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Development of a Miniature Laser-Induced Underwater Shockwave-Generating Device
using an Optical Fiber

NAKAMURA, Masanori
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We attempted to develop a miniature shockwave-generating device using an optical
fiber with a 1 mm diameter. The tip of an optical fiber was finely polished, finished with chemical
agents, and coated with a titanium film by vacuum evaporation. A pulse laser was applied to the titanium
film through the optical fiber, and a shockwave was induced by thermoelastic effects. The results showed
that the shockwave pressure varied depending on whether the fiber tip was polished and whether the film
was cracked. In the polished fibers with less cracked films, the shockwave pressure reached 0.3 MPa when
a laser with the power densitg of 80 GW/m2 was introduced. Given the same laser power density, the
shockwave pressure decreased by approximately 40% when the fiber tip was not polished and when the film
was more cracked. These results highlighted the importance of strict quality control of the surface
texture and the metallic film of the optical fibers when generating strong shockwaves.
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Fig. 1 Comparison of the fiber surface between
(a) non-polished and (b) polished fibers

Fig. 2 Surface of plastic fiber post film
formation. (A) is the result of a non--polished
fiber. (B) and (C) are both polished fibers, but
show smooth and cracked surface. Ra and Rz
are also presented to quantify surface
roughness.
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Experimental equipment for

imaging and pressure

measurement of a shock wave.
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Fig. 4 Shadowgraph images of shockwave(i) non
Polished (ii) Polished
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Fig. 5 A comparison of shock wave pressure
between groups (A), (B) and (C). Asterisks
stand for a coupling of statistical comparison by
Student's t-test with equal variance confirmed
by F-test.
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