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Effects of Design Parameters on the Thermal
Performance of a Brushless DC Motor

Min-Soo Kim and Kwan-Soo Lee
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Abstract

A numerical simulation of brushless DC motor is performed to elucidate thermo-flow characteristics in
winding and bearing with heat generation. Rotation of rotor and blades drives influx of ambient air into the
rotor inlet. Recirculation zone exists in the tiny interfaces between windings. The flow separation causes poor
cooling performance in bearing part and therefore the redesign of the bearing groove is required. The design
parameters such as the inlet location, geometry and bearing groove threshold angle have been selected in the
present simulation. As the inlet location moves inward in the radial direction, total incoming flow rate and
heat transfer rate are increased. Total incoming flow rate is increased with increasing the inlet inner length.
The effect of the bearing groove threshold angle on the thermal performance is less than that of other design

parameters.
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Fig. 1 Schematic diagram of the motor and each part
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Table 1 Physical properties of components in a motor

. Thermal Specific
Density ..
Components [ke/m’] conductivity heat
[W/m - K] [J/kg - K]
Iron core 7800 (rf(fizil/leiZal) 460.54
Insulation 1500 0.25 2300
Magnet 4950 1.257 735
Winding 8978 387.6 381
Rotor 7800 25 460.54
Bearing 7800 25 460.54
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Table 2 Physical properties of winding

Phase coil Coil
current [A] 2.03 | resistivity 2.141x10°®
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Fig. 2 Measured points of motor in experiment

Table 3 Comparison temperature with experiment

Model Meas'ured Temperature Relative
point (°C) error (%)
1 334 - )
2 33.9 - ) el
Experiment 3 345 i § 1
4 37.9 - R L T]
5 38.0 - '
6 37.9 - B g, core 2
1 35.420 6.05
2 35.404 4.44 — [
3 35.385 2.57 o ' o
Standard k-¢ 4 38.950 2.77
5 37.037 2.53
6 38.950 2.77
1 35.038 4.90
2 35.043 3.37 (b) Temperature contour (°C)
RNG k-¢ 3 35.043 1.57 Fig. 3 Velocity vectors and temperature contours at the
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Fig. 4 Pressure contour and velocity vector around the
rotor inlet
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