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About This Report
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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transic Limes cdan be measured on  materials ot

reasonahle thickness. Thin drivers and long
runs alsu keep them as free as possible from
yressure pulses at the time of impact. Part of

this study has been devoted to finding HL sys-

cems that best maintain the ilatness needed tor
jood pldne-wave experiments. [t wds also aeces-
;ary to determine plate velocity-distance curves
ror a redsonable assessment ot the problem,

We have invistigated the use of what we call

:he double tree run (DFER) system. Here an H!

Iriver system (first stage) is used to over-

frive, and to maintain pressure in the HL of o

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

A1l phases ot the program hdve been tnvesti-
Jated by calculations and by experiments, one
that the calculations cannot address is
they

of smedr camerd experiments

Ispect
thether the metal pldates bredk up, and it

lo, when? Results

tere used to estabiish criteria tor that.

".THE DIAGNOST TGS

The performance ot the systems was  evaluated

¥y monite ang amaactor-plate  arrival and vei -

ity at ditterent Jevels with a multiple t1ash.

ap andlyzer (MEA), viewed by o sweeping tmage

amera. The MEA consisty of a Plexiglay holder

ar on  which severdl relatively thin Plexiglas

tripy have heen attached along the edges  with

ouble  stick  tape leaving o wmall gap an the

entral area tor some  qas. whaich  emtys Light

hen  closed by the shock,  Three or more layers,

t Plexiqlas were used so that shock strength

ould be determined a5 o tunctran of ran,

CALCULAT juN,
Al calculat ion were made uting o two dimen

1onal buleoran hydrodynamye code with Y deto

nation dand propagation governed by o JWl  LUS. |

The eftects ot confinement and related edge

|

effects were studied using the full 2-') capabil-

ities of the code, Plane-wave calculations were
dlsu made to study the effects of H[ uydap and
plate thickness on plate velocities. In the ex-,

periments plane-wave HE lenses were used,

Since
it is a4 major task to calculate the detonation
ot the lens, all calculations were made with the
The etfect of the

primary HL only. lens must ve

ddded when comparing the cdlculated and  experi -

mental  results, It wdas assumed that all dimen-
sions scdle (velocities dre invdaridant), and thdt
there were no time-dependent effects. The prob-
lem ot plate break-up was not addressed.
tha

were filled with hydrogen and treated as

Spaces

between plates and HE in the experiments

voids

in the calculations.,

4. TWU-DIMENSTONAL EHELCTS
Une of the goals of this proyrdam was to maxi- |

mize the usetul dree tor a given plane-wave

initiator. One way to do this is to just use d

larger digdmeter Hi. In doing this the actua’

arca completely free from side attects remains

the same hut the severity of  the deleterious

elfects, e.yg., lagging edqges  or how, can be

minimized Somewhat .

ot Hi (S

However, 1t the total  indss

himited, using  continement. may be

better,  We have not studied  thet  aspect and

have  only  compared  Lhe effect of partial con-

frnement with no confinement. A method  availa-

ble to control deaver-plate accelerat ion and ve-

locity ceparaling  the from the

1% by
plate by a qap. 1l

N

Has e crpand tneoa one dimen

sronal fasmion when they  tiow  aorass the  qgap

Sinee they aree poasentiatly ot serto pressure

during that tame,  However o when they reach the

plate  precoares bur b up o and the oo prosive pro ‘

ducts will aow cepand Taterally 11 not contined,

To mynemtse the o an pressare becagse ol this

we have tsed systemes o lar to that LU B |

whoer e Phe fwo oy boema are comgared,



FIGURE 1., A set of

calcuiated plate
showing the effect on the edges of confining the

profiles
driver plate (the solid areas) with a similar
but siightly different wunconfined system (the
open areas). In both calculations the lens and
Ht 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 fiqure). 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 has been verified ex-
perimeritally.

. SEPARATING THE HE AND THE DRIVLR

This problem has heen addressed primarily by
1-D calculetions; complete experimental veriti-
cation has not yet been done. Varyinq the sepa-
ration between the Hb and driver provides anoth-
er way to control the velocity ot the impactors

and bhecomes most ettective when thin HE i< used,

The itaylor wave causes  tension waves in  the

driver
the HL.

plate it they are placed in contact with

By spacing the Hi away from the plate

these are minimized, A somewhat surprising re-

sult {Lig. ?) was that the driver velocities had

a madimum  when o rather small separation was

used. The cause of this ts not understood nor

has it been monftored experimentally at this

time.  The resolts of one et of  calculations

EFFECT OF HE DRIVER SFPARATION
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FIGURE 2. Calculated driver velocity vs. gap
size, Here and elsewhere we have used the di-
mensionless ratios of the gap size, HE thick-
ness, and length »f 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 1is typical,
these ratios are also representative of actual

size (in mm) of many systems. The <curves are
for four run/driver ratios. ‘

One effect that the
separation is believed to have is to

are summarized in Fig. 2.
eliminate
the large qradients associated with the reaction
one of the explosives, a feature not present in
the calculations. Gradients are also present be--
cause ot the Taylor wave, and they can have 50-;
rious effects during the acceleration ot the
Calcu-

The

drivers especially when the HE is thin,

lated velocity protiles demonstrate this,

fact that thin plates can be accelerated without

being torn up when using some separation attests |

to the usefulnes,  of  separating the HE and
impactor.,
6. TWO-STAGE SYSTEMY

The concept of staging is not new. The idea

fs to use a rather massive plate (piston) moving

with a velocity of from 4. to 6.km/s to acceler-
ate a much thinner plate to somewhat higher  ve -
tocities via some staging fluid,

of HMX based, Plast i¢

We used plates
{(9h01)

Bonded  Explosive



&-"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 of some of the
components used in these systems critical.
When

the piston, larye tensiun waves developed in the

are

the secondary HlL was too thick relative to

driver, which caused velocity profiles with

large gradients. These gradients would most

likely destroy its usefulness. In the systems
the

driver, very large tension waves were present in

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

the driver. When the HE was thin, the initial

pressure pulses appecared to be quite large, So
this may cause considerabhle shock heating.
Results of four calculated systems are shown in

Fig. 3, and some results of five experiments are
gliven in Table I.
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FIGURL 3. valculated Velocities of .9-mm Second
stage driver 1or varfous scconda  HE systems
impacted by o A.H-mm 5% plston mov gy at 4.5
km/s. The thicknesses of the HiE and gaps are in-
dicated in the table tg the left of the curves.
It dppears that, as expected, the gap decreases
the calculateed velocities, It must alsn  be
conr.luded that tfor the 3-mm gdp the top system
is probably near optimum for the piston used.

7. SUMMARY AND) CONCLUSTONS

Some results of this study that can be  used

for designing single wtage experiments are Lum

LENS 9501 GAP SS RUN 9501 GAP

200 150 6.4 4.8 38 0.0 3.2 .89 13 7.3
200 150 6.4 3.1 18 6.0 1.7 .89 19 1.5
200 150 6.4 3.1 W 6.0 L7 .7 16 A1
100 250 12.7 6.4 % 12.7 6.4 .89 22 8.3 !
00 25 12.7 4.8 64 9.0 6.4 ./1 19 9.2 |

The velocities of the sevond stage (under VEL) are km/s.
All dimensions are in ma. The impactors vere all intact
for the runs indicated. There vere indications that an
additional fev mm’s of run might caure some break up.
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FICURE 4. Calculated driver velocity vs. HE

thickpess for 9501, composition 8 (CH) and TNT.

The top of each band represent: a run/driver
thickness ratio of 50, and the pottom a raio of |
10. At thickness ratios ot 20 tiere is still
substantial plate acceleration and ratios ot 30
or more are recommended. The same¢ WL driver
separation was used in all calculitions,

maticed in big. 4. By using standard materia:

almost ary driver velocity «dn be obtained,
betwren 3 and Y km/s.  The une of some separa-
tion between the W and driver s recommended.
The actudl amount {s not critical upless ihe Hi

is very thin. [Inurcedsing the separation s pre-
ferable to reducing  the length of run to
decrease  impact  velooity, Tne resalts in
Table I can be used as  a quide tor reaching

pressures inoa wymnetrical % collisfon that 4are

In excess 0 400 GPa,



