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- French-German Research Institute of Saint-louis - Institute of Combustion Problems
Energetic nanomaterials : opportunities to enhance performances Development and investigation of pyrotechnic compositions for green
fulfilling at the same time environnemental requirements colored lights based on B203 and H3B03
- MBDA-TDW - LAAS CNRS
Testing and modelling the initiation of insensitive explosives Developpement of new nanothermite based mixtures for pyrotechnical
by projectile impact impact micro-initiator
- TDA Armements SAS - US Army RDECOM-ARDEC
New melt-cast high explosive tailored to large-series insensitive Metal-element compounds of titanium, zirconium, and hafnium as
ammunition pyrotechnic fuels
- CEA - Battelle Memorial Institute
Towards low-cost TATB based formulations Pyrotechnic formulations containing potassium ferrate
- LAAS-CNRS - Weapons and Combat System Division
Prediction of pressure, temperature and reaction end products of IRCM pyrotechnic formulations based on boron carbide as the fuel
Al-based thermite using a local thermodynamics equilibrium -ISL
Energetic nanocompositions : smart materials, effects and
applications
-ISL

Electrostatic discharge desensitization of Al/WO3 nanothermites by
means of a conductive material







- Rink International LLC
Use of the krypton-85 radioisotope technique to assess non-hermetic
energetic devices

DGA Missiles Testing
Complete numerical simulation of the Fast-Cook-Off Test applied to a
Solid Rocket Motor (SRM)
- Université d’Orléans
Experimental characterization of the thermal degradation of low
vulnerability propellants
- Nippon Koki Co. Ltd

Development of crater forming device for the asteroid explorer
Hayabusa2

- Naval Surface Warfare Center
Preliminary investigation into Pyrotechnic chemical products via Mass
Spectrometry Techniques

- Federal Institute for Materials
Research and Testing Explosive properties of mixtures of black and
flash powders
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- NEXTER Munitions

How Nexter Munitions takes into account the reach obsolescences :
from the formulation to the production line

- Roxel
Underwater demilitarisation : a safe and efficient way to eliminate
solid propellant

- Herakles
Advanced biological treatment for solid propulsion - LICORNE ™
- Etienne Lacroix

Approach for the assessment of acute inhalation toxicity of smoke
ammunitions by in silico, in vitro and in vivo modelling

- MSIAC
Integrated munition health management cooperative demonstration
of technology

- Université de Rouen

Characterization and toxic assessment of smoke aerosols and
aerosols produced by firing small caliber ammunition : a comparative
study

- US Army Research Laboratory
Modeling the combustion of micrometer scale porous silicon channels

- Naval Surface Warfare Center

Elimination of perchlorate oxidizers from yellow pyrotechnic flare
compositions
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- Fraunhofer Intitute of Chemical Technology
Interaction energies between binder polymers and crystalline surfaces
in composite materials determined by solution microcalorimetry and
computer simulation

- CEA

Numerical simulation of embedded electromagnetic particle velocity
gauges in 2D flows

-CEA
Full scale Experiments and Modelling of ground burst effects on
buildings

- Autoliv-Livbag

Methodology for predicting safe functioning of airbag inflators during
fire test using fast

- Herakles
Assessment of thermal flux effects generated by accidental
combustion of pyrotechnic materials

- DGA Techniques Terrestres
AKTS Thermokinetics : Evaluation, Limits, Perspectives

- Fraunhofer Intitute of Chemical Technology
Characterization of butacene based composite propellants by loss
factor curves determined with DMA
- Nanjing University of Science & Technology

Study on The Propulsion Performance of GAP with Laser Micro
Ablation
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- Pusan National University
Flash ignition and controlled-underwater explosion reactivity of
carbon nanotube/nanoenergetic composite materials
- Sandia National Laboratories
Assessing Post-Ignition Pyrotechnic Behavior
-CEA
Detection of vapour of explosives by a multi-sensor prototype
- Tubitak Sage
Characterisation of electrolyte and pyrotechnic pellets in thermal
batteries
-CEA
Crystalline plasticity and the elasto-plastic behavior of ductile
materials
- Herakles
Continuous gas generant innovation the reason for airbag technology
success

- Herakles
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-ISL -CEA
Understanding the effect of RDX particle shape on shock sensitivity Detonation products - Air turbulent mixing and combustion for various
-CEA oxygen balances : analysis and modelling
Detonation initiation of heterogeneous melt-cast high explosives - Institute of Applied Physics and Computational Mathematics
- INSA Centre Val de Loire Numerical simulation of detonation in suspended mixed RDX and
A compressed balloon approach for the simplified modeling of a blast aluminum dust
wave - Airbus Defence & Space
- CEA Studies on combustion of confined explosive in an Opto-Pyrotechnic
Low amplitude shock initiation experiments on TATB base composition Detonator (DOP)
tested with inverse particle velocity -CEA
-CEA Study of particule coulds ejected under shock : the contributions of
Small scale blast experiments in dry aqueous foam photonic doppler velocimetry
-CEA -CEA
Laser Imaging : principles and application, picturing detonation waves Characterization of thin detector shielding against explosion
in ns regime -CEA
Development of optical fiber sensor for detonation velocity
measurement
- Herakles

Thermal modelling of a medium energy electro-pyrotechnic initiator
- Nanjing University of Science and Technology
Initiation of HNS-IV explosive using laser-driven flyers
- Alphanov
Evaluation of laser diode reliability risks associated with optical feed-
back within an optopyro ignition line
- Nexter Munitions
Xfoil-Init®
- Sandia National Laboratories
HMX Hotwire initiation and Performance Criteria

- Roxel
New innovative anti-tank solid rocket motor design
- Herakles / - Herakles
Aircraft safety devices
- Nexter Munitions

PyroMEMS In-It®
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- Nexter Munitions
Opto-pyro detonator for Space Systems
- PYROALLIANCE
Green high performance Linear Shaped Charge
- Federal Institute for Materials Research and Testing
Assessment of Explosives in pyrotechnic articles for special effect
(Squibs)

- University of Mining and Geology
Obtaining of rocket engine from waste material
- Fraunhofer Institute of Chemical Technology
Pyroorganic Flares - State of the Art and Progress
- Airbus Defence & Space
Opto-pyro trains for Space Systems
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K. KATOH - Faculty of Engineering, Fukuoka University

Study on the dismantlable adhesives containing an oxidative
inorganic salt

JM. CHEVALIER - CEA/CESTA

Study of a debris shield limiting projection effects associated with a
pyrotechnic accident. Numerical experiments and simulations related
S. NAGAYAMA - Fukuoka University

Investigation of thermal behavior and surface condition of ammonium
nitrate/ammonium perchlorate particles prepared by spray drying
JM. CHEVALIER - CEA/CESTA

Dynamic behaviour of two adhesive materials

JM. CHEVALIER - CEA/CESTA

Transverse shadowgraphy and newrecovery technique to investigate
dynamic fragmentation of laser shock-loaded metals

A. MARAVAL - Etienne Lacroix

Advanced on new pyrotechnic compositions free chlorine for
multispectral masking

A. MOULOUD - Ecole Militaire Polytechnique

Effect of nanoparticles on reaction kinetic data of composite rocket
propellants based on epoxy binder

D. HEBERT - CEA/CESTA

Hypervelocity impacts into porous graphite : experiments and
simulations

A. MEZROUA - Ecole Militaire Polytechnique

Kinetic study of the thermal degradation of composite rocket
propellant based of porous ammonium perchlorate

S.CAMUS - CEA

Low velocity impact simulations on HMX-bases PBXs using adaptive
meshing

M. HOLLER - Fraunhofer-Institut fiir Chemische Technologie

DAP : a promising new energetic chain extender
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- French-German Research Institute of Saint-louis
Energetic nanomaterials: opportunities to enhance performances fulfilling at
the same time environnemental requirements
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- MBDA-TDW
Testing and modelling the initiation of insensitive explosives
by projectile impact
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- TDA Armements SAS
New melt-cast high explosive tailored to large-series insensitive ammunition
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-CEA
Towards low-cost TATB based formulations
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- LAAS-CNRS
Prediction of pressure, temperature and reaction end products of
Al-based thermite using a local thermodynamics equilibrium
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- Institute of Combustion Problems
Development and investigation of pyrotechnic compositions for green
colored lights based on B203 and H3B03
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- LAAS CNRS
Developpement of new nanothermite based mixtures
for pyrotechnical impact micro-initiator
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- US Army RDECOM-ARDEC
Metal-element compounds of titanium, zirconium,
and hafnium as pyrotechnic fuels
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- Battelle Memorial Institute
Pyrotechnic formulations containing potassium ferrate
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- Weapons and Combat System Division
IRCM pyrotechnic formulations based on boron carbide as the fuel
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-ISL
Energetic nanocompositions: smart materials, effects and applications



















< Home Comittees Sponsors
GTPS Companies Communications >

-ISL
Electrostatic discharge desensitization of AI/WO03 nanothermites

by means of a conductive material
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- Pusan National University
Tuning the explosive reactivity of nanoenergetic materials on a chip by
controling the structre of Al and CuO multilayers
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Herakles
Very low critical diameter explosive composition formulation
and characterization
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- Kasan National Research Technological University
Nanofibrillar cellulose nitrate
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- Fraunhofer Institute of Chemical Technology
Review of some peculiarities of the stability and
decomposition of HNF and ADN
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- Nexter Munitions
Presentation of a doctoral thesis which studies the rheology
of energetic concentrated suspensions used as melt-cast formulations
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- CEA
X-Ray diffraction studies of HMX and TATB after processing operations
and thermo-mechanical testing
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Nanothermites : a toolbox for solving contemporary challenges
in pyrotechnics
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« Nanothermites: A toolbox for solving
contemporary challenges i1n pyrotechnics »

Marc COMET, Cédric MARTIN, Martin KLAUMUNZER, Vincent PICHOT, Fabien SCHNELL, Yves

SUMA, Denis SPITZER

NS3E laboratory, UMR 3208 ISL-CNRS-UNISTRA, French-German Research Institute of Saint-
Louis (ISL), 5 rue du G@n@ral Cassagnou, 68301 SAINT-LOUIS.

Illustration of some effects which
can be produced by the reaction
of improved nanothermites.

Abstract® Conventional nanothermites are energetic
materials prepared by mixing a metallic oxide with Al
nanoparticles. The main features of these energetic
are: (i) low sensitivity thresholds to friction and
electrostatic discharge, (ii) high flame propagation
velocity in loose powder state (100 2500 m/s), (iii)
low Pnax values and pressurization rates in combustion
chamber in comparison with those of high explosives.
The definition of nanothermites can be extended to
pyrotechnic mixtures containing significant amounts of
metal-based compounds as reactive species and at least
one nano-sized reactive component.

The different material approaches which have been
studied in NS3E laboratory have led to a new
generation of highly reactive pyrotechnics, whose
outstanding characteristics and performances will be
discussed in this presentation.

The properties of these improved nanothermites can be
tuned not only through their chemical composition but
also by playing on the morphology of their components.
Nanothermites offer to pyrotechnics a real toolbox for
preparing a variety of smart and environmental friendly
reactive materials, which can be customized for the
precise needs required by specific applications in the
field of ignition, propulsion and initiation.

BioBraphy® Dr.HDR Marc COMET is leading research in the field of energetic nanomaterials in the laboratory
Nanomat@riaux pour les Systkmes Sous Sollicitations ExtrEmes (UMR ISL-CNRS-UNISTRA), based at the French-
German research Institute of Saint-Louis (ISL) and managed by Dr.HDR Denis SPITZER. He is the author of 40
publications in peer-reviewed journals, 30 conference proceedings and 6 patents in the domain of energetic

materials.
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«Ultimate size explosives obtained by SFE process»

Florent PESSINA, Denis SPITZER

NS3E laboratory, UMR 3208 ISL-CNRS-UNISTRA, French-German Research Institute of Saint-
Louis (ISL), 5 rue du Général Cassagnou, 68301 SAINT-LOUIS

Micron size RDX are
converted through SFE
into nanoparticles

Abstract:

Nanoparticles are intensively studied for their unique
properties arising from their nanoscale dimension. The
development of high energetic nanomaterials is focused on
lower sensitivity and increased reactivity.

The new Spray Flash Evaporation (SFE) process internally
developed®? and patented® is a promising tool for reaching
the nanoscale. Nano RDX (100-200 nm) has already been
recrystallized by SFE and was used for preparing ultrafine
nanodiamonds (2-4 nm) by detonation®.

The control of the particle size to get smaller explosive is a
challenge achieved here by the addition of polymeric
additives. The crystallization steps - crystal growth and
nucleation rate — can be tuned by chemical additives. The
present work shows the capacity of SFE to produce
continuously bigger particles or smaller ones up to
monocrystals, simply by adding common polymers.

The versatility of SFE also allows the formation of cocrystals®
not only by co-solvation but also in situ from different

A
separated solvents, and still at the nanoscale. In the field of

energetic materials, cocrystals represent an exceeding
interest for outstanding reactivity and enhanced safety.

Biography: Florent Pessina is preparing a PhD thesis in the laboratory “Nanomatériaux pour les Systémes Sous
Sollicitations Extrémes” (UMR ISL-CNRS-UNISTRA) based at the French-German research Institute of Saint-Louis
(ISL) under the direction of Dr. HDR Denis SPITZER.

(1) Risse, B.; Spitzer, D.; Hassler, D.; Schnell, F.; Comet, M.; Pichot, V.; Muhr, H. Continuous Formation of
Submicron Energetic Particles by the Flash-Evaporation Technique. Chem. Eng. J. 2012, 203, 158-165.

(2) Risse, B. Continuous Crystallization of Ultra-Fine Energetic Particles by the Flash-Evaporation Process.

(3) Risse, B.; Hassler, D.; Spitzer, D. Préparation de Nanoparticules Par Evaporation Flash. W02013117671

Al, ao(t 2013.

(4) Pichot, V.; Risse, B.; Schnell, F.; Mory, J.; Spitzer, D. Understanding Ultrafine Nanodiamond Formation
Using Nanostructured Explosives. Sci. Rep. 2013, 3.

(5) Spitzer, D.; Risse, B.; Schnell, F.; Pichot, V.; Klauminzer, M.; Schaefer, M. R. Continuous Engineering of
Nano-Cocrystals for Medical and Energetic Applications. Sci. Rep. 2014, 4.
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Resonant Acoustic Mixing - Processing and formulation challenges
for cost effective manufacturing




ResonantAcoustic® Mixing — Processing and Formulation Challenges for Cost Effective
Manufacturing

Author(s): N. RUMEAU (Roxel Fr.), D. THRELFALL (Roxel UK) and A. WILMET (Roxel Fr.)

Abstract

Sonic mixing technology was developed in the 20" century in the chemical and pharmaceutical
industry fields (mixture of powders and fluids). It knows a strong renewed interest in the USA in the
early 2000s under the active leadership of the US Department of Energy (Office of Industrial
Technology) due to, on the one hand, its high potential in terms of energy bill reducing (by
decreasing the production cycle time) and, on the other hand, the flexibility of the technology and its
expansion capacity for a wide range of industries.

Through its quality policy of improved commercial, technical, industrial and economic performances,
Roxel, European leader in tactical propulsion systems, has invested in a new process to manufacture
inert and energetic materials: the ResonantAcoustic® Mixing (RAM) by first purchasing a 1 pint
capacity mixer called LabRAM.

Contrary to conventional mixing methods such as impeller agitation found in a planetary mixer, the
RAM technology applies low-frequency, high-intensity acoustic energy to create a uniform shear field
throughout the entire mixing vessel thus enabling a better quality of the final mixtures in a reduced
amount of time.

A wide range of inert materials developed in Roxel were successfully manufactured on the LabRAM
such as:

A Epoxy, silicone and polyester inhibitors

A Highly loaded thermal insulators

A Polyurethane liners

A Powders (inert simulant of ignition powder)...

All those materials were characterized in order to verify the conformity of theirs mechanical, thermal
and rheological properties. The results obtained prove the huge potential that it represents: not only
the quality and reliability of the mixture is enhanced but the time of implementation of the mixing
cycle is drastically reduced (hours — minutes).

Such benefits could be for Roxel an additional advantage in maintaining its leadership and in gaining
access to new markets in a highly competitive sector. Those benefits will be discussed through Roxel
presentation.
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Hot-Spot Modelling of Thermite Mixtures




Hot-Spot Modelling of Thermite Mixtures

Sebastian Knapp*, Volker Weiser, Stefan Kelzenberg, Evelin Roth, Wilhelm Eckl
Fraunhofer Institut fur Chemische Technologie ICT
Joseph-von-Fraunhofer-Stralie 7
76327 Pfinztal, Germany
sebastian.knapp@ict.fraunhofer.de

phone: +49 721 4640-643

Keywords: Hot-Spot modelling, thermite reaction, progression rate

Oxidizer and fuel particles are the ingredients of classical pyrotechnics. Beside the concentration
and resulting heat of reaction the burning behavior of such systems are controlled by particle size,
melting, evaporation and decomposition of the particles, the heat and mass transfer and the
reaction kinetics. Also the distribution and location of the single particles play an important role
in the progression and temperature of overall reaction. In further works a hot-spot approach
modeled the reaction progress in three dimensions taking into consideration the particulate nature
of pyrotechnic compositions and the kinetic of oxidizer decomposition as the rate-determining
step. In the next step of development the model was expanded by a more complex kinetic regime
which also takes into account the oxidation of the fuel. The influences of the different parameters
on the progression-rate and conversion of educts, which are taken into account by the model,
were investigated by different parameter variations.

The model is applied to different particle concentrations of regular and randomized assemblies.
The results were compared and validated with progression rates and temperatures measured from
various Al/CuO-thermite mixtures with aluminum contents from 8% to 70%.

*presenting and corresponding author
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- Naval Surface Warfare Center
Investigation into blue light emission for cooper-containing pyrotechnics




Investigation into Blue Light Emission for Copper-containing Pyrotechnics

Dr. David Dye*, Dr. Jonathan Dilger*, Christina Yamamoto
Naval Surface Warfare Center, Crane Division
Code WXRP, Building 3323
300 Highway 361

Crane, IN 47522-5001
Phone: 1-812-854-1452

email: david.f.dye@navy.mil

*These authors contributed equally

Pyrotechnic signals typically generate colored light via photonic emission from thermally-excited states
of gas-phase metal combustion products. Blue light can be generated in pyrotechnic compositions with
the use of copper-containing compounds as a fuel within the formulation. In the presence of chlorine-
containing compounds within the composition, these pyrotechnics exhibit emission bands in the blue
region of the visible spectrum with peaks observed from 435-480 nm. Color degradation occurs at
temperatures above 1200 °C, leading to the hypothesis that the blue emission must arise from a
relatively unstable molecular species. Several have hypothesized that this species is likely copper(l)
chloride (CuCl) or even the trimeric CusCls, though the identity of this emissive species as either CuCl or
CuzCls has been theoretically disputed in the literature with NASA CEA thermodynamic calculations
suggesting that excellent blue colors can be achieved with temperatures in excess of 2200 °C. While
many of these potential emissive copper-containing species have been empirically characterized, the
identity and electronic structure of these copper(l) halide emitters have yet to be fully characterized.
Here, we investigate these cuprous halide emitters with the use of flame ionization spectroscopy to
measure high-resolution molecular emission spectra of various cupric salts that can be utilized in
pyrotechnic signaling devices. These spectroscopically measured visible emission bands will be
compared with calculated electronic transitions of candidate emitter species using time-dependent
density functional theory to confirm the molecular and electronic identity of the emitters. These
techniques will establish methods for the characterization and development of light emitters for next-
generation visible-light generating pyrotechnic formulations.
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- Ecole Militaire Polytechnique
Synthesis and characterization of nitrocellulose microcrystalline
from soft wood using organosolv process




Synthesis and characterization of nitrocellulose microcrystalline from soft
wood using organosolv process

Djalal TRACHE*", Kamel KHIMECHE?, Abderrahmane MEZROUA!

YUER Chimie Appliquée, Ecole Militaire Polytechnique EMP, BP 17 Bordj—el-Bahri, Algerie.
Département de Chimie, Ecole Militaire Polytechnique EMP, BP 17 Bordj—el-Bahri , Algerie.

*: Corresponding author: djalaltrache@gmail.com , phone: +213661808275.

Abstract

Nitrocellulose (NC) is an important industrial polymer manufactured by nitrating the hydroxyl
groups of naturally occurring cellulose. It has many applications, the nature of which depends
on its degree of nitration or nitrogen content. At low nitrogen contents (below w12.2%) it is
used in cosmetics, printing inks, paints and lacquers while at nitrogen contents above w12.2%
it is used as an energetic ingredient in gun and rocket propellants.

The source of cellulose and its history influences the molecular mass and mechanical
properties of the NC derived from it. Cellulose degradation during growth and production
over different seasons and geographical locations is affected by the prevailing weather
conditions, including the amount of sunlight received.

This work consisted of two parts. The first part involved extraction of the cellulose from soft
wood (pine) using organosolv process, its hydrolysis with acid solution leads to obtaining the
cellulose microcrystalline. All characterizations were done by XRD, DSC and FTIR
techniques. The second part concerned the synthesis of nitrocellulose microcrystalline, in
order to improve the effect of nitrating acids and obtain a new product with good mechanical
stability and high bulk density.

The results obtained show that the soft wood is a potential source of cellulose which is the
raw material for the nitrocellulose. On the other hand, the hydrolysis of this cellulose allow to
obtain the cellulose microcrystalline which present a good properties, as it is shown with the
use of the different techniques.

It’s obvious that the use of cellulose microcrystalline for the synthesis of the nitrocellulose
microcrystalline allow it to retain all properties of the cellulose microcrystalline.

Key words: Cellulose microcrystalline, nitrocellulose, synthesis, XRD, DSC, FTIR
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Sebastien COMTE
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Centre de Recherches du Bouchet
9, rue Lavoisier - 91710 Vert le Petit, France.

Abstract

The research of new molecules has to deliver chemicals able to be used in new energetic
materials with improved properties (energy, sensitivity, mechanical behaviour,
environmentally friendliness during the service life of rockets, low erosivity, acceptable
burning temperature,...) or to address new areas through the use of dense energetic
materials that will be solid or liquid in the standard state (generation of hydrogen or neutral
gases, thrust control, hybrid propulsion, special explosives).

These researches are leaded at CRB following a standard methodology which has been
fastened in the recent years by large efforts in modelling. The tasks are: design the targets
according to energetic and structural parameters, assessment of the potential of the
targets by ab initio computations and then chemical synthesis bench work to check
consistency of the calculated values (density, heat of formation). This methodology will be
highlighted with the work on nitropyrazoles.

The pyrazole ring allows many synthetic modifications while keeping a high heat of
formation. Several structures have been prepared and characterized; these derivatives are
promising to manage the balance between energy and sensitivity.

This lecture explains the synthetic routes to the derivatives and presents the last results.
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Nitration of 3,6-Bis(aminoazole)-1,2,4,5-tetrazine Derivatives —
Towards More Oxygen-balanced Nitrogen-rich Energetic Materials.

Alexander Aizikovich, Avital Shlomovich, Adva Cohen and Michael Gozin.
School of Chemistry, Faculty of Exact Sciences, Tel Aviv University.
Keywords: Nitrogen-rich energetic compounds, energetic materials synthesis.

One of the successful strategies for the design of promising new energetic materials is incorporation
of both fuel and oxidizer moieties into the same molecule. Therefore, during recent years, synthesis of
various nitro-azole derivatives, as compounds with more balanced oxygen content, became very
popular.

In the frame of this effort, we studied nitration of N* N°-bis(1H-tetrazol-5-yl)-1,2,4 5-tetrazine-3,6-
diamine 1 (BTATzZ) and its alkylated derivative N* N°-bis(2-methyl-2H-tetrazol-5-yl)-1,2,4,5-tetrazine-
3,6-diamine 2 using *°N-labeled nitration agent and analyzing products of these reactions by **N NMR.
It was shown that the nitration of both compounds takes place only on the exocyclic (“bridging”)
secondary amine groups. Possible tetranitro derivative N,N'-(1,2,4,5-tetrazine-3,6-diyl)bis(N-(nitro-1H-
tetrazol-5-yl)-nitramide), with calculated Oxygen Balance of 0%, could not be observed in the reaction
mixtures, even during the in situ monitoring.

Following a similar strategy, new analog of BTATz — N3 N°-Bis(1H-1,2,4-triazol-5-yl)-1,2,4,5-
tetrazine-3,6-diamine 3 was obtained and its nitration was studied. The reaction of compound 3 with
HNO;-Ac,0 nitration mixture resulted in formation of a new N* N°-bis(3-nitro-1H-1,2,4-triazol-5-yl)-
1,2,4,5-tetrazine-3,6-diamine derivative 4 in a moderate yield. Structures and properties of new
compounds 3 (in a form of its perchlorate salt) and 4 were established by FTIR, NMR, MS, DSC, bomb
calorimetry and x-ray crystallography. Important to note that compound 4 exhibits exothermic
decomposition at 309°C (DSC), making it highly-promising insensitive energetic material for further
development.






Catalyst action zones at combustion of low-calorie propellants.
Larisa A. Demidova*, Vladimir A. Sizov*, Anatoliy P. Denisjuk*, Alexey O. Merkushkin*
* - Mendeleev University of Chemical Technology of Russia
Speaker - Vladimir Sizov, 125047, Geroev Panfilovtsev, 20, building 1/1, Moscow, Russia,

sizovlad @ gmail.com, phone number - +7 916 4335428

Abstract:

Lead-copper catalysts are effective only in the presence of carbon frame on the
combustion surface where substantional accumulation of catalysts is taken place. Herewith the
leading burning zone is above the combustion surface. These additives are slightly affect on the
low-calorie propellant burning. The reasons for this are not clear, because the possibility of
formation of carbon frame on the combustion surface increases with the calorie reduction of
propellant. For this kind of propellants iron and nickel catalysts are effective. Nickel-lead
phthalate is also increases burning rate of the low-calorie propellant. But mechanism of its action
has not been studied. Purpose of this work is to study the processes on the combustion surface of
the low-calorie propellant using the copper-lead and nickel-lead phthalates as catalysts. Size of
catalyst particles is about 5 micron.

For electron microscope studies of structure and combustion surface structure propellant
samples were quenched on the copper substrate in constant pressure device. X-ray electron probe
microanalysis depending of structure of quenched sample was conducted on the various area of
surface. Scanning depth was 2-5 micron depending on the density of sample.

It was found that:

1. Input of copper-lead phthalate in the propellant increases carbon-black formation on the
combustion surface, while nickel-lead phthalate, in reverse, leads to carbon oxidation;

2. There is a significant accumulation of catalyst particles on the carbon frame (up to ~50%
mass) in case of considerable catalyst effect;

3. There is a dependence of efficiency of additives action on carbon frame cover degree of
combustion surface;

4. Leading zone at combustion of catalyzed propellants is the zone above the combustion
surface - carbon frame with catalyst particles.

This work was supported by the Ministry of Education and Science of the Russian
Federation under the base part of government contract.
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Use of the Krypton-85 Radioisotope Technique to Assess Non-Hermetic Energetic Devices

Karl K. Rink, Ph.D.
Rink International LLC
Princeton, ldaho, USA

rinkint@aol.com

208-875-8797

The krypton-85 leak test method is a very sensitive technique commonly used to characterize the seal integrity and
quantify leak rates in a wide variety of microelectronic components and small energetic devices. While this technique
has been widely adopted to assess the hermeticity of bridge-wire initiators it is also an effective and convenient
method to evaluate seal integrity of larger and more complex energetic devices. In particular, the krypton-85
radioisotope method enables the identification of leak paths through the multiple elastomeric seals, crimps, and welds
and other closures that are commonly characteristic of these devices. At the same time, it is often not appreciated
that the presence of multiple seals and closures in these devices limits the effectiveness and often essentially
precludes the use of other leak detection methods such as helium mass spectrometry. In this paper, the use of the
krypton-85 method to investigate and quantify the hermetic integrity of gas generators, airbag inflators and other
energetic devices is described in detail. Emphasis is placed on the methodology needed to properly apply the Kr-85
technique to complex energetic devices. In addition, some of the most common difficulties encountered in the

assessment of the seal integrity of gas generators are discussed.
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vulnerability propellants

L. Courty>”, M. Mar*, C. Boulnois? and P. Gillard*
! Univ. Orléans, PRISME EA 4229, 63 Avenue de Lattre de Tassigny, 18020 Bourges, France

2 Nexter Munitions, 7 Route de Guerry, 18023 Bourges Cedex

In order to develop an ignition model adapted to low vulnerability propellants, it is important
to know thermo-kinetic phenomena that lead to the emission of reactive substances. The aim
of this paper is to present experimental characterization of the thermal degradation of
energetic materials used for artillery propulsion. Two propellants, named A and B, are studied
in this work. Propellant A is mainly composed of nitrocellulose and is very sensitive to
ignition stimuli. Propellant B is mainly composed of hexogen (79 %) and is much less
sensitive. Thermo-gravimetric analyses (TGA) are performed on these two energetic materials
for different heating rates and under different atmospheres (argon and synthetic air) thanks to
a SETARAM Setsys 16/18 thermo-balance. The different heating rates studied are 1, 5, 7, 10,
20, 25 and 30 K/min. TGA apparatus is coupled to a Balzer QS422 mass spectrometer,
emitted gases are transported to the mass spectrometer directly from the oven of the thermo-
balance via a heated capillary transfer line. Differential scanning calorimetry (DSC)
experiments are also performed and allow quantification of the heat flow involved in the
thermal degradation of these energetic materials. Different heating rates are studied: 3, 5, 10
and 30 K/min. The parameters considered in this study for the DSC experiments are the heat
flux and the temperature and their variation as a function of time. Thanks to these analyses,
the different degradation steps for the two studied powders and the emitted gases are given.
The kinetic parameters of the thermal decomposition steps are determined with an adapted

model for the two propellants.

* Corresponding author details:

Léo COURTY

IUT de Bourges — Laboratoire PRISME UPRES EA 4229
63 Avenue de Lattre de Tassigny 18020 Bourges Cedex
0033 248 238 474
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Development of Crater Forming Device for the Asteroid Explorer “Hayabusa2”

Shinichi Matsuzaki, Hisaatsu Kato, Eiji Yano, Yoshinori Tago, Masayuki Kawahori,
Arata Maisawa, Kenji Murata, Yuichi Fujigaki and Yukio Kato
Nippon Koki Co., Ltd.
2-1 Dobu, Nagasaka, Nishigo-mura, Fukushima-ken 961-8686, Japan
Tel : +81-248-22-3111
e-mail : y-kato@orchid.plala.or.jp

The asteroid explorer “Hayabusa2” is scheduled to be launched on 30 November 2014 in Japan. One of the
missions of Hayabusa2 is to create an artificial crater on the surface of target asteroid 1999 JU3 and to
collect the subsurface samples of the asteroid. To create an artificial crater, a metallic high speed projectile
with hollow spherical shape which is explosively formed and accelerated is thrown against the asteroid.
The pyrotechnic device to form this projectile is called “impactor”. When the impactor is ignited after
separating from the Hayabusa2, the hollow spherical shaped projectile is formed. Then, the accelerated
projectile collides on the asteroid at the velocity more than 2,000 m/s. The impactor is consisted of main
charge explosive (PBX based on HMX, weight: about 4 kg), booster explosive, copper liner (diameter:
about 25 cm, weight: about 2 kg) and stainless steel case. The design of impactor was performed using
AUTODYN-2D and -3D simulation code, and compared with the results of half scale and full scale
experiments. To refine the design of impactor, more than 20 experiments were performed using half scale
samples. The formation and flight state of impactor were observed using flash X-ray radiograph and high
speed camera. Full scale experiments were performed using the samples loaded with various
environmental tests at the firing range of 100 m. The results of full scale experiments showed that the
impactor can form the projectile of desired shape which flights at velocity of 2050 m/s within the angle of

1 degree. The results of full scale experiments agreed very well with the results of simulations.
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Dr. Jonathan Dilger, Dr. Eric Miklaszewski, Christina Yamamoto, Dr. David Dye
Naval Surface Warfare Center, Crane Division
Code WXRP, Building 3323
300 Highway 361
Crane, IN 47522-5001
Phone: 1-812-854-1452
email: jonathan.m.dilger @navy.mil

It is imperative for pyrotechnic testing facilities to operate with relatively low concentrations of any
potentially hazardous chemical contamination. New regulations are already impacting the operation of
these facilities and accordingly are driving toward the elimination of several currently utilized
components (e.g., perchlorates and chromates) within pyrotechnic formulations. Meanwhile, the actual
byproducts of many in-service multi-component pyrotechnics remain relatively unknown. Thus, it is
important to characterize the gaseous and condensed-phase chemical species that arise following the
deployment of pyrotechnic energetic materials to more adequately understand the potential impact
that these species can present to the environment. These environmentally-objectionable chemical
species can potentially arise from unreacted components of the original pyrotechnic formulation or as
lower abundance species from undesirable side reactions within the combustion. Mass spectrometry
(MS) enables the rapid analysis of these products with instrumentation that offers unparalleled
sensitivity and techniques that provide exceptional information content. Here, we explore the utility of
these measurements to qualitatively differentiate between unique pyrotechnic formulations that are
designed to produce the emission of visible yellow light while eliminating the use of the perchlorate
oxidizer that is currently included within the composition for the in-service yellow signal flare. Individual
samples for each reacted pyrotechnic composition will be collected directly into a water-filled vessel,
where these resulting agueous samples can be introduced into the mass spectrometer via electrospray
ionization. Pyrolysis-MS is then used to investigate the gaseous products that are formed from thermal
decomposition of several individual components of the pyrotechnic formulation (e.g., epoxy binders,
asphaltum, etc.). The identity and quantity of these chemical species will be compared against
thermodynamic equilibrium calculations to assess the correlation of the actual reaction products with
those predicted by theory.
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EXPLOSIVE PROPERTIES OF MIXTURES OF BLACK AND FLASH POWDERS
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12205 Berlin, Germany

2 Laboratory for Energetic Materials (LEM-RMA)
Avenue de la Renaissance, 30
1000 Brussels, Belgium

*Corresponding author: michel.lefebvre@cecoc.eu

ABSTRACT

A vast number of pyrotechnic mixtures with significantly different pyrotechnic properties and
reaction rates is now available to produce the typical visual and audible effects of flash
compositions. A broad range of fuels is used, varying in particle size distribution, shape and
mass ratio to provide loud reports and bright flashes of light. In the design of fireworks, novel
formulations containing organic fuels or nanomaterials are equally energetic with similar
potential for mass explosion as traditional flash compositions. Moreover, flash compositions
and/or its derivatives are more and more involved in illegal use of explosive materials.

The UN regulations for the transport of dangerous goods prescribe the so-called HSL Flash
composition test to define whether a pyrotechnic substance shall be considered as “flash-like
composition” at the scale of few grams. Numerous objections have been raised on the HSL
Flash composition test which in some cases ended up with inconsistent classification with
regards to the actual hazards of the packaged substance or the pyrotechnic device containing
the substance. Clear identification of “flash compositions”, in terms of heavily reacting
mixtures, is necessary.

The aim of the study is to investigate the explosive behaviour of mixtures containing flash
composition and black powder. The classification of these mixtures as “flash compositions” is
directly related to their ability to reach high reaction rates at the scale of few grams.
Nevertheless, the behaviour of a substance at a lab-scale may neither be fully representative of
the behaviour of the packaged substance nor of the packaged pyrotechnic articles at a large
scale. Alternative test methods to the current HSL Flash composition test are investigated.
Their explosivity and their ability to transit from deflagration to detonation (DDT
phenomenon) are investigated using standardized methods as well as methods internally
developed in the laboratories. Testing procedures and assessment methodologies are compared
and discussed. Clear identification of flash-like compositions and others at a lab-scale is made
possible.

Corresponding author:
Michel H. Lefebvre

Dept Chimie - ERM

30 Av de la Renaissance
1000 Brussels — Belgium
+32-(0)2 742 6630
michel.lefebvre@cecoc.eu
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HOW NEXTER MUNITIONS TAKES INTO ACCOUNT THE REACH
OBSOLESCENCES : FROM THE FORMULATION TO THE PRODUCTION LINE

Authors : Nicole FORICHON CHAUMET - Jean MARC DARRIGRAND - Jean
Marc GENTILE

The rise in power of the European regulation REACH will necessarily increase the
number of Substances of Very High Concern on the candidate list and on the
annexe X1V list.

For example, ECHA has put lead azide and lead styphnate on the candidate list of
substances of very high concern for authorization which has been published in
accordance with Article 59(10) of the REACH regulation. The main reason is the
toxicity for reproduction system. Ammunition manufacturers will be strongly
affected if the lead components update the annex XIV list.

For a long time, the efficiency of Nexter Munitions has always been a vital area :
to become pro-active and work for the future.

By involving in the substitution of these products, Nexter Munitions improve the
knowledge, the management and the control of chemical hazards whilst further
associating new technologies, new industrial tools, new safer products.

Major resources has been invested to study new molecules, new components and
new productive capacities.

The challenge is to study substances compliant with all the existing chemical
regulations and to prevent the risks of becoming potential obsolete substances.
The interesting molecules should be safer to handle, powerfull and easier to
initiate: KDNBF, DDNP, silver azide and others are candidate substances.

This leads to design new advanced pyrotechnic technologies such as
optopyrotechnics igniters and detonators, lead free components.

To manufacture this component, important investments have been done to design
a tailor-made assembly line UCAR. This new industrial tool complies with
environmental regulations and reduces the risks to human health and
environment.
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EUROPYRO 2015 ; Abstract for Roxel collaboration paper
Underwater Demilitarisation : A safe and efficient way to eliminate solid propellant

In the framework of ammunition demilitarisation, ROXEL propose an alternative process to eliminate
solid rocket motor, safe, competitive and environmental-friendly.

Based on our experience in underwater static firings for solid rocket motors development, the
dismantling method consists in 3 main phases, underwater firing followed by periodical water
treatment and waste elimination by specialised industry.

This dismantling process is adequate to eliminate rocket motors in a safe way. In case of failure of
the rocket motor, the water will contain the undesirable effects.

The process is patented by ROXEL: FR 2 976 659 du 15/06/2011, EP 2721367 Al

The motors are mounted on a rig, immerged in a tank filled with water and fired statically. The
soluble part of the combustion gases remains trapped in the water of the tank while the non-soluble
solid products (condensates) drop to the bottom of the tank. Then the motor body, emptied of its
propellant, is dismantled or stripped down.

The acid gases are dissolved in the water, the carbon dioxide is largely dissolved, and the solid
particles as aluminium oxide, metals... also largely precipitated. Formation of NOx is prevented
thanks to a rapid cooling down of exhaust gas and also, the lack of oxygen. Ultimately, the water is
treated: filtering of the particles, reduction of the acidity ...

This process requires limited manipulations, the motor being destroyed in its original configuration.
It’s unnecessary to disassemble the SRM, no cutting operations, no propellant draining operations.
Pyrotechnical safety is enhanced.

The results of the development test campaign will be presented. These results are compliant with the
CE directive 2000/76, and allow the project continuation (industrialisation, deployment)...

According to this invention, solid rocket motors are dismantled safely and in accordance with the
environmental standards.

The authors

Test department managers for more than 10 years in ROXEL, a subsidiary owned equally by Herakles
(Safran group) and MBDA. Based in France and the United-Kingdom, Roxel designs, develops,
manufactures and sells solid propulsion systems and related equipments for all types of rockets and
tactical and cruise missiles for air, sea and ground forces.
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Abstract

In the field of solid propulsion, impact on the environment has long been taken care
of at Herakles, for which a coherent and complete methodology has been developed
over time from the early design phase to disposal at the end of life of products.

When considering solid propellants for space motors, selection of appropriate raw
materials is only one aspect of the global environmental approach. Adaptation and
improvement of facilities and processes used to manufacture solid grain are also
interesting. For instance: continuous process to reduce wastes, suppression of toxic
solvents in cleaning steps, and implementation of innovative methods to
environmentally friendly eliminate propellant wastes...

A typical example is the treatment of Ammonium Perchlorate (AP) waste waters. AP
is the oxidizer and primary ingredient in solid propellant for most large rocket motors.
For example, for the Ariane 5 launcher, about 3,000 tons of AP are manufactured
each year. Quantities of wastes containing AP result from cleaning operations and
manufacturing cycle: blending, grinding, transfer...

Since the early 1990s, Herakles has developed a biodegradation process to treat
waste waters containing AP. The first facility installed in 2005 in French Guyana to
treat ammonium in waste waters is a direct application of this Herakles expertise.
Subsequent studies performed by Herakles aimed at improving the reduction rate of
perchlorate ion, catalyzed by bacterium activity.

Latest works enabled to develop the process at a scale significant enough to
optimize the process: bacterium identification, degradation rate increase and cost
operate reduction...

These improvements have been validated in a pilot at an industrial scale of 30 tons
per year since 2009 at Herakles Saint-Médard-en-Jalles plant, near Bordeaux.

Capitalizing on these technical and industrial results Herakles has built an industrial
facility of 500 tons per year capacity now operational in order to dismantle
decommissioned solid rocket motors and to treat propellants and AP production
wastes.

KEY WORDS: dismantle, rocket motor, biodegradation, ammonium perchlorate
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Smokes are widely used for military operations to obscure objects or signaling. Nevertheless,
they are also used in civilian applications such as, for example, security, protection or
festival. Smokes, as other pyrotechnic mixtures, generate short-lived aerosol clouds which
may contribute to increase the urban atmospheric particulate matter (PM). Even so
epidemiological and experimental studies have revealed a link between exposures to specific
sources of air pollution, such as for example traffic air pollution, and health effects, there is a
lack of data on the emissions produced by smokes.

The diversity of aerosol size and of chemical composition considerably complicates the
pinpointing of the specific causal agents and of the associations between exposure and
adverse human health effects. To realize a comprehensive toxicological and chemical
characterization of the aerosol it is crucial to collect relatively large amounts of aerosol
within the short time of smoke emissions.

In the first time of this study, three screening smokes have been tested, two anti-intruder
civil smokes and a red signaling smoke, in an open space in order to observe the progress of
the cloud formed. Aerosols have been collected using high volume cascade impactors
(Staplex, model 235) and will be then submitted to an extensive physico-chemical
characterization (ionic major species, inorganic and organic compounds). These data will be
compared to those obtained from PM produced by firing small caliber ammunitions
collected in a shooting range.

Human epithelial cells (A549), a model for lung tissue, will be exposed to collected aerosols
and the biological responses will be evaluated by dose-response investigations using
cytotoxicity tests and genotoxicity/mutagenicity experiments. This comparison will allow the
validation of the methodology used in this work and will set out results of various aerosols.
The expected results will bring crucial elements to improve knowledge of toxicity of
pyrotechnic mixtures.
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Modeling the Combustion of Micrometer Scale Porous Silicon Channels
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Porous silicon combined with one or more oxidizer composites has emerged as a viable energetic
system suitable for integration with microelectromechanical systems (MEMS) and electronics
fabrication processes. Our research group has studied rapid flame propagation in this system
using sodium perchlorate as an oxidizer, demonstrating flame propagation speeds exceeding 3
km/s. For some applications, slower combustion and/or lower gas production may be desirable
for delays or controlled thermal effects, and we have recently reported on slower flame
propagation rates in porous silicon channels etched into silicon substrates. Such energetic
channels are surrounded on three sides by a highly conductive substrate, and consequently heat
loss to the substrate and other surroundings may result in slower burning or flame extinction. In
this study, we report on the use of finite element analysis to model the transient thermal effects
of a self-propagating reaction zone, and relate it to the expected balance between energy
production rate of the reaction zone and energy transmission rate to the substrate. Modeling the
problem in this manner requires both a transient thermal analysis as well as spatially transient
boundary conditions. We also relate model and experimental results to a simplified analytical
solution for one-dimensional spherical conduction, and discuss when such simplifications are
justified and when a more detailed analysis is required. For some of our lowest observed flame
speeds using the porous silicon and sodium perchlorate system, model predictions were within
4% of the observed flame propagation rate, 0.17 m/s. These analyses should therefore aid in the
design of porous silicon energetic devices. They will also help in understanding other
micrometer-scale energetic material systems integrated with substrates, or wherever thermal

conduction plays a significant role in determining reaction propagation.
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Elimination of Perchlorate Oxidizers from Yellow Pyrotechnic Flare Compositions

Dr. Eric Miklaszewski, Christina Yamamoto, Dr. Jonathan Dilger
Naval Surface Warfare Center, Crane Division
Code WXRP, Building 3323
300 Highway 361
Crane, IN 47522-5001
Phone: 1-812-854-5268
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Fielded pyrotechnic compositions containing the environmentally-hazardous oxidizer potassium
perchlorate are highly scrutinized due to increasing government regulations to limit ground water
contamination. A perchlorate-free yellow flare composition for future implementation into the Mk 144
Yellow Signal Flare is presented. The reformulated yellow signal flare composition was developed by
employing a "color mixing" technique which utilizes sodium nitrate, barium nitrate, and polyvinyl
chloride as alternative oxidizers to produce Na emission lines in the orange region of the spectrum and
BaCl and BaOH emission lines in the green region of the spectrum. By utilizing this approach, the
resulting dominant wavelength of this perchlorate-free flare appears yellow to an observer. The
combustion characteristics of the perchlorate-free yellow flare compositions are documented using 15-
gram pellet linear burn rate experiments instrumented with high-speed imaging, a tri-stimulus detector to
document the illuminance and a visual spectrometer to document the spectral intensity. The in-service
yellow perchlorate-containing formulation was tested side-by-side with the perchlorate-free versions for
comparison purposes. Specifically, the burn rates were reasonably similar, the luminous intensity of the
perchlorate-free versions was slightly higher, and dominant wavelengths and color purities were also
comparable to slightly improved. Since the perchlorate-free replacement composition is intended to be of
lower environmental impact, the combustion residue from the in-service and perchlorate-free
compositions were analyzed via mass spectrometry techniques to attempt to identify environmentally-
hazardous species (e.g., perchlorates). Experimentally identified combustion products will be compared to
that predicted from the thermochecmical equilibrium codes Cheetah v4.0 and NASA CEA.
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Interaction Energies between Binder Polymers and Crystalline
Surfaces in Composite Materials determined by Solution
Microcalorimetry and Computer Simulation

Michael M. Nardai, Manfred A. Bohn

Fraunhofer Institute of Chemical Technology (ICT), PO Box 1240, 76318 Pfinztal, Germany
e-mail: michael nardai@ict.fraunhofer.de, tel.: +49-721-4640-266

Composite rocket propellants (CRP) contain oxidizer particles and fuel particles in an
elastomeric binder matrix: The oxidizing agent is mostly ammonium perchlorate and the
elastomer is hydroxyl terminated polybutadiene (HTPB) based polyurethane. Whilst being
processed easily, mechanical and thermal stability of CRPs may suffer compared to pure
elastomer. The components vastly differ in terms of crystallinity, thermal expansion
behaviour and polarity. Especially, under wide temperature variations insufficient resilience
leads to detachment or dewetting of filler material from the binder and reduced performance.
The ageing of such material was successfully characterized by DMA (dynamic mechanical
analysis) measurements. The loss factor tand shows characteristic changes in shape and
intensity. Furtheron the shape of the loss factor is also determined by the intermolecular
interactions between binder elastomer and filler materials [1]. This work intends to contribute
to elucidating this aspect.

Adhesion strength is a crucial measure within the optimization process of CRP mechanical
stability: Solution micro calorimetry is employed to investigate the thermal response upon
mixing AP with uncured HTPB, or plasticising agents as dioctyl adipate, DOA. Although
originally designed for measurement of heats of solution, the setup is readily used to measure
the heat of adsorption within saturated solutions. For normalization to heat per surface area,
particle size and surface area distributions are determined by laser scattering, scanning
electron and optical microscopy, as well as gas adsorption measurements (BET method).
Heats of adsorption scale linearly with the total surface of the crystalline sample, including an
offset from blank measurements.

The results are further used for validation of molecular dynamics computer simulations. Sets
of representative crystal surfaces are identified, and loaded with adsorbate. From simulation
runs at experimental boundary conditions (pressure, temperature), heats of interaction are
straightforwardly extracted, alongside the contribution of each functional group. As results
show good quantitative agreement with the corresponding experiments, the simulation
procedure qualifies as a screening method in CRP development or generally for composite
materials.

References

[1] S. Cerri, M. A. Bohn, K. Menke, L. Galfetti, Aging of HTPB/AI/AP Rocket Propellant
Formulations Investigated by DMA Measurements, Propellants, Explosives, Pyrotechnics Vol. 38,
p. 190-198, 2013.

[2] G. MuRbach, M. A. Bohn, Impact of ageing on the loss factor of composite rocket propellants and
interpretation of changes considering post-curing, Proceed. of 13" Seminar on “New Trends in
Research of Energetic Materials (NTREM)™, p. 280-293, University of Pardubice, Pardubice,
Czech Republic, April 10-12, 2013.
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Numerical simulation of embedded electromagnetic particle velocity gauges in 2D flows.

R. Sorin, N. Desbiens, V. Dubois, A. Sollier
CEA, DAM, DIF, F-91297, Arpajon, France.

The embedded electromagnetic particle velocity gauge method developed and used at
Los Alamos® is probably one of the finest and most accurate techniques used to characterize
reactive flows. It permits the particle velocity measurements at several Lagrangian positions
in the flow. The gauge package is placed inside a permanent magnetic field and when it
moves, the displacement of the wire creates an induction current which is proportional to the
magnetic field strength, the wire length and its velocity. This technique has been extensively
used to study the initiation behavior of many different explosives (for instance in TATB-
based explosives®). However, all these experiments are purposely designed to be 1-D whereas
in most high explosive devices, the reactive flows are 2-D and 3-D. In the case of multi-
dimensional flows, the displacement of the wire out of the plan perpendicular to the magnetic
field will not be measured. Moreover, the displacement of the connectors can also raise
induction currents, disrupting the measure and rendering difficult any direct analysis of the
velocity waveforms. To analyze these records, the simulation of the entire gauge displacement
in the multi-dimensional flow must be completed.

Sollier et al®. have characterized the response of the classical LANL gauge package to
2-D steady detonation flows with various levels of curvature. In the present work, we have
performed 2-D Eulerian simulations in order to analyse their gauge records. Each gauge wire
was discretized in multiple Eulerian-Lagrangian virtual particles, their global displacement
was then inferred from the simulated flow and the induced current calculated. We show that
the connectors’ participation to the measure is noticeable, especially for the most curved
configurations. The comparison of these simulations with the experiments also appears to be a
very effective way to check the predictions of reactive burn models in multi-dimensional
configurations.

! R.L. Gustavsen, S.A. Sheffield, and R.R. Alcon, J. Appl. Phys. 99, 114907 (2006).

2 A. Sollier, P. Manczur, B. Crouzet, L. Soulard, J-H. Quesada, J-M. Chevalier, P. Bouinot, R. Duconget and C.
Matignon, in Proceedings of the 14" Symposium (International) on Detonation, Office of Naval Research,
Report ONR-351-10-185, p. 563, 2010.

% A. Sollier, P. Manczur, N. Carion, R. Sorin, P. Hébert, M. Doucet, R. Letreny and L. Decaris, in Proceedings of
the 15" International Detonation Symposium, 2014.
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Full scale Experiments and Modelling of ground burst effects on buildings

J-M. Sibeaud, S. Chhim, A. Delmas
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E-mail; jean-marc.sibeaud@cea.fr

Keywords: Explosion, Airburst, High performance Computing, structural response

ABSTRACT

Explosive devices may be damaging to infrastructures such as buildings, even if
detonated at intermediate or large distance. The knowledge of structural damage
that may result from such an event is therefore of fundamental importance in
order to be able to propose protective measures as necessary. This requires a
good understanding of explosive charges blast and fragmentation effects,
combined with an accurate knowledge of the structures subject to the loads.

In order to evaluate the effects of high explosive ground bursts in the nearby of
typical buildings, a comprehensive effort was initiated, by which a number of
full scale experiments were performed to serve as reference cases for validating
three-dimensional Ouranos Eulerian calculations as well as the fast running
engineering tool Pléiades. The overall objective is to make routine use of high
performance computing in support of fast running engineering modules
development devoted to blast effects predictions, including far field effects on
buildings and their occupants or equipment.

The first test setup series consisted in two-story building monitored with a large
number of pressure transducers located in each of its rooms and on external
walls. Explosive charges were detonated at ground level and various locations
away from the building so that little (or at least manageable) structural damage
was imparted to it. This allowed for numerical simulations to be performed by
assuming that no external wall deflection was to occur. Calculated pressure
signals were compared to recorded data.

A second series of post-strike were collected for damage assessment purpose.
The characteristics of the charge and the geometrical configuration upon
detonation was inferred from intensive use of three—dimensional computations
involving the eulerian component of Ouranos for calculating the loads followed
by Abaqus simulations for structural response assessment.

Conclusions are drawn on the capability of the existing codes and engineering
models to predict structural loading and response including the level of damage
the structure has to suffer.
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Methodology for predicting safe functioning of airbag inflators during fire test using fast
thermal numerical simulations.

Nicolas DAVIOT
AUTOLIV-LIVBAG — Route du Beuzit — 29470 Pont-de-buis
33(0)2 98 81 34 29 nicolas.daviot@autoliv.com

A methodology has been developed at Autoliv-Livbag to predict safe functioning of airbag
inflators during fire test which should be successfully passed without parts fragmentation or
ejection as requested by transportation regulations.

Experimental tests and numerical simulations are used to predict inflator functioning in terms
of internal pressure around the AIT-Auto Ignition Temperature of the propellant, or of any
thermal fuse. Idea is to replace the classical fail/pass test necessary to do at each design
modification, and to get some quantified data to evaluate design robustness to the inflator
failure.

Propellant used in automotive safety (airbags, seat-belts pretensioners,...) are classically
qualified in thermal environment up to +85°C according to OEM specifications. Propellant
burning rate at these temperatures is well known and controlled. However, no method or test
device was up to now able to identify propellant burning rate at storage temperature close to
the Auto Ignition Temperature of the propellant or thermal fuse (150°C to 230°C). A specific
test device and method have been defined. A classical 0D thermodynamical simulation
extracts the burning rate from the test by a reverse identification of the measured internal
pressure. Results have shown that there is no drastic modification of propellant thermal

sensitivity up to 200°C.

In order to know precisely the temperature field inside the inflator at ignition time, a Finite
Volume thermal simulation is run to compute the 3D local temperature field diffusing in all
inflator components with the CFD software FLUENT.

This thermal simulation of the inflator heating is very fast and can be easily re-run at each
design modification. It allows identifying hot spots in the inflator structure, which could be the
optimum location for the thermal fuse, ensuring its quickest initiation. The local or bulk
temperature of the propellant grain or pellet bed can be computed or tracked.
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Assessment of Thermal Flux Effects generated
by accidental combustion of pyrotechnic materials
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France

For many years, regulatory Pyrotechnic Safety Studies have been based on fixed formulas,
including some specific downgrading rules behind strong walls, for the assessment of
thermal flux effects distances. These formulas can overestimate distances in case of few
large monolithic items, and in contrast, underestimate hazards in case of directive effects
due to buildings particularities. During seventies and eighties, Le Bouchet Research Centre
have performed many combustion tests at all scales, up to 60 tonnes. These have allowed
defining of empiric formulas for prediction of the combustion time and flames size in various
configurations. Some engineering tools running in Excel software have been designed for
safety areas drawing according to the regulatory thermal flux thresholds. For few cases with
strong stake, it is possible to perform 3D numerical simulations with tools such FLUENT or
FIRE DYNAMIC SIMULATOR. This one, dedicated to fire propagation and smokes
dissipation is very well adapted under the condition to use pertinent parameters describing
pyrotechnic materials combustion. This presentation aims to describe some useful
calculation tools for the implementation of current rules defined in French pyrotechnic safety
regulations. Moreover, the simplest tools have been introduced in the next edition of the Best
Practices Guide designed by the SFEPA (French trade union of manufacturers of explosives,
pyrotechnics and fireworks).

Durant de nombreuses années, les rédacteurs des études de sécurité pyrotechniques ont
souvent utilisé les formules forfaitaires de la réglementation et les régles de déclassement
derriere murs forts pour le calcul des étendues des zones d'effets de flux thermiques. Ces
formules peuvent étre trés majorantes en cas de combustion de blocs compacts, et a
l'inverse, minorantes en cas d'effets directifs lies a des architectures particulieres de
batiments. Le Centre de Recherches du Bouchet dispose d'un grand nombre d'essais, a
toutes les échelles, réalisés a Captieux durant les années 70 et 80. lls ont permis la
détermination de formules empiriques de prédiction de la durée de combustion et de la taille
de flammes dans diverses configurations. Des outils simples de bureau d'études sous Excel
ont été développés pour déterminer les zones d'effets flux thermiques en fonction des seuils
définis dans la réglementation. Pour certaines situations a fort enjeu, des outils de calculs
permettent les simulations numériques 3D des incendies, tels que les codes FLUENT ou
FIRE DYNAMIC SIMULATOR. Ce dernier, dédié a la propagation des incendies et a la
dispersion des fumées est particulierement adapté sous réserve d'introduire les données
pertinentes de description de la combustion des matiéres pyrotechniques. Cette
communication a pour objet de présenter les outils les plus adaptés pour I'application des
regles actuelles de sécurité pyrotechnique. Les plus simples ont d'ailleurs été retenues pour
le Guide de Bonnes Pratiques en Pyrotechnie du SFEPA (Syndicat des Fabricants
d'Explosifs, de Pyrotechnies et d'Artifices).
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AKTS Thermokinetics : Evaluation, Limits, Perspectives

IETA (Ltn) Guillaume BAILLEAU, IETA (Cpt) Amélie JEZEQUEL, Manuel DUCROS,
Energetic Material Laboratories, DGA Land Systems, Bourges (France)

The prediction of the ageing behavior of propellants is essential in the assessment process of a motor
life time, which is generally one of the critical safety factors for new weapons. However, the
experimental data collected during this process are currently discontinuous when, for example, we
look after the mechanical parameters or the stabilizer rate evolution. Thus, our laboratory worked to
evaluate the ability of AKTS Thermokinetics (ex-situ module) to provide reliable results. We so
measured chemical data (stabilizer rate) on a gun propellant and several physical parameters (Young
modulus, maximum stress, reticulation rate, glass transition temperature..) on a composite
propellant after applying on both products some distinct isothermal accelerated ageing during
several months. The models calculated by AKTS Thermokinetics appeared to accurately fit our data.
Nevertheless, the predictions at ambient temperature are seemingly less consistent with the known
behavior of the products. A second part of our work aimed to understand the limits of this prediction
method owing to the mathematical and chemical description firstly and secondly to the experimental
data inherent reliability. Especially, we pointed out the gap between our understanding of the
microscopic phenomena (plasticizer migration, anti-oxider or stabilizer depletion, thermo-oxidation
of the binder ...) and the globalizing model computed by the software. Considering our previous
conclusions, we eventually looked for enhancing the use of AKTS Thermokinetics. The idea is to
propose other parameters which will be largely shared and technically consistent with the study of
propellants ageing.
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Characterization of Butacene® Based Composite Propellants by Loss Factor
Curves Determined with DMA
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Abstract

Butacene® binder, ferrocenyl groups chemically bonded to HTPB backbone, leads to
high burn rates BR for AlI-AP based composite propellants (BR > 20 mm/s at 7 MPa ),
and low pressure exponents (n < 0.5) which gives more flexibility to the rocket
designer. The key molecular level characteristic of such elastomeric binder systems of
composite rocket propellants is the glass-to-rubber transition region, which is mainly
defined by the molecular mobility of the components in the polymeric network during
the transition from energy to entropy elasticity with respect to temperature. Analyzing
molecular rearrangement regions or binder mobility fractions related to the glass-rubber
transition of such composite propellants during storage is important in terms of in in-
service time estimations. This feature has a strong dependence on temperature and is
detectable by dynamic mechanical analysis (DMA) whereby obtaining the loss factor
(tand= loss module / storage module) curves. Butacene® and HTPB based binders
alone and two propellant formulations (HTPB/Butacene®/AP(bi-modal)/Al) were
prepared and analyzed unsing the loss factor curves obtained by torsion DMA. A
special modelling with so-named EMG (exponentionally modified Gauss) distributions
was used to define and quantify sub-transition regions in the loss factor curve. For
comparison with Butacene based propellants, also a HTPB/AP/Al composite propellant
formulation was produced and analysed.
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Initiation of HNS-1V explosive using laser-driven flyers

CHEN Shaojie, WU Lizhi", SHEN Ruigi’, YE Yinghua and HU Yan
(School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing,
210094, China)
emaill] shaojie87njust@gmail.com

Abstract: Detonators based on laser-driven flyers are less vulnerable to the strong
electromagnetic interference and can use insensitive secondary explosives as initial explosives.
Additionally, this technology has advantages in terms of improved flexibility and reliability.
Hexanitrostilbene (HNS-1V) is an ideal candidate for using in laser-driven flyer initiation.
Experiments were carried out to study the initiation of HNS-IV whose density was 1.6g/cm®, using
laser-driven Al/ALLOz/Al multi-layer flyers and Al single-layer flyers at different laser energies.
The results showed that when the laser energies were up to 135mJ the Al single-layer flyers can
successfully detonate the HNS-IV explosive. While the laser energies of HNS-1V initiation by
Al/ALLO3/Al multi-layer flyers were down to 54mJ. That means under the same experiment
conditions the initiating ability of laser-driven Al/Al,O3/Al multi-layer flyer is better than that of
Al single-layer flyer, although the addition of Al,O3 insulation layer decreased the flyer velocity.

Keywords: Shock initiation; Laser-driven flyer; HNS-IV explosive; flyer velocity
Fund: The National Natural Science Foundation of China (Grant No0.11202105) and the

Innovation Project for Postgraduates in Universities of Jiangsu Province (Grant No.
KYLX_0402) for financial support.
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Flash Ignition and Controlled-Underwater Explosion Reactivity of
Carbon Nanotube/Nanoenergetic Composite Materials

Ji Hoon Kim, Hyung Woo Lee, Soo Hyung Kim"
College of Nanoscience and Nanotechnology, Pusan National University

30 Jangjeon-dong, Geum Jung-gu, Busan 609-735, Republic of Korea
Corresponding author: +82-51-930-7737, E-mail: sookim@pusan.ac.kr

The underwater applications of nanoenergetic materials (nEMs) could be extended by
developing more convenient and reliable ignition methods. However, the underwater ignition
of nEMs is a significant challenge because water perturbs the reactants prior to ignition and
also quenches the subsequent combustion reaction of nEMs upon ignition. In this study, we
developed flash-ignitable nEMs for underwater explosion. This was achieved by adding sea
urchin-like carbon nanotubes (SUCNTS) as the optical igniter into an nEM matrix, composed
of Al/CuO nanoparticles. The SUCNTSs absorb the irradiated flash energy and rapidly convert
it into thermal energy, and then the thermal energy is concentrated to ignite the core catalysts
and neighboring nEMs. The maximum burn rate was achieved by adding 1 wt% SUCNTSs
into the nEM matrix. The burn rate significantly decreased with increasing amount of
SUCNTs (2 2 wt%), indicating that the remote flash ignition and controlled-explosion

reactivity of nEMs are possible by incorporating an appropriate amount of SUCNTS.
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Assessing Post-Ignition Pyrotechnic Behavior
Michelle N. Skaggs, Marcia A. Cooper, and William W. Erikson

Pyrotechnic powders are useful for performing mechanical work because they rapidly generate
combustion product gases, which are allowed to expand into a secondary volume. It is well
known that the constituents of the pyrotechnic mixture, their relative amounts, constituent
particle sizes, and powder bed density directly influence the amount of chemical energy
converted for performing mechanical work. Through a collaborative experimental and
computational research effort, an assessment of the post-ignition behavior of several titanium-
based pyrotechnic powders is presented in small geometries characteristic of pyrotechnic igniters
and actuators.

Assessment of the post-ignition behavior begins with a description of the multi-phase flow
evolution within the environment following the initiation of a pyrotechnic igniter. Two-
dimensional image sequences captured at 500 kHz show shock motion, burned gas expansion,
and particle motion for a range of pyrotechnics mixtures at varying bulk densities. This
diagnostic utilizes a non-coherent laser light source combined with notch filtering to overcome
the intense self-illumination from the pyrotechnics. The powders generating the strongest
expanding shock waves while minimizing evidence of unreacted solid particles are identified as
the most favorable mixtures for performing mechanical work. Additional assessment of the
post-ignition behavior of these pyrotechnic mixtures is conducted through burn rate experiments
and combustion modeling. Experiments in a hybrid strand burner measure the
conductive/convective burn rates and the transition to deconsolidated burning. Combustion
modeling based on Forchheimer-enhanced Darcy flow through a porous bed with an expression
for the particle combustion yields product gas generation rates. Through comparison of the burn
rates and computed gas generation rates, the conversion efficiency of chemical energy into
energy supporting the observed expanding shock waves is suggested. Inefficiencies in this
energy conversion are discussed in the context of optimizing pyrotechnic devices for performing
mechanical work.

Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy’s National Nuclear Security
Administration under contract No. DE-AC04-94A1.85000. Approved for public release,
SAND2014-18712A.

Author: Michelle N. Skaggs
Organization: Sandia National Laboratories
Address: PO Box 5800 MS 1452, Albuquerque, NM 87185

Email: mnskagg@sandia.gov
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Detection of vapour of explosives by a multi-sensor prototype
C. Frenois, C. Barthet, S. Besnard, R. Rousier, A. Mayoue, F. Pereira
CEA, DAM, LE RIPAULT, F-37260 Monts, France

E-mail : celine.frenois@cea.fr

The detection of explosives in a real environment is a very challenging task. Many techniques
and devices have been developed for the detection of explosives in large countries for counter
terrorism and/or military applications. Explosives materials are usually hidden in some way and
detection can be a very challenging problem. Our developments were dedicated to trace
detection (vapors and particles) for second level concepts of operation.

A specific portable device was elaborated to detect and identify explosives vapors in real time
with the name of T-REX (Technology for the recognition of Explosives). The major advantage of
T-REX is to combine three transduction technologies: Surface Acoustic Wave (SAW), Quartz
Crystal Microbalance (QCM) and fluorescence. These technologies were chosen for their
sensitivity capabilities and complementarities.

The prototype T-REX is composed of a multi-sensors chamber which is integrated in a
polycarbonate box. The sizes of the box are 300mm (L), 200mm (I), 1800mm (H) with a weight
of 6kg. A fluidic chamber has been specially designed to integrate different sensors and the
device is composed of 8 SAW sensors, 4 fluorescent sensors and 2 quartz crystal microbalance
sensors. The sensors were coated with various sensitive materials which allow suitable
selectivity to targets. Design and data processing performances were already reported in several
communications. Original data processing was developed by CEA and the algorithm processed
all the data in real time. Today, T-REX has reached a technology readiness level (TRL) of 6.

Performances obtained in laboratory conditions but also under real conditions are depicted in
this paper. Preliminary laboratory testing on nitro aromatics (4-NT, 2,4-DNT, 2,4,6-TNT), nitric
esters (EGDN), peroxides explosives (H,O,) and also with interfering compounds such as
ethanol, dichloromethane, toluene, and methyl ethyl ketone. In real conditions, each compound
was tested under more significant quantities, with interfering compounds and on explosives
compositions which allowed to evaluate the prototype performance and reveals appropriate
using conditions and limitations.
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CHARACTERIZATION OF ELECTROLYTE AND PYROTECHNIC
PELLETS IN THERMAL BATTERIES

Electrolyte and pyrotechnic pellets are two important components of thermal
batteries. Both electrolyte and pyrotechnic pellets are produced by cold compaction
of constituent powders. These compacts are integrated in the battery as pellets with
sufficient green density, green strength, calorific energy and burning rate (for
pyrotechnic only) to provide high performance batteries.

In this study, effects of physical properties of the powders (particle size
distribution, average particle size, particle shape), powder compositions, applied
compression pressure and their interactions on green density, green strength,
calorific energy and burning rate were examined.

Statistical experimental designs were constructed to investigate the main
and interaction effects of studied variables. Results of “2* two factorial statistically
designed experiments” for pyrotechnic pellets exhibited that the compression
pressure and iron powder morphology were the most significant factors improving
green density and break strength of pyrotechnic pellets. It was shown that the
compression pressure had a negative effect on burning rate. Both calorific output and
burning rate were increased significantly by increasing KCIO, fraction. Whereas,
decreasing particle size of KCIO4 had a positive effect on burning rate. Results of “23
two factorial statistically designed green strength and green density experiments” of
electrolyte pellets revealed that, compression pressure was again the dominating
factor. Moreover, there was a tendency for higher green density with lower MgO
fraction and electrolyte powder average particle size. Besides, the positive effect of
decreasing average particle size on green strength was investigated distinctly at low
green density values.

As a result, the detailed characterization of electrolyte and pyrotechnic
pellets was carried out and the ability of designing these pellets with different
properties was achieved in order to obtain desired thermal battery performance.

Keywords: Thermal Batteries, Electrolyte and Pyrotechnics Pellets, Green Density,
Green Strength, Calorific Output, Burning Rate

Speaker : Mr. Volkan KALENDER
E-Mail : volkan.kalender@tubitak.gov.tr
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Crystalline plasticity and the elasto-plastic behavior of ductile materials.
J.L. Dequiedt, C. Denoual, R. Madec,
CEA,DAM,DIF, 91297 Arpajon France

In the aim of improving the simulation of the elasto-plastic behavior of ductile metals, it is
attempted to use a multi-scale approach. Namely, crystalline plasticity models have been developed
for several years in CEA/DAM based on the activation of the different glide systems of the crystalline
structure. In the so-called “storage recovery models”, strain hardening is driven by the interactions
between these different systems deduced from dislocation dynamics (DD) calculations.

In this work, the elasto-plastic response of one grain to a prescribed average strain rate was
first investigated: in some cases, a strongly heterogeneous deformation is exhibited triggered by the
dissociation of the slip systems which have the highest interaction coefficients. This phenomenon can
be analyzed as an instability mode of the initially homogeneous deformation of the monocrystal.

The simulation of aggregates of several grains shows that slip system dissociation still arises
and that the average behavior is sensitive to the set of interaction coefficients. It is thus essential to
take into account the heterogeneity of deformation inside grains which is yet ignored by the simplest
polycrystal constitutive models. The development of anisotropy, linked to the rotation of crystal
orientations towards favored directions, may also be addressed by the same type of simulations. The
latter cannot be reproduced by macroscopic approaches.

However, the transition from mesoscopic to macroscopic scale should be achieved by the
simulation of larger aggregates, statistically representative in terms of grain shapes, sizes and lattice
orientations. Furthermore, the single crystal constitutive models need to be improved to integrate
different effects such as the influence of dislocation substructures or grain boundaries.
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“Continuous gas generant innovation the reason for
airbag technology success”

Eric Giraud,Frédéric Marlin
HERAKLES, groupe SAFRAN
BP57 Avenue Gay Lussac, 33166 Saint-Médard en Jalles, France
eric.giraud@safran.fr ; frederic.marlin@safran.fr

Airbag technology is an amazing demonstration of the huge technical and economical
potential of energetic materials. Energetics are usually considered as difficult to handle, and
dangerous. But when turning the engines of our cars every morning, most of us forgot that
their recent car carries roughly 200 grams of 1.3 class material, located some tenth of
centimetres of our head. Such situation talking about hazard class 1 materials comes from the
incredible amount of work done during the last decades. From the early seventies, airbag
industry worldwide faced numerous technical challenges. Parts of them have been achieved
thanks to innovations in the field of energetic materials. It is interesting after thirty years of
development to look back and see that a lot of different technologies have been used, from
classical molecules to specially elaborated ones, from classical processes to spray drying or
extrusion. We will try to make an overview of propellant and processes innovations and
highlight the most noticeable ones.
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Authors: GTPS “Reliability” commitee
Rapporteur: Marie Cottrel-Bussenault (Committee "Reliability” Chairwoman)

Subject: Document GTPS N°11A Presentation (Statistical Method of PROBIT)

The GTPS document N°11A was updated by the GTPS "Reliability” committee” to make it
compatible with the current needs.

The older version was dated from 1999 and present unacceptable defects:
» The method presents a substantial risk of not achieving a usable result,

» To reduce the risk of ending with a wrong test sequence, a tests driving flowchart was
constructed and inclued into the GTPS document N°11A: The feedback showed that
flowchart was not working properly.

The GTPS document N°11A has been worked on by the “reliability” Committee:
» Remove the wrong driving tests flowchart,

» Integrate the results of PAQTE work carried out by CNES (2004 and 2005) in the
following recommendations:

o The method is not recommended to assess the reliability of a pyrotechnic
device, as it requires a large number of samples, and it has a significant risk of
failure (BRUCETON and ONE-SHOT methods need less samples),

o The method is currently used for the production of acceptance cutting cords
shots (an example is shown in the new document),

o The method allows to concatenate Batch acceptance shots made by PROBIT
and / or BRUCETON protocols: the large accumulation of tests results allows
to approach the “true law” distribution parameters,

o Finally, the mining PROBIT method can be used to salvage an unusable
BRUCETON test (if the ratio s/d> 2).

A spreadsheet was also performed by the GTPS “reliability” Committee and is free to
download on the GTPS website.
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Abstract for poster

Understanding the effect of RDX particle shape on shock sensitivity

J. M. L. Corbel (1); L. Borne(1)
(1) French-German Research Institute of Saint-Louis (ISL)
P.0O. Box 70034 — F68301 Saint-Louis Cedex France

The sensitivity of explosives is of paramount importance to ensure the safety of people using explosive
devices. A link has been established between shock sensitivity and microstructural defects and
morphology of explosive particles. It has been proven that the decrease of internal defects in RDX
particles (solvent inclusions mostly) results in an improvement of the shock sensitivity of RDX based
formulations. Recent experimental work done at ISL demonstrates that surface treatment applied on
defect free RDX particles improves significantly the shock sensitivity. The surface treatment has an
effect firstly on the surface roughness of the particles and secondly on the shape of the particles
(spherical shapes). To better understand those experimental results, numerical researches have been
undertaken to study the influence of the shape of the RDX particles on the propagation of the shock
wave in a RDX/wax (70:30) composition. The first computations were performed using the hydrocodes
AUTODYN and LS-DYNA. More perturbations are observed in the propagation of the shock wave
through the composition when the particles have sharp edges or corners. The maximum pressures for
the general hydrodynamic flow are higher for particles with sharp edges. There are two possible
explanations. The first is that sharp corners induce many wave reflections and focusing effects which
generates localized hot spots (high pressure points). The second reason is that, for a same mass
fraction, the packing of the particles in the binder is more difficult when the particles have sharp edges
or corners and they are more likely to impact each other during the propagation of the shock wave
and, thus, create localized hot spots. Finally, those results have highlighted a few modelling issues. The
most problematic point is the treatment of the interfaces which is often unclear or not adapted to this
particular application.
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Abstract : Detonation Initiation of Heterogeneous Melt-Cast High Explosives

V. Chuzeville, G. Baudin, A. Lefrangois, CEA Gramat
R. Boulanger, Nexter Munitions
L. Catoire, ENSTA ParisTech

Existing literature is mainly focused on the detonation initiation of pressed explosives. Moreover,
most of proposed models necessitate many experimental results in order to be calibrated, and their
use outside their calibration domain is risky. Initiation mechanisms of melt-cast conventional
explosives are even less known and even if the existence of hot-spots is widely recognized, their
formation mechanism is not yet established.

The development of a two-phase shock to detonation transition model with a ZND approach requires
three elementary blocks: equations of state for unreacted phase and detonation products, the
modelling of interactions between these two phases in the reaction zone and a kinetic mechanism.
We study here two melt-cast explosive families, ontalite (NTO- TNT 60:40) and hexolite (RDX-TNT
60:40) in order to establish a relation between microstructure and reactivity.

It has been proven that the kinetic rate law can be written as the factorization of the number of
initiation sites, the explosive’s deflagration velocity around these hot spots and a function of the
volume fraction of gas produced by the growth of deflagration fronts. The deflagration velocity
depending on pressure can be determined from planar shocks on explosive, traditional pop-plot
tests, if the hypothesis of the single curve build-up is verified. This hypothesis deviating has been
verified for the two studied explosives. Microstructural observations and an analogy with the solid
nucleation and growth theory allowed us to propose a new kinetic mechanism where deflagration
fronts grow form grain’s surface. The chosen mixture law is based on a two-phase approach taking
into account thermal exchanges between phases in the reaction zone.

Experimental results of pop-plot tests are presented. Kinetic rate law obtained from this method is
compared with another method to obtain the deflagration velocity, the thermochemical simulation
with a Chapman-Jouguet deflagration model.
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A compressed balloon approach for the simplified modeling of a blast wave

Ludovic Blanc, Jean-luc Hanus, Sara Santana and Mame William-Louis
Key words : Blast wave, Overpressure, Impulse, TNT equivalent, CFD

This paper investigates a simplified numerical approach, based on the release of a pressurized
spherical air volume, to reproduce the main characteristics of a blast wave generated by a
detonation. This approach aims to give an alternative to the use of the JWL empirical EOS for the
detonation products with a TNT equivalent when explosive parameters are unknown.

In the compressed balloon approach, derived from the bursting-sphere blast simulation of Brode [1],
parameters are chosen arbitrarily so that the pressure-time function resulting from it matches the
curve of the air blast wave generated by the detonation of the explosive [2], [3]. In this paper, we
propose a more rational approach in which the initial balloon parameters - radius, pressure,
temperature, density and internal energy - are determined from the initial amount of explosive and
from its thermodynamical properties, assuming a perfect gas equation of states for air.

The validity of the proposed approach is assessed through the comparison of predicted overpressure
and impulse at different distances from explosion with that of stoichiometric propane-oxygen
explosions. The results are also compared to the one obtained with the use of a JWL model and a
TNT equivalent mass adjusted to fit overpressure.
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Figure 1 : Comparaison of a numerical and experimental blast characteristics
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Abstract :

Low amplitude shock initiation experiments on TATB base
composition tested with inverse particle velocity

A.Lefrancois, E.Bouton*, L.Jacquet, J-L Lhopitault, J.Luc, V.Chuzeville, P.Mateille,
M.Genetier, G.Baudin, J.Peix, G.Zaniolo

CEA/DAM GRAMAT BP80200 F-46500 GRAMAT
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Controlled and monitored shock experiments are usually performed on HE explosives to
study and identify the Shock to Detonation Transition (SDT) process on several impact
configurations: low and high pressure range, sustained and unsustained durations, multi-
shocks. In this paper, we are interested in low amplitude single and double shock initiation
experiments to obtain pressure history data and then identify or validate the parameters of the
reactive flow models. These experiments are performed on TATB based composition using a
single stage powder gun ARES with a 98 mm diameter. For double shock experiments, the
duration of the first shock is sustained more than 1.5 us by increasing the diameter of the HE
target. A new configuration is also tested on the double shock set-up with inverse particle
velocity on the second shock, based on a back reflection instead of a double impactor. 50
ohms Manganin gauges are used at 10 mm depth to register the variation of resistance versus
pressure. Precise recalibrations of two resistive bridges and of the piezo-resistive coefficient
allow us to understand and determine the uncertainty on the pressure measurements. 93.7
GHz Radio-interferometer and laser heterodyne techniques are performed at the back of the
sample, respectively for the shock velocities inside the HE target and for the interface
velocities. These experimental results are of course correlated with the numerical simulations
associated with a new reactive flow model, based on hot spots numbers and able to capture
and reproduce a low amplitude threshold.
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Small scale blast experiments in dry aqueous foam
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Abstract

In the last decades, aqueous foams have been studied for their abilities to protect from blasts. To
understand and to predict this protection, experiments of blast wave propagation (explosive
detonation) in aqueous foams have been carried out recently. In order to explore more particularly the
detonation conditions, we ignited HE hemispheres from 3 g to 120 g and placed, in some cases, an air
exclusion volume to enhance post-combustion. Time-pressure histories have been recorded for each
shot with a total of 23 incident or reflected pressure gauges to cover scaled distances from 0.2 m.kg™?
to 5 m.kg™?. Attenuation is explored through comparison of peak overpressures, arrival times and
positive impulses in aqueous foam and in air. Therefore, we are able to assess of the validity or not of
the Hopkinson-Cranz scaling laws in the foam for each of these parameters. Then, by comparing shots
in air and in foam, we observe and quantify the mitigation the foam provides on each one of them. A
numerical code has been developed during the past years in which the multiphase formalism is used to
model the interactions of the liquid phase with the gaseous phase, as well as the interaction of the
detonation products with the two-phase medium. The calculations reproduce with a good accuracy the
experimental results.
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Laser Imaging: Principles and Application, Picturing
Detonation Waves in ns Regime

P. A. FRUGIER, S. LAURIOT, A. CARBILLET, P. MERCIER

CEA, DAM, DIF, F-91297 ARPAJON CEDEX,

First developed in the mid-80’s at LLNL, Laser Imaging (LI) — illuminating a scene by using a short
duration laser pulse — was aimed at studying shaped charge jets, by rejecting the unwanted luminance
due to air ionization surrounding them.

We summarize here our continued developments in bringing this technique back to the field of
detonics. Image resolution has been improved by recent developments in CCD camera (reduction of
pixel size, exposure time, noise and increase of pixel number).

In a first part, we remember how to reject spurious flux. Then we present the composition of our 6-
frame setup which is made to be moved to different experimental places.

The second part details acquisitions done with this means of detonation waves propagating in a tank
of Nitromethane and in a sheet of Formex. Phenomena at velocities beyond 5 km/s could thus be
perceived in their full complexity and with high resolution.
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Abstract :

Detonation Products — Air Turbulent Mixing and Combustion for Various Oxygen Balances:
Analysis and Modelling.

G. Zaniolo, G. Baudin, M. Genetier, A. Lefrancois,
CEA, DAM, GRAMAT, 46500, Gramat, France

High explosives (HE) have generally a negative oxygen balance and their detonation give
condensed and gaseous products (DP) composed of several chemical species (C, CO, CHy, ...)

acting as a fuel. Their combustion with oxygen of air leads to a diffusion turbulent flame. The
expansion of this turbulent flame (assimilated to the fireball) is unstable with large eddies of
turbulence and depends strongly on the HE detonation characteristics, the DP-air turbulent mixing
and their combustion which plays a major role in the effects of explosions because the energy
released by the DP combustion is up to three times the detonation energy. Several attempts to
describe the turbulent mixing using direct numerical simulation (DNS) or large eddy simulation
(LES and MILES) have been successfully tried. Moreover, such methods are not compatible with
fast evaluation of the turbulent combustion effects on HE efficiencies.

Another approach is the statistical hydrodynamic modeling of turbulent mixing and combustion,
Reynolds Averaged Navier-Stokes (RANS). This method is useful for fast estimation of HE
efficiencies. We propose a fast running model based on a minimal RANS approach and able to
compute the open-air blast parameters of a spherical uncased explosive charge and to generate
abacus. Classical HE and HE containing aluminum additives are considered. The post-detonation
combustion of aluminum is both anaerobic (with the detonation products) and aerobic (with air).
Our model contains only two parameters. This model is validated in a large range of oxygen
balances (from trinitrotoluene up to nitroglycerine).

It successfully predicts the major tendencies of the reactive flow and allows computing open-air
blast effects for a large choice of classical solid HE. A model based on Hutchinson strategy was
developed to take into account the metallic casing of ammunitions. It allows computing the blast
effects of ammunition with a good agreement with experiments.
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