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strategies of torque distribution for front and rear dual mo-

Research on energy-efficient train control based on optimized torque allocation
WANG Yue', HOU Zhaowen’, CHEN Qihui’, LI Yuanjing’, LIU Jiancheng', ZHAO Xufeng’

(1. CRRC Qingdao Sifang Co., Ltd., Qingdao, Shandong 266111, China;
2. Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: Improving energy efficiency of rail transit vehicles promotes green mobility and supports China’ s dual-carbon goals.
This paper develops an efficiency-optimal torque-allocation model based on the efficiency field distribution of traction motors to im-
prove traction efficiency. Subject to train torque demand constraints, torque allocation relationships across speeds and control handle
notches were computed offline. From the resulting optimized torque allocation patterns, a simplified allocation scheme suitable for engi-
neering application was derived. Numerical results show that in low- and medium-notch regions, where motor efficiency is typically low,
the proposed allocation approach raises equivalent motor efficiency appreciably. Using a larger number of power units enables finer allo-
cation and further improves system efficiency across the full notch range. The simplified scheme achieves virtually the same equivalent
efficiency as the efficiency-optimal method in most conditions. Simulations on a suburban line indicate that, compared with the conven-
tional equal-sharing strategy, the optimized approach improves overall traction efficiency, yielding average energy savings of approxi-
mately 0.4 % during stop-at-all-stations operation and approximately 2.29 % under non-stop conditions. Analysis of operational data con-
firms these findings: the system operates dominantly at high notches under stop-at-all-stations conditions, producing limited energy sav-
ings, whereas it operates mainly at low-to-medium notches under non-stop conditions, with pronounced energy savings. The findings pro-
vide a practical reference for efficiency enhancement and energy conservation in rail-transit vehicles, including autonomous-rail rapid
transit trains.

Keywords: rail transit vehicle; efficiency; energy-efficient control; optimized torque allocation; high-speed train
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