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Executive Summary

The presentations at the fire protection information exchange meeting held at the
US Army Research Laboratory during 14-15 October 2015 ranged in scope from
broad summaries of efforts occurring in various agencies to more-focused reports
on technical results. Different aspects of the overall vehicle fire problem including
the tradeoffs of mitigating technologies were discussed. In general, the discussions
centered on the effort to extinguish or mitigate the fire event and on minimizing
subsequent adverse consequences rather than technologies or tactics to avoid the
initial threat interaction or initiation event. Efforts are underway to understand how
the threat interaction disrupts the vehicle’s fuel integrity and initiates the fire event.
Solutions are being pursued in an attempt to minimize the severity of the damage
from ballistic threat, some of which have shown some promise at least with the
lower-energy threats.

Once a fire event is underway, the most prevalent and most talked about technology
employed is a fire extinguishment system (FES). This broad category encompasses
systems that seek to disrupt some critical aspect of the combustion cycle. Materials
that interact chemically with the combustion process are the most prevalent type of
agent used. Others can act as thermal or even oxygen barriers to the flame. These
systems can range from manually deployed, portable extinguishers to sophisticated
automatic FESs that can react faster than a human, thereby reducing the event
severity and/or deploy when the crew is incapacitated. The consequences of FES
use is not without its tradeoffs. Identified risks include the deployment safety of the
system, toxicology of the agent itself plus health issues of the pyrolysis products
produced by the interaction, and future health and capabilities of the crew and
equipment. In addition, there is a new push to address the global warming potential
of extinguishing agents.

Current battery technologies with increased stored energy densities are making
them more attractive as a power source in vehicles of all types, military and civilian.
Lithium (Li)-ion chemistry—based batteries are currently favored as a viable
replacement for existing lead-acid types or for new applications. The tradeoffs for
the alternate chemistry were a topic of discussion at the meeting. The high-energy
density achievable with the new materials can also be a source of, or contribute to,
vehicle combustion events. Some of the electrolytes used in the construction of
modern Li batteries can themselves be quite flammable. Conventional FES agents
can also prove problematic.
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Other incorporated materials including composites, tires, and tracks, as well as the
uniforms and other garments worn by the crew, are being investigated. If, for
example, Soldiers’ uniforms can become part of the personal protective equipment
by increasing the crew’s tolerance to thermal injuries, the requirements placed on
the FES may be loosened, allowing for a wider design space.

Discussions centered on the pertinent threats of current interest and the pursuit of
solutions that can be easily implemented for current fielded systems while laying
the groundwork for new technologies applicable in the longer term that are more
effective, less toxic, and environmentally friendly.

The overall conclusions arrived at during this meeting were similar to those
elucidated in the previous workshop? and are worth paraphrasing here. Effective
strategies to combat the threat of vehicle fires in military and civilian vehicles will
require a holistic approach; no one prevention/mitigation technology will work for
all fires and in all scenarios. Intelligent energy storage designs, improved
extinguishment materials and deployment strategies, and advanced materials
should all be considered as part of the multitiered approach. The immediate health
effects along with the long-term well-being of the crew and the environment will
need to be considered in any solutions pursued.

Other general concerns espoused during this meeting also referenced those from
the previous workshop. Fire protection is still a secondary consideration early in
the design phase of a new vehicle system. This usually leads to lack of definitive
requirements at the stage when solutions are easiest to adopt. Health effects are of
concern to everyone but lack the proper emphasis. Environmental issues are
becoming a greater concern. Lack of end-user feedback, including live-fire data and
system limitations, hampers technology development. There also was a consensus
that efforts that will strengthen our understanding of the underlying phenomena
should be pursued. This knowledge will prove critical to the development of new
fire protection technologies and strategies to combat this serious issue.

As part of the discussion section, a listing of the types of systems of concerns,
possible threats involved, current status, limitation of current technologies, and
future directions were discussed. The 4 categories of systems were liquids, solids,
electrical, and FES. These subjects were sufficiently covered at the previous
workshop! with general agreement of its continued validity and will not be
reiterated here.

"Homan BE, Boyd KJ, McCormick S. Systems fire protection workshop Report. Aberdeen Proving
Ground (MD): Army Research Laboratory (US); 2013 Apr. Report No.: ARL-TR-6398.
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1. Introduction

Military vehicles can be vulnerable to devastating fires arising from the combustion
of a variety of materials that are normal components of mobile platforms. Although
explosives and propellants that are part of the munition system are typically the first
thing that comes to mind as a source of uncontrolled combustion, there is a variety
of other materials that can also contribute. Most contemporary mobile vehicle
systems rely on some type of liquid fuel source for self-propulsion. The energy
contained in the fuel for propulsion can greatly exceed the total energy that a vehicle
carries from all the other energetic materials. New energy-dense components like
lithium (Li)-ion batteries are becoming more prevalent in these systems due to their
increased performance potential. Along with the promising capabilities, Li-ion
battery technology carries greater risk than the lead-acid batteries it replaces, as the
materials used in its construction can be flammable and emit toxic fumes when
combusted. Tires, plastics, composites, and other combustible materials can
contribute to the severity of a vehicle fire event.

The US Army Research Laboratory (ARL) and the Tank Automotive Research,
Development and Engineering Center (TARDEC) jointly organized the Fire
Protection Information Exchange meeting to provide a forum for the community to
assemble and discuss the efforts being conducted on this topic. The planned
outcome of the meeting was the generation of this report. The longer term goal was
to provide a mechanism to establish collaborative avenues with the various US
entities as well as to explore future foreign involvement through The Technical
Cooperation Program and Defense Exchange Agreement mechanisms.

The topics chosen for this meeting were sufficiently broad to appeal to the widest
audience. A similar approach was used for the original workshop held in May
2012.1 Because of the broad travel restrictions that came into play after that last
meeting, little follow-up activity was possible. Therefore, it was deemed important
to allow for a wide variety of subjects to reconnect the community.

Over 100 people attended the meeting, which included presentations from the
following:

« Government presenters
o ARL
o TARDEC

o Office of the Assistant Secretary of the Army for Acquisition, Logistics
and Technology (ASA-ALT)
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(o}

(o}

US Environmental Protection Agency (EPA)
US Federal Aviation Agency (FAA)

US Naval Research Laboratory (NRL)
Sandia National Laboratories

US Naval Air Systems Command (NAVAIR)

Natick Soldier Research, Development and Engineering Center
(NSRDEC)

US Army Public Health Center

US Army Aviation and Missile Command

« Industry and academia presenters

(o}

(o}

(o}

(o}

Alion Science and Technology
Amerex

Jensen Hughes

Kidde

Meggitt

Polyhalon Technology
Robertson

Southwest Research Institute (SwRI)
Spectrex

Tecate Group

University of Maryland

University of Cincinnati

. Foreign contributors

(o}

(o}

Ministéere de la Défense

Bundeswehr

« Other participants

(o}

Army Test Center
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2.

The community concluded that workshops continue to be useful and should become
a regular occurrence. It was suggested that a general workshop similar to this one
be held on an annual or bi-annual basis. More-targeted workshops with more-
limited interests could be held more often. Although it was agreed that the larger
workshop worked well at the unclassified level, potential participants felt they

o

o

Research, Development, and Engineering Command

Naval Sea Systems Command

Program Executive Office (PEO)

v

v

v

Aviation
Land Systems
Soldier

Industry

N N N N N N N N N U N NN

A-Gas Americas

AMPAC-Halotron

Chemours

FireTrace

General Motors

Halon Alternatives Research Corporation
Hazard Protection Systems

High Impact Technologies

Pacific Scientific Energetic Materials
Presidio Defense

Rodgard

SEVO Systems

SURVICE Engineering

VTEC Laboratories

WSP Group

Other Topics Discussed
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could not present their work at this open level. Future general or targeted workshops
should have more-restricted portions so that all in the community can present. Talk
of hosting of the general workshop was discussed, and a rotation among the various
interested agencies was suggested in an attempt to share the burden and, more
importantly, for the different perspectives that each organizer could provide.
Although the focus of this workshop was to provide a big picture perspective of the
current status of fire protection science and technologies, suggestions for more
technical venues that the community may exploit were discussed. Previously, the
Ground Vehicle Survivability Symposium hosted by TARDEC was such a venue,
and there was talk of reviving that conference. Other possible conferences included
the Joint Army, Navy, NASA, Air Force (JANNAF) organization. In particular, the
JANNAF Combustion Subcommittee meeting held every 18 months may provide
an interface between this community and the broader US Department of Defense
(DOD) research community. The authors are pursuing the development of a regular
session within this conference. The International Association for Fire Safety
Science was proposed as another venue that may prove fruitful to the fire protection
community. Suggestions of other possible venues are encouraged.

3. Presented Talks Summary

The agenda for the meeting is in Appendix A, and a list of the participants and their
contact information is in Appendix B.

3.1 US Army TARDEC

Steve McCormick provided some background on the history of vehicle fire
protection. A large number of vehicles have been lost as the result of vehicle fires
in theater, and this vulnerability vector threat remains a significant threat to both
vehicles and Soldiers. Approximately 1.5% of all attacks on vehicles from 2007 to
2012 led to fires, producing 220 casualties. Accidentally caused fires are also a
concern, with 40 casualties resulting from 2002 through 2012. The fact that highly
energetic and highly flammable materials are critical to the functioning of military
vehicles makes the threat of fire a continuing problem for the foreseeable future. A
multilayer hierarchical approach is being taken by the Army that begins with
striking first, minimizing the ability of the enemy to attack, and minimizing the
damage of a successful attack, the latter being part of the protection spectrum of
concern to this community. Prevention of the fires is the first step with vehicle
engineering solutions that attempt to minimize fuel spillage, incorporation of fire
resistant materials such as tires and tracks, less flammable fuels, and better personal
protection equipment. By far the biggest effort is development of fire suppression
systems to fight the fires that do start.
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3.2 Ministére De La Défense

Camille Viallon presented her efforts on Li-ion batteries vulnerabilities and the
development of a water mist system for crew compartments. The Li-ion battery
study evaluated the reactivities of the various battery technologies resulting from
low-energy ballistic threats of interest to the French military. It looked at single
element configurations and compared the severity of the reaction to an assembled
unit having multiple connected cells in close proximity. A water mist system was
evaluated for low-speed-growth pan-fire-type application. The results were
compared with a typical gaseous-based agent. The water mist system worked
reasonably well in comparison but will have integration challenges.

3.3 Bundeswehr Research Institute for Protective Technologies

Felix Kummerlen from the fire protection engineering section provided an
overview of Germany’s military vehicle fire protection efforts. His division is
tasked with managing all technical issues concerning firefighting equipment, both
fielded and future. In addition to handheld extinguishers, the thermal resistance of
Soldier’s clothing can be evaluated. An engine compartment fire relaxes the criteria
of an acceptable agent compared with one that must operate within an occupied
space. Crew compartment systems must provide lower temperatures, pressures, and
toxic gas concentrations and happen within a narrow time frame to minimize injury.
Even accidental activation of the system will be constrained by the agent-only
effects on the crew. Felix posited that aqueous film-forming foam (AFFF) is
currently the most effective agent again pool fires. However, the foaming agent
currently in use has environmental issues, and therefore research is being conducted
to replace that ingredient.

3.4 ASA-ALT/Jensen Hughes

Daniel Verdonik spoke on the environmental issues concerning fire suppressant
agent use. He provided a history of the treaties and international agreements that
are driving the current concern of ozone depletion and global warming trends being
exacerbated by the use of current agents. The 1988 Vienna Convention was the first
treaty and entered into force in 197 countries including the United States. This
convention focused on the ozone depletion potential (ODP) of substances like
halogenated hydrocarbon (halon) fire extinguishment agents. The Vienna
Convention laid the groundwork for the 1989 Montreal Protocol, which regulated
the production and distribution but not the use of, ozone-depleting substances
(ODSs). The most destructive substance was identified as halon. Unfortunately,
halons are currently some of the most effective fire suppressants. Some use was
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authorized under the agreement for critical applications. Military vehicles were one
example targeted for this exception. The agreement specifies dates for which
military vehicles and systems should be halon-free. As the focus shifted from ozone
depletion to climate change, the United Nations Framework Convention on Climate
Change, ratified in 1992, provided a mechanism to develop a new (Kyoto) protocol
for addressing the use of global warming potential (GWP)—classified substances.
Some of the materials listed are used as replacements for ODSs. The US
administration recently issued a fact sheet concerning greenhouse gases in which
the informational meeting that is the subject of this report was mentioned.?

3.5 US Environmental Protection Agency

Margaret Sheppard from the Stratospheric Protection Division of the EPA spoke
on its Significant New Alternatives Policy criteria for evaluation of alternatives for
commercial propellants and fire agents. The EPA considers other factors in addition
to ODP and GWP, including flammability, toxicity, and other occupational and
consumer health/safety elements that are also of interest to military systems. For
fire suppression agents, there are currently 59 “acceptable” substitutes and 5
“unacceptable” substitutes for a total of 64 listed substances. However, some of the
acceptable substitute agents are being reconsidered while new substances are being
evaluated for use.

3.6 TARDEC/Alion Science and Technology

Steve Hodges spoke of the US Army’s current effort to modernize legacy vehicle
platforms. Part of that effort includes updating fire suppression agents with more
environmentally friendly substitutes, as current workhorse agents have high ODP
and GWP. Of course, the agents must also be effective. TARDEC conducted
multiple tests to determine effectiveness by comparing current agents (baseline)
with other replacement candidates using a set of criteria that included performance
and safety factors. Results were mixed, with some of the candidates failing while
others show promise but are not easily implemented.

3.7 KIDDE, Inc.

John Porterfield talked about the use of alternate fire suppression agents for military
ground vehicles; in particular, new agents for crew compartments. Fielded agents
suffer from high ODP and/or GWP, can be affected by environmental conditions,
and can carry toxicology risks. Aqueous solutions (e.g., water and potassium
acetate) have the potential to overcome some of the risks associated with other
agent choices. However, aqueous-based agents have drawbacks that will have to be
overcome before this technology can be fully utilized.
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3.8 US Federal Aviation Agency

Doug Ingerson presented an overview of the activity the FAA is currently
supporting with an emphasis on pursuing minimum performance standards for the
replacement of halons within the power plants of aircraft. Each candidate must be
reasonably far along in its development to be considered ready for implementation
and perform at least as well as the legacy agent (Halon 1301). A representative test
bed has been developed to mimic conditions typical in real-world applications. Two
early candidates, HFC-125 and CF3l, are being recommended as possible
replacements although each have their challenges and have not been pursued by the
civilian sector. Later candidate development efforts have also suffered from
significant problems and have been either abandoned by the applicant, FAA support
having ended, or, for the latest applicant, ongoing.

3.9 Polyhalon Technologies

Casey Chapman presented his company’s suppression agent technology. By using
polymerized halon-like materials, a solid is formed that can be applied in novel
ways (e.g, coatings and additives).

3.10 Blazetech

Albert Moussa presented Blazetech’s work on a breathable foam for thermal and
fire protection of passengers in a military vehicle. His presentation could not be
included here, but if interested contact the author (Appendix B).

3.11 US Naval Research Laboratory

Katherine Hinnant presented NRL’s work on the performance of fire agent foam
used mainly for fighting pool fires. Current fluorinated foams have proven effective
but have the potential for long-term harm to biological systems. Alternate foams
have been developed for the civilian market but have failed to meet military
standards. Fuel transport and foam degradation are considered the key mechanisms
controlling the performance of a particular foam. The legacy foams’ orders of
magnitude longer lifetime is the main attribute that contributed to the difference in
performance. Further efforts to understand why are in the works.

3.12 US Army Public Health Center

Matthew Bazar discussed the health aspects of using fire suppression agents in
Army vehicles. Suppression agents can have adverse effects by being directly toxic
or producing toxic byproducts, posing an inhalation hazard (powder), creating a
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low-level oxygen environment, or having thermal exposure issues from the
discharge of the agent. The criteria used by the military to judge hazards lie between
civilian standards and lethal limits to avoid incapacitation. Recent animal studies
have been conducted to study the toxicity arising from agent use due to agent or
agent byproducts interaction.

3.13 Southwest Research Institute

Donald Grosch presented SwRI’s work on hydrodynamic ram (HDRam)
experiments. This effort was undertaken to understand the transfer of kinetic energy
from ballistic impacts into the fuel. The momentum transfer from the impacted
liquid to the tank structure is the main cause of tank failure. Visualization of the
interaction of a Viper shaped charge jet (SCJ) and the fuel surrogate (water) was
presented. The exit hole from these events was always large and petaled despite
several attempts to minimize the damage using stripper plates upstream of the exit
plate. The use of a SCJ proved to be too violent, and a lower-energy threat was
deemed more appropriate to start. The spray characterization became the focus for
the work, as this information is critical to study the flame spread within a dry-bay
fire event. Fragment simulation projectiles and small-caliber bullets were chosen
as a more appropriate energy level threat for this work. Particle image analysis was
used to characterize the droplet size and morphology distribution and velocities.

3.14 ARL

Barrie Homan spoke next on ARL’s mission program in fuel fire. The efforts have
also focused on the HDRam phenomena. Data on the forces resulting from HDRam
on a surrogate tank were obtained by using digital image correlation techniques.
This technique was also used in an experimental fixture that allowed for a more
amenable approach to the characterization of the HDRam process. In an attempt to
mitigate the HDRam-generated shock wave damaging the tank, a baffle design was
tested experimentally and modelled using the ALE3D hydrocode. Both the model
and experiments showed some promise. ARL also plans to study the generation of
fuel spray characterization resulting from ballistic impacts.

3.15 Sandia National Laboratories

Dan Guildenbecher presented his talk on digital in-line holography and its
application to liquid sprays. This technique promises the ability to resolve
3-D liquid droplet patterns with a single camera setup. The advantage to the system
is that the optical configuration is relatively simple while capturing transient events.
The large depth of field inherent in the technique can lead to large positional
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(out of image plane) uncertainties. The technique currently requires a small field of
view and dilutes sprays, which might limit it to smaller systems. In addition to
validation studies, Dan has used this system to investigate the combustion of
aluminum drops formed from burning propellants.

3.16 TARDEC

Julie Klima summarized her work on energy-absorbing materials that have high fire
resistance. She concentrated on materials that have good absorption properties for
protection of the head and neck areas. In particular, Soldier protection materials to
mitigate head-vehicle impact resulting from underbody blast or other events will
require significant improvements over current configurations. Developed material
solutions, however, will also be required to be fire resistant. Currently, only a
limited number of materials can satisfy both requirements.

3.17 University of Maryland

James Quintiere spoke on using engineering test data for predicting fire hazards.
Because fire retardancy ratings are organization-specific, little agreement and
therefore little usefulness,can be obtained from any particular test. Extrapolating
the fire resistance properties to new scenarios become problematic. James proposes
a set of flammability parameters that can lead to useful predictions that may span
multiple material classes.

3.18 US Army NSRDEC

Thomas Tiano presented information on the development of the next generation of
flame-resistant materials for Soldier protection. Current flame-retardant (FR)
uniforms are significantly more expensive, require foreign-produced materials, and
the production is not environmentally friendly. Efforts are underway to develop
technologies to impart fire retardancy to the existing non-FR fielded fabrics that are
durable and launderable. A summary of contractor lead efforts to achieve these
goals was presented.

3.19 US Naval Air Systems Command

The NAVAIR fire protection program was summarized by Ryan Arthur. Single-
engine aircraft fire suppression typically have required engine shutdown. The effort
attempts to address the obvious drawback of loss of propulsion during fire
extinguishments. As unmanned vehicles continue to increase in complexity and
cost, fire protection has become more important. Investigations into the operation
and service life of existing fire protection systems are also being pursued.
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3.20 Sandia National Laboratories

Alex Brown introduced Sandia’s Fire Science Department, outlining capabilities
for well-instrumented experiments as well as high-fidelity modeling tools. The
goals of the program are incorporating experimental data into understanding fire
events and validation and verifying computer models. Fuel fires, propellant fires,
and burning of composite materials have all been investigated. Modeling tools
under development are coupling various codes developed to address different
physics of particular applications but have a role describing the complete fire event.

3.21 Southwest Research Institute

Matt Blais described the capabilities of SWRI’s Fire Technology Department. He
outlined the ability to measure such flammability characteristics as energy release,
ignitability, flame spreading, and smoke production. SwRI facilities can work with
a wide variety of shapes, sizes, and forms (liquid, solids, and gases) and has
modeling capabilities in the form of thermal finite-element codes and
computational fluid dynamics (CFD) tools.

3.22 US Army Aviation and Missile Command

Tim Helton talked about the fire threat to Army aviation systems. Although most
events recorded were the results of crashes, system failures, or leakage of
flammables onto ignition sources, few official reports record the specifics of how
the event was ultimately handled. When documented, the usefulness of a halon-
based system is indisputable. However, current halon-based systems are being
phased out. Army aviation subject matter experts have been and will continue to
work with national and international committees and consortiums like the FAA’s
halon aviation rulemaking committee integrated product team, Halon Alternatives
for Aircraft Propulsion Systems, and the International Aviation Systems Fire
Protection Working Group.

3.23 TARDEC

TARDEC'’s fire suppression modeling effort was presented by Vamshi Korivi. A
CFD capability is under development that will incorporate the required physics and
chemistry to significantly reduce the costly experiment-driven design process.
Multiple configurations can be evaluated while providing insights into the flame
spread within vehicle compartments including the interaction of the suppression
agent. Current chemical mechanisms (~800 reactions) are still too large for systems
more extensive than small laboratory experiments. The use of a smaller global
reaction mechanism allowed for simulation of vehicle-size fires and the
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introduction of suppressants to evaluate the design of suppressant delivery systems,
concentration of toxic byproducts, and pressure.

3.24 ARL

The current status of the Fire Prediction Model (FPM) was presented by Jamie
Edwards. This model addresses 3 damage pathways: dry-bay fires, spray fires, and
ullage fuel-air explosions. These fires can be caused by a variety of threats ranging
from traditional ballistic impacts to high-power laser ignition. Special attention was
given to the IGNITE module development, which begins the process of modeling
the fire event. ARL is also evaluating the documentation that accompanies the
FPM. Further work is being conducted to compare the code with the reference
materials that inspired it.

3.25 Sandia National Laboratories

The next few talks, led off by John Hewson of Sandia National Laboratories,
concerned the subject of batteries. As potential energy densities of battery
technologies increase dramatically, so do potential safety concerns. Thermal
runaway is a major concern that has hindered incorporation of battery technologies.
Investigations into the mechanisms of runaway energy release were discussed. The
reactivity of any pathway heavily depends on the materials used to construct the
battery, though some promising cathode materials are being developed. Modeling
tools to study this problem have been mostly developed under the Stockpile
Stewardship program, which has addressed some of the same physics required to
understand the battery runaway problem. Several real-world cases were shown to
showcase the current status of these sophisticated models.

3.26 Jensen Hughes

Gerard Back presented the company’s efforts in Li-ion battery fire testing it is
performing for the US Navy. The large number of electrolytes used in Li-ion
batteries all have different internal energies and volatilities. These different
chemistries are packaged into a wide array of form factors. The battery cells can
then be agglomerated into an even wider array of packs that can have thousands of
individual cells connected into series (higher voltage) or parallel (higher current)
combinations of both forms. Some initiation events were suggested, including
shorts, physical damage, overcharging, and/or ambient overheating. The Navy has
tested over 30 different types including 5 specific to the military. Modeling tools
are being developed to attempt to quantify the hazards and predict propagation and
mitigation characteristics.
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3.27 ARL

Kevin Boyd presented his work on Li-ion battery vulnerability due to over-charging
scenarios. Two chemistries were overcharged while monitoring for signs of thermal
runaway. Visible data as well as thermocouple measurements provided a measure
of the violence of the event. Both chemistries produced copious amounts of
smoke/combustion byproducts with one of the chemistries (NiCoMax) also
producing external flames. A proof-of-principle suppression system was evaluated
in which a candidate agent flooded the battery compartment at the first sign of
runaway. For both chemistries, there was a significant reduction in the overall
severity of the event, although there was still a large amount of combustion
products apparent.

3.28 Tecate Group

Other energy storage technologies were address by Brendan Andrews, who focused
on ultracapacitors (UCs), or supercapacitors. Capacitors store energy within a
static-electric field rather than in potential chemical reactions. Substitution of an
electrolyte for the conventional dielectric between the electrodes can increase the
energy density of UC designs. Although current designs cannot match chemical-
based batteries for total energy density, the fast action inherent in a capacitive
design can translate into higher power densities required for certain applications.

3.29 University of Cincinnati/Engineering and Scientific
Innovations

David McGinnis spoke of his company’s efforts to develop an intelligent fire
protection technology. Current aviation systems mostly work by flooding the
volume of interest with suppression agent in a one-time event. Simply flooding the
compartment can require longer times and inefficient use of agent materials. David
outlined an “ideal” solution that encompasses rapid fire detection to a measured
and dynamic release of agent.

3.30 The Chemours Company

Mark Robin hinted at favorable properties of a proprietary agent under development
in the pursuit of low ozone depletion properties and low global warming properties.
Mark stated that an ideal candidate would have high mass efficiency, be chemically
inert (outside of deployment), provide high volatility to promote efficient
performance, be electrically nonconductive to prevent secondary electrical damage,
have low toxicity, and be cost effective. His company is developing 3 candidates
that attempt to address these ideal properties.
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3.31 Robertson Fuel Systems

Nick Twardokus presented a brief on the Thermal Injury Prevention Strategy
(TIPS) consortium of industry members with the goal of raising awareness of and
spurring action for the prevention of thermal injuries. Over 6% of military deaths
are the result of burn injuries, having far-reaching physical and psychological
consequences for the wounded Warfighter. The goals of TIPS is to officially update
thermal injury data beyond the current baseline. Establishing platform standards
and requirements for prevention are being pushed to the highest levels (US
Congress) by making TIPS part of the TARDEC survivability initiatives. The
consortium is continually recruiting new members and exploring new venues to
inform the appropriate communities on TIPS activities.

3.32 Meggitt

Several contractors spoke next concerning their companies’ technologies for fuel
fire mitigation. Randy Fontinakes from Meggitt summarized his company’s
products using self-sealing technologies to prevent fuel loss and resulting fire
events. Some design considerations included backing boards to try to keep the
damage as localized as possible. Container construction suggestions include using
particular tank material (no titanium) as well as external (to the tank) treatments
that can maximize the performance of self-sealing bladders.

3.33 Amerex

Ken Miar presented on the fire suppression systems that his company supplies to
DOD. In-vehicle systems as well as standalone portable extinguishers are among
the company’s product line. Ken spoke of Amerex’s in-house abilities to test
solutions that will minimize the risk of immature designs being tested by the
military for official qualification.

3.34 Spectrex

Douglas Kulick expounded on the phenomena of slow-growth fire threat
exemplified by the pool fire scenario. Typical automatic fire extinguishant systems
(AFESSs) are geared to the more violent munition-initiated fires. The timeline for
that type of fire tends to be orders of magnitude shorter than a long-duration pool
fire. The company is advocating for a specification that would include long-
duration, slowly evolving fires into future AFES designs.
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3.35 TARDEC/Alion Science and Technologies

Steve Hodges from Alion summarized his presentation at the 2014 Fire in Vehicles
Conference held in Berlin, Germany. The overarching point made is that because
vehicle occupants and flammable materials are necessarily within close proximity,
fire prevention and mitigation is the most effective strategy for the protection of
life and property. Ten percent of all fire deaths were attributed to vehicular fire
events. However, no one solution can be made effective for all scenarios. Outlined
in the talk were some well-known consumer vehicle design defects that resulted in
increased danger from fire, including the 1978 Ford Pinto rear gas tank and the
1973 GM pickup truck side-saddle vulnerabilities. In addition to combat risks,
military vehicles can also suffer from fires resulting from nonhostile action.
Lessons learned in the civilian world can inform development of safer military
vehicles. In both cases, an overall approach is needed to significantly reduce the
risk of fire casualties.
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Day 1

Talk Title Speaker
Opening Remarks Kevin Boyd

1 Overwe_w of US Military Vehicle Fire Steve McCormick
Protection

5 OverV|e.w of France’s Military Vehicle Fire Camille Viallon
Protection Efforts

3 QverV|ew of Germany’s Military Vehicle Felix Kummerlen
Fire Protection Efforts

4 Montreal Protocol Dan Verdonik

5 EPA Overview Margaret Sheppard
Fire Extinguishing Agents for Protection

6 of Occupied Spaces in Military Ground Steve Hodges
Vehicles
Use of Alternate Agents in Military .

7 John Porterfield
Ground Vehicle Fire Suppression Systems ohn Fortertie
Halon Replacements for Commercial

8 Doug Ingerson
Transport
Environmentally Benign, No ODP, No

9 GWP...The Polyhalon! Casey Chapman
A Breathable Foam for Thermal and Fire

10  Protection of Passengers in a Military Albert Moussa
Vehicle
A comparative study on foam

11 degrz.adatlon behaV|o.r between Katherine Hinnant
flourinated and flourine-free foams over
different fuels at elevated temperatures.

Overview of Toxicity and Health Effects

12 Issues for Fire Protection in Army Matt Bazar
Vehicles

13  TARDEC Funded HD-RAM Studies Don Grosch

14  ARL Mission Program Overview Barrie Homan

15 Digital Ho!ogr.aphy for Fuel Spray Dan Guildenbecher
Characterization
Fire Resistant Energy Attenuating

16  Materials For Use In Army Military Julie Klima

Vehicles Commercial Off The Shelf (COTS)

Approved for public release; distribution is unlimited.

18

Org.
ARL-WMRD

TARDEC
French MOD

German MOD

ASA ALT
EPA

TARDEC

Kidde

FAA

Polyhalon
Tech.

Blazetech

NRL

MEDCOM PHC

SWRI
ARL-WMRD

Sandia

TARDEC



17

18

19
20

21

Item
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Using Engineering Fire Test Data to
Predict the Hazard

Development of Novel Materials for
Flame Resistant Uniforms

NAVAIR Overview

Jim Quintiere

Tom Tiano

Ryan Author

Overview of Sandia Fuel Fire Capabilities Alex Brown

Research, Development, Testing and
Evaluation Capabilities for Fire and
Ballistics at Southwest Research Institute

Matt Blais

Day 2

Title Speaker
Opening Remarks Kevin Boyd
US Army Aviation Fire Protection Tim Helton

TARDEC Modeling and Simulation Vamshi Korivi

Fire Prediction Model Update Jamie Edwards

Battery Safety in Abnormal Thermal

. John Hewson
Environments

USN Lithium Battery Fire Test Summary Jerry Back
Lithium Battery Fire Suppression
Experiments

Ultracapacitors - Rapid, Reliable, Safe
Power

Intelligent Fire Protection System
Technologies

Development of Zero ODP, Low GWP
Clean Agents

Thermal Injury Prevention Strategy
Consortium

Kevin Boyd

Brendan Andrews

McGinnis

Mark L. Robin

Nick Twardokus

Lessons Learned & Technical Capabilities

Randy Fontinak
to Meet Higher Level Threats andy rontinakes

Slow Growth Fires: Detection-Testing-
Spec Inclusion

Amerex Overview

Doug Kulick
Ken Mier

Vehicle Fires: Research and Effective

St H
Mitigation eve Hodges
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Government - US

Organization Name Email Phone Participatio
n

TARDEC Steve steven.j.mccormick.civ@mail.mil | 586-282-2610 | Presenting
McCormick

TARDEC Steve Hodges | steven.e.hodgesl.ctr@mail.mil 805-455-5777 | Presenting

TARDEC Vamshi Korivi | vamshi.m.korivi.civ@mail.mil 586-282-5473 | Presenting

TARDEC Julie Klima julie.k.klima.civ@mail.mil 586-239-4405 | Presenting

ARL-WMRD | Kevin Boyd james.k.boyd.civ@mail.mil 410-278-2505 | Presenting

ARL-WMRD | Barrie Homan | barrie.e.homan.civ@mail.mil 410-306-0932 | Presenting

ARL-WMRD | Travis Payne | travis.j.paynel2.civ@mail.mil 410-278-6544 | Attending

ARL-WMRD | Kevin kevin.l.mcnesby.civ@mail. mil 410-306-1383 | Attending
McNesby

ARL-SLAD Dave Lowry david.s.lowry.civ@mail.mil 410-278-5273 | Attending

ARL-SLAD Fred Marsh frederick.a.marsh2.civ@mail.mil | 410-278-9271 | Attending

ARL-SLAD Tim Grose timothy.j.grose.civ@mail.mil 410-278-5280 | Attending

ARL-SLAD Linda Moss linda.l.moss6.civ@mail.mil 410-278-6513 | Attending

ARL-SLAD Jamie james.e.edwards114.civ@mail. 410-278-2467 | Presenting
Edwards mil

ARL-SLAD Andrew Bajko | andrew.c.bajko.civ@mail.mil 410-278-7867 | Attending

ATC Brian Kocher brian.t.kocher2.civ@mail.mil 410-278-0328 | Attending

ATC Kevin Dowell Kevin.l.dowell2.civ@mail. mil 410-278-0212 | Attending

ATC Dan Kogut daniel.t.kogut.civ@mail.mil 410-278-0115 | Attending

ATC Ed Myers edward.a.myers.civ@mail.mil 410-278-2286 | Attending

ATC Marc Ramsay | marc.a.ramsay.civ@mail.mil 410-278-4269 | Attending

ATC Phil Kratochvil | philip.a.kratochvil.civ@mail.mil 410-278-8602 | Attending

ATC Brian Veety brian.c.veety.civ@mail.mil 410-278-1826 | Attending

ATC-Jacobs | Jack jack.p.osipowicz.ctr@mail.mil 410-278-4335 | Attending
Osipowicz

ATC-Jacobs | Ryan ryan.a.bearekman.ctr@mail.mil 410-278-5562 | Attending
Bearekman

RDECOM Sean sean.p.jankiewicz.civ@mail.mil 410-278-9981 | Attending
Jankiewicz

ARFL Alan Ohrt alan.p.ohrt.civ@mail.mil 850-883-5228 | Attending.

AFCEC Chris chris.menchini@gmail.com 304-554-9833 | Attending
Menchini

FAA Louise Speitel | louise.speitel@faa.gov 609-485-4528 | Attending

FAA Carleen carleen.houston@faa.gov 609-485-5913 | Attending
Houston

FAA Doug Ingerson | douglas.a.ingerson@faa.gov 609-485-4945 | Presenting

NRL Katherine M. katherine.hinnant@nrl.navy.mil Presenting
Hinnant

NRL Ramagopal ramagopal.ananth@nrl.navy.mil Presenting
Ananth

AMCOM Tim Helton timothy.m.helton4.civ@mail.mil 256-842-7732 | Presenting

NSwWC Clinton clinton.winchester@navy.mil 301-227-5685 | Attending
Winchester

NAVAIR Ryan J. Arthur | ryan.j.arthur@navy.mil 301-995-2086 | Presenting

NAVAIR Marco marco.tedeschi@navy.mil Attending
Tedeschi

NAVSEA Dan Berkoski | daniel.berkoski@navy.mil 202-781-3648 | Attending

NSRDEC Thomas Tiano | thomas.m.tiano.civ@mail.mil 508-233-4686 | Presenting
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ASA ALT Daniel dverdonik@jensenhughes.com 703-617-0249 | Presenting
Verdonik
ASA ALT Jim Vincent jtvincent@ 636-477-7515 | Attending
prospectivetechnology.com
PEO-AVN Dave Bryant david.l.bryant34.ctr@mail.mil 256-876-9231 | Attending
PEO-LS James Pham giang.pham@usmc.mil 703-432-3144 | Attending
PEO-LS Joe Burns joseph.c.burns@usmc.mil Attending
PEO-LS Sarah Cibull sarah.cibull@usmc.mil Attending
PEO-LS Ed Wright edward.g.wright@usmc.mil Attending
PEO-Soldier | Rob Booze Robert.g.Booze2.civ@mail.mil 410-436-4350 | Attending
Support
MEDCOM Matt Bazar matthew.a.bazar.civ@mail.mil 410-436-7704 | Presenting
PHC
MEDCOM Lee Crouse lee.crouse.civ@mail.mil 410-436-5088 | Attending
PHC
MEDCOM Lindsey lindsey.b.kneten.civ@mail.mil 410-436-5485 | Attending
PHC Kneten
MEDCOM Charles charles.l.crouse4.ctr@mail.mil 410-436-4622 | Attending
PHC - ORISE | Crouse
MEDCOM John Houpt John.t.houpt.civ@mail.mil 410-436-5087 | Attending
PHC
Army Public Robert Batts robert.w.batts2.civ@mail. | 410-417-2873 | Attending
Health mil
Center
EPA Margaret Sheppard,Margaret@epa,gov 202-343-3154 | Presenting
Sheppard
Sandia Dan drguild@sandia.gov 505-844-3453 | Presenting
Guildenbecher
Sandia Alex Brown albrown@sandia.gov Presenting
Sandia John Hewson | jchewso@sandia.gov 505-284-9210 | Presenting
Government - Foreign
Country Name Email Phone Participation
UK lan Elgy IDELGY @dstl.gov.uk Attending
UK Erskine ELERSKINE@mail.dstl.gov.uk Attending
Emmajane
France Camille camille.viallon@intradef.gouv.fr 02.48.27.41.51 | Presenting
Viallon
Germany Felix Felixkuemmerlen@bundeswehr.org | +49-5192-136- | Presenting
Kummerlen 242
Canada J.E. Webb | james.webb3@forces.gc.ca 819-994-2962 | Attending
Companies
Company Name Email Phone Participation
A-Gas Patricia Burns patricia.burns@agas.com 419-867-8990 Attending
Americas
A-Gas Taylor Ferranti taylor.ferranti@agas.com Attending
Americas
Kidde Kevin Leitch Kevin.leitch@utas.utc.com 252-246-7870 Attending
Kidde John Porterfield | John.porterfield@utas.utc.com | 252-246-8490 Presenting
Blazetech Albert Moussa firecourse@blazetech.com 781-759-6700 Presenting
ext. 200
Robertson Nick Twardokus nick.twardokus@robbietanks.c | 480-337-7081 Presenting
Fuel Systems om
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Rodgard Paul Ardovini pardovini@rodgard.com 716-852-1435 Attending
ext. 534

Rodgard Larry Stuck Istuck@rodgard.com 716-852-1435 Attending
ext. 525

SURVICE Ron Dexter ron.dexter@survice.com 937-431-9914 Attending

Engineering

SURVICE Jim Tucker Jim.tucker@survice.com 203-763-4959 Attending

Engineering

SURVICE Bill Spencer spence@service.com 410-457-4058 Attending

Engineering

Firetrace Brian Cashion bcashion@ftaero.com 480-607-2709 Attending

Meggitt Randy Fotinakes | randy.fotinakes@meggitt.com 770-684-7855 Presenting
ext. 4463

HARC Tom Cortina cortinaec@comcast.net Attending

Jensen Eric Forssell ericf@jensenhughes.com 410-737-8677 Attending

Hughes

Jensen Jerry Back JBACK@jensenhughes.com Presenting

Hughes

SWRI Don Grosch donald.grosch@SwRl.org 210-522-3176 Presenting

SWRI Matt Blais mblais@SwRI.org 210-522-3524 | Presenting

Presidio Greg Chambers | greg.chambers@presidiodef.co | 805-689-0004 Attending

Defense m

High Impact Tom Ohnstad tomo@hit-usa.com 503-639-0044 Attending

Technologies

High Impact Kirk Ohnstad Attending

Technologies

Hazard Jay Jesclard jjesclard@hazardprotection.co | 480-209-0058 Attending

Protection m

Systems, Inc

Hazard Candi Jesclard cjesclard@hazardprotection.co Attending

Protection m

Systems, Inc

The Al Thornton alfred.thornton@chemours.co 302-999-3937 Attending

Chemours Co. m

The Mark Robin MARK.L.ROBIN@chemours.co | 302-256-1423 Attending

Chemours Co. m

Tecate Group | Brendan bandrews@tecategroup.com 619-398-9754 Attending

Andrews

Spectrex Inc. Doug Kulick doug@spectrex.net 510-487-8545 Presenting

Amerex Kenneth Mier kmier@amerex-fire.com 205-655-5773 Presenting

Defense

Amerex Chris Howard choward@amerex-fire.com Attending

Defense

Polyhalon Casey Chapman | cchapman@polyhalon.com 913-220-3616 Presenting

Technologies

Pacific Stan Hartman Hartman@psemc.com 480-763-3190 Attending

Scientific

Energetic

Materials Co.

AMPAC- Bradford Colton | bradford.colton@ampac.us 702-699-4131 | Attending

Halotron

VTEC Neil Schultz neil@vteclabs.com 718-542-8248 Attending

Laboratories
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SEVO John Schuster JSchuster@SEVOSystems.co | 913-232-4444 Attending
Systems Inc. m
WSP Group Johan Agvist Johan.Aqvist@WSPGroup.se | +46 Attending
Sweden 703668502
General Jeff Santrock | jeffrey.santrock@gm.com 586-335-6207 | Attending
Motors LLC
Universities

University Name Email Phone Participation
University of James G. jimg@umd.edu 240-472-2016 Presenting
Maryland Quintiere
University of Peter Disimile | peter.disimile@uc.edu Presenting
Cincinnati
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AFES Survivability Requirements | $ UTc aerospace systems

Parameter Requirement

Fire Suppression Extinguish all flames without re-flash

Less than second degree skin burns:

Skin Burns <1316 °C-s over 10 s or heat flux < 160 kJ/m?

(<2400 °F-s over 10 s or heat flux < 3.9 cal/cmz)

Overpressure Max Lung damage: 80 kPa (11.6 psi ), Ear damage: 27.5kPa (4 psi)
Agent Concentration [Not to exceed LOAEL

CO, CO2, NO, NO2, HF, HCN, HBr, HCI, COF2, Acrolein,

Toxic Gases Formaldehyde
HF + HBr + 2*COF2 less than 746 ppm-min over 5 min
Oxygen Levels Not below 16%
Not to exceed hearing protection level:
Discharge Noise With hearing protection --—--- 162 dB
Without hearing protection - 140 dB
Discharge Forces Not to exceed 78 m/s? (8 g) over 30 ms and 20 psi at 5 inches
)
¢ Kidde

Dual Spectrum
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Polyhalon Technologies

What are Polyhalons?

Polyhalons are a novel approach to fire protection:

+ A solid polymer made up of Halon or Halon-like repeat units

— The stable polymer is in the solid state until a fire event at which point a

Halon-like, gaseous degradation productis released, essentially providing
a “smart Halon”

— In the solid polymer or neat form, the Polyhalon agent has no ozone
depletion potential (ODP), no greenhouse warming potential (GWP), and
no toxicity concerns associated with agent

* In the event of a fire, the polymer de-polymerizes at a specific temperature
releasing the Halon or Halon-like productinto the fire, extinguishing the fire

+ Can be utilized in neat form, e.g., a powder, or applied via a coating,
embedded into materials, etc.

Embedded Firefighting Agents Providing Protection 24/7
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Polyhalon Technologies
Performance and Benefits

+ Wil act on a fire to chemically inhibit a fire event and does so rapidly - on a millisecond
time scale with chemistry similar to Halon 1301

* Wil not release fire suppressing gases until a fire event occurs - smart release

* Remains active once released - will act to extinguish both primary (initial) and secondary
fire events

« Estimated: 0.02-0.03 Ib./cubic foot to protect a given area (multiple times more effective
on a pound for pound basis than current technologies)

+ Capable of being embedded into preexisiting materials to potentially provide weight
neutral protection

« Can be mixed with other technologies to provide custom, tailored solutions for platform-
based protection - adding to flexibility with performance and cost

« Clean agent with little or no char remains after the fire event and no chilling effects

« Effective on all types of fires

Embedded Firefizhting Agents Providing Protection 24/7
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Polyhalon Technologies
Environmental Considerations

In its neat state:
+ No ozone depletion potential (ODP)

+ No greenhouse warming potential (GWP)

Very little to no toxicity
+ Resistant to molds and mildews; impervious to biological actions and humidity

* Not caustic or corrosive

Embedded Firefighting Agents Providing Protection 24/7

Polyhalon Technologies

Polyhalon Compounds

Polymers That ‘Break’ Properly, Have Low Residual Char,
and May Serve as Polyhalon Fire Fighting Agents

Synthesized Compound Chemical Name Acronym Breaking Temperature
Polybromotrifluoroethylene PBTFE 300° C (572°F)
Polyvinyl Tribromoacetate PVIBA 210°C (410°F)
Poly[1.4-(2,2,3,3 tetrabromobutane) oxalate] PTBBO 265°C (509°F)

Embedded Firefizhting Agents Providing Protection 24/7
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Polyhalon Technologies
Technical Information

+ Particle size
— Emulsion form- can be contrelled, current particle size is micrometer size — lessthan 10
micrometersin emulsion formthat can coalesce during evaporation to forming larger particle

sizes or films
— Dry form - spherical in shape, diameter size ranges between ~ 200 - 450 nm; average 350 nm.
Can be formulated to readily coalesceinto films

+ Density
- ~2g/ml

* Heat Capacity and Thermal Conductivity
— Expectedtobe similar to CTFE (Kel-F) heat capacity ~0.859 JK-'g" and thermal conductivity
~0.200- 0.220 W/m-K)

+ Hydrophobic: moisture should not affect product or cause caking
+ Active agent molecular weight of 161

+ Acidic byproducts are similar to those of a Halon reagent that has acted on a
fire

Embedded Firefighting Agents Providing Protection 24/7

Polyhalon Technologies

Steps Needed to Use

* Further refinement of polymerization process

* End-use testing and registration
— EPA SNAP - not necessary as the technologyis a polymer, not a gas
- EPA TSCA

REACH (EU)

Specific end-use (e.g. ASTM E 84 Steiner Tunnel Test)

Others? Modality seems to differ with “standard” design tests...

+ Continued R&D to identify Polyhalons with various
depolymerization points, polymer properties and
deployment formulations

Embedded Firefizhting Agents Providing Protection 24/7
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S) L .. \
(%‘JQ Program Description

S

» TARDEC-funded project (began Oct. 2011)

* (Goal was to study the interaction of various threats
with liquid-filled tanks to better understand the
vulnerability of ground vehicle fuel tanks to attack.

» Experiments were conducted with water as a surrogate
for fuel.

N /
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|.{ "**) Ballistic Threat Testing

\

» The Viper shaped-charge generated a large
hydraulic ram and resulted in a very disruptive
fluid response

» Program re-focused to look at less-disruptive
ballistic threats

» Put more emphasis on the characterization of the

liguid spray exiting the tank

\_
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A

* 2 tests into water
» 2 tests into Viscor L4264V-96, a diesel reference fluid

» Results showed spray droplets generated by water and
diesel were essentially the same

D j Study of Fluid Type \

\_ /
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(@fﬁp Spray Characterization \

* Quantitative data related to spray characteristics
include:

— Droplet size
— Droplet size distribution
— Droplet velocity

— Velocity distribution, as a function of droplet size

- /
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(%;, by Measurement Techniques

* There are a number of techniques commonly used at SwRI for
droplet size, distribution, and velocity measurements:

— Laser diffraction and Mie scattering
— Phase Doppler Analysis (PDA)
— Particle/Droplet Image Analysis (PDIA)
* Commercial measurement products are available:
— Malvemn
— Oxford Lasers

— Dantec

— LaVision

nnnnnn
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Application to Liquid Sprays
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Propellant fire measurements
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Backup slides
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New concepts and opportunities

Approved for public release; distribution is unlimited.

179



Approved for public release; distribution is unlimited.

180



Approved for public release; distribution is unlimited.

181



Approved for public release; distribution is unlimited.

182



Approved for public release; distribution is unlimited.

183



Approved for public release; distribution is unlimited.

184



Approved for public release; distribution is unlimited.

185



Approved for public release; distribution is unlimited.

186



Approved for public release; distribution is unlimited.

187



Approved for public release; distribution is unlimited.

188



Approved for public release; distribution is unlimited.

189



Approved for public release; distribution is unlimited.

190



Approved for public release; distribution is unlimited.

191



Approved for public release; distribution is unlimited.

192



Approved for public release; distribution is unlimited.

193



Approved for public release; distribution is unlimited.

194



Approved for public release; distribution is unlimited.

195



Approved for public release; distribution is unlimited.

196



Approved for public release; distribution is unlimited.

197



Approved for public release; distribution is unlimited.

198



Approved for public release; distribution is unlimited.

199



Approved for public release; distribution is unlimited.

200



Approved for public release; distribution is unlimited.

201



Approved for public release; distribution is unlimited.

202



Approved for public release; distribution is unlimited.

203



Approved for public release; distribution is unlimited.

204



Approved for public release; distribution is unlimited.

205



Approved for public release; distribution is unlimited.

206



Approved for public release; distribution is unlimited.

207



Approved for public release; distribution is unlimited.

208



Approved for public release; distribution is unlimited.

209



Approved for public release; distribution is unlimited.

210



Approved for public release; distribution is unlimited.

211



Approved for public release; distribution is unlimited.

212



Approved for public release; distribution is unlimited.

213



Approved for public release; distribution is unlimited.

214



Approved for public release; distribution is unlimited.

215



Approved for public release; distribution is unlimited.

216



Approved for public release; distribution is unlimited.

217



Approved for public release; distribution is unlimited.

218



Approved for public release; distribution is unlimited.

219



Approved for public release; distribution is unlimited.

220



Approved for public release; distribution is unlimited.

221



Approved for public release; distribution is unlimited.

222



Approved for public release; distribution is unlimited.

223



Approved for public release; distribution is unlimited.

224



Approved for public release; distribution is unlimited.

225



Approved for public release; distribution is unlimited.

226



Approved for public release; distribution is unlimited.

227



Approved for public release; distribution is unlimited.

228



Approved for public release; distribution is unlimited.

229



Approved for public release; distribution is unlimited.

230



Approved for public release; distribution is unlimited.

231



Approved for public release; distribution is unlimited.

232



Approved for public release; distribution is unlimited.

233



Approved for public release; distribution is unlimited.

234



Approved for public release; distribution is unlimited.

235



Approved for public release; distribution is unlimited.

236



Approved for public release; distribution is unlimited.

237



Approved for public release; distribution is unlimited.

238



Approved for public release; distribution is unlimited.

239



Approved for public release; distribution is unlimited.

240



Approved for public release; distribution is unlimited.

241



Approved for public release; distribution is unlimited.

242



Approved for public release; distribution is unlimited.

243



Approved for public release; distribution is unlimited.

244



Approved for public release; distribution is unlimited.

245



Approved for public release; distribution is unlimited.

246



Approved for public release; distribution is unlimited.

247



Approved for public release; distribution is unlimited.

248



Approved for public release; distribution is unlimited.

249



Approved for public release; distribution is unlimited.

250



Approved for public release; distribution is unlimited.

251



Approved for public release; distribution is unlimited.

252



Approved for public release; distribution is unlimited.

253



Approved for public release; distribution is unlimited.

254



Approved for public release; distribution is unlimited.

255



Approved for public release; distribution is unlimited.

256



Approved for public release; distribution is unlimited.

257



Approved for public release; distribution is unlimited.

258



Approved for public release; distribution is unlimited.

259



Approved for public release; distribution is unlimited.

260



Approved for public release; distribution is unlimited.

261



Approved for public release; distribution is unlimited.

262



Approved for public release; distribution is unlimited.

263



Approved for public release; distribution is unlimited.

264



Approved for public release; distribution is unlimited.

265



Approved for public release; distribution is unlimited.

266



Approved for public release; distribution is unlimited.

267



Approved for public release; distribution is unlimited.

268



Approved for public release; distribution is unlimited.

269



Approved for public release; distribution is unlimited.

270



Approved for public release; distribution is unlimited.

271



Approved for public release; distribution is unlimited.

272



Approved for public release; distribution is unlimited.

273



Approved for public release; distribution is unlimited.

274



Approved for public release; distribution is unlimited.

275



Approved for public release; distribution is unlimited.

276



Approved for public release; distribution is unlimited.

277



Approved for public release; distribution is unlimited.

278



Approved for public release; distribution is unlimited.

279



Approved for public release; distribution is unlimited.

280



Approved for public release; distribution is unlimited.

281



Approved for public release; distribution is unlimited.

282



Approved for public release; distribution is unlimited.

283



Approved for public release; distribution is unlimited.

284



Approved for public release; distribution is unlimited.

285



Approved for public release; distribution is unlimited.

286



Approved for public release; distribution is unlimited.

287



Approved for public release; distribution is unlimited.

288



Approved for public release; distribution is unlimited.

289



Approved for public release; distribution is unlimited.

290



Approved for public release; distribution is unlimited.

291



Approved for public release; distribution is unlimited.

292



Approved for public release; distribution is unlimited.

293



Approved for public release; distribution is unlimited.

294



Approved for public release; distribution is unlimited.

295



Approved for public release; distribution is unlimited.

296



Approved for public release; distribution is unlimited.

297



Approved for public release; distribution is unlimited.

298



Approved for public release; distribution is unlimited.

299



Approved for public release; distribution is unlimited.

300



Approved for public release; distribution is unlimited.

301



Approved for public release; distribution is unlimited.

302



Approved for public release; distribution is unlimited.

303



Approved for public release; distribution is unlimited.

304



Approved for public release; distribution is unlimited.

305



Approved for public release; distribution is unlimited.

306



Approved for public release; distribution is unlimited.

307



Approved for public release; distribution is unlimited.

308



Approved for public release; distribution is unlimited.

309



Approved for public release; distribution is unlimited.

310



Approved for public release; distribution is unlimited.

311



Approved for public release; distribution is unlimited.

312



Approved for public release; distribution is unlimited.

313



Approved for public release; distribution is unlimited.

314



Approved for public release; distribution is unlimited.

315



Approved for public release; distribution is unlimited.

316



Approved for public release; distribution is unlimited.

317



Approved for public release; distribution is unlimited.

318



Approved for public release; distribution is unlimited.

319



Approved for public release; distribution is unlimited.

320



Approved for public release; distribution is unlimited.

321



Approved for public release; distribution is unlimited.

322



Approved for public release; distribution is unlimited.

323



Approved for public release; distribution is unlimited.

324



Approved for public release; distribution is unlimited.

325



Approved for public release; distribution is unlimited.

326



Approved for public release; distribution is unlimited.

327



Approved for public release; distribution is unlimited.

328



Approved for public release; distribution is unlimited.

329



Approved for public release; distribution is unlimited.

330



Approved for public release; distribution is unlimited.

331



Approved for public release; distribution is unlimited.

332



Approved for public release; distribution is unlimited.

333



Approved for public release; distribution is unlimited.

334



Approved for public release; distribution is unlimited.

335



Approved for public release; distribution is unlimited.

336



Amerex Corporation

* Located in Trussville, Alabama (a Suburb of Birmingham, AL)
= 500+ Employees

= 390k sq. ft. Mfg. Space / 38k sq. ft. Office / 5k sq. ft. Indoor Test Facility
with 900 sq. ft. Environmentally-Friendly Burn Room

* Financially Sound US Based Company (a Division of McWane Inc.)

* Production of up to 3.4 million Extinguishers and Suppression Systems
Annually

= [SO 9001-2008 1SO 14001-2008 Certified

Amerex Timeline

1971- Amerex Established in Trussville we begin to manufacture Hand Held and
Wheeled Extinguishers

1990- Amerex introduces our Commercial Vehicle Fire Suppression Systems
1990- Amerex purchases Getz Manufacturing

1995- Amerex introduces our Commercial Kitchen Fire Suppression Systems
1999- Amerex is purchased by McWane Inc.

2001- Amerex introduces our Commercial Industrial Dry Chemical Fire Suppression
Systems

2007- Amerex introduces CPS (Pre-Engineered Clean Agent Systems) using
FM200 and Novec 1230

2008- Amerex establishes Janus Fire Systems our Engineered Systems company.
2010- Amerex establishes our Defense Division

2011- Amerex purchases Solberg Foam and establishes our Foam Division

locations in Norway, Australia, Great Britain and the United States (Green Bay, WI).
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Why Run ‘Pre-Aberdeen’ Fires /
Concentration Tests at Amerex?

» Each program we encounter has specific design challenges in terms
of vehicle configuration and available hardware mounting locations.
We have the capability to rapidly mock-up test modules and test
on-site at Amerex, or at vehicle OEM location, as needed.

* Crew cab discharge tubing length, configuration, UV/IR optical
detection location and nozzle design are all validated together
against fire-out time requirements.

* Agent concentration sampling tests validate internal crew cab
volumes to balance effective fire extinguishment with
concentrations safe for crew members.

* These live fire tests provide crucial system design validation prior to
performing formally-witnessed Aberdeen fire tests, thereby vastly
decreasing overall system development time and reducing
program risk.
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Data Acquisition

Our Data Acquisition Capabilities Include,
but are not limited to:

* Nozzle Pressures

* Cylinder Pressure Decay

* Discharge Noise Levels

* Acceleration Forces

* Fire Detection Time

* Fire Out Time

* Agent Distribution Confirmation

* Agent Concentration Data (Six Point Analyzer)
* High Speed Video Recording
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Summary

" Fire Suppression System that meets or exceeds all performance
requirements

* Commonality of components between the TWV fleet.

® Interoperability

= COTS, fully tested, cost effective, combat proven system.
= Tested per MIL-STD-810G, MIL-STD-1275D, MIL-STD-461F.

= Strong onsite and office based support staff including engineering
and field technicians.

= Ability to meet large quantity production demands. Produced
1000+ MATV Crew and Engine AFES per month plus met spare
parts demand.

= Complete Systems Approach: Vertical Integration
including Design, Development, Testing, Validation,
Manufacturing, and Support.

For More Information,
Please Contact:

Ken Mier
General Manager, Amerex Defense
kmier@amerex-fire.com
205-706-2346

Jeff O’Donnell
VP of Sales Amerex Defense
jodonnell@amerex-fire.com
205-577-2828
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List of Symbols, Acronyms, and Abbreviations

3-D 3-dimensional
AFES automatic fire extinguishment system
ARL US Army Research Laboratory

ASA-ALT  Office of the Assistant Secretary of the Army for Acquisition,
Logistics and Technology

ATC US Army Test Center

CFD computational fluid dynamics

DOD US Department of Defense

EPA US Environmental Protection Agency
FES fire extinguishment system

FAA US Federal Aviation Agency

FPM Fire Protection Model

FR flame-retardant

GWP global warming potential

halon halogenated hydrocarbon

HDRam hydrodynamic ram

JANNAF Joint Army Navy NASA Air Force

Li lithium

NAVAIR US Naval Air Systems Command

NRL US Naval Research Laboratory

NSRDEC Natick Soldier Research, Development and Engineering Center
ODP ozone depletion potential

ODS ozone-depleting substance

Approved for public release; distribution is unlimited.

365



SCJ shaped charge jet
SwRI Southwest Research Institute

TARDEC US Army Tank Automotive Research, Development and
Engineering Center

TIPS Thermal Injury Prevention Strategy

ucC ultracapacitor
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