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Online localization method for outer sheath damage points in high-voltage cables
considering sheath structure

LIANG Cheng', LUO Jian', LI Kunsheng?, ZHANG Qiying®
(1. College of Electrical Engineering, Chongqing University, Chongqing 400044, China; 2. Ultra High Voltage Branch of
State Grid Chongqing Electric Power Company, Chongqing 400039, China; 3. College of Engineering
and Technology, Southwest University, Chongqing 400716, China)

Abstract: Aiming at the problem that on-site detection of high-voltage cable sheath faults still relies on manual line
inspection and infrared thermography, making accurate online localization difficult, an online sheath fault localization
method based on a distributed parameter model and fault transient information is proposed. First, a distributed parameter
model of high-voltage cables considering the sheath structure is established, and the transient voltage response functions
of outer sheath faults under different grounding modes is derived. Then, by utilizing the characteristic that the
instantaneous phases of the fault transient voltages on both sides of the fault point are consistent, a distance calculation
equation for outer sheath fault localization is formulated. Finally, a genetic algorithm is employed to optimize and solve
the distance equation to determine the fault location. Simulation results demonstrate that the proposed method can achieve
online fault localization of outer sheath faults under various fault scenarios for both single-end grounding and
cross-bonded grounding cable systems, and exhibits low sensitivity to fault transition resistance and fault inception angle.
This work is supported by the National Natural Science Foundation of China (No. U22B6006).
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Fig. 1 Equivalent circuit of microelement

segment of high voltage cable
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Fig. 2 Schematic diagram of the distribution of electrical quantities

associated with a single-ended grounded high-voltage cable

with an A-phase sheath ground fault
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Fig. 3 Equivalent circuit diagram for high voltage cable sheathing ground faults
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Fig. 4 Schematic diagram of the distribution of electrical quantities associated with the occurrence of a sheath ground

fault in section B2 of the cross-interconnection cable

HHAZ AL B AT AT X B 2 1 A 5% U

Ungn (1) Uy (1) Ihon (7) Iy (1)

Upop (1) | = (@) |, | hop () | =] e (0) (16)

Upoc (D] [Uaa® ] Lhac @] [iaa®)

FH LA AR i (X B 3 AR i )4 5 28 X Bt 2 R i
™ (1) N GINENG) Iiaa (1)
(1) |= 07 ug () |, |70 |=Q 7| igu(®) | (17)
ug (1) N GIN O] e (0)

BRADRAKXG)H, W15

(120 (05 (D] = F, (Lusy (0,3 (0) - (18)

(&5

U] (0RO [han O] [570
iy (1) |= Q| 13" () |, | iy () | =@ 57(0) | (19)
Uy (£) “(})153 () _ihs3C (t)_ i(l)153 (@)

FHAE SRz B AT 3145 IXCB 3 Ry oK LR

Uon (1) U3 (1) lioa (1) 3 (7)

Uog (D) = Uy (D) |5 | iz @) | =] hac @) | (20)

Uyoc (1) Usa (D] [lae (D] [insa (D)

FHUME R S8 1 FH PR X B 2 B R g LS () 4

S W HEERG)—NAD)IRE, B sREAL X

IR0 B2 X B E B, i S
B A R L g (2, 0) R ug, (2,1)

g FRTIR, SEELT B DA R AE S BRI

77 IR A B B A I A R A A 2 R s ) R

B o M 25T 9 it 41 5 R R AR AN, — S5 R PR S S i

WEETTHE, SRR AT SRS, N DFTR.

ot+ o, (t,1)=wt+ ¢ (2,1) 21

e g, (1) FRon E b4l -5 3R AF 1 W i
ups (,0:) WIRIREAL: o (1,1,) TR AR Ui T 3RAF (1K
B A HUE e, (2, 1) BIRTHEAL
2 ETESESHMNESEINGE
2.1 BT HIEESESHSPEEEKE
2.1.1 B9 SR AR R AR B IR I AR AL 2R

SCBR[271%8 T — R EE T R AR AR R S
55 EF 7k, J LRSI &5 5
f() B N IEZRSE SRR S SE TS
., wnaQe2)FR.

f(t) = A(t)cos(wt) + B(t)sin(wt) =
A (D) sin(ef + (1))

A A B) NEARIN ZIRERE, ef]3k
[FRE V55 KB BEME 5 AL, A4 (1) JBE
B o) AR YIMAL. 4, ()« o) RIERH

{44»=¢«N+Baf
@(t) = arctan( A(¢)/ B(1))

[H N T A(E S IEZR A —fE, &
B(t) N A(t) WA RAARE AR e, U, I — B a)
M55 P, BIAEE X (22) i) A() A1 B(r) #E47
BFoR, QiR

N
A=Y a, -t/ e
=0

B(1) = H(A(1))
N H BORA R N Ros s 3 T
W8 o, N AR REL j=0,1-,N 5 s NPT

(22)

(23)

24



2 4, 55

T K3 E SR I e s PR M B R AR s A 2R E T - 135 -

TE I3 R

2, @) —RQHEIAE S 1A i E R
P47 J2 W H, s 2 7 A9 M R A7 48 B [ g
B e B AR I SZ R AU 30, DUE 4 B i 1o
D, EH g R HE SRS R AL 2
A EH A B HL S A T R A R Ak )2 L R R IA
Aol =R25) M Q26)FT .

e (1,1) = [i a(l)-t - e }cos(a)t) +
- (25)
{Eﬁ?@}Huﬂe“ﬁmmm)

~.
o

M=

a;(l)-r- e }cos(a)t) +
' (26)
{}:af(4)~f1af-eA*)}snman)
F (25 R (26) 73 HARNR(?23), BIAT 535038
5 P iy 4 T 45 2 (R AR 400 0 2 R E R W P ) A
£, BB 2T 021D BRI AT 75 21 i 4 1 R 7 FE 3R
K@~

N N ) )

S —st
E a; (l;)-t'-e
J=0

u;f(t’lf):|:

]
o

N 2

ts j —st
E a;(l)-t'-e
j=0

N =N (27
Mat(l)-HE e Yat()-H(t e )

2.1.2 T IBA% S 1R I B 7 R AR e

BARET BRI L TE S, SHmAs
B EE 7 FE IR TSR AR, AL SR
FARNRARRLFE G T3, BRI 2 SLhr i TR
TR A T IRE T ERCRAERE, IR
e BEFAT IR R MY Bk R R I, FHEL
FHA TV, BRI — T 4R R A
Rue I, HEGAaRERE . B
BB SRAG., @SR, TR RCR AL P,

FgE 7 AT AL, RRNERE R, sl
287~

Ra)=Y[otot)-00.0)] @9

A L N SRR X B I s BRS¢ SRAEI
W, ¢g=12,---,D, DNFRFERE LKA,

SR 00 85 7 R P SR 8 A, A A e
TN PEE BRI R LR ) L, & N F (1) PR B
INEF, BREF L =1, BRI .

1) MEERIAGEAG: FEFTA AT AT A ) AL AR B
YIRaFRE, CLSCARGRE T A aR AR & 4L, L, s

1} p WA IRBE AT RS

2) @ EEVEAL BT Q28)THE A MA K&
BLPE Fy (L) » FFR i fe A Bl .

3) Feocid: DASEARIRIESE T, M ARTAIE
HH U S A, TR BT SR A

4) X EH: R Y A, E ]
NERLIVE N &3 © 8N S SNREIEN: R
HBEHLAT 2R n ARSI X X P A5 n+ 1 AR
FARAME X X AACBIRIR .

@ & XY RS, HoAitnXQ)FirR.

0.5(7, + D", B, <1
“ﬂh<mmﬁn—%?@>1 29)
ﬂik
ﬁ$:ﬂﬁgﬁiﬁﬁ%ﬁ,a:§%§§;;m

RNy aE, ATHUE R IR SEE. », HUE R
ST PR TR SRR I EE B, BUE RN B
TG I BEE A, — g, =1,

@ WHEHLE ., € 0.1), %u, = [ p(B)IB: 44
H 5@, BIAfEss

u <0.5

1

2u)" ",

A=y
2(1-u,)
® i by EIAAREIS n+ LT X

X2 KGR,
oz ] o
X;H 1_ﬂl-‘ 1+ﬂF X;

5) AR SRORAR: Ny T SRAEE 2 AR, Bk AT AT
fERE N R B RS, R 2 WA ah AL 5 N a)
TR, HAR SRR il RS L R BT
MER X, BRIERANMER X, M

X=X +(x"-xH3 (32)
A XUMXE SR8 X BUER B TR, EX
HE 9, w@3)FiR.

1

| 2um -1, u,<0.5
9= (33)

1-[2(1—u)]™*", u,=0.5
K p, ARB AR, HE TR AR
5B EER, — M HUE BN PR, 8
., €(20,100) o

. (30)

L u>05




- 136 - B 2GRy 524

6) EACK M. K& T2 &k &
@ F,(1,)=0, RDHRBIGFA —BU0 85, © Uik
FIBMIE & =|F, (L)~ F (1, |10, IS4 R
S FI R, W ST R AR, WER
[B] 125 B8 3) it 4738 B PEAS AEAR

7) TG BB SH 1 R SRR i 5

SGIBUREAC SE R NN 1RSSR S S SO
B8 58 A ST AN B R A 25 S A T T TR SE
2.1.3 f EIHIE

NIGUE RSN B e ST, AT
ATP-EMTP T EIGAE. H45%E ] YILWO03 #!
5, BEKEEN 1500 m, FEHKEEN 500 m, AHSE
SR ENE 1, 155 REESIEA 1200 Hz, AR
AR ZE 6 iHHERERN

:|ld_lf|
[

5 x100% (34)

e 1 AL 53 5 b R S 1 S BB A T B
PL B2 X B AE A8 SCE Bk by 3 1 L4
NP BRG], WESEERE RN 250 m, )
BEHLFE A 3 Q, WEYIA AR 00, $ZHRE 1 W EAH
KSH T RQ6)HAT M & A g Rk 5 fr
s BRI SRR RAMERNE R, AR
FH K 2 DL A ) T B B AR 3 . SR AR
MR 45 8 251.37 m, FIXHRZEZIN 0.274%, 4
SR ZELINY 1.37 m, &A1 4% B .
R BYGIELSHRE

Table 1 Cable-related parameter settings

i S5 H1E HASH gl
£t SME/mm 27.5 Kb B P 2/(Q m) 100
PIRRAmm  65.1 245 L % /(Q ) 1724107
PESMEmm 679 |  PEMMZR(Qm)  2826x107
AF A L L 2.3 e 58 B 2 5 FE /mm 2.0

80 =

o T @

70t
60F.\
500

401

&R JEAE

30

20

0 50 100 150 200 250 300
EARVEL
() FEIBITRHCR

24

20F x107*

o

ML ZE/©)
;

0.8

251.35 25136 25137 251.38 251.39

L

0 50 100 150 200 [250| 300 350 400 450 500

5 /m
(b) IELARNLZEE
5 XX BHEMARTLE B2 IPFEMHEIE LR

Fig. 5 Localization results of B2 sheath-to-ground faults occurring

in the cross-interconnection grounding mode
2.2 ETHEESESHSEREIIMIERRSE
fItE

ARSCR AT iR M5 S 1 S RSN
WA RUEALTTIE, DA IN 8 s F 48 4 0 HL e Dy ik
filh, A A R O A AN = R R HE T 3R 4
PR s A I Y6 v L A b AR e LR £ R
Bk 2T AR A RS AR RPN S HE 3 (A
e e IS IR IS ARLAE, AR P 4 s P T A 67—
JEU, My RE TR A R BRI B T AR
SRARFEAL I3 NLFE PRI AL B B, T A% B0k
BEAT SRR, RTINS BB B

e L LR AP B AR SUE ALRAE AN 6 PR
HADTIT .

1) RAE LB R i O AP R A G S

2) IAEA R T 2, B iR 48 S A
#, 22 i 3(6)—30(Q20) HE- 5 3R 15 H 0 ik e [X B i oK
S ARG LR

3) HUMOBRER S [ AR 24, DA ST
FONZ XA, BIAIGATRE .

4) Fe T Q) BEAT M HEE R EEVEAN, A7 3RAF 1
ARG, BIAIE IR BIBFI AR AL — B AL, 1%
RBIOBAR R B BB AAE R R WAL 2.1.2
TP TR R AT IR A, B IR A
BRI BN S, BN /ME . FAH s R /IME T 5
HIPSLT E AP =N



2 4, 55

T K3 E SR I e s PR M B R AR s A 2R E T

- 137 -

I 2 UH
B A 2 X H AR
1 PR AR DR
R S A B
X B R A

, I

s X B A LR 2 1 al(6)—at(11)
HE PRSP BB R R FRIE

v —
K iepE L RIS, PRE & N RS
HATAM A6 TERGHT IS S
v v

LRSI S 9 S 540, R AT A7

BB AR I B, AT R
v v
PASR(28) 9iE 7 e R S PIASREESATARAMAE
BEAT R O VA < pEVA T bisd

El 6 BERKIMPERRREMRIZE
Fig. 6 Flowchart for locating the damaged point of outer

sheath of high-voltage cable
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Table 2 Effect of different grounding methods on

localization algorithms
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Table 3 Average relative error of different positioning

methods under different grounding methods
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Table 4 Effect of fault initial phase angle on the

localization algorithm
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Table 5 Effect of transition resistance on localization algorithms
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Table 6 Effect of environmental noise on localization

algorithms
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Table 7 Effect of cable types on localization algorithms
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