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INTRODUCTION

is paper we describe a novel method of accelerating pro-
to hypervelocities by using exploding wires. The hyper-
projector described is based on ideas acquired and data
from exploding wire work carried out at the Naval Re-
Laboratory [1] in 1957 and from work carried out more
at Technical Operations, Inc. For background purposes,
ose to describe briefly these early experiments and then to
our more recent results.

primary objective of the early experiments at the Naval
h Laboratory was to heat wires to very high temperatures
siting in them high electrical power. In the course of these
iments, one geometry was used in which the explosion was
in solid material or water, A thin Mylar diaphragm was
out," and heated gases were permitted to propagate down
J" evacuated tube. Very high velocities were observed for the
ere material propagating down these small-diameter tubes.
also noted that when the hot wire material impacted with
surfaces, considerable energy was transferred,

DESCRIPTION OF THE EXPERIMENT

years ago at Technical Operations, Inc., we began using this
g wWire experiment to develop a novel hypervelocity gun for
ly accelerating solid particles to velocities upto 30 km/sec
sec). The "hypervelocity gun" used in these experiments
€ssentially of an electrically exploded wire or foil as the
Ve charge," a water mass as the "breech," and a glass
tube as the "barrel." Not only are all parts of this gun
nd therefore almost as expendable as the projectile itself,
ystem has the added advantage of being able to attain very
Peratures through the efficient coupling of a fast-capacitor
Storage system to a metallic conducting wire (or foil) with
Tadiating surface.
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A schematic diagram of the experimental arrangement jg shl
in Fig. 1. A fine wire (or foil) is mounted across the end of 4 \
capillary tube and exploded by dischargingthe capacitor, C, thrg
it. The capacitor used in this investigation stored 3500 jOUles:t ‘
potential of 120 kv .* 1
The confined electrical explosion is separated from the acceley
ator tube and vacuum chamber by a Mylar diaphragm, which Con-
tains the explosion for a time approximately equal to the eleCtricai
discharge time. The thickness of the Mylar diaphragm wag varieq
according to the experiment being performed. Generally, i this
experiment, the diaphragm was made rather thick (about 10 mils)
so that it would tear out instead of burn out and would serve g5 a
Sebot to seal the tube, thus preventing the propellant gas from legk.
ing out past the projectile. In some cases, the Mylar disk was ugeq
as a projectile with no additional material in the gun. We have hag
our most spectacular success using this Mylar-disk projectile,
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Fig. 1. Schematic diagram of the experimental arrangement.

When a thin Mylar diaphragm (!/;
projectile in the gun, the explosion is contained by the Mylar
it burns out, allowing the hot propellant gasesto flow down the t

unti

10~
*Since the data presented in this paper were recorded, the hypervelocity resear’ C;ol;cev
gram at Technical Operations, Inc., has received official support from the u.sS. All't a eV
Aeronautical Systems Division, Wright-Patterson AFB, Ohio. Under this corltl‘@“?h'eln that
laboratory facility with an electrical energy storage system somewhat laljgef ter have
described in this paper has been constructed. The results presented in this pap’
-been substantiated and extended.
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to 1 mil thick) is used with nos
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ities up to 100,000 ft /sec. A paper cup filled with water has
hr_ mass to localize the explosion to the exploding wire until
e projectile has been accelerated down the tube. Water is a
bstance for this purpose, since it is an excellent insulator for
econd times. The accelerator tube is mounted in a larger
acuum chamber that contains the target. The streak camera
to measure the velocity of propagation of the projectiles
he tube to the target. The orientation of the streak camera
ative to the image of the gun is indicated in Fig. 1.
Beckman and Whitley Model 339-B Continuous-Writing
Camera, used in this experiment, is a research instrument
ed in the study ofhigh-speed events. The camera transcribes
”—mm film a record of the variable density of the illumination
alls upon a slit pattern as a function of time. The film is sta-
and is swept by the traveling slit image reflected by a tur-
driven rotating mirror. The image ofthe eventis placed on the
perture by the objective lens. The internal relay optics are of
urface mirror construction and give the highest resolutionto
age reflected onto the curved film track by the rotating mirror
evacuated body of the camera.
e internal optical system of the camera reduces the image by
or of 2. We are presently using a 3-mil slit, which gives a
11l image at the film, For this slit, the time resolution at the
um writing rate of 9.1 mm/psec is 5° 10-?sec. The energy
system used in this study stored 3500 joules of energy at
Kv. The discharge frequency was about 250 kc.

EXPERIMENTAL RESULTS

ure 2 is a streak picture showingthe propellant acceleration
“the accelerator tube in the absence of a projectile or target.

Streak picture showing acceleration of propellant gas in the accelerator tube in
Nce of a projectile.
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:’e we see a still frame picture taken before the accelerator
e run, with an image of the slit superimposed. The streak pic-
itself illustrates the initial, confined explosion followed by a
pid expansion of the propellant gas down the tube. We estimate
nitial propellant velocity of 60,000 ft/sec.

Figure 3 is a streak picture showingthe acceleration of an 11.1-
Mylar disk projectile and the resultant impact of the projectile
on the target. As an aid to understanding the streak picture, we
esent a schematic diagram indicating the various events that
cur. As before,a still frame picture takenbefore the rumn is shown,
i}"cating the streak camera slit position.

| The streak picture points out the initial confined electrical ex-
osion, the projectile acceleration, and the target impact. After
projectile enters the vacuum chamber, the propellant gases
ecome dispersed. Then the hot projectile becomes visible in the
eak picture, followed by its path to the target, and finally its
pact on the target. The intense light and the expanding shock
m the impact area indicate that the impact flash is quite ener-
lic. Figure 4 is a time-integrating picture of the above test.

f In Fig. 5 we show two targets after impacts. Figure 5a presents
| target impact that resulted from the impact shown in Fig. 2 in
ich an 11.1-mg projectile with a speed of 53,000 ft /sec impacted
’-}lead target. The target has been dissected to show the shape of
crater. The crater gives no evidence of projectile breakup.

\. Figure 5b presents the lead target after a similar shot in which
‘ projectile was in the tube. In this case, only propellant gas and
lebris hit the target. The target surface was polished up a bit, but
significant damage resulted.

A summary of the experimental data is given in Table 1* For
l h shot we have tabulated the projectile mass, projectile velocity,
tored electrical energy, estimated projectile kinetic energy, the
,,-,iciency of energy coupling between the electrical energy storage
tem and the projectile, and the target material used. The pro-
Ctile mass was varied from 0 to 177 mg. As the mass was de-
teased, the velocity increased from about 4000 ft/sec to 100,000
Sec in such a way that the energy coupling efficiency remained
Dout the same (5-10%).

f In Figure 6 we compare our data ontarget impacts with the data

THIS MAY BE
~ JUST THE HOT
PROJECTILE

Fig. 3. Streak picture showing acceleration and impacting of an 11.1-mg projectile,
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Fig. 4. A time-integrating photograph of the hypervelocity gun during firing.

Fig. 5b. Lead target bombarded by propellant gas and debris only.

ig. 6 (except those marked Tech/Ops) were copied froman article
J. William Gehring and L.G. Richards [3]. The "normalized
Crater diameter" (crater diameter divided by cube root of pro-
Ctile mass) is plotted against the projectile velocity for a lead
rget. The solid curve represents low-velocity data. The dotted
Urve represents a straight-line extension of the curve. Shown near
€ Curve extension are two data points reported by Gehring at the
ird and Fourth Hypervelocity Conferences [3]. These data points
€re obtained in anexperiment in which projectile breakup occurred
d a statistical method was used to correlate projectile with
“faters. Shown as black dots in Fig. 6 are our recent data using
Ylar projectiles. The data reported by Gehring were based on the
" Se of steel projectiles. In order to place our data on the curve, we
Irected the crater diameter for relative projectile effectiveness,
USing data by E. P. Palmer [4] in which _Crater volume

o Aok SiaTell: ey VRS plotted as a
ICtion of projectile density. We see that the craters resulting

o

« . . ; Rt -
Fig. 5a. Lead target which has been impacted by a 10-mg Mylar projectile with
velocity of 53,000 ft/sec.
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Although we need further data to estimate the recoil pressure
‘€rted upon the projectile by the explosion of its rear surface,
de analysis shows that we can expect a substantial effect.
’
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CONCLUSION

Confined exploding wires are a very promising method of g¢_
celerating solid material particles to very highvelocities. The very
high energies and temperatures that can be generated by using
high-power, fast-discharge capacitors are sufficient to generate
particle velocities of 30 km/sec. The primary problem arises iy
transferring energy from hot propellant gases to the projectile iy
such a way that the projectile does not disintegrate. It appears that
very high-temperature gases which accelerate the projectile over
a relatively long distance, while absorbed radiation on the projec-
tile rear surface both protects and accelerates the projectile, may
be the best way of achieving the desired goal of accelerating pro-
jectiles to hypervelocities.

ACKNOWLEDGMENTS

The author is indebted to Dr. Paul Richards, who carried out a
theoretical analysis of the exploding wire "gun," and Dr. F.
Henriques, President of Technical Operations, Inc., for his active
support of this work. Mr. Fred Hauser aided in performing the
experiments. Mr. Thor Vitkovitsky of the Naval Research Labora-
tory worked very closely with the author in carrying out initial
experiments at NRL in 1957 and 1958.

REFERENCES

1. V. E. Scherrer, I. Vitkovitsky, R. O'Rouke, C. Dobbie, and W.R. Faust, unpublished
work done at the Naval Research Laboratory, Washington, D.C. :

2. V.E. Scherrer and P.I Richards, "An Exploding Wire Hypervelocity Projector,
Fourth Symposium on Hypervelocity Impact, APGC-TR-60-39, Eglin AFB, Florida,
September, 1960, 1, paper 2. ) ) e e

3. J.W. Gehring and L.G. Richards, "Further Studies of Micro-Particle Cratering 11
Variety of Target Materials,” Fourth Symposium on Hypervelocity Impact, APGC-TR-
60-39, Eglin AFB, Florida, September, 1960, III, paper 34.

4, E,P. Palmer, R.W. Crow, D. L, Johnson, and G.H. Turner, "Cratering Experim_ent and
Theory,” Fourth Symposium on Hypervelocity Impact, APGC-TR-60-39, Eglin AFB
Florida, September, 1960, I, paper 13. N

5. "Exploding Wires,” Vol. 1, W.G. Chace and H.K. Moore [eds.], Plenum Press, New
York, 1959, p. 120, . i

6. Fourth Hypervelocity Conference, Air Proving Ground Center, Eglin AFB, Florid&
September, 1960.

H-SPEED CINEMICROGRAPHIC STUDIES OF
ECTRICALLY EXPLODED METAL FILMS*

L. Zernow, F. Wright, Jr.,
and G. Woffinden

Aerojet-General Corporation
Downey, California

Exploding metal films exhibit a striation phenomenon which has been pre-
viously reported [1]. Studies of exploding films of aluminum on a glass sub-
strate indicate that these striations are essentially perpendicular to the ap-
parent current path and become visibleearly in the discharge as bright trans-
verse regions from which aluminum is rapidly evaporated,

More detailed studies of the formation of these striations have now been
carried out with the cinemicroscopic technique [2]. At 25X magnification and
at 1,2+ 108 frames/sec an unusual polarized structure can be seen forming
during the current flow at the site of artificial scratches on the film, These
structures appear essentially identical with those formed in the absence of
artificial scratches. These observations will be shown, and the effects of
voltage and film thickness upon the striations will be commented upon,

INTRODUCTION

The authors have previously reported studies [1] ofthe behavior
electrically exploded aluminum films on a glass substrate. In
ese studies they have described the sequential optical and elec-
ical observations made on the exploding films. Since these experi-
ents form a basis for the present work, they will be described and
mmarized briefly.

The experiments may be described as follows:

1. The metal films consisted of aluminum, which was vacuum-
evaporated onto glass slides (Fig. 1).

ALUMINUM FOIL WITH ADHESIVE BACK

SILVER BASED PAINT
VACUUM EVAPORATED
ALUMINUM FILM
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Fig. 1. Aluminum film on glass substrate,
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