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ABSTRACT: For the transient stability of the grid-forming
voltage source converter (GFM-VSC) system under large
disturbances, most existing studies fail to fully consider the fast
transient response and control plasticity of power electronic
sources. Therefore, this paper takes the GFM-VSC as the
object, reveals the difference in transient response mechanism
between the GFM-VSC and the SM from an energetic
standpoint. With the help of the principle of equal area and
phase diagrams methods, the transient stability mechanism of
the control-molded GFM-VSC is analyzed. Then, considering
the limiter that is easy to trigger under large disturbances, the
instability mechanism caused by the failure of the system to
exit the current limiting mode is illustrated in detail, and an
improved limiting strategy with current distribution coefficient
is proposed, which effectively enhances the transient stability
of the system. Finally, the correctness of the theoretical

analysis and the improved method are verified by simulation.

KEY WORDS: grid forming (GFM) technology; voltage
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For the transient stability of the grid-forming
voltage source converter (GFM-VSC) system under large
disturbances, most existing studies fail to fully consider
fast transient response and control plasticity of power
electronic sources. Therefore, this paper takes the
GFM-VSC as the object and reveals the difference in the
transient response mechanism between the GFM-VSC
and the
standpoint. With the help of the principle of equal area

synchronous machine from an energetic

and phase diagrams methods, the transient stability
mechanism of control-molded GFM-VSC is analyzed.

A simplified diagram of the grid-tied GFM-VSC
system is shown in Fig. 1. Fig. 2 shows P-J curves of the
GFM VSC system at critical transient stability and
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grid line DC T2
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T AC =3
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Fig.1 Simplified diagram of the GFM-VSC system
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Fig.2 Comparison of P-& curves of the GFM VSC

system at the critical state

S1

instability states.

In Fig. 2, Pry and Prp represent the transmission
power of the GFM VSC under the rated and fault
conditions; Pysc denotes the DC input power of the
GFM VSC. It can be seen from Fig. 2 that GFM-VSC
can independently respond to disturbances in the
transient state according to the control design, resulting
in the difference of acceleration and deceleration areas,
thus affecting the transient stability mechanism of the
system. After crossing the unstable equilibrium point
(UEP), stability may still be restored at the next periodic
balance point.

Then, considering the limiter that is easy to trigger
under large disturbances, the instability mechanism
caused by the failure of the system to exit the current
limiting mode is illustrated in detail, and an improved
limiting strategy with the current distribution coefficient
is proposed, which effectively enhances the transient
stability of the system.

Based on the d-axis current priority limiting method,
the improved limiting strategy is formed after adding the
current distribution coefficient &, as follows:

iLref,d* =min(/ya =Kyl s it rera)

SR T M

Uretq =min(y " — (et ) alLref,q)
where iLref,d*, iLref,q* denote reference values of the current
inner loop after the current limiting link; iirery, firesy
denote reference values of the current inner loop; I, is
the maximum allowable current amplitude of the device.

Fig. 3 shows P-9 curves of the GFM VSC system
with different values of the k.
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Fig.3 P-6 curves of the GFM-VSC system with

different values of the &,



