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Research on the characteristics of harmonic impedance at the inlet of HVDC transmission line

YU Chaoyun, YANG Fenyan, SHENG Chao, LIU Zhengfu
(Electric Power Research Institute of Guangdong Power Grid Co., Ltd., Guangzhou 510080, China)

Abstract: The 50 Hz harmonic component distribution along HVDC transmission line when energizing a no-load
transformer is related to the harmonic impedance at the inlet of HVDC line. This paper studies the characteristics of harmonic
impedance at the inlet of HVDC transmission line in detail. The harmonic impedances in different operation modes are
analyzed and compared with each other qualitatively. The analytical equivalence model of the harmonic impedance is studied,
and its accuracy is verified by comparing the calculation results of the analytical method and the test signal method in
different operation modes based on the simulation model of an actual HVDC system. Furthermore, the influence of the
operation mode on the harmonic impedance is analyzed according to the analytical calculation results, and its conclusion is
consistent with the above qualitative analysis. The effect of stray capacitance of the converter transformer casing on harmonic
impedance at the inlet of the HVDC transmission line is studied by changing the size of stray capacitance in the converter
model, and the equivalence model is simplified.
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Fig.1 Diagram of harmonic impedance at the inlet of HVDC

line in the bipolar operation mode
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Fig. 2 Diagram of harmonic impedance at the inlet of HVDC

line in the unipolar metal-loop operation mode
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Fig. 3 Diagram of harmonic impedance at the inlet of HVDC

line in the unipolar earth-loop operation mode
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Fig. 4 Diagram of harmonic impedance vector in the

unipolar earth-loop operation mode
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Fig. 5 Three-pulse model of converter
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Fig. 6 Three-pulse model of converter containing
AC system and AC filter
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Fig. 7 Equivalence model of harmonic impedance at the
inverter-side inlet of HVDC line in the bipolar

symmetrical operation mode
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Fig. 8 Amplitude-frequency characteristic curves in

different operation modes
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Fig. 9 Phase-frequency characteristic curves in different

operation modes
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Fig. 10 Amplitude and phase frequency characteristic curves of

the equivalent impedance of earth electrode
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Fig. 11 Influence of the stray capacitance of converter

transformer casing when SCR is 15.8
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