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A Study on Optimal Design According to Change of Coil Distribution in Slot Less Type
Permanent Magnet Synchronous Motor
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Abstract - In this paper, slot less type high-speed and compact motor was designed. it was selected through change of stator
coil distribution for the optimal performance of the motor. In this paper, designed motor was expected to be very vulnerable
to heat dissipation in a compact motor. Therefore, to ensure reliability in the design result, winding and permanent magnet
damage caused by the losses of motor was analyzed by thermal analysis and demagnetization analysis. Using the result,
whether motor burnout was confirmed by motor performance degradation and insulation breakdown.
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Table 1 Specifications and target performance of the design

model
Item Unit Specification
Stator & Rotor - 50PN470
Magnet N42SH
Back EM.F range [Vrms] | 0.945 (phase)
Rated torque [mNm] | 43.6
Rated speed [rpm] 14,900
Output power [W] 68
Current limit [Arms] | 2.00
Operating time [min] 30
Pole/Slot - 4/ 6
Stack length [mm] 28.5
Stator/Rotor diameter [mm] 21.1 / 1275
Coil diameter [mm] 0.45
Coil insulation class - B class
Fill factor limit [%] 75 (pure copper)
Ambient temperature [C] 25
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Table 2 Performance calculation results of the design model

Item Unit Specification
Back E.M.F(phase) [Vrms] 0.945
Rated Torque [mNm] 436
Rated Speed [rpm] 14,900
Rated Current [Arms] 1.66
Current density [Arms/mm?] 10.44
Iron loss (W] 2.14
Copper loss (W] 3.54
Mechanical loss (W] 1.72
Output power (W] 68
Efficiency [%] 90.18
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Table 3 The physical values of the material
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Component Material Density [kg-dm®] Specific heat [J-kg k] Thermal conductivity [W-m K™]
Frame Aluminum 2.70 900.0 204

Shaft Carbon steel 7.85 486.0 49.8

Rotor magnet N42SH 7.60 460.0 7.6

Rotor/Stator core 50PN470 7.70 444.0 285

Stator coil Cu 8.96 385.0 394.0

Molding Mixture 3.00 1009 0.025

Air Air 1.225 1009 0.026
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Table 4 Specifications and performance of the design model

Item Unit 0 mi-n‘ ‘ 30 min
Specification

Material Stator & Rotor - 50PN470
Magnet - N42SH

Resistance [Q] 043 | 058

Pole / Slot - 4/6

Stator / Rotor Dia. [mm] 21.1 / 1275

Stack Length [mm] 285

Rated Torque [mNm] | 436

Rated Speed [rpm] 14,900

Rated Current [Arms] 1.66 1.75

Iron loss (W] 2.14 1.94

Copper loss W] 3.54 5.32

Mechanical loss (W] 1.72

Output power W] 68

Efficiency [%] 90.18 ‘ 88.34
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