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Stability analysis and oscillation suppression strategy for direct-drive wind farms via MMC-HVDC
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[ Abstract] Voltage Source Converter-based High Voltage Direct Current (VSC-HVDC) technology has been widely
applied in offshore wind power grid integration and long-distance renewable energy transmission, providing critical support
for large-scale renewable energy integration into the power grid. However, when wind farms are connected through
Modular Multilevel Converter-based HVDC (MMC-HVDC) systems, the coupling among multiple control loops may
induce small-signal instability issues, posing a threat to the secure operation of the power system. In particular, at low-
frequency ranges, the dynamic interaction between the phase-locked loop (PLL) and the current/voltage control loops can
lead to near fundamental frequency oscillations. This paper investigates the modeling and oscillation suppression of wind
power flexible DC transmission systems based on impedance stability analysis theory. Firstly, a multi-harmonic
linearization method is employed to establish the AC-side small-signal impedance models of both the wind farm and the
MMC, with the theoretical impedance validated by frequency sweep tests. Subsequently, based on impedance stability
analysis, the impact of control loop parameters on system stability is revealed. A supplementary damping control strategy
centered on the wind farm-side PLL is proposed, which enhances system damping by introducing a second-order high-pass
filter, effectively suppressing near fundamental frequency oscillations. Finally, a time-domain simulation model is
developed to verify the effectiveness of the proposed approach in mitigating near fundamental frequency oscillations.

[ Keywords] Wind power grid integration; MMC-HVDC; Multi-harmonic linearization; Impedance modeling;

Stability analysis; Phase-locked loop (PLL); Near fundamental frequency oscillation suppression
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