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Accurag Check of Ultrasonic Testing (UT) Simulator for Dissimilar Metal Welding Part
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The ultrasonic testing (UT) of a dissimilar metal welding part is difficult due to the
acoustic anisotropy and local heterogeneity. The ultrasonic wave in the weld is skewed
along crystallographic directions and scattered by metal grain boundaries. We already have
proposed a straightforward UT simulation tool to predict wave propagation in the weld.
The tool was based on the finite integration technique (FIT) and the image-based model-
ing. The FIT is a grid-based explicit numerical method and easily treats different boundary
conditions which are essential to model wave propagation in heterogeneous materials. In
our simulation, a picture of a specimen with a V-groove weld is scanned and fed into the
image based FIT. Material parameters in the weld are mathematically determined from the
metal grain structure which is obtained from EBSP photos. In this study, the accuracy of
the image-based FIT simulation is checked by visualizations of wave propagation with a
laser vibrometric measurement. From the measurement, the image-based FIT simulator
possesses higher accuracy and reliability.

Keywords: Ultrasonic Simulation, Image-based Modeling, Finite Integration Technique,
Heterogeneous and Anisotropic Materials
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Fig.1 Photo of a dissimilar metal welding part (above figure) and EBSP pictures of view area A, B and C (bottom
figures).
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Fig.2 Pole figures of view area B in Fig.1.
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Fig.3 Schematic illustration of crystal orientation.
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Fig.4 Slowness and group velocity of welding part (transversely isotropic material).
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Fig.5 Wave propagation in a homogeneous transversely isotropic material using the FIT
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Fig.6 Image-based modeling of dissimilar metal welding part
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Fig.7 Snapshots of ultrasonic wave propagation with the image-based FIT
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Fig.8 Setup of laser vibrometric measurement.
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Fig.9 Visualization of displacementus by laser vibrometric measurement.

[ OO0O0O,0000,00,0000,0000000000000000000000O000000O
0o0ooOo" 000000000000 Q06007, (2007).

[3] J.A. Ogilvy, “Computerized ultrasonic ray tracing in austenitic stedD,T International 18, 67—77 (1985).

[4] A.H. Harker, J.A. Ogilvy and J.A.G. Temple, “Modeling ultrasonic inspection of austenitic weldsitnal
of Nondestructive Evaluatio®, 155-165 (1990).

[5] M. Spies, “Elastic waves in homogeneous and layered transversely isotropic media: Plane waves and Gaus-
sian wave packets. A general approacldurnal of the Acoustical Society of Ameri@g(4), 1748-1760
(1993).

[6] K.J. Langenberg, R. Hannemann, T. Kaczorowski, R. Marklein, B. Koehler, C. Schurig and F. Walte, “Ap-
plication of modeling techniques for ultrasonic austenitic weld inspectibdDT & E International 33,
465-480 (2000).

[7] S. Halkjeer, M.P. Sgrensen and W.D. Kristensen, “The propagation of ultrasound in an austenitic weld”,
Ultrasonics 38, 256—261 (2000).

[ DOOD,0000,"0000000000000000DOU0D0O0OO00ODO0OD EFITOOOOO
oodooooon,ooooooo, 12, 163-170 (2009).

[Q 000D, 0000,0000,"“000000000D00000000D0D00O0O0DoDODO0OooOoOoog
ooogr,ooooo,s59(5), 231-238 (2010).

[10] Fellinger, P., Marklein, R., Langenberg, K.J. and Klaholz, S., “Numerical modeling of elastic wave prop-
agation and scattering with EFIT —elastodynamic finite integration techniddaie Motion 21, 47-66
(1995).

[11] K. Terada, T. Miura and N. Kikuchi, “Digital image-based modeling applied to the homogenization analysis



of composite materialsComputational Mechanic20(4), 331-346, (1997).

[12] B. Kohler, F. Schubert, G. Hentges and N. Meyendorf, “Application of photo and particle acoustic meth-
ods,” Proceedings of SPIER766, 70-77 (2005).

[13] D000,000,0000000000,0000, (1987).

[14] B.A. Auld, Acoustic Fields and Waves in Soljdé®lume 1, John Wiley & Sons, New York (1973).

[15 0CO0000DOO00oO0*“ooo0o (FMbOo0o0oo0Do0oooooooooooooorog
00 00060(4), 204-209 (2011)

[16] HX600O O OO, 00000000000000004d, http://www.iimc.kyoto-u.ac.jp/

10



