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ABSTRACT: To enhance the robustness of three vector model
predictive current control for permanent magnet synchronous
motor (PMSM) with parameter mismatch, a novel three-vector
model-free current control strategy for PMSM based on the
super-twisting integral sliding mode observer is proposed.
Based on the mathematical model of PMSM considering the
parameter mismatch, a new ultra-local model of the PMSM is
established. The super-twisting integral sliding mode observer
is designed to quickly and accurately estimate the unknown
disturbance in the new ultra-local model, and the feedforward
compensation is carried out to reduce the influence of the
parameter mismatch on the system performance. The vector
duty cycle calculation method based on voltage error is
adopted. By introducing voltage error, the calculation of
predicted current is avoided, thereby reducing the calculation
of the control system. The control performance and calculation
of the proposed control method, three-vector model predictive
current control, three-vector model-free predictive current
control based on algebraic identification, and three-vector
model-free predictive current control based on the sliding mode
observer are compared and analyzed by experiments. The
results show that the proposed control method has stronger
robustness and smaller calculation while maintaining the
control performance of the motor.
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Table 3 Steady state performance analysis

PRI SE AiglA Aig/A THD/%
TV-MPCC 0.26 0.34 4.92
%48 TV-MFPCC 0.46 0.45 757
TV-MFPCC-based SMO 0.40 0.42 6.69
TV-MFPCC-based STISMO 0.34 0.34 5.43
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Table 4 Performance analysis before
parameter step increase

PR Aig/A Aig/A THD/%
TV-MPCC 0.22 045 5.89
48 TV-MFPCC 0.39 053 7.85
TV-MFPCC-based SMO 0.32 0.44 6.34
TV-MFPCC-based STISMO 0.28 0.40 5.49
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JRTEIGI , FHEIBCR RS, 4 53ms J5
WEFF. TV-MPCC. 144 TV-MFPCC. TV-
MFPCC-based STISMO 7E HL &SI, 3 TG 2
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Table 5 Performance analysis after
parameters step increase

PRI SE AiglA Aig/A THD/%
TV-MPCC 4.13 472 85.07
&4 TV-MFPCC 0.87 147 20.65
TV-MFPCC-based SMO 0.44 0.61 8.85
TV-MFPCC-based STISMO 0.32 052 6.89
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Table 6 Execution time of control algorithms

P 5% PAT I [El/ps
TV-MPCC 52
1548 TV-MFPCC 64
TV-MFPCC-based SMO 29
TV-MFPCC-based STISMO 31
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