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Power control method and validation of regenerative braking
energy utilization for electrified railways based on railway
power conditioner located in section post

Wu Liran"?, Ye Jingjing’, Wu Mingli’, Lu Jingtao®’, 1.i Mengtong®
(1. State Key Laboratory of Advanced Rail Autonomous Operation, Beijing Jiaotong University, Beijing 100044, China;
2. Frontiers Science Center for Smart High-Speed Railway System, Beijing Jiaotong University, Beijing 100044, China;
3. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To promote the efficient utilization of regenerative braking energy (RBE) within different power
supply sections of electrified railways, a power control method for RBE utilization based on the railway power
conditioner (RPC) located in the section post is proposed. Based on the operating principles of the traction
network and the RPC, a unified circuit model of the RBE utilization system, with the controlled source as the
core model, 1s established, and the current relationships are described when section-crossing energy transferring.
Large-scale field data were analyzed to explore the regenerative braking characteristics from the perspectives of
energy and power, classify load states of adjacent power sections, and calculate their proportions, thereby
assessing the potential for mutual utilization of RBE in adjacent power supply sections. With the objective of

minimizing the total input power to the traction substations, an objective function and constraints are established
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to propose a control method for RBE utilization reducing the RBE fed back into the power grid. In this method,
when the traction loads in adjacent power sections are in Load State 2 (one power section is in regenerative
braking mode and the other power section is in traction mode), the PRC transfers RBE from one power supply
section to the other adjacent power supply section. Case studies and engineering experiments are conducted
based on a specific operational railway line to verify the proposed method. The results indicate that when one
electric train in a power supply section is in regenerative braking conditions, other electric trains in adjacent
power supply sections are in traction conditions for more than 80% of the time, indicating significant potential
for the mutual utilization of RBE within adjacent power supply sections. The RPC located in the section post
can reduce the proportion of RBE, with approximately 20% of RBE being utilized adopting the method, thereby
validating the effectiveness of the proposed control method.

Key words: Electrified railway; Regenerative braking energy; Power supply section; Section post; Railway power

conditioner; Traction substation; Total input power
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