Optimization and Low-Carbon Operation of New Power Systems

2025 %53% SE10H] Vol.53 No.10 WA HREGEA SRS

32RAANBRATVSCHA N M BENES # D
WERLABE T WL

I BB B YER,.HEE,ZEN

(WM K% & TRFRE, @) REE  610065)

¥ E ot R AR AL BN TR R B A T R, E LR P R R AL(VSG) AR Z B E R
ELFEAEFAR ) ZATER LA, K, 5EAEFRBHNTFR,VSCAE FKE & M B AT, 5 A & %
WG REZGYEREAL ., HTh, o BEEP SR 6, 48 1 — A AL W VSC 2 £ 486 241
R, SAARMAN T EFR, Z T EAAMEENGSERET B UR AT E LN BHEBENE
HE A, RGVEARE T H B 2 45 R R B T T 45 ) R CH B AR 9 6 2 45 i VSG Zh AR A BE R 30 T R
B, T RS S BT AR A W RIALEL, SF O R b T ey B A T W

KEIR): EE K WAL 3l R ARG o F AR 5 A0 X 3 5 SR T

FESES TM712 SRKFRARAG : A DOI: 10.20204/j.sp.2025.10009

Analysis of Active Power Response Characteristics and Quantification
of Power Coupling Strength in VSG under Multiple Types of Reactive
Power Control
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Abstract: In response to the decline in grid support capability caused by the integration of grid—following renewable energy units,
virtual synchronous generator (VSG) technology has garnered significant attention and has been widely applied in new power systems.
However, unlike conventional synchronous generators, when a VSG operates in medium— and low—voltage grids, the lines with high
resistance—inductance ratios can easily lead to complex power coupling phenomena. Therefore, this paper proposes a novel analysis
framework for VSG power coupling by integrating Bode diagram analysis and relative gain theory. Differing from existing qualitative
analysis methods, this approach utilizes the dynamic and steady—state analysis capabilities of Bode diagrams and the coupling strength
quantification ability of relative gain theory to systematically evaluate the impact of proportional reactive power control , inertia—based
reactive power control, and proportional—integral reactive power control on the VSG’ s power coupling strength and its active power
response characteristics. It identifies the key control parameters influencing coupling and provides recommendations for the selection of
reactive power control loops.
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