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ABSTRACT

In order to reduce the noise of BLDC motor, a systematic optimization procedure for rotor structure is presented. The
noise index is defined as the sum of volume velocity of FE-model that are calculated at the dominant frequencies during
dehydration process, which is based on the principle of radiation simple volume source. Then, the five design variables are
selected to represent the shape and layout of rotor structure. This discrete design optimization problem for minimizing the
noise index is solved by 3-level orthogonal array based effect analysis. Finally, the response surface method (RSM)
combined optimization approach is employed for more refining the approximate optimum.
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Fig. 2 Components and materials of rotor part

Table 1 Material properties of components

Steel 2.1%10°
Aluminum 6.9x10° 27x10° 033
Magnet 5.0x10° 30x10° 03
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Fig. 3 Spectrogram of the radiated noise of the rotor
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Table 2 Design variables and their limits

. . : Lower | Center | Upper

Design Variables Mark Value | Value | Value
AFWE b= Yxl(mm) | DV, 95 105 115
U We vjse A DV, 4 8 12
UHY e vl =9 ZH(mm) DV3 4 6 8
29 DV, 4 8 - 12
H2Rel My DVs 4 8 12

Table 3 3-level DOE table and volume velocity

| Model | DV DV DVs DVs4 DVs (an13 /s)
1 95 4 4 4 4 200.33
2 95 8 6 8 8 76.892
3 95 12 3 12 12 48990
4 105 4 6 12 4 61.620
5 105 8 8 4 8 79.628
6 105 12 4 12 45.086
7 115 4 4 8 208.48
8 115 6 12 12 175.14
9 15 12 8 4 4 77.182
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Table 3914 Zzte] 2z g wins] & ) model 3, 69
A AFEE7L M w2 2AE Jeridch

(b) Bottom view
Fig. 4 A result of forced response analysis on model
No. 6 at 440 Hz

(a) Top view
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Fig. 5 Design sensitivities for total volume velocity
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Table 4 Analysis results of an optimal design
determined from design sensitivity

Q (mm¥s)
51.752

Model| DV, DV, DV; DV, DVs
10 105 12 8 12 12

Table 5 Analysis results of an optimal design
determined from RSM

Q (mm¥s)
47614

Model} DV, DV, DVs (' DVs
1 9% 12 4 8 12
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