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Low-frequency oscillation suppression method in train-network systems

based on sliding mode control structure of onboard rectifiers

TIAN Jiangtao, LI Yanzhe *, CHEN Xinzhou, GANG Tiecheng
(School of Automatic & Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, Gansu, China)

Abstract: To address the low-frequency oscillation occurring during the pantograph-raising and preparation phase of high-speed
trains, an adaptive sliding mode control ( ASMC) strategy was proposed for electric multiple unit (EMU) rectifiers. Using the
CRHS5 model as the test subject, a return ratio matrix model of the coupled system with the traction network was established. By
incorporating an improved sum-norm criterion, the cause and critical conditions of low-frequency oscillation were analyzed. Based
on the operational conditions of the EMU during low-frequency oscillation, a state-space model was derived. Adaptive sliding mode
controllers were designed for the voltage outer loop and current inner loop to replace conventional linear proportional-integral (PI)
controllers. A simulation model of the train-network coupling system was developed in Simulink/MATLAB. Comparative
simulations with several traditional control strategies demonstrated that the ASMC approach comprehensively outperformed others in
overshoot, settling time, voltage fluctuation, and low-frequency oscillation suppression, exhibiting superior performance and
effectively mitigating the low-frequency oscillation phenomenon.
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