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Magnetic gears, which can transmit power without any mechanical contact, offer lower vibration and
acoustic noise compared to mechanical gears. 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. It consists of
concentric inner and outer rotors with pole pieces placed between the two rotors. The finite element method (FEM) is
widely used for the design and analysis of electric machines, and using a partial model based on the periodicity of the
electromagnetic field is an effective way to reduce model size and calculation time. However, for flux-modulated-type
magnetic gears, their partial models cannot be minimized due to the low periodicity of the electromagnetic field. As a
result, the model size remains large, and calculation time is still long. This paper presents a practical design method
for flux-modulated-type magnetic gears by creating a partial model that focuses only on the inner magnet pole pair.
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Axial length
1700 mm

Outer magnet: p, = 521
(Low speed rotor: LSR)

Pole pieces: n,, = 586

Inner magnet: py = 65
(High speed rotor : HSR)

D 9600 mm
Output power 12 MW
Input rotational speed 7.81 rpm
Gear ratio 8.02
Core and pole-piece material 50A270

Magnet material Sintered Nd-Fe-B

Fig. 1

magnetic gear.

Specifications of large-scale flux-modulated-type
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(c) 2 pole-pair model
Fig. 2 Partial models of magnetic gear.

Table 1 Number of elements in each partial model.

Model (pole pair) 1 15 2 Full
Approx. no. of
elements 33 X104 | 5.0 X 104 | 6.7 X 10* | 1.2 X 10°
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(d) 2 pole-pair model

Fig. 3 Comparison of flux lines and flux density
distributions.
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Fig. 4 Comparison of gap flux density waveforms (left:
inner gap, right: outer gap).

36

(c) 2 pole-pair model

Fig. 5 Comparison of harmonic orders of gap flux
density waveforms (left: inner gap, right: outer gap).
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Table 2 Comparison of synchronous components of gap
flux density waveforms.

1 pole pair |1.5 pole pair| 2 pole pair full
Inner 0.896 1.000 1.009 1.000
Outer 0.835 0.986 1.005 1.000
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(b) Model for load angle of 90 deg.

Fig. 6 1.5 pole-pair model for torque analysis.
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Fig. 7 Load angle versus torque of inner rotor.
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Table 8 Comparsion of torques at load angle of 90 deg.

1.5 pole pair full
0.957 1.000

Torque

Table 4 Comparsion of orders contributing to torque

generation at load angle of 90 deg.

1.5 pole pair full
Modulated wave at inner air gap 0.962 1.000
Modulated wave at outer air gap 0.992 1.000
Multiplication value 0.954 1.000

Table 5 Computational cost

1.5 pole pair full
Used memory (MB) 294.9 6617.3
CPU time (sec.) 4 114
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