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ABSTRACT: Unlike

grid-forming converter is operated as a synchronous voltage

grid-following  converters, the
source, which can effectively improve the stability of
power-electronics-dominated power systems, and hence, has
attracted much research attention in recent years. As a basis of
the large-scale implementation of grid-forming converters,
there should be an in-depth understanding of its stability under
different grid strengths as well as different grid disturbances.
This article performs a comprehensive overview of the stability
studies of grid-forming converters from the perspective of
existence of equilibrium points, small-signal stability, and
transient stability. On top of this, stabilization control solutions
of grid-forming converters are also summarized. In the end,
perspectives on the prospects and challenges of stability

analysis of grid-forming converters are shared.

KEY WORDS: grid-forming converter; small-signal stability;

large-signal transient stability
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Fig.2 Classification of synchronization control

architectures of grid-forming converters
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Fig. 3 Grid-forming converter connecting to
the AC system with local load
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Fig. 7 Block diagram of grid-forming converter with

active power based synchronization
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Fig. 10 Harmonic instability of grid-forming converter

with dual-loop vector voltage control
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DC-link voltage based synchronization
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Table 1 Summary of small-signal stability analysis of grid-forming converter
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Fig. 12 Power-angle curve of synchronous generator
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Fig. 13 Experimental results of grid-forming converter

after large disturbances
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triggering current limitation. Source
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Different from grid-following voltage-sourced
converters (GFL-VSC), the grid-forming VSC
(GFM-VSCQ) is operated as a synchronous voltage source
behind the impedance, as shown in Fig. 1. The
GFM-VSC can effectively improve the stability of
power-electronics-dominated power systems, and hence,
has attracted much research attention in recent years. As
a basis of the large-scale implementation of GFM-VSC,
there should be an in-depth understanding of its stability
under different grid strengths as well as different grid
disturbances. While lots of research efforts can be found
on stability analysis of GFM-VSC, the state-of-the-art
review of existing reaserch outcomes is missing. To fill
this gap, this article performs a comprehensive overview
of stability studies of GFM-VSC from the perspective of
existence of equilibrium points (EPs), small-signal
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stability as well as transient stability.

This article starts with formulating the criterion of
existence of EPs of GFM-VSC considering the local load
profile, fulfilling which serves as the pre-condition for
the stable operation of GFM-VSC. Then, an overview of
stability of GFM-VSC

considering different forms of oscillations that ranging

small-signal is performed

from low-frequency oscillation, sub-synchronous
oscillation, synchronous oscillation to harmonic
oscillaiton. It is pointed out that GFM-VSC can

generally maintain small-signal stable under the weak
grid, but its stability performance is degraded under the
stiffer grid. Nevertheless, many control solutions (e.g.,
virtual impedance control) are available to guarantee the
small-signal stability of GFM-VSC under wide range of
short-circuit ratio (SCR) of the power grid.

Different from the small-signal stability studies, the
nonlinear dynamics of GFM-VSC should be considered
during transient stability studies. This article performs an
overview regarding how different current-limiting
algorithms and synchronization conrol methods of
GFM-VSC would affect its power angle curve and
synchronization dynamics, with which, the control
dependent transient stability performance of GFM-VSC
is systematically summarized with clear physical insight.
Corresponding solutions that can improve the transient
stability of GFM-VSC are also reviewed.

While the stability of the single GFM-VSC
connecting to the infinite bus has been systematically
investigated, the stability of the power system with
multiple GFL-/GFM-VSCs and synchronous generators
remains an open issue. Some potential system-level
stability analysis methodologies are discussed at the end
of this article, which hopefully can shed a light on the

future research on this direction.



