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Synopsis

This study proposes a high-speed and high-power permanent magnet (PM) motor topology with pole-anisotropic oriented
magnets for automotive traction drive motors. Reduction in rotor eddy current losses under flux-weakening control is a major
challenge for high-speed, high-power PM motors. The effects of the stator pole geometry, number of slots, and air-gap length
on the rotor eddy-current losses were examined using FEA, and the stator structure was designed to achieve the required

performance. The designed motor was verified using FEA to achieve a target maximum torque of 105 Nm and maximum power of
150 kW.
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Table 1. Target specifications and design results of high-

speed PM motor.

Deisgned
ltems Ref. motor motor
Max. output power 150 kW
Max. torque 300 Nm 105 Nm
Required Max. speed 17000 r/min|50000 r/min
performance Inverter DC bus
voltage 600 V 500V
Max. current 300 Ams
. Amourphas
Core material 25HX1300 alloy
Stator outer
diameter 200 mm 180 mm
Stator inner
diameter 136.4 mm | 100 mm
Stator Number of poles 8 4
Number of slots 48 24
Turns of armature
winding 6 turns/slot | 9 turns/slot
4-series-2- .
Winding parallel 4'?;;33
configuration (star -
connection) connection)
Air gap Length (magnetic) 0.5 mm 10 mm
Rotor outer
diameter 135.4 mm 86 mm
Material — DAT5
Sleeve -
Thickness — 3 mm
. Hot-
Magnet Sintered
type Nd-Fe-B dl\iffl';rg_eéj
Rotor Magnet
B,@R.T 135T 1.34T
H;@R.T. | 2119 kA/m | 1653 KA/m
Material S45C
Shaft -
Diameter | 47.8 mm 44 mm
Rotor axial length 1445 mm | 80 mm
Rotor volume 2.08 ¢ 0.46 ¢
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Fig. 2. Rotor volume vs. maximum output power

characteristics for commercial traction drive motors.
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Fig. 4. Maximum rotor outer diameter for metal sleeves

as function of design speeds.
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Fig. 7. Maximum toque vs. PM thickness.
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Fig. 11. Eddy current losses of PM and sleeve at no-
load (50000 r/min) 2.
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