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INITIATION OF EXPLOSIVES BY EXPLODING WIRES

VIII. Survey to Determine Explosives Capable of Initiation
at Moderate Voltage Levels

By
Howard S. Leopcld

ABSTRACT: The explosives: PETN, TNETB, RDX, HNAB, DINA,
BTNES, HNH, and HMX can be initiated high order by a 2-mii
diameter gold wire exploded by a l-microfarad capacitor
charged to 4000 volts. These explosives are rated as
fairly sensitive secondary explosives by the impact test.
PETN exhibits the fastes: build-up to detonation of the
explosives that initiated.
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INITIATION OF EXPLOSIVES BY EXPLODING WIRES

VIII. Survey to Determine Explosives Capable of Initiation
at Moderate Voltage Levels

This report is Part VIII of an investigation concerning the ,
! initiation of explosives by exploding wires. The work was
% per formed under Task RMMO-62-052/212-1/F008-08-~11, Problem
{ Ho. 9, Analysis of Explosive Initiation.
t

; The results should be of interest to personnel engaged in

initiation research and in the design of exploding bridgewire
ordnance systems,

The identification of commercial materials implies no criticism
or endorsement of these products by the Naval Ordnance Laboratory.
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Captain, USN
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INTRODUCTION

1. This is the eighth report* in a series describing
experimental results obtaired from an investigation of the
interaction between exploding wires and explosives. Previous
investigation has dealt largely with the determination of the
optimization of some of the wire and circuit parameters. PETN
(pentaerythritol tetranitrate) was chcsen as the test explosive
during the investigation of the electrical characteristics because
it was the most commonly used explcosive in EBW devices at the
time the investigation started. Lately, the use of RDX
(cyclotrimethylenetrinitramine) in EBW devices has increased
because of its better heat resistant properties and its lower
shock sensitivity. There is also iiicreasing interest in
exploring the possibility of using other explosives to take
advantage of desirable properties such as, for example, radiation
resistance.

2. This phase of the investigation consisted of a survey
to determine what explosives might be initiated with moderate
voltage levels of 2000 and 4000 volts. These voltage levels,
which are well within the present state of the EBW firing unit
art (without entailing excessive insulation) correspond to
storage energy levels of 2 and 8 joules when using a l-micrcfarad
capacitor. The manner of growth to detonation also was observed
for those explosives which propagated to determine if the growth
pattern would permit use within the usual dimensions characteristic
of EBW initiators.

ELECTRICAL CIRCUITRY

3. The test circuit used for this investigation is shown
in Figure 1. It is similar to the previous test circuits
described in earlier reports except that an BG&G KN-4 Kryton
trigger tube was used as the switching device since it is capeble
of firing at both the 2000-and 4000-volt test levels. The
circuit parameters for this test circuit are:

C = 0,97 microfarad

L = 0,70 microhenry

R = 0.40 ohm

Vo = 2000 or 4000 wvol%e

* Other reports on this series are listed on Page 7
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The methods used for determining the circuit parameters are given
in References 1 and 2,

TEST PROCEDURE

4. Various available seccndary exglosivas were tested at
2000~and 4000-volt charg!ng levels witk the tast circuit, The
explosive gsamples were, if possible, <325 mash {44 microns or
less in size) and were cbtained by screening of the original
samples. The density of dach test explosive was kept closs to
50% of its crystal density. At least 2 test shots were made for
each explorive at ths 4000-volt level. If propagation occurred,
the explosive was also tested at the 2000-volt level, PEYN was
re-tested along with the other explosives for a comparison of
the growth to detonstion characteristics.

5. The test fixture and experimental methods described in
References 1 and 2 were usgsed for observing the growth of
explosion., The bridgewire for both test levels was a gold wire
of 2-mil diameter and 75-mil length.

WIRE PHENOMENA

6. The gold bridgewire used (2-mil dia. x 75-mil length)
requires a calculated 0,163 joule for complete vaporization,
based on handbook constants, At the 2000-volt charging level,
the bridgewire dimansions are closely matched tg the circuit
parameters for efficient explosion of the wire ®*; wire burst*
occurs approximately two-thirds up the leading edge of the current
pulse. The bridgewire bursts at =~ 0.5€ microsecond at which
time = 72% of the calculated vaporisation energy has been deposited.
This bridgewire, when exploded while suspended in distilled water
generated a shock velocity in the water of 1610 meters/sec at the
wirds midpoint. This velocity is equivalent to a water pressure
of 1,02 kilobars.

7. At the 4000-volt charging level, the bridgewire explodes
at = 0.42 microsecond at which time = 138% of the caliculated
vaporisation energy has been deposited. Thig is almost double
the snergy deposited at the 2000-volt charging level. Houwever,
mors efficient utilization of the available snergy would be
expected with a larger diameter bridgewire eince four times the
ntored energy at the 2000-volt level is available. At the 4060~
volt level, the shock velocity in distilled weter is 14690 meterxz/
sscond; equivalent to a water pressire of 1.78 kilobars. The
peak currept density in the bridgewire just before bupet is 7 x 107
angcroa/cm at the 4000-volt level compared to 5 x 10" amperes/
cm at the 2000-volt level.

* PBurst time is considored to be the average of the time of the
first apparent deflecticn of the current wavefnrm and tl.e tiune
of the voltage peak,

2
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EXPERIMENTAL RESULTS

8. Twenty three available explosives {18 in the open
literature and 5 classified explosivesg) were first tested at the
400C-volt charging level, None of the classified explosives
initiated high order with the tyre of confinement employed.

Eight of the open literature explosives initiated high osrder.

These eignt were then re-tested at the 2000-volt charging level

to determine if they would initiate high order at the lower

energy level. See Tables I znd 1I for selected properties of the
test explosives and a swmmary of the results of the opea literature
test explosives.

9. The growth to detonation characteristics were observed
for those expiosives Jshich propagated. When propagation occurred
at both the 2000-and 4000-volt lewvels, the growths to detonation
for both initiaticn levels were compared.

PETN PETN gave the fastest build-up of the explosives that
initiated high order. The growth of detonation was similar for
both test 'evelas. The growth at the 2000-volt level lags that of
the 4000-volt level by 0.1 usec with rhotographic obhservation of
the wire burst considered as zero time for both test levels. At
a 6-mm distance from the nridgewire, the detonation velocity
averaged 4.l14 mm/usec for both test levels. See Figure 2,

TNETB 1TNETB propagated at both test levels with an accelerating
detonation, though slower than PETN. At a 5-mm distance from the
bridgewire, the velocity was 2.77 mm/usec for the 4000-volt test
level and 2.62 mm/usec for the 2000-voit test level. The growth
at both test levels was similar. See Figure 3.

BTNES BTNES propagated at both test levels with a similar growth
for each teet ievel. The growth at the 2000-volt level lagged
that of the 40C0-volt level by 0.25 microsecond. At a 6-mm
distance from the bridgewire, the detonation velocity averaged
2,27 mm/usec for both test levais. See Figure 4,

DINA DINA propagated at both test levels., The growth at the
2000-volt test level wan slower than at the 4000-volt level, At

a §6-mm distance from the bridgewira, the velocity was 2.70 mm/wsec
for the 4000-volt test level and 2.09 mm/usec for the 2000-volt
level., Soe Figure 5,

The growth of detonation of HNAB differed at tha two test
avela. At the 4000.-volt levei, HNAB exhibited an accelerating
growth reachiing a velocity of 2.21 mm/usec at a 6-mm distance from
the bridgewixe. At the 2000-volt level, HNAB exhibited a rsaction
rate of 0,67 mm/usec for 5 to 6 microseconds and then underwent
an abrupt transition to a constant detonation velocity of 4.4 i/
pEeC approxiaately 6-mw from the bridgewire. 3ee Pigure 6.

3
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The lower energy input was observed to result in a faster
"detonation velocity at a shorter distance from the bridgewire.
However, the time period to reach this velocity was erratic and
of a longer duration.

RDX Three available different types of RDX were tested. Sub-
sieve (<44 microns) Wabash RDX, sub-sieve Holston RDX (7-8% HMX)
and a Holston 2-micron RDX were evaluated. All three types
initiated high order at both test levels. The sub-sieve Eolston
RDX gave the fastest rate of growth and had the highest velocity
6 mm from the bridgewire. The 2-micron RDX gave the slowest
build-up. (see Figure 7). Although the grain burning theozy
implies that a high surface to volume ratio is desirable, the
results with the 2-micron EDX indicate that too fine a particle
size may not be desirable,

HMX At the 4000-volt level, HMX gave a slowly accelerating
reaction with a velocity of 1.16 mm/usec at a 6=-mm distance from
the bridgewire. (see Figure 8). HKMX did not propagate at the
2000-volt level:; only a small cavity was burned into the explosive.

HNH HNH also propagated only at the 4000-voit level. At a 6-mm
distance from the bridgewire, the velocity was 1.71 mm/usec and
was slowly accelerating. A small void was burned into the
explosive at the 2000-volt level. (see Figure 92),

CTHER EXPLOSIVES The test shots, if propagation did not occur,
usually resulted in a cavity in the bridgawire area apparently

due to a combination of some combustion and welting of the
explosive. An exception to this was nitrogquanidine. No cavity
was observed with nitroguanidine. The nitroguanidine remsined in
clumps of needle-like crystzls with a purplish hue apparently

due to colloidal gold dispersed by the exploding bridgewire. Both
graphited and plain tetryi oxhibited more burning than the other
explosives which did not propagate. Large cavitiez were burned in
the prussed explosive. The entire amount of ONPN in the test
fixturc burnt, leaving a black char residue.

DISCUSSION

10. The process by which energy is transferred from an
exploding wire to e surrounding explosive is not as ¢learly
understood as it is for initiation from a hot wire. An exploding
wire can produce: "

(1) Intense light (5) Flasma

(2) Shock energy (6) Electrons
(3) Liquid droplets (7) Electric discharge
(4) Hot vapor (8) Kinetic energy

%
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Lead azide can br init.iated by weak pseudo exploding wires which .
form only large mclten dropleta. Past experiments have indicated
that stronger explceding wires can initiate PETN by & «combination
of energy forms such as shock energy, conductive heat transfer,
and kinetic energy or ..f the wire 2xplosion is strong enough,

by shocvk energy alone.® Thus, the primary stimuius causing
initiation can change with the intensity of the wire nxglcsion.
In general, initiation is considered thermal in origin. The
mechanism of the degradation of the stimulus energy into heat
must be kncwn before quantitative measurementr can be at_empted.’
Since the mechanism of degradation into heat depends upor the
nature of the stimulus, it has become rustomary to talk of
different types of senaitivity.a With exploding wires, we are
dealing with an initiation process in which one or more di€ferent
energy forms can contribute.

11. Coupled with the difficulties of guantitatively defining
the stirulus is the observation that the amount of enercy required
for tke initiation of an explosive varies with the physical
characteristicas of the explosive. The particle size, density,
and confinement can influence the energy needed for initiation.
For this investigation, the explosives were tested under conditions
which were favorable for initiating PETW (i.e.,, fine grarulation,
and about 50% theoretical maximum density). In the test fixture
nsed propagation depends strongly or the wire stimulus and only
little on the confinement, [iimensions of the test fixture exceed
repcried critical diameters for the granular form of the more
insengitive test explosives, However, the critical diameter
increases as the explosive dsnsity decreases and the sparsc amount
of critical diameter data availakle zre tor densities highe:r than
employed in these experiments.

12. The impact test, in which a weight is dropped on the test
explosive from varying heights. has been used for mauy years to
determine the relative sunsitivicy of explosives. Although
complex, the impact initiation mechaniam doas not appear to be
one of pure shock. Though there is some uncertainty associated with
che test, the impact sensitivities agree in general with field
hardling 27d accident experience since the majority of accident
observations result from mechenical impact initiationa. Wenograd
has proposed that the impact sensitivivigs of organic high
explosives are reiated to the velocities «f *heir thermal
decomposition reactions at very high temperatures.® 1In this
initial survey at moderate voltage leunls, explosives thit are
initiated high ordex by the explodinu wire correspond to thoae
rated ar the more seasitive by thu impact test. (see Table !).

The only reiatitvely impact sensitive explosive found not to
propagate, DNPY, burned completely in the test fixture., Aside

from sensitivity. another impoirtant characteristic of explosives
suitable for use in exploding bridqgewire devices. is their ability
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to buiia up to detonation within the limited dimensions of EED's.
The buiid-up patterns of HMX and HNH, which rsquired higher
initiation energies than the other explosives which propagated,
indicate that larger dimensions may be required for EBW devices
employing the more i..zensitive explosiven, Since the injtiation
of the more insensitive explosivas is likely to entail higher
veltzge levels also, the larynr dimensions if necessary wili
have at leaat the adv> .cage “hat more apace will be zvailable
for insulaticn. 'Px le I1I gives the observed detonation velocities
at &8 6-mm distance from the wire, It c¢an be seen that the
observed velacities of all the test explogives at thiz distance
are still bel ». the ideal detcnation velocity.

CONCLUSIONS

1. PETN, TNETB, ROUX, HNAB, DINA, BTNES, HNH, and HMX can be
initiated high order at moderate voltage levels by an exploding
wira.

2. PETN exhibits the fastest build-up to detonaticn of the
secondary explcsives that iritiated high order.

3. Explousives that were initiated high order by exploding wires
at moderate voitage levels correspond to those rated az the more
sensitive by the impact test.

PR oo
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