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A method for discriminating defect length and type of cable based on
attenuation intensity evaluation of frequency domain reflected signal

TANG Zuoxin, ZHOU Kai, XU Yefei, HUANG Jingtao
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: To solve the problem that frequency domain reflectometry (FDR) can only distinguish defect polarity and cannot
identify the defect length and type, a defect type discrimination method was proposed on the basis of signal attenuation
intensity evaluation in this paper. The difference between the total refracted reflection intensity at each defect and the initial
reflection intensity was calculated, and then the defect length and type can be discriminated by comparing the magnitude of
difference. Combined with the polarity judgment method, the defect can be subdivided into four types. The results show that
the method proposed in this paper can successfully identify the length and type of four common defects in cables, including
grounding faults, excessive bending, cable body moisture, and long intermediate joints of cables, and the recognition results

are consistent with the simulation modeling results. The defect type discrimination method in this paper can identify the

common point defects and segment defects in cables.

Key words: Frequency domain reflection method; defect identification; length type; signal attenuation evaluation
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Fig.1 Reflection coefficient model of intact cable
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Table 1 Evaluation and analysis of defect signal attenuation
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Table 2 Defect type judgment results of coaxial cable sample
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Table 3  Defect type judgment results of power cable sample

=S

K A4, ﬁ;ﬁ;ﬁ’ RIHI Wbt BT
%V Zn

KEZH 078 >3 BEME 51 SURMERE

3.4 500m B FIE SN LR

N TR AR ST A K EE S B LA
Bt AE — R A KON 500 m ) YILV22 8.7/15-
YILV22 8.7/15-1x95 %4 10 kV XLPE H, /J H1.45 250 m
Ak S A R R A Sk, He Sk KON 0.5 me TSI
150 kHz~ 10 MHz, K+ 5 %04 3001 4~. H FDR it
R e A R0 TH s 559 53 55 3 o B ] 12 B, E5% 45
RAEAT SRS B . 12T LR SR ZE TR Ik
S5F 58 5 5% L i s B 7 R A sk /DS 5 S SR R
Sl B Ak 1R 25 M 0.002 3, 3K 22 J5 I 20 M 0.001 7.
88 FH 38 2 7 R B 28 B 30 0 D7 R IR JE I 45 RN 3E 4
Fize MR AT LLE Y, 28 ST 4 1 i b 2 24 50 531
TR T % 500 m HL 7 28 R 25 L AE



136 AR 2024,57(8)
AP AZ 7 VR T K B B R ) R B 1R R A K b T S A v T S 4 R e AT R AN
. HALHHI.
SR e R
- - - FUEHOR S22 Hk References
§ sk [1]  VEZGt, A gL A AR A5 1 el A LA RV 1 HL 7 R B A 2%
éﬂ IRATEAG[I]. 48244 K1,2020,53(4):59-63.
% WANG X J, ZHOU K, ZHAO S L,et al. Insulation state assess-
E 10k ment of power cables based on impulse dielectric response meth-
:}J; od[J]. Insulating Materials,2020,53(4):59-63.
h [2] BB, I3 /NG 2 BT A T AL B 7K 22 o2 WA 22 S TR A
15 . . FR U FL (], 482544 K4,2022,55(2):91-96.
0 100 200 " /300 400 500 ZHENG J K, SU X T, LI G, et al. Electrochemical corrosion char-
B CEEm acteristics and failure study of high voltage cable water blocking
E12 500 mEBBABRENFRIREIES

5 5958 B & X L
Fig.12 Comparison between the new reflection intensity
spectrum and the original reflection intensity spectrum of 500

m power cable sample

F4 500 m BB IEAEIRAERYERBE S BYF B L5 R
Table 4 Defect type judgment results of

500 m power cable sample

155 S0
Tk A4k

A, i PRI B

NS

ik 071 >1/3 B R IE IEM B GRE

3 b % 4Rk fE REAT 25 R A I LR A 4
S B R —E0AE Y] 7 ARSIk s A ) 75 % AT
LIKT aif B PR P2 R SR TR 3 AT A 14341 )

4 5

C1) 2 3C Bk i B 10 3] 53 T 6 15 5 2 Rk ik
FEE VP55 45 20 B B 1 K BEAS S, 24 B B S BLER A B,
HoE M EHESERNZ R RS MEE, 5
AR SR B 1) AR % oR BOAE 22 AR R S ATS KT B e XY
B 5 224 B B Dy i R B, e AL R 2 AR S
TE 28 — IR S 52, 5 4% 5% R BUVE 22 A B 5 /N T
FIT e I 0 AE . 45 6 T A P A i 3 T 5 R S kg
SRR B TR 20 53 D9 4 B, 43 900 R TE AR M Bk B AR
PE BRI | IR AR P RSB R SR R T
A sk IR A B R 2

(2) 3 I F 54 P — 5 B, BRI of 2 o S5
BRI S R E AR, HAETF A6 32 B2 SO &R
I s e, 2R o B — K R I 3 2 A R I 5
Wi o ASCH R T X 43 s i P 5 B B B B d A
KAE 173

(3) AR 3L FT I S50 B 40 ) 7 25 P ot A Ak 52 ]

B3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

buffer layer[J]. Insulating Materials,2022,55(2):91-96.
TR R B, T T R, 10 kv SIS 20 e 5 i e A
FEPERIE T[], 462544 K1,2021,54(8):60-66.
SHEN Z F, LIU B K, WANG G D, et al. Accelerated electrical
ageing characteristics of 10 kV XLPE cable[J]. Insulating Materi-
als,2021,54(8):60-66.
VESGHE, LV 1, A5 B T I ) S IR A 7% 1A R 70 H 5 R T I
HLSERZ[T]. HL R A, 2020,44(2):783-790.
WANG X J, ZHOU K, XIE M, et al. Partial discharge localiza-
tion of power cables based on time reversal phase method[J].
Power System Technology,2020,44(2):783-790.
ORI IR A R G Sk A R R R R o A
HIWEFE ], B AL AR 41:,2013,33(7):192-201.
CHANG W Z, LI CR, SU Q, et al. Research on the development
process of partial discharge in sharp defects of cable joints[J].
Proceedings of the CSEE,2013,33(7):192-201.
XS KM A5, 5 T PDC VA M 7R 12 XLPE IS5 4B Z0R A&
PRAL[I]. L R H A, 2019,45(5):1542-1550.
ZHAO A X, LIU J, XU L, et al. Insulation state assessment of
XLPE cables in operation based on PDC method[J]. High Voltage
Engineering,2019,45(5):1542-1550.
AR B WIS 2550 145 | I s S R AR 1) v 505 7K B B A
WT5IE). a5 RL2022,55(1):80-86.
REN Z G,ZHAO X Q, GUO W, et al. Cable water leakage defect
detection method based on time-domain reflection technology[J].
Insulating Material,2022,55(1):80-86.
CHANG S J, LEE C K, LEE C K, et al.Condition monitoring of
instrumentation cable splices using Kalman filtering[J]. IEEE
Transactions on Instrumentation and Measurement, 2015, 64(12):
3490-3499.
R AT T AN A R T SE AR B RS B 1) XLPE HLSS
LA W VA FET]. 452544 84,2022,55(2):84-90.
SHAN B L, LI SN, SUN M L, et al. Research on aging diagnosis
method of XLPE cable based on broadband impedance spectros-
copy technology[J]. Insulating Material,2022,55(2):84-90.
A28 S L, LA R T N BT 1) H ) AR A ) S
R8I B TR % S8 AV [T]. L LR %4 412,2021,36(8):1743-1751.
LI R, ZHOU K, WANG H, et al. Identification and determina-



AR EE A - T USRI 15 5 T o 58 DA F) P R o P T S TR 40 30 7 v

137

[11]

[12]

[13]

[14]

[15]

tion of local defect types in power cable body based on input
impedance spectrum[J]. Transactions of China Electrotechnical
Society,2021,36(8):1743-1751.

BENE, 3T R A, A B TP A/ A e S B AL AR AR
245 BT B ) VR 0], FR T AT R, 2020,39(3):40-48.

LI S H, BAI X, DONG H N, et al. Early fault identification
method for cables based on stationary wavelet transform and
random forest[J]. Advanced Technology of Electrical Engineer-
ing,2020,39(3):40-48.

TR AR L TR S AU IS AT ik v BEL 38 A 6 R W £
R[] BT HARZHR,2021,36(16):3457-3466.

RAO X J, ZHOU K, HUANG Y L, et al. Impedance change
type determination technique in frequency domain reflection
method[J]. Transactions of China Electrotechnical Society,2021,
36(16):3457-3466.

A JA L R bR A T R T S G AR B 1 e g e 2 )R
R B ATV [I]. R EE R, 2017,41(9):3083-3089.

XIE M, ZHOU K, ZHAO S L, et al. A new method for locating
local defects in power cables based on reflection coefficient
spectrum[J]. Power System Technology,2017,41(9):3083-3089.
BRI R IMY. AL o [ H g H ik, 2006.

ZHAO Z D. High voltage technology[M]. Beijing: China Elec-
tric Power Press,2000.

ZHOU Z Q, ZHANG D D, HE J J, et al. Local degradation diag-
nosis for cable insulation based on broadband impedance spec-

troscopy[J]. IEEE Transactions on Dielectrics and Electrical

[16]

[17]

(18]

Insulation, 2015,22(4):2097-2107.

SRR L, FG KA R T A S S AR O ) v G e e
5 R R AR B 7 VAR A 0], L L BR BT ROR,2022,41(8):
79-88.

LIANG Z Y, ZHOU K, MENG P F, et al. Research on cable
fault localization and fault type identification method based on
frequency domain reflectance coefficient spectrum[J]. Advanced
Technology of Electrical Engineering,2022,41(8):79-88.

25 MY 0 R RS T 10 0 EURIT S (D], RE O B T
K2,2017.

LI L. Simulation study on fault diagnosis of marine power cables
[D]. Dalian:Dalian University of Technology,2017.

B YL TS T IS S B 10 KV I R HE 4 v )
k32 E AL [T]. L EE AR, 2021,45(2):825-832

LI R, ZHOU K, WANG H, et al. Moisture localization of inter-
mediate joints in 10 kV distribution cables based on frequency
domain reflection method[J]. Power System Technology,2021,45
(2):825-832.

Ut HEA:2023-07-04; #& 51 HEA:2023-09-15.
TEHBE N

BAE£(1998—), B (%), W@ )| mARA, B4 B 7 &

e kAR S B

J#(1975-), B (k) , @) TEA,HI, AL H @ AL

YL L A W BAS B





