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Fig.1 Schematic diagram of grid-connected

photovoltaic power generation system
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Fig.2 Composite sequence diagram of single-phase
grounding short circuit fault on high-voltage

side of transformer
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between PV access and traditional power
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Adaptability analysis of photovoltaic power station main transformer ratio
differential protection to single-phase grounding short circuit fault
CHEN Xiaolong',ZHU Yujia',ZHANG Hao>, WANG Congbo’,XUE Zhiying’
(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;
2. China Electric Power Research Institute Co.,Ltd.,Beijing 100192, China)

Abstract: Combined with inverter control strategy and the latest requirements of China for low voltage ride
through of photovoltaic grid-connected inverters, the variation rule of fault current at short circuit point
when the single-phase grounding short circuit fault occurs inside the main transformer is analyzed. On this
basis, considering the influence of winding connection mode of the main transformer and principle of ratio
differential protection with ratio braking characteristics, the variation rule of differential current and braking
current is studied. Further,by calculating the ratio of differential current to braking current,the adaptability
of the ratio differential protection in this fault case is quantitatively analyzed from the aspects of transition
resistance and grid-connected capacity of photovoltaic power station and so on. The theoretical analysis and
simulative verification results show that due to the influence of the control strategy,when the single-phase
grounding short circuit fault occurs at both sides of the main transformer, the ratio differential protection
sensitivity is significantly reduced,and there is a risk of rejecting tripping.

Key words: photovoltaic power station;fault characteristic analysis;low voltage ride through;transformer ratio

differential protection;relay protection;single-phase grounding short circuit fault
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Table B1 Variation law of fault current under faults on the high-voltage side

M2 &=
Ro/Q Ui /Uy Zow I /KA a/ (°)
IMVA
0.78./3.04° 95 8.16./-45.15° 31.60
0.79./5.61° 180 8.85./-40.28° 30.29
0.81./6.88° 270 9.15./-35.80° 31.31
° 0.82/14.77° 375 9.35./-34.18° 33.47
0.83./18.52° 480 9.42./-29.68° 33.92
0.83./23.73° 580 10.13/-2050°  34.64
0.93./0.74° 95 3.78./-13.03° 13.73
0.95./4.40° 180 3.96./-10.68° 15.07
0.97./10.59° 270 4.02./-6.71° 17.29
20 0.97/12.93° 375 4.07./2.39° 15.34
0.97./18.25° 480 4.09./4.18° 14.04
0.98./24.93° 580 412.,934° 15.58
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Table B2 Variation law of fault current under faults on the low-voltage side

Ro/Q  Uh /Uy Zow 1 /KA B/ )
IMVA

0.85.210.04° 95 6.12./-63.62° 60.41
0.86./17.21° 180 6.65./-56.85° 68.55
0.86./23.15° 270 6.80.£-50.95° 68.62

' 0.87 £27.40° 375 6.90./-46.24° 69.58
0.88.£30.48° 480 6.81./-39.38° 67.13
0.88./36.14° 580 6.73./-32.64° 66.07
0.94./-3.54° 95 2.56./-14.82° 18.34
0.95./10.04° 180 2.64./-9.02° 18.13
0.96./14.08° 270 2.67/-3.25° 17.30

10 0.98./18.16° 375 2.52./2.55° 1557
0.99./23.93° 480 2.61./8.48° 15.54
0.99./29.37° 580 2.58./14.38° 14.96
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Table B3 Comparison of different Rgcr and different Ry, for main transformer action (Situation 3)

Recx Re/Q m;_a HERE L
5 0.77 #E3h
? 10 0.48 fizE)
5 0.95 FIE
° 10 0.61 fizE)
5 1.06 FE
10

10 0.84 Bk




