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Shape design method for high torque in the flux-weakening range of the IPMSM
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Fig. 1 One example of the increasing torque load and
motor design point
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Table 1 Specifications of the IPMSM model
Item Specification Unit
Torque @ 4,345 rpm 240 Nm
Torque @ 20,000 rpm 38 Nm
Vphase 270 Vpeak
Rated phase current 330 Apeak
Turn per phase 24 -
Stator diameter 260 mm
Rotor diameter 166 mm
Stack length 170 mm
Air gap length 1 mm
Pole-arc to pole-pitch ratio 70 %
Magnet width 42 mm
Magnet thickness 8 mm
Permanent magnet type 38UH -
Core type S08 -
*38UH : 38MGOe9| OlA] &g z= UHERCS NdFeB AAM
*S08 @ Ar|Zue] B AT 4% 71E 35PN230 5L
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Table 2 Output Characteristics of the IPMSM model
Item Value || Unit
Current Phase Angle 10 degE
4,345rpm Torque 240 Nm
Current Phase Angle 80.8 degE
20,000rpm Torque 38 Nm
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flux-weakening range
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Fig. 5 Shape Design Method
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Fig. 6 Torque characteristic analysis of each model
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Table 3 Characteristics comparison between the initial model
and improved model

Case Case Case

Item Unit

1 2 3
Baserpm 4,345 || 3800 3835 rpm

Current Phase Angle
1 E
at BaseRPM 0 30 50 deg
Torque 240 | 262 | 257 | Nm
at torque

Current Phase Angle

at 20,000rpm
Torque
at 20,000rpm

808 || 81.5 83 degE

38 51.9 54.7 Nm
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