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A method of phase selection and line selection for grounding faults in an asymmetric
distribution network based on a flexible-grounding device

CHEN Boyu', YU Kun', ZENG Xiangjun', LI Li', XU Pengbo', PENG Honghai’
(1. Hunan Province Key Laboratory of Smart Grids Operation and Control (Changsha University of Science and Technology),
Changsha 410114, China; 2. Hunan University, Changsha 410082, China)

Abstract: It is generally difficult to select high-resistance ground fault phases and fault lines in distribution networks.
This paper proposes a new method of phase selection and line selection for high-resistance faults in asymmetric
distribution networks based on a flexible-grounding device. First, the change characteristic of the zero-sequence current of
cach feeder before and after zero-sequence voltage regulation is analyzed in detail. It identifies the fault feeders using the
dispersion degree of zero-sequence equivalent admittance of the faulted feeder and the healthy feeder in different
regulation and control states. Thus the fault line identification function is obtained and a line selection criterion is
constructed. Secondly, the fault phase is identified according to the angular relationship between the zero-sequence
equivalent admittance of the feeder during the phase separation adjustment process and the ground admittance value of
the feeder before the fault. The fault phase selection function is derived and the phase selection criterion is constructed.
Theoretical analysis and PSCAD/EMTDC simulation show that the asymmetry of the three-phase ground admittance of
the distribution network has no effect on the method proposed. Both low and high resistance ground faults have higher
sensitivity in the method, the fault phase selection and line selection results are accurate, and the phase selection and line
selection methods are effectively combined.
This work is supported by the National Natural Science Foundation of China (No. 51737002 and No. 52037001).
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Fig. 1 Topological diagram of ground fault of distribution network with n-feeders
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Fig. 2 Zero-sequence measurement admittance plan for feeder
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Table 1 Line parameters of simulation scenario 1
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phase-separated regulation and control
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Fig. 5 Change of zero sequence current amplitude of each

feeder in 0.13 kQ low resistance ground fault
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Fig. 6 Change of zero sequence current phase angle of each

feeder in 0.13 kQ low resistance ground fault
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feeder in 10 kQ high resistance ground fault
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Fig. 8 Change of zero sequence current phase angle of each

feeder in 10 kQ high resistance ground fault
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Table 4 Simulation results of other line selection method

under high-resistance ground fault

e in/A UiV FIP fﬁﬁa%
A R
Peu L PR R, =5 kQ
L1 0.30£96.82° 63.34° 53.1°
L2 0.40£152.1°  95.67/33.48°  118.62° -21.9°
L3 127/119.66° 86.18° -31.2°
B PR R, =10 kQ
L1 0.17.£105.9° 63.34° 49.18°
L2 031£168.12° 545024256  125.56° -22.32°
L3 0.68£122.10° 79.54° -26.87°

TR G SV PR A SR T 28 % T S AN AE 2
B R, LA, AR W e b sk F PH T
5kQ W, Bk L3 7 S0 T3 — % B,
btk L2 )P P Tns 58 %0, ks
TRER RN L2, 5PrtE AT Sl 75
YEBE P AH A 22 R A E B W R = T 5 kQ
i, AEMBEIZR L2 PR misk L3 AH A 22 R BN
T8, TR R . A SCRTHR A S e
25V C A PR e R 2 L VAT DUAE T $ Y R Y
RO SR » 7 P M U 3 T 5 kQ IR
SRUER I 1k, By R miisoe .

P9 k10 kO PRz b il s el e i FELIAL O T
K, nlCAE 2 A R P R P A 0.9~1 s s i) Py e
AERTEZ 0.1 A, G A GE AT R, A

1.0
0.5
0

—0.5+

I R DR /A

t/s
& 9 10 kQ SR HIEHIE = IR IK T E
Fig. 9 Fault point current waveform of 10 kQ

high-resistance ground fault
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Table 5 Simulation results of phase selection based on

phase-separated regulation and control

M R/Q A I, /A f(AY))
A 1000£0°  38.54,109.43°  109.54°
B 0.13 1000£240°  37.84/128.50°  111.37°
C # 1000/120°  48.62/122.63°  2.12°
A 1000.£0° 5.66/107.44°  108.12°
B #fl 1 1000£240°  4.96/128.98°  110.07°
C H 1000£120°  6.95/122.63° 0.92°
A M 1000.£0° 1.452100.64°  101.24°
B Af 5 1000240°  0.73/132.16°  103.75°
C Al 1000£120°  1.64/134.20° 1.02°
A 1000.£0° 0.93./95.42° 92.02°
B A 10 1000£240°  0.20.£142.02° 95.20°
C A 10002120°  1.01£144.27° 0.27°
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