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Fuzzy adaptive low switching frequency model predictive current
control for permanent magnet synchronous motor

Wang Yanyang'® Hu Hailin'® Yang Jie'”> Wang Liwei'* Feng Fu'”’
(1. School of Electrical Engineering and Automation, Jiangxi University of Science and Technology, Ganzhou

341000, China; 2. Key Laboratory of Maglev Technology of Jiangxi Province, Ganzhou 341000, China)

Abstract: In the finite set model predictive control of permanent magnet synchronous motors, there is no pulse width
modulation link, and the optimal voltage vector directly acts on the inverter, the switching frequency is high. To reduce
switching frequency, in the predictive current control system of permanent magnet synchronous motor model, a
switching frequency control term with adaptive weight coefficient adjustment is introduced in the cost function. Firstly,
establish a predictive current control model and analyze the impact of operating conditions and control cycles on switch
frequency. Secondly, the switch frequency control term is introduced into the cost function, and the influence of the
weight coefficients of the switch frequency control term on the switch frequency and motor control performance is
analyzed. Then, based on fuzzy control theory, a model predictive current control system with adaptive adjustment of
weight coefficients is designed. By detecting the control error values of stator current and reference current as the input
of fuzzy control, and the switch term weight coefficient as the fuzzy output, the adaptive adjustment of the switch term
weight coefficient is achieved. The simulation results show that compared to fixed weight coefficient control, the fuzzy
adaptive switch term weight coefficient control method reduces the switching frequency by about 1.5 kHz when the
current harmonic increases by 0. 36% at a speed of 500 r/min, and by about 0. 8 kHz at a speed of 2 000 r/min.
Keywords: permanent magnet synchronous motor; model predictive current control; weight coefficient; fuzzy control;

switching frequency
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Table 2 Performance of motor systems under

different conditions

‘.  fu/Hz THD/% ¢,
0 10 786. 14 3. 85 0. 36 0. 26
0.1 9 588. 779 3. 39 0.31 0. 28
0.2 9 067.657 3. 27 0. 32 0.3

0.3 9 186. 799 3.61 0. 35 0. 38
0.4 9 025.743 3. 66 0. 39 0. 46
0.5 8 993. 729 3. 86 0.42 0. 55
0.6 8 982. 508 4.01 0.47 0. 65
0.7 8 831.353 4.42 0.51 0.76
0.8 8 911.551 4.73 0. 56 0. 85
0.9 8 778.878 4.83 0.61 0.97
1.0 8 788. 779 5. 46 0. 65 1. 08
1.1 8 670. 627 5. 86 0.70 1. 20
1.2 8 720.462 5. 84 0.75 1. 30
1.3 8 743. 564 6. 33 8.0 1. 42
1.4 8 612. 541 6. 80 0. 85 1.53
1.5 8 462.376 6.99 0.93 1. 64
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