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A Study on Characteristic of Cogging Torque due to Assembly Tolerances of Magnet
on Rotor and Evaluation of Noise and Vibration in Brushless DC Motor
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The cogging torque of a brushless dc (BLDC) motor results from the interaction between permanent magnets and iron core, and it
causes noise and induce vibrations. During a manufacturing process, assembly tolerances lead to the change of the electromagnetic
structure of a BLDC motor where permanent magnets are not properly glued to the surface of rotor core. In this paper, the effect of
magnet separation from the surface of rotor core on the cogging torque is investigated due to assembly tolerance. The relationship with
key design parameters is considered such as separation between magnets and rotor core, the number of magnets having separation, as
well as the several types of arrangements among neighboring magnets. Finite element method (FEM) has been used to analyze a
BLDC motor, and the allowable assembly tolerance is proposed to prevent generating noise and vibrations. Within proposed assembly
tolerance, it is concluded that the cogging torque of a BLDC motor is decreased, and hence noise and vibrations.
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Table 1. Specification of BLDC motor.
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Fig. 2. (Color online) Seperation of PM.
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Fig. 3. (Color online) Noise level with respect to cogging torque.
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Fig. 4. Peak cogging torque with respect to separation.

Table I1. Peak cogging torque with respect to separation.

h [mm] Lo [mMN - m] Rate [%)]
0 3.226 0
0.025 3.279 1.6
0.050 3.291 2.0
0.075 3.301 23
0.100 3.317 2.8
0.125 3.328 3.2
0.150 3.340 3.5
0.175 3.355 4.0
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Fig. 5. (Color online) Arrangement of two neighboring PMs: (a)

symmetric(inner gap) (b) symmetric(outer gap) (c) parallel.
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Fig. 6. (Color online) Cogging torque with respect to arrangement of

two neighboring PMs.

Table III. Peak cogging torque with respect to arrangement of two

neighboring PMs.
Case Tiog [MN - m] Rate [%]
Ideal 3.226 0
@ 2.538 213
(b) 2.516 -22.0
© 3.668 13.7
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Fig. 7. (Color online) Arrangement of parallel PMs: (a)~(c) 2 PMs

(d)~(f) 3 PMs (g)~(i) 4 PMs (j) 5 PMs (k) 6 PMs.
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Fig. 8. (Color online) Cogging torque with respect to arrangement of

parallel PMs.
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Table V. Peak cogging torque with respect to separation (case (k) of

parallel PMs. Fig. 7).
Case Tiog [MN - m] Rate [%] h [mm)] Tiog [MN - m] Rate [%]
Ideal 3.226 0 0 3.226 0
(a) 3.668 13.7 0.025 3472 7.6
(b) 3.784 17.3 0.050 3.736 15.8
(©) 3.701 14.7 0.075 4.162 29.0
(d) 4.229 31.1 0.100 4.633 43.6
(e) 4.289 33.0 0.125 5.325 65.1
® 4.373 35.6 0.150 6.122 89.8
(2) 5.109 584 0.175 7.105 120.2
(h) 5.134 59.2
0] 5.119 58.7
) 6.038 87.2 —
(k) 7.105 120.3 Dseparation= -9528 mm
7.2
6.7
6.2
'S 5.7 _
ZE o D= 5-9 mm
£ >
=47
= 42
3.7 0.068 mm
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0 0.05 0.1 0.15 Fig. 10. (Color online) Difference of outer diameter due to separation.
h [mm]

Fig. 9. Peak cogging torque with respect to separation (case (k) of
Fig. 7).
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