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Fault location method for complex distribution networks based on

multi-terminal traveling wave frequency matrix

LI Hang', ZENG Haiyan', YU Kun*, CHEN Shuang', ZENG Jupeng”®,
ZHANG Zhongyu', ZENG Xiangjun®, YANG Xi'
(1.Wuhan Power Supply Company, State Grid Hubei Electric Power Co., Ltd., Wuhan 430000, China; 2.State Key Laboratory of Disaster
Prevention and Reduction for Power Grid, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Aiming at the difficulties that the existing fault location methods are complex to implement and the traveling
wave transmission speed cannot be accurately calculated due to the influence of frequency-dependent changes in
distribution network line parameters, a fault location method for complex distribution networks is proposed based on the
multi-terminal traveling wave frequency matrix, which does not rely on wavefront time information. By analyzing the
relationship between the inherent frequency principal component of the fault traveling wave and the transmission
distance, the reference terminals of each branch node are defined, and the difference between the benchmark inherent
frequency matrix before the actual fault occurs and the fault inherent frequency matrix after the actual fault occurs is
calculated, ultimately obtaining the corresponding fault branch determination principle. Based on the determination of
the fault branch, the reference terminal is selected according to the principle that the path from the fault point to the
reference terminal does not pass through branch nodes or passes through the fewest number of branch nodes, and the
wave speed under the principal component of the fault inherent frequency of the corresponding reference terminal is
calculated, thereby accurately locating the fault point. Simulation results show that the proposed method does not
require detecting the wavefront time of the traveling wave, accurately describes the situation of any branch fault in the

distribution network topology by constructing a multi-terminal frequency matrix, ensures reliable determination of the
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fault branch, and achieves matching between the frequency component and the wave speed, greatly improving the

accuracy of fault location. Moreover, the location results are not affected by the fault location, type, transition

resistance or initial phase angle.

Key words: complex distribution networks; fault traveling wave location; multi-terminal frequency matrix; frequency-

dependent characteristics

b6 & AR IR B A A R, KT DR K
FL S5 AIE R L 23 A 3R R A JE SO LB A TS HE
P, 5 BORC L RGBT S A AR B A,
i R PR G TC R I B S A R AR R RS S —
BRI SR Z TR % 5 A Y K
M A5 T 28 TS e A A 7 i v I e G2 T Y i
SE 01 AR LA AE PE FEL I FP S S E0NC F T R I
il AL A5 A PR X T L O A IR S A 2
PR B 52l 5 L IS ] R BR K A2t R Y T
Ji ik e i — A 4R TR AR IR 0 A XA AL R
K AL AT AR A S R, — B E G
R A i TR BR SRR, T BN AT 5
BF R E

H DL B TC R PO R R S L T s L A R 3 A ik
FIAT WL o AHBE & 23 A 30 PR 7E BC s I 19 8 38
BRSO Tk by 3 KR T T R A A
SR, 5 O E 7 W R A AT i DA D B
LA K3z F Giaa Ay 7 3 o A 2 PR A R NS
L, R B I TN S B B O 1 AR A T L A
JENTI O EHT, B AT B A T 1k
455 B 38853 BT 92 RO 3 BT

R 3o BT 0k 32 03 S B A 5k R R 47 18
T o PR AT IV B ) 4 D Sk 5 R8T i
Sk 22 18] 14 B 55 I [ 552 B RRE  Ao7, (H 2 il B A7 e A
Pic FL 19 £ AR 22 73 S22 B A i I 2 28 T 22 A A
X 0 Fil AR B R AT B Sk ok T BRI
SCHR[20-21 14t — i AS 52 73 S22 3 52 Wi 9 TEE FL IXY)
YRR AT 10 B s R S 7 vk AR TE T R RIAT i 4 A
I A 7 R 22 DL R IR ] [ B, T8 25030 531 e
B AT B Sk, 92 BRI 52 AL, R 37 45 1 52 A
o B R ROR B R R o WU AT Ik R
A 3k 47l AR £ % A S A A 9 R AT R E A, U
10 T W AR AT I B s 2k ARG 0 S F) I 220, TR AS 0 X i
B AT 4 19 52 2 A SO R AT o0 M o SR [ 22 ] 5 T/
e A0 728 A AR 5GPk 23 B S B e e A 30 XU E Ao
SCHR [ 23 T T = 208 /0 72 4 4 XS 0 kv 119 98 28
T W, 52 BT B AR el R RS o E 0 o (H ST
[22-23 145 R 25 4 D2 T A G 9 00 %, 30T e A7 5

FE N TR 225 W B R o SCHR [ 24 ]38 o 7 e HL R Y 45t
A IR Iy K 1 DN S A AT I I8 Sk B 3k I (] A S B Gk
i ] 2% (time difference of arrival, TDOA ) % 4 , 4R Hi
XL i 00 g A A S L B B L O AR O NS P
GER 2 B SE PR R o e A, R R B AT U D
Ty 7 Fe 26 1) IR BE 25 O T 4 BROE 62 3R 4 ) ] ) 21
BB BRI T

BT, T IR R B AT Sk B[R] bR A R
T B P A AN 1R 25 T A R BB 43 2 A o 4 AT
T[] A AT 238 XoF 4 B B AT E 6 . SCHR (25 ] 56 T
S B AR e ST T R AT I AR R A Y
PRI, PSR AR BE ST R g EL T 4RI B
7 o SCHK[ 26 17F STk [ 25 ] /9 JEab b, o3 B 1 15 A 4
BAMKEMBDAFMEZHMXR, 25, T
A U0 11 A 400 25 1) 0 e S S 1 % A I XL i K it
ZAM RIAF I JR L T AR —HL AR B D
Z Uit 26 B O S BT A a2 L AR, X 25
52 7% By BE H R I EEA AT 9T .

R TS D R R) R, R SR — R A 2% T H T
R E L T 1 % T R T 2 AT R I, L
AN e ORI K I TR] AR R 38 A R AT i [
AT FE 5 A R S R TA) A OC &R, T LS
B i A I ) s oA T A A0 R I R L S B R R TR
(1) W55 B 1 AT A0 3 I o SRS, 3 I BB 5T 3 2 A B
A7 3] e B ) 5 R, O i R ) 5 B A SR
Jr P TE ) R 43 S A b 4 BB R S
% Ui ) B AR AN 8 2o 43 S R B 2o 43 3T R R
T /b SRy D0 3 M S 2 i () B 05 X8 0 2 2% v i
(RS e = Wl N B B9 A L N PO S VA R
PRI GE AL . (7 BA5 AR, B4 J7 ik TR I A7
U Sk B TR) S8 Ao A 2 v A 38 R B A R IR R
SCOA]EEH S B ) B S A A 4y i g U R B A L DT
B, R R v s 7 K BE , HL 3 7 45 RN 52 R
A AU I H R R0 AE A S

1 THRERMEEIRS SEWER
KRG
3 AT 0 1 0 PR IR R S



%3955 3 W

A, S R T N AT IR A I 0 5 2 T L TR E 37 ik 21

REAY T A 7 T PR A 0 A% 2 B R A . A 2
% R b N SRy SR 43 AT S R Y T B B R BHL L R
Ve NG IR SR SR TR S R B (TR o B R
e FEL £k % 2 BOAF AR MR RRPE | T DA TE 4R 08 e A il e
Jei , JEVI PR Wl AT I8 0 T AR N 2 R IR A AR
A9 BB 2, X FOE AR AT B A A% A
A BT b R AT A 4 B I B BT AS i B2 A 2 IR R
SR AE A RR K B 2R B AE B RN R[] B R e Y &5
S AR AT WA v 5 — AN W BT R N (1 A
S TR R T Y o s N | = ) R 5

Shy 3 0 R AT I A TG R ) A% ok AR el 0
TR B LR 1052 WUAT I 81 A8 41 58 3 1 43 =2 1 23 %8
Ji s R AT I AR 5 R AT Rl Ak 3L A B A A
K FHLAE DR (Karenbauer ) AH A5 A 6 £ K BE 1T %
A 53 i HEAT 4 BT, U R AT U A AR TR A 5 R
HH 28 5 #5 25 (empirical mode decomposition, EMD)
bl g fef B 28 4 (fast Fourier transformation, FFT)
Xof WAL AT I ) R R 4 i AR AT S S T, A A R BT
e N B N R 1 A I S E R T
HE AT ] T HL O R 6 Y R L O T BRI
ERER OBLINTN R L N &« N 3 B W o N o
P A3 7R B H 5 B0 BOE 200 [ A AR R T
S W, o

150

=
= sof

flkHz

Bl1 BAREZARS>FEH

Figure 1 Sketch of natural frequency principal component
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Figure 2 Simple distribution network
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Figure 3 Schematic diagram of transmission function decay

at different frequencies and transmission distances
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Figure 4 Frequency-dependent characteristic

curve of wave velocity
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Figure 5 Fault location flowchart
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Figure 6 Simulation model of 10 kV distribution network
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Table 2 Fault location results of different methods under

different fault locations
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Table 4 Fault location results under different

transition resistances
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