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Finite Element Analysis of Ultrasonic Wave Propagation and Scattering
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Abstract The accurate analysis of ultrasonic wave propagation and scattering plays an important role in many aspects
of nondestructive evaluation. A numerical analysis makes it possible to perform parametric studies, and in this way the
probability of detection and reliability of test results can be improved. In this study, a finite element method was
developed for the analysis of ultrasonic fields, and the accuracy of results was checked by solving several
representative problems. The size of element and the integral time step, which are the critical components for the
convergence of numerical results, were determined in a commercial finite element code. Several propagation and
scattering problems in 2-D isotropic and anisotvopic materials were solved and their results were compared with
known analytical or experimental results.

Keywords: wave propagation, scattering, finite element method, element size, time step, point-like source, anisotropic
material
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Table 1 Acoustic properties of materials used in the

analyses
Wave velocities Wavelength
{m/s) {mm)
Material
L- T R-
Co| Cr| Cr wave | wave | wave
Stesl 5920 | 3250 | 3000 [ 296 | 163 1.5
Al 6300 | 3100 [ 2895 | 315 | 155 145
Plexi
dlass 2730 | 1430 | 1327 | 137 | 072 | 066
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(c) circular source excitation and scattering from a (d) line source excitation and refraction at two solids
point-like scatterer interface

U(t)=[1-cos(2rft/3)]1cos 2nft

Ferritic

15 mm steel

25 mm .
Austenitic
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(e) line source excitation and propagation in an anisotropic material

Fig. 1 Geometric configuration of wave propagation and scattering problems considered in this study
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