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 Abstract
We have designed a target to probe the use of the Pegasus Z-Pinch machine to image
inertial instabilities that develop on cylindrically-convergent material interfaces. The
Z-pinch is tailored so that the target, soft Al 1100-O, remains solid; instabilities and
inertial effects are seeded by wire inclusions of different densities. We present here the
first images and preliminary results from this experiment.

In materials with strength, the development of inertial instabilities is more complicated than
in fluids;  the application of stress leads to both elastic, or reversible, deformations, plastic
deformations, and failure manifested as cracks, spall, and ejecta. The details of these processes
are not well understood and remain the focus of ongoing research. In addition, in solids the
regularity of the material can vary on a mesoscopic scale, and solid-liquid and solid-solid phase
transitions can change the constitutive properties of the materials. These features make the
application of continuum models problematic and ad hoc. Yet the computer simulations of
inertial instabilities in solids rely on such continuum models. As a result, we would benefit
from an experimental platform that can capture the dynamic processes in a macroscopic piece
of metal.

For this reason, we have explored using the Pegasus Z-pinch machine at the Los Alamos
National Laboratory (LANL) to serve as such an experimental platform. This machine uses a
pulsed magnetic field to implode a cylindrical liner on a cylindrical target; the parameters of
this machine can be set so that the target remains solid. We have designed a target that  probes
both the dynamics of the resultant solid “flow”  and also the ability of this facility to image
these processes. We have used the LLNL CALE code, an adaptive Lagrangean-Eulerian
hydrodynamic code that also has a full implementation of the Steinberg-Guinan strength
model [1], to design the experiment. We have utilized a system of both x-ray and optical
imaging diagnostics to capture this flow. We include here a preliminary view of the first data
obtained.

    The Pegasus Facility and the Target Design
The Pegasus facility is capable of putting a peak current of 12 MA or more through a

conducting cylindrical liner in a half-sine pulse lasting approximately 15µs. The current,
moving axially in the target, induces a magnetic field external to the liner that then forces the
liner to move inward radially with a high degree of angular uniformity.
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In our experiment, we used a liner made of soft aluminum Al 1100-O with radius 2.4 cm and
thickness 0.04 cm. The  outside radius of our target was at 1.5 cm. A modest current peak of
4.6 MA occurred at approximately 7.25 µs, leading to a collision of liner with target at 9.1 µs
when the liner was moving at approximately 3 km/sec. The collision launched a 30 GPa
shock into the target.

The target was a soft (1100-O) Al cylinder with inner radius 1.0 cm  and outer radius 1.3 cm,
surrounded by 0.2 cm PMMA (lucite) and separated by vacuum from the liner (Fig. 1a). The
center fill was Xe at 1 atm. In the Al target cylinder, several wires of different metals were
embedded parallel to the axis: one wire of Ta, Cu, and stainless steel at 120° separation on a
circle of 1.1 cm radius. Another stainless steel wire was placed 30° from the first. These
wires, of different metals and therefore of different densities, melting temperatures, and
constitutive properties, also had different radii to keep them within the target through the
course of the experiment. In addition, a stripe of gold was plated on the inner surface of the Al
target; it was placed at mid-height and extended ± 60° from the Ta target, 0.1 cm high and 5
µm thick. As shown in Fig. 1b, the target cylinder was 1.75 cm high and capped with
PMMA caps that had a glide angle of 8° and a thickness that prevented the shock waves from
reaching the Xe prematurely through the caps. The PMMA thus forms a holder for the Al
sample; the PMMA holder assembly was designed and tested by Peter Adams and Joyce Guzik
of LANL [2].

The embedded wires were used to follow their dynamics as they move differentially with
respect to the Al due to inertial effects. Simulations with CALE predicted that the motion of
the wires would also induce flow in the Al, seeding instabilities on the inner surface of Al.
The second stainless steel wire was added to explore whether the wire insertion procedure
affected the dynamics; different insertion procedures were used for the two stainless steel wires.
The purpose of the Xe fill was to monitor the passage of the shock in the region internal to
the Al sample. The Au plating was included to help image the internal radius of the Al
sample; part of the motivation was exploratory as we wanted to see whether the Au would
remain in place and whether it would affect the dynamics.

Aluminum was chosen as the target material for two reasons. The first is the ease of imaging;
the use of Al allows us to image the density variations of the Al and the movement of the
wires with x-rays. The second is that various tempers of Al have yield strengths that vary by
up to an order in magnitude. In a convergent system, the strain is high and the flow is
primarily plastic. In future experiments we plan to explore the effect of the yield strength, the
transition point between plastic and elastic flow, on the degree of convergence, the motion of
the inclusions, and the growth of instability patterns on the inner surface of the Al target.

CALE calculations show that if the Al is held at fixed density and not allowed to expand
appreciably, the wires induce perturbations on the inner target surface as they move
differentially outward. The features that appear on the inner surface are sensitive to the yield
strength and are largest just before the shock reaches the center of the apparatus, approximately
3.5 µs after the collision of the liner, when the inner surface of the liner has been decelerating
and unstable for 1 µs.
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The simulations showed that many short-wavelength ripples would appear on the inner surface
if there were no strength (yield strength and shear modulus both set to zero); for Al 1100-O,
wake-like features appeared behind the wires; for Al 6061 with high yield-strength, long-
wavelength features whose length was the wire spacing dominate.

   Imaging Diagnostics
The ability to image the phenomena that occurred in this experiment was obviously

crucial. As shown in Fig. 2, the diagnostics included three radial flash x-ray radiographs placed
at 120° and capturing almost the full length of the target. The dynamic image obtained from
each of these radiographs can be compared to preshot static images. The timing was
independent on these cameras, and was chosen so that one image was taken at 2.6 µs and two
images were taken at 3.6 µs after liner impact. These sources recorded excellent images on
screened film.

There were two axial flash x-ray sources; again, one was set to take an image at 2.6 µs and
one at 3.6 µs after impact. These radiographic images were recorded by capturing the light
produced by the x-rays in a thin (1 mm) NaI fluor with CCD cameras. Unfortunately, the first
source didn’t report a successful image. The second was low in x-ray flux and the image,
though useful, is not optimal.  Finally, there were optical cameras recording axial images. A
ruby laser backlit the Xe-filled central volume. Filters allowed the images of the laser only
(showing unshocked Xe region), Xe self-emission only (showing the shocked region), and
both regions to be recorded. In addition, B-dots, a Faraday rotation fiber optic, and Rogowski
coils were used to monitor Pegasus performance.

Unfortunately, we cannot show all the data in this limited report. A sample of the x-ray data is
shown and discussed briefly. The optical data, which will not be included here, gave fine
images of the shock wave which will provide us with timing and shape information to
benchmark our codes.

Figure 3a,b show the static and dynamic image taken by the axial x-ray at 3.6 µs after impact.
The preliminary interpretation of the dynamic x-ray is shown in Fig 3b. The lucite, dense
aluminum, spall area, wires, and shocked and unshocked Xe are shown, and they are quite
unambiguous. Between the dense Al and this inner Al surface is a low-density Al area that we
term “failed”. We are not yet certain what the state of the Al in this region is. Also, extremely
low density “wakes” appear to be formed behind the wires, and “fingers” appear at the inner
edge of the dense Al. The identification of these features is less certain than for the first group,
and will be analyzed further. The failed region and the fingering was unexpected.

The static and dynamic images from the radial x-ray film that points directly at the stainless
steel wires are shown in Fig. 3. These images show the Ta wire on the left, two steel wires
interior, and the Cu wire on the right. The dynamic image shows the degree of 3-
dimensionality in the system. While the central wire is straight, radial bending of the other
non-radial views is clearly visible. The Ta wire, which has highest shear modulus, shows the



dimensionality in the system. While the central wire is straight, radial bending of the other non-radial views is
clearly visible. The Ta wire, which has highest shear modulus, shows the least bending. Also visible are vertical
density lines, and the outer Al area just beyond the wires shows density variations that are suggestive of horizontal
rolls. The gold plating is visible in the dynamic image, as is the high-density shocked Xe volume. Clearly, the
most surprising feature of these images is the degree of 3-dimensionality.

At this point, the quality and quantity of this data is judged to be extremely promising. It will help in the
benchmarking of both the 2-D CALE code and the new 3-D code Ares [3], and will play a role in the exploration of
instability and flow processes in shocked solids in this geometry.
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Figure 1a,b. Horizontal and vertical view of the target. In Fig.1a, the Al liner is included; it is initially outside the
assembly pictured in Fig. 1b.



Figure 2. The diagnostics associated with the experiment, including optical and x-ray cameras.
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Figure 3a,b. The static and dynamic axial x-ray image; 3b was taken 3.6 µs
after liner collision and before the shock wave arrived at the center of target.
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Figure 4a,b. Static and dynamic radial flash radiographs of the target at 3 µs
after liner collision. The Ta wire is at left, Cu at right. Note the bending of the
wire and other 3D features.
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