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Pressure-Shear plate impact experiment is a very important experimental
method to test the strength of materials at high strain rates (10*-10’s™). This
experiment involves the impact of two skewed plates. The projectile and target
plate are parallel, but inclined relative to the axis of the gun so that the particle
velocity in the target have components both normal and parallel to the plate of
Impact. The generated normal and shear waves are well characterized one-
dimensional plane waves.

This experimental technique has been used to investigate the dynamic
behaviors of a wide range of materials, including the shearing resistance of
aluminum at temperatures approaching melt. The objective of these experiments
was to look for a possible change in the rate-controlling mechanism of dislocation
motion from thermally activated motion of dislocations past obstacles to phonon
drag as the temperatures becomes high enough that thermal activation becomes
relatively unimportant. The experimental results show an upturn in shearing
resistance with increasing temperature at high temperatures, suggestive of a change
in rate-controlling mechanism. However, the upturn is too steep to be described by
a usual phonon drag model with a drag coefficient that is proportional to
temperature. Simulated results show that the modeling of strain rate hardening
based on a phonon drag model leads to too strong an increase in flow stress with
increasing strain rate in the drag-dominated regime.
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Normal-incidence and pressure-shear plate impact experiments have been
conducted to study the mechanical response of an elastomer, polyurea P1000, at

high strain rates — 10°-10°s™ — and high pressures — up to 18 GPa.
Configurations with samples sandwiched between two hard plates have been used
to conduct constant-pressure, pressure-change, and low-pressure experiments to
investigate the pressure dependence of the shearing resistance. A symmetric
pressure-shear plate impact configuration has been used to measure directly the
thickness-averaged nominal strain rates of the sample — as well as the tractions on
both of its interfaces with linear elastic plates. Release wave experiments have
been used to capture the behavior at compressive stresses below 0.5 GPa, and still
lower until tensile failure occurs. From these experiments, the quasi-isentrope of
polyurea is obtained as well as its high-strain-rate shearing resistance at pressures
up to 18 GPa. The experimental results show that the shearing resistance of
polyurea depends strongly on pressure.

Based on these experimental results, the constitutive model introduced here
consists of an instantaneous elastic response followed by relaxation with a
distribution of effective relaxation times. To describe the pressure dependence of
shearing resistance, the strain energy for the instantaneous elastic response is
assumed to have a multiplicative decomposition of contributions associated with
devitoric and volumetric changes. This model has been implemented into Abaqus
to simulate the response of polyurea P1000 under the impact conditions of the
various experiments. Results of these simulations are compared with the
experimental results to gain understanding of the viability of the proposed model
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