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Fault location based on electromagnetic time reversal for non whole journey
double circuit line on the same pole

SHANG Liqun, JI Ning
(School of Electrical and Control Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: There is a problem of double end data asynchrony and pseudo-root identification in the fault location of non
whole journey double circuit line on the same pole. To solve this problem, first, the fault section is determined using the
positive and negative phase characteristics of the fault section identification function group. To determine the fault section,
a frequency domain forward current method based on electromagnetic time reversal is proposed for fault location. Then,
the voltage and current on both sides of the fault section are decoupled and fast Fourier decomposition is performed. The
current forward traveling wave of the power frequency component is extracted and its conjugate value is obtained. Finally,
the current effective value at each assumed fault point is calculated. When the calculated effective value of current is the
smallest, the corresponding point is the fault point. The proposed method does not need two terminal data synchronization.
The simulation results show that there are no problems such as pseudo root identification and the algorithm is not affected
by transition resistance, fault type or initial phase angle. Accurate fault location results can be obtained for either a double
circuit line or single circuit line section.
This work is supported by the Natural Science Basic Research Program of Shaanxi Province (No. 2021JM393).

Key words: non whole journey double circuit line on the same pole; fault location; electromagnetic time reversal;
six-sequence component method

0 38

[R5 X [l i H 2t 2% RE £ B PE I RIS
Kig s m & m i AsE, HEABERfts
A EEE . ESEPrRIs T, B EEN R DA R
R RER AT, I T —Fp G A B R AT OF

HEMB: B HE aRAFAMHTT XA DT H
(2021JM393)

LI | Bor il o Bl [ s A il P 2t e Sk
H 5 RREFAT I AU L LA L, AR ZRR S5 R AT
BRI, HARKESR. HEl, X TEEeE
FE I 2250 B % b B A R e 090, g Tk
AR FEFT LB I FUIE LE LD, AT Bk EE 77
2o T ARG T AR FIAT T A0 FR Ak A £y
L. ORI BE T VAR SR AN R BT AT
BAERNR 3T o WARR 7 M2 73 B V2 A O g
V2, SR AE I PR A S s — i P e A5



LA, S

FET LRI 8] B A PR 1Y) AR 4 R R A X [ 24 i el £ - 129 -

B, MBS FEAR KARRE B2 2iaq7 720, e
SR RO, vk T B 2 Xty 4 1 A
T, B A E D SR, 30T R AR,
H A7 A AR R XU Ze il 25 77 v 3 L 0 % 8 X i
VERIEE o SCHR[12] % X0 X B0 1) AN [\) 20 1n) L
FE BN A [F) A5 I TA) 5 Bl A R X i 040 , AT 44 R ULAC,,
SEIER I FAPA, (T VAR R D DT RC R 75 A 2
R HAZOPK,  RFFIIR 1) 0 B 25 SR kS
FEARKI R SCRR[13]5E H T 2 T2 = 40h
R (RO 2 P S AT A AERE T VR I B 7V o IX P A
TIE T FP R B s LK, HoAT— M
TR LA B, BB R IR AR AR A
Ui P, 1S R P YA A B % 37 B SR G WU B R 4, 44
187 FR I R B T 5, H 7R A P XU R] R R 3L
Ui SR, W EP ISR S SIS TR
IIATAS TR B AE S AT, Rk R i 2=
PRI L, SCHR[141 BT 0% G DA TR 3 O V& TR AF A
(RO TR) R, R PP AN ABE 73 o v A o o R B, 0
FLSL A B

i 8] Sz %% (Time  Reversal, TR) B A I 25 A K
vk, HIXPRRERT PR B A BiE NG T) . Hix
BRI T A, A N TR, iR
W45 77 RELE IS ) S e AN AR, E TR M E AL B T
RGP (A &5 SO, SCHR[16] 78 AT UE B T H R 1)
S #% (Electromagnetic Time Reversal, EMTR)# ¢ )W
F T Je40 Se s W B e 0 TR e s SCHR [ 714
AT R PR B A R AT A2 P (RIS ) S e AN AR
St 1 3 AR e AL RS A . SCHR[18-20]0F 7T
M) P I 6] 5 A 3 SR T AV i R B B R T
o AR ST AR A AR [ AT X [B] 4 Ha, 2 2% i e 0 e
PR R X A0 [F) 20 RO AR VR ) 58 1R e, SR 2
T EMTR BER FAUS0RT AT AR A AT S EE , 5
iE EMTR FEIR A JE 2 A2 R AT XU a] 26w iy i A 44
AR

1 FELIZEFF R E LA SRR X EF 5]

AF A RE [RI A I 280 (0] fay Hit £kt (10 45 4 T K %
B, SRR BIZA0 LA B RN R, 451
AFERFR, KRBT S HA T 2. AU
B 1 s SR S R D Bl AT oot BRI L AR AT Y
ROAIT TR, A MT BONIEBREE [RIAT 2350 1 X0 =]
2, MTERRREEIE, FEFMEIER; TN, X
BT T,N, SCHEON M 25 B Bl 2k, ANAFAELR TR RE 5 30
R, Ko AR, RIU, BN R AR f s
X LRI B, T EECR IR RR 2 B B A A
e MT WIRIREEBL RN LT iR

W LR RALSIE A T 48 SR, D)
S [ SR L B0, 01 443 5
) I 8 0 7 A B 20,

1 TN, 2 -
Zu 1 2 ] [ e | @
() (- T,
Un ———1,——>
'\l‘ 3 (AW
No Za U

E 1 IR ENE &R EE
Fig. 1 Schematic diagram of non-whole journey double
circuit line on the same pole
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Fig. 2 Fault additional network for lossless line
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Fig. 3 A assumed lossless mirrored line at the fault point
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Fig. 5 Fault location results on the single circuit section
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Table 1 Fault location results of different fault types for
single circuit line section

WbEEE  arg(f)/  arg(f,)  #bEsr INEELS

B Bi/km rad rad BT Hkm
PR 50 1.5704 — N, T, 50.08
NI, 100 15695 — NT,  99.73
5 50 1.569 1 — NT, 51.24
NI 100 15698 — N,T, 9980
Mg 50 15660 — N,T, 5106
N e 100 15682 — N,T,  100.03

= AT R 50 1.554 4 — N, T, 51.32
N e 100 15540 — N,T, 10149

FAAR 100 — 1.569 6 N,T, 101.05

NI, 150 — 15703  N,T,  150.71

Wik 100 — 15684  N,T, 10168

NTlpq 150 — 15661  N,T,  150.03

7 2 MBI ERER A EIRIBE 2 BN PR L5 R
Table 2 Fault location results of different fault types for
double circuit line section

WhEEEE  arg(f)/  arg(fy)/  WbESZ  MIEELE

B /km rad rad FHIWT H/km

MR 200 -1.569 1 — M,T,  200.54
Mlgg 290 15688 — MT,  289.87
R B 4 % 200  -1.5695 — MT,  199.82
Ml 290 15691 — MT, 2915
MRS 200 -1.5696 - MT,  190.1
M L g 290 15695 — MT,  290.67
= ik 200 15485 — MT, 20115
M e 290  -1.5604 — MT, 28897
TR 200 15684 -15663 MT 20150
M I T 290 15647 -15631  MT  290.33
B 200 15574 15400 MT  200.92
M I o 290 15565 -15606 ~ MT  290.71
PUAES 2k 200 15701 -15454  MT 20210
M LgITge o 290 15674 -15621  MT  291.22
DU 200 15580 -15422  MT  200.14
M I\ ppe 290 15546 -15691 MT  289.56
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Table 3 Fault location results at different transition resistance

PIFEZE Flkm
[ HebE
S Skm IR R R
(15 Q) (50 Q) (100 Q)
Ex it 50 50.08 48.90 49.14
Nlge 100 99.73 99.31 100.67
S A s 50 51.06 49.32 49.30
NIge 100 100.03 101.23 101.17
AR 100 100.77 100.70 100.25
Mg 200 200.54 199.98 199.45
FIAHRE 2 100 100.02 99.06 98.78
M I 200 201.50 200.62 200.75
= HBs L 100 98.80 99.47 99.79
M1, Mg 200 200.92 200.71 199.75
U A% 2 100 100.77 100.10 100.15
M 1plgco 200 202.10 201.54 200.36
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PN F IR AEAS [FIRIAR AR I, RBCE N T, X Bl
25 Ny iy 100 km Ab &A= B AHE AT, 3 I FRLBE 1
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PN ELYRAE S AR A SO, A Sonhil R gt 5
I ROE RIS, MXHRZE AT 1%, GE%MS
B LR PO PR

% 4 BIRETEYIHE AR RN R4S R
Table 4 Fault location results at different initial phase
angles of power supply

fen AR [idi ER AR
HIAHAIC) FE S /km SR /Kkm 1R 721%

0~30 100 99.12 0.58
30~0 100 100.65 0.43
45~45 100 99.98 0.02
90~90 100 98.95 0.70
120~90 100 99.73 0.18
90~120 100 99.19 0.54
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Table 5 Fault location results of two terminal data asynchronous

TR Fi R AE L 6
. A i) 2 /s .

8] X B /s I 8] [X Bt /s g5 km
0.12~0.20 0.120~0.20 0 49.80
0.12~0.20 0.118~0.198 0.002 49.77
0.12~0.20 0.110~0.190 0.010 49.84
0.12~0.20 0.170~0.250 0.050 49.81
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