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Adaptive Cone—Kernel Time~Frequency Distribution for Analyzing the Pipe—-Thinning
in the Secondary Systems of NPP

EEE e ME-FEE
(Cheol-Kwon Lee - Jung-Taek Kim * Sang-Jeong Lee)

Abstract - The secondary system of nuclear power plants consists of sophisticated piping systems operating in very
aggressive erosion and corrosion environments, which make a piping system vulnerable to the wear and degradation due
to the several chemical components and high flow rate (710 m/sec) of the coolant. To monitor the wear and degradation
on a pipe, the vibration signals are measured from the pipe with an accelerometer. For analyzing the vibration signal
the time-frequency analysis (TFA) is used, which is known to be effective for the analysis of time-varying or transient
signals. To reduce the interferences (cross-terms) due to the bilinear structure of the time-frequency distribution, an
adaptive cone-kernel distribution (ACKD) is proposed. The cone length of ACKD to determine the characteristics of
distribution is optimally selected through an adaptive algorithm using the normalized Shannon’s entropy. And the
ACKD'’s are compared with the results of other analyses based on the Fourier Transform (FT) and other TFA's. The
ACKD shows a better signature for the wear/degradation within a pipe and provides the additional information in
relation to the time that any analysis based on the conventional FT can not provide.
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Fig. 1 Test loop for measuring the vibration signal
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Table 1 Properties of WVD
A4 A4
Ti 1% 2
Marginal |37 | /- (@) =}s0)
F -
Marginal IWVD,<r,w>dr=ls<w>F

Instantaneous (o), =
Frequency !

j’ @ WVD (1, w) dw
2ﬂ|s(t)| e

Group (Time) .=

Delay j tWVD, (t,w)dt

|S( L

Time Shift |z o ——
Invariant ¥ sy =s(t—t,), then WD, W=D, (4, W)

Frequency
Shift Invariant

Time Support | W¥D,(t,@)=0 for toutside(t,,t,) i s(t)is zero outside (1,,1,)

ffsozs(t)ejw’t]m mso(taw)zms(t’w_%)
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Table 2 Typical kernel function

At -Fug ZEFT Adgs #(6.7)
Cohen®] %3 $(6,7)
Wigner-Ville distribution 1
Choi-Williams distribution PR
Cone-kernel distribution g(f)lfl%
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2 43N FAY g9 A-Fage PXHF HAHES
AUz 97l &)}, CKDE A1+ F3Htime support) A&
£ wrE3tAA 2w Al(lateral inhibition)& °l%3}°ﬂ] Az
Fago] 2T Fa4 JEd HIEH(penalty)E 352

°Iﬂ I
>
R

e
2 K

rlr

m?.m_drluﬁi‘

o>t fob Hx

Féel%;?riy WD,(t,0) =0 for  auside (@, @) if @) is 20 cutsicke (@9, ) 24 Az FoF Bise AMdse —‘:E‘é}-’?-ﬂ‘:}[lo].
- : 21(1)9] Cohend] YWty o dis] Fejof wWEstd A(5)

Reality WD (1, 0) =WVD".(t, 0} VD, (6 B} =PVD 5:(t, @) s} o] @t}
T O|AME TOIZ ASNH BME 9IS N2 2L AlZ-Fas st 133



BR|F IR 550% 33k 2006%F 38

C,f[;9)= t—u,T)(u+E)x*(u—=< e dudr
(.139) ﬂaﬁ( Yl +5)x* (u—3) o

AMZ-AZIA AL A (t-) FHelM EHEE
4(6)= 2o

A

g(r) jtlzalt|
(6)

0 otherwise
26l Al ax= 29 HA AH3e Az 29 7127 E
239 as) WA 2 olzu YwHoE F87I7 4
Ao} we} 22 ’Szélf}t}[ll] Z-A9 9 glue FIF

Aol AR EE H(window)T5o LFo 2 Fag
AL wAE 4 g gz HA s 469
2 ges ) FHF-AIZF AdAh(-)dAE D)
g(Mltlsincmn)2 2@ A T30 AH85E CKDY o]
A8 (discrete form)2 2(7)3 2t}

rHJ 4

_\E,

T
C.(n,f;CKD)= Zg(k) f:x(n +p+k)x*(n+p-k)e’*™ (7)
=T
ANl FaERSE 5 o)A HRA ko) Fo W3
HAo] wel ANEY, ojitst FAAA A5 A (scaling
factor) 2 A4 dests A8 ayA Ay o] 4L
29 Zoj Tol) wel Azt 2 Fu5 GHeiqg Ealsol
AARHY, o] tel& B Yol EA%t E-Ad F59 &
A AHEY] 93te 23 49 o] deoo ANFNZE A
ARt AlBAZE =567 60 oA F 1Y dHx,
t=1087148% A}olel ko] F2H(burst) 413, t=2007300%
Abolo} % 7H9] chirp A&, t=3507400% Abolel ¥ 7|9 F
F AEE 2 FdAE FASAT

“

P

a8 4 AMEAME
Fig. 4 Test signal

23 5& STFT, CWDst 9] Zo] ¥izte] mg CKDE
ebd o} STFToﬂ AHEE PS5 Zole 6409, STFT
o] 544 ANz E dEhdAl @A A 3 Fae

5ol olF FA &S ¢ F doh. CWDE A9 z7]
2 AAEE= HLE 0 = 2000022 HAH3E Ao} 3
AANE7E EQS & 5 doh. CKDE 2-7d9 Fg+2A4

2
$-Al¢H(gaussian) FFE AH&sged, E-Ad 59
Zolg 16, 32, 642 HZAIIEA Addsdd. ¥
S5)-(edA HHE 29 Aozt g&5F AUFUIRE) W
Feo] Blso] Folrth a3y FRFZNES) BFgoR
= Od 4ol dojdnt. ARHon T=329 # HHY &
T4 FS 4 & Urh

% (ACKD) ot

Al el shte) 74
& Fake 34 A9
) = ge

g

o [

= N
8 8 8
)

CKD (T=64)

-
[=3
(=3

(91
(=3
(=]
(e

Ol 5 A"HMEL| AZE-Falye Exehs
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