

By usingsomeassumptiony ,, can be considerecequalto
ratedvoltage For maximumvalue, 1% of input powercan
be consideredasa minimum possiblevalueof P,

Stator leakagereactance(X,)

Reactancéhastwo very significant effectson the size and

performance of induction motors One effect is the

limitation in possiblerating outputpowerfor a given speed
andframesize,andthe other effectis the determinatiornof

specificperformancecharacteristicfor agivendesign

A minimumvalueof T, ,, for eachmotorcanbedetermined
by tablespresentedbasedon the NEMA design Usingthese
values and some assumptionsand maximum torque
equationof induction motor, maximumvalue of X, canbe

determinedand minimum value of X, canbe considereds
half of the maximumvalue

_ 3
T @R VR KX, K

—

28

A Magnetizing reactance(Xm)

The magnetizingreactanceéhasa significant effectson the
no-load current and no-load power factor By assuming
c 0 $)(= 0.5 asa maximumpossibleno-load powerfactor,
maximumvaluefor X, canbe achievedoy usingmaximum
estimatedralueof R,.

_ Rfe
m,max \/é

Foraminimumvalueof X, the previousassumptiorabout
theno-load currentcanbe useful

X

Results

The proposed method was applied to four different
machines Comparisonof the results with experimental
resultsshowedthe acceptableaccuracyandeffectivenesof

the method for efficiency estimationand convergingthe

GA. Efficiency Estimation Error

25

50

Load (%)

75

100

0 0.5 1 15 2
Error (%)

7.5HP 5HP E3HP

_"Québec ' Concordia
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Thermal Derating of Induction Machines
for Unbalanced Distorted Three Phase

Supplies

Background

A Ideally, the Grid is assumed to supply three
phases that are balanced and perfectly
sinusoidal, Due to many reasons this assumption is
technically impossible .

podl

Induction machines are widely used in practice
because of their robustness and practicality,
approximately 60% of the generated electrical
power in the US and Canada is consumed by
electrical motors.

podl

Power quality issues such as voltage unbalance
and voltage distortion affect electrical motors
adversely . Therefore, the effects on electrical
machines must be investigated .

>

Accurate knowledge of the thermal modeling of
induction machines is crucial for their safe
operation .

>

Therefore, identifying the power quality issuesin
the supply and the thermal behaviour of the
machine is a major key in finding the suitable
loading for the machine .

—

29

Mohamed
lsmail
Omer

Objective

the

for

model .
The derating factor should account for the voltage
unbalance and distortion at the mo t o tertnmals .

factor
thermal

Finding
machine,

the suitable derating
based on i t deweloped

The scope could be extended to include over and

under voltages .

Derating Factor

1 — Derating Factor

vs Voltage

g,0,95 Unbalance Temp

T 0,9 Derating Factor

8 vs Voltage
0,85 Unbalance Loss

0,8 —— NEMA Deraing
-1 1 3 5 factor

Voltage Unbalance

Machine Derating Factor for voltage unbalance

NSERC
CRSNG

Hydro =5 e
*Québec  Concordia
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Electrical and Thermal

Models
A The electrical behavior of induction machines is o——MA—TI T—\\
studied by means of the equivalent circuit of the I R, X, = jol, X=joL, L R,
induction machine extracted based on IEEEStd .
112E -2004 -Equivalent Circuit . o % . ‘g
JX, = joL, . Rg% _"E"
A C

A The Thermal model uses outputs from the
electrical model to estimate the temperatures of

the windings and the machine core . Per-phase equivalent circuit of a three phase

induction motor

A Accurate temperature estimation will facilitate
finding the best loading point in the presence of
the different  power quality issues under
consideration .

Q CRSNG Hyg{,%bec 6 Concordia
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High Flux Density Rotational Core Loss

Measurements
Motivation
1. Inadequate sinusoidal pulsating core loss data
o Rotational magnetization zones i teeth roots L John Wanjiku
: : Pulsating field
o Rotational core loss > Pulsating core loss A Unidirectional
o Non-sinusoidal flux densities A varying magnitude

2. Hotspots analysis

o Uprating and upgrading of large MW machines

o High power density machines /\/
3. Energy efficiency and standards

o Characterization of electrical steels

o Efficient use of active materials
o Design of high efficient class machines

- Distrution of the aspect io,r 1 Rotational fleld
A Varying direction
B 0.8 A Magnitude is fixed or varies
.50 1 0.6
£ .
E‘ "
%45 1 0.4
e T 0.2 M
35 ) q . ]
A0 5 0 5 10 0
xelmm nssnc Hydro
Aspect-ratio distribution in a stator tooth cnsm; Québec \”Concord 1a
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Test Benches

(a) Halbach tester (b) Stator-based tester (c) Rotational core loss measurement test bench
(~1.4T @ 60 Hz) (2T @ 60 Hz) i
e m— Sample temperature
dSPACE® — EEEE readout
ST e SW-IMRSST
— = — 2| magnelizer

Power
| Amplifiers

< < 1 R — .
' Control GUI g 4 \ \

(d) 60 Hz, M19G29 (e) 1 kHz, M19G29 (f) Protational / Ppulsating M19G29
6- 13 13 T T _CL) L L N L N L
—1r=0 r: r=0 02&04—>ipD 21| —6—60Hz
£l ===+r=02 | r=02 - —H— 400 Hz
—r=04 . 18 ——1kHz
4‘ ------- r:06 - <|:|) Emmmmms
= 4 average
2 ||—r=08 L 16 :
23— r=10 1 ~
*, | o 14f
1 / i 1.2r
-~ Increasing r
% 05 1 15 2 0 02 04 06 08 1
B, [T] aspect-ratio, r

Qe OMGepec T concordia

32 FACULTY OF ENGINEERING
AND COMPUTER SCIENCE




Computation of Rotational Core Losses in Hydro

Generators
Motivation
U Demand for electricity is constantly increasing requiring uprating of existing Jemimah
generators Akiror

This in turn necessitates knowledge of hotspots within the machines

Core loss estimation and distribution under different operating conditions is key to
hotspot prediction

U Accurate core loss models for hydro generators also aid in generator design, to
avoid penalties charged to the designers for every extra kW loss from the
guaranteed specifications

Objectives
U Measure rotational core losses in lamination steel based on the obtained FEA flux
U Develop core loss models to calculate the total core losses in the generator
U Usetheresults as an input to a thermal model to determine hotspots in the machine
Methodology
Determine the distribution of rotating flux in the machine

U Study the effect of design variations and different operating conditions on rotational
flux and core loss distribution

Measure rotational losses in different magnetic materials
Compute total core losses in the machine including rotational losses

Q CRSNG Hyg{,‘;bec _6 Concordia
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Hydro generator modelling

\

By(T)

Yl

0_(
Bx(T)

|
\\

e

windings

£

o [:j EAMH m

IEMEININ)

Rotational flux density distribution

Rotational flux distribution varies under different operating conditions, and with different design
modifications

Losses associated with rotating flux need to be accounted for in core loss prediction of hydro
generators

NSEnc H dro uuuuuuuuuu
Dz O Glavee Toncoraia
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Variation of rotational flux distribution with machine design

U Aspect ratio R, defines which regions have pulsating or rotational flux. R =0 is pulsating and R =

1is rotating

Machine 1 2 3 4
Power rating (MVA) 19 325 122.6 65
Voltage (kV) 13.8 13.2 13.6 13.8
Current (A) 795 1422 5129 2719
Excitation current I; (A) 1090 875 726 1220
Power factor 0.8 0.8 0.9 0.85
Frequency (Hz) 60 60 60 60
Speed (rpm) 120 105.9 120 94.7
Poles 60 68 60 76
Slots 336 432 504 396

Slots per pole per phase 113/15 2 2/17 24/5 114/19

——

R = Bmin/Bmax
1

Machinei 1 Machinei 2 Machinei 3 Machinei 4
Qe OMGpec Tconcordia
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Analytical Modeling and Improvement
in the Design of Variable Flux Machines

Background

The  variable -flux machines (VFMs), are
permanent magnet (PM) machines which have
the ability to adjust the level of PM flux.

Memory machines as a category of the VFMsuse
AINiCo PMs,which can be demagnetized and re-
magnetized easily with a short time current pulse
that enables the flux variation effectively .

The design and simulation of an AINiCo PMSM
(variable  Flux Machine) requires advanced

modeling of the magnet hysteretic
characteristics .

In order to analyze the performance of the spoke
type variable flux machine and to improve its
design procedure, a simple and accurate
analytical model of this machine isnecessary .
The torque ripple causes noise and Vvibration in
addition to, difficulties in control .

e —

36

Amirmasoud
Takbash

Objective

Propose an analytical model for spoke type VFM
and verify it with FEA and prototyped machine,

using the torque vs. angle profile of the prototyped

machine .

Design modification of the VFM to reduce the

torque ripple and magnetization current .

Analytical Model

Stator

i

Equiv mabgnetlc circuit oﬁpaﬁgoke type VEM
CRSNG Québec \/ ¥ 'Concordia

Rotor
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Analytical Model Verification

Design Optimization

40 M/l_w
35 - :
lur_.q lZur
r— 30 t A A
g h,
Z 25
—— Measured [t
g 20 ] ! th Rsb
g 15 - — Analytical
=10 - -FE R O
5 ro ehb
0
10 20 30 40 50 60 70 80 90
Torque Angle [degree] 4
2sb 1
Average PM torque vs. torque angle 0 "‘éﬂ;\l_h
0lsh "llhb bb [
New Anal V4 tical Desi gn Criterion Geometrical parameters for initial VFM topology
By = 2B,Am 42 Design #1 Design #5-18
” (A + _49urecflm) 41 esien estgn 7o
! bm 40
B t 2gh g 39
g z
Imag = m ( m 4 = m ) - hm Py
HoaN gy \Pyee Tp— Ui g 38
5 37
S
35
tm Iag = —2m— (tm 9Bg0tm 34
Aul)aNsppntc Hrec Brtm - ZgﬂrecBgo 33
0 0.004 0.008 0.012 0.016 0.02
l time [sec.]
Comparison of torque waveform for design #1 and design #5 -18,

k1k2k4t$n + tm(—k1k2k5 + k1k3 - ktl-lmag) + kSImag =0
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Design of Synchronous Reluctance Motor for

Automotive Applications

Project Objective

C Design of traction motors for electrified
powertrains that do not depend on rare-earth
permanent magnets.

C Develop testing techniques to identify motor
models from laboratory measurements and
detailed instrumentation.

Methodology

Analytical design

Rotor geometry design
Finite element analysis
Performance optimization
Prototype

Load test

G———"

o0k obNP

38

Synchronous reluctance machines (SynRM)
produce reluctance torque by variation of the
reluctance caused by rotor position.

The SynRM utilizes the same stator as
Induction machine.

No magnet or cage on the rotor structure.

The SynRM potentially is an alternative for
less-expensive and accurate AC drives.

Dume (O6%ec Tconcordia
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Research Work Contributions

1. Proposed asizing mythology for automotive
applications using the torque envelop.

2. Proposed a geometrical method to minimize
torque ripple.

3. Proposed an innovative rotor core lamination
to improve the average torque using grain
oriented steel.

4. Proposed a
to extend the speed range for automotive
applications.

50hp/170Nm
10000rpm

i VarfTiua mloe dAemp erne

Industrial Prototypes

TM4 Oy perne

39

C Motor lamination
with integrated-pole
using geometrical
method for reduced
torque ripple

C Motor lamination
with segmented-
pole using CRGO
for higher torque
density

CRSNG

Rotor--Win
\

. Hydro

Québec

ding--Cooling--Shaft-Gear box
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Torque and Core Loss Characterization of
Electrical Machine

Chirag Desai

Background

U PMSM with rare-earth permanent magnets are widely employed in electric and hybrid electric
drivetrains.

U The cost of rare-earth magnets is increasing rapidly as well as the supply and resources are
limited.

U AINiCo magnets can operate at high temperatures and at flux densities close to rare-earth

permanent magnets.
U PMSMs with AINiCo magnets with controllable demagnetization can provide efficiencies and
torque densities as good as rare-earth PMSMs.

AINiCo Magnet

@

Laboratory Prototype
(a) Rotor geometry, (b) Prototyped rotor

Dume (Oec Tconcordia
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(b)

Torque vs. angle curve for 100% magnetization
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Objective

U To obtain torque for different rotor angles and
motor currents to improve torque-to-current ratio
at various magnetization levels.

U A precise quantification of core losses over an
extensive frequency and flux density range.

U Comparison of the measured torque and core
loss with the simulated results from Magneforce
and MotorSolve.

Core loss comparison at 100% magnetization
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