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Instantaneous Frequency Estimation of the Gaussian Enveloped Linear Chirp Signal
for Localizing the Faults of the Instrumental Cable in Nuclear Power Plant

ol & F-ub Ao g w4
(Chun Ku Lee - Jin Bae Park - Tae Sung Yoon)

Abstract - Integrity of the control and instrumental cables in nuclear power plant is important to maintain the stability
of the nuclear power plants. In order to diagnose the integrity of the cables, the diagnostic methods based on
reflectometry have been studied. The reflectometry is a non-destructive method and it is applicable to diagnose the live
cables. We introduce a Gaussian enveloped linear chirp reflectometry to diagnose the cables in the nuclear power plants.
In this paper, we estimate the instantaneous frequency of the Gaussian enveloped linear chirp signal by using the
weighted robust least squares filtering to localize the impedance discontinuities in the class 1E instrumental cable.

Key Words : Cable fault localization, Weighted robust least squares, Gaussian chirp signal, Reflectometry, Instantaneous
frequency estimation, Auto-regressive model
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LAl AlEe] E g Vel #g AFE v
Azre] FA L Y AHo/ASZ AolEL JHe oA T/ Nuclear Regulatory Commission (NRC)®] Regulatory
By Mdu= %z]—/\]ﬂﬂ\/}y Aol= oa AE =4 yolyg= guide 1.218 A1l Tt [1. Alel=e] A8 7| Ak
AEaE dae B o9 o] A WAL v Aol/A WS AolEel JAA 54 W, ety 2d 54 W
Z Aolee 9AY BHAe kde] AHAow o] 9 AVAR] S MEE LA viMer 2T 9l
E aAYd s Bata, old fiE Aw, Al ¥ A o [2]. AelE g 19 Fel A 1A A ,ga]ﬂ, sstA =
Mulstgith Ha Bol AA U AAE Aok MA £m A M BAME Aot Ausy] A bl AR
F8 A7 Qutslem flom, 7] s Aol W A AEol AastH, by Al e et thE A
o 9ala 97 u TAH AclZe APA Az ma Ml wskel wsn Aoy @ AolLel A&y
s Sk QA 0 Aol ga wage Fool g0 U FHOE ddste] Aolgel WA 54 wsty F48
3 o] TAH Q= ASLE 9o} yRE XIBT, E of Fdss 7lHe] dAFHn Juk. EHozE HAAG
gdo] 2 YEd 9ste] HaAo ATEY, TH Zox (insulation resistance) AW, FHE AW (dielectric
Wl A 2ngo] o]Z7] wFo] forS o] g3 AY HWiHe loss/dissipation factor), Al1ZF 949 WRALSL AISH (time
A7} 9lom, oo wat YA U AolBS thaly] 9 domain reflectometry, TDR) [3], =35 @& whAlmt A
1M Eo] sl gk [1]. H (frequency domain reflectometry, FDR) [4], AlZF-F3}
A 94 ) AolEe FrHoz Ay ) [2]. A F 99 WAt ASW (time-frequency  domain
g Au] 7|7ko] AolEe AHZE Husl= Ao X 7HF reflectometry, TFDR) [5, 6] 2&lx K& (partial
Aeko @ Qate] AolBo W4 HAF Brlssin, £ Al discharge, PD) [7, 8] &4 o] dtt. H71HA FAHVIH F
WAEE A3 AEekA Rake "ol drh wEkA o AAAYG S, F4E SN, F20d SANE Aols
2g F7149 A sHe dAS FEs7] 9ste] A < Adsr] g8 AoleS Aol Eelefof sk @A
718k 2k 71¥ (condition based management)o] 7fuHE] a1 ol Stk whAlmt ASWE o] &3 Aols Ad VWM HF
A/mFFH2 ALY JEE Foto] &4 A do] JhsE)
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58 RuYsty, 2l ASE AF 3 A7 Az A
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P

(weighted robust recursive least squares method)& ©]&
sto] FAGTH R AFEEEH A Fos RS AL
stal o] 2 H-H 7IFAl s ek WAt Al Fake 11 A7
AAe TFHFOEN TFDRO AHS Fo|HA, dudx

2ed% AHe A% AURE wolwa @tk B =Rl
© oAl ASgel 91 v Alo/AS Aol gee] A
82 a4 91 A Aole A% 5 B4, AREE
& e, oF Mo w wAlsh ASEE A NFNES
AR, 22 olF AA Aol Hgse FEAL
Az wo)

2. = E
2.1 |ZY HOl/AZZ 7lolE

= Aol &2 CLASS 1EH ¥ NON-CLASS
52 4 9tk CLASS 1IEHS WA =54
A= A EREZA WAs AHE S FAHLLTE AolE
2T 2 =EoA] AREg 9 Ul Alo)/AFE Aol
52 600V Q-FR-PN-CMSZ 600V CLASS 1EH Aol Eo]
thoo] AolELE It U A Ho dom, R EA
= EPREZ ddwo dx, A2=L  Chlorosulfonated
Polyethylene (CSP)Z T4 %o gth. ¥ ZF2 CUMYLAR

HolZz Ho] glom, FAMe FHNEF AFAL ol 3

A

988

of 7

4 %]
B 7

5
=

oAtk 600V Q-FR-PN-CMS #loj/A&E o]
= oa9 19 2T B ERAE 30m Aol
goz Wi AZYS

[e)
= H
Hgste] Aolel AsHs BAE AP AFeE A

o

Al FHEF ABAN

A1A): EPR

MAE: v EHE AR

Drain wire: 4] =5 541

2}#: CU/MYLAR TAPE
vkl HolZ

41221 CSP(CLASS 1)

a8 1 600V Q-FR-PN-CMS #H0o|& +#=
Fig. 1 Cross—section of the 600V
instrumental cable

Q-FR-PN-CMS
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X

548 14 ZE 2747 F
g SRR FUAIIHA AR 9s W Fuae d
T+ A4 (group delay) S 2HE AolE U HoEEE =A
& 4 o FI5 H A AAE ¢,(f) 2 A AolE
U Au&ms A1)y o] Foxlt,

v, (f)=1/t,(f) oy

AAe Aup Al AT gf3ro] HmE 2
th A AelEe S21 vl EE
Zth 50MHz o]3te] Fuh4= o e A !
Asm A8 A4s FA38ta k. 50MHz o2 tidd
Me AaHos 727F Z74E B3 £ gl

23 7tAleh =2 ME H AS HiAlD ASHY

7heAQE g Ay A AEE TRRAISE
(window function)&} AlZtell whe} Fip7 AgHoz F
7}et= A8 FH A% (linear chirp signal)d # 2
b 7FSAE XA A H AEE Aolse A
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Fig. 2 Group delay measurement

A7 A, m, o, &, w, TEIL ¢ AZ THS-AIRE X
A AE A Ase] A7, Az AE FA, AR & AArst
¥ Z+F94 718 (normalized angular frequency sweep
rate), 4irste A& ZkF3k (normalized initial angular
frequency) ZL#]al $14 (phase)& YEMWITE o] FolA] 744
Al X AY H A5 A AFae A5 Fog o
A2 dig Aol Lol AZFsHAl A Hojok dtri. JF-AIt
e Ay FH 2se] A& AFages g Aose A
g3 54, 5 13 Fee A E nyste A Hojof
stk Aol &9 a7 How, AF FE AYUe d9de
Az Y

(distortion)e] ZrastAl €tk 7FAIQE 2gA A H 4
59 FoF gL dA AFe npep o] Az ¢ty
3ol JEFE FARE olgt gEol 2z A ‘Tl
Fogeh. kAl g MY H s AR BElT
2l (3)7 o] Folxith

AR=v,/(2BW) (3)

A7I BWAE 7HAIRE A A Y

SERE BT I R
B etk & Fake ggel Fbgel weh ke ¥
Ase wHT S Ak AN E3A 4Y P A5

Trans. KIEE. Vol. 62, No. 7, JUL, 2013

AR Ee A o Felel e T vehiEelth 4
(@3} o] A LA 4G H A9 Ael Bl
o Fog elolw Qe Wit B mRdAE 4F o)
4 Aol e 293

IMHz-30MHz ool 4] A5 5S4 AU gon 43
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S21 parameter of the instrumental cable
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Fig. 3 S21 parameter of the instrumental cable
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Fig. 4 Flow chart of the proposed algorithm

a, oS, tags, o =2aa, ,[cos(P,_;)]cos(w, ;). (6)

2 (O)OIA #AAAE SHEAG EeH N a6,
4 M3 2 BAE BEHA,
Gy =ag_e ', )

A71M y=1/2 oItk A (& 4 6 Ayl Aol
Shel, S Alet ZeA AP A A5 23 4187 mUe
4 @ ol EAAL

s, TSy =20, ye 208 (w_ )@ cos(P,_ )]

=2a;_ e cosw, _ 8, _ | (8)

2 Q)9 R AT IARY AFZEE w_, & F33
7] fEAM = TEeAeE 2 4‘_
=&l orst), 7F9-Aleh EE
4 R L= s S B Ji—% IHE W3 (Hilbert
transform)<S ©] &3} 3§44 A& (analytic signa)® %+

#, WA A5 arig Fahd @k A A 2
g A ANz d4E Aaes A (99 Zo] xddY

r* rln

a, =|s, +jH(s,)| (9)

o1 He WWE WHg gt A4 A8 A
271 9 7bAY 2Ed A9 dse FE gSo] 2
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Aoz xdd 5 v

yk:[i]k—AHk]kar{)k (12)

AZNM 2 =cos(w_1), Yy =ay 98, T a5, 5, vy =y,

T =9, 217
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SAYLe] X B A& 2 139)% 22> &F
2ES wEa

HArIAH) =W, EAHv,]=0 (13)

e A9 Az A% H FHEF Asde 4 (19)

47N Fe guel WU
T st g wael
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COSw;, = C0Sw;,_,00SE, —sinw, _, sing; (15)
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F Atk
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oAzt 7 Ad AT HA A FEHE ved Zo] F
SEI=

A N
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" WRLS _ 17" WRLS
Ty =y

7t Y AT HAx As =
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26 ¥ 74 & Ht

2 E=RA AT duEF deS AFsh7] A
CLASS 1E# 600V Q-FR-PN-CMS #Ae°l& 30m AH
9 AeS Ve $ dIdx BdE A HE AES
Agstant. dIds BAL A HE APS 98t 7t
SIS Ty HY P AEE o8 WATAZ AsHS

TA AT wkAbgl AlE A ~®le National InstrumentsAt
9] PCI extensions for instrumentation (PXI)¥ LabviewZ
ez AT WAt AIFA| =82 JFAQF 2
A AF FH AsE DAY AT demy A
(arbitrary waveform generator : NI-PXI 5422)¢} 3@~
A5 AHAA v E AE HAS5S A% gAY 2EgA
QA Z~3TX (digital storage oscilloscope: NI-PXI 5124) =
TAEHAT AZF AolE W dIdx BAE AH HES
g wALE AS A" FAHEE T1F 59 2
TFAIRE X Ay A AlsE J9Ty S o8|
A AAREY, A" 7ENEE TA AdEHE AX FAF
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controller T-connector |: ........
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Fig. 5 The schematic diagram of the Gaussian enveloped
linear chirp reflectometry system
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S8 1EAE on, F WA At 2 Y F AE
E Aolgel FohelA wiAbE Alsolth Wb AEE o
F 2wd WA A&HA wAbEch ok Aol el F
94ds HAES] A e AT FEdA dkAlE A
3l F WA bl 2 Y A A7) A7 A
& el ATk &4 FAE R4 AR AhEF 2 Az
A BEY gz, £, » 21832 W< 47 01571, 10, 06 L
3 1.4027x107°2 AA stAeh 2 69 spebite] oy
ZFEAIRE 2 Ay H A5 &A FI5 AES 23
27139 Rdg gdte] FAS ks vEdth 7EAs s
wbabshe] FE34 el 5MHz-20MHz 9& gelg 4 9
b e E sk WA Rk AZE AAe F)EAEeh Wabs
7tzre] FAFAS ke A7k AdomRy FE 4 gl
29 6 dure] gt ¥ed ¥ H Ase $4 F
seg FAen FAARRRE F4 FA5 e A7 A
AL Aol A Aol Fude AAE TG
Z 103 &4 A3+ % 19 2
E 1 Ay Z3f
Table 1 Experimental results
NN E HEA} o}
. . Aag A (m)
A (us) A (us)

1 0.35153 0.78033 32.1601

2 0.35096 0.78030 32.2004

3 0.35118 0.78093 32.2314

4 0.35160 0.78083 32.1926

5 0.35137 0.78184 32.2848

6 0.35143 0.77989 32.1347

7 0.35108 0.78108 32.2500

8 0.35246 0.78055 32.1068

9 0.35161 0.78088 32.1959

10 0.35131 0.78063 32.1987

3 32.1955
Ak 0.0028

=S T

Qo 7heAgH Egd Ag H As FA FHEQ
==

Al

2]

e o
2 oo o [
o VO = S = o

o 7h$ASE &
o AZ Aoy g8
32.1955m o], #4F2 0.0028¢|t}. A &35 A=y Ao/
Aol &2l ZHol= 3146m olB=

2.338%°] t}.

o M
o i
o g
4o 2
o 2
rr
rjg
>

WAL W A/ Aol kel A
I IE A I e

992

e AN, olE AAl A Alol/AZx Aol
goht 99 FAste] AR WA ASwe AR A
o/AZ Aelgel Aul AW A AL AL
EA 4Y H ABE 23 47189 BL o] g3t mY
Qi A AT ARe AT HE 2 Ax A% 2
HE olgstel F4Fo2A T Ah A5 BHE AE
Fomd WASH: HY oAE Fold AT AY AZL
e stk Akd Me 94 AS A Bel £
Asts ee wnHem AAdel Atd Asel w4
A0 ANE FAT 5 A7) Rl WA 97 &
e B Vs HA% Y A oJge|E #A Fu
Fol B4 Wsl BAL swew Ao v el W
g Z4ste JPoR Aol Hsd How 4gAn
zAtel 2
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