
Chapter 16
Improved Richtmyer-Meshkov Instability Experiments for
Very-High-Rate Strength and Application to Tantalum

Michael B. Prime, William T. Buttler, Saryu J. Fensin, David R. Jones, Ruben Manzanares, Daniel T. Martinez,
John I. Martinez, Derek W. Schmidt, and Carl P. Trujillo

Abstract Recently, Richtmyer-Meshkov instabilities (RMI) have been used for studying metal strength at strain rates up
to at least 10ˆ7/s. RMI experiments involve shocking a metal interface with geometrical perturbations that invert, grow,
and possibly arrest subsequent to the shock. In experiments one measures the growth and arrest velocities to study the
specimen’s flow (deviatoric) strength. In this paper, we describe experiments on tantalum at three shock pressure from 20 to
34 GPa, with six different perturbation sizes at each pressure, making this the most comprehensive set of RMI experiments
on any material. In addition, these experiments were fielded using impact loading, as compared to high explosive loading in
previous experiments, allowing for more precise modeling and more extensive interpretation of the data. Preliminary results
are presented.

Keywords Dynamic strength · Richtmyer-Meshkov instability · High-rate strength · Shock physics · Hydrocode

16.1 Introduction

Recently, researchers have shown that Richtmyer-Meshkov Instabilities (RMI) are sensitive to strength at strain rates up to at
least 107/s [1–18]. Figure 16.1 illustrates a nominal RMI experiment for strength. The initial perturbations invert after shock,
and the subsequent peaks are called spikes and the valleys are called bubbles. The initial perturbation size is characterized
by the non-dimensional number η0k (where k = 2π /λ).

Previous RMI experiments to interrogate strength used high explosive loading to generate the shock [4, 19]. This work
reports the first such measurements using impact loading as an improvement. Interpreting the data requires modeling the
experiments in a hydrocodes or something similar [19]. Impact loading can be modelled both more simply and more
accurately than high explosive, as illustrated by the significant previous effort to model explosive loading [19]. More accurate
modeling should make for easier and more accurate strength estimation. Furthermore, impact loading makes it simpler to
adjust impact pressure and interrogate strength over a wider range of conditions.

16.2 Experiments

The experiment used the same batch of “Starck” tantalum that has been well characterized and used in other work [20–22].
The three tantalum targets were 40 mm diameter and 1.45 mm thick. On one face, diamond turning techniques were used to
machine six regions containing multiple wavelengths of a sinusoidal surface perturbation, with η0k ranging from 0.3 to 0.9
with a constant wavelength of 0.25 mm except for the η0k = 0.9 region which had a wavelength of 0.3 mm. These targets
were then pressed into a tantalum momentum ring, 55 mm diameter, 1.45 mm thick, the purpose of which was to avoid edge
release waves reaching the central region where diagnostics were placed, ensuring a simple one-dimensional loading. Finally,
a 0.25 mm thick tantalum foil was glued to the impact face, covering both the sample and the momentum ring, resulting in a
final target thickness of 1.7 mm.

Each target was bonded to the front of a Lexan plate. This plate served to both mount the target in the gas gun and position
the PDV probes. A 50 mm hole in the Lexan plate allowed the probes to directly image the rear of the target. A total of 24
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Fig. 16.1 A Richtmyer-Meshkov
instability experiment. The
perturbed surface of the sample is
accelerated by a shock. At later
time (upper figure), the
perturbations have inverted

PDV probes were used, measuring the response of both the perturbed regions and flat regions, see Fig. 16.2. One probe was
mounted in the Lexan plate, collimated down the gas-gun barrel, to measure the impact velocity. A single piezo-electric pin
was also mounted in the Lexan plate to provide a trigger signal for the diagnostics at impact. A series of irises, mirrors, and
a HeNe laser was used to align the Lexan plate normal to the end of the gas-gun barrel to provide a planar impact. Typical
impact-tilts achieved with this technique are sub milli-radian.

For all three experiments, the flyer plate was a 38 mm diameter, 2.5 mm thick, tantalum disc. This was mounted to the
front of the projectile, supported by a glass micro-bead material to avoid bowing of the flyer plate during the launch. The
80 mm diameter gas-gun in MST-8 at LANL was used to accelerate the projectile to velocities from ∼630 m/s to ∼1000 m/s,
generating stresses on the order of 20 GPa, 30 GPa and 34 GPa.

16.3 Results

Figure 16.3 shows an exemplar PDV velocity spectrogram. For the 34 GPa experiment, velocity results for the largest initial
perturbation size are shown. The highest velocities in the spectrogram come from the spike. In this case, the peak spike
velocity is about 1900 m/s, which is well above the rest of the velocities thus indicating spike growth. Over about 1 µs,
the velocity decays to the background level of about 1000 m/s indicating arrest: the spike growth has ceased. The lowest
velocities after shock breakout are around 600 m/s, which come from the bubble region during the perturbation inversion
process. As with the spike, those velocities return to the background level indicating cessation of the instability growth.

16.4 Discussion

The experiments provided good velocity data for all perturbation sizes at all three shot pressures. Work is underway to
estimate the strength for each shot following a previously reported procedure [19]. Following that, the strength will be
calculationally assigned to the appropriate strain, strain, rate and temperature [14] so that the strength values can be used to
help calibrate a constitutive (strength) model valid for wide ranges of conditions [23].
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Fig. 16.2 A view of the target free surface and the PDV probes prior to execution

Fig. 16.3 The PDV velocity spectrogram for the region with η0k = 0.9 in the 34 GPa experiment shows a distinct signal for the spike with a
maximum velocity near 1900 m/s during growth and a later return to the background velocity, indicating arrest
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