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Fig. 1 Schematic diagram of converter connected to
AC system
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Fig.4 Influence of dynamic interaction on power angle
stability of generators: type 1
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Influence Mechanism Analysis of Phase Locked Loop Out-of-synchronization on Transient Power Angle
Stability of Synchronous Generators

LI Xiao', L1Jianze', SU Chenbo', WANG Jiecong”, LIU Chongru', ZHENG Leé'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources (North China Electric Power
University) , Beijing 102206, China; 2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: A large number of renewable energy will be integrated into the power grid through power converters in the future,
forming a new power system in which renewable energy units and synchronous generators coexist, which makes the problem of
transient power angle stability of the power system more complex. The relationship between the existence of the phase-locked loop
(PLL) equilibrium point of the converter and the transient power angle stability of the synchronous generator is analyzed. Based on
the geometric singular perturbation theory, for the system with converters and synchronous generators, the reasons for the coupling
between the output angle of PLL and the power angle of synchronous generator caused by the loss of equilibrium point are
analyzed. It reveals the mechanism that this coupling is more likely to occur in the power grid penetrated by high proportion of
converters. This paper analyzes in detail the two influence mechanisms of PLL on the synchronous stability of the generator after
the converter loses the equilibrium point. The first one is that the instability of PLL briefly increases the deceleration area of the
synchronous generator, resulting in the deceleration of the generator power angle. The second one is that the instability of PLL
increases the acceleration area of the synchronous generator, resulting in the rapid instability of the generator power angle. The
conditions that PLL restricts the power angle stability of the generator are described theoretically, which has the reference
significance for the research of power angle stability region in the new power system.
This work is supported by State Grid Corporation of China (No. 5105-202018129A-0-0-00).
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