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Abstract

In this paper, the propagation characteristics of Lamb waves on thin plate structure with parabolic
acoustic black hole are studied by using laser ultrasonic technology. Based on the thermoelastic
mechanism, a three-dimensional finite element model of laser excitation of Lamb wave in thin
plate structure with parabolic acoustic black hole is established. Then, the acoustic wave propa-
gates outward as the excitation region is the centre; the wave is parallel to the laser line source;
and its propagation direction is perpendicular to the laser line source. When the sound wave en-
counters the acoustic black hole, it will propagate along the thickness decreasing direction.
Meanwhile, the acoustic beam width decreases, and the amplitude gradually increases. Finally, the
acoustic amplitude at the lowest point of the acoustic black hole increases gradually, which
present the sound wave focusing phenomenon. The results of this paper can be used to detect and
evaluate the thin plate structure with acoustic black hole.
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Figure 1. Schematic diagram of laser irradiation two-dimensional
parabolic acoustic black hole structures
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Figure 2. Schematic diagram of symmetry and antisymmetry Lamb wave mode
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Figure 3. The meshing of three-dimensional parabolic
acoustic black hole structure
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Table 1. Parameters of aluminum
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Figure 4. The displacement field of Lamb wave at O ps, 0.5 ps, 1 ps, 1.5 ps
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Figure 5. The displacement field of black hole at 2 ps, 3 ps, 4 ps, 5 us
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Figure 6. Schematic diagram of the center of black hole
at (0 mm, 0 mm, 0 mm)
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Figure 7. (a) The displacement-time diagram and (b) the change of the peak displacement of the black hole center
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