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I. INTRODUCTION

Explosive compaction of powdered materials shows great promise as a way to
produce new materials with unique properties and to fabricate current
materials more economically,.

The explosive must be carefully matched to the material, particle size,
initial density, and geometry of the compaction specimen. The two most
critical factors are the detonation pressure of the explosive, which
determines the intensity of the shock wave delivered to the powder, and the
charge weight, which determines the duration of the shock loading and total
energy input. An explosive with too low a peak pressure will not compact the
specimen; and an explosive with too high a peak pressure can cause cracking,
melting, and voids in the specimen. Full density cast or pressed military
explosives have proven to be too powerful. The explosives that have worked
the best for powder compaction are those whose densities have been reduced
(powdered explosives) and those whose chemical compositions limit their peak
pressures (blasting explosives, slurry explosives).

We planned to compact materials with a wide range of properties, and it
was clear that one explosive would not be able to perform all the tasks. A
group of explosives was ordered whose detonation velocities and detonation

pressures covered a wide range. Table 1! shows handbook values“s for the
behaviors of these explosives.

The detonation properties of the explosives vary with loading density, and
in many cases, with charge thickness. This provides an opportunity to make
adjustments in the shock loading, but also provides a potential source of
unplanned variation in explosive performance: We concluded that it would be
prudent to monitor the explosive performance on all tests. A technique which
could be used on field firings was necessary, and it was desirable that the
technique show run-up or run-down detonation behavior after initiation so
that charge length could be optimized.

15, M. Dobratz, "LLNL Explosives Handbook: Properties of Chemical Explosives
and Explosive Simulants,’ Lawrence Livermore National Laboratory Report No.
UCRL-52897, March 1981.

21, Perm, F. Helm, M. Finger, and E. Lee, "Determination of Equation of State
Parameters for Four Types of Explosives,” Lawrence Livermore Laboratory Report
No. UCRL-51829, August 1875.

3B, Crossland and J. A. Cave, Proceedings, Sth International Conferemce on High
Enerqy Rate Fabrication, University of Denver Research Institute, Colorado,
1975, pp. 4.9.0-4.9.11,

l’M.' A. Cook, E. B. Mayfield, and W. 5. Partridge, "Reaction Rates of Ammonium
Nitrate in Detonation,'" Journal of Physical Chemistry, 59, 1855, pp. 675-680.

SH. C, Hoenig, E. L. Lee, M. Finger, and J. E. Kurrle, "Equation of State of
Detonation Products,' Proceedings, 5th Sympostium (Intermational) onm Detonationm,

S. J. Jacobs and R. Roberts, Eds., Superintendent of Documents, Washingtom, DC,
1970, pp. 503-512.
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Table 1. Properties of Explosives

TYPE COMPOSITION SOURCE DENSITY THICKNESS OR DETONATION C-J PRESSURE®
DIAMETER VELOCITY
g/cc mm mm/ysec Gigapascals
AMATOL 80% Ammonium Nitrate CIL 1.02 N/A 3.65 3.4
209 TNT
ANFO 94g Ammonium Nitrate duPont 0.82 30.0 1.6 0.54
6% Fuel 0il 806.0 5.3 5.97
ANFO 88% Ammonium Nitrate Laboratory 0.9 30.0 1.25 0.35
12% Fuel 0i1 Mixture 80.0 1.55 0.54
. 79.0 2.05 0.79
86.0 2.10 0.99
AN-TNT 50% Ammonium Hitrate Laboratory 1.0 13.0 1.82 0.83
50% TMT Mixture 25.0 2.99 2.24%
50.0 3.79 3.59
246.0 K.7 5.50
SWP-9 Ammonium Nitrate Trojan ; 1.04 12.7 1.63 0.73
Waxed PETN 31.8 2.44 1.55
DBA- 1QHY Ammonium Nitrate IRECO 1.25 N/A 3.38 3.57
Sodium Nitrate
PETHN PETN duPont 0.25 44.5 2.83 Q.7%¢
Super Fine 0.48 38.1 3.60 2.4
0.99 25.4 5.48 B.7
1.53 25.4 7.49 22.5
1.76 50.8 8.28 33.8
D2
«p =0 .3 Ll Pej values from Reference 5




The objectives of the explosives characterization program wer?2 to measure
the parameters required for a complete description of the explosives input to
each test: detonation velocity, Chapman-Jouguet pressure, and pulse duration.
The work to date has concentrated on the most accessible of these, the explo-
sive detonation velocity.

II. PROCEDURE

The gage which was selected is the co-axial resistance-wire gage.6 The
gage, as shown in Figure 1, consists of an 0.076-mm diameter r=zsistance wi.c-
inside a thin wall 0.584-mm OD, 0.508-mm ID aluminum tube.** The wire is
insulated from the tube by skip-wound nylon thread. This insulation prevents
the wire from contacting the tube under normal conditions but leaves a spiral
gap which allows contact between wire and tube when the tube is crushed by the
detonation front of the explosive.

CRIMPED END RESISTANCE WIRE

777777170 CONSTANT

~7 C CURRENT
POWER
SUPPLY
NYLON THREAD

ALUMINUM TUBE O

OSCILLOSCOPE

Figure 1. Schematic Drawing of Resistance-Wire Detonation Velocity Gage.

67. Ribovich, R. W. Watson, and F. C. Gibson, "Instrumented Card-Gap Test,"
AIAA Journal, 6, 1968, pp. 1260-1263.

*"Moleculoy," 75NI, 20CR, 3AL, 2C0, Molecuwire Corp., Farmingdale, NJ.

**Dponigion Tube Co., Inc., North Wales, PA.
11



The gages wWere assembled by running a length of the Moleculoy wire
through the aluminum tube so that 20 mm of the wire extended from one end of
the tube. Approximately 5 mm of the tube was flattened, holding the wire in
place. Insulation was stripped from the wire, and it was cut to 5 mm in
length., The wire was then bent back against the flattened part of the
aluminum tube, which was then folded and crimped over the wire., The joint was
painted with conducting silver print.

A contact was made to the other end of the tube by folding a piece of
0.0254 mm brass foil around the aluminum tube, filling the joint with
conducting silver print, and clamping the foil with a screw. The contact to
the resistance wire was made by clamping the wire between two washers. The
cable-gage connections were made inside an aluminum mini-box, to shield
against noise pick-up.

The silver print/brass foil ground contact was later found to be
unreliable, introducing a variable resistance into the c¢circuit. An improved
contact was achieved by soldering a fine copper wire directly to the aluminum
tube, using lead-tin solder and LACO #3 Aluminunm Flux. *** The aluminum tube
was gently scraped clean with a razor blade, fluxed, and heated rapidly with a
soldering iron. Excess flux was removed by ultrasonic cleaning in ethanol.

The gage is driven by a constant-current power supply. With a constant
current in the gage circuit, the voltage seen on the oscilloscope is directly
proportional to the gage resistance and, therefore to gage length.

The simplest constant-current supply consists of a battery with a large
resistor in series with the gage. If the series resistor is sufficiently
large, the change in current resulting from the change in gage reistance is
small. Figure 2 shows the circuit used for the first tests, The series
resistor R1 is 100K Q , and the gage initial resistance is nominally 100Q .

When the gage resistance decreases, the change in current is “0.1% and can be
neglected. The basic series circuit was modified by the addition of two 100KQ
resistors (Rz) in parallel with the gage. These resistors 1limit the input

voltage to the oscilloscope to 100V in the event that the gage circuit opens.

The battery supply has one major advantage in addition to simplicity. It
has no connections to an AC supply and therefore is less vulnerable to noise
transmitted over power lines,

The battery supply was used for several tests, then was modified by
paralleling a second 100k resistor with the series resistor to double the
current to 6 milliamperes. Further tests showed the gage current and signal
voltage to be too small for consistent results. Increased current f{rom a
battery supply proved impractical, requiring a high-power series resistor and
many batteries.

The gage power supply was changed to a derivative of the circuit described
by Ribovich, et al (see Figure 3), Parts substitutions were made to enable
use of components on hand, and an AC modular power supply was substituted for
a battery supply when batteries proved unable to handle the load.

**4rake Chemical Company, Chiecago, IL.
12
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The co-axlal design of the zage helps to reduce elsctrical noise pick-up
but does not completely eliminate problems, One of the compaction experiment
designs planned required simultaneous initlation of two explosive charges.
Exploding bridge-wire detonators provide the most accurate timing of initia-
tion; howevar,. they require a high-voltage firing unit, a fregquent cause of
noise pick-up. Since it was expected that this firing unit would be required
for monitored compaction tests, 1t was concluded that it would be best to use
the high voltage unit on the initial tests and to develop shielding and
filtering techniques to reduce noise,

The hign-voltage firing unit produced a high-frequency ringing pulse
superimposed on the signals. This noise was reduced by ths use of a Tektronix
type 1A7 preamplifier in the oscilloscope. The 1A7 has a variable band pass,
and it was set to eliminate frequancies above 100kHz. This filtered out the
high-frequency noise very well on tests using the battery-powsred gage supply.
When the chanze was made to an AC powered gage supply, the noise problem
recurred. The final tests were fired .using low-voltags detonators and a
battery-powsred firing supply; clean signals were again recorded. - Figures 4 -
6 show the changes in recorded signals as the gage, power supply, and
recording instruments were changed.

Two explosives were studied during the technique development period.
Detasheet C was used for several tests because it is convenlent to use and the
design and construction of the experiments could pe simplified. The Detasheet
C charges were tested on supports of 63.5 mm thick plexiglas. The detonation
velocity gage was epoxied to the plexiglas, and a strip of 1.9 mm thick
Detasheet was epoxied over the Crag:,e. ‘

The explosive used for the remaining. tasts was powderad 80-20 Amatol,
‘which had been passed through a #40 mesh. screen. The Amatol powder was fired
as rectangular slab charges contained 'in plexiglas boxes (sea TFigure 7).
Accurately machined spacing bars made from 12.7 nam plexizlas formed the ends
and bottom of the box, while sheets of 3.17 mm or 6.35 mm plexiglas were used
for the front and back sides. Charge thickness was varied by changing the
heizht of the spacing bars, Initiation was by a linewave generator that
entered the box through a machined slot, and a ‘layer of Detasheet coverinz the
end of the box acted as & booster charge The detonation velocity zage was
epoxied to the inside of the box, along the‘oentebliﬁe'of one side,

III. RESULTS

Detonation velocities were measured for two explosives, Detasnest C and
80-20 Amatol, one of the explosives used for powder compaction work. '~ Tables 2
and 3 summarize the results, showing primarily ‘the cnanges that occurred as
the technique was refined, The early tests using the ‘battery gage supply
(zage current = 3 mA) and/or silver print ground connections produced signals
with apparent changes in veloeity (wander) and  also erratic average
velocities. After the gage current was increased to 50 ‘mA with the AC powered
supply and soldered ground connections were used, c¢lean signals with
reproducible velocities were achieved. - All tests with the low~current supply
and silver print grounds must be regarded as suspect.



VOLTAGE

VOLTAGE

|¢—0.39V——P

TIME (;.LS) '—‘H ""5

Figure 4. Gage Signal for Detasheet C. Oscilloscope bandwidth 150 megahertz,
battery powered constant-current power supply, and silver print
ground contact.

TIME (us) — |€—10

Figure 5. Gage Signal for Detasheet C. Oscilloscope bandwidth 100 kilohertz,
battery powered constant-current power supply, and silver print
ground contact.
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TIME (us)  —D |3

Figure 6. Gage Signal for Detasheet C. Oscilloscope bandwidth 100 kilohertz,
AC powered constant-current power supply, soldered ground contact.

HINED SP

DETASHEET BOOSTER

Figure 7. Schematic Drawing of Plexiglas Container Used for Detonation
Measurements of Powered Explosives.
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Table 2.

Detonation Velocity Tests - 15.9 mm Detasheet C

TEST GAGE GAGE DETONATION COMMENTS
SUPPLY GROUND VELOCITY
mm/usec
1 pc? p¢ 7.8 noisy
2 DC P 5.9 noisy
3 DC P 5.4 wanders
y DC P 6.4 wanders
9 ac® 5¢ 6.91
10 AC S 6.95

abat.t,ery supply, I = 3 mA

bAC supply, I = 50 mA

c

P silver print

d

S soldered

17
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Table 3. Detonation Velocity Tests - 80-20 Amatol

TEST EXPLOSIVE EXPLOSIVE GAGE GAGE DETONATION CONFINEMENT COMMENTS
THICKNESS DENSITY SUPPLY GROUND VELOCITY PLEXIGLAS
mm g/cc mm/ysec mm

a c
5 12.7 - DC P 3.32 3.17 wanders
6 25.4 - DC p 3.69 3.17 wanders
8 25.4 0.98 ACb : P 3.70 3.17 rings

d

13 6.4 0.91 AC S 2.32 6.35
15 19.1 0.96 AC S 3.78 6.35
16 20.0 0.92 AC S 3.86 6.35
17 20.0 0.95 AC S 3.86 6.35

abattery supply, I = 3 mA

bAC supply, I = 50 mA

¢p

4

silver print

soldered



The nominal detonation velocity for Detasheet C is 6.8 mm/usec, while

Hells7 measured detonation velocities from 6.94 to 7.03 mm/uysec for three lots
of EL506C sheet explosive. (EL506C is an older designation for Detasheet C.)
The measured values for tests 9 and 10 of 6.9} and 6.95 mm/usec are 2% above
the nominal value, within the variation to be expected from manufacturing
tolerances and experimental error.

The detonation velocity of a powdered explosive is a function of charge
density, particle size, charge thickness (or diameter), and confinement. The
manufacturers value for the detonation velocity of 80-20 Amatol at a density
of 1.02 g/cc is V = 3.65 mm/usec with thickness and confinement unspecified.
The velocities reported here are slightly higher, 3,78-3.86 mm/usec for
19.1-20 mm thick charges at densities of 0.92-0.96 kg/cc. The single test at
a charge thickness of 6.35 mm is close to the lower limit for detonation
propagation, with a measured velocity of 2.32 mm/usec. More tests are
required to verify the velocity-thickness relaticnship in this range.

IV. CONCLUSIONS

The techniques required to use resistance-wire detonation velocity gages
accurately and reproducibly have been developed and applied to the determina-
tion of detonation behavior of a powdered explosive. The results show that
the performance of 80-20 Amatol 1is sensitive to charge thickness and
confinement.

Handbook values of explosive performance are extremely accurate for
military explosives at standard densities. When explosives are used in
powdered form, at lowered densities, their behavior becomes much more
variable, and accurate description of their performance required testing under
actual conditions of use.

’F. B. Wells, "Some Propertieg of the Flexible Explosive EL506C, Type 2,"
Picatinny Arsenal Technical Report 4612 (AD 817792), February 1974.
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