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Modeling and control strategy of co-phase traction power
supply system with integrated quasi-Z-source DVR

Chen Minwu', Zhang Yanyang', Yu Guowang"?, 1.i Dongjie', Li Zhe”
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu Sichuan 611756, China;
2. Guoneng Shuohuang Railway Development Co., Ltd., Cangzhou Hebei 062350, China)

Abstract: When access to an external power source is constrained for an electrified railway, the traction substation
supplying electric locomotives is commonly co-located with the power substation supplying communication and
signaling facilities. This configuration is referred to as an integrated traction and power substation. The single-
phase asymmetry and strong impact characteristics of high-power traction loads cause three-phase voltage
unbalance on the high-voltage grid side and voltage sags on the low-voltage power-supply side. Based on the
principle of co-phase power supply, a co-phase traction power supply system topology structure suitable for
integrated traction and power substations is first proposed. The topology consists of a single-phase traction
transformer, a modular multilevel converter (MMC)-based power flow controller (PFC), and a quasi-Z-source
dynamic voltage restorer (DVR), where the DC bus of the PFC supplies DC power to the quasi-Z-source DVR.
An integrated negative-sequence and voltage-sag compensation strategy is then proposed by combining the
negative-sequence optimal compensation strategy of the PFC with the voltage-sag compensation strategy of the
quasi-Z-source DVR. Calculation methods are derived for the PFC compensation current constrained by the
negative-sequence power limit and the quasi-Z-source DVR compensation voltage satisfying the voltage-sag
limit. Considering the influence of PFC DC-bus voltage fluctuations on DVR performance, predictive current
control and voltage-balancing control are proposed for the MMC-based PFC. These control methods are
coordinated with quasi-Z-source DC-link voltage stabilization control and DVR AC inverter control to achieve
integrated compensation of negative-sequence components and voltage sags. Finally, MATLAB/Simulink
simulations and StarSim HIL real-time simulation experiments verify the correctness and effectiveness of the
proposed topology and integrated negative-sequence and voltage-sag compensation strategy. The results show
that the co-phase traction power supply system integrated with the quasi-Z-source DVR compensates for
negative-sequence components on the high-voltage grid side and voltage sags on the low-voltage power-supply
side under different traction load conditions. The PFC maintains the three-phase voltage unbalance factor on the
high-voltage grid side at approximately 2%, while the quasi-Z-source DVR generates the compensation voltage
within two cycles and maintains a stable voltage on the low-voltage power-supply side. The proposed system
provides a highly integrated structure, a fast compensation response, and effective coordination among the

control functions.

Key words: Co-phase traction power supply system; Integrated traction and power substation; Voltage sag;

Negative-sequence compensation; Dynamic voltage restorer; Power flow controller
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