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Abstract: To address the instability of renewable energy stations integrated via grid-following
voltage source converters (GFL-VSCs)in weak grids, as well as the inadequacy of traditional
static VAR generators (SVGs)in providing system transient support, a full-order mathematical
model of the grid-connected system comprising a grid-forming (GFM) SVG and GFL-VSCs is
established to reveal the impact of the GFM-SVG on the system’s transient stability. First,
considering the dynamics of each control loop of the GFL-VSC and GFM-SVG, as well as the
electromagnetic transients of the transmission lines, a mathematical model of the parallel system
of the GFL-VSC and GFM-SVG is constructed. Second, the transient instability mechanism of a
grid-connected single-GFL-VSC system during voltage sags is investigated. Then, the support
mechanism of the GFM-SVG for the GFL-VSC grid-connected system is analyzed. The phase
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plane method is utilized to study the influence of various control parameters of the GFM-SVG on

system stability, and metrics such as the critical clearing time (CCT)and critical clearing angle

(CCA)are employed to quantify the transient support capability. Finally, the correctness of the

theoretical analysis is verified through electromagnetic transient simulations. The results indicate

that the GFM-SVG establishes a local phase angle and frequency reference through grid-forming

control, which, combined with reactive power support, significantly enhances the transient

stability of the grid-connected system. With a properly configured GFM-SVG, the deviations of

the point of common coupling (PCC)voltage and the GFL-VSC current amplitude from their rated

values during transients can be maintained within 10%. This study provides a valuable reference

for the parameter tuning of grid-connected systems incorporating GFM-SVGs.
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