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Improved Phase and Harmonic Detection Scheme using Fast Fourier

Transform with Minimum Sampling Data under Distorted Grid Voltage
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Abstract

In distributed generation systems, a grid—connected inverter should operate with synchronization to grid
voltage. Considering that synchronization requires the phase angle of grid voltage, a phase locked loop (PLL)
scheme is often used. The synchronous reference frame phase locked loop (SRF-PLL) is generally known to

provide reasonable performance under

ideal grid voltage. However,

this scheme indicates performance

degradation under the harmonic distorted or unbalanced grid voltage condition. To overcome this limitation, this

paper proposes a phase and harmonic detection method of grid voltage using fast Fourier transform (FFT). To

reduce the calculation time of FFT algorithm, minimum sampling data is taken from the voltage measurement

to determine the phase angle and the magnitude of harmonic components. An experimental test setup for a

grid—connected inverter system has been constructed. By comparative simulations and experiments under

various abnormal grid voltage conditions, the proposed scheme has been proven to effectively track the phase

angle of the grid voltage.
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Fig. 1. Block diagram of the synchronous reference frame
phase locked loop (SRF-PLL).
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Fig. 2. Simulation results of the SRF-PLL with different
PI gains under the phase shift condition.
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TABLE 1

SYSTEM PARAMETERS

Parameter Value
Grid line-to-line voltage 380 [Vrms]
DC link voltage 360 [V]
Rated frequency 60 [Hz]
Switching frequency 10 [kHz]
P gain of PI controller A 05
I gain of PI controller A 100
P gain of PI controller B 10
I gain of PI controller B 1000
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Fig. 3. Simulation results of the SRF-PLL with different
PI gains under the harmonic distorted gird voltage.
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Fig. 4. Block diagram of the proposed FFT-based PLL
algorithm.
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Fig. 7. Simulation results of the proposed PLL algorithm

under the phase shift in gird voltage.
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Fig. 6. Simulation results of the proposed PLL algorithm

under the harmonic distorted gird voltage.
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Fig. 8. Simulation results of the proposed PLL algorithm
under the unbalanced grid voltage.
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Fig. 10. Configuration of the experimental setup.

Fig. 11. Experimental test setup of the three-phase grid
connected inverter system.

TABLE oI
SYSTEM PARAMETERS FOR EXPERIMENTS

Parameter

Value
380 [Vrms]
1:1
Y: A
10 [kHz]

Grid line-to-line voltage

Transformation ratio

Transformer wiring

Nominal sampling frequency
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