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Sandia National _es has developed a Hyp_Valocity Launcher(a_o referredto as HVL) in which a thin flier plate
(uondnatly I mm thick)is launched to velocities in excess of 12ImYs. The leagth-_ ratioof these launched flierplates
varies fzom 0.02 to 0.06. The launch t_hnique is basedupon using structured,_nu_lependeat, high-pressure,high-acceleration
pulses ta chive the flier plates. Such pulses sre achieved by using a graded-density mam4al to impact a stationary flier. A
computationaland experimentalprogramat Sandia seeks to extend this techniqueto allow launchingthickplates whose length-
to.<fiametm"ratio is I0 to 20 times largea"than thin plates. Hydrodynamiccodes are used to design modifications m the basic
impact technique to allow this extension. Two-dimensional effects become more impoaaut for launching chunlmwith this
technique. We have conlrolled and used these effects to s_y le_nch a chunk-flier,consisting of 0.33 sm of titanium
alloy, 0.3 an thick by0.6 canin diameter, to a velocity of 10.2 kngs. This is the largestchunkysize ever launchedat this velocity
from a gas gun vonfigtnfion.

This workperformed at SandiaNational Laboratoriess_ by the U. S. I)epmlment of Energyundercontractnumber DE-
AC04-76DP00789. Partialfunding fromthe U.S. Defen_ Nuclear Agency is also _knowledged.

INTRODUCTION to launch flier plates must be nearly #hock/eu (i.e.,
ramp) and uniform duringthe acceleration process.

Sandia has developed a HyperVelocityLauncher, When a material is subjected to ramp loading,
HVL, which is capable of launchinggram-size plates constitutivebehavior causes the compressive ramp
to velocitiesnot to date accessible on smooth-bore wave to steepen as it traverses the material. Thb, in
guns suchas the two-stage light-gasgun.The interest effect, increases the loading rate within the sample
in increasedvelocity launch capabilitiesin part was until the compressionwave achieves a steady "high-
motivated by Strategic Defense In#iative research, pressure shock" profile. This shock produces high
and concern regarding impact of orbital debris tempemturesthatcanleadtornelting. We thus require
particles on space voyagers. This has led to the the flier plate to be thin in order to prevent shock up
development of an impacttechnique [1,2] in which a and melting.The currentaspect ratio i.e., the lengthto
time-dependent structured pressure pulse is diameter ratio, of thin fliers launched on the Sandia
generatedto launch0.5 mmto1.0 mm th!ckflier plates HVL is approximately0.05 to 0.1 lt is the purpose of
to velocities upto 12.2 krn/s, this report to describe a technique that has been

There are two main requirements in order to developed to launch an intact "chunk", Le. a 0.3 cm
launch thin flier plates to hypervelocities.First, very thick by 0.6 cm diametercylindrical titaniumalloy (Ti-
high loading pressures are required. Second, this 6AI-4V) flyer, to approximately 10.2 km/s. The
loadingmust be nearlyshockless and uniform over the experimental techniques used to accomplish this
entire impact surface. To achieve both these launch were similar but not identical to techniques
requirements, a multi-layer, graded-density material developed for the Sandia HyperVelocity Launcher
[3] is used to impact the thin flier plate. With this (HVL). One key to the success of this experimentwas
graded-density impactor nearly shocklass 100 GPa pretestdesign workthat was performed usingthe CTH
pressure pulses [4] are created inthe flier. Since the [6] multi-dimensional hydrodynamic code. Although,
loading on the flier is shocldess,excessive heating is many pretest calculationswere necessary to achieve
minimized,preventingmelting of the flier. The method the final design, onlya subsetofthese willbe reported
has been used [5] to launch a 0.5 mm thick titanium here to highlightthe technical issues associated with
alloy (Ti-6AI-4V) plate intactto 12.2 krn/s. With further the launch of a chunk flier. In particular, the
improvementsto thistechnique we expect that launch calculationspresentedinthispaper have been tailored
velocitiesapproaching14 km/s can be achieved, to indicate the path that led to the experimental

As indicatedabove, the loadingthat is necessary conditions that were finally selected. These CTH
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calculationsare reported inthe next section,whilethe
experimentalresultsare discussedinthe final section.

Table 1: Graded-Density lmpactor Dimensions

TECHNICAL ISSUES Material Thickness Diameter
layer (mm) (mm)

As indicated eadier, to launch plates to
hypervelocitiee a high-pressure quasHsentropic TPX 3.00 12.7

loading wave is necessary to prevent the flier plate Magnesium 1.803 12.7
from melting. To achieve this criterion, a multi-layer
graded-density material is used to impact the thin flier AliJminum 1.499 12.7
plate. When this graded-density material is used to Titanium 1.194 12.7 "
impacta thinflier plate at highvelocitiesof over 6 km/s ....

on a two-stage light-gas gun, nearly shockless 100 Copper 6.375 12.7

GPa pressurepulsesare introducedintotheflier plate. Titanium* 0.792 26.97
If one wants to launch a thicker flier, then it is

clearly neceasanj for the graded-density impactorto
be scaled proportionatelyto produce loading of the We reportfour differentCTH calculationshere. In
thick chunkby a scaledtime-dependenthigh-pressure ali the oalculations (as well as the experiment) a TPX
pulse. This cannot be arbitrarily accomplishedfor the buffer -4 mm thick lies on the impact side of the flier.
following reasons. Thickening the graded-density The flierconsistsof a central portion,isolated from the
impactor will add considerablemass to the two-stage barrelby a guard ringassembly. (See Figure 1 for the
light-gas gun projectile, Iowedng the required impact configurationused inthe experimentand incalculation
velocityto less than 6 krrVs.This will reduce the high #4.) The term "flier" in the following discussion
pressures that are necessary to launch the larger ALWAYS refers to the central portion. The use of
mass. Also, the loadingpressure pulse resultingfrom guarddngs withfliers is standard in our previousHVL
a thicker impactorwill scale proportionatelyand will be experiments.
of a longer duration. Two-dimensional effects First,we performed a 1-D CTH calculation(#1) to
emanating from the edges of the thick chunk will conflrmthatthe impactorassembl_,tabulatedinTable1
become important and possibly create a severe will launcha flier without meltingorfracturing it during
velocity gradient over a larger radius of the flier.This the acceleration phase, and also to predict the final
may cause the flierto bend and even fragment, velocity.The velocity vs time of a 3 mm thick titanium I

From previous experience, we know that 2-D alloy flier is presented in Figure 2. The predicted
axisymmetric CTH calculations accurately simulate terminalvelocity is - 8.8 km/s.The drivingpulse inthesimulationis observed notto melt orfracture the flier.
the impact of a multi-layer impactor and subsequent
acceleration of a thin flier plate. We have therefore This experiment cannot be performed because the
used CTH to simulate and evaluate the technical resultingtwo-stage gun projectilewould be too heavy
issues related to launchingthicker flier,plates. This to obtainthe required impactveloc_, of 5.8 km/s.
approach is quite important to the experimental The calculation#2 is atwo-dime_nsionalsimulation
program, because it allows us to reduce the need to (see Figure3) in which the barrel and radialresponse
perform parameter variationsinthe laboratoryin order of the impactor and flier are modeled. The impactor
to optimizethe experimentalconfiguration, and the flier have the same diameter as the tungsten

In ali the calculationsdiscussedhere, a graded- barrel (- 29 mm)that is generally used inSandi¢ HVL
density impactor which is approximately three times experirnents. This experiment is still not feasible
thicker than that used in a conventional HVL because of the impactor mass, but it is interestingto
experiment is assumed. The exact dimensionsof the see the differences that the simulated 2-D effects
graded-densityimpactorlayersused inthe experiment create. The loadingpulse is three times longer than in
describedinthis reportis indicatedinTable 1..in ali the the usual thin flier case. A velocity gradient over the
calculations reportedin this paper an impact velocity face of the flier-is Created by the resulting2-D effects.
of 5.8 krrVsfor the graded-density impactor is used. The flier is predicted to bend and fracture in the
This is the impact velocity at which the reported simulation in response to this non-uniform loading.
experimentwas performed. The velocity vs time of the center of the flier is plotted

in Figure 2. The peak velocity is only 8 km/s, a
reductionof 9% in velocity from the 1-D calculation.



This is directlydue to 2-D effects.
In calculation #3 the graded-density impactor Conclusion- A SuccessfulExperiment

diameter is reduced to 12.7 mm to reduce its mass.

This makes it possibleto achieve an impactvelocityof The geometry of calculation #4 was shot in an
5.8 km/s in an experiment The barrel and flier experimentat the Sandia two-stage lightgas gun°An
diameters are left unchanged (see Figure 3). The impactvelocityof 5.8 + 0.1 krnF'swas estimatedforthe
loadingpulse has the same durationas that of #2. lt is experiment.The mass of the central flier (not including
observedin calculation #3 that 2-D edge effects are the guard dng) is 0.33 g, while the mass of the guard
even more severe in this geomat_/ This causes nng is 0.7 g.
increased bendingof the flier,as compared to #2, and Radiographic measurements of the flier and the
a further reductionof the peak velocityin Figure2 to - guard ring are taken along their flight path after exit
6 km/s (7(P,_of the 1-D calculation), from the tungstenbarreland upto a flightdistanceof -

Our final calculation,#4, replicatesthe conditions 1.4 meters. These measurements yield an average
of the experiment that was performed.See F_ure 4. flier velocity of 10_ km/s, 16% greater than the 1-D
Our reasoning behind this calculation is as follows, simulation. The chunky projectile appears to be
One reason 2-D effects cause reductionof the flier tumblingas it traverses, rotating approximatelyhalf a
velocity is because edge effects emanating from the tum over this flight distance. These radiographic
impactodflier boundmy are release waves. The high measurements are shownin F_gure5.
pressure drive therefore decays too quickly. If we In conclusion, we observe that the intedor
could maintain the driving pressure, even with 2-D ballisticsfor a chunk-flierHVL launchare considerably
distortionsin the impact region, then we would not different than for a thin flier HVL expedment.
sufferthe obsa_vedvelocityreductions. Calculationshave proven to be important for design

This can be achieved by usinga step-downbarrel and interpretationof experiments. Results of these
of 10 mm d'mmeteras indicated in Figure 4. An equal calculations provideunderstanding the behaviorof the
diameterflier is inserted in the barrel The diameter of launch system that would be difficult to achieve in
the impactor is 12.7 mm to maintain the 5.8 krn/s other ways. They are also effective in reducing the
impact velocity.Tungsten is used as a barrel material numberof experiments in the program.
because.-of its high-impedance and relatively low
sound speed. Upon impact, the stress states at the
tungsten/flierboundary are higher than those in the REFERENCES
sample itself.This preven_ the release of the driving [1] L. C. Chhabildu,L. M. Baxk=, J. R. Any, and1".G.
pressure, creating a longer duration acceleration Trucano,"Sandia'sNew HypexvelocityLauncher- HVL,"
phase for the flier. We also find that flier bending is SandiaNationalLaboratories,SAND91-0675,1991.
reduced by maintenance of the high pressures. A [2] L. C. Cldaabildas,"HypervelocityLaunchCapabilitiesto
potentialtrade-off is the radial "squeezing"that the flier Over 10 km/s," in Recent Trends in Hi&h Preasvre
and impactorundergo. Research,pp.739-746,1992.

Optimizing this final configuration,is obviously [3] L. C. Chhabildasand L. M. Bax=Ker,"Dy_aizl_c (_io

what a joint expedmentaVcomputationalprogram is IsentropicCompressionof Tungsten,"in Pro<_.e.di_gsof the
really about. That our insight is correct is seen in 1987 APS Topical Conferenceon Shock Waves_ Con-
Figure 2, where the peak velocity observedfor #4 is de_edMo_er, pp. 111-114,1988.
9.4 km/s (actually, it is still increasingat the final time [4] L. C. ChhabiJdas,L. M. Baxker,J. R. Asay,andT. G.
of the calculation).This is an increase of 7% over the Truca_, Int. J. ImpactF_snS.,10,pp. 107-124,1990.
ideal 1-D behavior.This is dramatic evidence that 2-D [5] L. C.Chhabildas,W. D. Reinhsrt,andJ.M. Miller, =An
effects actually work in our favor now, and create ImpactTechnique to Accelerate Flier Plat= toOver
accelerations that are greater than we could achieve 12 kale,", Int. J. Impact Engng., 14, 1993. (To Be Pub-
in idealized1-D geometries.This is quite differentfrom lished)
the thin flier situation. The calculationsuggests that [6] J.M. McGlaun,S. L. Thompson,andM. G. Btric_ "A
bending"ofthe flier is minimal and that melting dees Brief Descriptionof the Three-DimensionalShockWave
not occur. (We show an illustrationof the predicted Physics Code CTH," Sandia National l._.boratories,
deformation of the flyer past peak acceleration in SAND89-0607,1989.
Figure 4.) Thus, we predictan intact flierfor #4.
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Figure 1.Guard ring usedin experiment I UUt._LAYenmPA_ronI !
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Figure 2. ]Pliervelocity,historiesfor calculations#1 - #4.
., Figure 4. Schematic of #4 and a representative

calculated configuration at t=3._ psec.
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Figure 5. Experimental radiographs at 110 mm and 910
mm from the impact location. The scale is not the same

Figure 3. Schematics for #2 and #3 (not to scale), in the two radiographs.
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