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Analysis of Frequency Variation Characteristics and Influencing Factors of PMSG
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Abstract: Due to the large rotational inertia of synchronous machines, frequency changes caused by faults are
minimal. In contrast, new energy systems have smaller rotational inertia, which can result in more significant
frequency variations during faults. These larger frequency fluctuations inevitably lead to changes in the
characteristics of existing relay protection. There is limited research in the current literature on the frequency
variation characteristics of PMSG under fault conditions. To address this issue, firstly ; analyzed the phase variation
characteristics of voltage and current during line faults based on a single direct-drive wind turbine system with an
infinite bus, considering the grid-side inverter control strategy, thus revealing the mechanism of frequency changes
in PMSG. Then the impact of the phase lock error induced by the phase-locked loop on the frequency response
characteristics of the direct-drive wind turbine was considered. Finally, through simulation, the effects of different
fault types, fault durations, and short-circuit ratios on frequency variation characteristics were analyzed. Theoretical
analysis and simulations show that the phase lead of voltage and current before the protection action is cumulative
and effectively equivalent to an increase in frequency. The phase-locked loop error makes the frequency variation
characteristics more complex,and different fault conditions result in different frequency variation characteristics.
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Fig.1 Topology of the direct-driven wind grid-connection system
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Fig.3  Block diagram of the phase-locked loop working principle
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Fig.4 PMSG grid-side converter voltage-oriented double-loop control block diagram
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