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Stability analysis of wind power-soft and direct transmission system
based on impedance analysis
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Abstract; With the rapid development of offshore wind power, long-distance power transmission via flexible direct current ( VSC-HVDC)
systems has become increasingly prevalent, while system stability issues have drawn growing concern. This paper conducts an in-depth
study on the operational stability of wind power generation and VSC-HVDC systems under marine environments. Firstly, impedance models
of the wind farm and its connected modular multilevel converter ( MMC) are established to analyze their electrical characteristics and
impedance structure, providing a foundation for system stability assessment. Secondly, based on the impedance modeling results, the
Nyquist stability criterion is introduced to evaluate the stability boundaries of the wind power-VSC-HVDC interconnected system and to
clarify how key parameters influence system dynamic behavior. Then, taking the Rushan offshore wind power project as a case study, a
simulation model is built using the MATLAB/Simulink platform to perform time-domain simulations of voltage, current, and frequency
responses under typical operating conditions, offering insights into the system’ s stable operation characteristics. Finally, the comparison
between theoretical calculations and simulation results confirms the effectiveness of the impedance-based method in assessing system
stability. The research provides theoretical support and technical guidance for the planning, design, and secure operation of offshore wind
power grid-connected systems.

Keywords: wind power generation, flexible dc transmission, impedance analysis; offshore wind power; flexible direct transmission
system; stability analysis
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