ELECTRICAL ENGINEERING

The fastest electric
motor ever is another
step towards a
sustainable future

Professor Rukmi Dutta and her team at the University of
New South Wales, Australia, have developed a new electric
motor that runs at high speeds and uses less power, which

ultimately means less pollution.
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o fight climate change, we must phase

out the use of fossil fuels such as coal,

oil and gas. This is easier said than

done: decarbonising our societies and
maintaining high standards of living for people around
the world requires not only changes in behaviour, but
also technological innovation. Associate Professor
Rukmi Dutta of the School of Electrical Engineering
at the University of New South Wales (UNSW
Sydney) is improving the efficiency of electric motors
and, therefore, reducing their environmental impact.
Given that these motors can be used in electric
cars and even aircraft, this will make an important

contribution to the fight against climate change.
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Centrifugal force — an apparent

Alternating current (AC) —a
form of current where electrical charges
periodically reverse the direction of their

(=)) TALK LIKE AN ... ELECTRICAL ENGINEER

Rukmi works with permanent magnets,
which are formed of naturally-occurring
minerals with magnetic properties.
Conventional electric motors and
generators mostly use electromagnets,
which are formed via magnetic induction

outward force on an object that is moving

in a circle. For example, a moving merry-
go-round can make you feel like you are

being propelled outwards.

Direct current (DC) — a form of

Rotor — a moving magnet, a key
element of an electric motor

FpM — revolutions per minute, the
unit of rotational speed

current where electrical charges move in

only one direction

Stator — an unmoving magnet, one a
key element of an electric motor

Electric motor — a machine that

uses magnetism to convert an electric

current into motion

Torque — a measure of the force
that can cause an object to rotate
around an axis

Magnet — an object that produces a

magnetic field. There are different types
of magnets (see www.toppr.com/guides/
physics/electronics/types-of-magnets).

An electric motor uses the principles of magnetic fields
to transform electric currents into work. The idea is
simple. An electric motor has a stator, a stationary
magnet that creates a magnetic field. Inside the stator
- and therefore inside the magnetic field - is another
part, usually a cylinder called the rotor. Because
moving charges generate a magnetic field, the rotor
also becomes a magnet when an electrical current runs
through it. The ‘north’ pole of the rotor is attracted

to the ‘south’ pole of the stator, causing the rotor

to rotate. The direction of the current is switched at
the exact moment when the rotor and stator align,
transforming the north pole of the rotor’s magnet

Work — in physics, a force causing
the movement - or displacement - of
an object

into a south pole. The new north and south poles are
then attracted to opposite poles of the stator, and the
rotor continues to turn. The constant switching of the
current’s direction keeps the rotor spinning. When the
rotor is attached to, for example, the wheels of a car,
this motion is turned into useful work.

There are many types of electric motors: some use
alternating current (AC), while others use direct
current (DC); some rely on the induction of magnetic
fields, as described above, while others contain
permanent magnets; and some have magnets on

the surface of the rotor, while in others the magnet

is embedded within the material of the rotor itself.


http://www.toppr.com/guides/physics/electronics/types-of-magnets
http://www.toppr.com/guides/physics/electronics/types-of-magnets

Rukmi works on a specific type of electric motor called
an interior permanent magnetic synchronous machine
(IPMSM). These motors typically use AC and have

permanent magnets embedded in the rotor.

IPMSMs have several features that make them
better than other electric motors. Embedding the
magnets inside the rotor generates more torque:
the cylinder spins not only because of interaction
between the magnet and the AC but also because
of additional rotation caused by the resistance of
the rotor material to the magnetic field, a property
called ‘magnetic reluctance’. These machines can
also run at a high speed without needing a lot of
power, which means smaller IPMSMs can do the
same amount of work as other types of larger
motors. Compact, light motors are ideal for use in
cars and planes, where space and weight capacity
are limited.

However, IPMSM:s also have a weakness. The
internal magnets are held in place by thin iron
bridges. As Rukmi explains, “If the rotors are spun
at a very high speed, such as 50,000 rpm or more,
these bridges are subjected to high mechanical
stress caused by the centrifugal force. If we widen
the iron bridges to make them withstand the stress,

it will compromise the electromagnetic performance

of the IPMSM.”

To build stronger iron bridges without reducing
performance, Rukmi and her team drew inspiration
from the longest railroad bridge in South Korea.
Gyopo Bridge uses a ‘double arc’ technique to
withstand very high loads. Rukmi’s team used this
same concept to redesign the rotor’s iron bridges.
“The result was amazing,” she says. “This motor can
run up to 100,000 rpm and the power rating is 5
kilowatts. The motor is no longer than a pen, and
the diameter is no bigger than a coffee mug. We

designed one of the world’s fastest-turning IPMSMs

using commonly used electrical steel lamination and
permanent magnets.”

THIS MOTOR CAN RUN
UP TO 100,000 RPM AND
THE POWER RATING IS
5 KW. THE MOTOR IS NO
LONGER THAN A PEN,
AND THE DIAMETER IS
NO BIGGER THAN
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A COFFEE MUG.

In engineering, small changes in design can have
considerable impacts. Rukm?’s new bridges allow

the motor to reach a higher rpm without becoming
damaged. This means the new machine can generate
more power without needing more material.

The team’s high-speediSk Is

the length of a pe eter is no bigger than

a standard coffee
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Permanent magnet motors use rare-earth metals

such as neodymium and dysprosium in their magnets
to achieve high energy density and temperature
resistance. These materials are rare, difficult to mine,
and expensive to use. They are found in only a few
countries, leading to issues with supply chains and
resource conflicts. Extracting rare-earth metals is

also damaging to the local environment. Rukmi’s

motor uses less rare-earth metal to achieve better
performance, lessening the demand for these
materials. In addition, permanent magnet motors that
rotate at 20,000 rpm or more, including IPMSMs,
usually need a sleeve around the rotor to make it more
robust. Designing and fitting this protective sleeve can
be expensive and laborious. Even though it is the fastest
IPMSM in the world, made with commercially available
materials, Rukmi’s design is so mechanically strong that
it does not need a protective sleeve.

Electric vehicle companies already use IPMSMs

in their cars. Adopting Rukmi’s motor would be

a simple switch, enabling electric cars to travel

for longer before needing to be recharged. Even
long-established technology like the electric motor
can, and must, be reconsidered and improved by
innovative researchers like Rukmi to achieve our
goals of a sustainable, high-tech future.




ABOUT E/ECTRICAL
ENGINEERING

roadly, electrical engineering is the

design of devices and systems that use
electricity or electromagnetism. These can be
anything from computers to power stations.
Even though electrical engineering is a mature
discipline with many examples of well-
developed technology, it remains an area of
innovation, as existing electronics and machines

are improved, and new ones are invented.

Generators and electric motors are core
machines in electrical engineering. Generators
transform energy, such as wind or nuclear
energy, into electricity. Electric motors,

in turn, convert the electricity into useful
work, like rotating an axle or pumping water.
Generators and electric motors have been the

foundation of the modern industrial economy

Explore careers in

"

electrical engineering

« UNSW Electrical Engineering and Telecommunications is the
largest school of its kind in Australia. The school spans five

since the 19* century, but researchers like
Rukmi continue to develop innovations in their
design, not only to improve performance and
efficiency, but to make these technologies

more environmentally friendly and sustainable.

What will the next generation of
electrical engineers be doing?

As the world moves towards clean energy

and electrification, electrical engineers will

be increasingly in demand. Some areas where
electrical engineering are needed include
renewable energy, energy storage (i.e.,
batteries), the future power grid, electrification
of transport, quantum computing, 5G-6G
networks and robotics. Innovations like Rukmi’s
contribute to the improved efficiency of

electric cars and, potentially, electric aircraft.

research disciplines — Energy Systems, Telecommunications,
Systems and Control, Nano/Micro Systems and Signal
Processing. Similarly, most other universities that offer
electrical engineering degrees also allow students to specialise
in one of several disciplines.

« The world’s largest association for electrical engineers and
other engineering disciplines is IEEE (www.ieee.org). IEEE
hosts conferences, publishes peer-reviewed academic
Jjournals, offers networking opportunities, and has a student
membership programme.

« Atypical entry level electrical engineer earns around
£35,000 in the UK, €60,000 in Germany, US$70,000-
$80,000 in the USA, and AUD$50,000 in Australia.
Salaries can be much higher, depending on experience and

discipline, ranging up to $150,000+ in Australia.

Other areas, like consumer electronics, are also

constantly undergoing development. —
What benefits can electrical
engineering offer to the world?
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Better electrical and electronic technology can -

make a big impact on quality of life for humans
and other species on the planet. Electrical
engineers can develop more efficient, less
resource-intensive, and cheaper devices that
will allow people around the world to access
the benefits of electrification and the internet
without harming the environment. Rukmi says,
“It is rewarding to know that, via my research, |
am contributing in whatever small way towards

clean energy and sustainable development for

the future of humankind.”

Pathway from school to
electrical engineering
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+ Key subjects at secondary and high school level are
mathematics and physics.

+ Most universities offer undergraduate degrees in
electrical and/or electronic engineering, which are
sometimes combined with computer science. Usually, a
bachelor’s degree is enough to get a job as an electrical
engineer in industry. Many companies have engineering
or research departments that design new electrical or
electronic products.
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Degrees or training programmes in electrical
engineering often include an internship or
apprenticeship with a company to acquire practical
experience.

+ Academic career paths are available for electrical
engineers who, like Rukmi, want to work in
fundamental design and innovation research. A
PhD is required to become a university professor in
electrical engineering.



https://www.ieee.org/

You have a bachelor’s degree and PhD
in electrical engineering. Did you always
know you wanted to be an electrical
engineer?

Yes, to an extent. | wanted to be an engineer since |

was in high school, even though an engineering career
was not considered suitable for women. | was not any
different from the other girls with whom | grew up, and
neither did | have any particular talent for engineering,
but | had a thirst for knowledge, and learning about new
things always excited me. | was also an avid reader. |
once wanted to read all the books in the district library,

which was a two-floor building full of books!

How did where you grew up influence
your career choice?

| grew up in Nagaon, a small sleepy town in the state
of Assam in the north-east corner of India. It is a
relatively remote place far away from the megacities
of India. Assam is known for its natural beauty and
resources, but in the 80s and 90s, it was infested
with insurgency problems. Economic backwardness,
low development and high unemployment were all
around me when | was growing up. One of the most
frustrating things in my childhood was routine power
cuts in the evenings. In those days, | would say to
myself, when | grow up, | will be an electrical engineer
and solve this power cut problem forever. | was naive
to think | could solve all problems by myself, but it did

influence my career choice.

You are a member of the Women in
Engineering and Women in Research
networks. Why are these networks
important to you?

Engineering has a gender equity problem worldwide.
There are very few successful women in engineering
and research. The gender equity problem in electrical
engineering is even more acute. IEEE’s Women in
Engineering and UNSW’s Women in Research are
valuable networks for me: | found mentors, role models

and support among like-minded people.

What is the biggest risk you have taken
and why?

There are actually two important risks that | took,

and both allowed me to grow and become what | am
today. The first risk was to move to a place more than

a thousand kilometres away from my home state,

Meet Rukmi

where | joined a very large petrochemical industry as an

electrical engineer — my first job. The second risk was
moving to a completely different country in pursuit of
higher education. | came to Australia to do my PhD,

where | did not have any friends or family.

What is the biggest factor that has
helped you be successful?

| believe hard work and persistence on my side, and
support from family and mentors are the biggest
factors. My parents never discriminated between
my brother and me, and provided me with equal
opportunities in all aspects, which | am grateful
for. Then, in later years, it was my husband who
supported me during my PhD and beyond. In my
career development, | am grateful to my mentor,
who was also my PhD supervisor. He exposed me
to the joy of research, inventing new things and
discovering new knowledge. My career at UNSW
provided me with the academic freedom to pursue

research that is close to my heart.

Rukmi’s top tips

1. Make sure you have a strong fundamental knowledge
of mathematics and physics.

2. Have a thirst for knowledge!

3. The most important thing is hard work and
persistence against all odds.



