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Maximization of torque weight density of axial flux type switched
reluctance motor using quasi-3D analysis
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Currently, there is a demand for the electrification of aircraft, and motors for driving aircraft are required
to be lightweight and have high output. Therefore, this study focused on the axial flux SR motor (AFSRM) for high
torque density. However, the 3D finite element method generally used in electromagnetic optimization of AFSRM is
problematic because it requires a large amount of computation time. In the study, a quasi-3D analysis was used to
study how to maximize the torque weight density of AFSRM; the motor was divided in the radial direction, and the
divided cross-sectional model was analyzed as a 2D model. In addition, the analysis was performed under the condition
of a constant motor weight.
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Fig. 2.1 Split of AFSRM.

Fig. 2.2 Magnetic flux density distribution of stator pole.
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Fig. 2.3 Creating cross-sectional model.
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Fig. 3.1 Structure of AFSRM.
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Table 8.1 Specifications of AFSRM.

Stator/rotor poles 18/12 poles
Weight 15.0kg
Current density 12.75 A/mm?
Rotation speed 3000 rpm
Gap length 0.3 mm
Winding size 1.1 x 1.1 mm?
Winding slot fill factor 70 %
Core material 35H300
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Fig. 3.2 Current waveform.
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Fig. 3.3 Determining initial pole shape.

York width Rotor pole length

Axial length

Stator pole length

Fig. 3.4 Relationships between axial length and pole
length.
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Fig. 4.1 Effect of pole length and inner diameter on average

torque and torque weight density.
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Fig. 4.2 Distribution of magnetic flux density.
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Fig. 4.3 Linkage flux of coil (15 deg.).
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(a) Longer axial length  (b) Shorter axial length
Fig. 4.4 Relationship between axial length and inner
diameter.
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Fig. 4.5 Relationship between outer diameter and average
torque.
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Fig. 4.6 Distribution of magnetic flux density.
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Fig. 4.7 Optimal motor model in this study.
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Fig. 4.8 Comparison of torque waveforms.
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