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Dynamic hardness: introduction
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Dynamic hardness: mechanism debate
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Simulation setup

(a)

Vicker indentor

Table 1. Mechanical and thermal properties of the modelled material
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Calculations
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Results: static indentation and dynamic projetile
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Results: CEL vs SPH

(a) Before indentation (t=0)
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(b) During indentation (t=3e-6 s)
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CEL shows jetting
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Dynamic hardness: roles of strain rate vs speed
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« Dynamic hardness increases with impact speed instead of strain rate
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Shock-hardening in laser shock peening (LSP)
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LSP: Shock pressure of 15-20 GPa (Wang et al.,
2020) under uniaxial strain state.

=750m/s generates 16.7 GPa impact between
the alumina particle and Cu plate (Hugoniot
calculation)
The shock front induces grain refinement, causing

hardening.
This process may not involve strain-rate hardening.

LSPed surface

Along depth direction Sheet thickness: 2 mm

Lu et al. (2017)



Shock propagation
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Shock front moves much faster than the particle or
indentation-driven displacement. (v;=4.72 km/s, for
ceramic-copper impact v;=750 m/s)

A discrete uniaxial-strain interface is created
between the shocked and unchoked regions.

Dislocations are generated from elastic distortion
and pinched out at the shock front.

Significant microstructural hardening ahead of the
larger displacements required to accommodate the
indenter.

CRATER GROWTH FLOW FIELD
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fragmental breccias
fragmental breccias with melt

Stoffler et al. (2007)



Summary and future work

* Without rate-hardening model, a clear linear speed effect with no size
effect on dynamic energetic hardness is observed.

* Shock effects can induce unique microstructures and significant
hardening.

* Shock hardening has different origins and phenomenology than strain
rate hardening. A complete model needs to be established:

— a quantitative model to show the effects of density and modulus on
the slope of the H-vi curve.

— an analytical model to understand the origin of the behavior
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