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Abstract Direct torque control(DTC) for PMSM has many advantages such as simple
structures, fast dynamic performance and robust on motor parameters, however, one of the main
drawbacks is the significant torque and flux ripples. In this paper, the change law of torque and
electromagnetic torque and stator flux is analyzed and a novel DTC method which still employs
single vector is proposed to reduce the torque and flux ripples. The proposed method figures out the
reference output voltage vector according to the controlling demands of torque and flux. Targeted the
reference vector, the output voltage vector of two-level inverter which has minimum deviation with
the reference is selected. Both the hardware experiments and software simulations prove the validity
of the proposed method.
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Fig.1 VSI output voltage vectors and sub-region division
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Tab.1 Switching table of DTC based on minimum deviation
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Fig.2 The block diagram of the proposed method
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Fig.3 Simulation waveforms of motor speed,
electromagnetic torque and stator current
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Tab.3 Simulation data with different Kt

ty AN ARSI A R 9 1R

Kr t,/ms or/N-m
4.0 1.44 6.374
6.0 1.40 5.899
8.0 1.39 5.842
10.0 1.36 5.792
12.0 1.35 5.806
14.0 1.35 6.090
16.0 1.35 6.345
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Fig.5 Experimental waveforms of electromagnetic torque and the magnitude of flux in steady state
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Fig.6 Experimental waveforms of motor speed, electromagnetic torque and a-f components of flux

with speed stepping
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Fig.7 Experimental waveforms of motor speed, electromagnetic torque and stator current with

load torque stepping
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