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Abstract

The harmonic issues in photovoltaic grid-connected systems originate from the nonlinear characteristics of power electronics devices,
environmental fluctuations, and grid interactions. These issues primarily manifest as inverter switching distortion, component
resonance coupling, and the superimposed effects of multiple parallel inverters, leading to an increase in the Total Harmonic
Distortion (THD) and deterioration of power quality. This paper systematically analyzes the mechanism of harmonic generation and
proposes a hierarchical management strategy: passive filtering techniques (such as LC resonant circuits) can specifically suppress
characteristic subharmonics; active control strategies (such as Active Power Filters (APF) and Space Vector Pulse Width Modulation
(SVPWM) algorithms) enable dynamic compensation; hybrid solutions (such as Hybrid Active Power Filters (HAPF)) integrate
passive/active technologies, balancing economy and adaptability. Furthermore, a comprehensive framework for enhancing power
quality is proposed, encompassing grid-forming control to enhance stability, big data-driven precise monitoring, and a full-process
standard system. Experiments show that THD can be reduced to below 2.5%. The research findings provide technical support for the
grid-connection of high-proportion renewable energy.
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