In situ study of cavitation and mechanical response
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Silicone elastomers are widely used in soft robotics, electronics, and
microfluidics, where confined geometries can generate large hydrostatic
stresses and render the material highly prone to cavitation [1]. However, in
conventional poker-chip [2] geometries, cavitation onset is essentially
randomly distributed and thus difficult to track experimentally. To overcome
these limitations, we have developed a hydrostatic traction platform that
confines the elastomeric material between a glass hemisphere and a flat
substrate, enabling simultaneous mechanical characterization and in situ
optical imaging, allowing for a direct correlation between mechanical response
and cavitation dynamics.

With this platform, we systematically investigate cavitation across
poly(dimethylsiloxane) (PDMS) formulations with Young’'s modulus ranging from
0.05 to 2.45 MPa and identify a robust thickness-dependent transition in
cavitation behavior. As the thickness of the confined PDMS layer increases,
cavitation evolves from distributed cavity populations (<200 um), to multiple
discrete cavities (200-500 um), and finally to a localized single-cavity mode
(>500 pum). Numerical simulations of stiffness and energy release rate agree
with experiment. Our findings establish a mechanistic framework for cavitation-
mediated failure in confined elastomers.
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