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Broadband Modeling of Four-quadrant Rectifier and Differential Frequency Oscillation Analysis

WANG Yingjie,ZHOU Hailan, CHEN Yongfa, BAI Feiying

(School of Electrical Engineering , China University of Mining and Technology , Xuzhou 221000 ,Jiangsu , China)

Abstract: When the switching frequency of the four-quadrant rectifiers in different multiple units deviates, the
current will experience low-frequency oscillation, which is not conducive to the operation of the traction power
grid. Therefore, a matrix small-signal modeling method for SPWM comparators was proposed to analyze this issue,
which achieves a more accurate description of the switching frequency characteristics of the single-phase PWM
rectifier. Then, the matrix small-signal modeling of parallel four-quadrant rectifiers was further established, and
then the model was used to analyze the causes and rules of differential frequency oscillation during mixed running
of different multiple units. Finally, the correctness of the established model and analysis conclusions were verified
through experiments.
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Fig.2  Input and output waveforms of the SPWM comparator
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Fig.4 Single-phase PWM rectifier topology
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Fig.5 Block diagram of current inner loop control
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Fig.8 Four-quadrant rectifier parallel topology
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