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Simulation study on longitudinal dynamics of a 40 000-ton heavy
haul combined train under wireless synchronous control

Guo Gang

(Locomotive &. Car Research Institute, China Academy of Railway Sciences Corporation Limited, Beijing 100081, China)

Abstract: To investigate the coupler force safety thresholds and cyclic braking strategies for 40 000-ton heavy-
haul combined trains under complex vertical profile conditions, a longitudinal dynamics model integrating a
wireless synchronous control system was established using a self-developed train longitudinal dynamics simulation
platform. The model was calibrated and validated using field test data from 20 000-ton and 30 000-ton heavy-haul

combined trains, demonstrating its accuracy and reliability in calculating braking distances and coupler forces
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under various braking conditions. Subsequently, longitudinal dynamics simulations were conducted on a 40 000-ton
heavy-haul combined train equipped with the wireless synchronous control system under three braking scenarios:
a 50 kPa pressure reduction, full service braking, and emergency braking. These simulations considered four
typical vertical profile conditions on the Datong-Qinhuangdao Railway: transition from downgrade to tangent
track, sag vertical curves, crest vertical curves, and long steep downgrades. The results indicate that the
coupled simulation model, which integrates wireless synchronous control command transmission with train
longitudinal dynamic responses, achieves an error of less than 8% compared to field test data. This confirms its
effectiveness in simulating the longitudinal coupler force characteristics of extra-long heavy-haul trains. During
emergency braking on long steep downgrades as well as sag and crest vertical curves, the maximum coupler
force of the 40 000-ton heavy-haul combined train remained below the 2 250 kN safety limit. However, during
full service braking on crest vertical curves, the maximum draft coupler force exceeded the 1500 kN limit.
Further analysis reveals that on vertical curves with significant gradient changes, the train’s braking position
substantially influences coupler forces, and optimizing the braking timing can mitigate longitudinal impulses
within the train. Consequently, it is recommended to avoid applying brakes when the train is spanning a crest
(half on an upgrade and half on a downgrade) or transitioning between a grade and level track. Furthermore,
when decelerating or stopping within a sag vertical curve section—particularly when the front half of the train is
on an upgrade and the rear half is on a downgrade—it is advisable to apply a braking mode with a minimal

pressure reduction.

Key words: Wireless synchronous control system; Heavy-haul combined train; Train longitudinal dynamics;

Variable ramp; Braking mode; Cycle braking
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