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ACCELERATION OF METAL PLATES*

5. P. MARSH, R. G. MCQUEEN, AND T. H. TAN

Los Alamos National Laboratory, Los Alamos, NM 87545, USA

High-explosive charges have been used to accelerate stainless steel plates to velocities of 6-7 km/s. A two-stage
system has been used in which the first stage is & plane-wave detonating system that accelerates the plate down
a short barrel. The second stage consistu of a hollow cylindrical charge through which the moving piate passes.
After an adjustable delay this charge is detonated on the outer circumference of the entry side of the charge.
Flash radiographs and witness plates show no breakup in the first stage but bowing and frequent breakup in the

second stage.

1 INTRODUCTION

High-velocity plates are used in equation-of-state
(EOS) research in order to achieve high prassure and
internal energy states of interest in areas that include
1) studying phase transitions, 2) obtaining EOS data
needed in running  hydrodynamic calculations,
3) studying the constitution of the earth's interior, and
4) designing systeins for the recovery of shocked ma-
terials.

Recrntly plane-wave explosive-driven plate ays-
teius used in our research have been limited to veloc-
iies of approxunately 6 km/s. As plates were made
thinner, or thicker explosive was used, the plates would
traginent auring acceleration

Ii the iaat two years advances have been made
wiach allow the achievement of higher velocities by
proper cushioning of shock-smoothing at the HE-plate
wterface and by uming staging i which a firat flyer
piate stpihes & secand aystem that drives a second
haigher velooity Hyer nlate A syatetn of this type 13
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2. DESIGN OF SYSTEM

The design of this system is shown in Fig. 1. The
first stage contains a plane-wave-driven cylinder of
PBX 0501 explosive having a 7.62-cm diameter and
7.62-cm length. Resting against the face of the explo-
sive is a stainless-steel barrel having an OD and ID
cf 5.08 cm and 1.9]1 cm, respectively, and a length of
6 cn. A 0.15-cmn-thick plate of stainless stesl (304 or
316) is placed in the barrel at a standoff 0.32 cm frotn
the explosive face. Tests have been performed using
only this first stage and they are reported below.

The first and second stages together are shown in
Fig. 2. The second stage consists of a foam plastic
shock mitigator (to protect the second charge (rom
basrel shocks) followed by another PBX 9501 charge
and a barrel similar to the first barrel. The second
PBX 9501 charge has an OD and ID of 508 and
1.91 cm, reapectively, and a length of 3.81 cm. [t indet.
onated by means of delay line running from the righ:
end of the first charge to the left end of the aeond
charge It in constructed out of a foam plantie hol
low cylinder contziming the tient barrel wrapped with
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I wo stage plate acceleration system



a 0.4-cu-thick laver of Detasheet on its faces and outer
diameter. The length of delay is controlled by varying
the cylinder diameter.

3 TEST OF SYSTEMS

The diagnostics used 10 test these systems were
two 30C-keV Hash x-ray units pulsed 4 us apart to give
plate velocity and plate condition (to indicate fatneas
and breakup - if any). A 2.54-cm-thick, 30-cm x 30-
cm aluminum witness plate was placed 30 cm in front
of the barrel to also indicate breakup of the plate.

Three shots were fired using only the first stage.
The x-radi graphs from one of these experiments are
shown in Fig. 3. The plate emerges from the barrel flat
and having an average velocity of 640
0.05 km/s. The witness plate is shown in Fig. 4. Both
radiographs and the witness plate indicate no plate
breakup.

FIGURE 3
{wo flash a radiograph exposures of the plate from the
oot stage only with a thin barrel extension added to
"o barred

Light shots were fited using both the fiest and ae
totages o tour of the shota the plate broke up
vt o velnates were obitained  In the remaming four
N tane cboiavs and second charge lengthis
soccuned  Phese plate velooitien varied bhetween 6 6
ot 20 ks The wradiographn and witness plate
“ou the higheat veloaty rhot are shown an Fige 5
"t Although there was no breakup the plate has
detabde distortion, primatily bowing cauned by o

“art o pressare gradient o which the Jighest pressure
ave Lo resuita from convergent HE gas prod
Toscanned by the copvergent detonation wave i
vood gl egaoene Thos s mamilested inoall of
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FIGURE 4
Entry side of witness plate from a test of the iirst stape
unly.

FIGURE 5
Two thash x radiographs of a plate from o two staye
vaperiment Motion e to the right

1 CONCLUSHONS

Staanless steel plates oo be doiven cone even e
aveleoty of G4 kimosand pemae antact watloe e
rtvable hreahup an a one stage explosive systey !
secotnd stage comvergent agho explonine systen
added to thise radial pressyre gradiente fregeere
canse plate hieakup and alway = tesult i piate Vo ey
It twes stage systern sedo s as hachoas e

ave been ob'ained
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FIGURE 6
Entry side of withess plate from a test of the two-stage
syatem
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