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Fig.1 Simplified zero-sequence network of resonance
grounding system with single-phase grounding fault
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Fig.2 Waveform of transient zero-sequence current
during fault for different lines
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Fig.3 Transient zero-sequence current waveform
for first post-fault half-period
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90 2 2 L, HCFE
0 0.9950 0.9993 0.9923 0.9954 0.9990
0.0016 0.0008 1.0000 0.0021 0.0006 0.0002
0 4 2 Ly i
0.9984 0.9992 0 0.9979 0.9994 0.9998
0.0076 0.0043 1.0000 0.0058 0.0060 0.0021
Ls 45 4 200 L s
0.9924 0.9957 0 0.9942  0.9940 0.9979
0.9718 0.9820 0 0.9863 0.9739 0.9888
90 4 2000 L, bl
0.0282 0.0180 1.0000 0.0137 0.0261 0.0112
0.9997 0.9999 0.9999 0 0.9999 0.9999
0 10 2000 L, W B
0.0003 0.0001 0.0001 1.0000 0.0001 0.0001
0.9958 0.9986 0.9987 0 0.9979 0.9975
Ly 45 10 200 L, HCFE
0.0042 0.0014 0.0013 1.0000 0.0021 0.0025
0.0043 0.0010 0.0029 1.0000 0.0010 0.0008
90 10 2 L, HCFE
0.9957 0.9990 0.9971 0 0.9990 0.9992




%118

SRR S, A R T I ORI 2R 2 T 1 3 R M AR K R @

R2 REBINMBERAELER

Table 2 Results of faulty line selection for arc fault

0/ 1/ x/ . ek
KBS U
(°) em km - 2k
10000 0.0007 00001 00005 00001 0 L
0 50 6 e
0 09993 09999 09995 09999 1.0000 | Y[
0 09994 10000 09992 09998 10000 | T,
0 200 6 e
10000 0.0006 0 00008 00002 0 il
10000 0.0024 00002 00051 00018 00002 ] 1,
90 50 6 e
0 09976 09998 09949 09982 09998 | [
10000 0.0063 00004 00098 00054 00007 ] 7,
90 200 6 T
0 09937 09996 09902 09946 09993 | i
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Table 5 Results of faulty line selection for two-point
grounding fault on two lines

0/ x/ R/ i frigs
Ln o) o Q0 SR B U precy

0 4 20007 0.0072 0.0029 1.0000 0.0027 0.0058 0.0033 s
Ls

00 10 20 | 09928 09971 0 09973 09942 0997 |

0 5 2000[ 0.0053 0.0022 0.0023 00138 1.0000 0.0018 Ls

Ls 2
90 8 20 0.9947 09978 0.9977 0.9862 0 0.9982 ﬁ& i

30 4 20007 09921 09973 0 0.9965  0.9973 0.9941 I

Ls e
90 10 20 0.0079 0.0027 1.0000 0.0035 0.0027 0.0059 lﬂ( i
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Table 3 Results of faulty line selection in noisy condition

EES

0.0012  1.0000 0.0002 0.0002 0.0001 0.0001 L,

% L. R/Q SRR U

0 L 2
2 09988 0 09998 09998 09999 09999 | MR

0.0022  0.0026 0.0039 1.0000 0.0017 0.0004 L,

0 L, 2000 .
“ 09978 09974 09961 0 09983 09996 | WK

0.9938 0 0.9994 0.9934 0.9983 0.9997 L,

0 L, 2
? 0.0062  1.0000 00006 0.0066 00017 00003 | HCEE

0.0200 0.0144 0.0243 1.0000 0.0160 0.0074 L,

% L, 2000 1.9800 0.9856 0.9757 0 09840 09926 |
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Table 4 Results of faulty line selection in
non-synchronous sampling condition

0/(°) RIBEHE U ek g A

09983 0.9993 0.9997 0.9976 0.9997 0

0 |
0.0017 0.0007 0.0003 0.0024 0.0003 1.0000

0.0143 0.0036 0.0012 0.0249 0.0058 1.0000

30 L, Bl
09857 0.9964 0.9988 0.9751 0.9942 0

0.0214 0.0067 0.0078 0.0419 0.0123  1.0000

60 L 5 i
0.9786 0.9933 0.9922 09581 0.9877 0

0.9606 0.9848 0.9905 0.8289 0.9326  0.0009

90 L 150 B
0.0394 0.0152 0.0095 0.1711 0.0674 0.9991
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Table 6 Results of faulty line selection
for different compensation degrees

6/ &8/ R/ SR L
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00032 00008 00007 10000 00030 00009 ] |,
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Interpretative structural model of influencing factors

for distribution network of new-type town
WANG Shouxiang,ZHANG Yifan,GE Leijiao
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University,Tianjin 300072, China)

Abstract: The influencing factor set of new-type town distribution system is put forward and the interactions
among them are analyzed to form the reachability matrix,according to which,its ISM (Interpretative Structural
Model) is constructed. In order to directly reflect the impact of each factor on the new-type town distribution
system,an extended AHP(Analytic Hierarchy Process) is proposed to calculate the weight of each influencing
factor in the model. The main factors influencing its development and construction are analyzed,which
provides the reference for the development and construction of China’s new-type town distribution system.
Two analysis cases verify the practicability and adaptability of the proposed model.

Key words: new-type town; distribution network; influencing factor; interpretative structural model; analytic
hierarchy process
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Faulty line selection based on waveform feature clustering in time domain for
resonance grounding system

GUO Moufa',YAN Min?,CHEN Bin’, YANG Gengjie'
(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350116, China;

2. Fuzhou Power Supply Company of State Grid Fujian Electric Power Company,Fuzhou 350003, China;

3. Electric Power Research Institute of State Grid Fujian Electric Power Company,Fuzhou 350007, China)
Abstract: The waveform similarity of line zero-sequence currents after the single-phase grounding fault of
resonance grounding system is analyzed based on its zero-sequence network and a method of faulty line
selection based on the waveform feature clustering in the time domain is proposed for it. The line zero-
sequence current waveform of the first post-fault half-period is decomposed in histograms and the relative
entropy matrix is adopted to reflect the state difference among the zero-sequence currents,as well as their
polarity information. Combined with the amplitude information,an integrated relative entropy matrix is
established to represent the time-domain waveform feature of transient zero-sequence currents. The fuzzy
KFCM (Kernel Fuzzy C-Means) without the threshold setting is used to detect the faulty line. The proposed
method is verified by the simulations under different working conditions and the results show that,it is
immune to the arc fault,noise disturbance,non-synchronized sampling and compensation degree.

Key words: resonance grounding system; faulty line selection; transient zero-sequence current; histogram

decomposing; relative entropy; fuzzy kernel clustering
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