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Engineers Develop First Response
Expeditionary (FRE) Fire Vehicle

Engineersat the Air Force Research
Laboratory (AFRL) have developed a
deployable, lightweight vehicle that
provides crash and rescue firefighting
capability inavariety of missionprofiles.
TheFirst Response Expeditionary (FRE)
FireVehicle, devel opedtomeet Air Combat
Command and Civil Engineering
reguirements, has already established its
value during Operation Iragi Freedom,
when several of the units were deployed
to protect helicopters, aircraft, tent cities,
and other bare base operations.

The standard fire truck usually
deployed to remote locations for
firefighting purposes is the P-19
firefighting vehicle, which usesAqueous
FilmFighting Foam (AFFF). However, the
P-19ismost effectivein extinguishing 2-
D (pool) fires. Many times, pool fires
become 3-D when they arefed by fuel or

another flammabl eliquid that comesfrom
an aircraft’s damaged fuel or hydraulic
lines. Thisphenomenon makesthefire
extremely difficulttoextinguish.

In responseto an urgent need for an
easily operable, lightweight air
transportable, highly-effective fire-
fighting system, engineers at AFRL’s
Materialsand M anufacturing Directorate
(ML) Airbase Technologies Division
developedasystem capableof effectively
and successfully fighting both 2-D and 3-
D (running fuel fires) hydrocarbon fuel
fires.

The First Response Expeditionary
FireVehicle, developedtobridgethegap
betweenflightlinefireextinguishersand
full-sized crash and rescuefiretrucks, is
ideal for small aircraft and helicopter
crashes, for hot pit refueling, and for tent
city or deployed basefireprotection. Itis

designedtoprovidefirefighterswiththe
quick-reaction capability to extinguish
small aircraft or structural fires before
they becomeuncontrollable. Thevehicle
canbeoperated with minimal training or
experience, isvirtually maintenancefree,
and is adaptable to a wide variety of
mission profiles and vehicle platforms.
In addition, the FRE vehicleis sized to
occupy minimal pallet space on acargo
aircraft, and offers reduced water
reguirements and equi pment weight.

The FRE vehicle consists of a
Rosenbauer Ultra High Pressure Water
Systemwithasix-cylinder, 22 horsepower
Briggs and Stratton engine, and a 1500
psi (pounds per squareinch of pressure)
pump. The 60-gallon systemiscapable
of providing 14 gpm (gallonsper minute)
of foam/water to the aspirated/non-
(continued on page 3)

The First Response Expeditionary (FRE) Fire Vehicle sits in front of a much larger P-19 firetruck at a small U.S. seized Iragi airbase.
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Directorate Researchers Validate Capabilities
of Hydraulic Fluid Purifier

A team of expertsfrom Air Force Research
Laboratory’s Materials and Manufacturing
Directorate (ML) recently conducted
specialized testing on purified hydraulic fluids
to validate a new piece of hydraulic ground
test and support equipment, which isin the
process of procurement by the Support
Equipment Program Management Division at
RobinsAFB, Ga. Researchersverified that the
system, a combination hydraulic ground test
stand with abuilt-in hydraulic fluid purification
system, is capable of reducing air, moisture,
dirt and solvent contaminants in used
hydraulic fluid to acceptable levels, and that
used fluid can be reused rather than replaced.

By verifyingtheeffectivenessof hydraulic
fluid purification processes, ML expertshave
pushedthetechnology onestepfurther towards
applicationinthefield. Purification processes
areexpectedtobeaviablemethodfor reducing
the source of the Air Force's second largest
waste stream by 75 to 90 percent without
negatively affecting the maintainability of
aircraft hydraulic systems. |mplementation of
purification processesareexpected to provide
theAir Forcewithmillionsayear insavingsby
eliminating procurement and hazardouswaste
disposal costs. Additional savings are
expected due to the simplification of the life
cycle of the fluid and a reduction in quality-
assurancetesting. Improvedreliability andlife
extension of hydraulic system componentsin
theaircraft will beachieved through the use of
cleaner purified hydraulic fluid in aircraft
hydraulic systems. In addition, the new
equipmentwill bethefirst computer controlled
test stand and hasbeenlong awaited by aircraft
maintainersinthefield.

Hydraulic fluids are a critical, safety of
flight material for all Air Force aircraft.
Hydraulically actuated mechanisms are
responsible for a large number of aircraft
functions ranging from highly sophisticated
flight controls to applications such as
accessory door actuation. TheAir Forcealone
uses approximately 1,500,000 gallons of
hydraulic fluid per year, costing over $15
million in procurement and disposal costs.

Currently, during routine aircraft
maintenance, the used fluid from aircraft and
components is drained and disposed of as
hazardouswaste. But, theAir Forcetechnical
order covering hydraulic fluids was recently
changed to allow reintroduction of purified
fluid, whichwould be purified with anAir Force
approved purifier, into the aircraft.

Top: Hydraulic system maintainers inspect the Air
Force's next generation hydraulic test stand.

Right: A combination hydraulic ground test stand
with a built-in hydraulic fluid purification system.

Malabar International, acompany based
in Simi Valley, Calif., developed four similar
hydraulic ground test and support, purifier
combination systems to meet varying Air
Force requirements. Because every aircraft
has redundant hydraulic systems, Malabar
developed both two- and three-system test
stands. Inaircraft with four hydraulic systems,
asis found in the B-2, two two-system test
stands can be used simultaneously to
accomplish maintenance. To meet varying
deployment requirements, they developed
separate test stands that run on either diesel
or electricity.

Scientists and engineers from ML's
Nonstructural Materials Branch participated
in a collaborative program with program
managers at Robins AFB, the Aeronautical
Systems Center’sAging Aircraft and Pollution
Prevention offices, and Malabar | nternational
to verify whether the system could achieve
the desired degree of cleanlinessand valuein
the fluid in the required amount of time.
Directorate experts added water, chlorine,
particles, and air to 40 gallons of hydraulic
fluid in order to recreate the contaminants a

fluid would acquireduring itsuseinan aircraft.
Thenthey ranthetest stand/purifier for several
hours, taking samplesevery hour, and bringing
themto their laboratoriesfor specialized water,
solvent and particle determination, and air
content testing. Their testing results
demonstrated that the purifier would be
successful in cleaning the fluid, and that
purified fluid was acceptable for
reintroduction to aircraft hydraulic systems.

Field trials of the test stand are the next
andfinal validationrequirementfor thesystem.
If the tests are successful, Malabar will build
and deliver 600 separate systems for the Air
Force.

For more information, contact the M aterials and
Manufacturing Directorate’s Technology
Information Center at techinfo@afrl.af.mil or
(937) 255-6469. Refer toitem 03-301 .
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Beryllium-Aluminum Alloys Reduce Weight Of Spacecraft Components
And Provide Greater Stiffness Than Conventional Materials

Scientists and engineers at the Air Force
Research Laboratory’s Materials and
Manufacturing Directorate(ML ), workingwith
industry, demonstrated thefeasibility of using
beryllium-aluminum alloys to fabricate
componentsfor spacecraft. The project team
succeeded in producing multiples of near net
shape and net shape parts and in joining
subassemblies to make complex structures
like those used on spacecraft.

Beryllium-aluminum alloys could help
reduce the weight of vital spacecraft
components, whileincreasing payload and/or
performance. Continued research in this
promising area could lead to expanded
applications and streamlined manufacturing
processes, as well as significant cost
reductionsfor theAir ForceandtheDepartment
of Defense.

Beryllium-aluminum (Be-Al) alloyshave
been used in a number of high performance
applicationssuchasgasturbineengines, racing
cars, space launch vehicles and satellite
structures, dueto auniquecombination of low
density (~0.08 Ibs/in® or ~2.2 g/cc) and high
stiffness(~30x10°ps or ~200GPa). Thespecific
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Beryllium-Aluminum Micrograph

strength and stiffnesscharacteristicsof Be-Al
exceed those of traditional titanium alloys.
These properties enable reduced structural
weight and increased payload and/or
performance. Be-Al is also of interest as a
replacement for pureberyllium (Be), because
it offersmuch greater stiffnessthan Al alloys
atlower material costthan pureBeandimproved
formability, enablingfabricationintonear-net
shapes and further cost reductions.

Todate, Be-Al hasbeenusedinonly afew
spacecraft component parts. That could
change, however. Researchers at ML are
engaged in a dynamic research and
development effort as part of the Metals
Affordability Initiative (MAI), designed to
extend the use of Be-Al to both primary and
secondary structural space applications. Be-
Al alloys being investigated under this
program cover a Be content range of 35-65
percent by weight, with afocus on materials
withlower Becontents, tobetter managecosts.

Theproject team, overseen by researchers
in the directorate’s Metals, Ceramics and
NondestructiveEvaluation (NDE) Division,is
comprised of spacecraft original equipment

manufacturers(OEMs) and material suppliers.
OEMshavedesign and component validation
responsibility for the collaboration and the
material suppliers have the lead role in
developing cost effective manufacturing
technologies.

So far, the Be-Al MAI program has
succeeded in increasing the technology base
and has demonstrated cost effective
manufacturing capabilities for fabricating
prototype components. The project team has
successfully formulated and demonstrated the
worthiness of adetailed collaborative design
process and the feasibility of producing near
net shape and net shape parts. They have
joined subassemblies to make complex
structures and made significant progress in
materials devel opment, component selection
and design, and component fabrication and
testing.

A major accomplishment of thisresearch
and development effort has been the
successful production of multiples of two
important structural components. Validation
testing is underway and both Be-Al
components are expected to fly on spacecraft
duringthe2004-2005timeframe. Thisresearch
program has increased the technology base
and demonstrated cost effective
manufacturing capabilities in prototype
components derived from a detailed
collaborative design process. These
advancementswill benefit the space program
and national security, and could lead to
important applications in the commercial
sector.

For moreinformation, contact the Materialsand
Manufacturing Directorate’s Technology
Information Center at techinfo@afrl.af.mil or
(937) 255-6469. Refer toitem 03-337.

FireVehicle

(continued from page 1)

aspirated nozzle, whichdeliversthefirefighting
agents in either a mist, stream, or aspirated
foam. The unit, fabricated by ML engineers,
usesaJohn Deeremilitary gator asitsvehicle
platform.

Engineers from ML made several
modificationstothe FRE systemtoincreaseits
effectivenessincluding: changingtheoriginal
nozzle design to combine aspirated and non-
aspirated foam functions; increasing the
enginesizetoaccommodateahigher flow rate;

exchanging the foam tank for a standard five
gallonfoam can; adding asump pump to draft
water from alternative sources; and adding a
1kW generator to operate additional tools.

Research efforts also included working
withthe System Program Officeat EglinAFB,
Fla.,toobtainair drop/air lift certification of the
system. Thistook placein April 2003 at Pope
AFB, N.C., when an FRE was successfully
droppedthreetimesfromaC-130at analtitude
of 15,000feet.

ML delivered six prototype units to the
Air Combat CommandandtotheU.S. Central

Command Air Forces. Two more units are
scheduled to be provided to the Air Force
Special Operations Command. Through on-
going AFRL efforts, thistechnology isbeing
transitioned to Rosenbauer America, whowill
make the system available for additional fire
protection and crash and rescueeffortsviathe
General ServicesAdministration.

For moreinformation, contact the Materialsand
Manufacturing Directorate’s Technology
Information Center at techinfo@afrl.af.mil or
(937) 255-6469. Refer to item 03-201.
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High Temperature Polymer Composites For Propulsion - FA8650-04-C-5001

Durable High-Temperature Superalloy Disks - F33615-03-C-5229

Durable High-Temperature Superalloy Disks - F33615-03-C-5230

Fourth Generation Superalloy Compatible Thermal Barrier Coatings - F33615-03-C-5231

Advanced Lightweight Hybrid Mirror For Space Based Applications - F33615-03-C-5211

Research On Advanced Nondestructive Evaluation Methods For Aerospace Materials - F33615-03-C-5219
Research On Advanced Nondestructive Evaluation Methods For Aerospace Materials and Processes -
F33615-03-C-5220

Strategy And Software Environment For Virtual Design - F33615-03-C-5226

Production Technology For Replica Seeker Mirrors - F33615-03-M-5725

Universal Building Blocks For Modular Photonics - F33615-03-C-5444

Laser Materials Technology For Countering Optical Guided Missiles - F33615-03-C-5403

Fabrication Of Polycrystalline Infrared-Transparent Ceramics - F33615-03-C-5414

Gallium Nitride Wafer Preparation For Epitaxial Growth - F33615-03-C-5419

Development Of A Resonant Microwave Technology - F33615-03-M-5429

Manufacturing Process For Production Of Doped Gallium Nitride Crystals - F33615-03-M-5434
Superlattice Materials For Very-Long Wavelength Infrared Detection - FA8650-04-C-5423

Logistics Fuel Organic Sulfur Trap For Fuel Cell Used By Air Expeditionary Forces - F08630-03-C-0206
Closed Cell Foam Material Technology - F08637-03-C-4009

Firefighter Effectiveness Research - F08637-03-C-6016

Decontamination Of Aerosols And Airborne Particles - F08637-03-C-6021

Filter For Airborne Pathogens And Toxic Liquids - F08637-03-C-6022

Air-Transportable, Gaustic Production System - F08630-03-C-0208

NEW START Contracts
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www.afrl.af.mil

>

TheUSAF MaterialsTechnology Highlightsispublished quarterlytoprovideinfor mation on materialsresear ch and devel opment
activitiesby Air ForceResear ch L aboratory’ sM aterials& ManufacturingDir ector ate. For mor einfor mation on subjectscoveredin
“Highlights’ or tobeaddedtothe" Highlights’ mailinglist, contact theM aterials& ManufacturingDir ector ateTechnology | nformation

Center at (937) 255-64690r e-mail at techinfo@afr|.af.mil. Approved for Public Release(ASC/PA#03-3154).

AFRL/MLOP-TICBLDG. 653
2977 HOBSON WAY, ROOM 406
WRIGHT-PATTERSON AFB OH 45433-7746

OFFICIAL BUSINESS

7
Air Force

Research Laboratory
AFRL

AR rorce MATERIALS TECHNOLOGY HIGHLIGHTS




