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Efficiency Optimal Design of a Brushless DC Motor
Considering the Magnetization Direction of Permanent Magnet
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Abstract: This paper is intended to improve efficiency of two-phase BLDC motor using analytical and statistical methods, and then
the stability of the starting for the designed model is investigated. The characteristics of the motor according to magnetization
directions of permanent magnet are analyzed through the analytical method, and design variables that affect the efficiency are
selected. Preliminary optimal design is performed using the analytical method with the design variable. The RSM (Response Surface
Method) based on the FEA (Finite Element Analysis) is applied to complement errors of the analytical method. As a result, the
optimal design is determined. Finally, the stability of the starting for the optimal designed model is evaluated by analyzing cogging

torque, and it is verified through the FEA.
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Fig. 1. Structure of two-phase BLDC motor.
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Table 1.Motor specifications.
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AT7A A=A Ferrite AFAEDE | 0.24[T]
Aol 12.5[mm] A 5 460[turns]

— — — - Path A

9 2. TEIE.
Fig. 2. Driving circuit.
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Fig. 3. Magnetic equivalent circuit.
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Fig. 4. Back-EMF waveform at rated speed.
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Fig. 5. Current waveform.
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Fig. 7.Magnetization radial direction for efficiency improvement.
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Fig. 8. Back-EMF waveform.
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Table 3.Comparison of analysis results.
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