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EOH: Development of Laser-induced Particle Impact Test
(LIPIT) and Ultra-high Velocity Deformation Behavior of
Engineering Materials.
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A comprehensive understanding of material strength across strain rates typically requires the
combination of results from different methods, which often vary in loading conditions and/or sampled
volumes, leading to discrepancies in material behavior. This study presents a micro indentation
approach to measure hardness covering eleven orders of magnitude in strain rate, from quasi-static to
phonon drag-dominated rates, on a single material surface under uniform testing conditions. By
engineering the geometry of impactors used in laser induced particle impact test (LIPIT), we extended
the breadth of accessible strain rates, including multiple distinct rates exceeding 10° s™'. This self-
consistent approach provides clearer insights into high-rate deformation mechanisms. Our results
demonstrate a gradual increase in hardness with strain rate from quasi-static up to ultra-high rates,
where a sharp upturn in hardness is observed.

Despite advances in mechanical testing at small scales and testing at high strain rates, studies of
mechanical behavior of materials remain largely qualitative in the regimes where these two conditions
overlap. Our approach is based on indentation; notably, this work includes some new developments
in indentation testing to fill the strain rate gap. In particular, we present a modified “low-rate LIPIT”
method made possible by engineering the impactors to extend the range of accessible strain rates
down to 10°s™!

This work thus not only bridges gaps in previous datasets but also introduces new clarity into
materials behavior under extreme conditions. The results presented here offer a new direction for the
calibration of strength models in a quantitatively underexplored range, while also paving the way for
further quantitative studies of extreme mechanical behavior and materials design under such
conditions.
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