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Abstract

When Photovoltaic inverter is connected to grid and used as PVPCS (Photovoltaic Power
Conditioning System), 120 Hz AC ripple occurs at the dc-link capacitor voltage. This AC ripple
reduces the efficiency of PVPCS and shortens the lifetime of the capacitor. In this paper, we
design a notch filter to remove AC ripple. As a result, the AC voltage ripple was removed from
the dc link and the THD of the PVPCS output current with the notch filter was lowered. This
notch filter is determined by the damping coefficient, the bandwidth coefficient, and the
switching frequency. Among these, the switching frequency determines the switching loss and
the size of the LC filter, and the PVPCS with the high switching frequency has a greater
efficiency loss due to the switching loss than the efficiency improvement by the notch filter.
Therefore, it is important to set the optimum switching frequency in the PVPCS with the notch
filter applied. In this paper, THD and switching loss of PVPCS output current with notch filter
are calculated through simulation, and cost function to calculate optimum switching frequency
through data is proposed.
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Fig. 1 Configuration of residential single-phase PVPCS
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Fig. 2 The bode plot of Notch filter
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Fig. 3 The bode plot of notch filter according tod

Table 1 The depth of the notch filter according to the value of d

It d G Depth
Hnl 120 Hz 0.1 1.0 -20dB
Hn2 120 Hz 0.05 1.0 -26 dB
Hn3 120 Hz 0.01 1.0 -40 dB
Hn4 120 Hz 0.005 1.0 -46 dB
Hn5 120 Hz 0.001 1.0 -60 dB
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Fig. 4 The bode plot of notch filter according to ¢

Table 2 The bandwidth of the notch filter according to the value of ¢

£ d c Depth  Width
Hnl 120 Hz 0.001 1.0 60dB 340 Hz
Hn2 120 Hz 0.001 2.0 60dB 148 Hz
Hn3 120 Hz 0.001 3.0 60dB  94Hz
Hn4 120 Hz 0.001 4.0 60dB  68Hz
Hn5S 120 Hz 0.001 5.0 60dB  52Hz
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Single-Phase PV PCS

Fig. 5 Simulation circuit of the single-phase PVPCS
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Fig. 10 Output current waveform of without and with notch filter
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Fig. 11 FFT analysis of output voltage according to switching frequency
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Table 3 THD of output current according to switching frequency

T 10 kHz 12 kHz 15 kHz 18 kHz 20 kHz 23 kHz 25 kHz
THD 3.65% 3.13% 2.52% 2.10% 1.86% 1.74% 1.63%

Fig. 132 f., 7} 10 kHz&} 25 kHz2 ©) PSIMS] Thermal Module ©1-85] TRINNO TGAN40NG60F2DL
IGBT9] A914 £=4-2 Sl s IGBT) datasheetS 3 rslo] miain]e] 442 glom, X[ Eeo]d %
AL oAy} FLsH AFF. 10 kHzY wf 291 £412 117.37 Wom 25 kHz Y wf A9 £42
270.50 W71 AgRcE, Table 4% 2] Dej7} 285 PVPCSOA £, S 10 kHz, 12 kHz, 15 kHz, 18 kHz, 20
kHz, 23 kHz, 25 kHz 2 A o) 2917 45 A=t Aol £, 7 ARGSE 2914 &40 AR A

% % 9,

FawilkHz_LOSS

02.15 f =_10 =
2921
92.05
oz
o1.95 Average e alue
1.9
Time From 2.0000000e-001
i Time To 1.0000000e+000
@18 | Faw10kH=z_LOSS 9. 196287 0e+001
0z 0.4 os o8 1
Time ()
Fasw2S5kHz_LOSS
196.7 —
£ = 25kHz
196,65
106.6
196,55
196.5
T F - 1
196.45 me rOm 2.0000000e-00
Time To 1.0000000&+000
106.4 Fsw2SkHz_LOSS 1.96855502e-002
0.2 0.4 0.6 0.8 1
Time (3}

Fig. 13 Switching loss waveform according to switching frequency
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Table 4 Switching loss value according to switching frequency

Je 10 kHz 12 kHz 15 kHz 18 kHz 20 kHz 23 kHz 25 kHz
LOSS 117.37TW 137.7TW 168.38 W 198.99 W 21932 W 249.93 W 270.50 W
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