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The thermoplastic explosive (TE-T7005) was developed as a General Purpose (GP) Insensitive -
High Explosive (IHE) candidate due to a number of favorable factors including: low small scale
sensitivity characteristics; low processing cost; theoretical high performance; re-meltability (with
associated economic and environmental benefits) ;-and potential endothermic characteristics during
cook-off."# This paper will report on large-scale performance test results (airblast impuise, airblast
overpressure and fragment velocity) for the composition TE-T7005. Airblast impulse, airblast peak
overpressure and fragment velocity.results are compared with those of the explosives H-6, PBX~109,
Tritonal, and HTPB analogs,of TE-T7005 (PBXW-124 and PBQ(W—IZS) 3 The fragment velocity
performance for TE-T7005 (5914 ft/sec) was 90% of H-6 and was between PBX-109 (6249 ft/sec)
and Tritonal (5609 ft/sec). Peak overpressure values for TE-’I‘7005 were slightly superior to H-6
while overpressure impulse values were essenually equwalent lo I-I-6 TE-'I‘?OOS explosive was supe-
rior to the HTPB analogs with régards to fragment performance and mgmﬁcantly superior to the
HTPB analogs with regards to blast performance.

Testdescﬁpuon

TE-T7005 explosive was cast into a spln mold fixture

having an interior dxameter comparable to ‘the test unit
interior diameter. The test unit is known as a Naturally

Fragmenting Test Unit' (NFTU). The'NFTU is manu-

factured from mild steel and consists of a right circular

cylinder with exterior dimensions of 8 in. X 16 in. (20, 32

cm X 40; 62 cm) and hasa Wall thickniess of 0. 375 in.
(0. 95 cm). Additionally, the NFTU is closed at the bot-
tom with an equivalent wall thickness and open at the top.
After the TE~T7005 explosive was loaded into the casting
fixture (which actually had a height of 22 in. (55. 88 cm))
and allowed to cool and solidify, the explosive was removed
from the mold. The explosive was then x-rayed through
two mutually perpendicular, transverse axes (0° and 90°)
to verifly that voids did not exist over a length of at least
17". Once radiographic inspection verified that no signifi-
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cant vmds ex1sted in the charge, the exploswe was placed

ina wooden miter box. The exploswc was then manually
" cut'with acoarse 7 bit/inch hand saw (using the x-ray film

as a guide to insure that cutting excluded any vdids) to a

~ length of 16 in, (40:64 ¢m), A piece of 20 grit sand paper
~ wasadhered toa.12in. X 12in. X 0.5in. (30.5cm X

30.5cm X 1.3 cm) piece of plywood and both of the

‘ exploswe s ends were smoothed to ensure that flat surfaces

would be exposed to the booster and bottom closure plate.

Prior to mseruon of the explosive charge into the NFTU
case, 1/ 4 m d1ameter hole was dnlled mto the end of the
NFTU and the NFTU and exp]oswe charge were both
weighed. The NFTU was then coatéd on thei interior with
RTV (R-81) to which an appropriate amount of Dibutyl
Tin Di-Laurate (DBTDL) was added as a cure agent/
catalyst. The explosive charge was also liberally coated
with the same RTV mixture and then inserted into the
NFTU case. The hole previously drilled into the end of
the NFTU permitted air and excess RTV to escape as there
was minimal clearance between the explosive and NFTU
wall. Once the RTV was cured, the charge was thus firmly
bonded into the NFTU case and the excess RTV was
trimmed from the exterior of the case and exposed explo-
sive charge. The exposed end of the explosive was then
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covered with aluminum foil, securely taped and shipped
to the exploswe testmg famhty for performance testing.

" Peiformance tésts were condictedinan open area which
is surrounded by wrtness panels and blast gauges causmg
the test area to appear somewhat hke an arena, thus the
name “Arena Testmg was grven to tests whrch take place
in thxs env:ronment (F ig. l) The objectnve of the Arena
Test is to collect data to evaluate blast pressure and frag-
mentation characteristics of expenmental exploswes Blast
and fragmentation characteristics of TE-T7005 wére mea-
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sured and compared to three baseline explosives: H-6;
Tritonal; and PBX-109 plus two H’I'PB analogs (PBXW-

124 and PBXW~125) Two NETUs were used to collect

the reqmred data for each explosrve Each test umt was
equipped with an mmauon assembly that consrsted ofa
12 detonator and a Pentohte booster. The Pentohte
booster consrsted of a2in. (5.08 cm) dlameter X 1in.
(2. 54 cm) long Pentolite block and a 5 in. (12. 7 cm)
dlameter X 4 in. (10. 16) long Pentoltte block. Fig.2il-
lustrates a test unit configured with an initiatlon assem-

" bly.

Procedure and theory:

Prior to the test, each test unit was again x-rayed through
two mutually perpendicular, transverse axes (0° and 90").
Two high speed motion picture cameras (16, 000 frames/
second) were used to collect fragment velocity data dur-
ingeach test. The cameras were positioned to provide com-
plete photographic coverage of the scintillations which

“occurred at the 22 gauge steel witness panels (to permit

calculation of fragment velocity) and provide coverage of
the test unit. A real time signal was recorded on each pho-
tographic film for use in establishing event times. A slit
was placed in the witness panels in line with the high speed
camera and the test unit. Zero time was established at the
point when first light was observed through the slit from
the detonation process. Fragment velocity was determined

— 265 —




from visual observation (via high speed film) of the frag-
ment impact scintillations on the witness panels and re-
lated to the time from first light and camera frame speed
upon which the real time signal was based. .,

Still photographs were also taken to obtain 8 in. X 10
in. (20.cm X 25 cm) color prints of the test setups and

debris. Additionally, a VHS color video cassette recorder
was used to document the test setup, the test, and post test .

observations.

Bundles of fiberboards and the 22 gauge witness panels
were placed such that fragment and fragment velocity data
was collected between 85" and 105 polar angles and within
45" azimuthal zones. The bundles of fiberboards were
marked with the 85° 10 105° polar zones (in 5° increments)
and 45° azimuthal zones on the side facing the test unit.
The test unit was placed onto the test stand such that the
longitudinal axis of the test unit was oriented vertically
and the end to be initiated wasat the top as shown in Fig. 2.
The booster was placed on top of the test unit such that
the booster was centered and in contact with the explo-
sive. Duct tape was used to support the booster assembly.
The detonator holder was placed agamst the booster so
that the holder was centered and in contact with the
booster. Duct tape was also used to support the detonator
holder. The test setup was photogmphed and video taped.
The area was then cleared, with the exoepuon of the Fir-
ing Director and one ordnance man who attached the
shorted ﬁnng lead to the J-2 detonator. The J-2 electric
detonator was mserted into the detonator holder such that
the forward end of the detonator was in contact with the
booster. A visual i mspecuon of the area was then made to
ensure that all personnel were clear of the area followed
by a head count to ensure that all personnel were within
the sheltered areas. Final adjustments to the instrumenta-
tion recording equipment were made and then the firing
lead was attached to the firing board, the firing lead was
unshorted, the control key inserted, and the test unit was
detonated. After photographic and electronic instrumen-
tation data was collected, the witness panels were moved
to a nearby facility for the calculation of fragment hole
count followed by fragment size distribution data calcula-
tions. New witness panels and fiberboards were moved
into the test site, repairs were made to the test arena as
required, the test setup was reconstructed, and the test was
then repeated with a duplicate charge.

A total of 12 blast gauges were used to measure blast
overpressure duringeach test. All of the gauges were placed

in the ground plane within a 90° azimuthal sector. The
gauges were placed at horizontal distances of 15 ft., 22 ft.,
34 ft. and 50 ft. from the verueal line which passes through
the center of the test umt The ground plane was 104 in. -
below the center of the test umt The instrumentation
equipment was adjusted as reqmred to measure the blast

‘pressures that were predxcted at standoff distances of 15,

22,34 and 50 feet. The output signals from the pressure

‘ gauges were used to, estabhsh T‘une-of Arrival (TOA) data

for individual test umts Peak over-pressures were then

. ealculated usmg the TOA data and the following equation:

BN 2_

Where: p= peak overpressure, M = Mach number and
P = atmospheric pressure. The Mach numbers were cal-

culated from the following equation:®

AM=u/a

Where: u'= velocity of the shock front, and a2 = sonic
velocity. Elements of the Mach number were determined
as follows. First the velocity of the shock front (1) was
obtained by establishing the equations of Range -vs.- TOA
for specific vectors from the “zero range” location. The
“zero range” location was in the ground plane, 104 in (264
cm) directly below the center of the test unit. The vectors
were selected to pass through the | gauge locations. The
equations were of the follow;rtg fotm‘ =

r=bt¢

Where: r= range, b= constam, t= ume of shock front
propagation (TOA) and C-— constam.

Next, range vs. TOA equauons wete differentiated to
obtain the velocity of the shock front’ (u) for each gauge
location. The equations were of the following form:

u=r=bct” - S

Where r' = derivative of the range vs. TOA equation, b
= constant, ¢ = constant and ¢ = time of arrival. The
sonic veloc:ty (a) was measured at the test site at the time
of test.

The recorded blast pressure data were adequate to pro-
vide a first order approxunauon of the blast pressure and
impulse parameters when the data was considered collec-
tively. The followiug equation was fitted to the experi-
mental ;data from each pressure gauge.

p=P(-t/d)e*"
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Where: p = overpressure; P = peak overpressure; ¢ = -

time, d = duration of overpressure, ¢ = base of natural
logarithms (2. 71828) and a = decay paraieter.
Data: | "

Adequate test data was collected to compare the gen-

RANGE (Feot) » ®
Fig.4 Average positive impulse for GP THE compositions

eral blast and fragmentation characteristics of TE-T7005
with H-6, PBX-109, Tritonal and HTPB analogs of TE-
T7005 (PBXW-124 and Pwa-lzs)  Average peak pres-
sures and average posmve lmpulses are detailed in Fig.3
and 4. Mean fragmem velocities are detailed in Fig.5.
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Airblast Peak Pressures: -Aiierage peak overpressure
values are graphically presented in Fig.3. The general con-
clusions are that TE-T7005 average peak overpressure
values are slightly superior to H-6 and superior to all other
standards tested. Atcloser ranges (15-22 feet), TE-T7005
has an average peak overpressure almost identical to H-6
while over the range of 22-50 feet, TE-T7005 is approxi-
mately 5% higher than H-6. Overall, TE-T7005 had an
average peak overpressure value approximately 4% higher
than H-6, the highest of all the standards that TE-T7005

(PBXW-124/125) TE-T7005 had anaverage peak over-
pressure approximately 25% higher. The ranking from
highest to lowest was: TE-T7005 H-6; Tritonal; PBX-
109; PBX-125; and pr-124

&r.tﬂ&wm&mp\ﬂ_se Average positive im-
pulse values are grapfneally presemed in Fig.4. The gen-
eral conclusions. dre that TE-T?ODS average overpressure
impulse values are essenually equivalent to H-6. Over the
range of 15-28 feet, TE-T7005 is slightly ¢ supenor to H-6
and ovcr tﬁe range of 28-50 feet, TE—'1'7005 is slightly in-
ferior to H-G and superior to all other standards tested
over the ranges evaluated. TE-T7005 has an average over-
pressure impulse approximately 17% higher than the
HTPB analogs PBXW-124/125. The ranking from high-
est to lowest was: TE-T7005; H-6; PBX-125; PBX-
124; PBX-109; and Tritonal.

Fragment Velocities -
graphically presented in Fig.5. TE-T7005 hasa mean frag-

Mean fragment velocities are

" nient velocity of 5914 feet/second compared with 6249
" feet/sécond for PBX-109 (with 64% RDX) and 6503 feet/

second for H-6. However, TE-T7005 has a mean frag-
ment velocity which is approximately 190 feet/second
greater than the average fragment velocities of PBX-124
and PBX-125. The ranking from highest to lowest was:
H-6; PBX-109; TE-T?OOS PBXW-124; PBXW-125;
and Tritonal.

Discussion: ‘

The data generated by this researclf was quite surpris-
ing, especially when TE-T7005 was compared to HTPB
analogs of the expenmental exploswe, which essentially
bracketed the solxd's composition of TE-T7005 but dif-
fered pnmanly with regards to the binder type. Table 1
detanls the composition of the expenmental exploswe (TE-
T7005) compared with the HTPB analogs (PBXW-124

was compared with. Compared with the HTPB analogs

- Table 1 Composition of PBX formulations

‘ ’ Wt%and Wt.% and Wt.% and
INGREDIENT | VENDOR | diameter(z) | diameter(y) | diameter(u)
(PBX-124) | (TE-T7005) | (PBX-125)
HTPB+E702 - 4.85+0.05 N/A 4.44+0.05
IPDI+TPB - 0.46+0.01 N/A 0. 45+0. 01
IDP+ Lecithin - 7.23+40.4 N/A 6. 65+0. 4
TTB-531 Thiokol N/A 12 N/A
Al Powder Reynolds .- 20/18 23/17 26/18
AP Kerr McGee 20/200 20/200 20/200
NTO Olin 27/250 25/250 32/250
RDX Holston AAP 20/4 20/4 20/4
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and PBXW-125). The other significant variables between
the HTPB analogs and the experimental explosive are the
percentages of aluminum powder and NTO. However, as
indicated by Table.1 , TE-T7005 falls between the HTPB
analogs (with regards to aluminumand NTO concentration)
and therefore, TE-T7005 should theoretically fall between
these two'‘compositions with regards to performance. The
only other difference between TE-T7005 and PBXW-124/
125 are the aluminum powder particle size and type, how-
ever, the aluminum powder vendor is the same.
Asindicated by the data, the average peak overpressures,
average overpressure impulses and mean fragment veloci-
ties for TE-T7005 were significantly greater than either
of the HTPB analogs of TE-T7005 (PBXW-124/125).
A potential explanation, firstly, of this difference (since
the compositions PBXW-124/125 essentially bracket TE-
T7005 with regards to solid's content) is that due to the
much more fluid nature of the thermoplastic binder, ener-
geticsolids (i.e. RDX and NTO) are much more dispersed
in the binder matrix thus permitting a more uniform deto-

nation process. The bindér.type is a Thiokol Corp. Pro- -

prietary binder known as TTB-531 (which has a melting
point of 82C) and is essentially a low molecular weight
(500 MW) polyethylene hydrocarbon mixed with a plas-
ticizer in an 80/20 ratio’ A second, more plausible theory
is that energy which would normally be utilized for cured
HTPB bond breakage is now available for fragment
breakup and acceleration as well as for fuel oxidation since
both fragment velocities and airblast values of TE-T7005
are significantly higher than the HTPB analogs. A third,
and possibly suppl_eméﬁtal theory, is that the aluminum
powder itself may dontaip a type of reactant catalyst (with
regards to aluminum combustion as it relates to air blast)
thus resulting in higher airblast characteristics. An earlier
paper on this subject revealed that differences in alumi-
num type (with particle size differences of only 1 z£m)
resulted in tremendous differences in burn rate and impe-
tus of explosives which were otherwise essentially identi-
cal. Even compared to a composition containing 5 2m
aluminum (which contains a much higher surface area and
associated aluminum oxide content, a known burn rate
catalyst) bumn rates and impetus of the composition con-
taining the aluminum type (X-81) used to manufacture
TE-T7005 were much higher.
Conclusions:
* The data demonstrates that TE-T7005 is a highly ef-
fective high explosive composition especially with re-
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gards to airblast characteristics. Air blast performance
comparable to H-6 (which contains 45% RDX, 30%
TNT, 5% D-2 wax and 20% Aluminum powder) was
observed. This was quite surprising considering the fact
that H~6 contains a much higher percentage of tradi-
tional high explosives. . o

- Significant performance differences (especially airblast)
were observed between TE-T7005 and similar compo-
sitions containing HTPB binder instead of the meltable
binder TTB-531 that was contained in TE-T7005. Per-
formance values for other explosive compositions
(manufactured with similar low molécular weight
binders) may result in significantly improved perfor-
mance (in terms of increased fragment velocities and
airblast characteristics) relative to HTPB based com-
positions.

» Incidental to the manufacturing process, larger scale (5-
Gallon) TNT melt kettle processability (with an inert
equivalent to TE-T7005) was also demonstrated in this
study.

+ +Subsequent large-scale impact sénsitivity testing (Bullet

Impact, Fragment Impact and Sympathetic
Detonation) verified vastly improved sensitivity char-
acteristics of TE-T7005 relative to the HTPB analogs.
Impact sensitivity test results will be published at a later
date, B

Recommendations:

1. Verification of improved airblast and fragmentation
characteristics (with binder type as the only variable)
should occur with different compositions to determine
if the previously proposed theory is valid. This theory
‘proposes that energy which would normally be utilized
for cured HTPB bond breakagé: may now be available
for fragment breakup and acceleration as \@rell as for
fuel oxidation (due to the lower molecular Weight of
the binder) because the data shows improvements in
both fragment velocities and airblast values of TE-
T7005 when compared to the HTPB analogs PBXW-
124/125.

2. Further evaluation of the specific aluminum employed

for TE-T7005 (X-81) as well as other aluminum types
should occur to determine if any catalytic activity may
be improving airblast characteristics. While this theory
may sound far-fetched, other data has revealed that dif-
ferences in aluminum types (with particle size differ-
ences of only 1 ztm) resulted in tremendous differences
in burn rate and impetus of explosives, which were oth-
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- erwise essentially identical.
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