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In recent years, from the viewpoint of energy saving, demands for higher
efficiency and higher output to electric motors are increasing year by year. The solution to this
demand is to speed up the motor. In particular, there is a strong demand of high rotation speed for
large output motors. Therefore, bearingless motors (BelMs), which integrates functions of an
electric motor and a magnetic bearing, have been proposed and developed.

This research proposed the novel structure realizing low loss density, which is essential for a
high speed and high power bearingless motor, by means of optimizing the structure of the bearingless
motor based on loss density. In addition, the prototype machine with the proposed structure was
developed, and the effectiveness of the proposed structure was verified by experiment and analysis.
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Table I. Target performance of the BelM

Target pe rformance

Rotational speed 60000 r/min
Output power (2 units) Above 50 kW
Output power density Above 15 kW/L
Suspension force perone unit Above 70 N
Lossdensity Lessthan 600 W/L
Rated motor current density 6 A/mmz2
Rated suspension current density 8 A/mm?

115 mm 115 mm

Fig. 1. Cross-section view of a BelM with rated power density
of 15 kW/L at 60,000 r/min.

Table II. Specification of the BelM per one unit

Stator outer diameter 141.0mm
Rotor outer diameter 49.8 mm
PM thickness 7.4mm
CF-bandage thickness 3.0mm
Shaft length per unit 115.0mm
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Fig. 2. B-H curves of Nd sintered (NMX-41SH)
and Bonded (S5B-17ME) PM.
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(ii) 4-6 pole, 36 slots, Nd sintered PM
(magnetic gap length: 7mm)
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(iii) 6-8 pole, 72 slots, Nd sintered PM
(magnetic gap length: 7mm)
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(i) 2-4 pole, 36 slots, Nd sintered PM
(magnetic gap length: 7mm)
(a) Distributed winding model
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(i) 2-4 pole, 6 slots, Nd sintered PM
(magnetic gap length: 7mm)

(iii) 6-8 pole, 9 slots, Nd bonded PM
(magnetic gap length: 6mm)

(ii) 6-8 pole, 9 slots, Nd sintered PM
(magnetic gap length: 7mm)
(b) Concentrated winding model
Fig. 3. Cross-section view from the axial direction of comparative analysis models of bearingless motors.
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(a) Distributed winding model
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(b) Concentrated winding model
Fig. 4. Cross-section view from the radial direction of comparative analysis models of bearingless motors.
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Fig. 6. Analysis results of losses at rated rotation speed of 60,000
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Fig. 7. Analysis results of loss density and output power density

at rated rotation speed of 60,000 r/min.
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