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High-performance electrical machines are critical components of energy- INDIA

efficient systems across electric transportation, industrial automation, and

renewable energy. A key challenge in the next generation of machines is the ) SPEAKER

reduction or elimination of rare-earth permanent magnets which are expensive, e

environmentally burdensome, and subject to global supply risks. This tutorial _m Shovan Dey

will explore innovative electric machine designs that achieve high efficiency and ; _

torque density while minimizing or entirely avoiding the use of rare-earth - Research scholar
materials. !
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One such alternative is the interior permanent magnet-assisted synchronous . . .
reluctance motor (IPM-SyRM) using low-cost ferrite magnets. Despite . Electrical Engineering,
environmental and economic advantages, ferrite-based IPM-SyRMs face issues - Indian Institute of
such as partial demag.net!zatio.rl in outer flux barrier§ under peak torque and Technology Bombay-
elevated total harmonic distortion (THD) in the terminal voltage during flux- .
weakening operation. This tutorial will present optimization strategies for Mumbai, INDIA
magnet orientation to address these challenges, including air-gap design
refinements to improve performance. Design methodologies, finite element
analysis (FEA)-based validations, and experimental results will be discussed in
depth.

Next, the line-start PM-assisted synchronous reluctance motor (PMa-SyRM) is presented as an energy-efficient alternative to conventional
induction motors, particularly for rural water pumping applications. The tutorial will emphasize the advantages of rib-less rotor designs for
improved manufacturability and mechanical robustness. Key aspects such as structural integrity, magnet placement, and inverter-fed
performance will be discussed, especially for topologies using rectangular ferrite magnets with fluid saliency-enhancing flux barriers.
Magnetically geared machines are another frontier in high-torque, compact drive systems. A segmented rotor switched reluctance motor
(SSRM) integrated with a magnetic gear is introduced to reduce system complexity while preserving performance. Traditional magnetic
gear systems require multiple coaxial members and air-gaps, leading to assembly and reliability challenges. This tutorial introduces a
simplified topology where motor and gear functionalities are combined using only three members and two air-gaps. The principle of
reluctance-based magnetic gearing—eliminating permanent magnets—is central to this concept. A third variant, entirely PM-free, will also
be presented, highlighting its suitability for multi-port and modular drive systems.

Lastly, electrically-excited synchronous machines (EESMs) and hybrid-excited synchronous machines (HESMs) provide compelling
alternatives to PM-based machines. HESMs incorporate both permanent magnets and field coils to achieve high torque density with
reduced rare-earth dependency. A novel fully hybridized and parallel flux-path HESM configuration will be detailed, demonstrating improved
efficiency and balanced copper usage compared to both PMSMs and EESMs. Design intricacies, operational principles, and trade-offs will
be covered.

A key enabler for these rotor-excited machines is a rotary transformer (RT) for contactless power transfer. This tutorial will cover high-
frequency, resonant RT configurations suitable for brushless excitation systems (BES), including advanced three-winding RT topologies
enabling bipolar field control.
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Prof. Fernandes was born in Mangalore, India. He earned the B.Tech.
degree from the National Institute of Technology, Surathkal, Indiain
1984, the M.Tech. degree from Indian Institute of Technology
Kharagpur (IIT Kharagpur), Kharagpur, India, in 1989, and the Ph.D.
degree from Indian Institute of Technology Bombay (IIT Bombay),
Mumbai, India in 1993, all in electrical engineering. He joined the
Department of Electrical Engineering, Indian Institute of Technology
Kanpur (IIT Kanpur), Kanpur, India in 1993 as an Assistant Professor.
He joined IIT Bombay in 1998, where he is currently a Professor at
the Department of Electrical Engineering. He was the

Chairman of the Department of Electrical Engineering from 2015-
2021 and was Institute Chair Professor from 2014-2017. His current
research interests include power electronic converters, high
performance AC drives, motors for electric vehicles, and power
electronic interfaces for non-conventional energy sources.

Dr. Fernandes is the Principal Investigator of National Centre for
Photovoltaic Research and Education (NCPRE), IIT Bombay. He
chaired the Government of India’s white paper on e-mobility mission
named EVolution and is a Fellow of Indian National Academy of
Engineering (INAE). He is an Associate Editor of the IEEE
TRANSACTIONS ON POWER ELECTRONICS.

Shovan Dey was born in West Bengal, India, received the B. tech degree
from the Maulana Abul Kalam Azad University of Technology (Formerly
known as, West Bengal University of Technology), West Bengal, India in
2017, the M. Tech degree from Indian Institute of Engineering Science
and Technology, Shibpur (IIEST Shibpur, formerly known as Bengal
Engineering and Science University, Shibpur), Howrah, India in 2021, all

in electrical engineering. He is now working towards his Ph. D. degree
at the Department of Electrical Engineering of Indian Institute of Technology

Bombay (IIT Bombay), Mumbai, India focusing on design of hybrid-excited
synchronous machines. His current research interest includes design of electrical
machines and drive systems for motion control applications.
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