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Torque Ripple Minimization of BLDC Motor Including
Flux-Weakening Region

o e B, ut

gt g, ol gt o

(Tae-Hyun Won, Han-Woong Park and Man Hyung Lee)

Abstract : Torque ripple control of brushless DC motors has been the persisting issue of the servo drive systems in which the speed
fluctuation, vibration and acoustic noise should be minimized. In this paper, a novel approach to achieve the ripple-free torque control
with maximum efficiency based on the d-q reference frame is presented and analyzed. The proposed approach can provide the optimized
phase current waveforms over wide speed range incorporating cogging torque compensation without an access to the neutral point of the
motor windings. Moreover, the undesirable errors caused by the assumptions such as 3 phase balance or symmetry of the phase back
EMF between electrical cycles, which are related with the manufacturing imperfections, can be also eliminated. As a result, the

proposed approach provides a simple and clear way to obtain the optimal motor excitation currents. A hysteresis current control system
is employed to produce high-frequency electromagnetic torque ripples for compensation. The validity and applicability of the proposed
control scheme to real situations are verified through the simulations and experimental results.

Keywords : BLDC motor, torque ripple minimization, d-q reference frame, optimal current, cogging torque
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Table 1. Parameters of the tested BLDC motor.

Rated voltage 100 V
Rated current 5A
Resistance per phase 25 @
Back EMF constant 0.0955 V/rad/s
g-axis inductance 13.8 mH
d-axis inductance 49 mH
Rated speed 1800 rpm

Rated torque 2 Nm
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Fig. 12. Block diagram of the speed control scheme of the
proposed algorithm.
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torque : 0.5 [Nm/div.])

Fig. 13. The experimental results when the motor speed is
900 rpm, and the load torque is 1 Nm. (top :
measured shaft torque, middle motor current,

bottom : optimized reference current, current : 1
[A/div.], torque : 0.5 [Nm/div.])
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Fig. 14. The experimental results when the motor speed is
1,800 rpm, and the load torque is 1 Nm. (top :
measured shaft torque, middle : motor current,
bottom : optimized reference current, current : 1
[A/div.], torque : 0.5 [Nm/div.])

r

(0) 2AEAE BASA B A

a8 15, A&7 £=7F 1,800 rpm, ¥-317F 2 NmYd uj 9}
28 23 (top @ FAHEA, middle : AF7HF,
bottom : FHZAE Z|FAF, current : 5 [A/div],
torque : 1 [Nm/div.])

Fig. 15. The experimental results when the motor speed is
1,800 rpm, and the load torque is 2 Nm. ((top :
measured shaft torque, middle : motor current,
bottom : optimized reference current, current : 5
[A/div.], torque : 1 [Nm/div.])
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Fig. 16. The experimental results when the motor speed is
2,400 rpm, and the load torque is 1.5 Nm.(top :
measured shaft torque, middle motor current,
bottom : optimized reference current, current : 5
JA/div.], torque : 1 [Nnv/div.1)
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