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High-Power Density Design of
Slotless Ultra High-Speed Permanent-Magnet Motor
Takehiro Komori*, Toshihiko Noguchi (Shizuoka University)

This paper describes a slotless ultra high-speed permanent-magnet motor design for a supercharger mounted on an automotive

engine. In this paper, a 1.5-kW, 150,000-r/min PM motor fed by 12-V battery is discussed. The motor is specially designed to

achieve its efficiency over 98.1 % (excluding mechanical losses) and to raise its power density to 22.2 W/cm?® at the same time.
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Fig. 1. Cross section diagram of slotless ultra high-speed
SPMSM.
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# 1 WE#EE—¥ 0O HELRE
Table 1. Target specifications of ultra high-speed motor.

Assumed engine 1.5 L class
Rated output power 1.5 kW
Rated speed 150,000 r/min
Rated torque 0.0955 Nm
Overload capacity and duration 3 kW (200 % over load) for 1 s
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Fig. 2. Loss analysis result and electrical efficiency.
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Table 2. Seven design conditions with respect to
permeance coefficient.
Design type #1 #2 #3 #4 #5 #6 #7
Permanent magnet
thickness /m (mm) 4 4.5 5 5.5 6 6.5 7
Airgap lengthlg 15| g5 9 8.5 8 75 7
(mm)
Permeance 04 | 047 | 056 | 065 | 075 | 087 1
coefficient
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Fig. 3. Loss characteristics with respect to permeance coefficient.
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Table 3. Seven design conditions with respect to

stator inner diameter.

Design type #1 #2 #3 #4 #5 #6 #7

Permanent magnet
thickness /m (mm)

4 4.5 5 55 6 6.5 7

Air gap length Ig

5.9 6.6 7.4 8.1 8.8 9.6 103
(mm)

Stator inner

. 31.8 342 36.8 39.2 41.6 442 46.6
diameter (mm)

35 100.0
L [ [ron loss (Back yoke) 99.8
30 L ] Eddy-current loss (PM)|] 99 ¢
I Copper loss (Windings)| 1 99 4
—— Efficiency 992
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98.4
98.2
98.0
97.8
97.6
97.4
972
97.0

Efficiency (%)
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Fig. 4. Loss analysis result and electrical efficiency.
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Fig. 5. Conductor cross-section area and current density.
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Fig. 6. Flux density vector distribution.
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(d) Back yoke width= 6 mm
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Fig. 7. Torque characteristics of each back yoke width.
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Fig. 8. Loss analysis result with respect to back yoke width

and power density.
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