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Magnetic gears can change the speed and torque without any mechanical contacts. Therefore, it has a low vibration and
acoustic noise, and maintenance-free operation. Several kinds of magnetic gears were proposed. Among them, a flux-modulated
type magnetic gear has higher torque density than other kinds of magnetic gears. In a previous paper, an interior permanent
magnet (IPM) structure was presented. It was demonstrated by finite element analysis (FEM) that eddy current loss in the
magnets can be reduced remarkably. This paper describes the comparison of the IPM structure with surface permanent magnet

(SPM) structure in experiment and discusses a performance improvement of the IPM gear from the view point of the rotor

structure.
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Fig. 1 Basic configuration of a flux-modulated type

magnetic gear.
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Fig. 2 Outside gap flux generated by the inside
magnet’s MMF and the pole-pieces.
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Fig. 3 Basic configuration of two kinds of magnetic
gears (left : IPM-type , right : SPM-type).

Table 1 Specifications of the magnetic gears.

Gear ratio 10.33
Outer diameter 150 mm
Axial length 25 mm
Inner air gap 2 mm
Outer air gap 1 mm
Inner pole-pairs 3
Outer pole-pairs 31
Number of pole-pieces 34
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Fig. 4 Comparison of the total loss, iron loss, and
efficiency of the SPM and IPM magnetic gears.
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Fig. 6 Comparison of maximum torque and efficiency of

the prototype SPM and IPM magnetic gears.
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Fig. 7 Flux density distribution of the IPM magnetic
gear (Spoke).

Fig. 8 Rotor structure for torque improvement.

Gear ratio 10.33
Outer diameter 150 mm
Axial length 25 mm

2 mm (inner)

Bridge width 1 mm (outer)
. 2 mm (inner)

Air gaps 1 mm (outer)

Inner pole-pairs 3

Outer pole-pairs 31

Number of pole-pieces 34

Core material 35A250
Pole-piece material Dust core
Sintered Nd-Fe-B

Magnet material

Fig. 9 Specifications of the proposed IPM magnetic gear
(Trapezoid).
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Fig. 10 Comparison of the maximum torque and total
loss and iron losses and efficiency of the magnetic gears.
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