
 

Making waves: A contactless way to detect
damage in transparent materials
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Researchers from Japan used a high-speed polarization camera to capture Lamb
waves on a transparent plate produced by shock waves from a laser-induced
plasma, obtaining information on scratches and surface imperfections on the
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order of several dozen micrometers. Credit: Prof. Naoki Hosoya, SIT

Transparent materials have become an essential component in a wide
variety of technological applications, ranging from everyday electronics
like tablets and smartphones to more sophisticated uses in solar panels,
medicine, and optics. Just as for any other product to be mass-produced,
quality control is important for these materials, and several techniques
have been developed to detect microscopic scratches or imperfections.

One attractive approach to scanning for damages on materials is using
"Lamb waves." Named after the British mathematician Sir Horace
Lamb, these are elastic waves generated in solid plates following an
appropriate mechanical excitation. Because the propagation of Lamb
waves is affected by surface damage (such as scratches), they can be
leveraged to ensure that the scanned material is free from imperfections.
Unfortunately, the generation and subsequent measurement of Lamb
waves on transparent materials are not straightforward.

While laser-based techniques exist for generating Lamb waves in a
contactless manner, the laser parameters need to be carefully calibrated
for each material to avoid causing damage. Moreover, existing
approaches do not generate Lamb waves of sufficient amplitude; as such,
repeated measurements have to be conducted and averaged to get
reliable data, which is time-consuming. As for measuring the generated
Lamb waves, no existing technique can quickly detect and use them to
look for submillimeter-scale damage on transparent surfaces.

To address these issues, a research team led by Professor Naoki Hosoya
from Shibaura Institute of Technology and Takashi Onuma from
Photron Limited, Japan, developed a novel framework for the generation
and detection of "S0 mode" (zero-order symmetrical mode) Lamb waves
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in transparent materials. Their approach is presented in a paper recently
published online in the journal Optics and Lasers in Engineering.

First, the team had to find a convenient technique to generate Lamb
waves without damaging the sample. To this end, they leveraged an
approach that they had used successfully in other endeavors to generate
mechanical oscillations in a contactless way: Laser-induced plasma (LIP)
shock waves. To put it simply, LIP can be generated by focusing a beam
of high-energy laser on a tiny volume of gas. The energy of the laser
energizes the gas molecules and causes them to ionize, creating an
unstable "plasma bubble" close to the material's surface. "The plasma
bubble expands to its surroundings at super high speeds, generating a
shock wave that is used as the excitation force to produce Lamb waves
on the target structure," explains Prof. Hosoya.

Next, the researchers needed to measure the generated waves. They
achieved this by using a high-speed polarization camera, which, as the
name implies, can capture the polarization of the light traveling through
the transparent sample. This polarization contains information directly
related to the material's mechanical stress distribution, which in turn
reflects the propagation of Lamb waves.

To put their strategy to the test, the team created microscopic scratches
on a few flat, transparent polycarbonate plates and compared the
propagation of Lamb waves on damaged and pristine samples. As
expected, the scratches caused noticeable differences in the stress
distribution of the plates as the waves propagated over the damaged
areas, demonstrating the potential of this novel approach by detecting
scratches measuring only several dozen micrometers.

While the findings are exciting, further studies are warranted to gain a
more in-depth understanding of their strategy and its limits. Prof.
Hosoya says, "The effects of the damage size or type, the camera lens

4/5

https://phys.org/tags/high+speeds/


 

magnification, and the properties of the transparent sample on the
detectable defect size limit of our method needs to be verified as part of
future works."

Hopefully, this ingenious non-contact, non-destructive damage detection
scheme will help reduce the production costs of high-quality transparent
materials.

  More information: Naoki Hosoya et al, Measurements of S0 mode
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