Anti-islanding using Active Frequency Shake Method for Grid-connected
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ABSTRACT

The islanding detection and prevention function in the important performance of the grid-connected inverter is the essential details which
should be considered for worker’s safety to maintain the system. This paper tries to suggest the active frequency shake islanding detection
technique in the grid-connected PV generation system using sunlight. The existing active frequency drift method algorithm is described to
suggest active frequency shake method algorithm. And, the algorithm which can reduce the non-detection zone, improve THD, and improve
the detection speed in comparison with the existing algorithm is suggested. And we applied the proposed algorithm to the 3kW grid-connected
photovoltaic inverter generation and verified the feasibility of the technique through the simulation and experiments.
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Fig. 1 Existihng AFD Method
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EPWM interrupt

Zero—crossing interrupt)

| All Pass Filter |

| Freq_avr = (Freq(0)+Freq(1)+Freq(2)+Frea(3))/4 |
PLL (PLL_Out) |

l

Wc = 2 » r * Frequency + PLL_Out

Frequency = Freq_avr |

Frequency > Freq_Max
| ThetaPLL += Wc / 16.8kHz |

End

Freq_Min = Frequency

v

Freq_Max = Frequency

Diff_Freq = Freq_Max — Freq_Min

Diff_Freq >= Limit_Va

Shake_Freq = Inc_Val | | Shake_Freq += Inc_Val |
\

Sine_Cycle_Cnt++

Sine_Cycle_Cnt <= 5

| Sine_Cycle_Cnt =0 |

Delta_Freq = —-Shake_Freq

l

Delta_Freq = Shake_Freq

DeltaPLL += 2 * ;& * Delta_Freq / 16. 8/(Hz|

Theta = ThetaPLL + DeltaPLL |

End

==
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Fig. 5 Flowchart of the proposed AFS algorithm
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Table. 1 System parameters

System parameter Parameter value
@ (Quality factor) 25
R=16.13[Q]
L=17.118[mH]
C=411.26[uF]
SF(Shake frequency) 0.1Hz
PV inverter nominal power 3[kW]

Nominal voltage 220[V]

Load impedance(RLC)

Nominal frequency 60[Hz]
59.3[Hz] ¢ f ¢ 60.5[Hz]

Nominal frequency range

2 3[kWE g 3o,
QH-&- 220[Vrms], 5 3+ 60[Hz] 2 8} 1t} -3}
o 9] & A 7h2 R=16.13[Q], L=17.118[mH], C=411.26[yiF]

o2M, F4 714 Q;(Quality factor)= 2.5% A3}l
Al ol g Tt TE A WA AT A E
go] M A& 02% T2 AA5 9o RLC 35 AL
Aol AR 4|1 %4#% 60Hzol A B33l A
ox dAstolnt dEd A3 9y 19 79
gl *lgﬂlow ANR02% F a5

3 3 59.972Hz90 A 60.028Hz S F- A1 8haL 9l th

=

o.6| [Grid Volatge ON

602
£0.0 Fr :60.028H:
508 requency:60. z

59.6 N

500ms

a7 7. H=2M AlZ8 ol Z 3t (SF=0.0Hz, Qf:2.5)
Fig. 7 Simulation results with islanding
(SF=0.0Hz, Qf=2.5)
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s
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5 b

Delta_Freq:0.0
. Tmnumq 0,01
. Shake_Frea0.01
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500ms—
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Z 3t (SF=0.01Hz, Qf:2.5)
Fig. 8 Simulation results with new AFS method
(SF=0.01Hz, Qf:2.5)
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+:[Grid Volatos ON | Inverter Current |
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Fig. 9 Simulation results with new AFS method
(SF=0.1Hz, @y=2.5)
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Table. 2 Specification of inverter DSP

3 = AL &
DSP TMS320F28069
A2 Fa 80MHz
PWM 16ch
ADC 16¢h (12bit)
Timer 3ch (32bit)
Core A%} 1.8V
Ijo A%t 3.3V
GPIO 54 Port
52 2% W(0) -40 to 85

“ontrol

7
g T 28069) |
DC/DC Boost . - b
-

gwl ””‘ ET

% 10, That ASHAE efFa UMA|AH
Fig. 10 Single phase grid-connected PV generation
system
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Fig. 11 Anti-islanding test results with new AFS
method (SF=0.1Hz, (;=2.5)
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Vrange: 3001
PH1
fundamental
harmonic rms
thd
H3
H3

H3
frequency

HARMONIC ANALYZER HOLD
Arange: 304 coupling: ac+dc  bondwidth: wide
voltage current
22069V 135424
22069/ 135444
" AC O o7
. 1 1.458%
0.083% 0.841% %
197.32mV 113.91mA H
-3258° -242.8° H
.............
59.996Hz t Current THD H

a&l 138

A7 THD (SF=0.0Hz)

Fig. 13 THD of current (SF=0.0Hz)

HARMONIC ANALYZER HOLD
Vrange: 3001 Arange: 304 coupling: ac+dc  bandwidth: wide
pH1 voltage current
fundamental 220.44v 13.3494
harmonic rms 220.451
thd 0.295%
H3 0.109%
H3 240.01mp
H3 -3406°
frequency 59.996Hz

= —
a8 14. @&/ THD (SF=0.1Hz)

Fig. 14 THD of current (SF=0.1Hz)
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