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Three-dimensional inverse scattering methods are modified to a suitable form of ultrasonic mea-
surements for the material with cylindrical surface. The methods are applied to the reconstruc-

tion of cross-sectional image of three-dimensional flaws. In this process, Gaussian beam profiles

are introduced to model the incident wave fields radiated from ultrasonic transducers. The per-

formance of the modified methods is investigated by imaging the cross-sectional slices for the

spherical and cylindrical cavities.

Key Words : Born inversion, Kirchhoff inversion, Gaussian beam, Elastodynamic BEM

1. ODO0O0

00000000000 DDO000DD0000O
000000000000 00000ooonoooo
000000000000 00000oooonooo
0000000000000 000O0ooooooo
00000O0oooooooooooooog 5300
000000000000 00000ooooooo
000000 Woooooooooooooooo
000000000000 00000ooooooo
000000000000000000000000
goooooooo ®Woooooooooooo ©
0000000000000 000ooooooooo
00000 30000000000000000000
000000000000 00000ooooooo
0000000000000 0000ooooooo
000000000000 0000o0ooooooo
O00000 (00)000000000000000
0000000000000 0000ooooooo
000000000000 0000o0ooooooo
000000000000 0000o0ooooooo
0000000000000 000o0ooooooo
000 3000000000000000000000
000000000000 0000o0ooooooo
goooDooooooooooooo Moooooo
000000000000 0000o0ooooooo
0000O00DoDo00O0000000O 300000
000000000 D0000000000oooon
000000000000 ®oooooooooon
ooo

2. OJO0O0OO0OOOOo

30000000000000D0D0D0DO0O0O000
0ooOoooD ®ooo0000o0o0ooooooo
00000000 000000D0D0ODDO0O000O0O
00000000000 0O0Figl000000000
0030000000 DO0OOD0OODODODO DeOOO
00000000000 000000D0000 yOO
0000000000000 0D0 «°000000
0o00O0O0O0ODO0O0O DeOODD0DonOOgd g
000000000 «*0000000000000
0000000000000 00OD0DO0O0000O0n
000000000000 000000000000
00000000 000000O0D0ODOO0000Oo
0000000000000 000DO0000000
00000000O0OOoOD0D0O0D Dpc00O0OoOooon
00000000 000000000D000000
000000 30000000000000000

s (y)=D(kelyl) A7, (kz, §)+D(kr |y Ay, (k. 9) (1)

0000k, 0k, 00000DDDO000O0O0OOOOO
000 D(kyz) = exp (tkaz)/dnz, (=L, T)000
0000000000AE (k,9) 0 AL (kr,g) 000
0000000000000 D00000D000O0nOn
0000000000000 AL oDOooooooo
O000DOFigl00D0O0000000O00Oo00no
000000000000 000D000D00 yOOO
0000000000 |[y|00000000 D(kzlyl|)
gooooo Mgooooooooooooooo
00000 (1)000D0000 Ak(gp)0ooo,00



D\D°

Fig.1 Three-dimensional wave field and interior flaws
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Fig.2 Transducer setting and numerical flaw models
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3-D flaw imaging
from all directions

spherical cavity

Xy

[3-D Bom inversion [3-D Kirchhoff inversion|
z cross-sectional view of x;-x3 plane )
3.0 3.0
2.0
1.0+
0.0
1.0+
2.0 0 0
X3 0 lm 0 ‘Kir‘chh(‘)ff in‘vers‘ion ‘y(x)‘
30 20 10 00 10 200 30 30 20 10 00 10 20 30
[ TS
\ Xl 04 -02 00 02 04 06 08 10 /

Fig.3 3-D reconstruction of spherical cavity and its cross-
sectional view
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Fig.4 3-D reconstruction of cylindrical cavity and its
cross-sectional view
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Fig.5 Spherical coordinate for measurement direction y
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Fig.6 Gaussian incident beam profile
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Fig.8 Cross-sectional reconstruction of spherical cav-
ity (beam radius d = 2.0a)
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Fig.9 Cross-sectional reconstruction of spherical cav-
ity(beam radius d = 0.4a)
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Fig.10 Cross-sectional reconstruction of cylindrical cav-
ity(beam radius d = 2.0a)
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Fig.11 Cross-sectional reconstruction of cylindrical cav-
ity(beam radius d = 0.4a)
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