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Magnetic gears, which can transmit power without any mechanical contact, offer lower vibration and
acoustic noise compared with conventional mechanical gears. They also have an advantage in terms of maintenance.
Among the various types of magnetic gears, the flux-modulated-type magnetic gear has recently garnered attention
because of its higher torque density and efficiency. This gear consists of concentric inner and outer rotors and pole
pieces placed between two rotors and works as a gear based on flux modulation theory. Therefore, measurement and
analysis of the modulated fluxes in the air gaps are essential since these fluxes directly contribute to torque and
efficiency. This paper presents a system for measuring flux density waveforms in the air gap of the
flux-modulated-type magnetic gear. The measured waveforms are compared with those calculated using a finite

element method (FEM).
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Quter rotor
(Low speed rotor)

Pole pieces

Inner rotor
(High speed rotor)

Gear ratio 5.5

Outer diameter 106 mm

Axial length 15 mm

Air gaps 2 mm (Inner si_de)
1 mm (Outer side)

Inner rotor pole-pairs 4

Outer rotor pole-pairs 22

Number of pole pieces 26

Rotor core material

Pole-piece material 35A250

Magnet material Sintered Nd-Fe-B

Fig. 1 Specifications of flux-modulated-type magnetic gear.
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Fig. 3 Appearance of system for measuring air gap flux

density waveforms.

Hall sensors

HG-0C14 Outer rotor yoke

Outer rotor magnet

Logger
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Inner rotor magnet

Inner rotor yoke

Rotary encoder
MES-30-360PC

1
Fig. 4 Configuration of system for measuring system for air-

gap flux density waveforms.
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Table 1 Measurement conditions for air gap flux density

waveform.

Inner rotor = Pole pieces = Outer rotor

Measurement items

o _ _ Flux density of the inner rotor
magnets

Modulated flux density of the inner

rotor magnets

® | e

o o -

Flux density of the outer rotor
magnets

- = o
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Modulated flux density of the outer
rotor magnets

®
I
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(d)_@ Outer rotor + Pole pieces
Configurations of magnetic gear according to

(c)_® Outer rotor
Fig. 5

measurement conditions.
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(b) Frequency components
Fig. 6 Air-gap flux density waveforms and their frequency
components for condition 1.

Table 2 Comparison of 4t%2 harmonic components of air-

gap flux density waveforms (condition 1).

ZD-FEM [3D-FEM |Meas.
4th harmonic component (p.u.) 0.97 1.03 1.00
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Fig. 7 Air-gap flux density waveforms and their frequency
components for condition 2.

Table 3 Comparison of 22nd harmonic components of

air-gap flux density waveforms (condition 2).

2D-FEM |3D-FEM |Meas.

22nd harmonic component (p.u.) 1.63 1.08 1.00
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(b) Air-gap flux density waveforms for 3 cycles.
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Fig. 8 Air-gap flux density waveforms and their frequency
components for condition 3.

Table 4 Comparison of 22nd harmonic components of
air-gap flux density waveforms (condition 3).

2D-FEM |3D-FEM |Meas.
22nd harmonic component (p.u.) 0.96 1.00 1.00
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Fig. 9 Air-gap flux density waveforms and their frequency
components for condition 4.

Table 5 Comparison of 22nd harmonic components of
air-gap flux density waveforms (condition 4).

ZD-FEM |3D-FEM |Meas.
4th harmonic component (p.u.) 1.45 1.10 1.00
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Fig. 10 Experimental system with magnetic gear.
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Fig. 11 Measured stall torque of the inner and outer rotors.
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Fig. 12 Calculated static torque of the outer rotor.

Table 6 Comparison of stall torque of the outer rotor.
2D-FEM [3D-FEM |Meas.
Stall torque of the outer rotor (p.u.) 1.71 1.18 1.00
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