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Arrayed-Arc Slit Design to Improve the Focusing Effect
of the Focused Lamb Wave by Laser
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Abstract In recent, Lamb wave has been actively studied for non-destructive testing of plate. Among those
studies, laser generation method of focused Lamb wave is expected to have high spatial resolution with
advantages of non-contact testing. In this method, the laser beam is illuminated on the surface of object by
through an arrayed-arc slit, and then the energy of the generated Lamb wave is concentrated at a focus of arc.
This focusing effect improves the spatial resolution, which is dependant on the geometries of arrayed-arc slit.
In this paper, the relationships between the parameters of arc-shaped slit and the focusing ability of the
generated Lamb wave was investigated by the simulation based parametric study. The results show that to
improve the focusing effect, radius of illuminated laser, angle of arc and number of arcs must be increased,
which minimum radius of arc and distance between arcs(=wavelength) must be decreased. These results are

expected to be used as a guide to design the proper shape of slit.

Keyword: arrayed-arc slit, laser-ultrasonics, Lamb wave, focusing
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Table 1 Comparison of Lamb wave generated by

laser as different source types

Source Type
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| —

Directivity Bad Good Good Good
|

Frequency ) )
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Fig. 1 Laser generation of focused Lamb wave
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Area of laser
ilumination

illuminated laser

Fig. 2

Table 2

Center of

%v arcs

(3)

Center of

)
St parameters  for  simulation : (1) D,
Distance between arcs( = wavelength), ) W,
Width of arc, (3 R, Minimum radius of arc,
@ 6, Ange of arc, 5) R;: Radius of laser
beam, (6) D; : Distance from center of arcs to

center of laser beam, (7) N, Number of arc

[nitial values of parameters for simulation

Parameter Initial value

Radius of laser beam R, 10 mm

Minimum radius of arc R, 15 mm

Arc width/distance between arcs W, / D, 0.5

Angle of arc 8, 60°

Number of arc N, 6

Wave length (=Distance between arcs D, }

1.65 mm
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Fig. 3 Initial intensity distribution of laser—generated
Lamb wave for simulation {upper left) and
Lamb wave intensity distribution around
focusing area propagated from the initial
distribution (upper right) with its axial(down
left) and tangential(down right) cross section
(Number of arc: 6, Angle of arc: 60°
Radius of laser beam: 10, Distance between
arcs: 1.65 mm, Arc width: distance between
arcs/2, Minimum radius of arc: 15 mm)
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Fig. 4 Simulation model for calculation of the wave
intensity distribution
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measurement of intensity distribution of the
focused Lamb wave
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Fig. 7 The measured intensity distribution  of
focused Lamb wave generated by laser and
the calculated one by simulation (solid line).
(a) Lateral distribution (b) Axial distribution
(Number of arcs: 6, angle of arc: 60°
radius of laser beam: 10, distance between
arcs: 1.65 mm, arc width: (distance between
arcs)f2 , Minimum radius of arc: 15 mm)
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