%539 B 1) HAORMRZEERAREZER Vol. 39 No. 1
202445 1 A JOURNAL OF ELECTRIC POWER SCIENCE AND TECHNOLOGY Jan. 2024

SRR R S0, RO, 4R A SR T THHT-RF A9 FC HL P00 BN 22 M 5 32 e 2k 5 12k [ 7], W Bk S BAR 2#4412,2024,39(1):171-182.
Citation: LT Zewen, LT Wenjiao, PENG Weixin,et al.Single-phase-to-ground fault line selection method of distribution network based on IHHT-RF[J].
Journal of Electric Power Science and Technology,2024,39(1):171-182.

E F IHHT-RF B B2 BB [ B2 #8 #5 th 8 b5 1% 24k 7 7%

FREXLEXR L, UER,E ML RRE

(LK T R¥ER S5EE TAREE, MR K1Y 410114;2. F R P4 H 728 65 550 L d A 5L pd)i 5590 635000)

T /N R G K A SR iz b R I S B AR B A7 v e b o 3 e BEL N R A S 5 IR A S T T B £k
R RAR . A b, 45 S — 3L T 2o i 75 7R A 4 ¥ S e — B AL 2 Ak (improved Hilbert-Huang transform-random forest,
IHHT-RF ) (4 IC P A 45 b B B 28 05 1 o 58, R IO 2 4R B A WO B A6 B A9 B U 2845 5 L Jl i THHIT 32K
0 T R A L R, A T R T 2 R RT3 SRR AE 1) i 5 SRS R AR T i A RE 2 S A ST R
LRATRY |, HU 3 e 3 2 [P R A S 43 S IR i SR R T B BN A RF 43 2845 T A A S A5 AL, S B R % 11 A
RG] PTEARERY]IZEL T ERGE ARG EE S MEME SRR SR G R R 5259 8O &1 L
Fa 45 R B 52 W0, RE A A550HRE 10 T B B 28 1 R R, LA R Y 3 O R T M

X OB T 5 PR A R AR R IS 5 BE AL AR PR 5 R 2R

DOI:10.19781/j.issn.1673-9140.2024.01.017  FREH XS . TM862  XEH S :1673-9140(2024)01-0171-12

Single-phase-to-ground fault line selection method of distribution
network based on IHHT-RF
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(1.School of Electrical & Information Engineering, Changsha University of Science & Technology , Changsha 410114, China;
2.State Grid Sichuan Electric Power Company Dazhou Power Supply Company, Dazhou 635000, China)

Abstract: When a single-phase-to-ground fault occurs in the small current system, its fault characteristics are easily
affected by weak fault conditions such as the high grounding transition resistance and the small initial phase angle.
Therefore, this paper presents a method of the single-phase-to-ground fault line selection based on an improved
Hilbert-Huang transform-random forest. Firstly, the current transient signals of every lines are extracted. Then the pure
transient electrical quantities are extracted by the improved Hilbert-Huang transform, and three kinds of eigenvectors
such as standard deviations, energy entropy and amplitude distortion degrees are constructed. In the following, the
eigenvectors are input into the random forest classifier to establish a fault line selection model, and the fault line
selection problem is then transformed into a binary classification problem which realizing the automatic identification of
fault lines. The simulation results show that the proposed method can effectively improve the accuracy of fault line
selection by comprehensively using the amplitude, frequency and energy of transient signal; whatsmore it is not affected
by weak fault condition and feeder structure, it hence has strong adaptability and reliability.
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Figure 1 Transient equivalent circuit of grounding system

through arc suppression coil
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Figure 2 Relationship among the amplitude of low-resistance,

the transition resistance and the initial phase angle
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Figure 3 Relationship among the amplitude of
high-resistance, the transition resistance and
the initial phase angle
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Table 1 Line parameters of 10 kV distribution network

i R/ (Q/km) AU/ (mH/km) L%/ (uF/km)

XKEER OBFOEF RF EF %R

mgigk  0.270  2.700 1.019 0.255 0.339 0.280
Mz 0.170  0.230 1.210 5.475 0.009 0.006
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Figure 7 Waveforms of zero-sequence currents
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Figure 11 Performance analysis of random forest classifier
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Table 2 Line selection results based on IHHT-RF
FeA R 1) 5 X 450 kR

T [S1S,S;HC] 4
1 [1.43311.94281.664 6 1.349 6 0.937 0] 2 IEH)
25 [1.34741.95581.693 3 1.321 6 0.991 9] 2 E
95 [1.42471.91881.67331.34300.957 2] 2 N
156 [1.43581.950 8 1.696 9 1.345 9 0.944 7] 2 1E fff
180 [1.32721.98701.70351.333 6 0.858 4] 1 E
215 [1.39051.974 01.660 2 1.336 0 0.935 0] 1 N
262 [1.36511.99591.62511.33990.8714] 1 1E#
285 [1.42311.92131.66241.33720.931 8] 2 EH
320 [1.33422.02101.68571.33371.006 3] 1 N
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Table 3 Simulation results of different neutral-

point-grounding modes

b SRR
o FRAE 1) 4R X B
Ei73 ) (e s 7
[S;S.S;HC] ZhE
Jr = )
[1.4283 1.9453 1.6899
L3(20%) T
1.3388 0.897 4]
AN
[1.4217 1.9533 1.6454
L.(80%) LA
1.344 6 0.940 2]
[1.3835 1.9467 1.6928
L5(20%) i
2 W 1.3346 0.990 6]
M [1.3995 1.9539 1.6802 )
L,(80%) 1E
1.3425 0.999 4]
[1.3940 1.9255 1.6610 )
L3(20%) . . EH
2232k 1.3285 0.8391]
el dic it [1.4152 1.9386 1.7134

L,(80%) EH#
1.3436 1.0130]
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Table 4 Simulation results of high-resistance grounding

at the end of line

LB i FRAE 1) 4R X PEL
‘ R/Q  0/(°)
B [S;S;S;HC] 4

[1.4052 1.9062 1.6707 .
3000 0 IE
1.34311.007 8]

[1.3722 1.9768 1.6799
3000 30 EH#
1.33250.908 1]

[1.4227 1.9287 1.6958
L. 3000 90 i
1.3402 0.9350]

[1.3956 1.9043 1.6821
3000 120 EHi
1.337.80.951 2]

[1.3928 1.9415 1.6771 )
3000 150 EHf
1.3401 0.957 8]
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Table 5 Simulation results of arc fault

ks T/ Width
2 % s /s

WA 11t 5 X ek
[S;S,S;HC] EAE S

[1.3647 1.9141 1.6872
0.002  0.001 EH#
1.3358 0.948 1]
L,
[1.3853 1.9628 1.6937 )
0.003  0.002 EH#i
1.3340 0.8821]
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Figure 12 Simulation model of arc grounding
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under arc grounding
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Table 6 Simulation results of compensation with

paralleled capacitors

[ il b FRAL ) 2 4 X Lk
i (VA [S)S,S;HC] ELE S
[1.3864 1.9159 1.7242
20% T
1.3364 1.001 8]
L
[1.3967 1.9654 1.6533
80% Ef
1.3275 1.026 5]
[1.3866 1.9089 1.7316
20% E
1.3355 0.902 7]
Ly
[1.3283 1.9950 1.6688
80% Ef
1.3298 0.958 6]
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Table 7 Fault classification accuracy comparison of

different classifiers

S IUER R %
gL B 2 7Y
RF SVM KNN
EH 100.0 100.0 100.0
BRI R 100.0 82.0 69.5
PR 1 L 99.1 88.3 92.0
B IE R 99.7 90.1 87.2

FTRMW T SVM T KNN 59, RF 8k
BB 1% YA B0 b X T PR P PR 2 b i 0 AT 0 2 L
R E . B U] RE B A BRI 5 5 A
SYRAEE RS TR BEAR 47 b S BLRC R ) SR A
22 1 W 0 43 26

4 45iE

A SCHE Y — R 3L T IHHT-RF 95 B 347 B
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