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Optimum Design Focused on Efficiency and Power Density of 1.5-kW, 150,000-r/min
PM Motor Fed by Low-Voltage Power Supply
Tetsuro Wada® (Nagaoka University of Technology), and
Toshihiko Noguchi (Shizuoka University)

This paper presents a 1.5-kW, 150,000-r/min PM motor fed by a low-voltage power supply, which is applicable

to an automotive supercharger. The motor is specially designed to improve its efficiency over 97 % (excluding a

mechanical loss) and to raise its power density to 13 W/cm3 at the same time. Feasibility of the design is

confirmed through experimental tests, using a prototype motor. In addition, two sorts of electromagnetic silicon

steel laminated core are compare to reduce power losses further.
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Fig. 1. Cross section diagram of ultra high-speed
SPMSM.
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Table 1. Target specifications of ultra high-speed motor.

Assumed engine 1.5 L class
Rated output power 1.5kW
Rated speed 150,000 r/min
Rated torque 0.0955 Nm
Overload capacity and duration 3kW (200 % over load) for 1 s
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Table 2. Conceptual design parameters of
developed ultra high-speed PM motor

Surface Permanent-Magnet Synchronous

Motor type Motor (SPMSM)
Number of phases 3 phase
Number of poles 2 poles
Stator configuration Concentrated winding structure
Winding configuration 1 or 2 turns, 2 parallels per phase
10JNEX900
Electromagnetic steel plates (0.1-mm thick, 6.5-% silicone, u;=23000,
Brnax=1.8 T)
N-39SH Nd-Fe-B
Permanent magnet (Br=1.28 T, bHc=955 kA/m,
BH,,,,=310 kJ/m®)
. Angular ceramic-ball bearings with
Bearings .
grease lubrication
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Table 2. Voltage drops per phase at rated operation
and other design parameters.

Number of winding turns 1 | 2
Resistance of inverter MOSFET Rygr 2 mQ
Stator winding resistance R, 0.072 mQ 0.200 mQ2
Stator winding inductance L, 0.070 uH 0.294 yH
Voltage drop of inverter MOSFET 0353V 0243V
Rrprl
Voltage drop pfthe stator winding 00127V 00243V
resistance R,/
Voltage Qrop of the stator winding 0194V 0562V
inductance @l ,/
Back em.f. E 284V 411V
Total voltage drop V 321V 441V
Stator iron core stack length L 30 mm
Permanent-magnet thickness ¢, 5 mm 3.75 mm
Radial air gap length £, 3 mm 4.25 mm
Permeance coefficient p, 1.67 0.882
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(a) Stator structure. (b) Winding configuration.
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Fig. 2. Stator winding structure.
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Fig. 3. Loss analysis results with respect to detailed
stator iron core shape.
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Fig. 4. Electromechanical conversion loss at rated
operation.(not including mechanical loss).
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Fig. 5. Loss analysis results.
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Fig. 6 Photographs of PM rotor reinforced by grass fiber.
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Fig. 7. Photographs of stator iron core and stator
windings.
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Fig. 8. Assembly of prototype motor.

(b)Rear view
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Fig. 9. Exterior photographs of prototype motor.

(a)Front view
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Table 4. Measurement result of motor parameters.

Motor parameters Designed value MsZTE;ed
E.m.f constant (10™ V/r/min) 2.74 2.67
R, (mQ) 0.200 0.153
L, (uH) 0.294 0.362

s Doooooboboooon

Table 5. Measurement result of prototype motors

input power.

Motor input Winding Iron core loss
power cupper loss (FEM analysis)
EX Iron core motor 162.7W 0.115W 234W
HF Iron core motor 1674 W 0.145 W 314 W
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