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Study for the Application of Fractional Order PID Torque

Control in Side-drive Coupled Tram

QI Zhuang' ZHANG Wen-Lian® WANG Mei-Qi' LIU Peng-Fei' LIU Yong-Qiang'

Abstract Side-drive coupled independently rotating wheelset (IRW) is one of the key technologies for the 100 %
low floor tram (LFT). The torque control strategy of side-drive electrical motor directly affects the dynamics beha-
viors of the LFT. Based on the track running mechanism of the IRW with 5 degrees of freedom, the dynamics mod-
el of a single LFT was constructed taking the side-drive transmission system into consideration. A fractional order
PID (FOPID) torque control strategy was applied to optimize the vehicle's curve negotiation performance. The
FOPID controller, which was achieved by Riemann-Liouville (RL) fractional integration and the Oustaloup filter
approximation and whose parameters were set by the evolutionary operation, was built in the Simulink platform.
The 100% LFT's dynamics performance on tangent track and curve was studied by the co-simulation method
between the torque controller and the s-function. The results were compared with the IRW model without control-
ler and the traditional wheelset. The research indicates that, in the tangent track case, FOPID controller can im-
prove the vehicle's stability and the controlled wheelset's robustness to track irregularity is stronger; in the large
radius curve case, the curve negotiation performance of the IRW without controller is poor, while the IRW with
FOPID controller can perform well like the traditional wheelset; in the small radius curve case, FOPID torque con-
trol strategy can provide enough leading force for the LFT on the small radius curve, which makes the curve negoti-
ation performance of IRW with FOPID controller better than the other 2 models.
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dynamics
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Fig. 2 Topological structure of a single vehicle
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