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Fig. 1 Physical modeling framework of air brake system
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Fig. 10 Comparison of longitudinal dynamics simulation speed
and measured speed on long and steep downbhill
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Fig. 11  Electric braking force control sequence before and after
optimization
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Fig. 13 Comparison of coupler fatigue damage before and after

operation to maintain electric braking
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after operation to maintain electric braking
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Research on safety-oriented regulation and control techniques for heavy-duty
train operation in time-varying environments on long and steep slopes

JIANG Fan, LI Kai, LIU Yingnan
(Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: Complex air-braking characteristics of heavy-duty trains, stress variations arising from interactions between coupled lo-
comotive and wagons, and limited train state perception capabilities together create considerable control challenges during train opera-
tion on long and steep gradients. To address these challenges, this paper explores safety-oriented regulation and control techniques for
time-varying environments on such slopes. Firstly, a longitudinal train dynamics model and a physical model of air braking were estab-
lished for key scenarios related to long and steep slopes, along with a safety and stability evaluation framework that utilizes the coupler
fatigue index to represent the global train operation safety and the Sperling index to evaluate operating stability. Secondly, based on this
evaluation approach, a control strategy for safety and stability of heavy-haul trains on long and steep slopes was formulated, and an auto-
matic operation system planning and control algorithm implementing this strategy was developed. Finally, the strategy was verified on a
heavy-haul railway. Results show that the proposed techniques effectively improve the safety and stability of heavy-duty trains operating
on long and steep slopes.

Keywords: heavy-duty train; long and steep slope; safety-oriented regulation and control; longitudinal dynamics; automatic

operation; operating stability; heavy-haul railway; simulation
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