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Analysis model of harmonic power flow for single-phase photovoltaic

converters considering frequency coupling
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(1.School of Electrical and Automation Engineering, East China Jiaotong University, Nanchang 330000, China; 2.State Key Laboratory for

Performance Monitoring and Guarantee of Rail Transit Infrastructure, East China Jiaotong University, Nanchang 330000, China)

Abstract: Single-phase photovoltaic inverters are widely used in distribution systems, and studying their harmonic
models is of great significance for harmonic power flow analysis, harmonic interaction effects, and power system
stability. Firstly, by analyzing the interaction mechanism between the grid and the inverter, as well as the harmonic
conduction on the AC- and DC-side of the inverter, the impedance formulas of the single-phase photovoltaic inverter
under different harmonics are derived. Secondly, the frequency coupling mechanism of harmonic impedance is analyzed
in conjunction with the control loop, and the harmonic coupling impedance matrix model and equivalent Thévenin
circuit of the single-phase inverter under different harmonics are established. Furthermore, based on the proposed
model, a harmonic analysis of the system is conducted, revealing that the model significantly simplifies the harmonic
power flow analysis of the single-phase inverter, improves the calculation accuracy of the system's harmonic power
flow, and can effectively assess the impact of connecting the single-phase inverter on power quality. Finally, time-
domain simulations are conducted to verify the correctness and effectiveness of the established model.

Key words: single-phase inverter; harmonic impedance model; photovoltaic power generation system; harmonic power
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Figure 1 Structure diagram of photovoltaic system
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Figure 2 Control scheme diagram of single-phase VSC
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Figure 3 Harmonic response diagram of single-phase VSC
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Table 2 Calculated values of the third harmonic voltage and

impedance compared with the simulated values

p-u.
%7% Ugsi% Z3.3
15 52 0.000 3—0.021 2i 0.175 9-+0.615 0i
e 0.002 7—0.021 0i 0.178 9-+0.644 4i

R3 AR LA =R IE G EA B THD
Table 3 THD of third harmonic voltage and current at

different capacitances

LA IHD/ %

Cyo/pf CENES LR/
150 3.36 7.65
300 1.70 3.80
600 0.86 1.86
1200 0.43 0.92
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