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This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
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Thin
free

on materials ot

reasonahle thickness. drivers and long

runs also keep them as from

as possible

yressure pulses at the time of impact. Part of

tnis study has been devoted to finding 1. sys-

ems  that best maintain the {latness needed tor

jood pldne-wave experiments. It wds also aeces-

jary to deteraine plate velocity-distance curves
‘or a redsonable assessment ot the protilem,

We have invistigated the use of what we call

:he double tree run (DFR) system, Here an h!

Iriver system (first staqe) is used to over-

frive, and to maintain pressure in the liL ot o

iecond smaller diameter system. Some work done
lere circd 1460 showed that some increase in ve-
ocity was possible. Because the number of com-
sinations for doing this are really quite large,
omputer studies were used to chose the systems

.0 be evaluated.

All  phases ot the progrdm tdve been nvesti-
jated by calculations and by experiments, one
ispect that the calculations cannot address is

thether the metdl pldtes break up, and it they

1o, when? Results of smedr camera experiments

iere used to estabiish criterva tor that,

‘. THI DIAGNOSTICY

The pertarmgnce of the systems was  evaloaten

¥y mmtte g imadetar-plate  areival and vei -

ity at difterent levels with g asltiple tlanh.

ap andlyzer (MIA), viewed iy o sweespding wvage
dmera,  The MEA cansasts of o flexiglas haldes
ar an  whaich seversl relatively than lexaglan
tripy have feep atbached alonyg the edges with
ouble  <tick  tape Teavine) o small gap an the
entral area Lo sanee gqan . o whiach emtty aght
hen  clased hy the shack,  Daee ar mare Layoer,

t Flexigqlan were aned o that shack strewgtn

aald he deterarned as g ftuncbvan af o,

» CALCY AT v,
AL calonlat i were made using o Ywa dimen

tonal Talervan Uy odyiams coede wilie 0 et o

nation and propdgation governed by o JWl
The

effects were studied using the full 2-Y capabil-

tusS,

effects ot confinement and related edge

ities of the code, Plane-wave calculations were

dlso made to study the effects of I aadp and

plate thickness on plate velocities, In the ex-
periments plane-wave HE lerses were used,  Since
itois
ut the

a4 major task to calculate the detonation
lens, all calcalations were made with the
primary it only. The etfect ot the lens must ve
added when comparing the calcalated and

all

sions scdle (velucities dre invdridant), and that

experi -

mental  results. It wds assumed that

there were no time-dependent effects. The prob-
lem ot pldte bredk-up was not addressed.

tha

Spares

between plates dand IlE in the experiments

were tilled with hydrogen and treated as voids

in the cdlculdtions.,

4. THU-DIMENSTONAL EHITCTS
uUne of the yoals of

mize the usetul aree for a given plane-wave

immtiator, One way to do this is to just use 4d

larger diameter lt. 1In doing this the actua!

arca from side attects remains

the

completrly  free

the wame it the severitly  of deleterions

eftecty, o.q.,. lagying vrdges e haw, can he

minmized somewhat . Huwever , af the tatal  mass

at Wl i Tamted, wsang cantfainewent  may he

hetter,  We have not studred  that anpect  and

tave  anly  conguirsd the effoct ol parbial cnn-

frnement with na comtinement., A wmethad  availa-

ble ta cantral deaver—plate acceleratian and ve-

Incavy s hiy paeating The + ha from

plate by a4 qape. W

The

hEn e expand o ane dimen

sitrnal basniiran when Lkey fraw o onn the

g

winee Vhes e ennentiatly at feca pueaare

dur g ey T aee . tlowever . when they reach the

phite  peeccores banc bd upe il the eoaasive oo

duety will now eagund Lativrally of not cont e,

Bemmcwa se the Yo ta aessar e wecagse of thie

wie have nnest sysdeaes oo bar Yo anay e gl |

wlhier i Ve Pwo oy bemes e o tnpar e,

this program was to maxi- |
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FIGURE 1. A set of

calcurated plate
showing the effect on the edges of confining the

profiles
driver plate (the solid areas) with a similar
but slightly different unconfined system (the
open areas). In both calculations the lens and
HE were unconfined, but in one the driver plate
was held in a piece of iron pipe with an inside
diameter smaller than the charge (the long rec-
tangle at top of figure). The salient feature is
that the HE-detonation wave causes the ring to
expand inward a bit and directs the expanding
gases in the cavity in such a fashion that the
plate actually develops a lead in the outer re-
gions instead of the lag at the edge in the un-
confined system. Such systems would appear to be
almost ideal in that if they were optimized long
free runs could be used to reach maximum plate
velocities, This effect hdas been verified ex-
perimentally,

. SEFARATEING THE HI AND THE DREIVLER

This problem has heen addressed primarily by

1-) calculetions; complete experimental veriti-

cation has not yet heen done. Varying the sepa-

ration between the HE and driver provides anoth-

er wdy ta control the velocity of the impactors

and becames wost etfective when thin H 1s bued.,

The raylar wave  c¢auses  tension waves in the

driver plate it they dare placed in contact with
the Hi. By spacing the HE away from the plate
these are minimized, A somewhat surprising re-

sult {tig. 2) was that the driver veloclties had

a madmm  when g rather small separation was

used, The caune af thin s not anderstaod nar

has it Dhen manitored experimentally at this

time.  The resofts of ane wedv o af catoulations

EVFECT OF HE DRIVER SFPARATION
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FIGURE 2. Calculated driver
size. Here and elsewhere we have used the di-
mensionless ratios of the gap size, HE thick-
ness, and length of run to the driver thickness,
to describe the system. TheSe three parameters
fully characterize the results of the calcula-
tions, Since a l-mm-thick driver is typical,
these ratios are also representative of actual
size (in mm) of many systems. The <curves are
for four run/driver ratios. ‘

velocity vs. gap

Une effect that the

eliminate

are summarized in Fig. 2.
separation is believed to have is to
the laryge gradients associated with the reaction
zone ot the explosives, a feature not present in
the calculations. Gradients are also present be--
cause of the Taylor wave, and they can have so—;
rious etfects during the acceleration ot the
Calcu-

The

drivers ewpecially when the HE is thin,

lated velacity protiles demonstrate this,

fact that thin plates can be accelerated withoat

being torn up when asing some separation attests |

ta the osefalness  af  separdating  the HE and

impactor,

6. THO-STAGE
The

s to use a rather

SYSTEMS

concept of staging is nat new,  The idea

massive plate (pistan) moving
ta 6.km/s to acceler-

with a velocity of from 4.

ate amuch thinner plate ta samewhat higher  ve-
Tac it ies via some staging flutd,  We

ol dMX baned, Plast i

used plates

{(1u0l)

Boaded | xplanive



&-"to 15-mm thick as the intermediate material.
In the calculations a SS piston moving at some
prescriped velocity impacts the explosive and
the

shock wave passes through the explosive,

reaction begins. Energy is released as the
Calcu-
lations indicate that the ratios ot some of the
components used in these systems critical.
When
the piston, larye tensiun waves developed in the
with

would most

are
the secondary HL was too thick relative to
which caused

driver, velocity profiles

large gradients. These gradients

likely destroy its usefulness. In the systems
the

driver, very large tension waves were present in

where the pressure pulses appeared tlat in
the piston, but they caused no bad effects on

the driver. When the HE was thin, the initial

pressure pulses appeared to be quite large, so
this may cause considerahle shock heating.
Results of four calculated systems are shown in

Fig. 3, and some results ot tive experiments are
given in Table I.
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FIGURY 3. valcelated Velocities of 0.9-mm second
stage driver tor varfous seconda It systems
impacted by a A.H-mm 5% piston mov ¢ at 4.5
km/s. The thicknesses of the i and gaps are in-
dicated in the table to the left of the curves,
It appears that, as expected, the gap decreases
the calculatee velocities, it must alsa be
conr.laded that tfar the 3-mm gap the Ltop system
s prohably near optimim for the piston used.

7. SUMMARY AN GUNUTHSTOND

Somwe resulits of this study that can be  used

for destyning stagle stage expreriments are  om

TABLE 1. Resilts From Tvo Stage Experimeni:.

501 GAP SS RUN 9501

LENS 9501 GAP CAP SS RUN VEL
200 150 6.4 4.8 38 0.0 3.2 .89 13 7.3

200 150 6.4 1.1 38 6.0 1.2 .89 19 1.5

200 150 6.4 3.1 W 6.0 L2 .1 16 AA
300 250 12.7 6.4 s 12.7 6.4 .89 27 8.3 !
00 25 12,7 4.8 64 9.0 6.4 .21 19 9,2 |

The velocltlen of the sevond srage (ondm VEL) ate ka/x.
All dlmensions aie in ma. The lmpactors vere all intace
for the runs indicated. There vere Indicatlons that an
additional fev mm’s of run might caure some break up.

) e e e ! PR O .
[} ‘e 100 (11 200 a%e
1 7(MIVI e RAT L1
FICURE 4. Calculated driver velocity vs. HE
thickpess for 9%01, composition 8 (CB) and TNT.

Tie top ot each band represent: 4 run/driver
thickness ratio of 50, and the bottom a ra’io of |
10. At thickness ratios ot 20 taere is still
substantial plate acceleration and ratios of 30
or more are recommended. The same it driver
separation was used in all calculeations,

mariced In Fig. 4. By using standard materta
almost ary driver velocity «dn be obtalned,
betwren 3 and Y km/s. The w.e of some separa-
tion hetween the W and drlver s recommended.
The actudl amount is nol critical unrlaess iLhe it
is very thin. Incredsing the separation s pre-
ferable to reducing the length of run to
decreane  impdct velocity, The  results in
Table I can he used as a quide for reaching

pressures in oo symmeterioal 85 colliston that are

In excess o A0 GPa,




