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Investigation on Rotor Structure of 15-kW, 150,000-r/min Ultra-High-Speed PM motor

Taking Demagnetization Characteristic into Account

Kohei Fujita*, Toshihiko Noguchi (Shizuoka University)

This paper describes an ultra-high-speed permanent magnet motor of which rated output power is 15 kW and rated speed is

150,000 r/min. In the paper, Rotor dimensions and structure to improve demagnetization characteristic is discussed. The motor is

specially designed to achieve the magnetization ratio within 1 % and to achieve the motor efficiency over 95 %.
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Table 1. Design specifications of 15-kW, 150,000-r/min PM motor.

Rated output power Over 15 kW
Rated speed 150,000 r/min
Rated torque Over | Nm

Rated efficiency Over 95 %
Maximum power density Over 50 W/cm?
Demagnetization ratio Within 1 %
DC bus voltage Lower than 250 V
Rated current 77 A (over load 150%)
Maximum current 11SA

Rotor diameter

Smaller than 43.3 mm
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Table 2. Fundamental design outline of ultra-high-speed PM motor.

Surface permanent magnet

Motor type synchronous motor (SPMSM)
Number of phases 3 phases
Number of poles 2 poles

Stator configuration

Concentrated winding structure

Permanent magnet

N43TS Nd-Fe-B

(Br=1.34T, Hep =963 kA/m,
BH,qe = 350 kJ/m?)

Electromagnetic steel plates

20HX1300
(0.2 mm thick, 0.54 pQm,
Buax=15T)
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Fig. 1. Cross section of hollow magnet ultra-high-speed PM motor.
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Fig. 2. B-H characteristic and operating point of permanent magnet.
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Fig. 3. Cross section of solid magnet ultra-high-speed PM motor.
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Fig. 4. Cross section of rotor of solid magnet ultra-high-speed PM motor.
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Table 3. Design parameters and major specifications of motor models.

Motor model # 1 (hollow) # 2 (solid)
Rotor outer diameter 37.2 mm 39.0 mm
Im 8.1 mm 14 mm
Ig 10.7 mm 5.55 mm
Permeance coefficient 1.1 33
Number of winding turns 22 22
Winding space factor 50.8 % 50.8 %
Current densit; 478 A 478 A
Y (Rated operation) (Rated operation)
. Glass fiber Titanium alloy
Protection tube
(0 Qm) (2.3 pQm)
Stator winding resistance 5.5 mQ 5.3 mQ
Stator winding inductance 37 uH 38 uH
Efficiency at rated 97.4% 96.9 %
operating point
Maximum power density 57.9 W/em® 60.4 W/cm?
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Fig. 5. Comparison of demagnetization characteristics.
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Fig. 6. Flux density distribution of demagnetization in permanent

magnets.
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Fig. 7. Comparison of total losses in rated operation and loss analysis
results.

Stator iron loss

{AEddy-current loss (PM)
N Eddy-current loss (Shaft)
¥ Eddy-current loss (Protection tube)

70.1 %

0.28 %
0.95 %

X 8 # 2 ODIEAKIEERS D FRAH /TG A
Fig. 8. Analysis result of iron loss of # 2 in rated operation.
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Fig. 9. Detail of eddy-current loss in protection tube.
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