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LAUNCH CAPABILITZES TO 16 W S  
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A systematic study is described that has led to the successful launch of thin flier-plates to velocities of 16 km/s. In 
this paper, we describe a novel technique that has been implemented to enhance the performance of the Sandia 
Hypervelocity Launcher (HVL). This technique of creating an impact-generated acceleration reservoir, has allowed 
the launch of 0.5 mm to 1.0 mm thick titanium (Ti-6A1-4V) and aluminum (6061-T6) alloy plates to record 
velocities up to 15.8 km/s. These are the highest metallic projectile plate velocities ever achieved for macroscopic 
masses in the range of 0.1 g to 1 g. 

BACKGROUND 
A schematic of the HVL configuration [1,2] used 

to launch flier-plates to hypervelocities is indicated in 
Figure 1. The structured timedependent pressure 
pulse needed to launch plates to hypervelocities is 
obtained by impacting a graded-density material on 
the two-stage, light-gas gun onto a plastic-buffered 
thin flier- late. TPX, a plastic with initial density of 
0.81 g/cm , is used as a buffer in these studies. Impact 
velocities over the range of 6 km/s to 7.35 km/s have 
been used in the past studies. The flier-plate velocity 
resulting from impact is - 1.6 times the impact 
velocity. Yet, higher flier-plate velocities can be 
obtained using the graded-density impact technique 
by impacting the stationary flier-plate at an impact 
velocity of 10 km/s. This would be the simplest way 
of obtaining higher flier-plate velocities to - 16 km/s. 
In practice, however, such high velocities with the 
necessary projectile mass cannot be achieved on the 
two-stage light-gas guns. A technique is therefore 
needed to enhance the capability of the hypervelocity 
launcher such that the flier-plate velocity is amplified 
in excess of 1.6 times the impact velocity. It is the 
purpose of this paper to report the technical methods 
that have been used to obtain the additional velocity 
boost. Implementation of an impact-generated third- 
stage reservoir is the key to the enhanced HVL 
velocity capability. This requires that the flier-plate 
be confined in a smaller diameter high-impedance 
barrel, as indicated in Figure 2. It has allowed the 
launch of a 1-mm titanium alloy flier-plate to a 
velocity of 14.4 km/s, and a 0.5 mm titanium flier- 
plate to a velocity of 15.8 km/s. 
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EXPERIMENTAL TECHNIQUE & RESULTS 
The novel experimental arrangement used to 

enhance the flier-plate velocity by confining it in a 
high-impedance barrel is indicated in Figure2. A 
lexan projectile housing a multi-ply gradeddensity 
impactor is used in these studies. This impactor is 
fabricated by bonding a series of thin plates in order 
of increasing shock-impedance from the impact 
surface. The series of layered materials used in these 
studies [2,3] consists of TPX-plastic, magnesium, 
aluminum, titanium, copper, and tantalum. The 
thickness of each layer is precisely controlled to tailor 
the time-dependent stress pulse required to launch the 
flier-plate intact. When these graded-density 
materials are used to impact a titanium alloy flier- 
plate at a velocity of - 6.7 M s ,  an initial shock of 
-60GPa, followed by a ramp loading to over 
100 GPa is introduced into the flier-plate. 

As shown in Figure 2, the flier-plate is made to fit 
exactly into the expendable tungsten barrel. In  all 
experiments, the flier-plate diameter is equal to that of 
the tungsten barrel. No guard ring was used because 
CTH simulations predicted [3] minimal velocity 
dispersion across the diameter of the flier-plate. 
Unlike the geometry used in previous HVL studies, 
(see Figure l), two-dimensional effects due to radial 
reshock waves (generated upon impact of the tungsten 
barrel) emanating at the edges of the plate cause the 
edges to travel faster than the center of the flier-plate 
initially. At later times the velocity dispersion across 
the flier-plate diameter is reduced resulting in intact 
though slightly deformed launches. Because the flier- 
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Figure 1: The Hypervelocity Launcher (HVL). 
Experimental configuration used to launch flier-plates 
to hypervelocities [ 1.21. 

plate material is ductile, and is at one-half the melt 
temperature [3] lzirge deformations also tend to shape 
the projectile. The flier-plate materials used in this 
study were titanium (Ti-6A1-4V), and aluminum 
(6061-T6) alloys. As shown in Figure 2, a TPX buffer 
is used in all experiments because it (1) further 
cushions the input pressure pulse, (2) minimizes the 
tensile stress, and (3) lowers the flier-plate residual 
temperatures. 

Following impact, up to nine flash x-rays are taken 
of tlie flier-plate while it is in motion. They are used 
to determine the velocity of the flier-plate and to 
check for its integrity after exit from the tungsten 
barrel. Three of these flash x-rays are taken within the 
first few microseconds after the flier-plate exits the 
muzzle of the barrel. The other x-rays are taken at 
,various positions down range located up to 1.4m 
from the impact position. Radiographic pictures of the 
flier-plate taken in flight over these large distances, 
and shown in Figure3, allow an accurate velocity 
measurement to within 1%. Due to the 
hypervelocities achieved in this study, the 25 ns pulse 
duration of the x-ray source can cause a 400pm 
blurring of the flier-plate while in flight. 

GRADED-DENSITY B ~ R  
IMPACTOR 

Figure2: Enhanced Hypervelocity Launcher, EHVL. Exper 

a tungsten barrel to hypervelocities. 
imental configuration used to launch confined flier-plates in 

Experiment CP3: Radiographs of the experiment 
CP3 are shown in Figure 3. The intact titanium flier- 
plate (1-mm thick by 6-mm diameter) is travelling at 
a velocity of 14.4 km/s. The flier-plate velocity has 
been determined using radiographic measurements 
over a flight distance of 1400 mm. Radiographs 1,2, 
3,7, and 8 are views from the top, while radiographs 
4, 5, 6, and 9 are side views. The flier-plate is 
tumbling as it travels. 

Experiment CP5: This experiment is identical to 
experiment CP3, except that the titanium flier-plate 
thickness is reduced to 0.5 mm. The gradeddensity 
impact occurs at a velocity of 6.75 km/s resulting in a 
flier-plate speed of 15.8 km/s. The measurements are 
made over a distance of - 900 mm. The edges of the 
flier-plate are seen to travel much faster, causing them 
to separate from the flier-plate (see Figure4). The 
center plate, however, appears to be intact. The flier- 
plate is tumbling as it travels. 

Figure 3: Radiographs of experiment CP3. The flier-plate 
is travelling from left to right at a speed of 14.4 k d s  , 
over a flight distance of up to 1400 mm. 

Figure 4 Radiographs of experiment CP5. The plate is 
travelling from left to right over a flight distance of 
900 mm at 15.8 k d s .  The fragments-riginating at the 
edges--are moving faster than the intact center plate. 



DISCUSSION 
Very high pressures are needed to launch flier- 

plates to hypervelocities. In addition, this loading 
must be nearly shockless, structured, and uniform 
over the entire surface. To satisfy these criteria, 
graded-density materials are used to launch flier- 
plates to high velocities. When this graded-density 
material is used as an impactor on a two-stage light- 
gas gun, nearly shockless 100 GPa pressure pulses are 
introduced into the flier-plate. This time-dependent 
pressure pulse subsequently accelerates the flier- 
plates to high velocities. The resultant plate velocity 
is -1.53 times the impact velocity for a titanium plate, 
and 1.63 times the impact velocity for an aluminum 
plate for the HVL configuration [1,2] depicted in 
Figure 1. 

The current studies yield flier-pkte velocities that 
are now 1.64 times to 2.3 times the impact velocity 
(Table 1). This improvement is due to the new 
experimental geometry (see Figure 2) used in this 
investigation. Specifically, the flier-plate diameter, df, 
is small, while the diameter of the graded-density 
impactor Dgdi is significantly larger. In the earlier 
HVL studies, the flier-plate diameter is the same as 
the graded-density impactor diameter, Le., the ratio 
df+i is 1. In  Figure 6, the variation of flier-plate 
ve ocity is shown as a function of the ratio of the flier- 
plate diameter to the graded-density impactor 
diameter. The same results are shown in Figure7, 
with the flier-plate velocity normalized with respect to 
the impact velocity. In each of these figures, notice 
that the flier-plate velocity increases with decreasing 
d p g d k  The values shown at d f p g d i  = 1 are 

Figure 5: Radiographs of experiment CP6. Aluminum 
flier-plate traversing at a velocity of 13.8 k d s .  Notice thc 
formation of a jet in the. first frame. There is evidence of 
flier-plate tumbling over a flight distance of 500 mm. 
Experiment CP6 In this experiment, a 6061-T6 

aluminum alloy is used as the flier-plate material. 
Because the melting point of aluminum is 
considerably lower than titanium, the impact velocity 
is reduced to 6 k d s .  A low density foam [3] is also 
used as the first layer of the graded-density impactor. 
The aluminum plate is deformed during acceleration 
and is shaped into a "chunky" slug, achieving a speed 
of 13.8 km/s (see Figure5). The velocity 
measurements are made over a flight distance of - 500 mm. 
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Figure 6: Variation of flier-plate velocity with the ratio of 
the barrel diameter to the graded-density impactor diame- 
ter. The solid points are calculated estimates. 
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Figure 7 Variation of ratio of flier-plate velocity to impact 
velocity with the ratio of the barrel diameter to the graded- 
density impactor diameter. The solid points are calculated 
estimates. 
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calculated values based on previous HVL studies 
[1,2]. Thus, to enhance flier-plate velocities, a 
necessary requirement is to impact a step-down barrel 
as indicated in Figure 2. 

Upon impact, the step-down barrel itself is loaded 
to high pressures. The stress states at the barrel/flier 
boundary are now higher than those found in the 
original HVL configuration shown in Figure 1. This 
prevents the release of the driving pressure behind the 
flier-plates and sustains higher loading stresses over a 
longer duration. As the graded-density impactor 
material enters the step-down barrel, it speeds up, 
further maintaining an efficient push behind the flier- 
plate. Both these factors contribute significantly 
toward accelerating the flier-plate to yet higher 
velocities. The experimental geometry indicated in 
Figure 2, therefore, operates as an (impact-generated) 
acceleration reservoir to launch flier-plates. 

SUMMARY 
This paper presents a novel technique which 

allows the launching of - 0.07 g to 0.35 g metallic 
plates to record velocities approaching 16 k d s .  What 
is new in this study is that relatively heavy metallic 
plates are propelled to hypervelocities. To obtain 
higher velocities, the impact velocity may be 
increased or the plastic buffer may be replaced with 
hydrogen. Increasing the impact velocity to 8 km/s 
will, in principle, yield flier-plate velocities 
approaching 19 k d s .  (In practice, however, it is not 
simple to obtain such high velocities for a “heavy” 
two-stage light-gas gun projectile required for these 
studies.) This would, however, require a proper 
design of the graded-density impactor and the barrel 

to ensure that the plate would not melt or fracture. 
Additional calculational studies were made to 
determine if hydrogen, with its high sound speed, 
could be used to further enhance flier velocities. By 
replacing the plastic buffer in Figure 1 with a 5.0-mm 
thick frozen hydrogen plate, the velocity of a 0.2-mm 
titanium flier was predicted to be 13 km/s for a 
graded-density impact at 6.5 kmls. The expansion 
velocity of hydrogen compressed to very high 
pressures is extremely high resulting in an efficient 
push on the flier-plate and can further enhance the 
flier-plate velocity. Alternately, frozen hydrogen 
buffers in combination with higher impact velocities 
could offer a way to achieve flier-plate velocities in 
excess of 20 km/s. 
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