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Development of Arc Detection Algorithm for 50 kW Photovoltaic System
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Abstract -In this paper, we developed an algorithm to detect arc of PV power plant through frequency analysis. For
arc detection based on frequency analysis, the filter should be designed to emphasize the difference between the arc state
and the normal state. Therefore, in this paper, we analyzed the arc detection performance according to various filter
structures. The arc detection algorithm developed in this paper extracts the filtering signal on current by using various
filters and then calculates the frequency components and total energy using the FFT. In the final step, the arc is
detected using the calculated energy magnitude. In order to verify the performance of the proposed arc detection
algorithm, experiments were conducted on 51 kW solar inverters connected to power line. Through various experiments, it
was confirmed that the proposed method effectively detects the arc.
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Fig. 1 Type of inverter (a) String Inverter, (b) Micro inverter
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Fig. 2 Grid—connected solar power generation system
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Table 1 Photovoltaic module specifications
Division Specification Division Specification
Rated power 300 W Efficiency 15.54 %
Rated voltage 36.4V Open voltage 458V
Rated Current 824 A Short current 865 A
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Fig. 6 Appearance and wiring diagram of current sensor
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Table 2 51 kW inverter specifications

Division Specification Division Specification

Operation On-grid Power factor | above 0.99
Input control MPPT Efficiency 96.26 %
Open voltage DC 700 V Input current 184 A
ingi“iilfjge DC 260~700 V Ratf(‘jlt;"glzp”t 380 AC
Rated Power 51 kW
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Table 3 Arc detection performance according to filter types

e | oneney ()| rate (| Teshod
Filter-1 0~25 99.21 0.0683
Filter-2 25~50 98.51 0.0262
Filter-3 50~75 85.44 0.0179
Filter-4 75~100 71.10 0.0194
Filter-5 100~125 58.91 0.0197
Filter-6 125~150 51.31 0.0231
Filter=7 150~175 50.22 0.0264
Filter-8 175~200 50.09 0.0303
Filter-9 200~225 50.25 0.0280

Filter-10 225~250 50.13 0.0288
Filter-11 50~100 81.91 0.0344
Filter-12 40~100 87.67 0.0413
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Fig. 7 Arc detection performance according to filter types
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Table 4 Arc detection performance according to combination
number of frequency energy (0~25kHz)

Arc Frequency energy
Number | detection Maximum Miminmum Thre.ShOid
rate () value value of arc | margin (%)
normal signal signal

1 99.21 0.0730 0.0545 -29.04
2 99.72 0.1312 0.1198 -9.10
3 99.88 0.1951 0.1848 -5.40
4 100.00 0.2439 0.2504 2.62

5 100.00 0.2982 0.3238 8.23

6 100.00 0.3581 0.3816 6.37

7 100.00 0.4219 0.4619 9.07

8 100.00 0.4713 0.5212 10.05
9 100.00 0.5261 0.6114 15.00
10 100.00 0.5758 0.6524 12.48
11 100.00 0.6516 0.7417 12.93
12 100.00 0.6868 0.8114 16.63
13 100.00 0.7362 0.8981 19.82
14 100.00 0.7933 0.9577 1877
15 100.00 0.8542 1.0517 20.73
16 100.00 0.9156 1.0822 16.67
17 100.00 0.9498 1.1513 19.19
18 100.00 0.9986 1.2244 20.31

19 100.00 1.0651 1.2789 18.24
20 100.00 1.1135 1.3540 19.49

E: 5 ol x| =¢gho| w2 otz HE M5 (25~50kHz)
Table 5 Arc detection performance according to combination
number of frequency energy (25~50 kHz)

Arc Frequency energy
Nurrber | detection Maximum Miminum ThrPfShOld
rate (%) value ¢ value of arc | margin (%)
normal signal signal

1 98.51 0.0293 0.0208 -33.77
2 99.77 0.0504 0.0464 -8.38
3 99.92 0.0739 0.0690 -6.93
4 100.0 0.0916 0.0982 7.02

5 99.94 0.1123 0.1173 4.33

6 100.0 0.1340 0.1584 16.71
7 100.0 0.1536 0.1798 15.73
8 100.0 0.1741 0.2162 21.55
9 100.0 0.1957 0.2484 23.72
10 100.0 0.2165 0.2764 24.31
11 100.0 0.2336 0.3181 30.64
12 100.0 0.2541 0.3409 29.17
13 100.0 0.2738 0.3648 28.49
14 100.0 0.2965 0.3949 28.47
15 100.0 0.3171 0.4312 30.51

16 100.0 0.3371 0.4692 32.77
17 100.0 0.3609 0.4904 30.42
18 100.0 0.3798 0.5310 33.20
19 100.0 0.4016 0.5554 32.14
20 100.0 0.4207 0.5851 32.69
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