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In recent years, there has been a strong demand for electric motors to be reduced in size and weight and
increased their output power density by increasing the rotational speed over tens of thousands of rpm. However, it is
challenging to realize mechanical gears that can operate at such ultra-high speed due to mechanical contact.
Magnetic gears have been getting attention recently because they can change speed and torque without mechanical
contact. Thus, they have low vibration, noise, wear, and friction heating. These features are desirable for
ultra-high-speed applications. In particular, a flux-modulated-type magnetic gear is expected to be put into practical
use because it has a higher torque density than other kinds of magnetic gears. However, the torque dependence of
losses is not fully clarified yet. In this paper, the torque dependence of losses in the prototype magnetic gear is
clarified by experiment and finite element method (FEM), and the influence of pole-pairs, an important parameter in
determining the gear ratio of magnetic gears, is discussed.
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Fig. 1 Basic configuration of a prototype Fig. 3 Calculated iron loss versus load angle.
ultra-high-speed magnet gear.
0.25
Table 1 Specifications of the prototype ultra-high-speed E 0.2
magnet gear. § §
X X e 70.15
Maximum input speed 80,000 rpm o g
i =
Gear ratio 6.667 = gb 0.1
Diameter 44 mm ; g
Axial length 20 mm g 0.05 —80,000 rpm
Inner gap length 1.5 mm = —60,000 rpm
Outer gap length 1.0 mm 0
Material of inner magnet Sintered Nd-Fe-B 0 20 40 60 80 100
Material of outer magnet Bonded Nd-Fe-B Load angle (deg.)
Inner rotor pole-pairs (pn) 3 . .
Outer stator pole-pairs (p1) 17 Fig. 4 Calculated eddy current loss in magnets versus
Number of pole pieces (rpp) 20 load angle.
1
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Fig. 2 Calculated transmission torque characteristics
of ultra-high-speed magnetic gear.
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Fig. 8 Calculated iron loss versus load angle.
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Fig. 9 Calculated iron loss components at a load angle
of 0 deg and 90 deg (pr =3, p1=17).
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Fig. 10 Comparison of fundamental components of iron
loss at a load angle of 0 deg and 90 deg (py =3, pr=17).
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Fig. 11 Comparison of fundamental components of iron
loss at a load angle of 0 deg and 90 deg (ps =6, pr=17).
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Fig. 12 Comparison of fundamental components of iron
loss at a load angle of 0 deg and 90 deg (s =9, pr=17).
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