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Research on the Design and Coordinated Control Strategy of SiC-based Multi-port Integrated
Flexible Regulation Device
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Abstract: To address the issue of uneven DC-side voltage in three-phase four-wire distribution systems
under unbalanced conditions, this paper proposes a silicon carbide (SiC)-based multi-port flexible control
device(V-UPQC) aimed at distribution network management. By leveraging the high-frequency characteristics
of SiC, a modular topology with a common DC bus is constructed, reducing filter size and enhancing power
density. In terms of control strategy, the outer loop strategy of the series-side AC voltage is improved, and
for the unbalance problem in three-phase four-wire systems, a midpoint potential balancing strategy based
on a proportional-integral-resonant (PIR) controller is proposed to effectively suppress DC voltage imbalance.
Finally, simulations verify the effectiveness of the proposed device in voltage dynamic compensation and
unbalance mitigation.
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Fig. 1 Single-input, single-output V-UPQC device topology diagram
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Fig. 2 Multiple-branch voltage series compensation
diagram of a common DC bus
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