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Multi-terminal Heterogeneous Generalized Impedance Modeling and Analysis of
MMC-MTDC Transmission Systems

ZHOU Guoliang', GAO Liping?, LIANG Yangqiao', LI Wenjin!, WANG Xin'
(1. China Power Engineering Consultant Group Zhongnan Electric Power Design Institute Co., Ltd., Wuhan 430061, China; 2. National Key
Laboratory of Renewable Energy Grid-Integration (China Electric Power Research Institute), Beijing 100192, China)

Abstract: The prominent risks of broadband oscillation among renewable energy, modular multilevel converter-based multi-terminal
high voltage direct current (MMC-MTDC) and AC grid severely constrain the safe and stable operation and efficient accommodation
of renewable energy. The control strategies of different converter stations of MMC-MTDC are various such as constant AC voltage,
constant DC voltage and constant power control, and there is a strong nonlinear coupling between the multi-terminal converter
stations, which brings challenges to the modeling and analysis of the system oscillation. Therefore, a modular modeling method of
MMC-MTDC control system considering positive- sequence and negative-sequence control is firstly proposed in this paper. And
then, aiming to the complex AC and DC grid structures, a generalized impedance model of different sections of MMC-MTDC is
established with the multi-terminal nonlinear coupling considered. Finally, taking the three-terminal MMC-MTDC ring network as an
example, simulation is conducted to verify the accuracy and validity of the generalized impedance model. The coupling effects of the
multi-terminal interconnection system and the positive-sequence control and negative-sequence control on the impedance
characteristics are analyzed, which will provide a basis for the oscillation analysis of renewable energy base connected into MMC-
MTDC interconnection system.

This work is supported by China Electric Power Engineering Consulting Group Technology Project (Research on Broadband
Resonance Mechanism and Suppression Scheme of Flexible DC Transmission System in Offshore Wind Farm, No.DG2-D03-2022),
Science and Technology Project of SGCC (Research on Grid-Forming Topology and Operation Control Technology of 100%
Renewable Energy Generation Base Connected into Diode Rectifier, No.5108-202218280A-2-307-XG).
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