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Fig.1 Model of a 35kV resonant grounding system
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Fig.2 Equivalent circuit of single-phase
grounding fault
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Fig.3 Transient zero-mode currents of measuring
terminal during overhead line fault
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Fig.4 Transient zero-mode currents of measuring
terminal during cable feeder fault
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Fig.5 Measured waveforms of zero-mode current
during intermittent arc grounding fault
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Fig.6 Distribution of zero-mode voltage vs. its
differential during single-phase grounding fault

uy/kV
llll o W
uo/kV
Llll o w
Py
7N\
\
\\”/ o

10 25 -0.2 0 0.2
t/ms d[1]/kV
(a) FBHEWIE (b) (d[17,uo) Ff

d[1]/kV
()
a
)
[21/V
(e)
=N
4

-5 0 5 -0.2 0 0.2
d[2]/V d[3]/v
(¢) (d[27,d[1]) ¥ (d) (d[3],d[2))Fmm
7 BXEMNEEBESEESHRN
THENS

Fig.7 Distribution of zero-mode voltage vs. its
differential during unreal grounding
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Fig.8 Waveforms of d(n) for single-phase
grounding fault and unreal grounding
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Fig.9 Waveforms of transient zero-mode current
of faulty feeder and healthy feeder
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Fig.10 Fractal box dimension of overhead line
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Fig.11 Transient zero-mode current and corresponding
fractal box dimension for faulty overhead line and
healthy cable line

TP AR A 4 K a4 B - 2RI B AR M 4 L B 2R
() D, 5354 1.233 1.,1.290 0 F1 1.248 42,

HE 11 ATAE I SRR i fil i 40k ik (4
A5 SRR A S B Y B 2% BE R ARARL X R T
£ i P 7 Ny N

AR S 1Ly R B B v 10 km, B AH £
5 90° , ARl EH T BB R A E 12 (a) BT
7N XA TE S R I 12 (b) i B o i
HLBH A 30 Q100 © 300 Q &8 T X R A9 D, 43 5 A4
1.2471.1.2451.1.231 3,

500 16.0
200 D
< A = 125
=~ -100 =
~400 9.0
o 1 2 3 4 5 45 55 65 75 85
t/ms -Ine

(a) FBEHE (b) 7B &4 %K
@ ik B 30 Q, @ RN 100 O
@ TR 300 O
B 12 X8 L, ERNAESERETHESEERR
iR R R 5 E A
Fig.12 Transient zero-mode current and corresponding
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Fig.13 Energy distribution of zero-mode current
for different scales

P AT 7RI R B BT A

Ej:;Eij (35)
ERE j T30 L, e 5 EREREZ W p, A
N W
Di E j=1,2,,m (6)
,\rfj,Zpg:l,iiim:SO

MR BEE A5 B ZR B L, A TR B 1L, 59/
I AE 1= AR A .

pyIn i

Milzz i=1,2,---,n;l=1,2,---,n (7)
J=1 P

PG (7)), T LA LR 3% L, AR FH AR 4
B B 254 /N B A X
Ml:é(MﬁMh-) i=1,2,n Hi®l  (8)
o M, R L, M T2 L, B/ BE ARG
X (5)—(8) 1B i L, Bbs T, & RIET K
B BR RS /NI RE B A I E 14 B R B H R
hEE RSB RE 12345,

~
I

5.0

= 25 -I . I I
L] Lz L3 L4 LS L6
2 i
14 ERETHEA/NMNEREREXH

Fig.14 Integrated wavelet energy relative
entropy for different scales
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Table I Results of faulty line selection based on
K-means clustering
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Lo 1.88 939 d>d,
L, 250 881 d>d,
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Unreal grounding identification and comprehensive line selection for
resonant grounding system
SHU Hongchun
(Faculty of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650051, China)

Abstract: The Euclidean distance between two adjacent points on the plane formed by zero-mode voltage
and its differential during a single-phase grounding is larger than that during an unreal grounding,which is
adopted to identify the unreal grounding. When a grounding fault occurs in a resonant grounding system,the
transient zero-mode current of a healthy line is very similar to that of another healthy line,but very
different from that of the faulty line. The first quarter of post-fault power-frequency cycle is taken as the
analytical time-window,the fractal box dimension and relative energy entropy are used to represent the
difference of transient zero-mode current between healthy and faulty lines for selecting the faulty line,and
the K-means clustering algorithm is adopted to identify the fault. Simulative analysis shows that,the
proposed method can effectively select the faulty line. The reliability of faulty line selection is improved if
massive historical fault data are projected onto the faulty line identification plan as samples.

Key words: resonant grounding system; unreal grounding; faulty line selection; fractal box dimension;

relative entropy; K-means clustering analysis



