ERVE ST AR BAOARZEE5HRRER Vol. 37 No. 5
2022 4E 9 A JOURNAL OF EIECTRIC POWER SCIENCE AND TECHNOLOGY Sept.2022

H F Hausdorff Distance B % BB B X
WMERXREEAMTIE

ﬁ:ﬁgl’é ﬁtl’j{ljﬁ %?’&fi ;1% #&1 751—'-1%2
(1.2 g M PO A BRITATE 2N a3l Rt )5, =/ B i LR 6744005 2. 48 th BB R2F R S5 7 TR 2B . 4k 21 470000)

W OE O )N U TR B S A R b 5 ) R DX B A7 R Y T A 55 A R R Tl R A
X HL I O I A S L B — AP 3E T Hausdorff D1stanceﬁ{iﬂ’]@ﬂ%mﬂw]:ﬁﬁiﬂﬁ{fo R A
VB A W B AR AE ik, 758, X Y B D R AT U U O A N O e R T R T R A AR ﬁé@i‘?f“%i}m\&‘iiﬂuﬁ
559K 5 o 15 B Hausdorff Distance 87k 43 7 45 2 & K6 0 45 20 22 8] 09 2 5w It /0N O 00 0L 90 0 22 46 B s B s o 47 B
X#ﬁfﬁérﬁ%@?ﬁﬁzﬁwmﬂﬂﬁiﬁﬁ@ﬂttﬁﬂﬁ%fﬁﬁ/h@mﬁﬂﬁ&ﬁic P B 45 H R W] < % J7 Tk TE A 5] 0 e
S E T AR S8 B AE A A8 AL (R BRI S A % 0 TC T 45 K ep L (6 T R B AT N DL TR NS B I R G AT A 18 A
R RE K R REIBT,

£ g AR R R 5 kB X B E 37 s HausdorfT Distance ; /)N 3758 i 5 % o, 37 fi 22 48 [
DOI1:10.19781/j.issn.1673-9140.2022.05.013 FESES :TM73 XEHS:1673-9140(2022)05-0115-09

A fault section location method of distribution networks

based on Hausdorff Distance algorithm

HUANG Tianxi', LI Bin',LIU Wuneng',LUO Changbin',JIANG Jumei', WAN Shanming’

(1.Diging Power Supply Bureau of Yunnan Power Grid Co., Ltd., Shangri-La 674400, China;2.School of Electrical

and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 470000, China)

Abstract: In order to cope with the difficulty in locating the fault section when single-phase-to-ground fault occurs in
the small current grounding system of a distribution network, this paper proposes a fault section location method
based on the Hausdorff Distance algorithm according to the characteristics that the zero sequence currents on both
sides of the fault point are opposite in the fault line. In this method, the zero sequence current is selected as the fault
feature firstly, and is then filtered to ensure the wavelet approximate sequence of the zero sequence current of each de-
tection node of the fault feeder can be extracted by wavelet packet transform. Next, the deviation matrix of the wave-
let approximate sequence of the zero sequence current among each detection node is obtained by Hausdorff Distance al-
gorithm. Finally, a deviation degree is defined to represent the difference between the two sides of each section, and
the fault section can thus be determined by comparing the relevant deviation degree. The simulation results show that

the method can achieve precise positioning under different fault conditions, and it is also suitable for more complex
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distribution network structures. Both of which are convenient for staff to quickly repair and maintain the fault lines,

and ensure the safe and reliable operation of power systems.

Key words: distribution network; fault section location; Hausdor{f Distance; wavelet packet transform;zero sequence

current deviation matrix
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Figure 1 Equivalent circuit of zero mode network for

single-phase-to-ground fault in a distribution network
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Figure 2 Distribution of transient zero sequence current

in a single-phase-to-ground fault
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Figure 3 The components distribution diagram of upstream

and downstream zero sequence current in fault point K
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Figure 4 The wavelet packet low frequency reconstruction

coefficient map of each monitoring point

2 XBE LAk

2.1 INEBEE
AN AL AR B /N I AR R R 1 SRR L SR AN T
E AR S AL B B, A R T RS S G S
fy b
N ZORE L]
Wi, (1) =2TW" (2t — k) (3)
Hih . FRRIINIE b TR e,
e FFURIG 2 A /0N bR B — A A RS o B8R



118 ) il B 2% 5 E5d A 2% Bl 2022 4E 9 A
NV PR, B Hausdorff FF 2 0 & A X, W5t & 3, X m
Wi, (1) =¢) (4) Hausdorff Hi# h(A.B) R ¥ h(A,B) M

Wi () =¢) (5) h(B,A) MEFRMERE. CERT 2 A mERM

H, o () NIERRFERE. ¢ () R/ R%L,
Mo =2 W, AR N B A R R T 56 &R
/{1

Wi, (1) =2 2 h(OWL 2t — k) (6)
k

W2 () =2 D g OWi, (2t — k) (D

b IR L RTINS 4 R T AT AR O3 b
D5 FAT DA A 4 o 0 4 ik v B0 AIROBL 3 L R )
S B X e AR 43 AT 40 A HAT AR I P
2.2 Hausdorff Distance & %

H Fr7E 1 2 G, 6T LA X 5 2 (6] i R 2
ST T8 7 A R g 6 28, A
oS o Sihde s S th 2 5 £ th £
55ty DA K ity g 5 ot D 22 D) B BRSO ARL, I AR X
#ui4-54 77 7L A, Hausdorff Distance & — 28 ] T 1
a2 20 LR XE G2 [R] AR RL AR BE ) Sk, EEH] T H A
2 T PR Z 18] i e e P 25 5

B E—A Pl NA 2 4 CliELkihZ A B,
KRN

A:ACa) (8
B:B) (9
Hr,a 0 REMLZL A B WS, h SCiknl 7, d
2k A .B Z A1 Hausdorff Distance A] DL 43 f B ]
FOX e BE B, Ho i 4 A VB Z 0] 8 [m) Hausdorff
Distance fCR & A [iE i 5 — S B84 B &/

B 1 e AL, B
h(A,B) =maxmind (A(a).Bb)) (10)
a€A bLEB
xh dAW,BWB) = [[Aa) — B ||

d(A(a), B fRRFML A by HE— i 2] i 4
B MRRJL SRR,

FIEL, B2k B 13— B 2k A S/ NBE
14 fe KA, B

h(B,A) =maxmind(A(a),B()) (11)
bED a€A

¥ a] Hausdorff #E B ¥ fX Hausdorff I &,
4 A B ZIA R BE B AT 2Rk
h(A,B)=max{h(A,B),h(B,A)} (12)
by A X ol . ALB ZE
Hausdorff B &5 K /N AT DL H AR AL oE 17 R AE, Ho
h(A,B) WRRAEMES AB Z I XL BEE, 2

ERANVLECARE . h (ALB) M, M 2 AN 4 a1
PR,

3 3T Hausdorff Distance 7% Bk
B X B 7 Ar
3.1 EARE
U T RC D /0N LI AR G A kA BRORH B
TR BT, 7 AR B R X BR A i 2 R M BT A L R,
RETFENE TR RO T Rl H R LR
P IGO0 B AN X BR A i O B O T
Wi, A SR S X 45 A 0 A5 RS I 1 £ BT A R T H O A
P AT AL B 58 o SRR S — N R T B8 A i
ZEAS B I T 1 HL P A SRR A L A o A
WA 58 A SR A SR N A B S P LU A 1
I'G)=i"a+T)—i"n)yn =1 (13)

R AN N 7 T R SO i T S S i
TN IR, 250 db10 /N 5 2 0 i I PR —
AT AT A o i

P,(m)=[pi.m)].i =1.2.++.,5 (14)
b PR o AW SRR U S p (T
iom) NEBEEFBRTE I /N 2505 A
BN om AT SRR B

EE R q O N N i Y [ R
Jrm AR K 2= S, B, R S R Ui DN B
Lo i AR AEAE — 3 25 57 . UM B Hausdorff
Distance fiif & W 34 2= 5 B, 115045 31 45 W 15 2 (8]
) 25 I R YA /N DR G ARUY 8 i 2 4 I R

X

H—
o e R(P,.P,) h(P,,Py) ]|
0
h(P,,P,) - 0 h(P,,P\)
0
| (Py.P)) h(Py.P,) -« 0 |
(15)

A N OISR AR
DA LM S A A I 2 T 4 0l 22 1 DL S



5537 B 5 W

W K5, 45 55T Hausdor!f Distance 5535 i) il Il Bt X B 2 3 Jr 119

SC—TP LA O 22 B SR 2 A W D A ) 255 i 2 182 A

N
Pf,::2§3ll(x,l) (16)

D25 W DN A 22 (] 1 25 D 22 32 26 (L 174 46 %F (LA
h 4% X B I i 25 B AR AE A, ) ey DX B TRD A i 25
P E (L

H,, =|H,—H, an

LR SCE BT T W& 53 B 25 AT H, iR X
B i 22 8 b 55 oAt gt 4 X B A7 A 55K IX )L 25 A7
TE L X B i 22 B 1 AB K A% IX B At 22 R AF A
ZHLEH ., > >0 (H—H ) KX B B X
By ez ok A s B
3.2 HMERXREBEAMFIE

R 48 SCH FIT IR 14 43 87 3 Hausdorff Distance
SR R TG H, T e DX B A IR R AN 5 TR

< U,>0.15U
\
%‘%ME&I&%%J_H’J
T HL Al
v
S N LA 51
2 e Eﬂ’JJ&M J7AIP

i Hausdorff Dlﬂtan(‘t‘%— prg sl
25 W DN 5 22 ] D 25 B
v

LA R A |

TS I D 2 T 2565 B 2 BE 2 1
B2 X RS 225 X B ) Ml 22 BE AR

Y N

v v
| oyKBORREERE | [ o XEOh IR E:
v v

4l
Bs5 #MRBETAAS FAE

Figure 5 Flow chart of fault section location method
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Table 1 The positive and negative sequence

parameters of each line

2% R/(Q/km) L/(mH/km) C/(nF/km)
s 0.45 0.538 5 34 979
EERE 0.70 1.227 3 83 766

R2 BEBERFFLE

Table 2 The zero sequence parameters of each line

B R/(Q/km)  L/(mH/km)  C/(nF/km)
Huzs 0.27 0.08 7 981.74
L4 2.70 0.32 11 373.98

K3 BUNEEFFELIES
Table 3 The distance between each

monitoring point and bus km
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33.040 1 1.0983  0.726 6 0 1.345 8

32,4289  1.600 1 1.337 8 1.345 8 0
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2.730 2 0 1.632 7 3.050 7 6.178 7

H;=|43629 1.6327 0 1.608 6 4.546 0

5.780 9 3.050 7 1.608 6 0 3.128 0

8.908 9 6.178 7 4.546 0 3.128 0 0
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Table 4 The fault section discrimination results under

different operating conditions

Wi r Bl 5 Q I 52 IEAR S5 ik AT 0 L, FT A B

P 8 b 22 9 b
0 5.467 3 10.434 1 19.859 7 21.937 7
5.467 3 0 6.496 2 14.392 4 16.470 4
H,= 104311 6.496 2 0 9.4256 11.503 6
19.859 7 14.3924 9.425 6 0 3.317 0
21.937 7 16.470 4 11.503 6 3.317 0 0
0 2.480 0 100.598 5 101.690 9 111.725 3
2.480 0 0 99.957 9 101.050 2 111.084 7
H;=|1005985 99.957 9 0 1.398 1 11.126 7
101.690 9 101.050 2 1.398 1 0 10.034 4
111.725 3 111.084 7 11.126 7 10.034 4 0

AT DA L Bk L &SI A AL B, .Cy s
D, .E, W& G2 BRI R [115.397 6,85.652 6,
75.719 0,93.989 6,106.457 5], & WM X B A, B, .
B,C,.C.D,.D.E, {2 B %¢ EAE 53 5] A [29.745 0,
9.933 6,18.270 6,12.467 97, 4% [X BL ¥ A W 12 I 22
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PRLHCH G 1 2 L A (i A 2 i 5 ) B 5T 4 s 4% HA
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Table 5 The fault section discrimination results under

different operating conditionss

HehEby Y/ H., e
W/ Q@ AB, B, D, D, R
0 5 1268660 23583 21383 3.7665 A.B,
15 500 189.4248 2.3817 2.8903 1.0036 A.B,
9 1000 33319 899088 45805 185706 B,C,
0 5000 18375 272011 18424 28515 B.C,
45 5 34609 1.8323 1135419 25.8048 C,D,
90 500 20844 103310 742690 264955 C.D,
0 1000 11038 13538 5.2637 79.5577 D,E,
45 5000 19386 1.0750 6.530 3 144.644 4 D,E,

WL Ly KA,

iR &

LRI Lo S A A 2 ik s A1 A
Ul R R A AR B Cs B SRt 220 70 531 Oy 45°, ik

Wik LB/ H., e
/D Q  A.B.  B.C. CsDs D:E; XE
0 5 110.521 9 4,021 8 0.971 0 6.535 7 AsBs
45 500 202.841 7 14.701 3 6.660 8 0.774 3 AsBs
90 1 000 3.121 7 90.022 2 2.646 5 17.688 9 B;Cs
0 5 000 5.871 0 29.848 7 0.896 3 4.299 2 BsCs;
45 5 10.162 9 4.815 0 155.4537 43.751 3 CsD;
90 500 10.086 2 0.441 5 179.548 4 35.074 0 CsDs;
0 1 000 3.532 2 2.031 4 2.5857 73,5161 DsE;
45 5 000 13.385 1 1.373 1 2.612 4 178.019 2 D;E;
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Table 6 The performance comparison of different

section positioning methods
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