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Abstract

In this paper, an optimum design method is presented for BLDC motor magnet using genetic algorithm(GA)
and response surface method(RSM). The cogging torque is calculated by finite element method for the designs
obtained by GA and RSM. The results are compared and discussed for the simulation time and the cogging
torque.
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Fig. 1. Analysis model of BLDC motor
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Table 1. Design variables for initial model
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Fig. 2. Flux distribution for initial model
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Fig. 3. Cogging torque for initial model
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Fig. 4. Cogging torque distribution for magnet
angles
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Fig. 5. Genetic algorithm structure
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Fig. 6. Object function to generation
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Fig. 7. Design variables to generation

a9 82 frEgueEe o8 HHHA 55
=& EAI3 # Rojnh

a8 8. AFHMH sBT
Fig. 8. Flow chart of optimum design
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Fig. 9. 2-level, 2-factor central composite design
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Response Surface Regression: cogging torque versus thetal, thetaz
The analysis was done using uncoded units.
Estimated Regression Coefficients for cogging

Term Coef SE Coet T P

Constant ~46.15  9.21998 -5.006 0.002
thetal 1.35  0.14070 9672 0.000
theta? -0.10 0.14070 -0.736 0.485
theta) +thetal -0.01 0.00081 -9.974 0.000
theta2«theta2 0.00  0.0008t 1.561 0.163
thetal -theta2 -0.00  0.00061 -2.189 0.065

$=002504 R-Sg=93.9% R-Sa(adj) = 98.1%
Analysis of Variance for cogging

Sowce DF  Seg SS Adj $S Adj MS F P
Regression 5  0.399515 0.399516 0.079903 127.44 0 00C
Linear 2 0.325504 0.069453 0.034727 55.39 0.000
Square 0.071005 0.072119 0.036059 67.51 0.000
tnteraction 0.003005 0.003005 0.003005 4,79 0.065
Residual Esror 0.004389  0.004389  0.000627
Lack-of-Fit 0.004389 0.004389 0.001463
Pure Error 0.000000 0.000000 0.000000
Total 0.403904

N aw~—=n

38 10. 37 24 2y

Fig. 10. Result of regression
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Fig. 11. Surface plot by RSM
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Fig. 13. Cogging torque for initial and optimum
designs
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Table 2. Cogging torque of initial design and
optimum design
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Table 3. Total times of optimum designs
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Fig. 12. Contour plot by RSM
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