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Finite Element Simulation of Laser-Generated Ultrasound and
Interaction with Surface Breaking Cracks
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Abstract A finite element method is used to simulate interaction of laser-based ultrasounds with surface
breaking cracks in elastic media. The laser line source focused on the surface of semi-infinite medium is
modeled as a shear dipole in 2-D plane strain finite elements. The shear dipole-finite element model is found
to give correct directivity patterns for generated longitudinal and shear waves. The interaction of surface waves
with surface breaking cracks (2-D machined slot) is considered in two ways. Both the source and receiver are
fixed with respect to the cracks in the first case, while the source is moving in another case. It is shown that
the crack depth tested in the range of 0.3-5.0 mm (A z/d=0.21~3.45) can be measured using the corner
reflected waves produced by the fixed laser source. The moving laser source is found to cause a large
amplitude change of reflected waves near crack, and the crack whose depth is one order lower than the
wavelength can be detected from this change.

Keywords: laser ultrasonics, surface breaking crack, finite element method, shear dipole, fixed source,
scanning source
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Fig. 2 Two  dimensional FE  modeling of
thermoelastic laser generation of ultrasound:
(@) Line-focused pulsed laser source, (b)
Equivalent surface shear dipoles, (¢) 2-D
plane strain FE model
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