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Fig.2 Schematic diagram of signal
refraction and reflection
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Fig.8 TFCC detection results after PWVD
and SPWVD processing
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Fig.10 Time domain signals and TFCC detection
results of metal shield damage
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Fig.11 Time domain signals and TFCC
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Table 2 Localization results of local thermal aging defect

TJT. Bt Bt

) FENPEE/m  RE/ P EEE/m o R2E/ %
0.65 16.832 37.659 41.513 28.426
0.70 17.443 35.396 41.513 28.426
0.75 17.966 33.459 41.600 28.276
0.80 18.751 30.552 41.775 27.974
0.85 20.408 24.415 41.949 27.674
0.90 22.414 16.985 42211 27.222
0.95 24.071 10.848 42.385 26.922

PR EAE T, X JE W T AR R R R B
19, L RE (VL WA RE R 75 B R 1) o FEBOR . fELER T
HPCE AL T L R 1F] 5, AR R LT (B /Y
AR B B E AR ZRK, BI7E 20% ~30% o

4 T,/TJ0.80 5 0.85 i (i R st , BEFA
A E 0, HARZEAE A f AR BN
i s IH— AR RE R X, B E, (9> B R BRIX
(6], ] 398 o o7 0 Py e L, /D AR TE L, B oy K
AT A BREE RE A7 0, FF I8l R 22 . BRI IR
IO R R Lk NN R IR R RO B VY
Lo HARRAL P, o RETRA M SREE P 7E

3 Hit

SCHXFEF 50 m 5 148 m i 200 )0 L 4G iF
17 J I WD I 246 % 5 Wi )25 A A6 % J R AR b 1Y
BRBARII LSS . L TFAL S8 TFDR (1) WVD W54 A5
J7ik sk e PWVD 5 SPWVD B3, 43t 145
WA B AE B A R B AT REE . R T TRCC
) BE B DX (B JEC 4 7 , % Je 38 2 A 1) Bl 5 e o 48 4 7
e BB Z5E

(1) BHEfEE %5 WVD LB G, P A 38 L
Tigs Xt TFCC 1 52 1 45 5= /£ T k. PWVD 5
SPWVDBEVH 55 3¢ X0 Y BE 1 9 J&, TFCC 45 S RE 15
P —E M. L6 IR H AR ARSI, PWVD X 52
ST A5 R A



& AH) ALK 248

(2) X F B AEAEN BEEE , SPWVD X538 X
TIPSR b PWVD B4, 285 SPWVD 4b #
SRR VA SN EE 22 e X (7] EpreR VA TOR )i W

v 22 58 SUIGOE 25 S FI B () T3, PWVD A B 1)
R ORG BB e, B iR 22 A 0.952%
(3) %t L 25 Ja) 55 0 Ak i S DU e 3 5 R
AE I DX [R5, WI A TRCC 7 e i) A8 78, i
(A R, A F X 4 A i MEEE§MEMWﬁH
S Tl S SR 5 L G

SR TARERAE TR AT 45 4 SPWVD fi 5 410 1 52 X

ﬁﬁMWDMﬁ%mul“mmﬁ§%&%%%

BB 2 A BRBE HEAT AT FE R B A E L X TR
IR LA, ) i — 25 SR R A X B 4 vk 5
XA F 4 ol s B R A TR B U SR T
708 A% v ity R SO o ) AT A s 4 R A R
=98

5B 30k

[1] ABRO S H,SHAH S A A,ALABOODI A S, et al. Ageing analy-
sis of power cable used in nuclear power plant[ J]. Mehran Uni-
versity Research Journal of Engineering and Technology, 2020,
39(1) :195-204.

(2] JEIE. B H w2 A g AP B4 3 0 D9 B0 o i
5F4181%,2019,18(10) :62-63.

FAN Sui. Quality appraisal of safety-level instrument and control

ELT] 7k

equipment in nuclear power plant during its service life[ J]. In-
dustrial & Science Tribune,2019,18(10) ;:62-63.

[3] Sk, PRMESR. AVC FERFUZ ) it R -5 A7 7 ) R

[J]. sy a8 5T YIAME 2021 ,42(3) :44-49.
WU Bin, CHEN Yeqiang. Discussionon application and pro-
blems of automatic voltage control in large nuclear power plant
[J]. Power Capacitor & Reactive Power Compensation, 2021,
42(3) :44-49.

(4] SCH, Ao Bt BRAR . A% rh ol (304 4 0 5 AL A 79 B R R
FXSHESHTLI]. Pl SRR ,2019,18(11) :212-213.
WEN Lang, BAI Huixian, HAO Qingfu. Planning and counter-
measure analysis of all-digital transformation project of instru-
ment and control innuclear power plant[ J]. Industrial & Sci-
ence Tribune,2019,18(11) :212-213.

[5] MCCARTER D,SHUMAKER B,MCCONKEY B, et al. Nuclear
power plant instrumentation and control cable prognostics using
indenter modulus measurements [ J ]. International Journal of
Prognostics and Health Management,2020,6(3).

(6] 2%, AT, = [k XLPE Hgg4r 2 Bhig KA AR [ J].
b S E AR ,2004,23(4) :10-12,20.

LI Rui, YAN Chunyu. Defects in armour layer of high voltage
XLPE cable and their detecting technology[ J]. Hebei Electric
Power,2004,23(4) :10-12,20.

(7] REWIEE. WSO AG I A BOR BT ] AR, 2015(2)

93-96.

TANG Mingqi. Technical application of cable fault detection

[J]. Electric Age,2015(2) :93-96.

I TRBL BRSE,  HSURUNETEAZ S 4
FALY]. B FH AN FH,2021,47(S1) .28-31.
WANG Xing,ZHANG Qi, CHEN Liang,et al. The use of time-
domain reflectometry (TDR) in early detection of the nuclear
cable defects[ J]. Application of Electronic Technique,2021,47
(S1):28-31.

[9] WANG Y,WU X,LI W Z,et al. Analysis of micro-Doppler sig-
natures of vibration targets using EMD and SPWVD/[ J]. Neuro-
computing ,2016,171 :48-56.

[10] 8%, 483, 3k 4, 2. 2T VMD-WVD [k 47 ik 4 %

WF-STorMT T ik (1] W RGP 5 # i, 2022,50(7)

49-57.

ZENG Zhe ,DENG Feng,ZHANG Zhen, et al. Time-frequency

analysis of a traveling wave based on VMD and WVD[]J].

Power System Protection and Control,2022,50(7) :49-57.

FEERE, WA B, SF. T IR R i Y A

R E N DPFE )] P E AL L AR A4, 2021,41(5)

1540-1547.

WANG Yaoyao, YAO Zhoufei, XIE Wei, et al. Research on

(8

[}

2 M I 1 17

—
—_
—_

[

fault location of high temperature superconducting cable based
on time-frequency domain reflectometry[ J]. Proceedings of the
CSEE,2021,41(5) :1540-1547.

[12] FHRA, R0, BRI, S5, 397 RS SO i e e 48 02 5

WCBE RN R AT LT . E L AR E 4R, 2020,40(23)
7760-7773.
YIN Zhendong, WANG Li, CHEN Hongzhen,et al. Application
of augmented time frequency domain reflectometry in detection
of complex cable faults[ J]. Proceedings of the CSEE,2020,40
(23) :7760-7773.

[13] FENG B,ZHANG L,HOU S, et al. Research on cable defect
location method based on joint time-frequency analysis[ C]//
2021 International Conference on Electrical Materials and Po-
wer Equipment (ICEMPE). Chongging, China. IEEE, 2021
1-4.

[14] EBta%, B, e, 5. 45 T 2ot i s S 5 i e )

BB E AL [T ], P E AL LR 24, 2021,41(7)
2584-2594.
WANG Yuhao,ZHOU Kai, WANG Xianjin, et al. Power cable
defects location based on improved time-frequency domain ref-
lectometry[ J]. Proceedings of the CSEE,2021,41(7) :2584-
2594.

[15] LEE C K,CHANG S J. Fault detection in multi-core C&I cable
via machine learning based time-frequency domain reflecto-
metry[ J]. Applied Sciences,2019,10(1) ;158.

[16] SHIN Y J,POWERS E J,CHOE T S, et al. Application of
time-frequency domain reflectometry for detection and localiza-
tion of a fault on a coaxial cable[ J]. IEEE Transactions on In-
strumentation and Measurement,2005,54(6) :2493-2500.

[17] 2555 S, L, 45 BT HUSURURTA Y 10 kV BCH B 45
ek Z e L[ T]. s A ,2021,45(2) :825-832.



249

FR S T IS IR A F i 04 v 4 B A

[21

[22]

[23]

[

[

LI Rong,ZHOU Kai, WAN Hang, et al. Moisture location of 10
kV cable joints in medium voltage distribution grid based on
frequency domain reflection [ J]. Power System Technology,
2021,45(2) :825-832.

KR, B 5K, A BRI R 4 Y AR S
BIAR[T]. HZRH45,2009(4) .34-36.

LIU Tao, MA Huiming, HAN Fei, et al. The monitoring tech-
nique for ageing of low voltage cables for nuclear power plant
[J]. Electric Wire & Cable,2009(4) :34-36.
CHUN-KWON,JIN S O. Diagnostics of control and instrumen-
tation cables in nuclear power plant via time-frequency domain
reflectometry with optimal reference signal [ C]//9th Interna-
tional Conference on Insulated Power Cables,2015.

SHI X D,ZHANG L,JING T,et al. Research on aircraft cable
defects locating method based on time-frequency domain re-
flection[ J]. Procedia Engineering,2011,17;446-454.

XU H T I AFURIBE A 347 ) B 7 B B30 8 37 05 TR 5
[D]. P 5 PR H K2, 2020.

LIU Kai. Research on fault location of power cable based on
time-frequency domain joint analysis method[ D ]. Chongging:

Chongging University of Posts and Telecommunications,2020.

PIRC M, AVSEC J, CELAN KOROSIN N, et al. Cable aging
monitoring with differential scanning calorimetry (DSC) in nu-
clear power plants [ J]. Transactions of FAMENA, 2018, 42
(Sil) :87-98.

FABIANI D,SURACI S V,BULZAGA S. Aging investigation of
low-voltage cable insulation used in nuclear power plants

[ C]//2018 TEEE Electrical Insulation Conference (EIC).

[24]

[25

[

San Antonio, TX,USA. IEEE,2018.516-519.

EHEE KRR LBk 2R 5 % T A BT 5T
[D]. K KEHFL TR, 2020.

WANG Chunfeng. Research on fault aging characteristics and
life evaluation of XLPE cable[ D]. Dalian:Dalian University of
Technology ,2020.

TR ) B TR A B L R AR e A W i L SE [ D .
VU2 P4 22 TR, 2020.

GAO Xiangnan. Simulation research on cable local aging diag-
nosis based on frequency domain reflection[ D]. Xi’an:Xi’an
University of Technology,2020.

ERHBREE, £, % RS B 52 07 XLPE B 4i
SRR G AL BRI AT S [T ], L A AR 2% 4, 2022, 37
(6) :1542-1553.

WANG Haoyue, LI Chengrong, WANG Wei,et al. Local aging
diagnosis of XLPE cables using high voltage frequency domain
dielectric spectroscopy[ J]. Transactions of China Electrotech-

nical Society,2022,37(6) ;1542-1553.

(=

féj g

FERC1975), 5,81, B AR,
FAR A B A AT PR BOR A 56 LAR (E-mail:
wangzhiwu@ cgnpe.com.cn) ;

IR (1984) 55,281, W LRI,
A B A T AR E R AR R LA 5

2315 (1999) , B WAL, WF5E 07 [
B A RS W A S b B

Defect detection of I&C cable in NPP based on TFDR
WANG Zhiwu', TU Hua', LI Lixing’, DENG Honglei’
(1. Suzhou Nuclear Power Research Institute Co.,Ltd.,Suzhou 215004, China;
2. School of Electric Power,South China University of Technology , Guangzhou 510640, China)

Abstract; To ensure safe operation of instrumentation and control (I&C) cables in nuclear power plants ( NPP), time-
frequency domain reflectometry (TFDR) is widely applied to identify and locate typical defects in I&C cables. The advantages
of Wigner-Ville distribution (WVD) , pseudo Wigner-Ville distribution (PWVD) ,and smooth pseudo Wigner-Ville distribution
(SPWVD) are compared. In addition, the energy range scaling method is proposed in the time-frequency cross-correlation
(TFCC) processing. During the experiment, a 50-meter and a 148-meter multi-core cross-linked polyolefin I&C cable are
prepared to simulate several failure cases, including short circuit, open circuit, metal shield damage, and local thermal
agingdefect. Based on the TFDR method, three time-frequency distribution algorithms are adopted. Then, the energy range
scaling method is applied to improve the problem of wide main lobe of TFCC localization peak. The experimental results show
that the main lobe of TFCC is wider after SPWVD processing. PWVD has a better inhibitory effect on cross terms in normal
cable detection. In terms of detecting a defect, SPWVD has better detection ability. By using the energy range scaling method
similar localization peaks can be separated to enhance the discrimination of weak reflection signals.
Keywords : instrumentation and control ( I&C) cable; defect detection; fault location; time-frequency domain reflectometry

(TFDR) ;time-frequency analysis ; time-frequency cross-correlation ( TFCC)
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