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WFFERR RO (337) : This study focuses on development of an ultra high-speed motor to make
automotive superchargers and turbochargers electrified or hybridized. Extremely special design is
required to achieve low-voltage, high-current and high-frequency operation because of the automotive
application. In addition, high-power density and high-efficiency design must be consistent with the
above requirements. Using FEM based electromagnetic analyses, a prototype has been developed,
which has 1.5-kW rated output power, 3-kW peak output and 150,000 r/min top speed specifications
when operated with a 12-V DC power supply. This model has achieved the world’s top level power
density of 22.2 W/cm?® (at the rated output power) as well as the 98.1 % electrical efficiency by
employing a 2-turn slotless configuration.
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Assumed engine 1.5 L class
Rated output power 1.5 kW
Rated voltage 12V
Rated speed 150000 r/min
Rated torque 0.0955 Nm
Overload capacity 3 kW (200 % over
and duration load), 1s

Rotor diameter
Stator outer diameter

Shaft ‘ . LA
Winding(2turn) . /

Back yoke width

Stator iron core
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Surface Permanent-Magnet

Motor type Synchronous Motor (SPMSM)
Number of phases 3 phase
Number of poles 2 poles
S_tator . Concentrated winding structure
configuration
Winding

configuration 2 turns, 2 parallels per phase

10JNEX900
(0.1-mm thick, 6.5-% silicone,
1#=23000, Bnx=1.8 T)

Electromagnetic
steel plates

N-40SH Nd-Fe-B
(Br=1.28 T, bHc=971 kA/m,

Permanent magnet
BHpma=326 kJ/m®)

Angular ceramic-ball bearings
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