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ABSTRACT

This paper presents a numerical optimization technique and switching phase control technique aiming at
improvement of efficiency of the low voltage BLDC motor. The optimization technique is performed using the
generalized sensitivity technique, response surface method(RSM) and sampling minimization technique. In order to
minimize current consumption of the BLDC motor, the switching method of the driving device is optimized using
RSM with finite element analysis. The ratings of BLDC motor are 50 W, 24 V, 1200 rpm. As optimizing results,
the input current is reduced from 2.78 to 2.51 [A] when the switching phase is shifted by -2.65 [DEG _ELC] at
the rated driving speed of 1200 [rpm]. It is confirmed that the proposed method reduces the consuming current of

the low voltage BLDC motor through switching phase control method using the numerical optimization method.
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Fig. 1. Flow chart of RSM optimization method
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Table 1. Specification of the BLDC motor

2% | 3% | 4% |24 |zany¥d s
50 w |10 pole| 3 phase |12 slot| 24 V | 1200 rpm
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Fig. 3. Flux lines of the BLDC model
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Fig. 4. Back EMF of the BLDC motor
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Fig. 5. Cogging torque of the model
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Fig. 6. Rated output torque profile of the low voltage
BLDC motor
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Fig. 7. Switching sequence of driving circuit with
design variable A#
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Fig. 8. Input current as function of the switching angle

Table 2. Optimization result for input current as
function of iteration steps

lteration step
0 1 2 3

e

Design Parameter
AO[DEGMAC]

RSM HA3} A7 [A] |2.780 |2.547 | 2.518 | 2.512

A7) 3= 2 713 (SpeedCad)
At 2H)HF [A]

0 |-091]-0.71 | -0.53

2.780 | 2.668 | 2.548 | 2.531
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Fig. 9. RSM splines for design variables
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Fig. 10. Input current optimization results as function
of iteration numbers
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