i
T

(=]
(L.

W o5 o5 A A8 o8 A
Journal of the Korean Society
for Nondestructive Testing
Vol. 18, No. 4 (1998)

AMEW c}5ZA gl o3t SHE

AEH’, O HY”, 2EHE™

* Rttt

2§ unAgeEel shie 285 g
= o
=

g9 4 Hug 9

3 ES
Mt 7k vlee 7t FERE EAsE W
Agel A4 we ARd B1E g E 2P0

& 210}04 8l

S|
Hlstaf grtel 2 5%% z F Aok

T.MB

A FudA B Yron, AEusty g
Atz R Zhadit Zubata Sel qEAILE A7R
TF2E HA Ir2 98 v|gaHrt v &
ol Faido]l A ulF=E gl oo uet HT
Wl A8 7ME 218 vigte H7t et
g ool A7t waEa Jdep Y

7E '?7*——3-5"] FHd BARE 'lfé} u] g2} G A
7]4—0}]3 AR

Z ey i%‘} %“J@*}% I’L%k, ‘%L%i’gﬁl A
HEHE

5

g AlgE R
o
Q

H

Ae CHEZP] ”]H}ﬂ@*} "1%71-.5
2 259E ol &% vaty] Pt 7
18k Alek(scattering) NEE E3 A

oleh. Y
#& Ay

(A :1998. 6. 20

o o9 4PNBE T4 AHAL HAsE
4 | 285 A B S Ao HE 7|27 olal7t WaAo
9 et ol & 9l _‘?_"—e‘%‘ FANY Q7o) 2 FHE B ATol

Z|A7|EATA ABZE 2 v g
sk -—,—}\]—EHU]-

wx QAL 7)7 -

o5t

AEAFER

WA 2 A RAHEAE SO 4F e 2
QA AEHT Ak 2398 o)
ez

o

T

& o] §3te] FFA W
3 AgAtol o] Fz a8

ll]- A=
AMe TR BAs Y
4 %

o thated Agte} &

ozl A¥Ee AAHE WHES AN R AU Yo A% FFH

29 AWYEL P Aol wrh FYHoln
NEY e WS AR FoAr, GE QA9 2
& zgzae Y 2 WRAY Fod Wl o
£ ARAEEH 7 BHY ols) % AV 44
& A% 29g A7 wrAelth A=l U9
Aol Slg g3t ARG AHolE, FRARA A
o aHel golgel slAsted Fuy AALLY

(elastodynamic boundary element method)”¢] A}-&
B Qv AALAHES TR A T
ABEAE g wl, A AAzRH FA SH 3k

e A3 das Mg, 3

Axn Rdygdsty] g EFe F2F 2
o] P 842A 3] Rl 5 o
olo] Ao AFES 7IAE uTA AFe sy

Mz g 5+ de FHE

- 304 -



DEEEREEEY

% BT AAHA SN H B $4
T 9\11:]_5,(3)

AA vy AP cheikekAe] dl
HiF Qe = Epsta
o] $xAFE ©d AeA(single scatterer)” 24|

A dstel Fasiel gt R SALRE Fe

SEake TAR 0o v FPHste) BEAT AT
& oobd s wEHA e Aoz By

uetA 2 AdFdME AEEAd 9 ze3
AREGE olFsty] Hste] GEU|F dFel EA
e g M Ag F99 £33 HSH-wave)
of A 4TS A AT Aol A&

1§ 5o aelstel s

(o]

SEA & =

S, FATHY 9 ARRY BANCR A%
w9% + 9ok
i 1 DE = 0 T woeeseeeeesemrenes e 1)

A 85+ DGEq oo )
€5 = % T O 3)
A714, 64X, ©), ex(X, ) &= 7tz &8, By
& ¥z 22JA dEe)y, w(X, t), bx(X e

zhzb W] WE A Y wE ot

oF WEoL G A+t Lame A%, emme #HZ
HE %(dllatatlon)°]‘“] X$ t= 7hzh 3L A
A& vEbRC

@27 A D2 didsiE,

HAAe A2 & A

_‘Q.JJ‘

j&’

Navier—Cauchy

/IUm nU+Gu’ ]]+GUJ U+b1 ZO{L e (4)

7ok A A Fo]l ZhEulg(angular frequency) o &
7} A)zFz23H(time harmonic) ¥=&FH, 4] B)HE
veld £ o)

BitX, £) = BilX)e 1t e (5)

ir

oy g3t

- wslge veel 4 O gL AF -

A4g e ARl

w(X, t)= u](X)e'm .................................................... (6)

22 SEHM BXol Xjaiara A

AutA e S EAlC A gL o

Oiij+hi = plhi(1,j=1, 2, 3) e 7N

LA, gye $9F WAMelE, b AXY, o= W

& vehdth @8 we Oed 22 AxRE 5
A

4714 X ARWe] 99, vt 4FH5E
Bt SH Y0l oI WARe Eel e
HqEe X1-xedwew Feog

A Xawgowe We 4Ewe 2AEL

e AA HEAES A (el ETAAEE
Hgeted thga 2ol e £ 9l
%u‘+ul+ ,=1“’fr,t*d11= gltif’u*d]‘ .......... (9)
A (@A u'E YAEER, ie £ 9% &
9 Walgol ey BAS Ukt A @A
9 71 Bl rjEEE A 10O 4 (IDE
Folinh,
U33(x,y,w)=71—iﬂ—H(§l)(kTr) .......................... (10)

ik
Tux,v;0) =—1—4T—Hfl)(kTr —g—;

.................. (1)

o714, H®= nabe] Hankel @5olH, ks &
359 34 (wave number)E24 -9 A (12)¢
2 #AE 7H

- 305 -



Aa tHEd el o SHE 23S0t tebgel 84

RE A "ol A JlRael wel Yoz

S o)FAFIEA A AAlel dig da @H
(matrix)S h&x 8 TH€E ¢ Aok
CUFH UM HUSGT  covvvrvereererreconnenesiesnennns (13)

oq7)A, @urst AAWe ALl C=1/203, U's
AMHE el ol@ 7 "o WY HE, Uz 27
Meldl d@ Welolx, T AA =M qg
Bolth. Gt HE 77 W9 7l2ae Are x3
st W24, B SR WS THsE 9
daolr} 4 (13)e)] AEES AN A FEH H
AxAE st AYLYFAAE FASE 285
A4 2AL AdEFe 7 5+ A

3. mgg Q AAAS AN
2 A7 AHgE dAshe £33 ulo)n,
ALy RdYM FAsre &5 "(constant

element)E AHESte] F 2449 F AAPSFE 2
o A2z FRY A YA B 9
F 2 ed¥Eo v ATe] 9T AARE @4
st

& A7e A AHEE WALA S (reflection
factor)= YAME G AbdtE doo WG
Zo] & up/u'2A A9 3, oju) Futs shetu]g
€t 724 g3 g5 krkra) 24 A ]%‘1} 7]
A kre 39 otgolil, re 93 A WA, ae

b Ao Ao wrAol)

o
Ly

oMol Smaa} At

ne

HE 71382

g

34, ¢

OH

E AFqMe g =2 A2 g8 9y
AY 71T AT N3t F5H N2 (series expansion
formo2 Foixl & el 7129 {4 d & st u]
ks A=,

2 dAFdAME Fig. 1 (a9 7+ sk slo|
E43ts @Y 9Y T2 g FHEa A
FE ANsl7) st Fig. 1 (b)ol vhebd A,
‘&% 49 71FAE Bede| FAE oahel 44

42 Urdc w9 49 Qe SH YAbshi

Vol. 18, No. 4 (1998)

6=0" 2 WPl FHo)2YE QJAlEn, o
A WA= 4F AFAge Fdol thala A
e,
X2
‘L‘ Incident SH-wave
X1
X3

(@) Problem statement

boundary nodes
(64 constant elements)

aA

(b) BEM mesh discretization

Fig. 1 A circular defect subjected to a time harmonic
SH-wave

Fig. 2& Fa9 g5 gb, kero]l 247k 4.0, 7.0%)
A%e 9d 48 vTd¥e FHMY A4Fz
(circumferential angle) 8¢ W3lo) thst wkALAS
o] WsE ARFBAZ el Aoz & dFoA
E M ARE Pao” S 9% o284 Axe} w
W3kt Fig. 2004 dXdox gAlE BEL 7)E
o o} 23y Aol V|ZEAE £ ATl 3
5017 BAL AN Azolt) Fig. 29 &4 A
qM HoFE biep o] B AFoA FayEej
AAg e o) &y Ase 7)E9 Pao Fl
9% o2&y Ads} F& UXE Bol: gl

Fig. 32 Fig. 29 A%& Jz}ﬁﬁloﬂ L}EM Al

o2 1HEH 4i7ixlEs dd 943 a3 E=
9] =238 Yehlz, SH A= 9:0“ e &

- 306 -



NEEEREEER

dAbsch SH A QiA)
*“‘1""“’\1 HHAMA| 4= SH ¢!
24 da FZ7kgs o
T 4 kyre] 409 AS$H
T} kyro] 7.0?_] 7&!—?—"” Uk WRAMA ST Foteke

FoeE Z7IA Lo ZHN Tk

pa2)
£
AN
Bl
N
2
)
okt
_1
i)
f

H(back Scattermg) M 7} H2E 7 wFo|d
ghAo] §=90° 2 270° &, SH YArtsbel whake] 4
A2l A e A 75‘8— VAR E UEhd e o
F AR

e E}%ﬁé 7184

s
i)
2
I
10,
v
jant
o,
>~
>
ﬁa

= =09 Wl 73
254 }511, wﬂ Ewsi NFAEe) Edo)

7tzk 4.0, 7.0?1 7§T°l By 71F

o] ge] wzlel gt HJ*MI#Q] W g
el Zolt) o Bldd 7|2 AF9)
Fig. 3] @ A% 7|3 Al et 4
e & ou, BY Fohgol g ARad R

A "o mol oux] PEREIF =718

m{o
e
+

Reflection factor

Angle(deg)

Fi

g. 2 Boundary displacements around a circular
defect due to a time harmonic SH-wave:
BEM(symbols) vs. analyticallPao and Mow,
1973(solid lines)

o] 5= '6:] o]/qoly %83

=
i‘r
2
52®2 ¢ - k=40
4 kr=7.0

-— analytical resul
®m & BEM result

37 29
3 3544 3231 0
33
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Numerical Analysis of Scattered Fields of Ultrasonic
SH-Wave by Multi-Defects
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Abstract In order to assure the reliability and integrity of structures such as bridges, power and
petrochemical plants, nondestructive evaluation techniques are recently playing more important roles. Among
the various kinds of nondestructive evaluation techniques, ultrasonic technique is one of the most widely used
methods for nondestructive inspection of internal defects in structures. For the reliable quantitative evaluation
of internal defects from the experimental ultrasonic signals, a numerical analysis of ultrasonic scattering field
due to a defect distribution is absolutely required. In this paper, the SH-wave scattering by multi-cavity
defects using elastodynamic boundary element method is studied. The effects of shape of defects on
tranémitted and reflected fields are considered. The interaction of multi-cavity defects in SH-wave scattering
is also investigated. Numerical calculation by the boundary element method has been carried out to predict
near field solution of scattered fields of ultrasonic SH-wave. The presented results would be useful to improve
the sensitivity of flaw defection for inverse analysis and pursue quantitative nondestructive evaluation for

inverse problem.
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