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Investigation on High-Power-Density Design of Small PM Motors Focusing on Air Gap Configuration

This paper describes a case study of high-power-density design of small permanent magnet (PM) motors focusing on their air gap

configuration. Two types of the PM motors, i.e., a radial air gap PM motor and an axial air gap PM motor, are taken up for investigation.

The investigation has been done from the viewpoints of I-T characteristics, N-T characteristics, efficiency maps, torque ripple

characteristics, and so forth. It has been clarified that the axial air gap PM motor has great advantage to achieve the high-power-density

design under some limited conditions.
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Fig. 1. Overview of designed motors.
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Table 1. Materials used in designed motors.

Radial gap motor

Axial gap motor

Stator core 35JN440 Somaloy 1000 SP
Rotor core 35IN440 SUS304
Magnet MNF12E MNFI12E
Shaft S45C S45C

Table 2. Specifications of designed motors.

Radial gap motor

Axial gap motor

Motor type SPM motor SPM motor
Outside diameter @100 mm @120 mm
Air gap distance 0.637 mm 0.750 mm
Slot combination 12s8p 24s16p
Coil space factor 40 % 40 %
Number of turns 30 T/slot 26 T/slot

Conductor diameter @1.02 mm @1.03 mm
Phase resistance 0.364 Q/phase 0.353 Q/phase

Coil connection

Star connection

Star connection

Current density

6.14 Arms/mm>

6.02 Arms/mm>

(10Arms/phase)
Ld 2.01 mH 0.567 mH
Lg 2.05 mH 0.585 mH

Table 3. Motor dimensions.

Radial gap motor

Axial gap motor

including coil ends

Outer diameter @100 mm @120 mm
Axial length 50 mm 33.8 mm
Axial length

. . 70 mm 33.8 mm
Including coil ends
Volume 392 cm® 382 cm’®
Volume
550 cm® 382 cm’®

Table 4. Estimated weights of parts and motors.

Radial gap motor

Axial gap motor

Stator core 1117 g 868 g
Rotor core 697 g 130 g
Permanent magnet 223 g 223 g

Shaft 122 g 80¢g
Windings 39%¢g 469 g
Total 2554 g 1771 g
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Fig. 2. Average torque and phase current.
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Fig. 3. Torque and rotation speed.
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Fig. 4. Efficiency map of radial gap motor.
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Fig. 5. Efficiency map of axial gap motor.
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Fig. 8. Torque ripple ratio and average torque characteristics.
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Fig. 9. Induced voltage waveforms.
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