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Static stability analysis of phase-locked loop in grid-connected inverters under weak grid condition

OUYANG Yifeng, ZOU Yu
(Nanjing SAC Power Grid Automation Co., Ltd., Nanjing 211153, China)

Abstract: In the system of renewable energy generation connecting to the power grid through an inverter, the stability of
the grid-connected inverter will decrease as the short-circuit ratio of interconnection point decreases. At present,
academics have done a lot of researches about this issue. However, most of them are based on the linearized state-space
model and analyzed with related control theories which have a lack of mechanism analysis. This paper uses a quasi-steady
state model that ignores the response time of the current loop, and studies the static stability of phase-locked loop in the
grid-connected inverter. A static stability criterion similar to the traditional one-machine infinite bus system is obtained,
which can intuitively draw the power limit of grid-connected inverter under the constraint of synchronization. It is pointed
out that when the grid inverter exceeds this power limit, it will lose stability in the form of overvoltage. The simulation
analysis is carried out with the detailed model of the grid-connected inverter to verify the correctness of the proposed
static stability criterion.
This work is supported by Jiangsu Science and Technology Department (No. BZ2015010).
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Fig. 1 Block diagram of the equivalent model of

grid-connected system with a single inverter
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of phase-locked loop
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Fig. 3 Simplified model of grid-connected inverter system
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Fig. 4 Phasor diagram of phase-locked loop in static stable state
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Fig. 5 Phasor diagram of phase-locked loop in static unstable state
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Table 1 Simulation parameters of grid-connected inverter system
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Fig. 7 Active power change curve of inverter
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Fig. 8 Voltage change curve of point of interconnection
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Fig. 9 Frequency change curve of point of interconnection
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Fig. 10 Active power change curve of inverter
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