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Direct-torque-control of brushless DC motors based on
segmented sliding-mode-variable-structure

Zhu Junjie' > Su Mei' Wang Xiangzhong® Ma Lin’
(1. School of Information Science & Engineering Central South University Changsha 410083 China; 2. School of
Computer & Information Engineering Central South University of Forestry and Technology Changsha 410004 China)

Abstract: Aiming at the difficulty of acquiring back-EMF ( electromotive force) information in direct-torque-control
( DTC) strategy for brushless DC motor a DTC method based on back-EMF state reconstruction of segmented sliding—
mode-variable-structure ( SMVS) is presented. The intrinsic discontinuous switching characteristics of SMVS may
lead to system vibration and electromagnetic torque ripple. In this paper the cause of the system vibration for small
input error of SVMS is pointed out and analyzed. Then a state reconfiguration method based on segmented SMVS is
proposed to reconstruct back-EMF and restrain system vibration. According to the relationship between electromagnet—
ic torque back EMF and flux linkage the voltage-space-vector control scheme is adopted to achieve the DTC of the
brushless DC motor. Being irrelevant to the system parameter variation and external disturbance the segmented slid—
ing mode variable structure control system can achieve better robustness than other conventional continuous systems.

Simulation results show that the presented method is effective in tackling system vibration and the system robustness
and fastness are also improved.

Keywords: direct-torque-control ( DTC) ; sliding-mode-variable-structure ( SMVS) control; state observer; voltage—

space—~vector; flux linkage estimation
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Fig. 1 Diagram of the DTC of brushless DC motor based on segmented sliding-mode variable structure
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Fig. 3 Segmented sliding-mode state observer
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4 Fig. 4 Stator flux linkage sectors and voltage vector
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Fig. 8 Experimental motor test bed
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Table 3 Motor parameters
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Fig. 9 EMF waveforms based on segmented sliding-mode

variable structure control
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