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Fig.1 Main circuit of three-phase four-wire three-level SPC
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Fig.2 Equivalent circuit diagram of three-level SPC
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Fig.3 Cascaded structure of positive- and
negative-sequence filter element
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Fig.4 Block diagram of three-level SPC control system
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Fig.5 Block diagram a-axis deadbeat control
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Fig.6 Deadbeat control block diagram when

embedding repetitive controller
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Fig.7 Bode diagram of transfer function for current inner loop
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Fig.9 Traditional switching operation logic
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Fig.10 Optimized switching operation logic
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Analysis of SPC imbalance compensation based on “I” type three-level
neutral-point clamped inverter
WANG Zhenhao',LIU Dawei' ,REN Guodong®, CHENG Long', LI Guoqing'
(1. School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China;
2. State Grid Heihe Electric Power Company, Heihe 161400, China)

Abstract ; Three-phase electricity demands are generally unbalanced in low-voltage distribution networks. To deal
with this issue,a power quality compensation device composed of a three-phase three-level neutral-point clamped in-
verter is studied. A complex filter with composite structure is designed , which can extract the positive- and negative-
sequence components of the grid current quickly and accurately. Based on the analysis of the principle and mathe-
matical model of the inverter,the deadbeat control formula of the repetitive controller embedded is deduced to com-
pensate for the delay of the output current and the instruction current. At the same time,the working logic of the
switch tube during startup and shutdown is optimized. Consequently, that inner and outer tubes of the “I” type
bridge arm bear the same voltage can be ensured. Finally,the proposed structure and control strategy are simulated
and verified on MATLAB/Simulink simulation environment and the physical experiment platform. The simulative and
experimental results indicate that the device can effectively compensate the three-phase current unbalance and im-
prove the power quality.

Key words : three-phase unbalance ; distribution network ; neutral-point clamped inverter ; plural filter; deadbeat con-

trol ; power quality
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