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Research on mitigating power fluctuations in rail transit traction power supply systems by
integrating hydrogen—supercapacitor hybrid energy storage for renewable energy integration

Gong Kunkun

East China Jiaotong University, China Shaanxi Ankang 330013

Abstract: In order to solve the power fluctuation of rail transit traction power supply system caused by new energy access,
this paper constructs a hydrogen-supercapacitor hybrid energy storage capacity optimization framework: first, the original
power of the system and the fluctuation component to be carried by energy storage are calculated by empirical modal analysis,
and the flattening effect is quantified by the power fluctuation rate, and the output power that meets the confidence level is used
as the rated power benchmark for energy storage. The adaptive smoothing algorithm is used to optimize the supercapacitor
capacity and electrolyzer hydrogen production power to ensure the wave suppression effect. Then, a multi-scale coordinated
control strategy integrating supercapacitor state of charge constraints, electrolyzer power boundaries and total power
fluctuation targets is constructed to dynamically adjust energy interaction to achieve precise power distribution. Actual data
simulation verification shows that the proposed method can suppress fluctuations while ensuring the stability and economy of
hybrid energy storage.

Keywords: Hydrogen energy storage; Hybrid energy storage; Stabilization of fluctuations; Energy management strategy
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