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OBSERVATION OF THE BEHAVIOUR OF CONFINED PBX9501 FOLLOWfNG A SIMULATED COOKOFF
IGNITION

P.M. Dickson, B.W. Asay, B.F. Henson & C.S. Fugard

Los Alamos National Laboratory, Los Almnos, NM 87545.

The response of small confined disks of PBX 9501 to cookoff has been investigated
with high-speed photography through a transparent toughened-glass window,

observing both the ignition and propagation of reaction. External strain gauges and
microwave interferometry have been used to measure the expansion of the confining
ring. The results show that when reaction starts, cracks propagate tiom the ignition

site and that these cracks may be effective in leading to the fast transfer of ignition to

other sites within the charge.

INTRODUCTION

The response of confined and unconfined explosive

charges to ignition by bulk heating (cookof7), generally
from an external source, has been extensively researched

M However, most experiments have beenover the years .

limited, at bes~ to observing the exterior of the charge
and to making measurements of the bulk response, such
as time to explosion, violence of the even~ and in some
cases an estimate of the point of ignition. The internal
behaviour of the charge is hidden tium view, and so
relatively little data are available to compare with the
detailed predictions of the numerical models which are
being developed with the ultimate goal of replacing
expensive experimental testing.

Calculations using simplified chemistry, such as the 3-
step Arrhenius scheme of McGuire and Tarve?, have
proved successful in predicting the time-to-explosion of

HMX spheres subjected to external heating. Such
calculations also predict the location of ignition, but
there are few data with which to validate those results.
Calculation of the violence of the ensuing reaction is
more difflcul~ since it involves the propagation of a
deflagration through heated and probably damaged
material, and there are currently no physically realistic
models for such a process. In a non-shock event of this

type, the internal mechanical behaviour of the charge is
very likely to exert a major influence on the spread of
reaction, and hence determine the overall outcome of the
event. That aspect has been relatively neglected in
numerical treatments, largely because of the complexity
and difficulty of the problem; propagation has been
generally assumed to be in the form of a larninar bum from
the original ignition site(s). We report the results of
experiments to observe directly cook-off within confined

charges of PBX 9501, combined with strain gauge and

confinement expansion data.

EXPERIMENTAL TECHNIQUE

In order to provide more direct evidence of the processes

occurring during cookoff, a series of tests have been
conducted to observe directly the interior response of a
confined charge undergoing cookoff. A 25 mm diameter

circular slab of PBX 9501 is confined at the edges by a
metal ring. Bottom confinement is provided by a thick

steel base, whilst the top confinement is a thick
toughened glass window through which the charge is
observed. The strength of the edge confinement is
determined by the thickness and material of the metal
ring. Copper and mild steel have been used in three
different thicknesses (6.35 mm, 3.175 rrunand 1.588 mm).
The disc of explosive is heated fimmboth sides, using a
combination of a heating plate and heating tape which is
controlled so as to minimize the temperature difference
between the top and bottom of the sample. The
temperature is increased either until ignition occurs
spontaneously, or up to a pre-determined temperature, at
which point the explosive is ignited at the centre by

means of a coiled, heated nichrome wire. The camera and
other diagnostics are triggered at the onset of reaction
by any one of three detected events: light output tiom
the reacting HE, failure of the igniter wire, or a positive
signal tlom the strain gauges mounted on the confining
ring. Figure 1 shows the construction of the test
assembly.
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FIGURE 1. TEST ASSEMBLY SCHEMATIC.

Optical images of the event are recorded by an 8-channel
Imacon 468 CCD camera at interfiarne times of 3 – 5 W.
Two strain gauges bonded to the outside of the
confining ring provide a trigger signal and information
on the early stages of ring expansion. A 3 GHz
microwave interferometer is used to follow the expansion
of the ring at later times.

RESULTS

Figure 2 shows the typical behaviour of a charge which
has been heated to 190 “C in around one hour, and then
ignited by hot wire at the centre. The 3 flames are fium a
high-speed sequence taken at 5 w interframe time, 5 KS
after ignition was detected by the strain gauges. The
results show that following the ignition of the charge,
rapid pressurization at the centre causes luminous radial

cracks to open and that these are driven outwards at
several hundred metres per second. The freshly opened
surfaces appear to be ignited as the cracks progress. The
dark strip is a thin copper foil conductor which carries
electrical current to the top of the igniter wire.

Figure 3 shows another longer sequence. This
behaviour is quite reproducible, with typically 3 or 4
cracks which may subsequently bifircate. Failure of the

toughened glass window is visible tier 35 ps.

Figure 4 shows the pressure in the sample as estimated

Ilom the strain gauge record of the expansion of the
confining ring, figure 5 the pressurization rate, and
figure 6 shows the expansion velocity of the ring as

deduced fi-om the microwave interferometry data. It

should be noted that the microwave data in particular
represent a point measurement on the ring, and give no

indication of whether the expansion is asymmetric at

these later stages.

To investigate the effect of confinemen~ the tests were

repeated with a thick steel ring and a thin copper ring.
Figure 7 shows the response with a 6.35 mm steel ring,
and figure 8 with a 1.588 nnn copper ring. With the

thick steel ring, cracks appear to start as before, but the
pressure rises faster and the glass window breaks much
earlier. With the weaker coniinemen~ a much more
extensive network of cracks and reaction sites appears to
develop, and the window lasts longer.

Further tests were conducted both by heating the
samples until self-ignition occurred and by wire-

igniting at higher temperatures (- 220 “C). In both of
these cases the observed response is noticeably different
tlom that observed around 200 “C. For example, figure 9
shows a sample heated to ignition. The well-defined
cracks observed at lower temperatures seem to be absent,
and the glass window breaks whilst the reaction is
apparently still localized around the centre of the ring.
The earlier times at which the window breaks suggest
that the reaction rates arc higher than in the lower
temperature shots.

, FIGURE 2. PBX 9501 IGNITED AT 195”C.
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FIGURE 3. IGNITION OF PBX 9501 AT 20VC.
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FIGURE 4. SAMPLE PRESSURE ESTIMATED FROM
STR41N GAUGE DATA.

DISCUSSION

In the lower temperature shots, it appears that the

pressurization at the centre resulting tim ignition,
which leads to tensile hoop stresses in the surrounding
material, causes the formation of radial cracks. Weaker
confinement leads to more cracks, whilst stronger
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FIGURE 6. RING EXPANSION POSITION AND
VELOCITY DATA DEDUCED FROM MICROWAVE

INTERFEROMETRY.

FIGURE 7. IGNITION OF PBX 9501 AT 200”C WITH
THICKER CONFINEMENT.
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FIGURE 8, IGNITION OF PBX 9501 AT 200”C WITH
THIN STEEL CONFINEMENT.

confinement suppresses crack formation. In the high-
speed photographs we observe these cracks as highly

luminous, which indicates that the surfaces of these

cracks have been ignited. It is not clear whether this

ignition is the result of hot product gases flowing down

the cracks, or whether the energy dissipated at the crack

tips is sufficient to cause ignition. Calculations by Hills
suggest that whilst we know that cracks in HE are not
self-igniting at ambient temperatures, there is a critical
temperature above which they may be.

At higher temperatures, both in the wire-ignited and
self-ignited shots, the well-defined cracks are not
apparent. Reaction rates are higher, as might be
expected, but the material response is different. Whether
that is due to a change in the material properties of the
PBX as the temperature is raised, or some other factor(s)

is unclear. Allowing the samples to self-ignite does lead
to a change in the temperature profile and location of
ignition. As the exothermic reactions develop, the base
and glass window become heat sinks, and so the
temperature rises higher inside the disc of HE, leading to
an internal ignition. Figures 10 and 11 show the

heating profile and heating rate as a function of

FIGURE 10. HEATING PROFILE FOR

SPONTANEOUSLY-IGNITED SHOTS.
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FIGURE 11. HEATING RATE FOR
SPONTANEOUSLY-IGNITED SHOTS.

temperature for a self-ignited shot. On the upper surface
(HE/glass window interface) recor~ an endotherm

corresponding to the first step in the 3-step process is
visible, as is the exothermic runaway just before cookoff,
whereas these are not seen on the lower surface record.

The reason for this is that the metal base is a better heat
sink than the glass window. As reported elsewhere,

including in this symposiumc-’, we have strong evidence
that this first step is in fact the HMX ~ -8 phase change.

These two temperature records were used as boundary
conditions for a numerical calculation of the behaviour

FIGURE 9. SPONTANEOUS IGNITION OF PBX 9501
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PREDICTED AND RECORDED TEMPERATURE PROFILES FOR SPONTANEOUS IGNITION.

of the sample assuming 3-step Tarver-McGuire kinetics
and estimated thermal transport coefficients for the HE.
Figure 12 shows the calculated internal temperature
profilesfor the sample, and indicates that ignition

should have occurred around a distance of one third of
the sample thickness below the surface. Note the fairly

good agreement between the predicted and recorded
explosion times. Subsurface ignition is likely to change

the observed spread of reaction to some extent.

CONCLUSIONS

Observations of the interior of explosive samples during
cook-off and simulated cook-off events have

demonstrated that the response of the charge and spread
of reaction may be more complex than previously
realized. These results suggest an intimate coupling
between thermal and mechanical behaviour of explosive
during thermal ignition, and this same observation has
been made in experiments where ignition is mechanically
induced by shearing impacts. The data clearly illustrate
the need to understand and characterize the dynamic
mechanical and constitutive properties of the explosive,
and how these properties interact with the reaction
chemistry, if accurate predictions of explosive behaviour
during cook-off events are to be made.
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