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Development of a Large Electrically Driven

Flyer System for Explosive Initiation Studies

by

W. L. Seitz, S. C. Schmidt, and Jerry Wackerle

An experimental

system for explosive

ABSTRACT

study to develop an electrically

initiation studies is described.

driven flyer

Both pulsed

laser stereophotography and streak camera studies have been used

to determine a foil/land/flyer

planar flyers for quantitative

assembly with explosive wedges

has been designed to study run

geometry that will give sufficiently

explosive initiation studies. A shot

6.4-mm diam and 20° to 30° angles

distances to detonation from 0.5 mm

to 2.0 mm. Preliminary results are given for 1.8-g/cm3 superfine

TATB.

I. INTRODUCTION

There is considerable interest in insensitive explosives for

use in detonators as well as other weapon components because of

the safety factor they provide. However, at present very little

initiation data exist for these insensitive explosives especially

h the millimeter to submillirneterdistance to detonation range.

For more sensitive explosives, experiments by Gittingsl on PBX-9404,

Wackerle, et al.2 on PBX-9404, Trott and Jung3 on Comp-B and PBX-9404
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4
and de Longueville, et al. on several explosives, have demonstrated

that shock duration can significantly influence initiation behaviw .

The “prompt” initiation behavior of insensitive explosives must

also be characterized, both from an engineering point of view and

to assist in obtaining a better basic understanding of the initi-

ation process.

To study these insensitive explosives we have chosen 1.80-g/cm3

superfine TATB as a test explosive, and the explosive wedge as a

technique to observe these short distances to detonation. We have

chosen the electrically driven flyer system to initiate the explcsive.

Electrically driven flyer systems have been shown by Weing=rt,

et al.5’6 to have the capability of driving flyers with sufficient

velocity to initiate insensitive explosives.

Electrically driven flyer systems have the advantage that ex-

periments can be performed in an ordinary laboratory, with electrical

and optical diagnostic equipment positioned very close to the ex-

plosive sample confined in a “boom box”. The thin shocks generated

are also similar to the shocks present in an ordinary detonator

design. Howevel, they have the

ducible flyers are difficult to

shocks iS difficult.

disadvantages that flat and r(_xo-

obtain and that generation of thick

11. gXpERI~NTAL ~D RESULTS

The experimental arrangement for the explosive wedge assembly

is shown in Fig. 1. l’he

holder and positioned at

explosive wedge is glued into a Lucite

the end of a Lexan barrel. The flyer is
,
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accelerated down the barrel by the exploding foil, and generates

a high pressure shock wave in the explosive wedge upon impact.

Flyer tilts and impact times are determined from light pulses ob-

served when the flyer impacts the Lucite holder around the explosive

wedge. Breakout of the shock or detonation wave from the explosive

wedge surface is observed with a rotating mirror streak camera by

illuminating the wedge surface with a small (<3 g explosive) ex-

plosively driven argon flash. The camera optical “axis and flash

are positioned to give specular reflection from the explosive

surface into the camera.

Explosive wedges are hand ground from the central portion of

pressed pellets 6.4-mm diameter by 6.4-mm long and with densities

of 1.801 t 0.002 g/a3. Wedge angles of nominally 20° and 30° have

been used. Wedge toe thicknesses of 50 ~m have been obtained with

special care and toe thicknesses of 100 pm have been easily ob--

tained. A six millimeter scale is shown on several of the figures

to show dimensional sizes in comparison with the wedge size.

Figure 2 shows our present capacitor discharge system, which

consists of a 56-vF capacitor bank that can be charged to 20 kV.

The capacitor bank is discharged through the foil/cable system by

means of a field distortion switch.7 The foil is vaporized by

joule heating and the resulting high pressure, icnized gas acceler-

akas the flyer down the barrel. A streak camera with a crossed

slit arrangement, shown in Fig. 3, is used to observe flyer planarity

both parallel and perpendicular to the current and also to determine

flyer velocity. One-half of the slit is projected through a lens

system to 3ive the slit image parallel to the current. The other
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half of

through

rotated

the slit is brought out through turning mirrors and passed

a lens dove prism arrangement to allow the slit to be

and positioned to give a slit image perpendicular to the

current.

Figure 4 shows streak camera records for three foil thicknesses.

Several foil configurations were tried in an attempt to obtain flat

and reproducible flyers; however~ the foil configuration shown in

this figure has given the most planar and reproducible flyers.

The foil is fabricated by laminating a thin aluminum sheet to an

epoxA-fiberglass substrate and photoetching the aluminum to leave

a 14.3-mm square foil. The three streak records show the effect

of foil thickness on planarity for slits both parallel (right

streak in each frame) and perpendicular (left streak in each frame)

tc)the current. The offsets in each trace are the result of grooves

machined in the Lucite impact block for velocity determinations.

As is evident, the planarity is normally better parallel to the

current than it is perpendicular to the current. It can also be

seen that flyer planarity is best for the 25-~m foil, only slightly

worse for the 51-vrcIfoilc but that the flyer is torn apart for the

76-vm foil.

Flyer velocities as a function of foil thicknese are shown

in Fig. 5. Flyer velocity is seen to be greatest for the 51-~m

foil even though the 25-vm foil gave the best planarity. Therefore,

we have used S1-vm foils for most of our shots because of the

greater velocity even though some sacrifice in planarity was made.

In observing a number of streak camera records

foils, we found that imperfections observed in foil

for different

burst correlate
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with imperfections in flyer planarity. Figure 6 is iistreak camera

record of a foil/flyer configuration for which the foil was known

to have a scratch at the point where the early light appears in

the right-hand streak record. The flyer is seen to impact the

Lucite block early in this region above the scratch. In fact,

asimultaneity of the light onset across the foil is noted to be

directly associated with flyer aplanarity.

A number of pulsed laser stereo photographs of exploding foils

have also been taken using the experimental arrangement shown in

Fig. 7.8 A pulsed laser beam is focused on the exploding foil.

Scattered laser light from the foil is then collected by the camera

lenses and focused on the film planes. Narrow bandpass filters

are used between the lenses and the film pianes to filter out self-

light generated by foil ionization and air shock. For these large

foils a further reduction of the self-light was necessary in order

to obtain good photographs. This was accomplished by firing the

foils in a butane atmosphere.

~igur~8 showsa single frame of the stereo pair at fOUr

different times. The times given are referenced to the time of

peak voltage developed across the foil. Early burst is seen to

occur along the ends of the foil as shown by the black vapor clouds

in the first two frames. Early vaporization is also seen to occur

along the edges of the foil. At the later times the central foil

portions appear to be bursting rather uniformly; however, there

is some nonuniformity still seen around the foil edges. This would

suggest that if the foil dimensions were large compared to the
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barrel diameter that flatter flyers could probably be obtained.

However, as has been shown in previous empirical studies,9 increasing

the foil dimensions tG achieve this improvement would result in a

decreased flyer velocity.

A typical streak record with a corresponding analysis for an

explosive wedge shot is shown in Fig. 9. The cutoff of the light

reflected into the camera from the explosive surface occurs as the

shock or detonation wave breaks out. Straight lines appear to

fit the data for both the buildup to detonation and the region after

detonation, indicating more or less constant shock velocities in

both regions.

We have fired three explosive shots for each of the two dif-

ferent flyer configurations listed in Table 1. The overtake time

given for each configuration is the calculated time for the lead

rarefaction (from the plastic-aluminum interface) to overtake the

shock front in the high explosive. Experimental distance and time

to detonation and derived Hugoniot data for individual shots are

given in Table I, along with averages and standard deviations for

the nominaliy identical shots. It should be noted that the buildup

process is not fully supported since the calculated rarefaction

overtake time is less than the measured time to detonation.

The Hugoniot data and distance to detonation are also shown

in Figs. 10 and 11 respectively. Hugoniot and distance to deto-

10
nation data obtained by John Ramsay for 1.806-g/cm3 standard grind

TATB with explosive plane wave booster systems are also given in

Figs. 10 and 11. For comparison three distance to detonation vs

pressure points obtained by Jackson, et al.6 for 1.81-g/c’m3



TABLE I. Distance and time to detonation, and Hugoniot data for superfine TATB
obtained with short duration shocks generated by electrically driven
flvers in emlosive wedqes. The superfine TATB wedges were ground
fr% pellets-with a density of 1.80i + 0.002 g/cc. -

p~yer
Velocity
(mm/lM).—

Flyer A 2.62 & .08
n
n

Average of above three

Flyer B 3.26 t 0.05
n
M

Average of above three

Flyer A:

Flyer B:

Overtake
Time Pressure
(us) (GPa)

0.170 i6.7
M 18.4
11 17.1

0.074 22.7
n 22.4
W 23.7

22.9tO.7

Shock
Velocity
(mm/lls)

5.5
6.4
5.7

6.1
6.0
6.6

6.2~0.3

Particle
Velocity
(m/lJs)

1.69
1.61
1.67

1.66*0*04

2.05
2.07
2.01

2.04 *0.03

0.12 mm Mylar/O.33 mm Mylar/O.26 mm Al

0.076 mm Kapton/O.33 mm Mylar/O.13 mm Al

Distance
to

Detonation
(m)

1.66
1.89
1.76

1.77* 0.12

1.04
1.28
1.36

1.23 t 0.17

Time “
to

Detonation
(Ifs)

.292

.265

.293

0.2832 .016

.218

.227

.222

0.222t 0.005

4
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92.5% TATB/7=5% Kel-F are also shown in Fig. 11. Expressions for

the shock velocity vs particle velocity and the distance to deto-

nation vs pressure were obtained for the combination of both the

superfine and standard grind TATB. The shock-particle velocity

expression should be valid since both sets of data were taken for

the same void fraction, and the difference in particle size should

not be important for this relation. However, the distance to deto-

nation is known to be a function of both particle size and input

shock duration.

Previously cited short-shock experiments in PBX-9404,1-3

Composition-33,4 RDX4 and TNT4 all have shown increased run distances

to detonation as flyer thickness is decreased. Lindstrom’s initi-

ation study on porous tetryl
11 and the observations of Howe, et al.

12

on granular TNT have shown that decreasing particle size results

in decreased distance to detonation at a given input shock strength.

If these two effects occur in TATB then, relative to Ramsay’s

sustained-shock observations on standard grind explosive, our short-

duration shock input would be expected to give longer distances

and our superfine material shorter distances to detonation. There-

fore, the linear relation between distance to detonation vs pressure

for the combined TATB data may result from two compensating effects.

111. CONCLUSIONS

We have obtained useful Hugoniot and initiation data for

1.801-g/cmGsupe~fine TATB. We have also demonstrated that the

technique of using electrically driven flyers to initiate small

insensitive explosive wedges to obtain initiation data is feasible

for millimeter distances to detonation.
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We are also convinced that if we had chosen one of the more

sensitive explosives such as PBX-9404 or PETN as a test explosive

that we

plan to

We

could study submillimeter distances to detonation, and we

study these explosives in the near future.

have found that some change in geometry is required to

give the greater flyer velocities necessary to study submillimeter

distances to detonation in 1.8-g/~3superfine TATB. It is not

presently known as to how short a distance to detonation can

actually be attained for insensitive explosives regardless of

flyer velocity.
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FIGURE CAPTIONS

Fig, 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Experimental arrangement for explosive wedge.

Present capacitor discharge unit.

Crossed slit arrangement.

Streak records for three foil thicknesses.

Flyer velocity vs foil thickness.

Streak record Sk~%~i19 effect of foil imperfection
on flyer.

Experimental arrangement for pulsed laser stereo
photography.

Single frames oi pulsed laser stereo pair for four times.

A typical streak record with corresponding analysis for
explosive wedge shot.

Unreacted Hugoniot data for 1.801 g/anssuperfine TATB
and for 1.806-g/cm3standard grind TAT!3.

Comparison of distance to detonation vs pressure for
1.1301-g#ar.3superfine TATB and 1.806-g/cm3standard grind
TATB. Three points for 1.81-g/cm392.5% TATB,17.5%Kel-F
are also shown.
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