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Fig.1 Low-resistance grounding distribution network
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Fig.2 Complex sequence network of single-phase
grounding fault of single feeder
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Fig.3 Positive-sequence network of single-phase
grounding fault of multi-feeders
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Table 1 Simulative and calculated results of zero-sequence
current of same-phase grounding fault of multi-feeders
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Table 2 Simulative and calculated results of zero-sequence

current of different phase grounding fault of multi-feeders
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Fault analysis of multi-feeder grounding fault and self-adaptive zero-sequence

current protection scheme for low-resistance grounding distribution network
ZENG Dehui' ,WANG Gang', LI Haifeng' , LIU Yinliang' , GUO Jingmei’
(1. School of Electric Power,South China University of Technology , Guangzhou 510640, China;

2. Electric Power Research Institute of Guangdong Power Grid Co. , Ltd. , Guangzhou 510080, China)
Abstract ; When grounding fault occurs on multiple feeders of the same bus, the zero-sequence current of each feeder
will be greatly different from that when single-feeder grounding fault occurs. Therefore ,the zero-sequence current re-
lay protection of feeder may operate improperly. The relationship of zero-sequence current between single-phase
grounding fault of same phase on multi-feeder and single-phase grounding fault on single-feeder is deduced to reveal
the mechanism of improper operation of protection. A zero-sequence current calculation method considering load and
suitable to various types of multi-feeder grounding fault is proposed. Then,the influence of multi-feeder grounding
fault on zero-sequence current protection is analyzed by RTDS simulation model based on parameters of actual sub-
station. On this basis,a self-adaptive zero-sequence current protection scheme of feeder is proposed , which modifies
the zero-sequence current under multi-feeder grounding fault to the zero-sequence current under single-feeder
grounding fault by using the pre-fault voltage and other parameters. This self-adaptive zero-sequence current protec-
tion scheme can autonomously adapt to different types of multi-feeders grounding faults without changing the original
protection settings. Test results based on RTDS and the self-designed protection device show that the proposed pro-
tection scheme is immune to load current, and can operate correctly when different types of multi-feeder grounding
faults occur. In addition,the fault resistance endurance of zero-sequence current protection can be improved by the
proposed protection scheme.

Key words: distribution network ; low-resistance grounding; multi-feeders fault; zero-sequence current protection;

fault analysis;relay protection
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Table B1 Test results of metal grounding fault of single feeder

PO F T R (A A FIF B IEE TR BRI
A AB Hi#%i A AR AB Al A ML AB ML

0 0.5 6.975./-134.2€ 3.518 £ -134.2<6.776 £-132.9 6.775./-188.8° ME EHfE

100 0.5 6.726/-134.2€ 3.393 ./ -134.2< 6.673 £-133.1€  6.675./-189.0° ;E HME

0 4.0 6.645./-134.2€ 3,374 £ -134.2<6.623 /-132.9 6.430 /-186.6° ;E HME

e 100 4.0 6.105./-134.2€ 3.044 £ -134.2 6.340 £ -133.8 6.372.£-187.2° ME EHfE

0 8.5 6.127 /-134.2€3.179 £ -134.2€5.987 /-133.0° 5,929 /-189.0° ;ME HME

100 8.5 5.280./-134.2€ 2.626 / -134.2<5.874 /-133.5€ 5,892 /-190.6° ;ME HME
R 8.5 6.127 /-134.2€3.179 /-134.25.976 ~/-133.1€  3.529./-143.9° ME e
L] 85 5.280./-134.2€ 2.626 /-134.2<5.146 /-133.3¢  3.003./-142.6° i AEE

VE: WO E IS R BB FOR, R
%% B2 ARELE B EEENIKER

Table B2 Test results of metal grounding fault of two feeders

W g 1% 1% A fkm FFF BRI RHE/A TP HIRE LA TR IERG
HA WE L omL, mAL B&L B ik Ly Bk L, B Ly B Ly WAL WL
0 100 0.5 0.5 5.813./-147.3° 1.732./-843° 6.573/-1331° 6.572/-133.1°  #iff HIE
50 50 0.5 0.5 3.381./-134.1° 3.397./-134.2° 6.578./-132.5° 6.578./-1325°  #iff ik
AL 0 100 85 8.5 5.664./-147.1° 1.356./-64.3°  5.805./-1348° 5.743./-1352 il ik
QLE 50 50 85 8.5 2.982./-1342° 2.987./-134.1° 5778./-1346° 5778./-1346°  Z#iff HIE
50 50 0 8.5 8.889./-143.1° 2.466./11.9°  6.578./-132.5° 5404./-137.2°  #iff HIE
e 100 85 85  5.664.-147.1° 1356/-64.3° 5794/-1338° 2157./-169.8°  Fff ezl
) 50 50 8.5 8.5 2.982./-1342° 2987/-1341° 5179/-132.1° 5172./-1322°  #ff ik
0 100 0.5 0.5 3.315./-151.2°© 1.023./-67.6°  6.572./-190.3° 6.572./-190.3°  #iff ik
50 50 0.5 0.5 1.707/-134.0° 1.706./-133.8° 6.577./-190.2° 6.577./-190.2°  #iff HIE
AL 0 100 8.5 8.5 3.178./-150.9° 0.919./-453°  5752./-189.9° 5.755./-190.0°  #iff HIE
/?;}EE 50 50 8.5 8.5 1522./-1340° 1.520/-1338  5759./-190.3° 5759./-190.3°  Zhff HME
50 50 0 8.5 5.189./-146.0° 1.959./12.6°  6.628./-191.9° 5.746./-192.0°  #ff ik
) 100 8.5 85  3.178.-150.9° 0919./-453° 3491./-159.3° 7.624./-140.0° A wEfE
(1] 50 50 8.5 8.5 1522./-1340° 1520/-133.8 2308/-136.7° 2311./-136.7° AzfE AEE
L, B X 0 100 85 85  3518/1416° 3505/-433° 5.75/172.2°  576/-67.6° ik Bk
L, C#Hl 50 50 8.5 8.5 35.15/134.5° 35.42/-50.3° 581./1665°  5.83.-73.5° ik ik
% B3 & B M EMEIENIXER
Table B3 Test results of nonmetallic grounding fault
b gy dEREQ T HL I AR A TR IEMS (A LRI IERE B
K OTR sk, msL, B L ek L, ek Ly B L, WL, L
5 —  5.077£-134.1¢ — 5.503/-134.1° — ik —
20 —  3171./-134.3< — 4.309./-127.3° — ik —
ES'S 5  2.869.-134.2< 2.870./-134.1 5.707/-134.6° 5.707./-1345 E ik
QIE 5 20 4.174.,-133.3¢ 2179./-1341° 5592./-133.3° 5179./-139.1°  Zff Ik
20 20 2.042/-134.2€ 2042/-1341  4.434./-1342° 4.437./-134.1 e Ik
ik 20 —  3171/-134.3< — 3.205./-133.9° — e AEE
[13] 20 20 2.042/-1342€ 2.042./-1341  3.174/-1403° 3.174/-1403° FFfE  REfE
LB H . 5 20 8.30,167.1° 7.17./-41.1° 5.34/2104°  3.88./-44.2° il e
L, C#i 20 20 4.34,1235° 531./-805 3.93./169.2 4.04./-76.65 TREE e
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