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Operation control and mode adaptive switching strategy for low-voltage
flexible DC interconnection systems

JIANG Changjun'?, LIU Haitao"*, XIONG Xiong’, GUO Changhao'
(1. China Electric Power Research Institute, Beijing 100192, China;
2. State Grid Shanghai Energy Interconnection Research Institute Co., Ltd., Shanghai 201210, China)

Abstract: Low-voltage flexible direct currect (LV-FDC) technology represents a vital technical approach to addressing the
issues of heavy overloading and power supply reliability in end-user distribution networks. The core technological foundation
of LV-FDC systems lies in their efficient operation under steady-state conditions and rapid switching control during transient
states. This paper analyzes and summarizes the typical decentralized networking modes of LV-FDC systems, encompassing
system topologies, connection schemes, and voltage levels. Aiming at the heavy overloading issue in transformer zones caused
by uneven spatial and temporal load distributions, a set of steady-state load balancing control logic is proposed. For the issue of
system operation mode switching during fault transients, an adaptive switching control based on local voltage information is
proposed, which reduces the system's dependence on communication and achieves seamless switching between operating
modes through the design of the slave control unit's control loop. Furthermore, an integrated design for steady-state and
transient operation control based on master-slave control is analyzed in the context of multi-terminal flexible interconnection
applications, ensuring efficient coordination and reliable operation of the system under both steady and transient conditions.
Finally, the correctness of all control logic strategies is verified through PSCAD time-domain simulations and RT-LAB
hardware-in-the-loop experiments.

Keywords: low-voltage direct currect; flexible interconnection; decentralized network; load sharing operation; transient

control; adaptive switching logic; seamless switching
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Asymmetric fault voltage support scheme for soft open points based on improved
negative sequence voltage outer loop

WANG Xuze', CHEN Wu', ZHAO Haixi', CHEN Shi*
(1. School of Electrical Engineering, Southeast University, Nanjing 210096, China;
2. State Grid Jiangsu Electric Power Co., Ltd. Research Institute, Nanjing 211103, China)

Abstract: Flexible interconnection and dynamic power flow regulation in distribution networks are achieved by soft open point
(SOP), optimizing the configuration and scheduling of distribution resources. To improve the load voltage during asymmetric
ground faults, it is proposed that positive and negative sequence currents are output by the converter during faults. This
provides voltage support and enhances fault ride-through capability. However, actual operating conditions make open-loop
optimization schemes susceptible. Poor performance is shown by traditional negative sequence voltage-based closed-loop
support. In this paper, the conventional negative sequence voltage outer loop is improved by controlling the amplitude of
negative sequence current to suppress the negative sequence voltage. The phase of the negative sequence current is adjusted to
optimize the suppression effect. To enhance the inverter's capacity utilization and limit active power fluctuations, a
comprehensive scheme is proposed for limiting the positive and negative sequence current amplitudes. A short-circuit fault
simulation is constructed using PSCAD simulation software, based on the actual parameters of the distribution network. The
simulation results show that the proposed control strategy significantly enhances voltage performance during fault conditions,
improving the low-voltage ride-through capability.

Keywords: asymmetric ground fault; soft open point (SOP); positive and negative sequence voltage support; voltage outer

loop; line impedance ratio; limit active power fluctuations
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