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Abstract

than expected.

High explosive materials, and in particular insensitive high explosive (IHE) materials, are of significant interest.
TATB-based LX-17 and PBX 9502 are two IHE’s and mechanical properties are an important metric of performance.
In this work we present, for the first time, a study of fracture as a function of temperature and displacement rate
and starter crack length on billet pressed IHE materials using a standard three point bend technique [1-15]. We
demonstrated that the technique can yield consistent results over time by measuring samples from the same lots
4 years later and observed that the fracture toughness of LX-17 and PBX 9502 are similar. We also determined
the temperature dependence for different starter crack lengths and found that the fracture toughness generally
decreases with larger starter crack sizes and temperatures. For the LX-17, where a wide temperature range of -60
C to 50 C was investigated, the impact of temperature on fracture toughness between -20 C and 23 C was less

Introduction

For the PBX 9502 we observed the difference in fracture toughness
values between —20 Cand 23 C did depend on the particular lot, and also
there was a tendency of the fracture toughness to scale with the tensile
strength. We also investigated the effect of alower displacement rate and
observed that while the impact on the fracture toughness was relatively
small, the samples surprisingly did not break (fail) after exceeding
the peak load. We took advantage of this to perform x-ray computed
tomography (CT) of the samples to image crack propagation in the
intact samples. We observed that cracks were generally straight and
unaffected by the microstructure in the LX-17, in contrast to the PBX
9502 where the direction of the cracks would frequently change and
were likely influenced by the underlying microstructure.

High explosive materials, particularly insensitive high explosive
(IHE) materials, are a hot topic. Mechanical qualities are a crucial
parameter of performance for the TATB-based LX-17 and PBX 9502
IHEs. For the first time, we use a typical three point bend approach
to investigate fracture as a function of temperature, displacement
rate, and beginning crack length on billet pressed IHE materials. By
evaluating samples from the same lots 4 years later, we were able to
show that the technique can produce consistent findings across time,
and we discovered that the fracture toughness of LX-17 and PBX 9502
are identical.

Subjective Heading

We also looked at the temperature dependence of different initial
crack lengths and discovered that when the starter crack size and
temperature increase, the fracture toughness falls. The impact of
temperature on fracture toughness between 20 C and 23 C was less
than expected for the LX-17, which was tested throughout a wide
temperature range of 60 C to 50 C. For the PBX 9502, we found that the
difference in fracture toughness values between 20 C and 23 C varied
according on the lot, and that fracture toughness tended to scale with
tensile strength.

The TATB molecule in LX-17-1 is wet-aminated, while the one in
PBX 9502 is dry-aminated .Also, the proportion of polymeric binder
varies slightly, with LX-17 having 7.5 percent binder and 92.5 percent
TATB and PBX 9502 having 5% binder and 95 percent TATB For the
sake of convenience, we shall refer to this study as "LX-17," however

we should stress that we are actually referring to LX-17-1 (which uses
wet aminated TATB). Kel-F 800 or FK-800, a more recent and nearly
similar form of this, is frequently used as the explosive polymeric
binder. The TATB molecules are made up of small particles that are
combined with a polymeric binder during the formulation process.

Discussion

Demonstrate fracture toughness as a function of temperature for
two distinct notch depths, 1 mm and 3 mm, respectively. shows data
collected across a wide temperature range of 60 to 75 degrees Celsius,
while Figure 5b shows data collected between 60 and 50 degrees Celsius.
While a reasonable linear fit can be obtained for both data sets, a third
order polynomial provides the best fit for both data sets. This is likely
due to the fact that fracture toughness does not change as much in the
range of 20 C to 23 C as it does when the temperature is significantly
below or above that range.

We also looked at the effect of a lower displacement rate of 5 106
in/sec, and found that while the difference in fracture toughness was
minor, the samples did not break (fail) after exceeding the peak stress.
We took advantage of this by imaging the samples with x-ray CT to
see how cracks propagated in the intact samples. In the LX-17, we
noticed that cracks were often linear and unaffected by microstructure;
it flowed right through the remaining prills evident in the image.

The peak load is the maximum the force that the sample sustains
during 3-point bend testing. The peak load and the physical parameters
of the samples can be used to calculate/estimate the fracture toughness
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a schematic of the physical parameters of interest to are shown in
below. We note that a fracture toughness cannot be computed for the
no notch (0 nm notch depth) samples we tested in this study and so
that data is shown on other plots such as the peak load vs notch depth.

Why would the LX-17 respond differently than PBX 9502 to crack
propagation? There are two notable differences between the two HE’s.
The first is that LX-17 has about 7.5% binder vs 5% for PBX 9502. If
the cracks preferentially propagate in the binder rich areas of PBX
9502 (i.e. at prill boundaries) then since LX-17 has even more binder,
one might expect that the cracks might also prefer to propagate in the
binder rich areas of LX-17, which is not what is observed. The second
notable difference is that LX-17 uses wet-aminated TATB and PBX
9502 uses dry-aminated TATB. We are unaware of any mechanical
property studies looking at wet-aminated vs dry-aminated TATB (with
the binder % held constant) but this work suggests that cracks may have
a greater tendency to penetrate wet aminated TATB than dry aminated
TATB. We note that the fracture toughness values for the LX-17 and
PBX 9502 are similar so the greater deflection of the cracks in the PBX
9502 microstructure did not manifest itself significantly in the fracture
toughness; likely compensating factors arising from the differences
between the two materials (different lots, binder %, etc) come into play.

In this work we present, for the first time, a study of fracture as a
function of temperature and displacement rate and starter crack length
on billet pressed IHE materials using a standard three point bend
technique. We demonstrated that the technique can yield consistent
results over time by measuring samples from the same lots 4 years
later. We observed that the fracture toughness of LX-17 and PBX 9502
are similar; for example at 23 C and a 10~ in/s displacement rate we
observed 0.427 MPa(m)"*® and 0.337-0.432 MPa(m)"* for LX-17 (single
lot) and PBX 9502 (3 different lots) respectively. We also determined
the temperature dependence for different starter crack lengths (notch
depths) and found that the fracture toughness generally decreases with
larger starter crack sizes and temperatures. For the LX-17, where a wide
temperature range of —60 C to 50 C was investigated, the impact of
temperature on fracture toughness between —20 C and 23 C was less
than expected. For the PBX 9502 we observed the difference in fracture
toughness values between —20 C and 23 C did depend on the lot. We
had tensile test data on the three lots and the data suggested a general
trend of increasing tensile strength with increasing fracture toughness.

Conclusion

he billet is machined into rectangularly formed three point bend
specimens with dimensions of 1.0 cm broad, 1.0 cm thick, and 10.0
cm long. Precision calipers and micrometers were used to measure the
dimensions of each sample. We also looked at the effect of a decreased
displacement rate, and found that while it had a minor effect on
fracture toughness, the samples surprisingly did not break (fail) after

exceeding the peak load. We used this to image crack propagation
in intact samples using X-ray computed tomography In the LX-17,
we found that cracks were generally straight and unaffected by the
microstructure, in contrast to the PBX 9502, where the direction of the
cracks would frequently alter and be affected by the microstructure.
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