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Abstract: Aimed at the transient instability of a voltage source converter (VSC) based on phase locked loop (PLL)
under weak network conditions and considering the influences of power grid line impedance, VSC reactive power
injection and PLL filtering, the transient instability boundary of VSC is comprehensively studied based on the critical
voltage in a variety of fault scenarios such as grid voltage sag, frequency fluctuation and three-phase asymmetric fault.
Through the analysis of the VSC grid-connected vector diagram in different operation scenarios, the mathematical
models of relationships between the grid voltage of VSC grid-connected system and factors (e.g., line impedance and
impedance angle, VSC operation power and its power factor, PLL phase-locked error, and grid frequency) in multiple
scenarios are established. Then, the transient instability boundary of VSC is indicated based on the critical voltage.
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Results show that both the line resistance and reactive power
injection can directly reduce the critical voltage and improve
the stability of the system. The increase or decrease in
grid-side frequency will directly lead to the phase lag or lead
of PLL and an increase or decrease in line reactance, thus
indirectly affecting the critical voltage and further affecting
the transient stability of VSC. The PLL pre-filter may cause
errors in the phase-locked result, and its phase lag or lead will
reduce or increase the critical instability voltage of the system,

respectively.
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