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Summary

Ultrasonic guided waves have been known as one of the promising techniques
which can be utilized for an on-line monitoring of nuclear power plants, because
it enables us to undertake a long-range inspection of structures such as plates
and pipes without moving the ultrasonic sensors. In ultrasonic guided waves,
however, there are numerous modes with different wave velocities, so that the
generation and detection of the appropriate wave mode of the guided wave is

one of key techniques in the application of the guided waves.

This report describes experimental results of a long-range inspection method of
pipes using ultrasonic guided waves. The contents of the report are as follows.

In chapter 2, theory of guided wave was reviewed. In chapter 3, equipments and
procedures which were used in the experiments were described. Detailed
specifications of the specimens described in chapter 4. In chapter 5, we analyzed
characteristics of guided wave signals according to shapes and sizes of defects

and presents results of various signal processing methods.
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(1) Array transducer assembly & Transducer
725 tAS = wjdH 571 HEFAE] e A aF(olst AE)S o] Fo] Hj

i

o] Zo] weko g /)7 vix|Hvt. WA Array transducer assemblyZS B ol A
Astar, zpzte] gklel 8719 "EAeL spacers 7 § LA
525 9] addressv Ut 2ol szl

A Channel: A-1, A-2, A-3, A-4, A-5, A-6, A-7, A-8
B Channel: B-1, B-2, B-3, B-4, B-5, B-6, B-7, B-8
C Channel: C-1, C-2, C-3, C-4, C-5, C-6, C-7, C-8
D Channel: D-1, D-2, D-3, D-4, D-5, D-6, D=7, D-8
E Channel: E-1, E-2, E-3, E-4, E-5, E-6, E-7, E-8

[72¥ 3.3 Array transducer assembly & Transducer]

(2) 1ch Pulser/Receiver
ReceiverZ2H-8 S0 = A3 E $213517] ¢ PANAMETRICSAFS] A8 3% 9)
AFEE QT 71719 AA S H310A HolFa )

Mode THRU
PRF EXT-ENC
Energy 100pJ
Damping 50 Ohm
HP FILT 1 KHz
LP FILT 5 MHz

INPUT ATTEN | 10.0 dB
OUT ATTEN 0 dB
GAIN 60.0 dB
SENSITIVITY 095.9 dB

[729] 3.4 1ch. Pulser/Receiver] [ 3.1 AAZ
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(3) 8ch ultrasonic pulser/receiver
837M9] =HE Ade xS asE M /FAs s FA=2A Fo EALS # 329

2.

[z 35 8ch ultrasonic pulser/receiver]

Receiver Gain 0-60dB

High-pass Filter 0.1/0.5/1/5 MHz

Low-pass Filter 10/15/25/35 MHz

Damping 10-250 Ohm

et Pulse/Echo, Through-Transmission 7},
Analogue &3 &4}

[3£ 3.2 8ch ultrasonic pulser/receiver®] A}<¥]

(4) 8-40channel Conversion System
Function Generatorell Al A4 ¥ Fuk4 7bA0 R 747be] A& triggeringdhi=

43 o]},

[71% 3.6 840channel Conversion System]
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o] 2x8 ©@AES ZH7} 8channel ultrasonic pulser/receiver®= A2t} B3

QEZE sl A= F M9 @AELS function generator2} Oscilloscope?]

(5) Function Generator
7+ 212 9] Triggering frequencyS F 23l A o|t}l. Array transducer assembly
e 7} channelZFe] XA ZbAbel] whe} A E = RETE debdn

84 G52 ALY AAAL g 22 #A NS S

Ar=d/Cp (4] 3.1)
A 84 FEFA Abo] o ATF A, j= 84 HEAEY A Ag g
Cp ¥3ste wave mode?] 914555 YeEldo FAHAEE Fx3|A dste

wave modeEs A8% F 480 AA gL

(6) Oscilloscope

Zeiilsel RUHER HEo] HelHE A AR ol &Hn

2 Ao AFg¥ Y] = TektronixAHe] TDS 510A ]t}

Chlel= 1 channel Pulser/Receiver®%-H 412157 25, Ch32 Trigger=
AL-&-F ot
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= QOscilloscope A& Tips (Tektronix TDS 510A 7]<%)

@ Trigger 44

© 2 AHlE ¥l external connector’F §1¢] 470¢] channel ol AFEA7E A9
2 A4 F AA HAJG. Trigger HES T2 trigger=Z AHEE channels

dgsks s = ¢ 3l

2 Average A A

Chlez 592+ FAAE = S/N ratio’} =X &7] wito] 259 2S5 17
at717F =t olE g EAA

t}. Vertical control panel®] moreH &S T2 F tro]dolu} key padES o] &3l
averagewt= AAT 4+ Atk Averagegko] A =W

A HEE 100 A= ghollA Zdsd =)

flo

A5 9] averagingE &3l A= AL s|AT 7

@ Acquisition Mode

B A= 5709 =X 2 =(Sample, Peak Detect, Hi Res, Envelope, Average)E
A)-&3ket, Z2Ee] acquisition mode®] W3S acquisition menuH E& o] &3ttt H
A& o] A= Sample modeE A& 3t} Display el 99Z Abtho] Acquisition readout

o] @A,

@ Sampling rate

. Acquisition readouto] FEAIEHE FOo R HolEHo W A|ETSS vEeRY 4
S0}, IMS/se} & 125 10°0=2 E&sle] mojFu ouolt}. Display?l

A7]E FAHE Y doerz o]gg sampling rates FHFOEA ATl HUEHF

= st €

(® Cursor measurement
2 AW = 3-types (Horizontal Bar Cursors, Vertical Bar Cursors, Paired
Cursors)2] cursor measurementsS A& 3t B Ago = FE Vertical bar

cursorE ©]-83l horizontal parameter (time %%+ frequency)S =74 3t}
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dhitel BEAE AL§3E Picch/Catch WA & Fa) 49 FAs AT

[(17 3.8 AL EZEHAE o] &3k Pitch/Catch W29 f=%

dlo
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1t
kel

332 Widd HEA U

(1) CASE 1

D8 AN 25 AEE HSHAL sty FAE §FAE o &5t W
o % pulse/echo WA fFARGE Welth 8 AE 40709 EFAE= A4
8-40channel  Conversion System©®. 2 A=, F4E& ©E=2E Ich

Pulser/Receiver®] Receiver TrAt2 &4 H ),

A1 m-F B~ h-d A-§ A-F A-T A
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(2) CASE 2

P EEAR FolA A-1, A2, A-3, A4, A5, A6, A7, A-8& Fal& sk,
w2 32709 EEAE #xE @dehs W o pitch/catch W2 frAFshTh 32
Mol &FA= 747} 8-40channel Conversion System®= 2% 31, A-1, A-2, A-3,
A-4, A-5, A-6, A-7, A-82 x4 2= Ichannel Pulser/Receiver®] Receiver %
A2 AddEn. /e HHE FANEES AAE 8@ Data Sums shA €

o},

= A= Al el B Al A= Al
|

Fouprvtion Derpasice
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I of Pipe specimen @ GW-5T-DER-{1
1. Specilication of specimsn
Treviar i SLPs 304 SCH-EO
Bl Engm | Bm ouler dia | B0 dmm Thicknegs &5 Emm
5L1
2. Pos#ion of defects S
- | 5.2 513 LA 515 A5
T ] ] ] ] ] v T B E
1 Ly
! H -r ? :-1..' |:l'| 'r-' l:'-' ..:_\_- ’ -.'.i_.:
2
3, Kinis of dedects
o ms
1 | | || ELIT-L K] 52 21 | %4 5L6
| | | Lengtnil_» | e ®m | A M4
| | Despini D IS .65 |.B5 | .65 1.65
}_x.j"'"-“ { | || Widthiw s 1% 15 | oIS 015
o L)
( | £ | Argie(Ey o 15 w | & fil
W A e pozition 160000 | 280070 | 3500120 | 4E00D | SEOOVEED
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Bl Bngm | Bm ouler dia | B0 dmm Thicknegs & Emm
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2. Pos#ion of defects o
51 302 503 504 305 S8 W
{F w L] # w Ll ¥ el 0 Y Je
1 Ly
| t t ¥ ! ' ' bt
i - 1. B - g
! T L Erg — o3
3, Kinets o et
SLIT=0C B i) 56y | By i |
Lengthil *_ﬂ e WM | ™ o
Depifi [ 055 165 2 | o3& .55
Widthiws s 015 s : 0nis 015
Argleis |
pomition 160040 | 28000F0 | 3600120 | dBO0Y0 | SROOEED
(717 4.3 9503 E31243 Al AFEA]
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I of Pipe specimen @ GW-5T-DER-03
I. Speciicetion of specimsan
I EL55 304 SCH-B0
Bl Bng™ | ABm ouler da B0 dmm Thicknegs & &mm
Hl
2. Position of defects = S
H 2 H3 il HE HE o g
o ® ¥ ¥ ¥ L v T A 1.
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! -r |’ :?.' |:l| :r.'\-' -:"-' '..:\__. -."I_
H4 5
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HOLE H1 H2 My | HA HE:
. 1
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"

i i i 4 L 3 ¥ -

) FICT ] ah _;.;._\_ _--'.‘:|;|:.
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]
- _.-".

HIOLE H1 HZ HE H4 H5 Hil HT HB Ha H10
sty i 4 F ] i i & ' '} ] F |
Diepthi [ 55 z EH 55 ES 55 55 55 ek EE
pioestor 1o [[-2-i150] SO0 =N SHSF140 ] HIRT0 =R o LT T
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4.2 SUS304 26m *]H

4781 6m it 178e] 2m widE &A skl F 26m Y] wjEAlEo]l Al A E Q)
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5. HlolH

5.1 "Hloly &4 Wi

5.1.1 Analog Persistence "%

Aslo ALE-H LeCroyAte] @A 223X wavesurfer model persistence”] 5 ©] W

FEo] St} o] 7o S FAIF o] WEEHE 5o WHEE HoFr)

Persistence display: 33 9] Wt AMZ o] o)g] T AubAQl o AR AmI
A JEe] 2219 dHlolHE Ko =4 W3] persistence”] 5ol A EHH Al

%2 51 dolge WALE el FAE7 3WA A9 dolH maw

aly

}Jr

Saturation level 2l& Aol Ao Xt W& AR wepa] ojHgh
&0l gopAW A2 ERdoA xspHmw W7t A5 A7 = SAsA &
T AUtk saturation levele] el T4 RS 2zt BE AASL VMY =2 A
2 FHEY, fd oldte] EHGES dAE Arr AP of=y dHelE B
T2 Axew dUolE "o HAZHEZA 758 FAAZMS Aty e dlESl
4 HolHE AHAZL ARVIE 2T RN Algto] Age] wel A5 7t o9
Wotes AE HoFEth o] SRS Zpzbe] WA o] g ERvhel] Mg
A 2" 2 AIZR2 056%5H F3d7tx] 24 71s 5kt
5.1.2 STET(Short Time Fourier Transfer) 7]
STFT®| et5el EAe thgst 2o,
S ()= K -tse ™k

o (2] 5.1)
% 512 o FAo W 29 A FHolth ofr[A HMom FHE FEo] 5
ol WS 9 Fe 7Y FworA g h(EA FdET FEY F2 A

(Hanning Window)S AF&3tt} o]# 3t A2 t=0%8 Alztsle]  t=tmax 7}A 9]
=3}, ol FES Overlap 3t A$7F low Awbx o2 50% Overlapate] Af
Ela=g
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a7 51 STFT &g

wEtA S(tHE A Fog Ee ol 2309 wjde] wHw Fio] Alo] = upE}

A A ZHEE5 (Time Resolution)e] ZAAE T A 7ke] Fdlls& 57217171 218l A

o Alol=E FHastH "ok o] A EgAA Y] A s o] FE £
A= dlolEel gk FrEe] WEs A HE Fug Faso]l vmA gk
¥ 5.2% Garbor7b AIAIEH STETel tieh Algh-Fuk4 &350
Q1 STFTO| AZt-F3 &8s olth. Garbore] WS Azt

o] FUAEE FEL HAPOH, ARA STFTE o 2324 W3
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1Y 5.2 Garbor BY] #als g 53 duky el E&E

5.1.3 WD(Wigner Distribution) 7|

SHAf Al =ofE Frele] WEe Fedl AlFe] S o] &S, STFT WE2 0o
a
[e)

glo] W3S Ful4 ~HAED (frequency spectra)dl @t FAFSHA v A AL E]
o] Aozt WAl S Lol A Udkd, o] A& s(t)el o ]
(instantaneous auto correlation)®] FF2]ol WS o] st N ANFEH ] AT
P
JF

nh g3 22 5 Ak oA

o] #AAE Y 1HEFE(Wigner distribution)z} E#t}h, o =W
slof (Vi) o] AR RA ay-d Fx9 vt dE AREEHAl H AT
ol 7o AbEE = > Ak SRl wS o] Fgko) Alztolth ey AA
2 HAFHE ol&ste] oy x5 ety d Fade e AT ¢ oglen
2 STFTAHH & 77Fe ZFE& ol &gt o8 & h(t)
X5 7MY a2y EXE (pseudo Wigner distribution)©]

U SxE ot 2ol @ EH
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=
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o
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%)e‘j dr

B T w, T, T s
W,.(t.1)= _lw SE+2)s =D (=

o714 Tw 7F o] Ate]z=eoltt. o] ol At Ealls2 FEel olsel, STFT
S dojBd WA FE Abo]= & AlZFolE factor b ¥ ©]FSHAl &L,
dEHEHor B HolH el o] FoiAm2  AZE Fefjwo] ehdsith ey
FHEEH TS FE Atol=el webA GFS Tt

52 A7t EA ] Azt mE R4
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orolr 7] £18] 6m H| A Ao HE AgEE} AHS )

b 30%, 45%, 60%olH, AFgH ©Ezte] F=AFuE 05MHzolth 19 54&

KAERITR31432006.hwp 2006-03-10 &4 11:11

&
u
ofy
w
o
T



W, S STFT 2ol

o

o]
PR

%3

o] L(0,3), L(04), F(m,),

Il B

St

o
=

)

o

g

B} =
=

b

5|

4r
)
(K

A REA!

3

LR

[29 54 30

M

No
¥

2006-03-10 &4 11:11

KAERITR31432006.hwp



L3

7 A

M

Al

s 2% 599k 2ol AF Aol Agst b

9

olr7] 4]

o)

=

[e)

=
o =

!

520 ve} k. 19 573 7ol

57}A]

-

It
k=4
=

%
R

'
el
ot

il

T

Hole5

&
(=)
S
N
N
< <
S
3% —
X
7 k=
- I
gl 2 -
<mJ__2 1 —
| o S
CI~HSIB L8
magmLm =
=il ~ N
LU —
@A Slal 12
=] w243
O ‘| o Nd
= SIE 8
g —
O ~
_ X
ol _ |2
() —|
T |A
=
=l
NG
w_g&u
n
E__%Nr
T..oM___Iu
oAl |° £l
S k| < Eg
| o | 8| E
"o 5|
Wari0@ £ 2
DA< [a)la)

B
<M

_ZT.C

&

1
=

(hole) 2

%51 &

[

M

No
M

2006-03-10 &4 11:11

KAERITR31432006.hwp



— —

(a) Holel

(c) Hole3

(e) Holeb

(b) Hole2

(d) Hole4

o
iin
i

wj - dol/e A/ A/ A A

6 m/ 60.325 mm / 5.55mm / SUS304

5 5 S| 2~
2% T /29 S

d-gE Ads /5 3

A2V er 2 QAT = 70 =
A T /A BE 0.5 MHz / 1L(0,1) ~ F(m,1)
A3 ID SC1 SC2 SC3 SC4 SC5
Length[mm] 24 24 24 24 24
Depth[mm] 0.55(10%)|1.66(30%)|2.77(50%)|3.88(70%)|4.99(90%)
[3 5.2 dWeE &2l(slit) 23 A5 23 ALY
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(a) SC1

(c) SC3

(b) SC2
(d)SC4
=549 3]

[2% 58 A543
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HH 2t 2 01/2 /S /M 2 6 m / 60.325 mm / 5.55mm / SUS304

28 57 / &8 3= ol &8 /5 3

MIE ST AAME 70 &

o Fl ) 2 25 0.5 MHz / L(0,1) ~ F(m,1)

28 1D HI&H2 H3&H4 H5&H6 H7&H8 | H9&H10

28 2t Hel[mm] 300 200 100 50 20

Diameter[mm] 4 4 4 4 4

Depth[mm] 5.55(100%)|5.55(100%)|5.55(100%)|5.55(100%)|5.55(100%)
(% 53 99 E4% 4% 29 A

ofy
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(a) HI&H2 (b) H3&H4

(c) H5&H6 (d) H7&HS8

X 0 Pl

,
aa oa ra
4 gianca{n|

(e) H9&H10

3 =

BAsrh E 548 29 AS BelFm gk wwd BHA4 23S 89
W a9 510% 2ol AR AEE WER AINEAAE s B
F 9o & & Ark wH Furol gE AEe Av)E o 2 gk ol
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= I8 For SAAAS AN A5 E SAHSAT. 1¥ 511 AESA
AAE melF3 gow, o] WPE SUFIE b MPLe 2392
UEldY 1% 512, 513, 5142 SALA Y mE AEE HAFr FAHAAE
B BoR SULF FUEPY AEsF FolshA mAvh w3 S MP4 A
B9 A9, FUTE A Bolot BHAZAA B 5 Aok
izt 201/ 8/SH/ME 6 m / 60.325 mm / 5.55mm / SUS304
Za 5 / A ==+ adAHel 2 /5 3
ANZIEESI A E 70 &
o Flh /) DM B 0.5 MHz / L(0,1) ~ F(m,1)
28 ID sl s2 hl
28 BEF HA=ge A8 AFge 842 =2
Diameter[mm)] - - 7
Length[mm] 23.7 47.4 -
Depth[mm] 0.55(10%) 2.77(50%) 5.55(100%)
[ 54 &7z W& A3 ALY
[zmil
B0 =11} B0 L2 200 200
wep WL [y sl 52 W = hl 200
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] | - L

S 1l el e e e e T e e s

[ ameed Rp—

St e o 2 TR T EEE T

[Z23 510 FA wjdelo 2 HE]
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& 00
M LF MP2 MES Skl st P -
lr + . » ) b "
1 1 1 1 - .
1 1 i
L W= e
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55 MEdd H=AE o] &3 6m 2% W A9

HEy S5 o] &8 2% N3 FAS Sl 19 5158 o] SAAAE A
gatinh. §5ARZTH Ad7HA 9] Agls Imeln, D#2 4§ A& el
Utk 19 516~525v= 3 24%H SZ% ] tHE 3D-RFAUSS AsHy A3s
oy, As A= STET, Gaber-spectrum, Choi-Williams — distribution,

Wigner—ville distribution WS AF-& 3]t}
RFAS 4 A3 800us A AolA Agtils 7t vpefof 3ol %= EFeta Ad
7h g5 BolA okt ol SAaRFHA] oyA Tt ug A7 WjEow F4
ot AlEA e e wE A3t S Hlus] ¥ Ay STETS Choi-Williams
distribution g o] ole} AgH el vl Fad AiE Bt

LEE Y Ase v

. STFT, Choi-Williams distribution # 2] 2 3o
=
i=]

z

A

a=!

AL

N AENSE T o, Mz A o= Az Fo] oy 1
5149} 5159 = HlwH ZAgATE TR =71 o} 30% R A o] Fo
B ANEE TESIL oA B EAFLS 0% AFANE 22 15E B
T ATk
Z2& 2K D1(90%) D2(70%) D3(50%) D4(30%) D5(10%)
slit length: 24 | length: 24 | length: 24 | length: 24 | length: 24
Depth: 4.95| Depth: 3.85| Depth: 2.75| Depth: 1.65| Depth: 0.55
hole Dia: 4 Dia: 4 Dia: 4 Dia: 4 Dia: 4
Depth: 4.95| Depth: 3.85| Depth: 2.75| Depth: 1.65| Depth: 0.55
[ 55 Mgy ©E2 29 AW ALY
Lnt[m]
o [ D3 L L4
15 * 1.0 L] .0 ] 1.0 i 1.0 ' 8] 15
=t d 3| 4| 53
o
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(a) 3D-RF A&

T P |

B AT OO0 O LD LB B e O OO0y BR[O L
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(b) STFT (c) Gaber spectrum

LE ] LYY e e iy e o ip s MR
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(d) Choi-Williams distribution (e) Wigner—ville distribution
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(a) 3D-RF Al&
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(b) STFT (c) Gaber spectrum
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(d) Choi-Williams distribution (e) Wigner-ville distribution
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(d) Choi-Williams distribution (e) Wigner—ville distribution
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(d) Choi-Williams distribution (e) Wigner-ville distribution
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(d) Choi-Williams distribution (e) Wigner—ville distribution
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