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Acoustic Tests in a Micro Space based on a Point Source Generated by Laser-Induced B
reakdown
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This paper proposes a method of acoustic vibration testing based on a point source
generated by laser-induced breakdown in the air. A high-power Nd: YAG pulse laser is used in this system
for generating the laser-induced breakdown in acoustic fields. Plasma formation can be realized by the las
er-induced breakdown if the local intensity of the laser beam reaches le+l15 W/m2. The shock wave that is y
ielded by consuming a part of the plasma energy becomes a sound source. Assuming that the laser beam is fo
cused to a small volume through a convex lens and the sound source by the laser induced-breakdown has nond
irectional property, it is possible to create a point source with this technique. Securing the laser light
path installs no device for acoustic excitation in acoustic fields. The system is validated by comparing
the :esoga?t frequencies of a micro-space measured by the laser-induced breakdown and calculated by theore

tical model.
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Fig. 2 Acoustic vibration testing system using a
point source generated by LIB.
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Table 1 Configurations of the three convex lenses
used to focus the laser beam

Focal Spot
Area S
Lens length | radiusr
[mm’]
fmm] | [um]
Lens L1 100 25 0.0020
Lens L2 200 50 0.0079
Lens L3 300 75 0.0177
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Fig. 3 Acoustic vibration testing systemin a
micro-space using a point source generated by
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(a) Convex lens L1 (f =100 mm) (average of
peak sound pressure: 698.9 Pa)
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(b) Convex lens L2 (f =200 mm) (average of
peak sound pressure: 577.1 Pa)
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(c) Convex lens L3 (f =300 mm) (average of
peak sound pressure: 480.3 Pa)

Fig. 4 Time responses of sound pressure
generated by LIB (energy E = 335.9 mJ)
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Fig. 5 Power spectra of sound pressure generated
by LIB for three convex lenses.
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Fig. 6 Star plot of the sound pressure levels and
measurement positions in each frequency.
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(b) Excitation point 2

Fig. 7 Time response of sound pressure generated
by LIB.
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Fig. 8 Spectra of sound pressure level obtained
by LIB excited at point 1 (nodal point of fourth
mode (orange line) ), point 2 (black line) and
measured background noise (thin black line).
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Table 2 Comparison of frequencies by theoretical and measurements

Point 1
(Nodal point of Point 2
Theoretical
Mode fourth mode)
[Hz]
Experimental | Error | Experimental | Error

[Hz] [%] [Hz] [%]
Ist 555 557 0.4 548 12
2nd 1110 1101 0.8 1100 0.9
3rd 1664 1660 0.3 1662 0.1
4th 2219 - - 2206 0.6
Sth 2774 2787 0.5 2780 0.2
6th 3329 3313 0.5 3333 0.1
Tth 3884 3873 0.3 3873 0.3
8th 4438 4451 0.3 4428 0.2
9th 4993 4980 0.3 4989 0.1
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