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Fig. 6 Efficiency-power curve of fuel cell stack
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Fig. 12 Life prediction curve of fuel cell
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Collaborative optimization strategy for fuel cells in hybrid locomotives
under start-stop and variable-load conditions

WANG Yongbin', FAN Haoran’, GUAN Da', FU Jun', LI Junxiang', LI Teng’

(1. CHN ENERGY Xinshuo Railway Co., Ltd., Ordos, Inner Mongolia 010300, China;
2. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Hydrogen-powered locomotives represent an important direction for the green transformation of rail transport, offering
zero emissions and long endurance; however, their core power source (fuel cells) remains constrained by high cost and insufficient dura-
bility. In particular, rapid performance degradation caused by start-stop and variable-load conditions seriously restricts their life-cycle
economic efficiency. To solve this problem, this paper presents a fuel cell-battery combined energy supply system model for hydrogen fu-
el cell-battery hybrid locomotives. Based on the dynamic response characteristics of fuel cells, a control strategy was proposed to sup-
press start-stop losses, and a voltage degradation model was incorporated to achieve life prediction and quantitative assessment of equiva-
lent hydrogen consumption. At the operation control level, a two-stage smooth switching strategy was designed for the energy storage
system: under start-stop conditions, constant-current control prioritized the energy storage unit to respond to sudden load changes; under
variable-load conditions, droop control enabled the unit to meet rapid power demands, thereby ensuring a smooth power transition of the
fuel cells and stabilizing the DC bus voltage. Simulation results show that this comprehensive strategy effectively reduces hydrogen con-
sumption under typical locomotive operating conditions, specifically—42% for a single start/stop and 5.6% under variable-load condi-
tions—providing a practical solution for engineering applications in electric-hydrogen hybrid locomotives.

Keywords: hydrogen fuel cell-battery hybrid locomotive; hydrogen fuel cell; start/stop condition; variable-load condition; control

strategy
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