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Visualization of scattered waves in cylindrical pipe and size estimation of surface-breaking crack
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The scattered SH waves from a surface-breaking crack in a thick cylindrical pipe are visualized by
using the integral equation method. Here, an integral representation for the radiation problem
from the surface of half-space is adopted to generate the incident wave from the angle beam
SH wave transducer. From the result of visualizations, it is shown that the first pulse is the
diffracted wave from the edge of crack and the second pulse is the corner reflection from the root
of crack. The crack length is estimated from the time delay of these two backscattered pulses.
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Amplitude(V)

Amplitude(V)

Amplitude(V)
. *

model C 0
: : 4.0 T Ty T
30 40 18 19 20 b7 23 24

2 21
Time(s) Time(us)

X-16 AT ERH» 5 DEELER

CEBES DO ZARLE. BEHEHIERTES
N7z model A,B,C D AT EZH 5 DWELIHIE % X-16
ICRT . WINDEES, SRS ORHTEE SR
)v— MR S D ST DSHAREIZ 438l U 7= S hsEH &
NTH5%. M-16 555 N CIBREIDZE (Aty, Aty)
ZRALT, #ENX (27) & (28) Lh ERHOME T B
KOS h BHEE LR EL-1IZRY. model A &
BIXEZED 5 20mm, model C X ER D 5 30mm DL
BT 238 L TR ABELIRIEREHAIL -, %1
DOFERL D, EBHEER (27) & (28) ZHWT AL ER
DIEERS PRIFICHETETWS I Ehbh 5.

F-1 ALEZROME - RS DHEERE

Aty (us)
model A| 2.0 20.0 14.31 | 14.85
model B| 3.0 20.0 1434 | 15.14
model C| 5.0 30.0 19.10 | 20.04

5. Xim

FERAMENIZBIT 5 SH HOEIEEE) & HELZEE % 0
5T 5792 BEM % H W 7= BUlEf#ir 2170, SH
HR AR OERT 2 A5 & ERIC L 2 8ELS %
BOREEBOEBEESZ AL LE. A LEER2L
BRLU7FER, SRUICKZHELHDRIBO K& X3
B FOARNAZICIKEL, +ORBEEZET 2 AN
W ERICERET L, SRLHEP S DEIFR S SR

- 160 -

— MBD 5 DR EDEHITE B 2 &b otz &
7z, SO2ODFBOEZEREEEZFIALT, RO
(18 & RS O PHEEXZRE L. RIS 25
RIKEED S, SRBERE ROV TIEREE E&H
AECH B L ERLE.

BiEE: AHED SHEEHIC BV T, HARETE ()
BAHRIZTRO LRERRO T EESE L. &
CIRUTRERBDRHOEER LT,

ZE X

1) BfEAE, =KRTH: REBEMEREIHEICIET 2
IRBEARI D 7= O DB ERIRE R AL, TARERRIE,
No.619 /I - 47, pp.279-291, 1999.

2) ANER], BILERT, M&EE=, BEHB—, hiten:
RHAREREIC K D EIRE 30 6 OEF T I3 — DT,
HATEFERE, 54%, 45, pp.276-284, 1998.

3) EAGHENT, ARFBSE, B £ SH &0 SH ¥
RHALRALF O = O — ORI T 2 RBRIRET, JE
SRR, 45 %, 95, pp.688-696, 1996.

4) BAEPZRAN, ML, FER—BC £iM SH WIS L %KM
MOREERFED E 3 O & 7 O% BFHE, JERiERE,
45 %, 25, pp.137-144, 1996.

5) Fukuhara, M. and Kuwano, Y.: Propagation char-
acteristics of SH ultrasonic waves through the sur-
face depth of an isotropic medium, NDT & E Int.,
Vol.32(3), pp.201-210, 1998.

6) Schmerr, L. W.: Fundamentals of Ultrasonic Nonde-
structive Evaluation, Plenum Press, 1998.

7) Kimoto, K. and Hirose, S.: A numerical modeling of
contact SH-wave transducer, Review of Progress in
QNDE, Vol.20, pp.821-828, 2001.

8) Charlesworth, J. P. and Temple, J. A. G.: Engineer-
ing Apllications of Ultrasonic Time-of-Flight Diffrac-
tioon, 2nd Edition, Research Studies Press, 2001.

9) Rose, J. L.: Ultrasonic Waves in Solid Media, Cam-
brige U.P., 1999.

10) Rose, J. L. and Zhao, X: Anomaly throughwall depth
measurement, potential with shear horizontal guided
waves, Material Evaluation, Vol.59, pp.1234-1238,
2001.

11) Zhao, X., Rose, J. L. and Pelts, S.: Quantitative nde
potential in a waveguide with Lamb and shear hor-
izontal waves, Review of Progress in QNDE, Vol.21,
pp-196-202, 2002.

12) Abduljabbar, Z. and Datta, S. K.: Diffraction of hor-
izontally polarized shear waves by normal edge cracks
in a plate, J. Appl. Phys., Vol.54(2), pp.461-472,
1983.

13) Bai, H., Shah, A. H., Popplewell, N. and Datta, S. K.:
Scattering of guided waves by circumferential cracks
in steel pipes, Review of Progress in QNDE, Vol.20,
pp-188-195, 2001.

14) Kimoto, K. and Hirose, S.: Reflection and scatter-
ing analysis of SH-wave using a combined method fo
BEM and ray theory, Review of Progress in QNDE,
Vol.19, pp.65-72, 2000.

15) Niwa, Y., Kitahara, M. and Ikeda, H.: The BIE
approach to transient wave propagation problems
around elastic inclusions, Theor. Appl. Mech., Vol.32,
pp-183-198, 1984.

16) Ricker, N.: The computation of output disturbances
from amplifiers for true wavelet inputs, Geophysics,
Vol.10, pp.207-220, 1945.

(20024£9 A 13 H 324)



