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Fig.1 Topology of 10 kV petal-shaped

distribution network
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Fig.2 Variation trend of fault phase current
amplitude along with fault location
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Analysis of single-phase grounding fault characteristics in petal-shaped distribution

network with inverter-interfaced distributed generator
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(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;
2. China Electric Power Research Institute,Beijing 100192, China;
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Abstract: The petal-shaped distribution network has high power supply reliability. However, the closed-loop
operation mode and the access of IIDG (Inverter-Interfaced Distributed Generator) makes the distribution
network has more complex fault characteristics. In order to study the characteristics of single-phase groun-
ding fault in petal-shaped distribution network with IIDG,the formulas for grounding current at fault loca-
tion, fault phase current and sequence current are derived by using the symmetrical component method,and
the variation trends of the above currents are analyzed. The analytical results are verified by simulation.
The results show that as the fault location move clockwise along the petal-shaped loop line,the amplitude
of sequence currents and fault phase current on the upstream side of the fault location decrease and those
on the downstream side increase. For the non-faulty line between the PCC(Point of Common Coupling) of
IIDG and the substation busbar, the amplitude of the negative-sequence current increases monotonously,
while that of the positive-sequence current, zero-sequence current and fault phase current all show a trend
of decreasing first and then increasing due to a phase change of about 180°. On this basis,the applicability
of current differential protection based on amplitude or phase and zero-sequence direction over-current pro-
tection in petal-shaped distribution network is discussed,and some suggestions for improvement are given.

Key words: petal-shaped distribution network ; inverter-interfaced distributed generator; single-phase grounding

fault;fault characteristic analysis;applicability of protection
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TableAl Amplitudes of sequence currents

2R

W
a

x=0.5km x=1.5km x=2.0km x=2.5km  x=3.5km

BLiRg ] 0.417 0.305 0.250 0.195 0.088

l1y/kA
B 0.416 0.304 0.249 0.195 0.088
BB 0.133 0.242 0.296 0.351 0.462
e flA B 0.133 0.242 0.296 0.349 0.461
BB 0.260 0.154 0.105 0.062 0.091
o flA FEME 0262 0.158 0.112 0.065 0.093
BB 0.495 0.382 0.327 0.273 0.164
han/lA 5EAME 0.494 0.380 0.327 0.272 0.164
HIS{E  0.055 0.164 0.218 0.273 0.382
kA ¥ 0.055 0.163 0.218 0.272 0.383
#IEH  0.055 0.164 0.218 0.273 0.383
kA ¥ 0.055 0.163 0.218 0.272 0.383
HIS{E 0.440 0.328 0.273 0.218 0.110
o/l fFEL  0.438 0.327 0.272 0.218 0.109
BB 0.110 0.218 0.273 0.327 0.438
oA i EM 0.109 0.218 0.272 0.327 0.437
A IR 0.164 0.055 0.008 0.055 0.164
3(0) )

fFEM  0.164 0.055 0.014 0.057 0.165
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TableB1 Relative current amplitude of current amplitude differential protection

SN 1 2 5 6
3L T FEL I / KA 0.173 0.173 0.000 0.000
LI S5 FL I /KA 0.827 0.827 0.675 0.675

e /KA 0 0 0 0

il 3l i /kA 0.165 0.165 0.135 0.135
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TableB2 Relative current data of current phase differential protection

BRI L Ly (k) Ls (AEHichs )
l1a/KA 1.380 0
I2a/kA 0 0

A/ C° D 23 —

Abp C° ) — —
ZfE 1.380 0
il 3l 0.690 0
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TableB3 Operating time limits of directional zero-sequence-current protection

TRy SERIBR | fRET SIFERTIR
1 tot4At 2 to

3 tot3At 4 to+At

5 to2At 6 to2At

7 to+At 8 to+3At

9 to 10 to+4At
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TableB4 Operating state of directional zero-sequence-current protection

B 3lo/kA TN RASHE e

1 2.100 iE e to+4At
2 0.522 iE 2 to
3 0.522 rd w /
4 0.522 iE i /
9 0.781 1E = to
10 0.781 rd w /
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