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Research on eco-driving strategies for supercapacitor trams
ZHANG Huazhi"?, FU Chengcheng’, XIAO Zhuang’, WANG Qingyuan’, FENG Xiaoyun’, HE Bin'

( 1. China Railway Fourth Survey and Design Institute Group Co., Ltd., Wuhan, Hubei 430063, China;
2. School of Electrical Engineering, Southwest Jiaotong University, Chengdu, Sichuan 611756, China )

Abstract: Focusing on the eco-driving for supercapacitor trams, considering traction/braking characteristics, trip operation time
constraint, variable value of slope and power constraints of supercapacitor, a modified dynamic programming method was proposed with
consideration the optimal manipulation derived from the maximum principle. Firstly, the system model was introduced, and an optimiza-
tion problem was constructed. Then, eco-driving regimes of supercapacitor trams were analyzed based on the maximum principle. The
state space of velocity trajectory was constructed integrating dynamic programming. Finally, the bi-section method was utilized to find
optimized eco-driving speed profiles to satisfied the trip time constraint. Simulation results show that the better solve efficiency and quali-
ty can be obtained by the modified dynamic programming compared to the traditional dynamic programming. The high utilization rate of
regenerative braking for supercapacitor trams increases the usage of electric braking condition and shrinks the usage of coast condition.

Keywords: urban rail transit; energy saving optimization; regenerative braking; supercapacitor tram; adaptive dynamic program-

ming; simulation
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Fig. 1 Schematic diagram of state space and velocity
trajectory calculation
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Fig.2 Traction and electric braking characteristics of trains
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Fig. 3 Results comparison between adaptive dynamic

programming and conventional dynamic programming
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