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Efficiency Improvement by Means of Permeance Coefficient Optimization of 150,000-r/min, 1.5-kW PM Motor
Masaru Kano, Student Member, Toshihiko Noguchi, Member (Nagaoka University of Technology)

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

automotive engine. Conventional superchargers are mechanically powered by the engine to compress inlet air to the engine

cylinder. The supercharger electrically driven by the ultra high-speed motor allows employing a centrifugal compressor, which

has higher efficiency and higher output pressure rather than a displacement compressor. Therefore, it can improve total system

efficiency and output pressure response without mechanical linkage to the engine. In this paper, a 150,000-r/min, 1.5-kW PM

motor fed by 12-V battery is discussed, and FEM analysis results are presented to show an optimal design in terms of a

permeance coefficient and efficiency improvement.
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Table 1. Design sepecifications of ultra high-speed PM motor.

Power source voltage (V) 12
Rated power (kW) 1.5
Rated torque (Nm) 0.0955
Rated speed (1/min) 150,000
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Fig. 1. Configuration of ultra high-speed PM motor.
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Fig. 2. Mesh configuration of motor for FEM analysis.
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Fig. 3. B-H curve of permanent magnet and operating point.
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Fig. 4. Relationship between shaft length and mechanical vibration.
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Table 2. Ultra high-speed PM motors to be analyzed.

Design types #l [ w2 [ w3 ] # [ #5

Stator configuration Concentrated winding

Number of poles 2

Number of stator slots 6

Stator outer diameter (mm) 92

Stator inner diameter (mm) 28

Stack length (mm) 30

Teeth width (mm) 10

Airgap length (mm) 6 5 4 3 2

Magnet thickness (mm) 2 3 4 5 6

Permeance coefficient 0.33] 0.60 | 1.00 | 1.67 | 3.00

Magnet Br (T), iHc(kA/m) Nd-Fe-B, 1.26, 954.9

Rotor shaft diameter (mm) 12

Iron core Electromagnetic steel sheet
Thickness of sheet (mm) 0.1

Driving current Three-phase sinusoidal waveform

Phase angle in phase with e.m.f.

—=— 90,000 r/min

400 —0— 120,000 t/min
1 —a— 150,000 r/min
350 —a— 180,000 t/min
200 \ —e— 210,000 r/min
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Fig. 5. Total loss of ultra high-speed PM motor.
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Fig. 6. Copper loss and iron loss at rated operation.
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Fig. 7. Loss analysis result at rated operation of configuration #4.
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Fig. 8. Configuration of permanent magnet segmentation.
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Fig. 9. Relationship between magnet segmentation and eddy-current loss.
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