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Material properties necessary for high-f operation? l
A, Leary, P. Ohodnicki, M. E. McHenry, Soft Magnetic Materials in High Frequency, -
High Power Conversion Applications; JOM, 2012.
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Converter applications: Controlling Losses Allow 100-fold or more reduction in size/
mass. Materials must have robust properties in extreme environments; P, T, stress,
corrosive.




| Materials Paradigm for Magnetic Materials |
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Electric Motors & Energy
» Motors usually comprise ferromagnets, either to produce
or to direct magnetic flux, which varies temporally/spatially
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Even small efficiency improvements from the
ferromagnet’s field would lead to large energy savings

Electric motors & Hard magnets

* The advent of modern electronics and high-energy hard
magnets (SmCo, NdFeB) have promoted the use of
permanent magnet (PM) motors in the past years.

Applications of Nd-magnets
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Source: Shin Etsu, 5th Int. Rare Earths Conf. (2009)

* PM motors have high performance, high power density,
high robustness, and high reliability.

Electric motors & Hard magnets

» China controls about 80% of the world's rare earths.

« PM are sensitive to high temperature.

NdFeB type Op(eMr::(iLn;u‘I?e]mp Curie Temp
N 176 °F (80 °C) 590 °F (310 °C)
NM 212 °F (100 °C) | 644 °F (340 °C)
NH 248 °F (120 °C) | 644 °F (340 °C)
NSH 302 °F (150 °C) | 644 °F (340 °C)
NUH 356 °F (180 °C) | 662 °F (350 °C)
NEH 392 °F (200 °C) | 662 °F (350 °C)

Advantages of amorphous &
nanocomposite soft magnets

* The reduction in core losses allows to excite the motor at

higher frequencies without incurring unacceptable heating.

* The motor can therefore operate at higher rotational

speeds.

* Anincrease in speed proportionally increases the output

power for an equivalent torque level, or smaller and lighter
machines for the same output power.

* Motor size reduction leads to less amount of rare-earth

hard magnets.




Amorphous Alloys in Motors: Previous Efforts
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Fe-based and Co-rich alloys

* Recent efforts in replacing Si-Steel by Fe-based
amorphous components to develop highly-efficient low-
rare-earth-PM motors:

£

Comparison of motor eficiency (11KW)
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Fe-based and Co-rich alloys

But Fe-based alloys are very brittle, especially
nanocomposites.

Co-rich alloys (HiTperms) have robust mechanical
» properties, better tunable anisotropies, can have

~zero magnetostriction, and can operate at higher

temperatures (>300°C) CMU Patent pending

Parallel Path Magnetic Technology
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Parallel Path Magnetic Technology Common Permanent Magnet Brushless Motors
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Fig. 1 A family of amorphous metal cores of AT& M
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Application of Rapidly Quenched Soft Magnetic Materials in

We built a small outrunner (i.e. outer rotor)
Energy-Saving Electric Equipment

with t de ferrite hard and
soft magnetic stators: from Si-steel or Roman Kolano, Aleksandra Kolano-Burian, Marcin Polsk, and Jan Szynowski
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* Made out of Metglas amorphous Fe-based stacked cut sheets
* Failed attempt to use Finemet nanocomposite material due to its brittleness
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Modeling Radial PM Brushless Motors

Inner stator

Quter rotor

+ Silicon steel ring

+ Custom-made Ferrite
(C-8) magnets

laminated core
+ Coils

Stress distribution on the motor
Rotational speed at 32,000 rpm

+ Silicon steel OR Co-rich alloy]|

Simulations prove
rotor to be

at 32,000 rpm
(validated with
experiments)

mechanically stable

Left: Full motor. Right: Rotor.
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We explore amorphous soft-magnetic allos as candidates for elecric motor
applications. The Co-rich system combines the benefits of low hysteretic and
eddy-current Inx«-i while exhibiting negligible m'\gnrlmlnclmn and robust
n be devitrified to form
naBocompostie raagnets. The supérior characieristics of theeo materials offer
the advantages of ease of handling in the manufacturing processing and low
iron losses during motor operation. Co-rich amorphous ribbons were laser-cut
to build a stator for a small demonstrator permanes
motor was tested up to ~30,000 rpm. Finite-element
iron losses of the Co-rich amorphous stator were ~807
steel stator in the same motor, at 18,000 rpm (equivalent to an electri
quency of 2.1 kHz). These low-loss soft magnets have great potential for
application in highly efficient high-speed electric machines, leading to size
reduction as well as reduction or replacement of rare earths in permanent-
magnet motors. More studies evaluating further processing techniques for
amorphous and nanocomposite materials are needed.
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Modeling Radial PM Brushless Motors

Magnetic flux density (T)

We computed the iron loss in the stator from
the previous iron loss models and the flux
||, density distribution obtained through finite
I element analysis

Loss density distribution (W/kg) on the stator
Electric frequency at 2.1 kHz (rotational speed at 18,000 rpm)

Si Steel stator Co-rich statorg : E i

I Co-rich stator loss = 20% Si Steel stator Iossl




Conclusions
Electric motors still seem to be a good niche for
amorphous and nanocomposite materials, especially for
Co-based alloys
Energy efficiency improvement, size reduction and rare-
earths reduction may be achieved with these materials in
electric motors

POSCO Steel

POSCO TMC: Transformer, Motor Core Company

“Under the motto of becoming a global leader in green
energy parts, POSCO TMC is preparing for new changes to
achieve Vision 2020. First, with the development of Fe
Amorphous, an eco-friendly high efficiency new material,
which can significantly reduce the no-load loss to
transformers, we will build up the full line-up for transformers
to provide a solution for increased energy demand.”




