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Abstract: The neutral-point clamped (NPC) three-level converter is extensively used in low-voltage distribution
networks with distributed energy resources. In a three-phase-four-wire system, the DC bus neutral-point (NP) of a
three-phase converter is commonly connected to the N-wire, creating a zero-sequence current path in the system. This
configuration leads to output voltage distortions caused by DC NP voltage fluctuations and switching dead-time, and
further causes harmonic emission from the converter itself. First, the coupling relationship between NP voltage
fluctuations and output current is analyzed, laying a foundation for establishing a quantitative model of NP voltage
fluctuations. Based on this model, an active filtering circuit control system for DC bus is designed to suppress both the
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NP voltage fluctuations and the induced harmonics. Then, the
influence of switching dead-time under various operating
conditions of the three-phase converter is investigated. A
quantitative relationship between the switching dead-time and
output voltage distortions is derived, guiding the design of a
modulation wave compensation strategy for mitigating the
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harmonic emission caused by switching dead-time. Finally, simulation models and an experimental platform were developed to

reproduce the harmonic emission issues of the three-phase converter, and results validated the effectiveness of the proposed

scheme.

Keywords: Neutral-point clamped (NPC) three-level converter; three-phase-four-wire system; harmonic emission; neutral-

point (NP) voltage fluctuation; switching dead-time
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Fig. 1 Topological structure of neutral-point clamped
three-level converter
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Fig. 2 Schematic of output voltage distortion caused by
switching dead-time
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Tab. 1 Relationship between output current from
grid-connected converter and resulting DC bus
common-mode current
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Fig. 3 Quantitative model of neutral-point voltage

fluctuationsin three-level grid-connected converter
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Fig. 4 Structure of DC bus active filtering cir cuit
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Fig. 6 Mechanism of influence of switching dead-time in each quadrant on output voltage
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Tab. 2 Parameter s of simulation model
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