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Analysis of Cogging Torque and Magnetic Force of a Brushless DC Motor due to
Imperfect Magnetization of Permanent Magnet
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ABSTRACT

This paper investigates the characteristics of cogging torque and magnetic force of a brushless DC (BLDC) motor due to
imperfect magnetization of permanent magnet (PM) numerically and experimentally which results in the magnetically induced
vibration. A predicted magnetization pattern of the PM of the BLDC motor, which is derived from the measured surface
magnetic flux density along the PM, is applied to the finite element analysis in order to calculate the cogging torque and the
unbalanced magnetic force. This research also develops the experimental setup to measure the unbalanced magnetic force as
well as the cogging torque. It shows numerically and experimentally that the imperfect magnetization of permanent magnet
generates the driving frequencies of cogging torque with integer multiple of slot number in addition to the least common
multiple of pole and slot. It also shows that the driving frequencies of unbalanced magnetic force are integer multiple of slot
number +1 due to imperfect magnetization of PM even in the rotationally symmetric design.
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Fig. 8 Measured and simulated cogging torque
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