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Large-scale impact sensitivity test results of a melt castable,
general purpose, insensitive high explosive

by Theodore S. SUMRALL*

The aluminized eutectic explosive (TE-E7007) was developed as an economical, melt castable,
general purpose (GP), insensitive high explosive (IHE) candidate due to a number of factors including:
low small scale sensitivity characteristics; low raw-material and processing costs; theoretical high
performance and low large-scale impact sensitivity; re-meltability (with associated economic and
environmental benefits) ; and potential endothermic characteristics during cook-off."* 2’ Subsequent
large-scale performance test results verified theoretical performance predictions® *’ and a follow up
effort to determine large-scale impact sensitivity characteristics occurred. This paper will report on
large-scale impact sensitivity test results (bullet impact, fragment impact and sympathetic detonation)
for the composition TE-E7007. Without exception, all units tested resulted in either an explosion or
detonation response. These responses were deemed to be unacceptable from overall safety criteria and
therefore the explosive TE-E7007 was not subjected to cook-off sensitivity testing in order to con-

serve test funds.

Test hardware description:

TE-E7007 explosive was cast directly into a number of
test units. The test units are known as modified naturally
fragmenting test units (NFTU) or heavy wall test units
(HWTU). The NFTU is manufactured from mild steel
and consists of a right circular cylinder with exterior di-
mensions of 8 in. X 16 in, (20. 32 cm X 40. 62 ¢cm) and
has a wall thickness of 0. 375 in. (0. 95 cm). The HWTU
also consists of a right circular cylinder with similar exte-
rior dimensions, but with a wall thickeness of 0. 5 in. and
end plate thickess of 1. 0 in. After the TE-E7007 explo-
sive was allowed to cool and solidify, the explosive was x-
rayed through two mutually perpendicular, transverse axes
(0° and 90°). The exposed end of the explosive was then
covered with an end plate and shipped to the explosive
testing facility. Sensitivity tests were conducted in accor-
dance with MIL-STD-2105B.

Theory:
Explosives are basically susceptible to two types of ini-
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tiation methods, i.e., thermal initiation or deflagration to
detonation transition (DDT) and shock initiation or shock
to detonation transfer (SDT). The latter method is the
method utilized for intentional explosive initiation (by
means of a blasting cap or booster) but is often the means
by which unintentional initiation of explosives also occurs
as a result of impact from other sources such as adjacent
explosives. The most severe test of shock sensitivity in-
volves metal to metal impact by means of either a bullet,
high velocity fragment and/or sympathetic detonation of
an adjacent explosive where a metal projectile penetrates
the metal case of the test unit. The various impact tests
are designed to determine the sensitivity of an explosive
composition to high velocity impact and assessment of sub-
sequent shock to detonation transfer (SDT). A number
of factors can increase the sensitivity of an explosive be-
yond its normal sensitivity characteristics. One factor is
voids. Introduction of voids (i.e. by micro-balloons or
gassing) is a well known method to increase sensitivity of
blasting agents to the point that the explosive becomes det-
onable with a small explosive input (i.e. No. 8 blasting
cap).

Impact tests subject a certain minimum area of explo-
sive to shock at a certain minimum pressure. For projec-
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tile impact scenarios, this requires a certain minimum
projectile velocity, referred to as the “critical impact
velocity”. The larger the area impacted, the lower the criti-
cal impact velocity. Therefore, impactors with the lowest
convexity (flat faces) are most effective at initiating deto-
nation by an SDT mechanism. However, flat-faced im-
pact upon barriers is more likely than edge or corner im-
pacts to shatter the projectile so that subsequent penetra-
tion and shock-energy transfer capabilities may both be
reduced.®’ However, by accelerating the projectiles
(fragments) to a minimum velocity of 8300 feet/second,
a maximum shock transfer is aocomplished.

When a metal projectile strikes an explosive, four reac-
tions can be induced: detonation; explosion; buring:
or no reaction. A detonation is defined as a high order
reaction which pierces a 1/2 in. thick mild steel witness
plate with a hole that is approximately the same diameter
as the acceptor charge case (the NFTU in this example)
and is classified as a “Class-I Reaction”. An explosion is
a lower order violent high pressure reaction that can dam-
age the test stand, the case material /explosive, and throws
large fragments of case material or explosive 2> 50 feet
(15.24m). Inan explosion, the witness plate does not
sustain damage and is clasified as a “Class-11" or “Class-
I1I Reaction”. A sustained burn reaction consists of ener-
getic material ignition and burning until all of the explo-
sive is consumed. This usually takes a number of minutes
depending on the type of explosive, the mass of the explo-
sive and level of confinement. Burning is classified as a
“Class-1V" or “Class-V Reaction”, again depending on
the reaction severity.

Buliet impact test procedure:

The bullet impact test is conducted to determine the re-
action of the test item when impacted by one to three 0. 50
caliber type projectiles aimed at a common point at a ve-
locity of 2800 =+ 200 ft/sec (850 + 60 m/sec).®’ The
firing interval was within 80 + 40 msec. Two test items
were tested with the impacting bullets penetrating the ex-
plosive material. Airblast overpressures were measured
to ascertain the explosive response level. Also, witness
plates were positioned to provide evidence of the severity
of the reaction. The bullet impact velocity was measured
using electronic velocity screens. A graphite element was
placed across the muzzle of each gun to determine when
the projectile exited the muzzle by opening an electrical
circuit. Three 16-mm motion picture cameras were used
to record the test item reaction. Four blast gauges were
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Fig.1 Bullet impact test results of S/N 1755

used to measure the overpressure produced by the reac-
tion of the test unit. All of the gauges were placed in the
horizontal plane which passed through the geometric cen-
ter of the test unit at ranges of 15, 22, 34, and 50 f1. from
the vertical line that passed through the center of the test
unit.

Bullet impact test results:

Two test units containing explosive TE-T7007
(identified as S/N 1755 and S/N 1758) were tested. The
reaction for the first test unit (S/N 1755) was judged to
be a mild explosion (Fig. 1). The reaction occurred upon
impact of the first bullet. The duration of the reaction was
such that the test unit debris were ejected from the test
fixture before arrival of the second and third bullets. The
case split into large fragments that were ejected a distance
of 10 ft. Liner material was observed on the end plate and
case fragments that were recovered from the test site. A
large quantity of explosive material was scattered about
the test site. No small fragments (which would be evi-
dence of a detonation reaction) penetrated the witness
panel. The dent plate was not damaged. The reaction
generated a propagating blast pressure that had a magni-
tude of 4. 8 psi at a range distance of 15 ft and an impulse
of 24. 3 psi-ms at a range distance of 15 ft. The velocity of
the first bullet was 2868 ft/sec. Intentional detonation of
a similar unit (during arena testing) yielded an average
peak overpressure of approximately 39 psi at a range dis-
tance of 15 ft. and an impulse of approximately 55 psi-ms
at a range distance of 15 ft. This is estimated to be an
equivalent energy release of approximately 12% (with re-
gards to peak pressure) and 44% (with regards to impulse)
when compared to the TE-E7007 units previously sub-

jected to arena testing,

The reaction for the second test unit (S/N 1758) was



Fig.2 Bullet impact test results of S/N 1758

also judged to be 2 mild explosion and occurred upon im-
pact of the first bullet (Fig. 2). The duration of the reac-
tion was such that the test unit debris were ejected from
the test fixture before anival of the second and third bul-
lets. The case split into large fragments that were ejected a
distance of 369 ft. Liner material was observed on the end
plate and case fragments which were recovered from the
test site. A large quantity of explosive material was scat-
tered about the test site. No small fragments penetrated
the witness panel. The dent plate was not damaged. The
reaction generated a propagating blast pressure that had a
magnitude of 4. 9 psi and an impulse of 25. 0 psi-ms at a
range distance of 15 ft. The velocity of the first bullet was
2902 ft /sec. This translates to an equivalent energy release
of approximately 12% (with regards to peak pressure) and
57% (with regards to impulse) when compared to the
samples subjected to arena testing.

Fragmant impact test procedure:

Prior to test set up, each unit was x-rayed through two
mutually perpendicular, transverse axes. Each modified
test unit (with additional end confinement) was placed
on a 1-ft by 1-fit by 2-in. steel dent plate that had been
placed on a wooden test stand. The longitudinal axis of
the test unit was oriented vertically and its geometric cen-
ter was approximately 51 in. above the ground plane. Two
metal banding straps were used to secure the test unit and
the dent plate to the test stand. One 22-gauge steel wit-
ness panel was placed near the test unit to collect fragment
velocity data with high-speed 16-mm cameras. Another
22-gauge steel witness panel was placed behind the test
unit to monitor test unit debris. A 2-ft by 2-ft by 7/8-in.
steel witness panel was placed at a 2-ft standoff distance
from the test unit, and fiberboards were positioned behind
the panel to catch the witness panel and fragments. The

launching charge (125 1b. of Comp-B explosive) was
placed on a test stand at a nominal distance of 16 ft from
the test unit. The launching charge was adjusted to the
same elevation as the test unit, and the fragment mat was
then attached to the launching charge. An electrical sen-
sor was attached to the fragment mat to detect first mo-
tion and the signal from this circuit was recorded on each
camera and data recorder to provide a common data ref-
erence. An electronic velocity screen was placed in front
of the test unit or wrapped around the test unit to collect
fragment velocity data. Test events were documented us-
ing a VHS videocassette recorder in conjunction with a
color, closed-circuit television system. The video cassette
record was annotated with the date and time of each test.
The launching charge was then detonated using a J-2 blast-
ing cap and a 1-in. diameter by 1-in. length CH-6 booster
pellet. Upon completion of the test, test unit debris was
recovered, and the size and location of each piece of de-
bris was noted.

‘Fragment velocity data was collected via high-speed
photography. The time base was established by counting
the number of frames between the first light caused by the
initiation of the launching charge and the first light caused
by impact of the fragments on the test unit, and then ad-
justing the time base by the length of time required for the
detonation to propagate throughout the booster and
launching charge to accelerate the fragments. Fragment
velocities were calculated with the following equation.

D
F
R—T

V=

Where: V=velocity of fragments, D=distance between
fragment mat and surface of test unit, F=frames on pho-
tographic film between time when launching charge was
initiated and time when fragments impacted test unit, R=
rate of frames on photographic film, and T=time for deto-
nation to propagate through booster and launching charge.

The time for the detonation to propagate through the
booster and the propelling charge was established as
follows:

Booster length

_ Launching charge length
Booster detonation rate

Launching charge
detonation rate

0.8128m
7840m/sec

—_0.0254m
8550m/sec

T =107 usec
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Fragment impact test results:

Two modified test units containing explosive TE-T 7007
(identified as S/N T1759 and S/N T1760) were tested.
The reaction for the first test unit (S/N T1759) was judged
to be an explosion (Fig. 3). There were four fragment
impacts. The average velocity of the fragments was 8252
ft /sec. The case of test unit T1759 split into large frag-
ments that were ejected a distance of 1275 ft. Liner mate-
rial was observed on the large case fragments. The end
plate was found 2. 5 ft from the “zero” range location.
Explosive and liner material were attached to the end plate.
The dent plate was not damaged. Explosive material was
scattered about the test site and some explosive became
embedded in the fiberboard material used to collect test
unit debris. Blast pressure from the test unit interacted
with the blast pressure from the fragment launching charge
such that there was a canceling effect which reduced the
magnitude and impulse of the resulting blast pressure at
the gauge locations to values below that expected from
only the launching charge. This canceling effect of the
blast pressures from the test unit and the launching charge
was seen by comparing the blast pressures with those re-
corded for a different test unit (containing PBXW-124
loaded in NFTU) that only burned in the same test setup.
The amount of the canceling effect (which depends upon
the relative timing of the reactions, magnitude of the blast
pressures, and geometry relative to the gauge locations)
could not be separated in such a manner that quantitative
values could be assigned to the test unit.

The reaction of the second test unit (S/N T1760) was
also judged to be an explosion (Fig. 4). There were five
fragment impacts. The average velocity of the fragments
was 8252 ft/sec. The case of the test unit split into large
fragments that were ejected a distance of between 399~
462 ft. Liner material was observed on the end plate and
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Fig.4 Fragment impact test results of S/N 1760

case fragments which were recovered from the test site.
The dent plate was not damaged. Explosive material was
scattered about the test site and some explosive became
embedded in the fiberboard material used to collect test
unit debris. No small fragments were found. Blast pres-
sure from the test unit interacted with the blast pressure
from the fragment launching charge such that there was a
canceling effect which reduced the magnitude and impulse
of the resulting blast pressure at the gauge locations to val-
ues below that expected only from the launching charge.
This canceling effect of the blast pressures from the test
unit and the launching charge was seen by comparing the
blast pressures with those recorded for a test unit (PBXW-
124 in NFTU) that only burned in the same test setup.
Sympathetic detonation test procedure:

Heavy wall test units (HWTU) were used to conduct
the sympathetic detonation (SD) tests. Each HWTU con-
tained approximately 34 bs, of TE-E7007 explosive. The
aft closure plate of each donor HWTU was modified to
provide a 5. 125 in. diameter access hole for the booster.
Each donor test unit was equipped with an initiation as-
sembly that consisted of a J-2 detonator and a pentolite
booster measuring 2 in X 1 in. pentolite block and a 5 in.
X 4 in. pentolite block. One donor (S/N T1757) and
two acceptor test units (S/N T1749 (at 1 in. standofT)
and S/N T1761 (at 6 in, standoff)) were used for the SD
tests.

A total of two 2 ft. X 2 ft. by 7/8 in. steel panels (one
per acceptor test unit) were used to witness fragment dis-
tribution at a 2 ft. standoff distance from the acceptor test
units. Twelve blast gauges were placed in the ground plane
within a 90° azimuthal sector on one side of the test units.
Fig. 5 shows the donor and two acceptor test units arranged
on a 3 in. thick dent plate. High speed photography and
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Fig.6 Sympathetic detonation test results, S/N 1749,
1757 & 1761

color video coverage of the tests were provided.
Sympathetic detonation test resuits:

Both acceptor test units detonated. There was an in-
dention in the mild steel base plate at each of the pretest
locations of the three test units (Fig. 6). The indentions
were 2, 1. 5, and 1-in. deep at the pretest locations of the
donor, acceptor at 1-in. standoff, and acceptor at 6-in.
standoff, respectively. The 5-ft by 3-ft by 3~in. thick steel
base plate was broken into five major pieces that were re-
covered from the crater caused by the reaction. The cra-
ter had a diameter of 7 ft and a depth of 3 ft. The three
nose plates of the test units were recovered from the cra-

_ter. Small fragments (indiciative of a detonation) were
recovered from the fiberboard material used to recover
debris from each of the two acceptor test units (Fig. 7).
There was no explosive material found scattered about the
test site nor embedded in the fiberboard material used to
collect test unit debris from the acceptor test units
(indicative of complete explosive reaction).

Discussion and conclusions:
This research project entailed development of a eutectic

.5 Sympathetic detonation test setup S/N 1749, 1745,

Fig.7 Case fragments from sympathetic detonation test,
SN/1749, 1757 & 1761

Table 1 Composition of TE-E7007 eutectic explosive

Ingredient Weight percent
DCDA 10. 80
AN 19.44
GN 5.76
EDDN 15. 00
AP (17um) 17.00
RDX (>41m) 12.00

explosive with the intended goal of high insensitivity. An
intensive literature evaluation indicated that eutectic for-
mulations offered hope for a safe high performance explo-
sive.” Previous work with AN/EDDN based eutectic ex-
plosive compositions revealed high insensitivity at small
scales but low insensitivity at larger scales.®’ However, it
was hoped that by increasing the number of eutectic com-
ponents to five (where each would have a much smaller
percentage than prior eutectic explosives) the sensitivity
of TE-E7007 would be much lower. A formulation was
finalized with the composition detailed in Table 1. Fur-
ther details on the explosive formulation are described in
Reference-1.

Compared to previous, somewhat sensitive compositions
containing AN and EDDN, the percentages of these two
ingredients were lowered from 50% each to approximately
19% and 15% respectively.>’ Unfortunately, as a result of
the data presented in this paper, the goal of an economic,
insensitive, high performance general purpose explosive
remains, at present, elusive. However, poor quality test
loads may be partly responsible for the results noted.
Unfortunately, as a result of downsizing, critical person-
nel were no longer employed at the manufacturing facility
during the time that the test units were loaded. Test per-
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sonnel, at a different facility, noted unit weight differences
as much as = 1 kg. This much of a weight difference
could account for the unanticipated test results. Exces-
sive RDX could have been present in the units with above
normal weights and x-rays revealed the presence of nu-
merous voids in the units with below normal weights. Ei-
ther situation could have resulted in higher sensitivities
than normal.

A final possibility is that (since previous data indicated
that AP was participating in the eutectic as evidenced by
a drop in eutectic melt temperature) the 1712 AP was ac-
tually losing sufficient surface area that it became more
of a Class 1. 1 material, which occurs around 102m.
Recommendations:

Due to the poor quality of loads which were employed
in this test series, other researchers are encouraged to verify
(or hopefully refute) the sensitivity of the formulation TE-
E7007.

It was theorized, that due to the presence of
dicyandiamide (DCDA) a precursor of nitroguanidine
(NQ, a known burn rate suppresser) that the formula-
tion TE-E7007 would have a good chance of passing cook-
off tests. However, due to the impact sensitive nature of
TE-E7007, cook-off sensitivity tests were not conducted.
Other researchers are encouraged to conduct large-scale
cook-off tests in order to either verify or refute this theory.

If cook-off insensitivity is validated, but large-scale im-
pact test results are still unacceptable, it may be possible
to modify TE-E7007 (by reducing EDDN and/or RDX
particle size/content) to the point where desired impact
insensitivity results are achieved.

Seventeen micron AP was originally chosen to permit a
higher peak pressure by ensuring that sufficient oxygen
was immediately available to combusting aluminum. A
reformulation of TE-7007 should consider employment
of 200.2m AP rather than 17um AP.
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