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Analysis on AC/DC Harmonic Coupling Characteristics of Converter
Based on Harmonic State Space Modeling

WANG Jinnings WANG Leiy HAN Xiaoging, MENG Runquan, GUO Haijcia
(Shanxi Key Laboratory of Power System Operation and Control (Taiyuan University of Technology), Taiyuan 030024, China)

Abstract: A model of the AC/DC converter based on the harmonic state space (HSS) theory is developed, and the AC/DC
harmonic coupling characteristics of the converter have been analyzed in depth. Firstly, through the mathematical derivation, the
three-phase AC/DC converter is modeled based on the HSS theory. The HSS model includes each harmonic on the AC and DC
sides, which reflects the relationship between the harmonic variables of each frequency. Secondly, the harmonic transfer function of
the converter is deduced by the model, and the diagram of harmonic coupling impedance is established to analyze the AC/DC
harmonic coupling characteristics. The model is built according to the voltage source three-phase AC/DC converter which is
commonly used in microgrids. The full range of coupling characteristics between AC and DC side is illustrated, and can be used to
explore the harmonic characteristics at all frequencies, and can also be applied in harmonic analysis of converter with parallel and
cascaded structures. Finally, the simulation of the voltage source three-phase AC/DC converter is performed in PLECS, and it is
compared with the HSS calculation results to verify the proposed model and the study of harmonic coupling characteristics.
Furthermore, the proposed model and the conclusion of harmonic coupling characteristics are verified by experiments.
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Key words: microgrid converter harmonic state space (HSS); DC voltage disturbance harmonic coupling
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