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Fig. 1 Topology and hierarchical control block diagram of the proposed traction power supply system
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Coordinated control strategy for new traction power supply systems
adapted to off-grid scenarios

ZHANG Yu', CHEN Chong', LIU Wenquan', JIA Limin"?

(1. China Institute of Energy and Transportation Integrated Development, North China Electric Power University, Beijing 102206,
China; 2.State Key Laboratory of Advanced Rail Autonomous Operation, Beijing Jiaotong University, Beijing 100091, China )

Abstract: This paper established a renewable-dominated traction power supply system to achieve green, self-sufficient railway trac-
tion in off-grid scenarios. To ensure stable, reliable, and continuous operation under conditions of significant supply-demand randomness
and fluctuations, a coordinated control strategy was proposed. First, the system topology was constructed with models duly established
for photovoltaic generation, energy storage, and traction conversion systems. Second, operational modes were categorized based on pow-
er imbalance between PV generation and loads, train operating power, and storage state of charge to facilitate rational power allocation.
Subsequently, a coordinated control strategy was designed to address DC bus voltage instability arising from power imbalance and fre-
quent frequency violations caused by train dynamics. Finally, hardware-in-loop experiments demonstrate that the proposed coordinated
control strategy effectively enhances the system's resilience to significant "power source-train demand" randomness and fluctuations, mit-
igates storage overcharging/overdischarging issues, and resolves DC bus voltage/frequency violations.

Keywords: non-electric railway; new traction power supply system; PV generation; energy storage; hardware-in-loop experiments;

coordinated control strategy
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