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Efficiency Improvement of 3-kW, 150,000-r/min Ultra High-Speed PM Motor
Focusing on Conductor Eddy-Current Loss
Kaiki Ogata*, Kohei Fujita, Toshihiko Noguchi, Masahiro Aoyama (Shizuoka University)

This paper describes a loss analysis of eddy-current generated in the copper-bar windings of a 3-kW,
150,000-r/min PM motor fed by 12-V power supply, which is applicable to an automotive supercharger. The
value of the eddy-current loss is relatively large and is not ignorable in the case of the ultra high-speed PM

motor which has a low-voltage power supply and a high-speed operation range. It is confirmed that reduction

of conductor eddy-current loss leads to improvement of the total efficiency of the motor.
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(ultra high-speed motor, PM motor, conductor eddy-current loss, electromagnetic analysis, automotive

supercharger)
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Fig. 1. System configurations of supercharger.
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Fig. 2. Photograph of ultra high-speed PM motor.
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Table 1. Specifications of the ultra high-speed motor.

Motor type Surface permanent magnet
synchronous motor (SPMSM)
Number of poles 2
Number of slots 6
Stator outer diameter 66 mm
Stator inner diameter 28 mm
Rotor outer diameter 19.5 mm
Axial length of core 30 mm
Rated output power 1.5 kW
Rated speed 150,000 r/min
Rated torque 0.0955 Nm
Overload capacity 3 kW (200% overload) for 1 s

Rotor core

Permanent
magnet

y Stator core

K/ \ A Windings
7

N a
G
&

X3 #BEE PM &— & £ 07 0 W7 X
Fig. 3. Cross section of ultra high-speed PM motor.
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(b) Enlarged view of conductors.
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Fig. 5. Frequency characteristic of conductor

eddy-current loss.
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Fig. 4. Mesh model of ultra high-speed PM motor.

Fig. 6. Distribution of conductor eddy-current loss.
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Fig. 8. Distribution of conductor eddy-current loss of

semi-closed-slot model.
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Fig. 10. Stator overhang.
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Loss analysis results of stator overhang.
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Fig. 14. Analysis model with position modification.

B 15 iR 2 28 2 T2 TR
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Fig. 16. Analysis model with aspect ratio

modification.
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Table 2. Analysis results of losses and efficiency with respect to winding position modification.

Cross-sectional Current Conductor Copper loss Efficienc
Position(mm) Width(mm) Height(mm) area of conductor density at eddy-current pI()W) %) v
(mm?) 160A(A/mm?) loss(W) °
2.0 12.3 17.0 95.3
2.5 7.3 16.4 95.6
3.0 4.8 15.6 95.9
3.5 3.1 15.3 96.0
4.0 3.0 3.2 9.6 16.7 2.1 14.9 96.2
4.5 1.5 14.8 96.2
5.0 1.1 14.8 96.2
5.5 0.8 15.1 96.1
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Table 3. Analysis results of losses and efficiency with respect to winding width modification.

K3 BRUROLETIC K D AHK L RO R

Cross-sectional

Current

Conductor

Position(mm) Width(mm) Height(mm) area of conductor density at eddy-current Cop}(J&;) loss Efﬁ(c;e)ncy
(mm?) 160A(A/mm?) loss(W) %
1.8 5.0 16.0 10 15.8 20.8 95.4
2.8 4.5 14.4 11.1 5.8 18.8 95.6
3.8 4.0 3.2 12.8 12.5 2.3 17.4 95.8
4.8 3.5 11.2 14.3 1.0 16.4 96.1
5.8 3.0 9.6 16.7 0.5 15.7 96.1
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Table 4. Analysis results of losses and efficiency with respect to winding aspect ratio modification.

Cross-sectional Current Conductor c 1 Effici
Position(mm) Width(mm) Height(mm) area of conductor density at eddy-current op}()\;r) 088 1(c(;e)ncy
(mm?) 160A(A/mm?) loss(W) >
1.8 5.0 3.2 15.8 20.8 95.4
2.8 4.5 3.6 6.7 18.8 95.6
3.6 4.0 4.0 16.0 10 3.7 17.6 95.7
4.5 3.6 4.5 2.1 16.6 96.0
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