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ABSTRACT

Light-initiated high explosive, silver acelytide--silver-
nitrate (SASN), has been used to produce simulated x-ray blow-
off impulse loading on reentry vehicles to study the system
structural response. SASN can be used to accelerate thin
flyer plates to high termiril velocities which, in turn, can
deliver a pressure pulse that can be tailored to the target
wmaterial. This process is important for impulse tests where
both structural and material response is desired. This report
summarizes the thecories used to calculate the dynamic state of
the flyer plate prior to impact. Data from several experiments
are presented which indicate that thin flyer plates can be
properly accelerated and that there are predictive techniques
availatle which are adequate to calculate the motion of the
flyer plate. Recommendations are made for future study that
mus: be undertaken to make the SASN flyer plate technique
usable.

Key Words: impulse testing, pressure pulse shaping,
x-ray blowoff simulation
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PRELIMINARY EXPERIMENTS USING LIGHT-INITIATLCD
HIGH EXPLOSIVE FOR DRIVING THIN FLYER PLATES

Introduction

Light-initiated high explosive has been used to produce
impulse loads on various structural members including large
complex structural systems. Surface areas up to one square
metre have been subjected to a simultaneously-applied, distri-
buted impulse load botk with and without load discontinuities.
The dynamic loading, which is intended to simulate Xx-ray
induced blowoff impulse, has been designed to produce struc-
tural response.* In a nuclear encounter, both material and
structural response result when the surface material of the
structure vaporizes and is blown off. In the past, no attempt
has been made to tailor the pressure pulse from the light-
sensitive explosive for investigation of combined structural
and material response. The light-initiated high explosive
(LIHE) technique would be enhanced as a simulation tool if
pressure tailoring could be added to its capabilities.

Pressure tailoring has been accomplished in other impulse
simulation techniques by drivirng thin flyer plates to impact
the surface cf the test structure.'’? The mechanics of pressure
tailoring of the plate impact pressure pulse are the same
regardless of the method of driving the flyer plate. Earlier
work?® has indicated that LIHE can accelerate flver plates to
velocities highk enough to produce peak pressure loading of tens
of kilobars in typical weapon structure materials.

A load appears impulsive to a structure if the pressure duration

is short compared to the shortest structural response pericd of
the test item.



Also, a preliminary set of experiments has been conducted
at Southwest Research Institute® which has proven the feasi-
bility of accelerating thin flyer plates (both electrical
conductors and nonconductors) with spray-deposited, light-
sensitive explosive.

This report summarizes the theories used to calculate the
dynamic state of the flyer plate prior to impact. The shock
wave mechanics used to predict the actual pressure input to the
test surface are not discussed here since the topic is covered
in detail elsewhere.!’%?*% A set of experiments that was con-
ducted at Sandia laboratories to further investigate the use
of light-sensitive explesive to accelerate thin plates is
discussed. The most recent explosive formulation and handling
techniques were used. The objectives of the experiments were:
{1) to reverify experimentally that thin flyer plates could be
accelerated to terminal velocity while retaining the p.oper
flatness and orientation; and (2) to evaluate existing explosive
behavior thearies and flyer plate gap transit theories for pre-
dicting the actual behavior during travel to impact. These
objectives must be successfully met to allow the design of
complex simulation experiments on real structures. The data
from those experiments is presented which indicate that thin
flyer plates can be properly accelerated and that the predictive
techniques are adequate to calculate the motion of the flyer
plate. Recommendations are made for future study that must be
undertaken to make the LIHE technique experimentally usable.

Technique

The process for this technique starts with the careful
formulation of the explosive in the form of a slurry. The
explosive is then sprayed onto the test structure, the mass
distribution over the surface being controlled by using various
combinations of masks and/or overlapping spray passes. The

explosive distribution is evaluated using local explosive weight



neasurements and/or beta backscatter areal density measurements
during the spraying operation. The test item is then remotely
transported to the test site and positioned in front of a capa-
citor discharge light source. An intense flash of light
initiates the explosive and the resulting gas expansion produces
a pressure load on the test structure surface.

In the proposed pressure tailoring experiments, the sprayed
structure is a thin flyer plate, The plate is accelervated tc
a terminal velocity by the pressure pulse from the expanding
gas of the explosive detonation. The flyer travels through a
gap to impact the test structure. The pressure loading to the
structural surface depends on the material and impact velocity
of the flyer, on the nature of the air cushion effect, and the

material of the test structure.’”™"

Theory

The phenomena that are considered for calculation of the
flyer plate motion are: initiation of a known quantity of
explosive, expansion of the explesive products, and compression
of the ambient gas between the flyer plate and the target.

The important parameters to be calculated are the time of
arrival and velocity of the plate at impact. 1In some cases,
the compressed gas between the flyer and target may store
enough energy to actually reverse the travel of the flyer plate
producing a smooth, nearly-symmetrical pressure pulse in the
target. The total momentum delivered to the test surface is
dependent on the total change in velocity of the flyer plate,
so the rebound condition must be understood. It is the intent
cf this paper to predict the motion of the flyer plate prior

to impact.

For the analysis, it is assumed that the explosive is uni-
foimly initiated by instantly converting the solid explosive
mass to the same volume and density of high pressure gas, and
that detonation propagation direction has little effect on the



process, The explosive products are assumed to expand uniformly
with a linear velocity profile across the thickness of the explo-
sive/explosive gas., The pressure at the interface between the
explosive products and the flyer plate drives the flyer to the
terminal vclocity. The terminal velocity magnitude can be
determiued using the Gurney® approach., The velocity is a
function of the Gurney velocity (/ff)*and the areal dgensity of
the explosive (C) and of the flyer (M). [quation 1 shows this
relationship.® Figure 1 is a sketch of the explosive system

showing the geometry and terminology of the Gurney solution.

( a3 -1/2
v = VIE 1._—)' Lt (1)

terminal 6(1 + %)

This terminal velocity is recached at the end of the explo-
sive push or acceleration phase of the plate motion (when the
cxplosive products' pressure has been reduced to near ambient).

The Gurney velocity, vZL, for the light sensitive explo-
sive is found experimentally by mceasuring the impulse delivered
to a rigid wall (i.e. M/C 71). Using equation 1 with M/C 71
and deflining the rigid wall impulse as the mass of the flyer times
the terminal velocity the following is obtained.

I, .
V2E = l"lgéd wall‘/ﬁi 2

A calibration curve relatung the impulse and the explosive
areal density has been determined for LIHE.?” The combination
of the calibration curve and cquation (2) leads to a description
of vZT as a function of explosive areal density, C.7

The time required to reach the terminal velocity can be
calculated using the polytropic expansion process Pv" = constant

*
The Gurney velocity is a property of the explosive which indicates
ciie effectiveness of the expiosive in propelling material.



fcr the gas and PA = MX for the flyer. A is the areca over which
the pressure acts, M is the mass of the flyer, X is the accelera-
tion of the flyer and n is the expansion process exponent. The
value of n is to be discussed later.

Integrating this equation twice and puttiny in the values
for the initial condition gives the expression (3) for time, ¢t,

as a function of position, X.
¢ - [m-1)y 1/2 dx
. i 172 (3)
X

ap n

hloxo 2 O(“ETT _
X
o

Xo,g, M are initial pressure, initial explosive halfl thick-

)

P,
o
ness, gravity constant, and flyer arcal density respectively., ‘The
flyer terminal velocity can be dectermined from this approach und
is ¥V = ZPOXOg .® Using equation (3), one can dctermine the

term TN
time for the flyer to reach position X by integrating [rom the

starting position, &), to position X The value XO is the distance
between the flyer plate surface and the planc in the explosive

of zero particle motion (from the assumption of a lincar velociiv
profile of the explosive debris}. This reference planc occurs

at different locations within the thickness ol the cxplosive de-
pending upon the exact configuration. For the open face sand-

wich configuration under consideration here, XO can be found

from

T3 -1« e, (1)
X
[}
where T is the explosive thickness® (see Figure 1).
A sensitivity study of the effect of changing the exponent
n on the flyer transit time through the gap has been conducted.
Table 1 shows a small part of this study.



TABLE 1. LFFECT OF LXPANSION ZXPONENT n ON FLYEK MOTION

Flyer Explosive Gap % of Maximum
Areal Areal Transit Flyer
Density Density Time Momentum at

n Gap (M) (c) ’ Impact

1.4 .057 cm .089gm/cm2 .OZOgm/cmZ 7.25usec 83.0

3 .057 cm  .089gm/cm” .OZOgm/cmZ 5.35usec 99.6

Transient time through gap for constant
velocity = 5.16uscc

The flyer is assumed to be traveling in
a vacuum.

Maximum flyer momentum = 987 taps
{terminal flyer velocity of 11036 cm/sec).

If n is low, then the acceleration time is long. Terminal
velocity was not rcached at impact for n = 1.4 of Table I. If
n its high, then the energy from the expanding gas is delivercd
to the plate in a much shorter distance resulting in higher
accelerations.

Since simultaneity of loading is importart. Experiments
are currently underway at Sandia to evaluaic the explosive
cxpansion process.

The flyer plate must travel through a linite pap belorc
impacting the test surface. Air, if any, hetween the [lyer
and nest surface compresses to form a cushion prior to plate
impact. This cushion effect will minimally cause a smooth
pressure precursor prior to impact shock delivery or maximally
cause the flyer to reverse direction without actually impacting
the test surface (a symmetrical pressure pulse with double the
flyer plate momentum being delivered). The air cushion effect

has received considerable attention!®2’%’%;

thercelore the thuory
will not be described here.
The ideal experimental condition for llyer plate i.mptlsc

delivery is to have the flyer plate reach terminal velocity

before the gap has been trascrsed so that there is not a gradicnt

ron



in flyer velocity as a function of distance in the regron of the
impact. Ideallr, the cushion effect should not be aprv.-iahble
during the acccleration phase of the transit, thus allowing de-
coupling of the acceleration catculations from the cushion cal-
culations.

In the first attempt at valvulating the tiver tran-(t a. 1
gap, the Ilyer was assumed to he at the terminal velocity after
havine traveled some specified Jdistance across the pap. The uir
cushion equations were then used to predict the continuation of
the flyer on to impact or rchound. A computer propram bhasuvd on
the previously cited work has hcen written which predicts
the motion of the, air cushioned, driven flver plate. \ refine-
ment to this method includes calculation of the motion of the

flver through the acceleration phase.?

EXPERIMENTAL LVIDENCE

A series of four experiments was conducted in Tune 1477
to provide data for accessing the utility of the telhnique. U
main purposes werce:

i} Verify that a thin {.633 cm thick) aluminun {lver

plate can be accelerated irn a planc, uniform manner.
2) Lvaluate measurement technigues f{or mea~saring Clver
plate condition and displacement history.

3Y  Evaluate predictive technigues of rerminal flver

velocity and air cushion effect.

The data collected to achivve the above listed pumiposces
were: 1) the physical condition of the poxt test {lver;
2y flash X-ray shadow graphs of the tlyer, and 3} non-contact
ing {eddy current) displacement gage measurcments.

The experimental setup consisted of a .035 ¢m thick
aluminum flyer plate 7.62 cm in Jdiamecter that was attached to
a phenolic support ring by means of a laver of paper stretched
across the diameter ol the rinp. The phenolic ring was posi
tioned in a gege holling fixture. [Pigure 2 shows a cross-
section of the test setup and Figure 3 shows a photograph of w

2’
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the actual hardware. Jetonation timing crystals were attached to
the holder for determination of time initiation (Figure 4}. The
explosive on the outside of the assembly (see tigure 2} was initi-
ated, by the flash of light from a capacitor bank discharge,!® thus
driving the flyer plate through the gap toward the dispiacement
gage. A gap between the flyer and the gage of 1.27 cm was chasen
to allow measurement of flyer motion after the clectrical system
recovercd from the capacitor bank noise black out and to =!low
sufficient travel for obtaining flash X-ray exposures of the flyer
plate during transit., Flash X-ray exposures were taken as the
flyer traveled through the gap to show flyer velocity and con-
dition at various times after initiation. Figure 5 shows the
flash X-1ay setup and Figure 6 shows the t2st assembly in front

of the light source. The output from the displacement gage was
recorded on an oscilloscope for the first *test and on a disc
recorder with 1 MHz frequency response for the sccond and third
test. The detonation timing crystal signals werc also recorded

on an oscilioscape.

RESULTS

Figures 7 through 10 show reproduction of the flash X-ray
data. Table 2 is a summary of the test data. Figures 11 and 12
show the flyers after the test. 7The large buckles were caused
when the flyer rebounded out of the a.sembly and impacted the lighc
array.

After each of the first three tests, it was noticed that
the rebound of the flyer was lower than expected, so the fourth
test was corducted with only the X-ray to verify that the edges
of the flyer were impacting the fixture while over the gage the
compressed air did not allow iapact. See Figure 13. Figure 11
shows the X-ray of the rebounded flyer plate.

The flatness of the flyer plate in Figures 7, 8, and 9 is
sufficient for impact experiments. In actual experiments, transit
gaps will be held to less than .254 cm so that flatness .nd tilt

will be typically better than shown in the first exposure.



The displacement gage was susceptible to clectrical noisec,
as montioned above, and so was saturated by the electrical noise
of the capacitor bank light source for early times. The initi-
ation timing crystals were used to determine the start of flyer
motion. Final flyer velocity and air cushion effect cculd be
cusily determined using the displacement gages.

The most complete displacement datz was obtzined {rom the
sccond test. The explcsive initiation time was delayed the
longest, causing the signal to start later in the noisc blackout
time. ‘igures 14 and 15 show the predicted motion history and
pressure at the tarpget face using the above-mentioned model and
computer program.® Figure 16 shows the comparison beiween the
prediction and measurement for test 2. Agreement is good up to
the point of maximum gas compression. FEdge re'icef of the com-
pressed pas caused the edges to be retarded less than the center
and impact the gage holder causing energy to leave the {lver
and therelore rebcand at a lower than expected velocity.

CONCLUSTONS AND RECOMMENDATIONS

At least one class of flyer plates (.033 cm thick aluminum
can be accelerated with spray deposited light HE with sufficient
planarity and predictability to bc used in pressurc pulsc tailor-
ing impulse experiments. Impact conditions (velocity, time) can
be predicted fairly well with existing approyimations to the gas
expansion process. Design of a complex experiment will require
better understanding of the explosive behavior. A better res-
olution transducer (fibre optics, capacitance gages) should Do
uscd to observe the acceleration history of a flyer plate to

define the explosive expansion process to a better degreec.**

*
The computer program listing is not included in this report hut
is available from Division 1533.

x %
The cxperimental work and an analytical model have been accom-

plished and are soon to be published.’



cxperiments on flat configurations should be conducted to verify
tailored pressure shape and amplitude for both contact and
cushicned experiments., Pressurce transducer fechnmology will
currcntly allow this investipgation. F[Lxperiments to extend the
range of impulsc levels should be conducted. Methods of physical
support of the flyer for full system cxperiments must be devel-
oped, as well as a program to usc the calculational elements of
this report to design a complete =ystem load with impulse, pres-

surc and simultancity controlled.
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