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Research on the optimal configuration scheme of flexible traction power
supply system based on AT feeding mode

YU Guowang', XUE Zhenhua'?, NIU Xiaowei’

(1. Guoneng Shuohuang Railway Co., Ltd., Cangzhou, Hebei 062350, China;
2. Guoneng Transportation Technology Research Institute, Beijing 100080, China)

Abstract: With the rapid development of electrified railways toward high-speed, heavy-haul, and low-carbon operation, the auto-
transformer (AT) feeding mode has been widely applied. However, traditional traction power supply systems still suffer from low regen-
erative energy utilization efficiency, voltage fluctuations, three-phase imbalance, and limited renewable energy integration capacity, thus
restricting the efficiency and stability of traction power supply systems. This paper proposes a flexible traction power supply system
based on power electronic converter technology. Flexible devices are introduced into the existing AT framework to establish a collabora-
tive architecture consisting of a feed-in/feed-out system, isolation transformers, converters, and a control center to achieve energy coordi-
nation, three-phase balance, voltage stabilization, and efficient recovery of regenerative energy. Furthermore, a capacity configuration
model aiming at maximizing net profit is developed to comprehensively consider converter investment cost, electricity price, and system
operational lifespan. The optimal configuration is determined through differential evolution and local optimization. Simulation and sensi-
tivity analyses demonstrate that the optimal configuration can simultaneously improve energy efficiency and economic performance, pro-
viding theoretical basis and technical support for the engineering application and rational configuration of flexible traction power supply
systems.

Keywords: flexible traction power supply system; power electronic converter technology; regenerative energy utilization; capacity

configuration optimization
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