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High Precise Measurement of Grid-Connected Inverter using DFT

Sang-Hyeok Lee', Feel-Soon KangZ, Sang-Hun Lee®, So-Eog Ch04, Tae-Won LeeS, and Sung-Jun Park "

Abstract - A precise measurement of the grid voltage is one of the essential techniques, which is required to
connect a renewable energy to the grid. In general, when a filter is used to eliminate unnecessary harmonics
and noises, a signal is distorted by phase delay, amplitude attenuation, and other distortions. And the response
characteristic of a controller is directly affected by bandwidth of cut-off frequency of the filter. To alleviate
this problems, we propose an effective algorithm based on DFT(Discrete Fourier Transform) instead of
approaching the filter application. The proposed algorithm ensures high precise measurement of the grid voltage
because it can extract the fundamental and harmonics from the raw signal without any distortions. The high
performance of the proposed algorithm is verified by PSIM simulation and experiments of Grid-Connected VSIL
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Fig. 1 The equivalent circuit of Inverter and Grid
Voltage
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Fig. 2 Gird Voltage including Harmonics
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Fig. 3 Waveform Amplitude and Phase using PSIM FFT
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Fig. 4 Waveform Amplitude and Phase using DFT
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Fig. 5 DFT algorithm Verification experiment
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Fig. 6 Waveform Extraction using IDFT
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Table 1 Digital Filter Characteristics Based on
Cut-off Frequency

Frequone-oft S0 | 1kHz | 2kHz | 3kHz
Fundamental | Amp. | 099 | 099 | 099 | 099
60[Hz] Angle -6.7 | -3.27 | -1.38 | -0.61
3 Harmonic | Amp. 0.94 0.98 0.99 0.99
[180Hz] Angle | 196 | 975 | -415 | -1.86
5 Harmonic | Amp. 0.86 0.96 0.99 0.99
[300Hz] Angle | -30.8 | -15.9 -6.9 -3.0
7 Harmonic | Amp. 0.76 0.92 0.98 0.99
[420Hz] Angle | -40.0 | -22.0 -9.7 | -4.37
(9] Amplitude[PU] , Angle[Hz])
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Fig. 7 Extraction of the Phase Voltage fundamental and Harmonics
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Fig. 8 Waveform Restoration using IDFT

Table 2 specification of Inverter

_ Freq. 8.4[kHz]
Switch
Part. IPM(PM50CL1B120)
3¢ Reactor 2.2[mH]
DC Link 4700[uF]
MCU TMS320F28335
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Fig. 12 The Initial Response Characteristic
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