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ABSTRACT

This paper investigates the distortion of magnetic field of a brushless DC (BLDC) motor due to deformed rubber magnet.
Global or local deformation of rubber magnet in the BLDC motor is mathematically modeled by using the Fourier series.
Distorted magnetic field is calculated by using the finite element method, and unbalanced magnetic force are calculated by
using the Maxwell stress tensor. The first harmonic deformation in the global deformation of rubber magnet generates the first
harmonic driving frequency of the unbalanced magnetic force, and the rest harmonic deformations of rubber magnet except the
harmonic deformation with multiple of common divisor of pole and slot introduces the driving frequencies with multiple of slot
number £ 1 to the unbalanced magnetic force. However, the harmonic deformation with multiple of common divisor of pole
and slot does not generate unbalanced magnetic force due to the rotational symmetry. When the rubber magnet is locally
deformed, the unbalanced magnetic force has the first harmonic driving frequency and the driving frequencies with multiples of
slot number * 1.
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3.1 Global deformation
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Table 1 Specification of Analysis Model

Quantity Value

Pole/slot 12 pole / 9slot
Resistance /phase 1.25 Q
Residual flux density of PM 026T

Average radius of PM 10.45 mm
Average thickness of PM 1.3 mm
Average air gap length 0.35 mm
Outer diameter of rotor 20.2 mm
Outer diameter of stator 24.5 mm

Fig. 3 12 pole and 9 slot motor with the second and
third harmonic deformations of rubber magnet
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Fig. 4 Global deformation of rubber magnet with
harmonic deformation
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Fig. 5 Radial and tangential flux density for undeformed
and deformed rubber magnet
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Fig. 6 Unbalanced magnetic forces and their frequency
spectra due to harmonic deformation of rubber magnet
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Fig. 7 12 pole and 9 slot motor with the second and
third harmonic deformations of rubber magnet
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3.2  Local deformation
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Fig. 8 Whirling motion of a HDD spindle system due to
the cylindricity
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Fig. 9 Unbalanced magnetic forces and their frequency
spectra due to local deformation of rubber magnet
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