U ER TR

2023 4F3 H

Electric Power Engineering Technology

L FHoW 130

DOI:10.12158/§.2096-3203.2023.02.015

LT S I Y- 43 A AR 5% R AL R 1% T TR LR 2 L e R A7

MgE', BT, £EE KR, 25, REA
(1. ZROEFTREN F 5 1A 2002 (AR ), TR AT 230009;
2. FELGEEEZR AR OREIRII IR (LR BRI =) , L8 B L 230031 ;
3. [E ML i A BRA m) Fe il ks 34 W), 280 S8 241000)

B B AT AREE MR R AR A EARER KT M I AR ok RAE R R A, U R — AR T
ZOAR T 3B B Ao R IZARME G E AL T B, AL, A A X R (distributed generator, DG) #9 ¥ it & 42 3
KN, T DG BN Frhr; ok, s34 & & KR W 56 69 & B J5 iRt /7 Ik 65/, F) R Zo0 i -F 3438 5
AR AL, IR T A SR ARMUE SR LR Y £ -, T M 4R AR P HE , 55 3R R B BEAT SRR BP T X 4
¥ R B ; &5, A A DIgSILENT PowerFactory #3247 AAE R, (F AL R R A ZF EERRKELE R F #E

At 2] A BR B) 3R L L ) Ak S8 I A T A

KR RN R G MR R BRI 6L AT IR B A AR ; 5 X2 R (DG)

FE 4 ES  TM712 XEFRER A

0 3l

PR HE M 2R 48 AR PR R IEC F T R R Tz
F o AR R A A AT 422 M e B i, R A
PRI XE T 4> A =X H Y5 ( distributed  generator,
DG) M AMEFFRC L M 28 BN dd A . Rt , A b 22
BT XT 16 i 42 b, % G0 5 RH B2 b R E 7 R T TR A
S

H A CAFTE 2 T ik [ 457 77 125, RECT 73 0 A
B AT R R T
B RAASERIEUHRA A (H Y RS AT T
I, ARSI B A RS, R FRPEAE xS T
NEAIGBAF T TEAB RS, AR S . N LR R
BB A —E A TERE, BB TR AR,
SR S S A R T

KA BARFE B R I, TR AR S s R
LR EESNERNRTEE e e i0p A (SN & TS
TERCREE A AR 20 2 B o SCHR L 1] AT 2
H P S 00 R 2 A ) A D o W e X B, 1HL
TrEAE m BN A A e AL X STk 12 ] i
THARR B AR L 5l R s b TR A v U [
AR AR B B Ok 52 B I 7 Ao, o e L 3k 17 1
U AEFTRR R H RS AR EER A . STk 13 ]
ZEO /NI AMES Hausdorff B B8 0E TS ERF
HAL UL A IREL 25 Sk A 7 A, (SR /NI 4 it ) 1
IR E 15 R, R0 DG AR

BUAT 1) T8 I 422 by 2R 90 PP A 5 b i s 190 B
MCAS B #7.2022-11-03 ;44 =) B #7.2023-01-07

3B YRS :2096-3203 (2023) 02-0130-09

A3 T VEAFAE XS AN ) o 952 HL BELE o7 P 22 | i e B
FHANTE 3 A0 SR AR 3 0 SR e S5 [ L, 3 X il
B 52k 25 DX BEP o ) A5 % Y AL EAT db10 /N
BLI3 i, I FH A0 B R 8 A R (D00, O BT 38
TEJZ R, 45 5 5 A - B4 B 8 AR 52 AT 1B
JERE  H 1 22 R 5 R0, T8 20 M e £
SRR TR E AL T EEE . SO TR T A TE AN
(VA A 1 T 359 BB HE A € 7, 3 PR VR U 7
HA BT i AR N AT 5

1 EfRE R R B RESES

1.1 DG #ENHEI

APRIE R GEAG AT, T WA A e a5 e T SN AN
% DG #5224 3 0 22 3 IR 2 bl 422
M, DG 5 N EL R A i AR e o 50
DG - WIS, 5 X7 1l FL 2 i Y 8 K, Tl sk == oo 0 s
FrAME, I DG Jozit iz il R Bl , HoR ) bk s
A T X — D B AR T R G A R R
et

24 DG JF MM AS s R A/Y e 354807 =X
B, REME P M A kBN, KAEREES,
DG 55 3= 0] % v A0 i 0 AR B DD T, B AR T
TLAE P28 TR o3 A AN 32 52, SR T S E AR
Sy E T R EEE A

WARRY DG 7E AT L W o i g F S )z, 3
DIgSILENT PowerFactory X} FeyEF7 @A ()5 B, 15648
KM Detailed #28Y F= i AN1A 1 R,

B, PLQ 43 Ay bl A8 g 1A D B FE AT 2



131 PRIZETT 2 S T 5 0T P4 B R AR 5 AT BB P TEC 19 EPAT e bl P oz

()
BIAHIA Cur 15
Ser
0 i 0 !
PQ'JM%%‘ZHH 0 | p i JURIE
¢1Q 0 .(liref 5
P ?{%'J (Lo
. fie 3
PQ%%@&EI (o 3

1 FRPTREHIER
Fig.1 Control frame of inverter
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Fig.2 Zero-sequence equivalent network of
single-phase grounded system
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Fig.3 Simplified zero-sequence equivalent circuit
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Fig.4 Transient zero-sequence current signal
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Table 1 Line parameters in unit length
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Ay Ay A FAL e, T8O A0 P S i A Matlab
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Table 2 Comprehensive similarity between two lines

ARALEE B¢ ARLEE Bl
s(A,,4,) 0.875 s(4;,4) 0.350
s(A,,A) 0.358 s(Ay,A3) 0.903
s(A;,A3) 0.884 s(A,Ay) 0.362
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Table 3 Fault location result under the first example

B s(4,B) s(B,C) s(CE) BB IX B
0 0.404 0832  0.670  (4,B) .(C,E)
0.6 0.490  0.901  0.819 (A,B)

1 0.735  0.996  0.993
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Fig.8 Comprehensive similarity curves
under the first example
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Table 4 Fault location result under the second example

B s(4,B) s(B,C) s(C,E) WEXE
0.6 0934 0932 0422 (C,E)

Fa4d BT s(C,E)=0.422<0.7, i H 42
DXCBLAYZR REARLRE 5 R T B0 B AL, TR mT A0 i
BEAATE(CLE) X B, 552 PRl e X BUAHAT .

4.3 LRERRIHIE
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HEHRE A 200 Q, B BERIAH AN 00,

FAWT H ke R AR AR AR Ly e, Aol o i AT
15:5(B,D)=0.916>s(B,C)=0.404, S P&EH L,,,
HRAE B ALREAR B R AR 5 s .
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Table 5 Fault location result under the third example

B s(A,B) s(B,D) s(D,F) WRXE
0.6 0913 0916  0.880 (F-)

I S TR AR b A LR e LA B A A
(% e B R R BE g, A B i 23 5 AR L
s PIRTI0E BIE, A S Bk R X B (F-) &
AR . B 3 B UE TS0 U R X A AR S
i

5 EAMESH

51 ARETEREFR
ARG 1 e A BRI 9 5 9 LR

SCERPEARASRANG 6 P, SO (7 45 R N3k 7 A
R 8HIR.

#*6 FRTEBETZEEELER
Table 6 Branch selection results under
different transition resistances

R/Q  BERHR  s(B,C)  s(B,D) {EEuEEE
10 Ly 0.937 0.931 Ly
300 Ly 0.923 0.919 Ly

1 500 Ly 0.903 0.901 Ly,

3 000 Ly 0.899 0.904 Ly

7 TEHEEA10Q.300Q K 1500 Q FEMER

Table 7 Location results under different transition
resistance values of 10 Q,300 Q and 1 500 Q

R/Q  s(A,B)  s(B,C) s(C,E) BEXE:
10 0.405 0.937 0.901 (A,B)
300 0.437 0.923 0.878 (A,B)

1500  0.488 0.903 0.821 (A,B)

%8 HiEEMEA3000Q TEMER
Table 8 Location results under transition
resistance value of 3 000 Q

R/Q  s(A,B)  s(B,D)  s(D,F) #BEXE
3000  0.491 0.904 0.820 (A,B)

Hie 7 FN3E 8 AT, G Jak I8 v BELIR) 385 K, g e
X BE 25 A AR AL AT T 386 K, T {4 X B A T Ok
ANe MPRERE]—E RS, s [EEAREEARAS, 7
o OEL 42 i s s T S BV 22 0 o
5.2 ARESEMGR

BB 2 TEA R SR 6 A7 T AR AR
MR, S PR PRAE AR 9 R, W (4 R
10 iR,

9 FRBENGATIBERER

Table 9 Branch selection results at
different initial fault angles

/(%) HEREH  s(B,C)  s(B,D)  SUHMESE
30 Ly 0.931 0.467 Ly,
45 Ly 0.938 0.479 Ly,
60 Ly 0.935 0.490 Ly,
90 Ly 0.954 0.488 Ly

®10 FEHEVHEATEMER
Table 10 Location results at different initial fault angles

¢/(°)  s(A,B)  s(B,0) s(C,E) HRXE
30 0.938 0.931 0.475 (C,E)
45 0.941 0.938 0.479 (C,E)
60 0.946 0.935 0.488 (C,E)
90 0.951 0.954 0.486 (C,E)
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Table 11 Location results under the selected branch L,

e

R/Q /(%) s(B.D) s(A,B) s(B.C) s(C.E) ;g

200 90 0.931 0432 0.933 0.906 (A,B)
1 000 0 0.904 0.480 0.908 0.831 (A,B)

0 30 0.477 0943 0936 0.463 (C,E)
(C,E) 500 60 0.445 0938 0.927 0477 (C,E)
3 000 45 0.469 0.909 0.906 0.482 (C,E)

(A,B)

R12 EEIXHEA L, TREMMLER

Table 12 Location results under the selected branch L,
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(A,B) 500 30 0.922 0467 0925 0.877 (A,B)
100 0 0.405 0.922  0.921 0.944 (F-)

(F-) 1000 60 0.433 0910 0916 0919 (F-)
3000 90 0.441 0907 0911 0.934 (F-)
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Table 13 Results of fault section location in field
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Fault location of single-phase grounding fault based on Manhattan average

distance and cosine similarity in distribution network
TAO Weiqging', LI Xueting', HUA Yuting®, XIAO Songging’, WU Yan', ZHANG Yingjie'
(1. Anhui Province Laboratory of Renewable Energy Utilization and Energy Saving
(Hefei University of Technology) ,Hefei 230009, China;2. The Energy Research Institute of
Hefei Comprehensive National Science Center,Hefei 230031, China;
3. State Grid Wuhu Power Supply Company of Anhui Electirc Power Co.,Ltd., Wuhu 241000, China)

Abstract ;: Aiming at the problem of insufficient sensitivity of existing fault location methods when single-phase grounding fault

occurs in resonant grounding system of active distribution network, a fault location algorithm based on Manhattan average

distance and cosine similarity is proposed. Firstly,the neutral point grounding method of distributed generator (DG) is defined

and the influence of DG access is analyzed. Secondly, the transient zero-sequence current at both ends of each section of the

fault feeder is decomposed by wavelet packet. Then the amplitude similarity is calculated by Manhattan average distance, and

the waveform difference is compared based on cosine similarity. As a result,a comprehensive similarity criterion is constructed ,

and the fault section can be distinguished by comparing with the set threshold. Finally, the simulation model is built in

DIgSILENT PowerFactory. Simulation result shows that the proposed method can locate faults accurately under different fault

locations , different fault moments and different transition resistances.

Keywords : resonant grounding system; fault section location; wavelet packet; Manhattan average distance; cosine similarity;

distributed generator( DG)
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