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A single-phase grounding line selection method for a distribution network based on
multivariate transient characteristic fault degree

DENG Xiangli', ZHAO Leixin', XIONG Xiaofu?, HU Haiyang?, LIU Dawei’
(1. School of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. School of Electrical Engineering, Chongqing University, Chongqing 400044, China; 3. State Grid
Susong County Power Supply Company, Anging 246500, China)

Abstract: When a single-phase ground fault occurs in a distribution network, the current is weak, the fault conditions are
complex, and the performance of the existing fault detection techniques is unreliable. Thus this paper proposes a
multivariate transient characteristic fault degree distribution network single-phase ground routing method using
fundamental frequency shift. To retain the panoramic nature of transient features, the fundamental frequency component
in the transient zero-sequence current is removed, and the Hilbert transform is used to calculate the transient
zero-sequence current resolved signals. Then, a displacement factor is introduced to remove the fundamental frequency to
retain all the transient features. Next, three typical transient feature metrics are calculated. Finally, a Copula is used to
compute the joint distribution density function of the transient feature random variables and to calculate the fault degree
of lines, and select the feeder with the largest fault degree as the faulty feeder. The effectiveness of the proposed
methodology is verified by setting up a radial distribution network sample model, the arc fault model, and the
IEEE 34-bus test system for the wind turbine and photovoltaic models in different fault conditions.
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Fig. 1 Resonant grounding system current fault schematic
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Table 1 Line parameters

LA e Lk RS 2R B
R/(Q/km) 0.17 0.193
L,/(mH/km) 1.21 0.442
C,/(nF/km) 9.697 143
R,/(Q/km) 0.23 1.93
L,/(mH/km) 5.48 1477
C,/(nF/km) 6 143
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Table 2 Routing results without distributed generations

HBRAR 2R, B b7

@/C).R,/Q,dikm 2 TOET AR e 5 A B .
L,,0,1,5 [0.0300 0.9604 0.0446 0.0403 0.0002 0.0300] L,
L,,0,100,5 [0.1447 0.7631 0.0816 0.1618 0.0005 0.1447] L,
L,,2000,1,5  [0.1819 0.6407 0.0900 0.2019 0.0009 0.1819] L,
L;,0,1,6 [0.0659 0.0883 0.8178 0.0763 0.0001 0.0659] L,
L;,0,2000,4  [0.0744 0.1037 0.6222 0.0865 0.0001 0.0744] L,
L;.60,1,6 [0.0628 0.1072 0.8021 0.0758 0.0001 0.0628] L,
L;,60,2000,6  [0.0605 0.1072 0.7455 0.0760 0.0001 0.0605] L
L;,90,1,6 [0.0581 0.1035 0.7681 0.0758 0.0001 0.0581] L
L;,90,2000,6  [0.0600 0.0915 0.7982 0.0705 0.0001 0.0600] L
L;.0,1,4 [0.0770 0.1026 0.7307 0.0877 0.0002 0.0770] L,
L;,0,2000,4  [0.0752 0.1038 0.6088 0.0894 0.0003 0.0752] L,
L;,0,1,8 [0.0232 0.0368 0.8867 0.0283 0.0001 0.0232] L,
L;,0,2000,8  [0.0674 0.0952 0.7702 0.0778 0.0001 0.0674] L,
L4514 [0.0486 0.0808 0.0206 0.0625 0.9302 0.0486] L
L;,45,100,4  [0.0561 0.0904 0.0389 0.0678 0.9486 0.0561] L
L5,45,2000,4  [0.0539 0.0801 0.0433 0.0616 0.9317 0.0539] L
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Table 3 Fault line selection results in wind farm

connection scenarios

R AR, _ - frit57
PIOLR O dikem S TEB AL AT o
L,.45200,5  [0.0848 0.7770 0.0487 0.1014 0.0001 0.0848] L,
L,,45,2000,5  [0.0903 0.7479 0.0554 0.1079 0.0001 0.0903] L,
L;,0.200,6  [0.0194 0.0837 0.8190 0.0213 0.0001 0.0194] L
L;,0,2000,6  [0.0307 0.0593 0.8697 0.0400 0.0001 0.0307] L
L;,90,200,6  [0.0803 0.0806 0.6804 0.0934 0.0002 0.0803] L,
L;,90,2000,6  [0.0809 0.0388 0.6668 0.0939 0.0002 0.0809]  L;
L;,02004  [0.08110.4510 0.0283 0.0946 0.7228 0.0811] L
L;,0,2000.4  [0.0010 0.4225 0.0002 0.0011 0.6253 0.0010] L

5 NHBF. RAEEBENIGE THERLER
Table 5 Fault line selection results in the scenario of common

connection of wind farm and photovoltaic

MLk, P —— Lk
/), R/, dlkm T AR W A s
L,,45,200,5  [0.0805 0.7310 0.0312 0.0867 0.0001 0.3899] L,
L,,45,2000,5  [0.0956 0.7187 0.0372 0.1012 0.0002 0.3891] L,
L;,0,200,6  [0.0344 0.1073 0.7114 0.0391 0.0001 0.1185]  L;
L;,0,2000,6  [0.0469 0.1115 0.6707 0.0531 0.0001 0.1207] L,
L;.90,200,6  [0.0515 0.1433 0.7228 0.0576 0.0001 0.1455] L,
L;,90,2000,6  [0.0491 0.1580 0.6996 0.0550 0.0001 0.1572] L
L,,0,200,4  [0.03910.1292 0.0120 0.0442 0.7518 0.0854] L
L,,0,2000,4  [0.0556 0.1704 0.0135 0.0623 0.6237 0.1076] Ly

4.2.3 ML
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Table 4 Fault line selection results in PV access scenarios

R AR, . - blig57
PIOLR L, dlcm % TCEAS TR o
L,,45200,5  [0.0758 0.7205 0.0316 0.0866 0.0001 0.3305] L,
L,,45,2000,5  [0.0926 0.7106 0.0415 0.1074 0.0001 0.3397] L,
L;,0.200,6  [0.08120.1077 0.7486 0.0929 0.0001 0.4141] L,
L;,0,2000,6  [0.0864 0.1195 0.6605 0.1003 0.0001 0.4643] L,
L;,90,200,6  [0.06820.0910 0.7128 0.0767 0.0001 0.0717] L,
L;,90,2000,6  [0.0678 0.0909 0.6527 0.0776 0.0001 0.0676] L
L;,02004  [0.0143 0.0176 0.0038 0.0154 0.7965 0.3572] L
L;,0,2000.4  [0.0710 0.1040 0.0337 0.0841 0.8623 0.3290] L
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% 6 Cassie-Mayr HIRE B A5

Table 6 Specific parameters of Cassie-Mayr arc model

Tols 1x107
T./s 1x107
B!V 1000
E v 1000
LR T R AT /A 2
tLIZ 4 500

k7 BIERE kLY

Table 7 Arc fault line selection result

WL, — R

PR/, dkm % T AR A i
L,,06 [0.0038 0.0072 0.9678 0.0051 0.0001 0.0038] L,
L,.90,6 [0.0353 0.0511 0.0426 0.9638 0.0001 0.0353] L,

L,04 [0.0100 0.0140 0.0023 0.0117 0.8057 0.0100] ~ Ls

802 806 808 812 814

810

4.3 BRI

M ESCRTRAE H, ARSCHEH I 7 VAR A 350k
2k, BRI, SERRAEC M 5K 6 BRI H A
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B2 RS 3 o I H SEBR N 2% A A A7 (E AT
AR P 2R, FF ERAIERT RS
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HL 2 s S AR AR I U . f e, B T PR R
P SR INE R, TTRESHE 21 DG B F5LFR
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e B T R I NS a5 M AN BB L S HRFE . [RIUE,
B3 TEEE 34 Jt Sl 3 St A7 3& B A% 53 #7

A RETR MM, XF IEEE 34 2 284k
R TiE, WK 8 s, DG, NXHY;, DG,
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Fig. 8 IEEE 34-bus distribution network model

K8 TRAXRS

Table 8 Bus branch number

<9 IEEE 34 T mikiksE R
Table 9 IEEE 34-bus line selection results

BT k) RS BT ] ST
1 808,810 5 832,888,890
2 816,818,820,822 6 858,864
3 824,826 7 834 842,846,348
4 854,856 8 836,862,838

M4y 24 5. 7 A8 KA FAH A, il
o AT T VR ATIR LR . Hoh, 2. T AR
B, 4332 5 F 8 RXAREI, HA3 5 F 76 54zt
REVREEN . MR 9 HhafLIE H, P gl R e
IEHAT .
4.4 IIAHYUE

RN T AR Z I A RE R, TERE 35 kV AR HLuE

W Ry /Q % JO AN RHIE MO B R LR R
, [000030.79930.00170.00290.0001 ..,

0.0001 0.2427 0.0015]

2

1000 [0.0001 0.6526 0.0657 0.0001 0.0001 N

0.0001 0.3089 0.1091]
1 [0.0001 0.0102 0.0003 0.0001 0.7022 NS

5 0.0001 0.4153 0.0003]
1000 [0.0001 0.0846 0.0763 0.0024 0.6384 NS

0.0001 0.2059 0.0271]
1 [0.0001 0.0158 0.0758 0.0002 0.4550 5T

7 0.0001 0.5933 0.0017]
1000 [0.0001 0.0344 0.3673 0.0004 0.0001 N7

0.0001 0.6176 0.1354]
1 [0.0013 0.4627 0.0158 0.0131 0.0001 N8

] 0.0001 0.0046 0.6137]
1000 [0.0016 0.2091 0.3260 0.0046 0.0001 N8

0.0001 0.1163 0.5738]
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Fig. 9 Diagram of the field test network
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Fig. 10 Synthetic zero-sequence current waveform of each outgoing line
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Table 10 Comparison results of adopting different

detection methods

BT MR

R,/Q kA BE VR R LR R

L [0.1619 0.1962 0.2957

3 1 L,
0.1782 0.0058 0.1619]
0.1397 0.2687 0.1930

L, 2000 | L,
0.1536 0.1050 0.1397]

B [0.0682 0.0854 0.6999

L, . L,
#HE 0.0758 0.0023 0.0682]
L [0.0647 0.0885 0.5027
3 1 L,
0.0698 0.2094 0.0647]
0.0653 0.0898 0.4953
2 L, 2000 L,
0.0698 0.2143 0.0653]
L ML [0.08950.1136 0.2181
3 L
fr 5
#HE 0.0961 0.3929 0.0895]
L [0.0480 0.0728 0.7722

0.0587 0.0001 0.0480]
[0.0843 0.1445 0.5800

3 L, 2000 L,

0.1066 0.0001 0.0843]

L HAL  [0.1678 0.2548 0.2041
3 N

HE0.2051 0.0002 0.1678]

[0.0659 0.0883 0.8178
0.0763 0.0001 0.0659]
[0.0744 0.1037 0.6222

A L, 2000 L,

0.0865 0.0001 0.0744]
Bk [0.0038 0.0072 0.9678
M 0.00510.0001 0.0038]
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