Optimaization Design of Stator Notch Shape of Brushless DC Motor by Response of Surface Method
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Abstract— When low vibration, low noise and light weight of systems such as home appliances and automobiles are important, they are being replaced by BLDC motors. For motors that are often used in close proximity to people (such as home appliances
and automobiles), vibration and noise reduction are important. To improve this, it is necessary to minimize the cogging torque, which causes vibration and noise of the motor.There is skew, slot open, and notch for reducing cogging torque. Notch method is
advantageous in consideration of production cost and productivity. This paper infers the analytical expression of the cogging torque and proves that the notch shape is effective for reducing the cogging torque by using the self-equivalent circuit. Using notch
shape as diameter, number of notch, and position, three parameters are selected. The nonlinear optimization technique, RSM (response of surface method), minimizes data analysis and computation time and derives optimal points of three variables. The
RSM optimized design compares the simulation values of the cogging torque and the test measurements through two-dimensional finite element analysis and prototype fabrication. The comparative data verifty the optimized design of the stator notch
geometry of the SPM(Surface Permanent Magnet) BLDC motor

1. Introduction 3. Optimization Design Using Response Surface Methodology 4. Output characteristic comparison
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1 sap magnetic resistance, which In this paper, the cogging torque is improved and optimized by adding a notch to the stator of the outer rotor type surface permanent magnet Brushless DC motor. the
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R, = F Ryq 4 reduces cogging torque. nonlinear properties of the magnetic material used in the motor have the nonlinear characteristics, the response surface analysis method used for the nonlinear
L | 1 | 1 (4) = The magnetic flux is optimization was optimized. At this time, the large number of notches when having the same output characteristics is disadvantageous in terms of ease of production
R Rz~ Ry concentrated and saturation is and cost. The simulation results showed a 12% cogging torque reduction compared to a 2.5% output reduction. After completing the optimal design, the experimental
caused by the difference in the measurement of the prototype showed a 12% reduction to the actual 40.83mNm. Through this paper, the optimum design of stator notch shape of the motor using
<7 E c S L magnetic resistance. RSM could be suggested to improve the cogging torque improvement design that minimizes the degra-dation of the motor output characteristics.
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