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Abstract
As the automotive industry continues to move toward more energyefficient systems, new innovations such as Thermal Energy Recovery
Systems and electrically assisted turbochargers are emerging – now in
the Formula One racing circuit and will soon find their way into consumer
vehicles.
This article will discuss design considerations and challenges for electric
motor design, including some specific materials that can help increase
efficiency.

Aaron Williams
Project Manager, Machine Applications
Arnold Magnetic Technologies

Arnold Magnetic Technologies | 1

New Technologies & Materials For Force Induction Engine Systems
As the automotive industry continues to move toward more energy-efficient
systems, new technologies are emerging. Innovations such as Thermal Energy Recovery Systems and electrically assisted turbochargers use permanent
magnet motors and generators in order to improve vehicle efficiencies. These
technologies are being used in the Formula One racing circuit and will soon find
their way into the commercial automotive landscape.
This article will discuss design considerations and challenges for electric motor
design, including some specific materials that can help increase efficiency.

Figure 1.1 – Electric Turbocharger [1]

What is an Electric Turbocharger?
As engines downsize toward 1.0L, 1.5L and 2.0L, forced induction becomes
an increasingly vital component to maintaining high power outputs similar to
traditional 2.5L – 3.5L V6 engines.
The smaller engine displacements do not typically provide enough exhaust gas
flow at lower RPMs to make effective use of the turbocharger. An electrically
assisted turbocharger, or e-turbo, is similar to the traditional turbocharger
system that uses exhaust gas flow for “boost”, except that it is designed with
an integral high speed electric motor. This additional motor helps to achieve
boost at lower RPMs to improve both launch and transient performance. The
electric motor can drive the compressor at the lower engine RPMs while the
engine spools up to higher RPMs where it can provide enough exhaust flow for
“normal” turbocharger operation.
Figure 1.2 shows the benefits of an electric motor assisting the compressor,
resulting in faster air delivery. Even with the lower gas exhaust flow rates inherent in smaller displacement engines, using an electric motor paired with the
compressor wheel can achieve boost pressures early in the power curve for
improved performance.

Figure 1.2 – Single Variable Nozzle Turbo Comparison [2]
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Electric Motor Design Considerations
When designing for a high-speed motor application, many motor designers
choose to use a Surface Mounted Permanent Magnet topology (SMPM) because
of the following advantages:
Highest torque/inertia ratio
Simple construction
Highest torque density
Good torque control
Very low rotor losses

Figure 1.3 – 4 Pole SMPM Motor Cross-Section

Common drive topology
Permanent Magnet (PM) motors for e-turbo applications have additional design
challenges including:
High centrifugal force on permanent magnets
High eddy currents and rotor losses introduced if electrically conductive
sleeve material is used to retain the permanent magnets
Cooling of sleeve and magnets
Trade-off between price, size and quality of permanent magnet material
Risk of demagnetization of permanent magnets
As electric motors become smaller and faster, designers must consider the
potential effects such as electrical drive frequencies, magnetic eddy currents,
laminated steel eddy currents, mechanical stresses on the faster rotating shaft
(rotor dynamics), and electrical control of the motor through the inverter.
Electrical and magnetic phenomena that create excess heat within the motor
during operation include:
The “skin effect” in the copper windings, which increases at higher speeds
as switching frequencies increase
Hysteresis losses occurring within the stator lamination stack
Rotor eddy current losses, which are dependent on the material used for the
retention band on the PM rotor
To compensate for the extra heat, it is best to design with materials that perform
under high temperature conditions or materials that help reduce the amount of
heat generated, or both.
Performance Materials Enabling Energy Efficiency
Arnold Magnetic Technologies’ performance materials help balance these design challenges, allowing motors to function in extreme conditions while at the
same time helping to increase their overall efficiencies.
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RECOMA® Samarium Cobalt
Driven by the smaller, faster, hotter requirements in emerging motor technology,
Arnold Magnetic Technologies offers highly dense, sintered magnet materials
that provide increased magnetic performance at elevated temperatures. Arnold
now produces a 33MGOe SmCo material, RECOMA 33E, which is considered
to be the best performing SmCo material on the market today. Recoma 33E
allows for the greatest power density at elevated temperatures when compared
to existing commercial magnetic materials (Figure 1.4). The performance comparison shown uses a N40UH Neodymium Iron Boron magnetic material, which
has a high level of dysprosium, an extremely scarce and expensive rare earth
element.

Arnon® Thin Film Lamination Steel

Figure 1.4 – RECOMA vs. NdFeB performance at temperature

One of the primary methods to reduce the number of eddy currents induced in
the lamination stack assembly is to use thinner cross-sectional material. The
thinner material restricts the current to much smaller paths as opposed to solid
stator cores. By taking a core and constructing the length from hundreds of thinner laminations that are electrically insulated, the normal magnetic flux paths
are greatly restricted.
Another way to reduce eddy currents is by using a very high resistivity steel. The
motor designer might assume that increasing R would only increase the eddy
current as it is defined as i2R losses. In reality, the amount of current (i) that will
flow normal to the desired flux path is reduced, creating less eddy current. This
is traditionally done by using a high silicon content steel (0.5wt% to 3.5wt%).
Arnold’s Precision Thin Metals Division (PTM) manufactures precision rolled
thin (0.060” to 0.0005” or 1.524 mm to 0.013 mm) and ultra-thin (0.00049” to
0.000069” or 0.01245 mm to 0.00175 mm) gauge metal strip and foil products from a wide range of permanent and soft magnetic materials as well as
non-magnetic alloys. These precision thin materials allow motor designers to
push their high-speed motor designs to the limit by enabling the reduction of
eddy currents. Other services provided by PTM include:

Figure 1.5 – Thin laminations restrict eddy currents
to small cross-section

Heat Treating
Surface Cleaning
Slitting
Special Coating

About Arnold Magnetic Technologies
Arnold Magnetic Technologies helps enable the efficient electrification of
machines through advanced materials, including high-performance magnets
and precision thin metals for motors and transformers that can run faster with
higher efficiency and lower costs in smaller packages. Arnold’s materials,
engineered components and systems are proven in the most demanding
automotive, aerospace, energy exploration, industrial and medical applications.
Learn more about Arnold’s performance materials at arnoldmagnetics.com.
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