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ABSTRACT

Sparks have been frequently noted in the process of abrasive waterjet cutting of explosive
ordnance. These sparks have not, however, caused an ignition event in the nearly 200,000
items cut to date. Research performed into the mechanisms of spark formation, explosive
initiation, and waterjet cutting process has shown that these sparks are benign when certain
parameters are controlled.

Background

Alliant Techsystems has researched the use of high-pressure abrasive waterjets on the
sectioning of high-explosive projectiles since 1990 in support of our demilitarization
processes. The high pressure fluid testing has used fluid pressures of up to 1 gigapascal
(147,000 psi) impacting both PETN and TNT without explosion. Testing performed by
Alliant Techsystems with abrasives aspirated into the fluid stream, known as abrasive
waterjets, have cut ailmost 200,000 projectiles containing aluminized high-explosive. The
abrasive waterjet tests were conducted using water pressures of approximately 300
megapascals (45,000 psi) and were successfully performed without event.

Observations during the abrasive waterjet cutting tests showed definitive spark formation
presumably due to the action of the 80 mesh garnet abrasive on the ASI 4130 steel projectiles.
Although sparks were observed, the tests were continued without any other abnormality
despite the presence of RDX, HM X and powdered aluminum from the portion of explosive
sectioned by the jet stream during the cutting of the projectile. The sparks observed when
cutting inert metal samples were in the order of less than five per second and the particle sizes
were calculated as being less than 100 microns in length, based on SEM photographs of
captured materials. Since the presence of sparks has been seen as being a primary cause of
ignition and subsequent detonation of propellants and explosives, abrasive waterjet cutting
should, logically, be a hazardous process.

However, empirical testing of 200,000 projectiles without an event has demonstrated that
there is a serious difference between conventional wisdom and actual ignition mechanisms.
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Conventional wisdom about safety is occasionally applied in general terms to prevent
confusing people with too many specifics. This generalization islike a“false positive” in
experimental statistics. Whileit ishighly desirable to “err on the side of safety,” amore
serious situation occurs when conventional wisdom has not taken into account the underlying
scientific basis of the physical process.

Since the presence of sparks during the abrasive waterjet cutting of the explosive projectiles
was demonstrated to be safe at the 99.9995% point estimate, finding an explanation on the
physical processes why it was safe became critical. A literature search identified numerous
articles about electric spark initiation of condensed explosives, but very little information on
non-electric spark effects on explosive. This paper isacompilation of data from existing
articles that tries to clarify why no initiation of explosive materials occurs during abrasive
waterjet cutting and to identify some ignition misconceptions.

Results of Literature Sear ches

The results of the literature searches identified a number of surprising findings. First of all,
there are three distinctively different types of sparks. Sparks are identified as being friction
sparks, impact sparks or electrical sparks. Friction and impact sparks are the result of two
hard materials respectively abrading or impacting each other and are similar in nature.
Electrical sparks are the result of a discharge between two items having different electrical
potential. Although these three sparks may look identical, they perform very differently from
each other. Electrical spark ignition has a well-devel oped methodology? and repeatable
results can be achieved when electrode size, shape and material are described along with the
spark duration and gap. For these reasons most of the sensitivity tests on energetic materials
are based on electric spark initiation tests.

The energy levelsrequired for electric and impact sparks to ignite materials, however, is
significantly different. The energy to ignite 50% of the tests (E;,) for hydrogen/air using
electric sparks® is on the order of 30 mJ, while impact sparks* caused by two steel plates takes
a phenomenal 497 Joules to ignite the hydrogen/air mixture. It should be obvious that there
must be significantly different initiation mechanismsin these two events. In Alliant
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Techsystems' abrasive waterjet cutting, the generation of sparks appears to be from abrasive
impact on steel when using garnet abrasives. In similar tests by the British Hydromechanics
Research Association,® abrasive waterjets did not ignite controlled hydrogen/air mixturesin
their test chambers. The failure of hydrogen to ignite in either of these abrasive waterjet test
sequences is understandable if we accept that impact sparks require significantly higher
energies to ignite materials than do electric sparks.

Two major reasons may exist for the difference in energies required to ignite materials by
electric or impact sparks. First, electric sparks appear to be much more complex than just
generating a “hot spot” that ignites the materials through thermal processes. Tests performed
with silver azide® showed that the passage of electrical current through the explosive of
insufficient energy for ignition was actually changing the composition and sensitivity of the
explosive. The electric charge may be interacting with explosive as a dielectric material.
Other tests have shown that sparks from quartz will ignite materials, not based on the sparks
thermal energy, but on the triboelectric discharge’ from the quartz being struck.

The second main reason for the difference in energies required to ignite materials with impact
sparksis that thermal ignition of materialsis a physically complex task that may require
additional energy. Studies have shown that the minimum thermal ignition kernel (initial
spheroid of ignited material) for a hydrogen/air mixture® is approximately 2 mm. Several
studies’ ° * that have looked at hot particle ignition of flammable gases suggest that for a
given ignitable material the temperature necessary for a given probability of ignition is
inversely proportional to the heated particle’ s surface area. The studies show that the
temperature required for hot particles to ignite hydrogen/air goes up rapidly for particles less
than 4 mm in diameter. For 2 mm diameter, metal particles, the temperature required to give
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the 50% ignition probability*? in hydrogen/air is 930° C. (Hydrogen’signition temperature™
isnormally given as 500° C.)

Additional problems for either electric or thermal ignition of materials arise when high
humidity or water is present. At humidities greater than 80%, the electrical energy required
for ignition goes asymptotic as the spark energy is rapidly dissipated™ by the water vapor.
With thermal sparks, the thermal energy of the spark can easily be dissipated™ by the
quenching action of the water*®.

Given these basic events, the impact sparks from abrasive waterjet cutting are at a significant
disadvantage to ignite materials. First, the particles from abrasive waterjet cutting, technically
known as swarf, are very small compared with the particles sizes required, 100 pm maximum
versus 2 mm. The temperature of the swarf cannot have exceeded their melting temperature
since they do not show melting. Based on the melting temperature of steel being about 1400°
C, thiswould be the logical limit to particle temperature. Extrapolating from the published"’
graphs, the temperature of the swarf is below that required for the ignition of hydrogen, let
alone less reactive solid materials. Finally, the waterjet cutting process uses high-pressure
water that not only drenches the parts being cut, but also provides an intense mist in the local
cutting area. Any one of these processes is sufficient to prevent ignition of flammable
materials from the few sparks generated by the abrasive waterjet cutting process. With the
combination of all three processes, the probability of ignition is so low as to agree with actual
experimental data.

WARNING

There does, however, appear to be sufficient concern in the literature regarding the
specialized triboel ectric hazards with quartz-bearing materials to preclude using any quartz-
bearing materials as abrasives in waterjet cutting until specific testing is performed.
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Conclusions

Abrasive waterjet cutting produces some sparks from the impact of abrasive grains against
hard objects such as the steel projectiles. These sparks are small particlesin the order of 100
pm and they do not appear to have melted. Published literature supports the premise that
these sparks are too small and have insufficient energy to ignite even highly flammable
mixtures of hydrogen in air. In addition, the presence of water mist from the high-pressure
waterjet seriously interferes with the ignition process. The non-ignitability of flammable
materials by sparks from abrasive waterjet cutting agrees with the test data on both explosives
and hydrogen/air gas.



