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Foreword

As the nation’s premier research organization for aviation technology, the Federal Aviation
Administration’s (FAA) aircraft research and development (R&D) program has made
significant contributions to assure the safety, efficiency, and cost effectiveness of the national
aviation system. Today that system is under heavy pressure to keep pace with rising traffic
demand, needs for essential safety and security improvements, airspace user requirements for
more flexible and efficient air traffic management operations, and demands for further
mitigation of the environmental impacts of aircraft operations. To meet these future
challenges, the FAA employs a comprehensive research, engineering, and development
program that assures all available resources remain customer-focused and targeted on the
highest priority activities.

The fundamental mission of the FAA is to foster a safe and efficient air transportation
system. With respect to safety, the FAA'’s goal is to establish an operating environment that
promotes an error free system that produces no accidents or fatalities. The mission of the
Airport and Aircraft Safety R&D Program is:

T o provide a safe global air transportation system by developing technology,
technical information, tools, standards, and practices to promote the safe operation
of the civil aircraft fleet.

This report contains highlights of the major accomplishments and applications that have been
made by Airport and Aircraft Safety researchers and by our university, industry, and
government colleagues during the past year. The highlights illustrate both the broad range of
research and development (R&D) activities supported by the FAA and the contributions of
this work in maintaining the safety and efficiency of the national aerospace system. The
report also describes some of the Division’s most important research and testing facilities,
considered to be some of the most scientifically advanced in the world. For further
information regarding this report, contact Mr. Thomas J. O’Brien, Technical Assistant for
Programs, AAR-400, FAA William J. Hughes Technical Center, Atlantic City International
Airport, NJ 08405, (609) 485-4143, or Mr. Joseph Manning, Technical Assistant for
Facilities, AAR-400, FAA William J. Hughes Technical Center, Atlantic City International
Airport, NJ 08405, (609) 485-5397.

Chris C. Seher
Director
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Structural Integrity




Engineering Approach to Predict
Residual Strength of Fuselage
Panels With WFD

Widespread faggue damage (WFD) in the
form of small cracks enmating from
multiple rivet holes in the fuseda lap
splice joint can degrade the loadrgamng
capabilty of an arcraft below the oginal
certification requirements. Tools and
methodologies to evadte the effect of
WED on the structural inggity of aircraft
are under deelopment. One of tise

tools, an enginearg approach for
evaluatng the residal strangth of fuséage
panels with WFD, is being developby
the FAA. The appoach,developedy
Broek and Swift, assumes that the smaller
crack will be absorbedylthe main lead
crack hrough plastic collapsef the net
section lgpament. Referred to as the
plastic zone linkup criterion, this occurs
when the plastic zones from the lead crack
and smaller crack meet. The gesry of
the plastic zones is determined from
appropriate values of the stress-intgnsi
factors GIF).

The engineerng appoach haseen
successfuly applied to predict the residl
strength in flat panels containing various
multiple crack confjurations. The flat
panels were testday the FAA at the
Nationallnstitute of Standards and

OTest, deWit et al, NIST

@ Engineering Approach, Broek and deW it
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Technobgy (NIST). On aerage, the
difference between hhe experiments and

the predictions of the fraate strength was
13%. The agineerng approach is

appealing since it can be used in numerous
parametic studies to screen a large

number of cases to idefyticritical
configurations, which may then be

andyzed in more detail.

To furtherdevelop the engeerng
approach to predict the residual stignof
curved fuselge panels with WFD, the
effect of buging has been incorporated
into andysis. Finite element results
generded in a parametric sy were sed
to derive an epression forhe bulging
factor for unstiffened shells using
dimensional angsis. The shapef the
bulging profile was modeled andad in
an enegy balance aproach toderive an
expression for the bulging factor, which
was incorporated into thexgineerng
approach. The resulting methoogy was
used to predict the residual stg¢h of an
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unstiffened fuselge panel with multiple-
site damage (MSD). he difference
between thexgperimental and the
prediction of the fracture stngth was 7%.

POC: Dr.John Bakuckas, AAR-431,
(609) 485-4784.



Bulging Factors for Predicting
Residual Strength of Fuselage
Panels With WFD

An engineerng approach for evaluaij

the residual strength of fuselage panels
with widespread fatigue damage (WFD) is
beingdevelopedoy the FAA. The
approachgdevelopedy Broek and Swift,
uses the residual stigth diagram

modified to include multiple-site damage
(MSD) cracks.lt is assumed that the MSD
crack will be absorbedylthe main lead
crack hrough plastic collapsef the net
section lgpament. Referred to as the
plastic zone linkup criterion, this occurs
when the plastic zones from the lead crack
and MSD crack meet. The geomyetf

the plastic zones is determined from
appropriate values of the stress-intgnsi
factors GIF).

A two-part invesigation was conducted to
generde bulgng factors for pressurized
unstiffened and stiffened $alage
structures.In the first part, biging factors
and crack profiles were lkaulated ér a
variety of canfigurations using a global-
local hierarchical (GLH) appach usng
nonlinear finite element ahgses.
Comparisons with bulging factofisfrom
the literature (Riks and Chen and Schijve)
were sed to validate the GLH appaich.
Once valid#ed, results showed thatrf

the unstiffened cases, thelgung factor
increases as the cradlength hncreases and
decreases abd applied pressure
increases. Forhe stiffened cses, the
effect of an intact and bken central strap
on the bulgng factor and strap stresses
was studied. An intact central strap
significanty reduces both the bging

effect and the stresses in the adjacent strap
compared to aroken central strap.

m O GLH Approach
U  Riks
— ChenandSchijve

Pressure (psi)

In thesecondpart, results from the GLH
approach were used to deria
generalized &pression for the dging
factor for unstiffened fuselage pels
using a dimensionalalysis. The shape
of the bulgng profile was acaratdy
modeled and used in an eggbalance
approach talerive an gpression for the
bulging factor. Fer all cases, the derived
expression was within a fepercent of the
results generated using the GLH approach.

4~

pR/t = 5 ksi
pR/t = 10ksi
pR/t = 15ksi
pR/t = 20ksi

< >0Oo

/6

__ = 1+o.775§5§l/3§%@5

T S S S NS S S|
0.05 0.10 0.15 0.20

a/R

The repoted solutions for the bulgg
factors will be used in future work to
predict the residual strength ofstlage
panels containing widespread fatigue
damage.

POC: Dr.John Bakuckas, AAR-431,
(609) 486-4784.



Enhanced Repair Assesrent
Procedure and Integrated Design
(RAPID)

A critical issue identifiedby the aviation
industry is the need toxamine the effects
of fuselage skin repairs on the structural
integrity of the aircraft. The incorporation
of damage tolerance methodaleg in the
maintenance and repair practices of
aircraft is required in order to insure their
continued airworthiness and operational
safdy. The resources needast lamage
tolerance dagns of repairs are lacking for
small operators, independent repair
facilities, and militay repar depots.In an
effort to adiress this need,task was
undertaken under the joint sponsorship of
the United States Air Force and the FAA
to develop a newsar-friendy software
tool, Repair Assessment Procedure and
Integrated Dagn (RAPID), cgpable of
static stregth and damge tolerance
andyses of fiselage skin repairs.

RAPID is a Windows-bsed, user-frienky
repair ankysis and degn software tool
that can run on a PC computer with
minimal hardware and software
requirements.
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The development of RAD has been
undertaken in two plsas. Phase 1,
completed March 1996, considered simple
fuselage skin repairdn Phae 2,

completed in November 1997 one

common fuselage skin repairs found in
industrly are considered including repairs
near other repairs, repairs of splice joints,
and repas over stiffeners. fAe analysis
features include:

* Two-dimensional fasteer loads
» Stress spectrum options:
- Generic pectrum br the narrow-
and wide-bdy aircraft
- User-specified stress spectrum
- Equivalent stress
» Two crack growth angsis options:
- Simplified, based on Walker’s
Equation
- Cycle-by-cycle
» Crackgrowth angysis in the
longitudinal and circumferential
directions

All aspects of the daage tolerance
andysis methodalgy in RAPID were
evaluated. A comparison of the results
from thecycle-by-cycle and the simplified
crack growth models using argic stress
spectrum is shown below. Due to the
excellent agrement, the simplified
approach cabe used to obtain a quick and
accurate solution whenteedation effects
can beneglected.

Generic Spedrum
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POC: Dr.John Bakuckas, AAR-431,
(609) 485-4784.



Supplemental Inspection
Documents for Commuters

Increased utilization, longer operational
lives, and the higkafety demands
imposed on curreht operatng air carrer
airplanes hee indicated that there is a
need for a pspgram to provide for aigh
level of structural integmtfor all airplanes
in the commuter transport fleet.
Supplementalnspection Program$iP)
have been used succesbkfub provide
this level of safty in the large transport
segment of the indust

To extend this concept to commuter
categoy airplanes, the FAfproposes
changes to require alligplanes operated
under CFR Part 121, all U.S.-registered
multiengine airplaes operated under part
129, and all multiengineiglanes used in
scheduled operations conductedierpart
135 to undergo inspections after theil'14
year in serice to ensure their sictural
integrity. The proposed rule would also
require thadamage tolerance (DT) -based
SIPs be deeloped for these aitgnes

Cc402 I

before pecific deadlines. This proposal
represents a critical step toward
compliance with the ging Aircraft Safay

Act of 1991. It ensures the continuing
airworthiness of ging airplanesuy
apdying modern DT malysis and
inspection techniques to older airplane
structures that were certificated oef
such techniques were available.

Many commuter airplane manufacturers
and operairs do not have the large
enghneering staffs, bdgets, or ffeet sizes
to support a gogram as gtensive as the
large transport program. To ease this
burden, the FAA is assisting U.S.
manufacturers adelected airplane nuels
to develop Supplementhlispection
Documents $IDs) which could then be
used ly operators to develo@Ps In

addition, other manufacturers can also use
theseSIDs as guidance matat as tley
develop the documentsrftheir aircraft
models. SIDs are under delopment for
three models ofiecraft rgpresenting a
cross-section of the commutéeét:

Cessna 402, Fairchild Metro 227, and the
Piper Navajo.

To date, Cessna has developed inspection
thresholds and intervals for each of the
principal structural elements (PSESs) for
the Model 402 through the use of DT-
based arlgses. A PSE is an element of
structure that carries a sifjonant amount

of load and is essential in maintaigitine
overall structural integntof the aircraft.

The inspection thresholds and iMals, as



well as recommendations andsdeptions
of inspection techniques, will form the
basis for theSID, which is to be completed
eaty nextyear. Fairchild has identified a
list of PSEs and determined the
correspondig stress spectrunoifuse in

the DT andysis of the M&o airplane. It

is anticipated that Piper will gan
developing &ID for the Navajo airplane
eaty next year.

POC: Mr. Richard Micklos, AAR-432,
(609) 485-6531.

FAA-NASA Fracture Testing of
Stiffened Panels With Multiple-
Site Danage (MSD)

A joint FAA-NASA experimental pogram
has been catucted to evalate the effect
of multiple-site damage (MSD) cracking
on the stragth of stiffened, flat paels.
MSD cracking is a scenario thdas
potentialy caastrophic cosequences for
commercial airliners and militg transport
aircraft. Each time an aircratft flies, it
undergoes aressurization of the fukage
structure, gposing the aircraft skin and
internal structure to eyclic stress. These
aircraft havebeendesigned to withstand
this gyclic operatimg stress even with a
single large (10 inches or more in gth)
crack. Such a lead crack would be
detected, usmexisting inspection
technology, before it grew to &ngth
(critical length) that threatened the
structure. Howevelif in addition to the
single long crack a number of small MSD
cracksdeveloped in a concentrated area
(along a rowof rivets for example), then
the critical length of the lead crack would
be sharpy reduced. he shorter the
critical length of the lead legth, the less
the chance that the crack would be
detecteddy inspection. Moreover, the

typical size of the MSD cracks (0.01-0.05
inch) are too small to be confidénfound
using existing inspection technolggso

the operatomay have naprior indication

of impending feet MSD problems.

The objective of this joint FAA-NASA
experimental program was to conduct
fracture tests to evalteand quanty the
effect of MSD crackig on stiffeed

panels. Ten, 40-imewide panels of
0.063-inch-thick 2024-T3 aluminum alloy
were teted. Fiveof the panels had riveted
stiffeners to simulate tear straps of an
aircraft fuselage; the other five s

were unstiffened. fAe crack
configurations tested were (1) agle 8-
inch lead crack, (2) a single Beh lead
crack in line with 24 open les, (3) a
single 8-inchlead crack with 24men

holes with a 0.01-inch-tay crack on both
sides of each hole, (4) a sie@-inch lead
crack with 24 open holes with a 0.034Ac
long crack on both sides of each hole, and
(5) a sngle 8-inchlead crack with 24 open
holes with a 0.05-inch-tay crack on both
sides of each hole. During each test,
applied load, crack gwth, strain at 60
locations, and large areay, and z
displacements were memsd. The results
indicate that the psenceof the small



MSD cracks reduced the load required to
fail the stiffened and unstiffened panels by
more than 25%. The results of this study
will provide experimental data to show
that MSD cracking sharply reduces the
critical load for stiffened structures and
will be used to verify analytical fracture
models. Once verified, these analytical
fracture models can be used to predict
when an aircraft would develop MSD
cracking, determine inspection intervals to
maintain safety in the presence of MSD,
and evaluate repairs suggested to eliminate
MSD problems.

The following figure is a photograph of a
40-inch-wide, flat, stiffened panel. The
five vertical riveted tear straps are clearly
visible. In the center of the panel is a
single 8-inch-long crack that runs
perpendicular to the tear straps. Also
visible in the photograph are some of the
60 gages used for strain measurements and
a black and white speckled region used for
the large area x, y, and z displacement
measurements.

POC: Dr. Paul Tan, AAR-431, (609) 485-
6665.



Experimental Verification of T*
Theory

The FAA Center of Ecellence ér
Computational Modeling of Aircraft
Structures, Gegra Institute of

Technobgy (GIT), has developed an
elastic-plastic crack growth criteria which
is based on strain engrgt the crack tip,
T*. This criteria hadeen successiiyl
used to predict crack growth in stiffened
and unstiffened flat paneldt has been
proposed that T* is a matat propety

and thus the objective of this work was to
experimentdly measure this quanyi

The specimens used consisted of faig
precra&ed, thin, single-dged notbed
(SEN) and center ndted (CN), 202-T3
aluminum allyy specimens. The
orthogmal displacement compents
surroundinghe crack tip was measurésg
Moiré interferomaty usirg a cross-
diffraction grating of 40 lines/mm prior to
and dumg stable crack growth. T*
software developedoy the FAA Center of
Excellence for Computational Modetj of
Aircraft Structures was modified to
evaluate T¥ integral usirg Moiré fringe

data almg a givenpart rectagular contour
which moved with the moving crack tip.
The T*¢ integral and the crack opeugi
ande (CTOA) were determed durhg
successive increments of stable crack
growth. Simultaneoug, the SEN
specimens werenalyzedby GIT and the
CN specimens werenalyzed at the
Universty of Washington (UW) using the
ABAQUS finite element (FE) code. Tée
results were then compared with the
experimentdl determined T&.

The following figure shows the results of
the experimentadly and nunericaly
determined Tg in the region closest to the

crack tip where distinct Moiré fmges are
observed.

Concurrent with thesexperimental and
numerical efforts were efforts taxtend
the T*¢ theay to mixed modesard Il
loading as well as to the growth of a
curved crack.

® SENExpe=1.0mm
—— SENFE &=1.0mm
B CN Exp e=1.0mm
— — CNFE &=1.0mm
A CTExpe=3.0mm
— - CT FE £=3.0mm

T.* integral (MPa mm)

0~ i i i i
0 1 2 3 4 5

Crack Extension (mm)
Experimental and Finite Element Ayais
T*¢ Integral Values. (2024-T3 Aluminum
Alloy SEN, CN and CT Specimens)

POC: Dr. Paul Tan, AAR-431, (609) 485-
6665.



Full-Scale Curved Panel Test
System

A full-scale curvedpanel tessystem is
beingdeveloped uder contract with the
Boeing Compay, Long Beach, CAltis a
unique adaptation of mechanical, fluid,
and electroit components, which will be
capableof apfying pressurization,
longitudinal, hoop, and shear loads to a
curved panel test specimen.

The internal pressure will be applied using
water agnedia, eliminatig the possibily

of a cdastrophic accident. Theystem

will be capable otlynamicaly cycling the
internal pressure as well as performing a
static pressurization to levels aboviglfit
gradens.

The hoop and longitudinal stresses will be
simulated ly the conrolled application of
distributed loads around the perit@eof

the test panel. Hoop forces will be
distributed ly individual loading linkages
using a two-tier coaxial whiffle tree
assemly, which generates fo equal

forces from each controlleddd point. A
total of seven load points are used on each
side of the specimen, creajia total of 28
attachment pointsLongitudinal forces are
creded usimg similar loadirg devices on
each end of the pal, consistingf four

load control points and 16 attachment
points. Similar devices ar@ailable to
apdy bending and tension loads at each
end of a frame.

An innovative shear loadingystem has
been deeloped that uses two load
distribution points in the longitudinal
direction at the dges of the specimen.
The force is applied as a couple and is
readedby a coupe in the hoop direction.
A unique featire of the kear bading
system is the elastonmiercoupling

between the loadgmechanisms and the
test specimen. Theéastomer, which has a
soft shear modulus, creates a close
approximation to uniform shear
distribution in both the applied and reacted
couples.

All forces are generated ugimater as the
fluid medium. The eternal loads are
generaedby apdying water presge to
bladdertype actuators, which are
controlledby pressure activad dome
valves. The domealves are

automaticdly controlledby the use of
pneumatic control valves. h&é valves are
driven by a computer contraystem in a
closed-loop confuration. A graphical
interface allows the operator to control the
loads, speed, artgipe of test desired.

Data acquisition from strain transducers,
load transducers, pressure trarsats,

etc., will be displged on color monitors in
real time, as well as stored foif-line
anaysis.

Thesystem is sbheduled to be installed at
the FAA William J. Hghes Technical
Center inJune 1998. The photograph
below shows the tesity being assembled.

POC: Dr. Paul Tan, AAR-431, (609) 485-
6665.



Flight Loads Data Collection
Program, Large Transport
Airplanes

The Federal Aviation Administration has
re-established aifiht loads data collection
program forlarge transport airphes.

The FAAsystem is operational, and the
data collection and ahgsis procedures
have been established aretified by
collecting and reqrting on appraimatdy
900 hours of operational data on a B-737
(DOT/FAA/AR-95/21, Fight Loads Data
for a Boeng 737-400 in Commetal
Operation, 1996). An additional 18,000
hours of B-737 data and 8000 hours of
MD-82 data hae been collged and are
currenty being reduced andnalyzed.
Another technical report summarizing the
new data is expectedtéa thisyear.

A number of initial results are alréya
available. As amxample, seeifures
below. At hgh altitude thegust
exceedance is considetghess than that

Upward Gusts, Hp< 2000 ft
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from the National Administration of Civil
Aeronautics (NACA) reportget,
converséy, at low altitudes the gust
experience is considerably greater than
previous NACA data.

Equaly important is the mgmg of three
FAA programs for @-boarddata

monitoring sources. Researchers from the
subject pogram andie Fight Operational
Quality Assurance and Automated
Performance Measung Systemhave been
sharingdata from their rgeectivesystems.
See figire onnext page. For the Flight
Loads Pogram, we prchased ohy 12
Optical Quick Access Recders yet are
receiving dda from 27 recaters with
expectations of data from an additional 16
during thenext fiscalyear. Host alines

are gaining an interest in on-board data
monitoring and are purchag their own
recoders andnaking hese data available
to the FAA fr research.

Airframe manufactures strgly support
this research effort andayled a major role

Upward Gusts, Hp = 30,000-40,000 ft
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OQAR- Optical Quick Access Recorder FOQA-Flight Operational Quality Assurance

in defining the data reduction formats
presented in the referenced FAA report. A
second and yet more extensive set of
statistical requirements has been jointly
researched by the FAA and aircraft
manufacturers.

As the program matures even further,
additional recorders will be installed by
the airlines in different type airplanes to
develop a balanced database. The next
installations are expected to be on B-767
airplanes.

POC: Mr. Thomas DeFiore, AAR-431,
(609) 485-50009.
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Video Landing Parameter Survey
at London City Airport, United
Kingdom

Personnel from the Propulsion and
Systems Section AAR-432 lead a joint
research team, from the FAA William J.
Hughes Techital Center and the Naval
Air Warfare Center, Pakent River, MD,
to conduct axdensive video landig
parameter sumy at London Gy Airport
(LCY), United Kingdom.Landings at
both Runwas 10 and 28 were video
taped. This was thediath of a series of
sunweys condutedby the FAA to more
fully characterize the landg cortact
conditions of transport aircraft in routine
operations. Prior sueys were conducted
atJFK International, Runay 13L,
Washington National, Ruray 36, and
HonoluluInternational, Runway 8L.

LCY is a relativey new, commuter dg,
airport in East London, UKjear the dck
lands. LCY has a sigle east-west runay,
3800 feet lag which requires aircraft to
descend with a minimum 5.5 degree glide
slope (3.0 degreestgpical). The data
acquisitionsystem was expanded to
monitor both ends of the LCY ruray,

and six cameras were used to collect the
landing video images. Approximage
80% of the total d&y operations atCY
were reorded. A total of 430andings,
mosty BA-146’s and FK-B's, were
digitally video taped atCY during the

two week period frondune 23 taluly 4.

UK Civil Aviation Authority (CAA) and
British Aeropace (BAe) reseahers hae
indicated that the foremost missing
element in their usageerformance data is
a precise chargerization from the time
the airplane is over the ruiawthreshold
to landing impact. Another important
missing element is a daription of the
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dispersion of the agal touchdown
locations. The landg parametedata
acquisition surve conducted on this 5.5
degree glide slee airport is gpected to
provide the CAA and BAE reseders
with much of the landing ground contact
data neded fornew future reglations
regardng steep apmaches.

POC: Mr. Thomas DeFiore, AAR-431,
(609) 485-50009.



Video Landing Parameter Survey,
John F. Kennedy International
Airport

The Federal Aviation Administration
William J. Hughes Technical Center is
conducting a sees of video landig
parameter sumys at hidn-cgpacity
commercial airports to acquire a better
understandhg of typical coract
conditions for a wide varig of arcraft
and airports as #y relate to current
aircraft deggn criteria angractices.

The initial survg was conducted a@bhn

F. Kennely (JFK) International Airport in
June 1994. Four video cameras were
temporaily installed alog the north apron
of Runway 13L. Video images of 614
transport (242 wide-laly, 264 narrow
body, and 108 commuter) aircraft were
captured, angzed, and the results
presented in FAA Technical Rep
DOT/FAA/AR-96/125 Vided_anding
Parameter Suey - John F. Kemedy
International Airport, published thyear.
Landing paraneters presented include sink

rate; appoach speed; touchdown pitch,
roll, andyaw angles and rees; off-center
distance; and the landing distance from the
runway threshold. Wind and weather
conditions were also reated and the
landing weights were available for most
operations. Since this research is
concerned with overall statistical usage
information oy, all data were processed
and preseed without referace to the
airline or fight number.

The video landig data acquisitiosystem
has proved to be a practical, cost-effective
technique for collectiglarge quantities of
typical landing parameer data at major
commercial airports.

While the initial irdications are that the
heary wide-body aircraft (B-747MD-11,
DC-10, L-1011) land with aigher sink

rate than other jet transports, the rather
limited number of these largets suggest
that additional data on these aircraft need
to be collected before anymdusions
concerning ther landing performance can
be made. See fige below.
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The commuter da collected dring this
surwey may not reflecttypical operations
for this categoy aircraft since these
aircraft landed on a 10,000-footrmuay

with heavy jets in the landig pattern.

POC: Mr. Thomas DeFiore, AAR-431,
(609) 485-50009.

Variation in Load Factor
Experience ofFokker F27 and
F28 Operational Acceleration
Exceedance Data

Faigue meter data obtained during
operational fights of Foker F27 and F28
aircraft were reprocessed and lamad to
study the variation in load»perience
between different aircraft ohé¢ same
modeltype.

The data ceered about 470,000 dhts
which were madéy 101 aircraft
belonging to 51 different operators. A
simple agorithm was developed to
quantify the bad factor &perience in
terms of fatguedamageper flight. The
data were subjeéed to a statistical ahgsis
where considerdb varations in load
experience were dhined. See
accompaying figures for he F27 and

F28. The results give an indication of the
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potential benefits which can be gained
from individual aircraft load monitoring.
Similar studies are planned ontador US
cariiers when gfficient flight data are
obtained.

This research waserformed under a
memorandum of cqaeration between the
Federal Aviation Administration and the
Netherlands Aiation Department. Agart
of this effort, the National Aerospace
Laboratoy was contracted to participate in
this research effort.

A final technical report was published,
DOT/FAA/AR-96/114, Variation ir.oad
Factor Eperienceof Fokker F27 and F28
OperationaAccderation Excealance
Data, December 1996.

POC: Mr. Thomas DeFiore, AAR-431,
(609) 485-50009.
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FAR23 Loads Program -
Computer Aided Engineering for
Airplane Loads to the Code of
Federal Regulations

The FAR23 loads Program was
developed to approximate loads on small
airplanes from preliminary aitgne
geametry usingmethods acceptable to the
FAA. The piogram includes 20 modules
that are eackelf-contained sub-pgrams
desgned for specific application.

Most of the detailediffjht loads are
developed from the flight envelopes
specified in 23 CFR Parts 333 and 345. At
evay point specifed in the flight

envelope, the airplane is batedby a tail
load reactig to the specific linear normal
acceleration andhé aeraynamic lift,

drag, and moment about the ceruer
gravity. The dataneeded to make these
balancing calculations consists of (1) the
weight at the ceter of graviy, (2)
aeralynamic sirface geomey, (3)
structural speeds, and (4) agypnamic
coefficients. After he balaced loads are
developed, the critical structural loads are
determined for each component. For the
critical conditions, the air, inertial, and net
loads are calculated. Aileron, flapp,
engine mount, landing, and one engine out
loads are also calcu&d. Landng loads

are calculated from the lamdj geanetry,
landing load factor, wight, and center of
gravity data.

The FAR23 loads Program provides a
procedure for caldating the loads on an
airplane acording to the Codef Federal
Regulations, Title 14 - Aeronautics and
Space, Chaptd - Federal Aviation
Administration, Subchapter C - Aircraft,
Part 23 - Airworthiness Standards:
Normal, Utility, Aerobatics, and
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Commuter Categg Airplanes, Subpart C
- Structures.

The FAR23Loads Computer Program is
documented in an FAA Technical Rep
DOT/FAA/AR-96/46, User’s Gule for
FAR23Loads Program. Computer Aided
Engineenng for Airplane loads to Fderal
Air Regdations.

POC: Mr. Thomas DeFiore, AAR-431,
(609) 485-5009 antfir. Richard Micklos,
AAR-432, (609) 485-6531.



Joint FAA-AIir Force Corrosion
Fatigue Interaction Research
Program

The problems ofarosion and fatige
associated with agg aircraft are common
to both civilian and militar aircraft. The
interaction of pre-existmcorrosion with
fatigue is beiig examined i testing
fuselage panels supplidég the US Air
Force obtained from disasselybf retired
Boeing 707 and C/KC-135iglanes.

Both faigue and static stregh tests are
being dme on the FAA Agng Aircraft

Test fixture located at and operatiey
Foster-Miller, Inc., under contract with the
Volpe National TransportatioBystems
Center. The testfture accommodates
panels that are appaonatdy 10 feet in
lengthby 6 feet almg the circumferece
with a 74-inch radius of curvaite. Prior

to the current test pgram, oihy laboratay
panels had been tested in thdure. The
work in progress demonstrated that panels
from actual aircraft can be tested in the
fixture.

Various nondestructive inspectionN
techniques are hagy applied to thepanels
beforetesting to detectrgy hidden
corrosion or fatigue cracking from in-
service usage. The methods include
thermal wave imging, magneto-optic
imaging, D-sght, pulsed edy current, and
ultrasonics. These NDnethods will be
validatedby panel teardowns after tiest
program is completed.

To date faigue testiig has been comptied
on two Boeing 707 panels taken from the
same airplae. The airplane hdaken in
service br 23 years and accumukd
22,071 flightcycles and 77,742ifyht

hours. One p#l was taen from a
location forward of the wig and had a
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nominal skin thickness of 0.040 inch. The
other panel was taken at a location aft of
the wing and had a skin thicknes9.062
inch. Both panels were tested ini fate

with pressures vging from 1 to 9.5 psi.

The first panel tested, the panel with the
thinner skin, was characterized as Ingvi
light corrosionby the NDI techniques.

The first fatgue crack was found after
36,000 fatiguecycles. Linkup of two
adjacent cracks oaoed after 48500

cycles. Linkup of seeral adjacent cracks
occurred akr 48,616cycles resulting in a
single crackength of over 14nches in
length. At this point, fatigueycling was
stopped and a static residual strength test
was performed. fie internal pressure was
increased at a rate of 0.2 psi per second
from 0.5 psi until panel failure occurred at
13 psi. The residual stigth test revdad
that the tear stragsovided suffcient

crack arrest capabilitto create a safe
decompression during failure as shown in

the photograph.
\-‘
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The remainig panels will be inspected
using the NDI techniques tadletect ay
corrosion or cracks prior to testing and
then tested in a similar manner to the first
panel. The fatigue and residual strength
tests on all the panels will be completsd
the end of 1998.

POC: Dr. Thomas Flouay, AAR-433,
(609) 485-5327.



Aviation Safety Program
Managers for Airworthiness

FAA field unit Aviation Safty Program
Managers for Airwrthiness (ASPM/A)
have may job functions. A majoriae is
their ongoing development and deliyef
technical safy training sessions to
components of the aviation commtyni
The saféy training covers a broad
spectrum of content areasging from
new CFRs and Airworthiness Directives
(ADs) to the newest concepts in aviation
maintenance technician (AMT)
preparation and traing.

In 1996, a video tape, with a workbook, on
how to develop and deliver effective
training was developed at the request of
the FAA Aviation Saféy Program
Manager. It was felt that the ASPM/A
force would be able tbetter perform their
safdy training function if there was a
standard traimg tape (train-the-trainer
type) available with an accommang
workbook. The wrkbook would capture
the essentials of the traigmwape and
provide sets oftwecklists coveng all
aspects of the training development and
delivery.
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By using the video and the workbook, the
ASPM/As would develop and deliver
training in accadance with the best
principles and practices availableheT
video and workbook would enable the
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ASPM/As to translate their safe
expertise into a format where it could be
effectivdy shared with and usdyy the
aviation commury. Thus, consistent,
high-qualty safey training would be
available across a gamut of caiggs of
operation frongeneral aviation (GA) to
corporde and gen the USAF.

The format and content fdne video script
and the workbook were developed. The
FAA’sImaging Video Lab did the filmin,
with FAA andprofessional personnel used
as both actors
and offscreen
voices. The
video and
workbook, almg
with a tutorial

on the products,
were male
available to the
FAA ASPM/As
during 1997.

FEOVELEWING AND PRESENTING
EFFECLIYE NRCAINLG

FaARmEHR
rerre——

The trainng tape and workbook are
somewhat generic; i.e.,éjpare not

specific to the deelopment and delivg

of a specifc type of training, but rather to
ary training. As a result, aviation industry
personnel can make good ugehe video
and workbook in their efforts to delop

and deliver quaty technical training that
improves and enlmaes avation saféy.

POC: Dr. Ronald.ofaro, AAR-433, (609)
485-4501.



Methodology for Delamination
Growth Assessnent in Composite
Material Aircraft Structures

Delamination growth is a common failure
mode in laminated composite aircraft
structures. Diaminations occur in critical
areaf the structure, as shovixelow, and
need to be addressed to d3tdamage
tolerance requirements dugicertification
and in-service to guide inspection and
repair activities. Presegtlthe criticalty

of the delaminationdyy size and location,
is determinedby tests. An efficient
andytical methodolgy to reduce testing
will also reduce the costs of certification
and aircraft maintence.
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Such a methododyly has beemeveloped
for the predkction of delamination growth
in laminated composites &yracuse
Universty under FAA grant sponsorship.
To predict delamination growth, the
available eergy to create a newusface
area hrough delamination, defed as
strain-enggy-release rates, is compared
to a critical valueof that enegy or
toughnesslf G at aparticular
delamination tip kceeds the material
toughness, the delamination wgtow.
The developedhethodolagy addreses
both the computational difficulties and
complexities of determinmG and the
experimental determination of matar
toughnessdr practical structural details
(as shown above) found in composite
aircraft structures.
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The developedhethodolay uses a crak-
tip element (CTE) argsis based on
classical plate trey. The CTE aalysis
provides closed-formx@ressions foG
and for its component§;, (crack opemg
mode) and5,, (sliding mode),
respectivey, in terms of force and moment
resultants in the vicity of ddamination
tip. Such quantities are usbyahvailable
from aglobal finite element angsis

(FEA) of the struatral component. As
this procedure is computatiohakfficient
it can be used at a large number of
interfaces where d@minationgrowth is
likely. OnceG is cdculated it is compared
to material toughess at the apppriate
mode mix ratio G/Gy) to determine
delamination growth initiationln
addition, the CTE approach allows non-
classical definitions of the individu&
components. This is useful for ma
laminated composites when cliecsd

linear elastic fraecre mechanics (EFM)

is inapplicable. For those &5 where the
near-tip danage zone is small and the
classical definitions o& appy, solutions
by the CTE aproach havdeen compared
to FEA showng excellent correlation and
computing efficiecy. See comparisons
on the n&t page or a laminate with a
delamination under compressive loading.
The predictions match not nthe totalG
but also the mode mix as showynthe
G||/G p|0t.

The eperimental part of thenethodolay
has established tesgimequirements to
characterize fracture properties or
toughness for various mode mix ratios of
the composite material. Standard ASTM
tests and newer methods were used to
determine numbeaf tests required and the
specimen comfjurations. Data reduction
of these tests was studiextensiveéy and

it was found that the CTE method provides
a robust procedure to obtain agle value



of toughness for the full range of mixed
mode ratios.

Although the developed methodology has
been demonstrated to work for
unidirectional laminates of one material
system, for the method to be accepted by
the aircraft industry it must be shown to
work for other material systems and other
lay-ups and must be compared to test
results of more complex structural details.
This work and the extension to repeated
load environments are underway.

The developed methodology has the
potential of profoundly affecting design,
analysis, and certification procedures for
composite aircraft structures. First, it will
allow a relatively rapid assessment at a

large number of possible locations, under a

wide range of loadings, as to whether
delamination growth is likely. This will
provide an early identification of possible
failure sites that may not be found by the

current selective testing approach resulting

in improved flight safety. Second,
knowledge of the critical size and location
of delaminations will reduce maintenance
activity as it will serve as a guide for

repair actions. Finally, this methodology
may allow the implementation of a more
economic certification procedure based on
a mix of analysis and testing to assure a
damage tolerant structure, similar to that
presently in-use for metallic structure.

POC: Mr. Peter Shyprykevich, AAR-431,
(609) 485-4967.
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Handbooks for Advanced
Composttes

With the increased use of adead
composite materials in faloation of
commercial aircraft parts, there is a need
to have ready available pertinent
information on composites for ubg the
regional FAA offces. The irdrmation
would be used to aichgineers and
manufacturig inspectors in their
certification and continued airworthiness
activities.

Two handbooks “Fiber Composite
Analysis and Dagn: Composite Materials
andLaminates, Volum& DOT/FAA/AR-
95/29] and “Handbook: Manufacturing
Advanced Composite Components for
Airframes’ DOT/FAA/AR-96/75 hae

been published to provide this ed
information. Both were complete
revisions of texts that were first published
in the nineteenighties.

The “Fiber Composite Angsis and
Desgn: Composite Materials and
Laminaes, Volumd” provides an
extensive background on the
characteristics and mechanafdiber
reinforced composites which permits
enghneers &perienced in the evaluation of
structures involving conventional
materials, especigl metals, to extend
their competence to the assessment of
fibrous composite structures. The
emphasis is on the definition of the nature
and magnitude of the differences
associated with the use of composites
compared to conventional metallic
materials and particullaron explaining
the reasonsof the differeces andteir
implications for design evaluation.
Accordingly, abroad spettum of
technologes is involved, ranging from
detailed methods ofnalysis to more

gualitative discussions on methods of
andysis and dagn. The meerial is
divided into two major categories: (1)
composite materials and laminates, treated
in Volumel; and (2) struetres coered in
a separate FAA technical report
(DOT/FAA/CT-88/18, Volumell), which
is currenky undergoing similar revisions
and should be available in &ai998.
Volumel has been revised to include
significant advancements in the ogsof
composite structures as well as in the
andysis mechanicsf composites.

Thedesgn piocess 6r compodies is
essentlly the same as for conventional
metals. With composas, however, there is
an additional requirement that the material
bedesgned dong with the stucture. There
are more teps reqgired in hedesgncycle
than heretofore with metallic structures, as
illustrated in the following ifgure.

I. Selection of
Constituents
and Volume

Fractions

V. Development
of Structural
Configuration

Il. Determination
of Composite
Properties

V. Development of lll. Determination of
Typical Structural Elementary Structural
Element Material Properties

Thus, with composites, the possibilities of
improveament in the dagn by reiteration of
thedesgn cycle are incresedby the adled
steps in the dégn cycle. In other words,
the struatiral efficiency of a deggn may be
improvedby charges in constituent
properties and laminate cogdirations.

The “Handlmok: Manufactumg
Advanced Composite Components for



Airframes” is a compendium of

information on methods of manufacture of
advanced composite components for
airframes. It is aimed at familiarizing the
reader with the common industry
standards and aspects of using composites
in aircraft applications. The contents are
drawn from various sources and are
condensed into an easy-to-read,
comprehensive format.

The contents of the handbook include
introductory background on composite
materials describing fiber reinforcements,
matrix systems, core types and styles,
handling, related practices found in the
manufacturing and fabrication as well as
the use of these materials, the concepts of
producing parts using tooling, various
manufacturing methodologies, processing,
machining, quality assurance, assembly,
repair, and related safety and
environmental issues.

The organization and flow of the
handbook are arranged to mirror that of
the conventional processing of a
composite part as shown below.

||||||

First, as with any material, an
understanding of the basic materials with
details on their unique properties are
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covered. Next, the steps required in the
fabrication of a composite, beginning with
the lay-up and orientation of the material
in the mold, are described. From there,
bagging, processing (cure), trimming, and
installation of the composite parts are
covered. Other topics include inspection,
damage identification, repair, and safe
handling requirements.

The handbooks will provide FAA
personnel with a better understanding of
composites. The topics addressed in these
handbooks are considered essential for
proper assessment of the engineering,
design, and manufacturing qualities of
composite parts used in civil aviation
today and in the future. The handbooks
are also distributed to the aerospace
community who have found them to be
useful.

POC: Mr. Donald Oplinger, AAR-431,
(609) 485-4914, and Mr. Peter
Shyprykevich, AAR-431, (609) 485-4967.



CompressionTesting of
Composite Materials

In contrast to metallic structures made
with materials that are well chatadzed,
certification of composite airframe
structures rquires avarigty of stiuctural
propety tests because did influence of
processig and resultig variability. Of

the various properties (tension,
compression, shear etof)composite
laminates that must be determined,
satisfactoy measurement of compression
strength values (related primigrto upper
wing skin, lower fuselage, and various
control surface applications) has been a
major stumbling block to composite
airframe manufacturers. Diffictyy with
compression testgcan lead to Igh

development costs of composite structures

becaus®f the need for repeating
guestionable test values, as well as
inefficient useof these materials because
of the extra conservatism which must be
accepted in the psenceof large scatter in
test results. The Composite Materials
Research Group (CMRG) at the Univéysi

of Wyoming has made significant progress

in overcoming the problems of
compression testgof composites by
developing an improved test method.

Existing test methods, such as the
American Socity of Testng and Materials
(ASTM) Standard D 341I1ITRI
compression test method seenabight,
were first thorougly examined to
establish their limitations. Finite element
andyses siggestng that a combination of
shear and end loadj would provide
better test resultsy reducing detrimental
stress concdration effects. This lead to
the Combined.oadirg Compression
(CLC) fixture shown below on théght.
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including represematives of Boaig,
McDonnell Dauglas, Loclkeed Martin,
Sikorsky, and the FAA, together with
members of ASTM D30, ha recenty

met to discuss the status of compression
testirg and the issue of adopgjrthe
approach developda/ Wyoming CMRG
as an indusy standard. Adoption of the

CLC test method as an ASTM standard is
being giverserious consideration. A
program formaking sich a decision is
being formulated and will be carried out
within the nextyear.

POC: Donald Oplinger, AAR-431, (609)
485-4914.

Advisory Circular - Visual
Inspection for Aircraft

Visual inspection is an essential part of
airplane mainteance. Over 8percent of
the inspections on large transport catggo
aircraft are visual inspections and the
percemage is gen greater on small
transport andeneral aviation aircratft.
Visual inspection is defined as thecess
of using theeye, alae or in conjunction
with various aids, as the sensing
mechanism from which juginents nay be
made about the condition of the object
being inspected. Visual inspection is
usualy the most economical and fastest
way to obtain an edy assessment of the
condition of an aircraft and its
components. May of the defects found
on aircraft are foundy visual inspections,
and airframe maufacturers and sers
depend on regular visual inspections to
ensure the continued aiowhiness of their
aircraft. It is important that visual
inspection methods be understood and
propety appliedby those responsible for
the continued airawthiness of aircratft.
Proficiercy in visual inspection is crucial
to the safe operation of aircraft. Such
proficiercy is obtained through
experience, but alsby learnng the
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methods developday others. This

advisoy circular describes the methods of
visual inspection and theays they are

used in the various inspections carried out
on aircratft.

R

us.
of Tr

Advisory
Circular

ACNO. 43204
DATE: §ridm?

VISUAL INSPECTION FOR AIRCRAFT

Advisory Circuar 43-204, “Visual
Ingpection For Aircraft” was completed
and signed on 8/14/97 after axtensive
FAA and industy review. The Advisay
Circular was sponsored by the FAA Flight
Standards Service, AFS-300.

POC: Mr.James Newcomb, AAR-433,
(609) 485-5720.



Installation of Composite Doubler
on L-1011 Aircraft in Delta
Airlines Fleet

A boron epay doubler was applied as a
door corner reirdrcement on an
operational Delta Airline, L-1011 on
Februay 18 and 19, 1997. The
installation occurred while the airplane
was undergaig aheary maintaance visit
(D-check). The installed doublepassed
all the planned inspections and was in
service as of Febary 28. The FAA
Airworthiness Assurance Nondestructive
Ingpection Validation Center (AANC)
performed additional inspections of the
doubler in order to accumulate histo
regardng the lang-term doubler enduree
under actual flight conditions. This
activity represents the completion of the
FAA-sponsored project which involved
the services of the following
organizational participants:

(1) FAA provided overgght and
regulatoy format approval.

(2) AANC provided project
management, NI development,
validation, and structural testing.

(3) Lockheedprovided doubledesign
andysis and OEM agroval
documents.

(4) Delta installed the doubler, issued
process specifications, and provided
engineering oversight.

(5) Textron provided doubler materials
and installation training.

The bonded composite doubles
numerous advantages ovike tmedanical
fastened repair. Ry are:

(1) adhesive bonding eliminates the
stress concdrations causely
additional fastener hes,
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(2) the composite laminate was dgsi
formed to fit the contour of the
fuselaye section,

(3) corrosion resistace,

(4) a high strength-to-wght ratio, and

(5) economic adantages.

Delta’s maintenace program indicates
that the installation of the conventional
metallic repair requires approximpté&00
man-hours. The composite doubler
installation and inspection required
apprximatdy 250 man-hours.

From an egineerng view, the door arner
application, shown below, provided a good
showcase for composite doubler
capabilities. The degn, fabrication, and

installation challenges included large heat
sinks, severe ben loads (shear
stresses), a cutout in the cerdkthe
doubler, a complex geonmgf multiple

taper directions and axteemdy thick (72
ply/0.040 inch) doubler.

The data resultopfrom this stug serves
as a comprehensiveauation of a boded
composite doubler for general use. The
associated docoentation package
provides guilance regardig the deilgn,
anadysis, installation, damage tolexe,
and nondestructive inspection of the
doubler. The doauentation package for



this validation effort resides in the public
domain. The FAA Atlanta ACO maintains
the documents under the FAA project
number SP1798T-Q. The engineering
data and process specifications will also be
published in a series of FAA DOT reports.

Currently, a composite doubler project
with Boeing (Long Beach) and Federal
Express is underway. Activities include
the selection of candidate composite
doubler repairs on Federal Express aircraft
and identifying the specific tasks
necessary to produce a composite repair
installation on a DC-10 aircratft.

The main goals of the current composite
repair program is to move the technology
and associated validation into the repair
regime, expand composite doubler
sponsorship to another original equipment
manufacturer, and complete the
technology transfer to another carrier. A
major emphasis is to streamline the
design-to-installation process in order to
make composite doubler technology more
attractive for wide-scale use.

POC: Mr. James Newcomb, AAR-433,
609-485-5720.
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Eddy-Current Methods for Crack
Detection

A novel pulsed edly-current instrument
(originally developed dér use in detection
of hidden corrosion in lap splices) has
been dapted to detect small fatig cracks
in layered a@rcraft structuredy researchers
at the FAACenter br Aviation Systems
Reliability-lowa State Universy. The
advantagesf pulsed eddy-current
techniques include the wide bandwidth
attainable, which permits a gie probe
and a gigle measurement to provide
information over droad frequacy range.
Pulsed edy-current signals cabe used to
characterize cracks and locdtern in the
depth of the mateal. Time gating of the
pulsed edy-current sgnals provides a
means to discriminategainst interfering
signals from lift off, air gaps, and
fasteners.

Pulsed-Edy Current (PEC) Device

The principal adantageof the instrument
developed in this pgram, as compared to
the commercidy available pulsed ely-
current instrument, is that this instrument
can be adapteai use with ay

commercial prbe and used inrg type of
geametry normaly inspected with ed
currents. The commercial instrument
empbys a rotating Hall-effect sensor and

is designedecifically for fagener
inspection. The abtly to scan and image
areas up to 8 x 20 inches in size is a
considerable advantage. The time-gating
feature included in this instrument is a
unique capabity that has no parallel in
commercial instrumentation.

Samples of laboratg-produced fague
cracks ardoeing obtained from Prof.
Morris Fine and Ms. @/na Connor of
Northwestern Universy for further
development of the technique. Work is
continuing on optimizing probe des for
flaw detection and increagj the scaner
resolution to improve the detection ofrye
small cracks. A constant current probe
drive has been constiiec and will be
tested in the commyear. Demonstrations
of the instrument at the FAA
Airworthiness Assurance Nondestructive
Ingpection Validation Center (AANC),
Northwest Airlines, and Foster-Milleinc.
are antigpated ne&t year.

The instrument has been licensed to
Sierra-Matrk, a Californiabased
company, for commercialization.
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POC: Dr. Christopher Smith, AAR-433,
(609) 485-5221.
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Thermal Wave Imaging of
Disbonding and Corrosion in
Aircraft Structures

Infrared(IR) thermal wave imging,
developediy R.L Thomas and his team at
the Center for Aviation y&stems
Reliability-Wayne State Universy, is a
new technolog with applications to aging
aircraft. The technique uses pulsed
surface heatg (with flashlamps) and fast,
synchronoudR video imaging of the
surface temperature to form rapid (tao
three second), wide-area (more than a
square foot) images of subsurface
structure, such as skin corrosion and
disbonded doublers or tear strapnages

of doublers reemble x-ay images, with

the disbonds showing asifgint contrast on
a dark bakground. On tgical aircraft
skins, thermal wave inging is capable of
measuring corrosion thinning with a
sensitivty of better than 2 percent material
loss.

Example of Disbonded (Left) and Bded
Doubler Regions on a B747 Aircraft.

During two 1997 visits to Northwest
Airlines (NWA) and one to Boeing-
Wichita the Thermal Wi Imaging (TWI)
System demonstrated the capability to
inspect painted aircraft without applying
water soluble paint. In earlier versions of
the TWI system, it was necessary to
temporarily apply a water soluble paint to
the area of the fuselagelte inspected.
The inspection results were as gand
better than results from the same area
when paint was applied and were in

agreement with independent inspections
by NWA and Boeingpersonnel. This new
capability significantly reduces the
inspection preparation antkanup time
and should relieve recring industry
concerns rgarding the application of paint
to inspection areas.

Based onhliese demonstrations oithwest
Airlines has asked Boeing to authorize the
use of thermal wave imagj for both the
repetitive inspections and the terminating
actions called for in service bulletins.
United Airlines has also asked Boeing to
authorize the use of theal wave imging
for similar authorization for a sepaea
inspection application. Boeing intends to
pursue activities required to add thmai
wave imaging to their nondestructive
testing (NDT) manual.

Original Thermal
Wave Image

Loss > 10%
Area: 1.85 sq.in

Loss > 5%
Area: 6.15 sq.in

—

CORROSION
ANALYSIS

Loss > 15%
Area: 1.17 sq.in

Loss > 25%
Area: 0.28 sq.in

Example of Corrosion Argsis of a Two-
Layer Corrosion Test Specimen.

5 00 n

Intergranilar Corrosion Creeping out
From Under the Countersunk Fastener
Heads (Bight Areas) on 3f the 4 KC-

135 Wing Fasteners Displed.

POC: Dr. Christopher Smith, AAR-433,
(609) 485-5221.
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Visual Inspection Reliability

The FAA Airworthiness Aagrance
Nondestructivéngpection Validation
Center (AANC) has completdsnchmark
experiments on the reliakii of visual
inspection. Thexperiments argart of a
coordinated effort toxamine a boad
range of visual inspection tasks. The
experiments used professional aircraft
inspectors, inspecty real aircraft, and
weredesigned to be wady applicable to
a large class of visual inspection tasks.

The primay test beds consisted of a
Boeing 737 and a Fairchild Metro Il
commuter aircraft. Both aircraft apart

of the AANC's collection of test
specimens. Simulated lap splice
specimens with well-characterized cracks
were also used in thejgeriments.

The perimental popgram consisted of
two different jhases. The first phasead
the Boeng 737 as a test bed amtluded
12 inspectors from i different major
airlines who havehe Boeng 737 in the
fleets. The second phassed the
Fairchild Meto Il and incluled 11
inspectors from North kerican
commuter and cgo operators with the
Fairchild Metro in the fleets. Each of the
inspectors spent twaagls at AANC
performirg different inspection tasks
specific to their baayround. Both groups
also inspected the simulated lap splice
specimens.

Following are someignificant
observations coming from these
experiments.

1. Substantial inspector-to-inspector
variation in perbrmance gisted. The
two figures on theight (Transport
and Commuter PoDs) show
probabilty of detection curves fit to
results of the simulated lap splice
inspection for cracks from beneath

rivets. Comparable inspector-to-
inspector variation, as well as an
overall level of detection, is exhibited
in each of the popation of

inspectors. The commuter pectors
spent more time on the task and
produced more false calls. Thisis as
expected since the specific task was
more familiar to the transport
inspectors.

Performance levels were task spiexcif
An inspector’s good perfarance
(relative to other inzectors) on ne
task did not necesséhyriindicate a
relativdy good performace on other
tasks.

The AANC invesigators were able to
distinguish inspector failures of
detection specific to the searayifor
cracks from alecision failure in

Transp ort Inspector P oDs
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Probability

crack length (inch)



calling an indication a crack. The
search component of the process was
the larger factor in determining
performance levels, although the
decision process accounted for much
of the worst performance. The
implications here are that most, if not
all, inspectors can benefit from
training interventions that address
search procedures.

Both test-beds contain several cracks
that were found by only one or two of
the inspectors, and not the same
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inspectors. The lengths of these test-bed
cracks did not significantly contribute in
predicting the number of inspectors that
would detect them. The implication of
these results is that probability of detection
curves as a function of crack length are
meaningful only within specific inspection
tasks and conditions of inspection.

POC: Dr. Chrisotpher Smith AAR-433,
(609) 485-5221.



Eddy-Current Detection of Small
Cracks

Over the past f& years the FAA
Airworthiness Assurance Nondestructive
Ingpection Validation Center (AAN(has
conducted numerouxgeriments using a
variety of eddy-current inspection
equipment to inspect for small cracks from
beneath rivets. All of thexperiments
wereperformed as blind gperiments.

That is, the person or persons performing
the inspections did not know whetherya
specific inspection site conted cracks or
not. In this way the inspections mimicked
conditions of actual inspections that would
take place in normal use conditions.

Equipment included in the stydvere the
following off-the-shelf equipment: Nortec
30 Edlyscan, Krautkramer Branson
Crackfinder, Hockig FastScan, ditec
19e with sliding probe pcedure, and
MIZ22 with pencil probe and template
procedure. Also included were
instruments or probes recgntlevelgped
that are not realyi available to the public.
These include the Northrageveloped
low-frequercy eddy-current aray
(LFECA), the NASA-dereloped reating
self-nulling probe, and a McDonnell
Douglas Aerogace/GK HEgineering
surface scanng probe used with an
Elotest B1 minirotor.

Eddy-current procedures commlgn
empbyed in aircraft inspection are capable
of relialy detecting cracks as small as
0.050 inch while maintaining false calls
below 1 percent. However to achieuvels
detection rates requires careful settings of
threshold levels and pppriate stadards

for setup.

There arenewy developed techniques and
instruments that are capable ofrupi
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better. The NASA self-nulligrotating
probe demonstrated that it could relyab
be used to find cracks as small as 0.032
inch and the Northrop LFECA
demonstrated a capabjfiof reliady
detectng cracks as small as 0.040 inch.
These rees were achieved without an
increase in false callslll(strative
probabilty of detection curves for the
NASA probe are shown in the figg.)
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Other experimenterdiave reported that the
Hocking FastScan, Nortec-30 @acan,
Northrop LFECA, and GK
Engineemg/Elotest are qaable of

detectng surface cracks 1.0 mm (0.040
inch) in length uder flushhead aluminum
rivets. The AANC stdy extends these
results and indicates that although capable
of detectimg this size crack, the probalbyli
associated with routihg detectirg them

(at false call rates < 0.01) are
apprximatdy 0.23 (FastScan), 0.74
(Eddyscan), 0.88 (LFECA), and 0.67
(GK).

The effect of inspectopthrowgh paint
(0.003 to 0.005 inch) is oftendecrease in
the probabilly of detection. However, this
effect seems to beud primarly to the
difficulty in properly centerng the prde
over the rivets rather thdecause of the
paint layer. Techniques that give the



operator ggnal feedback that can be used
to assure proper centering were shown to
be effective in removing this level of paint
as a major reliabtly factor.

The AANC also adressed methodogy
issues for estimating probalyliof
detection cwres from ggnal data.
Specificaly, they have shown that the
traditional ‘a-hat versus” analysis that
looks at ND signal strength versus flaw
size can be generalizeg bonsideng an
andysisperformed on cracklaw
predictions based on thegeal strength.

The predited values are treated as the
dependent variable with the flaw
characteristics as the independent
variables in the traditionab*hat versug”
andysis to estimate the probalyliof
detection cwre. This proposed
methodolog was shown to be equivalent
to the ‘a-hat versus” andysis when there
is a single dimensional signal, but offers
the capabitiy of extendirg the anbysis to
multiple dimensions of agnal.

POC: Dr. Chrisotpher Smith, AAR-433,
(609) 485-5221.

Early Fatigue Detection and
Characterization Using the
Meandering Winding
Magnetometers

A thin, conformalde eldy-current sengr
and assciated grd measurenent dgorithms
inverted atthe MIT Laborabry for
Eledromagneic and Eectionic Systems
wasfurther developed undeFAA and DoD
sponsorsip by JENTEK Sensos, Inc. The
Meandemg Winding Magetometer
(MWM [J) measures electrical
conductivty profiles as a function of depth
from the outer skin surface. The sans
has the capabil to:

 provide manufacturing quai control
and fatgue and thermal degradation
monitoring for ®ated and ocoated
engne components (@., thermal
degradation ofttermal barrier
coatings, wertemperature for 718
alloy blades, and degradation of
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diffused aluminide coatings for turbine
blades)

 detect sign®f unusual mateal
distress in aircraft skins and structural
members prior to the formation of
detectable cracks, whichaynprovide
evidenceof the onsetdr absace) of
widespread fajue danage

The patented MWM sensor showalow
has demonstrated the capdlitio measure
the thickness variation of thernhalgrown
oxide layers under thermddarrier coatngs
with a precision of better than 1 micron.

|
|
i

MWM Sensor



The MWM sensor is essentially a
transformer confined to a single plane.

The impedance (secondary
voltage/primary current) magnitude and
phase is converted to electrical properties
at each applied frequency using a patented
measurement approach. The measurement
grids (look-up tables) are generated off-
line (in advance) using a model of the
MWM interactions with multiple-layered
media, such as an aircraft skin lapjoint.
These grids are then stored in a grid
library. The grids and GridStatidh

software provide real-time electrical
property profile measurement as a function
of depth from the exposed surface. The
MWM is thin and flexible permitting
inspection of complex geometries such as
the leading edge of an airfoil/root

transition region for a turbine blade.

The figure below shows the results of
single frequency MWM measurements on
aluminum and stainless steel bending
fatigue specimens. Photomicrographs of
sectioned aluminum specimens show
microcrack clusters approximately 1-3
mills deep near the surface for specimens

| control
specimens
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on Four Point Bending Fatigue Specimens.
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at 70% of the estimated fatigue life. These
microcracks could not be detected with
focused liquid penetrant testing. The
stainless steel specimens showed no
microcracking at 75% of the estimated
fatigue life. JENTEK is working on

similar curves for titanium and nickel

alloys used in engine components.

JENTEK Sensors, Inc. has continued this
technology development under an FAA
Phase | Small Business Innovative
Research (SBIR) for commercial aircraft
applications, and under a Navy Phase II
SBIR for military aircraft. JENTEK plans
to continue the testing and validation of
this technology on the Boeing 737 test bed
and engine test specimens at the FAA
AANC. The MWM and portable
GridStatiori] system are now
commercially available from JENTEK
Sensors, Inc. For more information
contact Dr. Neil Goldfine at (617) 926-
8422.

POC: Dr. Chrisotpher Smith, AAR-433,
(609) 485-5221.



Superconducting Quantum aluminum plate to demonstrate deep

Interference Devices for Detection penetration of pulsed eddy currents
of Hidden Cracks with SQUDs.

Pulse-&cited superconductiveugntum  Resolution of the legths of millimeter
interferencedevices (S@IDs) are a new size cracks through 10 mm of
technolay for edly current evalation of aluminum plate with SQLD pick-up
aircraft structures. Theilgh sensitiviy loops of 1 mm diameter.

at extremdy low frequenciesmables

penetration of 15 mm of aluminum (0.6 » Time discrimination of pulsed ey
inch) throwgh multiple layers to identiy currents that g@raes surface effects,
submillimeter fatijue cracks and material like lift-off and tilt, from signatures of
loss of less than 5 percerih combination deep cracks.

with emerging edy-current scanmig

techniques, this technolpgs capake of a » Submillimeter samplig at scan ries
three-dimensional view of defects in of Imm/sec or more over a 25 mm
sublayers and tomograph imaging of swath.

multilayer structures.
» Demonstration of the feasilpiof a
small hand-held unit suitable for a
Ve 2 field environment.

ok

Hand-held scanng head

In recem years the price and capabylof
superconduatig technolgy have arrived
at a point whereear-term 2-3 year) U = : S
implementation in airframe mafacturing

environments, and subsequegrin

airframe maintenace facilities, is 25 mm Crack Under 10 mm Al
possible. This and the FAA’s increasing
interest in thicker structure motivated the
FAA to fund a PhaseSmall Business
Innovative Research progad submitted

by SQM Technoloyg in late 1995.

POC: Dr. Christopher Smith, AAR-433,
(609) 485-5221.

Results of the Phasevork include:

 Detection of a 1 mmhange in
thickness through 5, 10, and 15 mm of
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NDE Capabilities Data Book

An FAA program, conductedy the
Nondestructive Tesig Information
Analysis Center (NIAC), is in progress to
collect, andyze, andorganize documented
probabilty of detection ( PoD) data and
information for avariety of nordestructive
evaluation (NDE) methods, procedures,
materials, and applications related to
aircraft inspection. PoD has been used as
a gquantitative measure of NDE reliatyili
and capabity for a number ofears.
Originally developed as a data
presentation appach to meet functional
engneerng analysis needs, the concept
has grown into a regnized apprach br
comparison of the perforance
capabilities of various NDE procedures,
for quantification of improvements in
NDE procedures, for validation and
management of NDBystem performance,
and for personnel skill development and
gualification. Compilation of this
information into arNDE Capabilities
Data Bookprovides an mgineering
reference for se in NDE engineerng
andyses and for deelopment and
validation of new NDE proceges. PoD
reference data in the Data Book can be
used in seleatig an NDEprocedure for a
specific application and for assagpthe
potential equivalety of an altenate NDE
procedure.

The current edition of theDE

Capabilities Data Bookavailable in both
hard cg@y and on compact disk, ctains

284 PoD curves presented andanized

by NDE method. A documeation page
precales each PoD data set and provides a
condensed deription of the test object,

test artifacts, NDEprocedures, and results
summay. The PoD curves fovarying

test object, test artifact, and data collection
conditions are psented as a function of
cracklength and as a function of crack
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PoD (%)

depth and crack ddpto-thickness ratio

for seleted dataets. Orignal reference
source infomation is provided for each
data set. Work is continuing on upgrading
the Data Book with additional PoD
information, such as the visual inspection
reliability data developeldy the FAA
Airworthiness Assurance Nondestructive
Ingpection Validation Center (AANC).

POC: Dr. Chrisotpher Smith, AAR-433,
(609) 485-5221.
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Econamical Eddy-Current for
Engine Canponents

In an effort to eliminate potential service
inspection problems beforeghresult in
serious consequees, the FAA Bgine
Titanium Consortium (ETC) is working
with the airlines to identyf common
servichg needsf the most popularrgine
models. As a result of their efforts, there
now exists a suite of egleturrent tools
which allows controlled scanning and
digital data acquisition for a vatieof
applications.

A portable scanner and data acquisition
system hae beerdeveloped for use in
airline ovehaul and maintemee shops.
The portable scanner consists of agye
mechanical scanng system with
application specific toatig for probe
positioning and manipulation. Adapter
plates are sed to mate the mechanical
scanningsystem to a varigy of engine
disks ly using the bolt hole patterns to
align thesystem to spafic disks. A lunch
box computer has been used data
acquisition and amgsis. Thesystem has
been interfaced with a viaty of
commercidly available instruments as
well as conventional and wide field
probes, includinghie ETC-deeloped
probe.

A series of onsite meetys at airline
maintenance and overhaul facilities and a
surwey of over 50 national and
international engines weraad to
determine the features of the fiqmbduct.
The ETC scanmg tools havéeen
demonstrated at theT® NDT Forums
annualy since 1994. This continues to
provide valuable input to the application
of the tools. In addition to the commercial
aviation communy, the portabe scaner
concept habeen discussed with potential
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military users includig demonstrations at
several Air Force sponsored megs.

Key inspection persarel from the Tinker
AFB Air Logistics Command, Oklahoma
City, and the Wright Pattersd®&D staff
will participate in the upcoming
demonstration at American Airlines.

To date, borascans (aial motion), web
scans (radial motion), and slot scans have
been demonsttad on engindardware
from all three egine manufactuers
involved in ETC: Pratt & Whitng
General Electric Aircraft Bgines, and
AlliedSignal. Validation testig has been
completed at United Airlines and
Northwest Airlines where effort®fused
on inspection of the f4and 1% stages of
the JT9D compressor disks. Additional
validation testing is underay with
AlliedSignal and is planned with
American Arlines. Signal prcessing
tools are being developedlaiva State
Universty for use in the AlliedSjnal
applications.

ETC Portable Scanner Applied to
AlliedSignal Engine Component.



The Northwest Airlines Atlata facility

has &pressed interest in concting
validation testing in late 1997 or éar
1998. To date the scanner and data
acquisitionsystem havéeen siccessfuly
adapted for use with six instruments at
various airline facilities.In addition to the
intended jet egine applications, minimal
adaptation hasnabled thesystem to be
applied to inspection of propeller blades,
reportedly saving the industy over $10
million.

Commercialization discussions began with
applicable vendors in 1996 and led to the
recentpartnership with Uniwest. The first
commercial version of the scanner is
expected to be on the niaat in ealy

1998. Several airlines and OEMs/ka
expressed interest in purchasing the
scanner for future inspection initiatives.

POC: Dr. Christopher Smith, AAR-433,
(609) 485-5221.

Enhanced Turbine Rotor M aterial
Design and Life Methodology

A major, orgoing, multiyear prgram
managedy the FAA Airworthiness
Assurance R&D Branch thogh a
cooperative grant to Southwest Research
Institute (SVRI) with ergine compay
partners General Electric, Pratt &
Whitney, Allied Signal, and Allison
features the development of a probabilistic
code to improve the structural igtety of
failure critical turbine rotor disks used in
commercial aircraftmgines. The research
team ledby SWRI produced a major
deliverable in the summef 1997. The
first functional version of the code was
completed, called DAR/IN (Desgn
Assessment of Rotors withspection)
incorporating the most sophisticated risk
assessment methods into design
procedures. Theeliverable featured a
user manual withyecutable sarce code
and xample problems. A successful
evaluation and verification was completed
by AlliedSignal usirg a compay impeller
design @ample. The figre on thenext
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page shows the framework for this
integrated rotor design code.

When completed, the code will be the
basis for an gwoved FAA advisoy
standard thatrgyine companies can
incorporate into theidesignsystems. Te
anticipated outcome hen fuly
implemented will have the potential to
reduce e uncontained rotor disk failure
rate while providing more realistic
inspection schedules.

Current degn practice dr these critical
engne parts uses a safe-life approach.
This method assumes thatyanaterial or
manufactumg condition that could affect
the life of apart, such as a material flaw, is
addressetly the rigorous standard testing
procedures carried out in manufacturers’
laboratories as well ds/ corservative
estimates of mechéaral properties.

However, servicexperienceby the
aircraft turbine agine industy has shown
that despite this rigorous approach,
material and manufactugrflaws that can



reduce structural integrity may remain
undetected. As an example, the loss of a
DC-10 at Sioux City, lowa, in 1989 which
was caused by an uncontained disk failure
was eventually traced to just such an
undetected defect. The chance of these
flaws being detected by standard
nondestructive testing procedures is very
small.

In response to this issue, the FAA,
working closely with the engine industry
through the Rotor Integrity Subcommittee
of the Aerospace Industries Association,
has developed supplemental design and
lifing methods that formed the basis for
this research program. The probabilistic
design code standard developed by this
program does not replace the current safe-

life methods but provides an additional
tool to minimize the risk of failure.

The first phase of the program is focusing
on the presence of melt-related defects,
known as hard alpha, found in titanium
alloys. Hard alpha refers to small zones in
the material microstructure stabilized by
the presence of nitrogen, which can be
introduced at various stages in the melting
history of the alloy. The zones often have
cracks or voids associated with them and
can initiate the low-cycle fatigue cracks
that contribute to disk failure. Future
phases of the program may apply the
methodology to other types of titanium
flaws and to other widely used rotor
metals such as nickel alloys.

POC: Mr. Bruce Fenton, AAR-432, (609)
485-5158.

[Eriige £l | Padinkifry-Aeaed Dewgn
Apdts Fades Fmarstan Findsl I:_'_"._-_Irl Iap L
T s g e e resdandi R S PLE L g U 2 b
b Ly Ve vimg rre v s Wi
by i b P 1
|
FriEp Crainal Bmwpgs Pacareries
I
W LiFe #pne prereeer
= - ClabskToi finka ssreer

Harerial Froperiss | Tk 1)
Corack: wiriurim
ok grorath
e aghrem

Funsgiung Phorsied [ Tasth 1)

(1= e L L TR Y]

Covsken 1 b i, hime o phages |

l

Probahhitic Fodwh {Tasks 1, 1, 4} ]_ ’
Diadiscr frecees o foratam. . sheps] ||
+ Prob ol et (bl pancais, dek) |

« lpacrion wed shop @t rme pods
- Myzciouric crag: preavth
- Ok mwwhen sk wrreerorien

I Fakom

- L i el ek pewtnd

Frabmabhin daalpdi
Merip Lovly weadyiam

- Fan mrmee e ey g stach

il ko [eyipes g
Hpigfnlry pelirg

- Fom impocieon: defere Seershariee
- Profy plorinl Too rpariod

gl Teemie peer s

37

Fad oo - o e Tiige Fos wsiewma




Fleet Octane Requirenent for
Unleaded Fuels

The 1990 Clean Air Act Amendments
passedy the US Congress called for the
elimination of the use of tetragifead in
all fuels. Since that time the FAA has
been acouragng apartnership between
government and industto ovesee the
development of an unleaded fuel to
replace the primg fuel usedy the
general aviation industy 100 low lead
(100LL).

In Februay of 1995, a Coordinating
Research Council (CRC) committee was
formed with members from the FAA and
private industy to oversee the
development of a replacemengf for

100LL. This forum has sefed as a
mechanism for the competitive interests of

individual segments of the general aviation

industry to share information and help
foster the deelopment of anew unleaed
aviation gasoline.

Soon after its formation, the CRC
committee agreed that determigitine
octane requirement of the general aviation
fleet was the most important parameter
demanding immediate attention. The lead
in the fuel provides the tane rating
necessyy for thesafe operation of hig
performance general aviation piston
engnes. Data generatdy the FAA

William J. Hwghes Technical Center on
test engines, stwn on the ight, has
yieldeddata to deelop and validate a
grourd-basedorocedire to determine an
engne’s octane requrement. That
procedure has been docurteshin a draft
report that will be submitted at the next
semiannual American Sotyeof Testing

and Materials (ASTM) meeting for
approval as an ASTM standgetbcedire.
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Octane ratingests conducted in FY97
determined that to date nagines have
performed with 100% satisfaction on the
primary reference fuels. This result has
forced he generation of new formulations,
from the participatig oil companies, of
unleaded prim@gy reference fuels that will
have octae ratngs hgher han 100. Prior
to this development, primareferance
fuels neded lead to get a ray higher
than 100. FY98 promises more
developments in this area that slbyield
the first submission of industisupplied
replacement candate fuels.

POC: Mr. StewarByrnes, AAR-432,
(609) 485-4499.



Uncontained Turbine Engine
Debris Characterization and
Vulnerability Analysis

Uncontained turbinengine events have
caused catastrophic results to aircraft. The
FAA saw a need to update adwvigo
material relative to uncontained turbine
ergine failures. An Aviation Rulemaking
Advisory Committee (ARAC) was tasked
to update Advisty Circular (AC) 20-128,
“Design Considerations for Minimizing
Hazards Causelly Uncortained Turbine
Engine and Auxiliay Power Unit Rotor
and Fan Failure.” This group determined
that there was a need to betteam@cterize
thetypesof failures, number of fragments,
velocity of fragnents, and damage cad
by these framents. Howeer, engine and
airframe manufacturers, who considered
this data to be proprietary, had collected
much of the dataeeded to do this.
Therebre, in 1995, the FAA Technical
Center entered into an interaggn
agreenent with the Naval A Warfare
Center, Weapons Division (NAWCWD),
ChinaLake, CA , to gather this data and
conduct an @alysis of the data wkh

could then be used to update AC 20-128.
Data was given frég to NAWCWD
because this organization had prés@ng
nondisclosure agreements with most
enghne and airfrane manufacturers and
could theredre respect thproprietay
nature of this data. This tdahas now
been aalyzed and the results tabeen
made available to members of the ARAC
to use for the updatf AC 20-128. he
results of this characterization of
uncontained debris will also be published
shorty in an FAA report to be preparésgt
NAWCWD. Additionally, this
characterization will also be used to
prepare stochastic models of
uncontainment events of variotygpes to
be used in conjunction with vulnerabyli
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assessment tools. These tools (FASTGEN
3 and COVART 4.0) have beesad by

the military to assess the vulnerabyliof
their aircraft to hostile threat8y
modifying this code for usby civilian
airframe manufacturers, the vulneratyjli
andysis of a commercial airfrae to the
threat from uncotained @ginedebris can
be conducted. NAWCWD and their
support contractor,fle Service
Engineenng Compay, have alredy
identified certain modifications to this
code. These modifications will gi@
shorty. In addition, initial testing of these
vulnerabilty assessment tooly lirframe
manufacturers will bgin shorty. Both
Boeing andMicDonnell Douglas will
conduct initial evaluations of the
vulnerabilty asessment tools under
contract from NAWCWD. Both
contractors shall provide
recommendations, which will improve the
tools’ ability to assess aircragafety to the
uncontained mgine debris threat.
NAWCWD will then prepare a
vulnerabilty assessment tool improvement
plan. The resultig vulnerabilty
assessment tools will enhance the tyabé
commercial aircrafby providing the
means to criticdy examine the threat
posedby uncontained engie debris and
allow steps to be taken to ngte the
threat.

POC: Mr. Robert Pursel, AAR-431, (609)
485-6343.
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Overhead Stowage Bin Research

Recent aircraft acdents have shown that
a serious threat to the shf®f aircraft

passegers in an accident is the contents of

the overhead stowage bins be tins
themselves. One test series has been
conducted and another test series is
currenty undervay which seek to gantify
the threat posed to tipassagers. Ten-
foot sections of narrow-laly fuselages
(acconpanying phobgraph)have been
configured with in-service werhead bins
from various manufacturers. Tdee
fuselage sections are then subject to both
nondestructive horizontal accelerations
and destructive vertical drop tests to
simulate actual severe but survivable
accidents. Te bins are ighly

instrumented. Test results to date indicate
that the failure mechanism of the bingym
be highy dependent on bin dgs and
attachment to the fuseja.

POC: Mr. Gay Frings, AAR-431, (609)
485-5781.

Commuter Airplane Dynamic
Drop Testing

Dynamic seat testgirequrements had
been adopted for all categorigfsaircraft
except small commuters. To define the
loads and structuraeformations which
thistype of airpane might experience, a
series of destictive dynamic droptests
(acconpanying phobgraph)have been
conducted which simulate a severe but
survivable crash environment. Results to
date indicate that tise fuselages are me
stifft. Consequethy, the loads xperienced
by thepass@egers are relativg high.
Dynamic seat testing reqaments should
reflect the results of this research.

POC: Mr. Gay Frings, AAR-431, (609)
485-5781.
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Head Injury Criterion Research

A unique pass/falil certification
requirement exists in the seathadmic
performance stadard relative to paseger
head injuy criteria HIC). To determine if
a manufacturer’s seat installation passes
this requirementlynamic sled testigof
the seat installation must be conducted.
This testig is expensive and time
consuming. AHIC component tester
(shown in the photograph)sed in lieu of
actual sled testmduring the
developmental stage, woube an
invaluable aid. Research conducted to
date holds out the promise that such a
component tester ight be availale for

seat installation developmental purposes.

POC: Mr. Gay Frings, AAR-431, (609)
485-5781.
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Safety of Flight
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Aviation Risk Analysis Rapid
Prototyping Facility

In 1997 the Aviation Risk Argsis
Section established a rapid priygaing
facility at the FAA William J. Hghes
Technical Center. The mission of this
facility is to develop sophisticated
andytical techniques usg daa from the
various data sources to support decision
making regarding the safey of commercal
aviation operations. Response is quick
since the gtensive coordination necesga
to develop out-of-house requirements is
bypased. The prottype oftware is
installed in the field and evalie to
determine the operational effmaof the
anaysis results.

The core of this facity is a 180 MHz
Pentium processor sar with 132 MB
RAM and 32 GB of hardrive space.

This server is running Microsoft Windows
NT Server 4.0 and Microsoft SQL Ser
6.5. Periodicdl thedata bae is refreshed
with data from various da sources
uploaded via the FAA Wide Area Neork
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(WAN). Two full-time mathematical
andysts with etensive &perience in
engneering daa andysis comprisehe
development team.

The development team participates in
several gpert panel meeatgs chartered to
publish the requirements of teafety
andysisprogram. From obseations at
these meetigs and review oftie
proceedngs, theteam deelops prottype
algorithms and data presentation methods
to assist the users, aviation sgfe
inspectors, in uncovering potential
hazardous situations involving commercial
civilian aviation operations.

To date, several field facilities have been
targeted to receivéne protdaype software
for evaliation purposes (see map below).
The program is installeldy downloading
the software from the file transfer protocol
(FTP) site housed within the same NT
Server.

POC: Mr. Carmen Munafo, AAR-424,
(609) 485-5907.

Up and running
Planned or begun



SPAS Perfomance Measures
Components

The perbrmance meases of Safty
Performance Angsis System (SPAS) are
under developmerity the Risk Andysis
Section (AAR-424) at the FAA Willian.
Hughes Techital Center. Edy in the
development, it became apparent that
performance measures in the format that
was used folarge air carriers would be
difficult to implement and would not, in
general, result in useful performee
measures. fe purpose of the work at the
William J. Hughes Technical Center is to
integrate the infanation, display
badground inbrmation, perbrm
computations of parameters required f
surveillance, inveggation, and
certification activities, and to provide
continuous monitoring of critical
parameters. The objectives are to provide
a means of informing Awation Saféy
Inspectors of pentialy important
situations and to expedite the inspector’'s
activities in the areas of certification, re-
certification, surveillance, and
investigationby providing readly
accessible information fromariety of
data sources.

The Risk Andysis Section pragted aset

of working models to support development
of integratedperformancemeasurement

and information profile software for the

Air Personnel and the Air Agey

component of SPAS. These measures will
include flags to advise the inspector of the
need for closer aihgsis, numeric da
resultig from computations that generated
the flag, and raw da in tabulated qug

form that support the computations. These
working models use the Microsoft Visual
Basic language and data from a vatyeof
data sources. Theorking models were
used for prottype andysis and interaction
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with SPASexpert panels during
development of SPAS components.

For the Air Personnel component, a wide
variety of air personnel further

complicated the issue. The resulting
concept became a blend of codite
sensitive, rule-based performance
measures and axganded personnel
information profile. A set of general areas
of interest (personnel dimension) has been
specified whichmay have more than one
parameter, deending onhe specifictype

of personnel concerned. Spécif
performance measure pareters will be
based on computations concexqi

activity, events, dates of required actions,
etc. Specifications for Degnaed Pilot
Examiners, Desigrniad Medanic
Examiners, Certificated FjhtInstructors,
and Mechait with Authorization have
been completed and was submitted to the
Volpe Center on September 30, 1997, for
production. Research addvelopment

will continue on othetypes of Air
Personnel that were spaeidiby the Air
Personnel kpert Panel. Thadures on

the net page show somaf thetypical
screenayouts for SPAS.

The proposed Air Agency component used
an tensive ageey profile and a set of
rule-basegerformance meases. Certain
data was tghlighted to provide inspectors
with information regarding required
actions or other infenation which might
influence their decisions. This higglhted
data is displged in the same manner as
performance measures but will udyaiot
involve computations and maot directy
reflect a problem ofre agecy’s
performance. For the Air Agecy
component, specifications for Certificated
Repair Stations were completed and
submitted to the Volpe Center on April 29,
1997, for production. Theevelopment of



the Repair Stations profile and its on other performance measures that were

imbedded performance measures were specified by the Air Agency Expert Panel.
released in SPAS Il in mid-September

1997. The draft Schools and Training POC: Ms. Cristina Tan, AAR-424, (609)
Centers Software Requirements 485-8168.

Specifications was submitted to Volpe
Center on August 8, 1997, for production.
Research and development will continue

Quialification/Profile Section Screen School Profile Information Section Screen
Layout Layout

Repair Station Profile Information Section Screen Layout
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HALO ™ Ice Detection System

In response to a nurar of aircraft
accidents attributed to frozen precipitation
and/or ice on critical aircraft aedgnamic
surfaces, the FAA mantid the “Clean
Wing” concept. The Clean Wing concept
prescribeshat no aircraft ray take off

with frozen precipitation adhering to its
critical aeralynamic surfacesln order to
assure that their aircraft Yaclean wngs
during takeoff, airlines comménemploy
glycol-based dicing and anti-igig fluids.

Both deicing and anti-icing fluids have
holdover timetables (HOTS) that provide a
range of times that a particular fluid will
remain effective uder various weather
conditions. Use of HOTSs requires the
pilot to make judments on the remaining
effectiveness of the deiaror anti-icing
fluid applied to his aircrafbased on dén
rapidy changing met®rological
conditions. Pilots will often attempt to
ascetain the condition of the wgs and/or
the anti-icirg fluid by examinirg them
through a cockpit or cabin window.
Unfortunatey, this must often be done in
poor visibility conditions, at ight, or both.

A system that would continug and
accuratéy monitor the condition of the

wing and the applied deicing and anti-
icing fluids could potenti&y make the

pilot’s job much easier and operations in
freezing precipitation much safer. Further,
a monitoringsystem that could prevent the
needless reapplication of deigiand anti-
icing fluids would reduce the impact of
glycol ruroff on the environment and

would reduce costs to the airlines. The US
Air Force, facimg similar problems with

their transport aircraft, decided to sponsor
research andevelopmentR&D) for a

wing mounted ice detectigystem

through the Department of Defense (DOD)
Advanced Rsearch Projects Agey
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(DARPA) Joint Use Program. Due to its
extensive expertise in this area, thig
Safdy Research Section, AAR-421, was
askedby DARPA to direct and manage
this R&D program. A consortium
consistig of McDonnell Dowlas,
Northwest Airlines, FB3nc. (a
Penrsylvania State Universy-based
technoloy busines), and ledby
Rosemount Aerospace, were stioby
DARPA to perform this research.
DARPA and the consortium contributed
financial and mterial resources in equal
amounts. The result of this government
and industy cooperative effort is the
HALO™ ice detection sysm. The
system consists of four ultrasonic sensors,
a single HALO pocessing unit (HPU),
and a cockpit displa Two ultrasonic
sensors are installed on eacimgyione
each in an inbard and outboard location.
In addition to determinmpthe
effectiveness of thelgcol, the two
inboard sensors also pradeiforeign olpect
damage (FOD) ice detection capaltlifor
rear mountedragine aircratft.

COCKPIT DISPLAYS

COLD SOAK FUEL CELL HALO PROCESSING UNIT

SENSOR LOCATION

OUTER WING CHORD
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The formalR&D effort was completed in
Febuary 1997. Rosemount Aerospace is
now evaluatig the HALOsystem for
operational use.

POC: Mr. Edward. Pugacz, AAR-421,
609-485-5707.



Electromagnetic Environment for
Aircraft

A surwey was conductedf all
electromgnetic transmitters in the United
States.It included transmitters such as
television stations, radio stations, radars,
cellular telephae transmitters, ship and
aircraft transmitters, etc. The purpose of
the surey was to define theigh intendiy
radiated ifelds (HRF) environment that
civil aircraft are &posed to during ifght.
The data is needed to develdpsign, and
test criteria ér the fight controls and
avionicssystems onboard the aircraft to
insure that thy will not be susceptible to
the electromgnetic transmitters. New
aircraft, and retrofit aircraft, are
incorporatng more and more advanced
digital technolog which can besensitive
to electromgnetic interference.
Additionally, some newiacraft are
replacing aluminum skin and structure
with composite materials which, thghu
very strong, do not have tlsame
shielding effectivaess against
electromgnetic interference. A similar
suney was conducted in Eupe and the
data was combined with the U.S. data.
The result is a set of tables which define
the worldwide HRF environment for all
types of civil aircraft. A table for the

HIRF Certification Environment is shown
below.

The table containgeak and averagégnal
measurements, in volts per meter, for the
US, Europe, and Combined. The
measurements are displayed in trexy
bands which start at 10 KHz and go up to
40 GHz. Other data collected wered to
define theHIRF Nomal, Severe, and
Rotorcraft enviroments as well. Thisis a
significant accomplishment since the US
and European aviation communities have
been working on a worldwide environment
for many years and, up until now, were not
able to come to an agreement on thealig
levels. This meant that aircraft would
have to be tested and certificateddsy
once in the US and then again in Europe.
The development of an agreed upon
worldwide HRF environment permits one
set of tests and one certification for each
aircraft while ensung aircraft safty.

POC: Mr. Peter Saraceni, AAR-421,
(609) 485-5577.

R 1997 HIRF Certification Environment
, US Certification European Certification Combined Certification
Range Peak Average Peak Average Peak Average
10{ kHzto 100{kHz 13 13 40 40 40 40
100{ kHzto 500{kHz 36 25 40 40 40 40
500/ kHzto 2|MHz 13 13 40 40 40 40
2| MHzto 30{MHz 113 113 100 100 110 110
30] MHzto 70{MHz 8 8 20 20 20 20
70 MHzto 100|MHz 9 9 20 20 20 20
100 MHzto 200, MHz 14 14 50 20 50 20
200 MHzxto 400{MHz 14 14 70 70 70 70
400 MHzto 700|MHz 40 40 730 30 730 40
700, MHzto 1|GHZ 143 51 690 70 690 70
1] GHzto 2|GHz 514 53 2200 160 2200 160
2| GHzto 4|GHz 1003 187 3500 240 3500 240
4] GHzto 6/GHz 3875 160 3200 130 3800 160
6/ GHzto 8iGHz 125 76 800 330 800 330
8| GHzto 12|GHz 1231 76 3500 330 3500 330
12; GHzto 18|GHz 496 188 1700 210 1700 210
I
Based on November 1996 US environment definition and March 1997 European environment definition

1997 HRF Certification Environment
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Icing Infor mation Notes

Several informal technical notbave been
written to provide practitioners in the field
of aircraft icirg with clear, redy
references on some of the fundamentals.

These write-ups were prepared in response

to requests from thedid or to clariy
known areas of confusion in the
interpretation and application of igmlata
and technical literature. The information
notes available at this time are described
below.

“Looking for Large MVD’s?” Tells
what to look for and Wwat to expect when
searchmg for icing clouds with droplet
MVD'’s in the range of 30 to 50 microns
during test fights.

“Terminology for Droplet Size
Measurement$ There areoften
guestions, errors, or confusion about
droplet size measurements, computations,
and terminolog. Togcs include: Cloud
Droplet Basics, Water Content of Clouds,
Engineering Significance of Drogt Sizes,
Substitutes for Dropsize Distributions
(Mean or Average Dianter, Medan-
Volume Diameter (MVD)Mean-Volume
Diameter, andM eanEffective Diameter),
and Cautions in Readiricing Literature
andInterpreting Dropsize Tables.

“Answers to Questions about Low-Level
Icing Conditions” Answers the questions
“Are low-level icing conditions above a
high-devation airport any different from
low-level icing conditions near sea le|
and ‘1s the Continuous Maximum
Envelope (Fig. 1 of FAR 25, Appendix C)
realy valid all the vay down to ground
level or sedevel?

“Legitimate (and lllegitimate!) Uses of
the LWC Adjust ment Curves in
Appendix C of FARs 25 and 29 There
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are ofen questions, esrs, or cofusion
about the legitimate use of th&/C
adjustment (F-factor) cues in Appendix
C. Topics include: Proper Use of the F-
factor Cures; Converting Aailable LWC
Averages to Equivalent Values Over 17.4
nmi or 2.6 nmiJudging the Adequzy of
anlcing Exposure for Test or Certification
Purposes; and Acceptable Methods f
Documentiig, Comparig, and
Extrapolating Test Eposures.

“Method for Computing Condensable
Water due to Expansion (Suction)
Cooling in Turbine Engine Air Inlets”
When air is drawn into turbine engine
inlets during low-speed (ground)
operations, the air can be cooladas
much as 1% (8°C) due to the air pressure
drop inside the inletlf the outside air is
moist and the temperature drops below its
dew point during ingestion, then moisture
(and possily ice) will condesse in the

inlet. This note describes a method for
computirg the mass (grams) of
condensable watger unit mass
(kilograms) of ngested outsideiia

“Summary of Some Current Practices

in Selecting Design Values frm the

Icing Envelopes inAppendix C of FARs
25 and 29 Questions arise periodidgl

on the significanceyroper wsage, and
interpretation of horizontal extent of icing
conditions represeed by he desgn
envelopes in Appendix C of FARs 25 and
29. Topics include: Selecting Exposure
Distances, Selecty Values of MVD, and
Special Considerations.

POC: Dr. Richardeck, AAR-421, (609)
485-4462.



Data Acquisition to Characterize
a Hazardous Icing Envirorment

In October 1994, a turboypeller aircraft
crashechear Roskwn, Indiana, afer the
aircraft had been holding in icing
conditions awaitig clearance to land in
Chicago. Te accident claimede lives
of all sixty-four people aboard. he
National Transpdation Board found that
the acailent occurred in a form of freem
drizzle which researchers refer to as
supercooled large drbgts GLD) aloft. At
that time, and still toda droplets this
large are not included in the icing
certification envelopes in Part 25,
Appendix C, and no aircraft are certified
for such conditions. The FAA Williarh
Hughes Techital Center was given the
chief responsibity for organizing the
FAA International Conference on Aircraft
In-flight Icing (attendedby more than four
hundred partigants from twety
countries) forhe purposef joining with
industly, research organizations, pilot
organizations, and other parts of the
international aviation commuyito
determine the most apgmaate cairse of
action. It was déermined at the
conference that North Americaata on
SLD aloft is mairhy limited to
mountainous regions of the western U.S.
and the maritime provinces of Canada.
This resulted in a recommendatiomgiag
the acquisition of more data in other
geographic areas of dith America, such
as the Great Lakes region, in order to
better to characterize 8D aloft
environment. Such information was seen
as valuabledr guidance on operations,
simulation, and design and as a neagssa
prerequisite to moélying or
supplementing the Appendix C
certification envelopes to inclucd.D
aloft. Following he conferece, the FAA

issued annflight Aircrafticing Plan
endorsing this recommendation.

The FAA William J. Hghes Technical
Center joined with NASA Lewis Research
Center and the National Center f
Atmospheric Research in adfit research
program aimed at the acquisitionSifD
aloft data. Theroject was based in
Cleveland, Ohio, and researchers
conducted may successful ffhts in the
Great Lakes region, a ggraphic area
wheresevere ichg conditions occur with
greater frequesy than in most other areas
of North Amerca.

In addition, the FAA Williaml. Hughes
Technical Center has initiated a research
effort at the Mount Washington
Observatoy in New Hampshire to acquire
freezng drizzle data. Becausgits

height abwe sedevel, this location offers
an appropiate and cost-effective location
to acquire d&a in conditions repsentative
of SLD aloft.

Data from these and other efforts will be
entered into the FAALD database, and
detailed anlyses of the data will be used
by the FAA to déermine appropriate
guidance material and regulatpaction.
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POC: Mr.James T. Rilg, AAR-421,
(609) 485-4144.



Fire Safety




A New Flammability Test for
Airline Blan kets

In 1993, a fire erupted in a stowage bin
aboard a Northwest Airlines Baogj 727-
200 aircraft. Theife was noticed just as
the aircraft waveing pushed back from
the loading gate at Dorvémternational
Airport in Canada. Upon completion of
their investigation, the Transportation
Safdy Board (TSB) of Canada déermined
that the omginal source of the fire was the
100% pdyeder airline blankets. Prior to
this incident, there was no Federal
Aviation Administration (FAA) regulation
that requiredlmmabiliy testing of

airline blankets. Because of this incident,
the U.S. National Transpation Safey
Board asked the FAA tdevelop aifre
performance test method and performance
criterion for Bankets supplied to
commercial airline operators.

At the time, maw airlines oty used
blankets that met the FAA vertical Bunsen
burner test specified in FAR 25.853-
Appendix F. This test, however, was
inappropriate as a measurement of
ignitability for certaintypes of blankets

since the plyester blankets involved in

the Northwest 727 fire met the test criteria.
For example, some pgester lbankets
compliant with the Bunsen burner test
could be ignited with a match.

The FAA William J. Hghes Technical
Center Fire Safg Section conducted a
test program to evaltea numbeof
different flammabiliy tests for airline
blankets. This program led to the
development of a 4}p horizontal test
method that produced consistent test
results, corrated well with full-scale
testirg, and was more realistic since the
blankets are folded and stored horizdmtal
in the aircraft stowage bin.

A full report and test method was issued in
March 1996.In August 1996, a kyht
Standards$nformation Bulletin for Air
Transportation (BIB) went into effect,
specfying the FAA recommendation that
air carriers replace old blankets at the end
of their service life with blankets that meet
the 4-py horizontal test. During 1997, the
4-ply horizontal test fiture was

redesgned in order to simplfthetest
procedure forhie operator. New drawings

Blanket Flammabity Test



were also sent out to laboratories that
perform this test to assure that thet
results are reprattible amag
laboratories. Additiona}i the test method
will be included in the Materials Fire Test
Handbook that is scheduled fotease in
ealty 1998. Thehandbook will be the
most comprehensive, detailed description
of aircraft material fir¢est methods and
criteria available as guidanomaterial br
FAA certification engineersdesighated
enghneering repreentatives, and test
method operators.

Although not mandated, the magyrbf
airlines require that replacement tats

be compliant with the new flammalbyli

test method. The addition of this test
method is another step in the improvement
of fire safay for the flying public.

POC: Ms. Patricia Cahill, AAR 422,
(609) 485-6571.

A Microscale Combustion
Calorimeter for Determining
Flammability Parameters of
Research Materials

A microscale combustion calorimeter has
been developed to measure flammapili
parameters of miljram pdymer (plastic)
samples under test conditions which
apprximate aircraft cabin fires. The test
provides a quantitative measure of the fire
hazard of newnaterials in an aircraft

cabin fire when oly research quantities

are ailable br testing.

Figure 1 is the micszale combustion
calorimeter showing, from left taght, the
samplepyrolysis stage he heded oxygen
mixing manifold, and the combustion
furnace and xygen analyer.
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Figure 1. Microscale Combustion
Calorimeter.

Figure 2 is a composite plot of
microcalorimeter data for different

plastics, some of which are used in aircraft
interiors. A sharp, quantitative, and
reproducibleneat release rageak is
obtained in the test. After normaligithe
curves for the sample size the results are



independent of the physical form of the
material (e.g., powder, film, fiber, etc.).
The microscale heat release rate data are
expressed in kilowatts per gram of original
material. The best and worst samples
tested differ by a factor of 100 in peak heat
release rate.

Figure 3 compares the peak heat release
rate (HRR) measured on milligram
samples in the microcalorimeter to the
heat release rate measured for 100 gram
samples in a fire calorimeter. The heat
release rate plotted along the vertical axis
in figure 3 is the steady-state or average
value obtained in a fire (cone) calorimeter
at 50 kW/nz incident heat flux according
to standard procedures.
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Full-scale fire tests at the FAA have
shown that the heat release rate of interior
materials measured in a fire calorimeter
correlates with passenger escape time in a
simulated postcrash fuel fire. The good
correlation between fire and micro-
calorimeter results in figure 3 shows that
the microcalorimeter is also a good
predictor of passenger escape time and,
therefor, of full-scale fire hazard. A
DOT/FAA patent has been filed on this
invention.

POC: Dr. Richard E. Lyon, AAR-422,
(609) 485-6076.



Fuel Fire Burnthrough Resistance
| mprovements

Fuselage burnthrough refers to the
penetration of an external jet fuel fire into
the interior of an aircraft. The time to
burnthrough is critical because in a
majority of survivable aircraft accidents
accomparedby fire, ignition of the

interior of the aircraft is causdyy burning
jet fuel external to the aircraft. ferefore,
the inteyrity of the aircraft and its abiyi

to provide a barrier against fuel fire
penetration is an important factor related
to the survival of aircrafbccupants.
Fuselage burnthrgh resistancbecomes
particulaty important whentte fuselage
remains intact following a crash. The best
example of an accident wheresilage
burnthrough was dermined to be critical
to the outcome was the Bogi737
accident in Machester, Bgland, in 1985.
In this accident, the inveghators
concluded that burnthrougitcurred

within 60 seconds and did not allow
sufficient time for all occupants to escape
(55 people died from the effects bet

fire).

Fuselage burnthrough resistancayrbe
simplisticaly viewed as the time interval
for a fuel fire to paetrate hree fuselage
shell members: aluminum skin, thermal
acoustical insulation, and sidewall
panel/cabin floong. Flame peetration
may occur in other areas as well, such as
windows, air return grilles, and seams or
joints. The burnthrough resistance of the
aluminum skin is well knownlt takes

only about 20 to 60 seconds for the skin to
melt, depending on its thickness. The
thermal acoustical insulation is the next
impediment to burnthrough following the
melting of the aluminum skinln past

FAA outdoor tiel fire burn tests on
surplus fuselges, it was determined that
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the fiberglass insulation provided an
additional 1 to 2 minutes of protection, if it
completéy covered the fire area and
remained in place. Thus, the method of
securimg the insulation to the fuselage
structural members is important. The
sidewall panels and ftwing offer the final
barrier to fire paetration. Sandwich
panels comprised of heycomb ©res and
fiberglass faaigs are effectivbarriers;
however, full-scale fire tests also show
that the fire can petmte into the cabin
through & return grilles, seams, joints, or
window reveals. Moreover, some
airplanes use aluminum sidewall panels,
which offer minimal burnthrough
resistance. FAA resedrers are dcusng

on the thermal acoustical insulation as the
most potentialf effective and practical
means of achiexg a burnthragh barrier.

A full-scale test article is used to
accuratky evaluate improved ntarials

and concepts when installed realistigal
inside a fuselage and subjed to an
external fuel fire. The test artite is a 20-
foot-longbarrel section, constrted of
steel framilg members, inserted in the aft
end of a Boeig 707 fiselage. A D-foot-
long by 8-foat-wide fuel pan subjects the
test article to an intense fuel fire.

Aircraft thermal acoustical insulation
batting is typicaly comprised of
lightweight fiberdass encapsulated in a
thin film moisture barrier, usugi
payester or pbyvinyl fluoride. Several
materials havéeen tested whichxibit
marked burnthragh resistance compared
to the baseline thermal acoustical bajtin
The effective meerials include a heat
stabilized,oxidized pdyaaylonitrile fiber
(OPF) as a rdpcament for the fberglass,
a lightweight ceramic fiber mat used in
conjunction with the present fiberglass,
payimide foam encased in quartz fiber
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mat, and a polyimide film as a
replacement for the polyester or polyvinyl
fluoride films. A comparison of full-scale
test temperature readings taken at the
inside of the insulation and near the ceiling
illustrate the burnthrough protection
provided by the OPF insulation. Both the
OPF and fiberglass insulation materials
were securely attached to the framing
members. It takes about 1.5 to 2 minutes
for the fuel fire flames to penetrate the
aluminum skin and fiberglass batting,
whereas the OPF insulation did not burn
when subjected to a fuel fire for over 5
minutes. A 5-minute window for
passenger evacuation should cover most, if
not all, crash accident scenarios.

In summary, full-scale fire tests have
identified a number of promising materials
that can significantly improve fuselage
burnthrough resistance. The next step is to
develop burnthrough design guidelines,
including a small-scale fire test to evaluate
materials and methods of attachment. Burn Test with Effective Insulation

[ S

POC: Mr. Timothy Marker, AAR-422,
(609) 485-6469.
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Continued Fire Worthiness of
Seat Fire-Bloking Layers

On April 6, 1993, a China Eastern Airline
MD-11 diverted to Shemya,lAska, due to
flight control problems. fie aircraft was
able to land without loss of life but
suffered severe interior stitural danage.
During the subsequent invegdtion, the
National Transpdation Saféy Board
(NTSB) noticed interior cabin seat
cushions with worn fire-loicking layers
exposing the plyurethane foam.

Typicaly, a fire-blocking &yer
encapsulateié passeger and crew seat
cushions to minimize the fire hazard of the
foam itself in the event of a cabin fire. As
a result of the N8B accident report, the
Federal Aviation Administration (FAA)
was charged withvaluating he continued
fire worthiness of various cabin materials
as thg aged. The material particulgr
highlighted was the fire-blockintayer

required on aircraft seat cushions. The fire

performance for aircraft seat cushions is
regulated through 14 CFR and FAR 25,

Fire Blocked
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§25.853; a fire test method for
demonstratig compliance igjiven in
Appendixll of that document.

The fire-blockng layers aboardne China
Eastern Airline aircraft that was involved
in the accident that lead to th& &
investigation were graphite-ged fibers
not commoty usedby U.S. air carriers.
To address the NTSB charge, the FAA
investigation was shifted to focus on the
U.S. civil fleet. Observations were made
on in-service aircraft seat cushions to
determine the kel of degradation, and
used materials were datedby
cooperative U.S. air carriers.

On aircraft in-service seat cushions were
examined at three aigots: Newark
International Airport (Newark, B,
Stewartinternational Airport (Newbugy;
NY), and the Atlantic Cit International
Airport (Pomona, N). The in-service
conditions of the fire blockingyers in
seat cushions on Shorts 360, ATR 42,
Embraer B B-120RT, McDonnell

After 45
Seconds

Unblocked



Douglas DC9/MD80, Boeing 727, and
Airbus A300 aircraft were evaluated. A
total of 176 seats were examined.
Evaluations of the in-service seat cushions
indicated the materials were in satisfactory
condition and were not the same materials
found by the NTSB on the China Eastern
MD11. U.S. air carriers also donated 38
seat cushion sets for destructive testing.
The condition of the donated cushions was
compared to the materials observed during
the on aircraft in-service investigations.
The donated materials possessed similar
degradation characteristics. The donated
materials were destructively tested to
determine their compliance with Federal
Regulations. The FAA specified test was
used to evaluate the worn seat cushion
materials. Although the test conditions
were not precisely applicable, the test
results provided a credible indication of
whether or not the worn materials were
within compliance intent. All the donated
materials demonstrated an acceptable level
of fire endurance even though materials on
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average were 7 years old. From these
results, it was concluded that the seat fire-
blocking materials commonly used by
U.S. air carriers retain their fire endurance
effectiveness during service. These results
eliminated the need to add additional tests
to determine the material degradation with
age, which would have resulted in costly,
periodic inspection of seat cushions, as
recommended by the NTSB. This project
was done in cooperation with participants
from industry and government in the
International Aircraft Material Fire Tests
Working Group sponsored by the Fire
Safety Section, AAR-422. A detailed
report has been issued describing the
work, “A Study of Continued Fire
Worthiness of Aircraft Seat Cushion Fire-
Blocking Layers,” DOT/FAA/AR-95/49,
published in March 1997.

POC: Mr. Douglas Ingerson, AAR-422,
(609) 485-4945.



Fire-Resistant Elastaners for
Aircraft Seat Cushions

Commercial transport aircraft contain
between 1000 and 2500 pounds of
flammable elastomers (rubber) st
cushions, pillows, and sealants.
Pdyurethane rubber seat cushions are
favored for their durabilt and recovey
but they are amag the primay
contributors to the fire hazard in aircraft
interiors.

In 1987 the FAA imposed regulations on
the flammabiliy of arcraft seat cushions
to delgy their involvement in cabin fires.
Manufacturers responded to these
regulationsy wrappig the pdyurethane
seat cushion in a fire-resistant barrier
fabric. Seat fire blockg allowed
manufacturers to pass the FAA
certification test but the cushions burn
vigorousgy when the fire-blockingdyer is
consumed after minutes of@osure to a
fire.
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The flammabiliy of foamed rubber
depends on thehemical composition of
the pdymer from which it is made.
Rubbers made from candnydrogen-
based (organic) ppmers arehe most
flammable because of tindnigh fuel
value. Replacig carbon andhydrogen
atoms in the pgmer with inorgainc atoms
such as chlorine, silicon, nitrogen, sulfur,
or phosphorus results in a semiongan
polymer with reduced flammabiyi
because®f the lower fuelvalue or
increased heat resistance.

In the Fire-Resistant Matais research
program we are focusy on semiorganic
rubbers ér seat cushions. Phg-silicon-
oxygen backbame (silpheylene)
elastomers which are crosslinkable and
extremdy heat resistant haveeen
synthesized. The silphelgne whose
chemical structure is shown below
contains oty 30% combustible material
and can withstand temperatures of 600°C
(1100°F).

(I:H3 CIH3 CIH3
—[—Si @Si -O—Si -o—]—
| | | n

CH, CH, CH=CH
2



Pdyphosghazenes are semiorgamubbers
based on a phospharunitrogen backbone
as shown below

otk

where R is an organic group which allows

the material to be dissolved or crosslinked.

Commercial production of
payphosphazene was recignt
discontinued despite thateemdy low
toxicity and ultra fire resistana# these
foams because theqmess ér making
them was prohibitiviy expensive.

We are pursung anew low-cost, low-
temperatureysithetic route to
payphosphazenes wth eliminates a
costy intermedlate from the process and
allows control over the molecular gt

of the pdymer. This new direcynthetic
route has provided the first phosphazene
copdymers including an 80-20 urethane-
phosphazene coponer which does not
ignite in a flane.

POC: Dr. Richard E.yon, AAR-422,
(609) 485-6076.

Fireproof Composites

The flammabiliy of organic pdymer
matrix, fiber-reinforced composites limits
the use of these rtegials in commercial
aircraft where fire hazards are important
design onsiderations becausé restrided
egress. At the present time, afforbgb

processable resins for fire-resistant aircraft

interiors are navailable since most
organic ptymers used for this purpose
ignite and burn reali under fuel fire
exposure conditions.

The Aircraft Safey R&D Branch, Fire
Safdy Section of the Federal Aviation
Administration is conducting a research
program to develop aircraft cabin
materials with an order-of-ngaitude
reduction in firehazard when compared to
plastics and composites currgniised as
interior materials. The goal of the
program is to eliminate cabin fire as a
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cause of postcrasteath in aircraft
accidents.

The Geopbymer resin in the beaker above
is being ®aluated as a resinrfuse in
fireproof aircraft cabin interior pels and
cargo liners (see test at righ

Geopdymer is a twopart, wder baed,

liquid potassium aluminosilicate resin
which cures at 8T (176F) to a fireprof
solid having twice the dengiof water.



Geopolymer has the empirical formula
SizoOggH24K-7Al. The fire response and
mechanical properties of Geopolymer
composites were measured and compared
to lightweight organic matrix composites
and aluminum used in aircratft.

Carbon fabric reinforced Geopolymer
crossply laminates were found to have
comparable initial strength to phenolic
resin composites currently used in aircraft
interiors. Unlike the phenolic laminates
however, the Geopolymer composites did
not ignite, burn, or release any heat or
smoke even after extended exposure to
high heat flux. Geopolymer composites
retained 67 percent of their original
flexural strength after fire exposure while
organic (e.g., phenolic) composites and
aluminum had no residual strength after
the test. Geopolymer composites have
higher strength and stiffness per unit
weight, higher temperature capability, and
better fatigue resistance than steel or
aluminum.
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Future work will focus on understanding
how Geopolymer resin protects the carbon
fibers from oxidative degradation at 800°C
(1500°F) in air, optimizing processing to
obtain maximum strength, and improving
the toughness of laminated composites.

POC: Dr. Richard E. Lyon, AAR-422,
(609) 485-6076.



Lavatory Fire Extinguisher Test
Standard

The requirement for an automatic fire
extinguisher which dischges into a
lavatay trash cotainer was proposed in
FAA Notice 84-5 as a consegnce of two
aircraft accidents. The first involved an
aircraft cabin fire (Air Canada, Cinaati
1983) in which 23 people perished. The
second oaarred at Tamp Intemational
Airport in Florida onJune 25, 1983, where
passagers and crewvaauated the aircraft
with no injuries or loss of life. Following
these accidents, an inspectionveyrof

the U.S. caier fleetby the FAA revealed
that the fire containment capabilities of
trash containersiay be compromisedty
the wear and tedypical of service.
Considering the seriousness of iigfit
cabin fires, enhanced fire protection was
considerediecesary. As a result,
rulemakirg was implemented on April 29,
1987, that required each lavatdrash
container be equipped with a built-in fire
extinguisher which discharges
automaticdl into the cotainer when
there is a fire.

Currenty, all aircraft lavabry disposal
recepacle fire etinguishers se Halon
1301 as the firexginguishing agent. Due
to environmental concerns, a total ban on
the production of Halon 1301 was issued
onJanuay 1, 1994. Halons, and Halon
1301 in particular, are the maiagiof
aircraft fireprotectionsystems and thus
environmentdly acceptable replacements
must be identified, as well as the means
for their approval.

A standard test method is mee to
establish that a replacement will provide a
level of saféy equal to Halon 1301. The
FAA edablished thénternational Halon
Replacement Workg Group to adress

the development of perfimiance stadards
for aircraft fire extinguishing systems
employing halons. A specific task group
was formed to develop a minimum
performance stadard for the lavabry
trash receptde fire extinguishingsystem.
The minimum performance standard
development process started with the test
article, shown in the phographbelow,
based on input from the Boeing
Commercial Airplane Group. The test
article is representative of the largest trash
recepacle currery in service. T@rovide
sufficient air circulation combustion to
start and continue until the lavayo
extinguisher (Laex) is discharged,
ventilation was provided at both the top
and bottom of the test article. The
ventilation holes could be closed with
damper flaps so that the agent wouldn’t
leak from the bottom of the test article
after dischaging.

Initial tests found that crumpled paper
hand towels were the most appriate
material to represent lavajotrash. A pair
of nichrome coils lodad close to the
bottom of the trash receptageovided the
ignition source. This simulatedgiowing
cigarette lried in the trash, providg a
deep-seated, smoldering combustion. To
cover the rageof aircraft operational



conditions, a minimum test temperature
was set to ensure the Lavex would
function properly in cold environments,

Report, “Development of a Minimum
Performance Standard for Lavatory Trash
Receptacle Automatic Fire Extinguishers,”

such as can result when an aircraft is
parked for extended periods. Several other
requirements were implemented into the
minimum performance standard in order to
obtain a repeatable test condition. These
include standardization of the ignition
source temperature, towel specification, a
minimum number of required successful
tests for acceptance, and tolerances on the
actual “crumpling” tightness of the paper
towels. The minimum performance
standard for lavatory trash receptacle fire
extinguishers is documented in FAA
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DOT/FAA/AR-96/122, dated February
1997. The test standard may be used in
certification testing of halon alternatives
for lavatory trash receptacles. Policy
Letter TAD-97-003, March 31, 1997,
generated by the FAA Transport Airplane
Directorate was circulated to the various
Aircraft Certification Offices to serve
notice that this new standard is now in
place.

POC: Mr. Timothy Marker, AAR-422,
(609) 485-6469.



Nanocanposite Fire-Retardant
Technology for Aircraft Interiors

Commercial transport aircraft contain
between 1500 and 2500 pounds of
flammable plastics as seat trim, windows,
window shades, wire insulation, and
miscellaneous parts. At present these
molded parts are not required to meet the
heat release rate regulations imposed on
large area interior panels, stowage bins,
ceilings, and partitions. The lower
flammability requirement for molded parts
is due to the fact that they are not
considered to be a sidicant fuel load.

High-temperature plastics that do pass the

heat release rate test do not hdee t
requisite toughness, durabyli
environmental resistge, and aesthetics to
function effectivéy in aircraft interiors.

-

The Federal Aviation Administration is
committed to developmnthe enabling

materials technolgy for a totaly fireproof
cabin. The goadf the pogram is to
eliminate cabin fire as a cause of death in
aircraft accidents. To achieve this goal we
will need interior plastics with an order-of-
magnitude reduction in their fire hazard
compared to that of current materials.

Nanocomposite technalg is an entirky
new generic ggoach to reducig the
flammability of pdymeric (plastic)
materials using environmenialfriendy,
chemical-free additives. Thad-retardant
effect of nanomier sized @y particles in
plastics was discovered by the FAA
through a research grant to Cornell
Universty. The Nationalnstitute of
Standards and Technology I@Y)
subsequely confirmed the effect in fire
calorimeter testigp. The approach is to
disperse individual, nanometer-sized,
layered silicates in a molten kyoner to
crede a tay-plastic ‘nanocomposite.”
The chy particles are about tleame size
as the ptymer molecules themsads (less
than one millionth of an inch in diameter)
so the become intimatglmixed and
chemicaly bonded. This has theverall
effect of increasig the thermal stabily
and viscody of the pastic while redcing
the transmission of fuel gases generated
during burning.

TREATED
CLAY

NANOCOMPOSITE

100
—l—————————
nanometers



The result is a 60% reduction in theeraf
heat released from a bunginylon
nanocomposite containing lyrb% chy.
This extraordinariy high degreef fire
retadant effciency comes with reduced
smoke and toxic gas emissions and at no

sacrifice in mechanal properties. The
nylon nanocomposite has twice the
stiffness and strength of theiginal nylon
and a 150°Filgher softenng temperature.

POC: Dr. Richard E.yon, AAR-422,
(609) 485-6076.

Chemical Oxygen Generator Fire
Testing

Fire Saféy Section persarel at the FAA
William J. Hwghes Technical Center
participated in the National Transpation
Safay Board (NTSB) invesgation of the
crash of a Valdet DC-9 near Miami on
May 11, 1996. During the initial
investigation, it was determined that up to
140 unepended and improplgrpackaged
sodium chlorate xygen g@erabrs were in
the forward cargo companent of the
airplane. As the westigation pocealed,
burned pieces ofxygen generators were
recovered at the accident site and the
reconstruction oftte forward cargo
compartment showed increagievidence
of a severe infght cargo fire. Although
thesetypes of geerators were previolys
involved in aircraft fires, there wasnye
little test data on the likelihood of an
inadvertenlty activaedgenerator startigpa
fire or the magnitudef a fire possible
involving up to 140 generators.

The Fire Safty Section began tests to
provide some of this datdnitial tests
measured theemperatre of the steel
of a varety of types of gaerators after
activatirg the firing mechanism. The
photograph shows the size of one of the
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generators. The temperatures were in the
300 to 4006F range, well below the
manufacturers specification of a maximum
temperature of 506.

The net series of tests involved activagi
the generators in a variety of packaypi
materials. In the majoriy of tests, the
packaing materials gnited due to the
temperature of the generators and the
higher han normal @ygen concentrations
within the packges. When multiple
generabrs were packaged in tlsame ba,
the heat of thedrning pa&age was
sufficient to initiate the chemical reaction
in adjacent geerators which prasted
even more heat ancygen. The resulting
fire quicy consumed all the generators
and pakagingmaterials present. The



temperatures generated were high enough
to melt steel which has a melting point of
approximately 2500F.

A series of three tests were then conducted
in an instrumented DC-10 cargo
compartment for the NTSB. The three
tests were run as follows: (1) one box
containing 24 generators, (2) five boxes
each containing 24 generators, and (3) five
boxes each containing 24 generators and
suitcases and an aircratft tire inflated to 50
psi with nitrogen adjacent to the
generators. The last test, shown below,
was designed to be similar to the way the
forward cargo compartment of the
accident airplane was loaded. In all of the
tests, all of the generators were consumed
in the test fires, and, in the last test, the
aircraft tire burst from the heat. The
instrumentation in the cargo compartment
was able to measure up to 33P0the
temperature exceeded that value for a
short period of time. The video recording
of the last test was played at the NTSB
public hearing for the accident in
November 1996 and was released to the
press by the NTSB. It was replayed
nationwide by all the major networks. The
tests corroborated the on-site accident
investigation findings and demonstrated
the unusual severity and rapid
development of the fire. It provided
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NTSB with additional evidence to support
their conclusion that the probable cause of
the accident was the activation of an
oxygen generator in the forward cargo
compartment.

A last series of tests was conducted in two
different volumes of cargo compartments
using a Halon 1301 fire suppression
system. Various quantities of oxygen
generators were used for the tests. These
tests had mixed results. Temperatures
were kept under control when relatively
small quantities of generators were
involved in fires in the large compartment
but the Halon had minimal impact when
larger quantities of generators were used
in the smaller compartment. The
accompanying photos show a sodium
chlorate oxygen generator and the fire test
conducted for the NTSB in the DC-10
cargo compartment in the FAA Full-Scale
Fire Test Facility.

POC: Mr. David Blake, AAR-422, 609-
485-4525.



Fuel Fire Penetration Test and
Destruction of a Transport
Aircraft

In 1985, a British Airtours B737
experienced anrgine failure while takig
off from Manchestelntemational Airport
in Manchester, ggland. The left wing
tank was punctured releasing fuel into the
fire plume trailirg from the damged
enghne. The plae was safly brought to a
halt on the runay, where fuel continued
to spill from the wing tank creating a pool
fire upwind of the aircraft. The wind
cariied the fire onto the left regart of the
aircraft where it penetrated the hull and
ignited the interior. Ftiy-five people lost
their lives in spite of prompt airport fire-
fighter respoee.

Survivors and accident investigators
initially reported that the fire entered the
aircraft in as little as 15 seconds after the
aircraft was braght to a stop. This rapid
burnthrough was inconsistent with
previous accidents and FAA-conducted
burnthroughtests. The aircraft should

have resisted fire petration into the
cabin for up to 2 minutes.

In an effort to better understand the rapid
burnthroughof the aircraft and resultant
high loss of life, dest was degned and
conducted at the FAA Williard. Hughes
Technical Center that incasated may

of the ley elements of the Machester
accident. A Conva 880 was dected or
use as the test artecwith modifications
designed to emulate the Bogi737
involved in the accident. hE aircraft was
equipped with instrumentation that
provided temperature, heatxluand taic
gas data degned to track the pgress of
the fire andhe resultant cabin
environmental conditions. Extensive
video and motion picture o@ra coverage
was provided to document both the
external and internal fires. The
photograph below shows that final stages
of the test conducted at the Technical
Center.

The test scenario was derived from the
accident report and inafied sequeced




door openings, external pool fire size and
location, and wind speed and direction.
The external pool fire was lit and the fire
was allowed to progress, eventually
penetrating the aircraft and igniting the
interior. The aircraft was allowed to burn
until it was completely consumed by the
fire.

This test provided what may be the most
realistic accident reenactment conducted
to date. Fire penetration points, cabin
smoke patterns, and fire propagation
within the cabin closely matched survivor
and eyewitness accounts of the
Manchester accident.

The data collected in this test has provided
insight into the dynamics of external fuel
fire penetration and propagation into an
aircraft fuselage. The three factors that
had the greatest bearing on survivability
were clearly the resistance to burnthrough,
the flammability of cabin materials, and
the buildup of toxic gases. The forward
part of the aircraft remained survivable,
despite a raging fire in the rear, until a
phenomenon called flashover occurred.
Flashover is the sudden combustion of
built up gases that occurs during an
interior fire. When flashover occurs, the
available oxygen is reduced and lethal
levels of toxic gases are produced. The
importance of reducing the incidence of
flashover through the development of fire-
resistant materials was clearly
demonstrated. The toxic gases became the
driving factor determining survivability in
the forward cabin, reaching lethal levels
minutes before the smoke and temperature
levels become unsurvivable.

This test was used as the basis for an

ongoing effort to improve the resistance of
an aircraft to resist burnthrough from an
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exterior fuel fire through the development
of improved insulation materials.

The data and conclusions derived from
this test significantly increased our
understanding of the mechanism of
burnthrough and the factors that affect
survivability in a postcrash fuel fire
environment. For additional information
regarding this test, please refer to the final
report, DOT/FAA/AR-96/48, published in
December 1996.

POC: Mr. Harry Webster, AAR-422,
(609) 485-4183.
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National Airport Pavement Test
Machine

...a joint FAA/Boeing partnership project

The Federal Aviation Administration and
the Boeig Compay have joined in a
Cooperative Research and@epment
Agreement (CRDA) to construct and
operate an airpogavement test maate
capableof testing full-scale airport
pavements to destruction with simulated
full-scale traffic loadng. The purpose is
two-fold: first, to validate new
methodologies for degning, constructing,
and evaluatig airport pavements; and
second, to develop a basis for petitioning
International Civil Aviation Qganization
(ICAO) to modfy the international
convention for dscribing aircraft and
airport compatibilly. Current
methodologies for both of these activities
are inadequate when applied to the
advanced landg gears proposeaif

future heay aircratft.

he facilty is under construction at the
FAA William J. Hughes Technical Center
at the Atlantic Qiy International Airport,
New Jersy. The test machine will be

located in a fuly enclosed building.
Overall dimensions of the structure are
apprximatdy 1200 feet long, 100 feet
wide, and 40 feet high. Pavement test
sections will be constructed using
conventional construction equipment and
techniques; thus representing actuelldf
construction. Testing will be conducted
24 hours a dy, year round, and in a fiyl
automated mode.

The pavement test section area is
apprximatdy 900 feet long and 60 feet
wide. This size permits simultaneous
testing of 9 different pavement cross
sections. Simulated aircraft loadiwill

be applied with anlectricaly driven
vehicle operating on railroad rails. The
vehicle will be rouglty 75 feet long and 80
feet wide and wigh agproximatdy 1.1
million pounds. Kdraulic actuators
reactng against the dead vgit of the
vehicle will provide the desired wheel
loads. Loads on the paweent test
sections will be variable up tonsaximum
total load of 900,000 pounds. Movable
wheel module assemblies permit wheel
groups to be moved up to 20 feet latiyral
and longitudindly to simulate a vartg of
wheel base coigurations.
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The facilty will be operational in late
1998. The total cost to design, construct,
and conduct therist series of tests is $21
million. Under the terms of the CRDA the

Boeing Compay has provided a total of
$7 million towards the project; the FAA is
providing the remaining $14 million.

POC: Dr. Satish Agrawal, AAR-410,
(609) 485-6686.

Evaluation of Airfield Lighting
Circuit Perfor mance

New requirementsof airfield guidance
signs havenecessitated replacement and
purchasef a large numbeof airfield
signs throughout the United Statds.the
process, manufacturersveadevelped
new degyns for airfield ggns using
current technologfor illumination and
control. Howeer, as thenew sgns are
placed into service, airportgve
experienced prdlems with the
performance of the signs In order to
determine the s@e and to invesgate
these problems, the Federal Aviation
Administration (FAA) conducted an
evaluation at several different airports. An
FAA Technical Report DOT/FAA/AR-
96/120 was issuedlly 1997 déailing this
evaluation.

For the evaluation, a testqgram was
developed which consisted of both
photometric and electrical perfoance
testirg. Crucial to this prgram was the
need to obtain data onwaral different
types of airfield guidace sgns, constant-
current regulators, and the different
configurations of airfield circuits.
Furthermore, it was essential to obtain this
data dumg real-life arfield applications in
normal operating conditions. Toward this

end, data was obtained at six different
airports.

During the couse of the galuation it
became evident that thegeageproblems
encountered were not amp specific, i.e.,
the problems were chatacistic of new
airfield signs. Results showed that the
source of the eleégcal problems was the
incompatibilty between theigns and
constant-current gelators (CCRS).
Contributirg to this incompatibitly were
the harmonics peent in the signs and the
regulators duriig normal operating




conditions. It was also concluded that the
photometric output of the sign was
impacted by the electrical characteristics
and sign performance. In particular, the
light output was a function of the shape of
the CCR output voltage waveform. The
more distortion that exists in the waveform
the less the photometric output of the sign,
i.e., the sign is less bright.

The study lead to recommendations for
improvements to both the signs and the
regulators. To minimize the effects of
harmonics and the nonlinear
characteristics of the CCR and to improve
the photometric performance of the signs
as well as the compatibility of the signs
and regulators, it was recommended that
criteria be established to limit the time
which the regulator is not conducting
within one complete cycle (dead time)
exhibited in the output waveforms at all
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ranges of connected load. A practical
solution for improving the harmonics is
the addition of a tap-setting mechanism in
the regulator. Two suggested methods
include an automatic tap setting and a tap
setting that will work in conjunction with
the regulator output step setting to
accommodate load changes.

It was also necessary that the photometric
performance of the signs comply with
FAA requirements. To better define the
photometric performance parameters of
the signs, it was recommended that the
FAA standards be revised to include (1)
luminance requirements for the red
background on mandatory signs, (2)
contrast requirement for mandatory signs,
and (3) field test procedures to
periodically measure the photometric
output of the signs.

POC: Mr. Paul Jones, AAR-410, (609)
485-6713.



Soft Ground Arresting System for
Airports

On Féoruary 28, 1984, a jet transport
aircraft overran rmway 4 Right atJFK
International Airport and plged into the
Thurston Basin. The aircraft was
extensivéy damaged and required $20
million in repairs. A similar overrun
accidentoccurred2 years prior at Boston
Logan Airport onJanuary 23, 1982. The
aircraft wasdestioyed and twgeople
were killed in that accident.

To eliminate such accidents, the FAA now
requires aafety overrun zone of 1000 feet
in length l®yond the end of a ruray.
However, may older runvays, built

before he 1000 feet became a stand, do
not have sufficientace available to
comgy with this requirenent. For sch
locations, the FAA'’s solution is to install
what is known as a soft ground arresting
system.

Through &tensive research and testing at
the FAA William J. Hghes Technical
Center, the FAA developed prelimiiya
design specificationof a soft ground
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arrestng system. Under a Cooperative
Research and @elopment Agreement
with EngineeredSystems Compan the
FAA demonstrated that a Bowji 727
aircraft could be stopped in less than 300
feet from a speedf about 63 mph. The
photograph below shows the B-727 in the
soft ground arrestingystem.

Following the siccesful demonstration,
the Port Authotly of New York and New
Jersg/ sgned a contract with the
Engineered®ystems Compay to install a
full-scale arrestobed at rinway 4R at
JFK—the scene ote 1984 accident. The
installation was completed in December
1996. The FAA is monitoring its
performance oser thenext two years to
collect datadr a Soft Ground Arrestor
Standard. Such as standard will provide
advanced modelingnaterials, and
methods for safg arresting aircraft that
overrun the ends of rurays.

POC: Mr.James White, AAR-410, (609)
485-5138.




Runway Instrumentation at DIA -
Development of Database

A better understanding of in situ behavior
of airport paements underperational
conditions is one of the critical elents in
the development of improved design
methodologies, new pavementterals,
advanced construction techniques, and
better maintenace pocedures.

The Federal Aviation Administration
(FAA) initiated a major research effort to
study the in situ response and performance
of Portland cement carete (PCC)
pavements. A comprehensive
instrumentationystem with a total of 462
sensors was installed within the panent
structures in the tak#f areaof Runway

34L at the Denvemnternational Airport
(DIA). An elaborate data acquisition
system was put in place to control these
sensors and collect data. Remote access
was established in 1994, providing the
FAA with on-line access to the data
acquisitionsystem.

In 1997, he responsdata was made
available on-line through tHaternet. All
sensor responses are recorded and stored
as data filedy a data acquisitiogystem
located at the site; transmitted to the FAA
William J. Hughes Technical Center in
Atlantic City International Airport, New
Jersg; processetty PC-based computer
programs; and the reduced data stored in
an on-line Oraclelatabase.

The instrumented section of pavement is
80 feet lang and is locted 400 feet from
the threshold of the ruray. There are

135 H-Bar strain gages, 23 Carlsdastic-
wire strain meters, 60VDT’s in 10
multidepth deflectometers (MDDs) and 20
single-depth deflectometers (SDDs), and
15 geophoes. Six infrared LED
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emitter/detector pes are located on
opposite sides of the rumyto serse

aircraft position. Each aircraft event lasts
apprximatdy 10 secondsjependig on

the speed thazraft passeswer the
pavement. Dia processing iby means of
a Windows-based computerogram

written in Visual Basic. The pgoam

(1) reads the bing data file containing all
sensor dataof a sngle aircraft event,

(2) filters (where necessary) and converts
the data to egineerirg units, (3) dispdys
relevant ser® data in a tabulaiofmat,

(4) provides a graphical displaf the data
record for individual sensors,

(5) cdculates aircraft speed and position
as a function of time, (6) identifies the
aircrafttype, (7) calclates peak responses,
and (8) geerdes a standard-que

language (SQ.) file for transfer of the
processedlata to the Oracldatabae.

This data processj procedure can also be
executed in an automatic batch mode for a
large numbeof aircraft events.

The speed and longitudinal andell
position of the nose wheel of the aircraft
are computed frormfrared (R) sensor
trigger signals. Additional information on
wheel base and main gear gery is
calculated from the responsewattical
strain sensors positioned at 1-foot intervals
across the peement at théeginning and
end of the test section. Aircragipe is
determinedy comparing computed gear
geametry with gear geomey of common
aircrafttypes stored in a librg.

Maximum peak values are found
automaticdly, with the peak defined
relative to the offet of the leading part of
the data record. Up to two additional
peaks came selected mamlly and heir
values retained for staga in the database.
The offset of the trailing portion of the
data eceedng apreddgermined threshold
are retaineddr storage in the datasa



For the 1(percent of the records in each
sensor catemy which have the largest
maximum peak values, each of tHata
records is coverted to aext string for
storage in the daase.

The resultig SQL files containimg the
processed imrmation are then transferred
into the on-line Orde databse residing in
a UNIX workstation in the Airport
Technobgy Branch. With on-linénternet

access to the datadeg it provides
worldwide users with the most convenient
means to obtain the collectddta and
allows the FAA to disseminate valuable
research infanation as soon as it becomes
available. Tk Intemet address for the

DIA database is
http://www.airtech.tc.faa.gov/dbase/.

POC: Dr. Xiaogong.ee, AAR-410, (609)
485-6967.

Infrared Aircraft Deicing

The Code of Federal Regulations (CFR)
prohibit takeoff when snow, ice, or frost is
adhering to wings, propellers, control
surfaces, egine outlets, and other critical
surfaces of theigcraft. This rule is the
basis for the clean aircraft concept.

The clean aircraft awept is essential to
safe fight operations. Common practice is
to deice and, ihecesary to anti-ice an
aircraft bebre téeoff. In most cases this

is done usinglgcol.

Glycol runoff from deicing/anti-icing
operations can impose a sigoént impact
on adjacent wateystems. ®ycol
contaminated storm water runoff can
deplete dissolvedxygen levels and
threaten aquatic life. Additiorlgl the
deicing fluids contain corrosion and rust
inhibitors which are considered toxic to
biological systems.

The escalatig environmental and
economic cost of chemical idershas
prompted the development of alternative
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ways to deice an aircraft. Process
Technobgies,Inc., (PT) hasdeveloped a
gas-fired, radiant heat unit which is
capable of meltigice and snow from the
surfaces of an aircraft.

In April 1995 (underhe terms of a
Cooperative Research andv@®pment
Agreemet), the FAA’s instrumented
Convair 580 was deiced with infrared
enepgy inside atemporaryhangar in

Buffalo, NY. PTI ere¢ed the structure,
fabricated and installed 96 EPU’s, and
conducted the tests in the presence of FAA
personnel. Observable results showed that
the aircraft, with=3/16" ice coating, was
deiced in approximakg 5 minutes. The

test report for these activities is available
from Process Technagies,Inc.

A series ofdeicing demonstrations were
conducted with the FAA’s Boeg 727 test
aircraft in March 1996 within a larger
hangar that spaed Txiway C1 at
Greater Rochesténternational Airport,
shown in the photograph below. Deicing
times ranged from 5 to 9 minutes
depending on power settings. Higuiuel



cost for the deicing was estimated at less operated the first infrared deicing facility.

than $100/hour. AIP/PFC funding eligibility for this type
system was granted by the FAA in July

In April 1997, PTI and Prior Aviation, the 1997.

fixed base operator (FBO) at Buffalo

Airport, jointly designed, built, and POC: Mr. James White, AAR-410, (609)
485-5138.
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Rescue and FireFighting

Phase | of the Lige FFame Fie FHghting
Evaluation Program has been completed.
Under a joint interagery agreement the
Airports Technabgy Research and
Development Brach and the United
States Air ForceTyndall AFB, Florida,
completed the first phase of a myéar
task to evaluate improved rescand fire
fighting equipment, achncetechnobgies,
extinguishing agents, and airport
requirementsdr fire fighting.

The central theme in this research and
development effort is improvement in
techniques and equipment with improved
cost-effectiveness. Sensitiyito costs is
very important, especiaflat small airports
where fire preection carbe avery large
part of the airprt’s operating costs. FAA
policy is to maintain or improve current
levels of service andrk fighting
effectiveness while stabilizghor reducing
costs of that service and its associated
equipment.

The focus of this mgram is to advance
the state of the art in fireghting
strategies and to provide an increase in
passeger survivability under the etreme,
harsh conditions of a postcrash interior
fire. This technolog program, the most
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comprehensive look at airport firgghting

in the last 3Q/ears, includes evaluation of
such equipment as aoft emergeny
response equipment such as GPS moving
map and infrared vision enh@eement
devices. It also includes evaluations of the
effectiveness of elevated boom and cabin
skin penetratiosystems,hydra-chemical
nozzle applications, and advanced airport
fire fighting extinguishing agents which
are more environmentglacceptable to

the ground water and air wplity.

Phasell of this research effort will look at
providing fire protection needs for new
generation acraft includirg multilevel
second floopasseager aircraft andheir
unique fire protection requirements.

POC: Mr.Joseph Wright, AAR-410,
(609) 485-5131.
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Materials Fire Test Facility
Building 203

The Materials Fire Test Fadii Building 203, locted in the Safly Research and Development
area of the Federal Aviation Administration (FAA) William J.gHas Technical Center, is
dedicated to small-scale fire testing of aircraft materials. All of the test equipment required to
conduct all of the regulaty tests for aircraft interiomaterials specified in Code of deral
Regulations 25.853 is part of tMaterials Fire Test Fadili. This includes the Ohio State
Universty (OSU) rate of heat release apparatus, the National Bureau of Standards (NBS) smoke
chamber, oil burers for he seat cushion and cargo liner tests, and Buns&eiisubr the

vertical, horizontal, 45-, and 60-glee flammabiliy tests. The facity provides technical

support to the Northwest Mountain Region-Transport Airplane Directorate, Aircraft Certification
offices, Desigated Egineerng Representatives, teggilaboratries, and aircraft matils
manufacturers.

é 3 ' The facilty is also the site for the

- ; == development of newnsall-scale
] flammability tests such as the wet and
dry arcpropagation tests for aircraft
wiring, as shown on the left. While
other test methods are used in some
laboratories, a nuber of the NASA
labs have adoptetid¢ dy arc
propagation test developed in the
Materials Fire Test Facilf with a few
minor modifications. A more realistic
smoke test for aircraft wing using the
NBS smoke chabver was also
developed in this factly. This test
duplicates the behawi of overheated wiresnd smoking insulation in an intght hidden-fire
scenario.

As a result of a fire in a stowage binoabd
an aircraft and a recommendation from thg
National Transpdation Saféy Board, a
new flammabilly test for aircraft blankets
was developed in the Materials Fire Test
Facility. The new test procedure was
released as a Flight Standartisformation
Bulletin in 1996.

Round-robin testingy interesed parties in
the United States and Europe is monitored
and the test data is colted and ealuated

by FAA personnel at thMaterials Fire Test Fadii. This has led to improvetiimmabilty

tests for aircraft materials. Ongagnple is the “cotton swab” test method for thermal/acoustical
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insulation films. This test method will be incorporated into the Aircraft Materials Fire Test
Handbook which is scheduled for release in early 1998. The FAA is also working with industry
and regulatory personnel on an international scale to encourage use of the cotton swab test
method for selection of thermal/acoustical insulation film coverings.

The Materials Fire Test Facility
personnel also participate in aircraft
accident investigations by testing and
evaluating materials removed from the
aircraft. Other projects, such as burn-
through, electrical wiring, and seat
component programs are also supported
in this facility.

To find out more about the Materials
Fire Test Facility, contact:

Ms. Patricia Cahill, AAR-422, (609)
485-6571.

78



Airflow Induction Test Facility
Building 204

The Airflow Induction Test Facity, Building 204, is locted in the Safty Research and
Development area of the Federal Aviation Administration (FAA) William Jhés Technical
Center. The facily contains a 5 %2-foot-diameter subsonic wind tunnel and a low-turbulence,
low-speed wind tunnel atescrbed below.

5 Y5-Foot-Diameter Sulmsic Wind Tunnel
The 5 %-foot wind tunnel is an inductitype nonreturn degn. The induction drive is provided
by two Pratt and Whitney-57 turbine egines &hausting into the diffuser oe. The Igh-speed

exhaust from the two enges provides the prinng flow that induces a secongdlow through

the test section(s). Themeturndesign allows a continuous supppf fresh air to the facity

essential for combustiagpe work. This design is werugged and unaffectdsy debris passing
through the drive section. Tunnels of this design simulate an increase in altitude as the airspeed
is increased.

Test Section (high speed): The test section (shown on
right) is 5 % feet in diameter and 16 feet in length.
Maximum airspeed in this section is limited to
apprximatdy 0.9 Mach. Te entire bwer lobeof the
section swings asy to allow for the installation of the
test article. A 5- x 16-foot ekator deckmakes raising
the test article into
position simple and
safe.

—

Test Section (low speed): This test section (shown on the
left) is 9 feet in diameter and 20 feet in length and is
located upstream of thegh-speed section angeraes at

a lower speed. Maximum airspeed in this section is
limited to approximatey 150 miles per hour.
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The 5 Y2-foot wind tunnel has been used for a variety of research applications including testing of
airport runway signs to determine the design requirements needed to withstand turbine engine jet
blasts and simulated in-flight testing of hand-held fire extinguishers used in general aviation
aircraft.

Low-Turbulence, Low-Speed Wind Tunnel

This wind tunnel was originally designed to provide an environment to calibrate wind speed
instruments. The highly accurate airspeed measurement capability, in conjunction with the six
component force balance system, make this facility ideal for model testing. The facility also
contains a model shop and a data acquisition system.

The low-turbulence, low-speed wind tunnel consists of an
Aerolab low-speed open circuit type wind tunnel and force
balance. The dimensions of the test section are 20 x 28 x
48 inches. The electrically driven wind tunnel can achieve
speeds ranging from 0 to 160 mph in the test section. The
six component balance system can accurately measure lift,
yaw, pitch, drag, side force, and rolling moment.

The low-speed wind tunnel has been used to accurately calibrate air flow and velocity devices
and is now configured to conduct model testing.

Environmental Test Chamber

The environmental test chamber is designed to simula
preset temperature, humidity, and air pressure (altituddis
conditions. Chamber controllers can be programmed ft
simulate an entire flight from takeoff to climb-out, cruis
approach, and landing. The test chamber measures 7
71 x 93 inches. The environmental chamber has been
used to study the behavior of in-flight fires at altitude, t
evaluate the performance of wing ice detectors, and to
calibrate various environmental sensors.

To find out more about the Airflow Induction Test Facility, contact Mr. Harry Webster, AAR-
422, (609) 485-4183.
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FAA Engine Nacelle Fire Simulator
Building 205

The Engine Nacelle Fire Simulator, Builay 205, locéed in the Saty Research and
Development area of the Federal Aviation Administration (FAA) William Jhés Technical
Center, is designed to mimic the environment found iaytsdnodern Ingh-bypass ratio
turbofan egines. he simulator is useby the Fire Safiy engineers at the Technical Center to
evaluate substitutes for halon as fire suppressants.

Currenty, halon replacement is an important issaedviation. As a result of work spaned

by the Fire Safty Section, in the Airport and Aircraft SageResearch and Development
Division, a document titled “The Minimum Performance Standard for the Engine and APU
Compartments” (MPSE) was drafted. This documestriges the geometry of amgine

nacelle simulator, operational parameters, and testing requirements required tie @valua
material or technolgy being considered astamlon replacement within thexgine or axiliary
power unit (APU) compartmentn support of this mission, a basmg@e nacelle simulator was
fabricated in Building 205. The simulator will simulate the proper engineamaent, meeting
the intent of the MPSE.

The total fire suppression simulation requires iagire nacelle geomet, an air flow, a fire

scenario, and a fire suppsast delivey. To address each element of the simulation, various
systems are used. Adystems are housed in a teay having a volume aproaching 12,000

cubic feet and a floor area of 4,00Quare feet. The control room is adjacent to the tagiind
houses support personnel and control and data gathering equipment necessary to operate the
simulator.

The simulator is an 80-foot+hg duct comaining the air sudy equipment, appach and ehaust
ducts, and a test section. Three additional components are required; the first provides different
aviation-specific liquids, such
as fuels, at the desired
temperature and quatyito the
simulator interior. The second
component provides a gaseous
§ fire suppresant to the simulator
interior, and the third
component provides the
simulator control and data
gathering functions for the
entire process.

The air supfy equipment is
capable of 0.9-3.0 Ibm/s air
flows heated as high as 500°F.
The appoach ductng cortains the air flow and is 3 feet in diameter and axpnatdy 40 feet
long. The approach houses airflow sensors and stream flow aggrewtchanisms. The test
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section, measuring 18 feet long and 4 feet in diameter, follows and is the heart of the simulator.
The test section contains geometry representing an engine compartment, hardware to produce
two different fire scenarios, sensors to record the environmental data, and portals to visually
record fire behavior. Two fire scenarios, either pool- or spray-based, are possible. The fires are
fed by the external fuel supply system which is capable of delivering fuel at 150°F and up to 1
gallon per minute. The gaseous fire suppressants are delivered by piping from the agent
extinguisher into the diffuser cone entrance of the test section. These fire suppressants can be
stored in various quantities at differing pressures and temperatures. Four gaseous fire
suppressants (Halon 1301, HFC125, HFC227ea, agljl &E on-site for near-term work.

Rounding out the capabilities of this facility is the ability to record the testing. For each test, a
record is established describing the fire suppression event. The record will contain a
concentration profile within the test section recorded by a Halonyzer gas analyzer for gaseous
fire suppressant events; a computer file containing sensor activity measuring temperatures,
pressures, air flows, and ambient relative humidity; and finally, a visual recording of the fire
zone and its activity during the event.

The FAA Engine Nacelle Simulator was completed in 1997 and the test program to evaluate
materials or technologies being considered as a halon replacement within the engine/APU
compartments will be completed by December 1998. By using a simulator and not a true aircraft
engine for the bulk of the halon replacement work, maintenance costs will be reduced.
Additionally, the generic geometry of the simulator can be used to develop a better
understanding of the fire suppression environment. The specific geometry of an existing engine
nacelle may present a unique case which might cloud general understanding and inhibit
widespread application of the generated data.

To find out more about the FAA Engine Nacelle Fire Simulator, contact Mr. Douglas Ingerson,
AAR-422, (609) 485-4945.
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Dynamic Vertical Drop Test Facility
Building 214

The Feleral Aviation Administration (FAA) is responsible for airplane crashworthiness
standards. Thse standards increathe possibity of occupant survival in case of an accident
and were established empally using the results of prior airplane crash testgpams. In
development of those standards it was noted that the full-scale airplane tiespadettabse did
not include airplanes rementative in size of commuter categairplanes. T@rovide data for
those size airplanes, the FAA initiated a full-scale vertical impact tegigoncof 14 CFR 23
commuter categy airplanes. As part of this program a test of a Mélt aircraft was
conducted in April 1992 and a Beechcraft aircraft was tested in October 188%ests were
structured to assess the impact response characteristics of airfracheet; seats, and the
potential for occupant impact injy

In addition, the Aircraft Safg Research Plan calls fohe vertical impact test on a ses of
transport cateyy fusdage sections. These tests are cotell to determinene impact respase
characteristics of sontgpical items of mass installed on boarttamsport airfane to assess the
adequay of the degyn stamlards and regulatg requirenent for those componenttems of
mass include overhead stowage bins, auyifiael tanks, and seats/occupants.

The FAA’sDynamic Vertical Drop Test Fadii, located in the Safg Research and

Development area at the FAA William J. ghes Technical Center, Atlantict¢€international
Airport, NewJersey, is used to obtain the empirical dateded to set crashworthiness standards
and to obtain other crashworthinessadas dscribed abwe. Thedata from tests conducted at
this facility will enable a quantitative evaluation of the effects of crash events on occupant
survivability.

The Techical Center drop test fadii, shown in the photograph below, is comprised of two 50-
foot vertical steel towers coacted at the topy a horizontal platform. An electridglpowered
winch, mounted on the platform, is used tegair lower the test article and is controlled from
the base of e of the tower legs. The current lifting cappaf the winch is 13,600 pounds.
Attached to the winch is a cable
used to raise or lower the test articl
A sheave block asseitybhanging
from the free endf the reeved
cable is egaged to a solenoid
operated release hook. A
cable/turnbuckle assembly connect
the releae hook to the airframe wit
hooks bolted to the fuselage sectio
A 15- by 36-foot woalen platform
is located below the winch cable
assemly and between the tower
legs. The platform rests drbeams
and is supportedy 12 independent
load cells. The load cells areedl
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to measure the fuselage impact on the platform.

The data collected in future tests will be added
existing databases. Scheduled vertical drop tests
include testing a commuter Shorts330 aircraft and
two transport narrow body fuselage sections, one
with overhead stowage bins and one with an
auxiliary fuel tank. The data obtained in these tests
will be used to improve standards for seats, overhead
stowage bins, and auxiliary fuel tanks.

To find out more about the Dynamic Vertical Drop

Test Facility, contact Mr. Gary Frings, AAR-431,
(609) 485-5781.

84



Full-Scale Fire TestFacility
Building 275

Completed in 1980, the Full-Scale Fire Test FagilBuilding 275, locted in the Safiy

Research and Development area at the FAA William ghklsi Technical Center, is thedast

U.S. Government operated fatyliof its kind. A 40-foot-Igh fire-hardened ceiling allows
testing with large poolifes under controlled conditions. There argenty two aircraft

fuselages inside the fadyiwhich can be set up to simulate a vigrief test conditions. The
narrow-baly Boeing 707test article can be cagured for cabin water mist, seat comparison,
and burnthrough tests, while the 132-foot-Itnwbrid DC-10 test artie has the added capatyili

of supporting cargo compartment fire simulations in thrdg foktrumered sections.

Continuous gas sampling, temperature measurements, smoke levels, heat flux, arsgscahga
be monitored in eactf the test sections. Tiuata obtained from the fire tests damtransferred
into hazard models degied to generate estimated survival times at particular cabin locations.
All testing is conducted from a remote area thataios state-offte-art video monitoring
equipment for continuous obsation. Both in-flight and postcrash fiseenarios havebeen
studied, which has led to thevddopment of vastly impnreed fire safey stardards br aircraft

cabin interiors and cgo compartments.

In addition to the two test articles, there are small test chambers located within thetlfetili
are capablef supportng existing and new ladratary-scaletests, as well as quick miocip work
often required dung accident inveggations. A full-lexgth attached warehea seves as an
enclosuredr the may aircraft componentsnd equipment required to support the fulldeca
tests.

Currenty, there are two may research pograms underay at this facilty: halon replacement
and fuselage burnthugh.

Halon Replacement. Halon, a gaseoustmguishing agent used in aircraft cargo compartments,
ergine nacelles, lavaty trash receptacles, and hand-held exfishers, is the most effective fire
extinguishing agent on a vgit basis. Although effective, halon depletes stratospheric ozone.
Halon manufactung was baned under the
1994 Montreal Protocol, a trigasignedby
countries around the world. The FAAis in
the process of developing minimum
performance stadards by which

replacement agents’ effectivess carbe
measured. Canditiafire protection

systems for lhe cargo compartment areas
include gaseous agents, pyrotaciaiy
generaed aerosols, and wex mist. The
photograph on the left degts the initial
stageof a cargo compartment fire sw&io
against which the varioug@ants will be
evaluated.
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Fuselage Burnthrough. After an accident, fuel fire flames can enter the cabin through an
inadvertently open escape exit or, in a more severe impact, through a break in the fuselage. Fire
can also enter the cabin by penetrating the fuselage structure, which is the focus of this research
project. In an accident in Manchester, England, in 1985, 55 fatalities occurred due to the rapid
burnthrough from an external fire. As a result of this accident, fire tests were conducted to
determine the burnthrough paths and the time frame involved in order to better understand the
accident scenario. The emphasis of the current test program is on evaluating improvements to
delay the burnthrough time and thereby increase the escape time and to validate test work being
performed on a medium-scale burnthrough rig. To date, several technologies have emerged that
have the capability of delaying burnthrough for several additional minutes. The photograph
below shows the external pool fire used during these experiments.

To find out more about the Full-Scale Fire Test Facility, contact Mr. David Blake, AAR-422,
(609) 485-4525.
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Chemistry and Materials Sciences Laboratory
Building 277

The Chemisty and Materals SciencesG&MS) Laboratoy located in Building 277 in the Saje
Research and Development area at the FAA William ghetsi Technical Center provides FAA
chemists, fire scientists, and materialgieaers the facilities and equipment to quigntine
amount of toxic gas produced during full-scale aircraft cabin fire tests. The FAA is committed to
developing he enabing materials technoby for a totaly fireproof cabin. The goal of the
program is to eliminate cabin fire as a cause of death in aircraft accidents. To achigeal this
we will need interior [astics with an order-afagnitude reduction in fire hazard compared to
current méerials. In theC&MS Laborabry, research and deelopment of new, wre fire-
resistant materials is conducted using state-of-thiedaoratoy equipment for thermal ahgsis,
calorimety, spectroscop rheolog, surface chemisg, microsc@y, and multiaxial mechanical
testirg. Flammabiliy and combustion parameters of cabirtenals are determined in bench-
scale fire calrimeters. Prottype components up to 1/2 meteuatg carbe febricated. C&MS
Laboratoy equipment includes:

* Netzsch High-Speed Theagravimetric Andyzer (TGA) for evolved gas argsis

* Perkin ElImerSystem 7 TGA and Differential Scangi©Calorimeter

* Nicolet Magna 550 Fourier Traiorm Infrared (FTR) Spectraneter

» Parr &ygen Bomb Calorimeter for heat of combustion determinations

* FAA Microscale Combustion Flow Calorimeter (patent pending)

» Dionex DX 500lon Chromatograph with Thermo-Separations AS 3500 Autosampler
* Rheometrics RDA{IDynamic Andyzer for rheolgical testimg of fluids and solids

* Instron Model 1125 UniversdMechamcal Testing Machine

* Rame-Hart Contact #gle Goniometer for surfacdemisty measurements

e PHI Heated_aminating Press—50 Ton/1000°F cap#pili

* Gruenberg Curing Oven—800°F (426°C) capéabili

» Atas Scientific Cone Calorimeter—measures flapmombustion paranters of materials

A unigue instrument, the microdeacombustion calorimeter which was developgdrAA
researchers, is located in t6&MS Laboratoy. The calorimeter is used to measure
flammability parameters of milligram pgmer (plastic) samples under conditions which
apprximate aircraft cabin fires. The tests
performed usig the calorimeter provide a
guantitative measure of the fire hazard of ne

F =
materials in an aircraft cabin fire whenlyn t" E'll!:‘: '-‘E.a '|
research quantities are available, thus saving | ‘1 H D T b+
guantities of new mateals. The phatgraph ;

the xpense of manufactung and testg large
on the rght shows the microscale combustior | .
ae

calorimeter, showing, from left taght, the
samplepyrolysis stage e hesded oxygen
mixing manifold, and the combustion hace
and xygen aayzer.
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A new, potentially fire-resistant material being tested in {
C&MS Laboratory is the Geopolymer resin. This materi
is being evaluated as a resin for use in fireproof aircraft
cabin interior panels and cargo liners (see test at right).
Geopolymer is a two-part, water based, liquid potassiu
aluminosilicate resin which cures at’80(176F) to a
fireproof solid having twice the density of water.
Geopolymer has the empirical formulazglggHo4K7Al.
The fire response and mechanical properties of !
Geopolymer composites were measured and compared L.
lightweight organic matrix composites and aluminum usdims

in aircraft. . |

Carbon fabric reinforced Geopolymer crossply laminate e
were found to have comparable initial strength to phenoum

resin composites currently used in aircraft interiors. Unli =t
the phenolic laminates however, the Geopolymer

smoke even after extended exposure to high heat flux.
Geopolymer composites retained 67 percent of their
original flexural strength after fire exposure while organic (e.g., phenolic) composites and
aluminum had no residual strength after the test. Geopolymer composites have higher strength
and stiffness per unit weight, higher temperature capability, and better fatigue resistance than
steel or aluminum.

Work in the C&MS Laboratory is continuing on understanding how the Geopolymer resin
protects the carbon fibers from oxidative degradation at 800°C (1500°F) in air, on optimizing the
processing of materials made with the Geopolymer resin to obtain maximum strength, and on
improving the toughness of laminated composites made with the Geopolymer resin.

To find out more about the Chemistry and Materials Sciences Laboratory, contact Dr. Richard
Lyon, AAR-422, (609) 485-6076.
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Aircraft Co mponents Fire TestFacility
Building 287

The Aircraft Components Fire Test Fajililocated in the

Safday Research and Development area at the FAA

William J. Hughes Technical Center, houses two tegs b .
designed and used for componenintermediate-scale | .-
fire tests. The larger of the testyls is 2000 sq. ft. and the 2 E
smaller is 1600 sq. ft. Botlays are 20 feetigh and have :
access through a large roll up door. Badsbare

constructed of firepraf materals and contain large

blowout panels forxglosion protection. A centrigl

located instrumentation and control room contains test monitoring and data collection equipment
and is connected to theys via under floor conduitsln addition to the test lpg, the building

includes a small work and buildup area, a conference room, a cortgiytand office gace for

six fire saféy personnel.

Recent testing in the builay has includedie
development of new fire test stiards for flight déa
recoders. Thedesting incluled propae burner tests,
shown on the left, as well as long-termvelied
temperature tests, using @temperature
programmableen. The results weresed in the
development of aew Technical Standard @ar (TSO)
for flight recorders.

The testing of solidxygen generators was conducted
under various scenarios. This included the testing of a
single canister (see photo aght) under various
conditions up to full-scale tests of over 100 generators i
Boeing 727 cargo copartment. The results were used a
part of the Valujet investigation and as part of the
justification for rulemakig to eliminate class “D” cago
compartments.

Testing was conducted to develop a methodology
to use HFC 125 as a substitute for Halon 1301 in
certification testig of fire
suppressant/extinguishiggstems. By

substituting HFC 125 for Halon 1301, less Halon
1301, an ozone depleting gas, xpended dung

the certification tests of negystems.
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The testing of thermal/acoustic insulation materials
included the standardization of a small-scale
flammability test method. This method has been
included in the Aircraft Materials Fire Test Handbook
and has been adopted by major airframe manufactur
Additionally, larger scale mockup tests were conducte
(photo on right) in sections of an aircraft fuselage. T
results of those tests have lead to the modification of
specification for thermal/acoustic insulation by at Ieask -
.-ll-f:"-'

one major airframe manufacturer.

The cargo compartment fire suppression
testing included comparisons of class “D”
and class “C” compartments for various
fire threats and suppression systems. The
test article used was a Boeing 727 cargo
compartment. Fire scenarios included
exploding aerosol cans (photo on left) and
suppression systems ranging from the
presently used Halon 1301 to
nonconventional water mist systems.
Work was in support of ongoing
rulemaking.

To find out more about the Aircraft Components Fire Test Facility, contact Mr. Richard Hill,
AAR-422, (609) 485-5997.
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Runway Friction Laboratory
Building 288

The FAA'’s regliatay obligation (49 USC Sec 47105(b)3) includes operation and maintenance
of the massive airpogystem. Surfac&raction is a fudamental elment in this respect. Loss of
braking ability and drectional cotrol continues to be a problem formall but sgnificant

number of aircraft operations. Previous researchdth® the use of runway friction measigyi
equipment in maintaining airport pavements in proper condition. But additional work is needed
in order to use this equipment to provide operational information to pilots. The following
precision measuring equipment is housed in Building 288 located in thy Bag=arch and
Development area at the WillialnHughes Technical Center and supponargty of research
programs where the meason@nt of micro-tgture on a runay surface must be considered.

Surface Frictionester (SFT)

e g

The SFT is a front wheel de, self-contained,
continuous friction measument device. Mounted
inside the reaof a Saab 900 is laydraulicaly
controlled fifth wheel with a chain connection to the
rear xle. A slip ratio of 10%-12% is proded. A
torgue measurement is used to computdidn values
versus distance traveled hd calculated friction values
are printed on a strip chart and can be dowdddao a
laptop computer for further ahyais.

Runway Friction Teser (RFT)

The RFT is a front wheel dre, self-contained, continuous friction measuringiceyv The
friction equipment is mounted inside ade Caravan and was mdacturedby K. J. Law
1 Engineers|nc. This device ses a two-ais force
I transducerhat measures vertical and dragdls. The
= friction measumg wheel is connected to the readeby a
,m-‘ gear drve that produces axiéd 13% slip. The computer
: = calculates friction coefficientalues for each foot of
distance traeled and can plot this data dirgctio a dgital
printer installed in the van. Tliata can also be

m downloaded to a laptop computer for furtherlgsis.

Mu-Meter

The Mu-Meter is a sidesfce measunng trailer markéed by Bison Industries. Two of thentee
wheels on the trailer unit are positioned & from the centerxs of the trailer. This pragtes
an apparent slip ratio of B3. The third vheel is for distance mea®ment. he computer
equipment produces a strip chart with continuoigtiém values versus distee traveled.
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Skidometer BV-11

The Skidometer is a trailed vehicle, equipped with a friction measuring wheel designed to
operate at a fixed slip rate between 15 and 17 percent. Airport Equipment Co. markets the trailer
device. A torque measurement is processed by the computer and recorded on a strip chart as a
continuous plot of friction values over the distance traveled.

Swenson Solid Chemical Spreader

This equipment mounts in the bed of a pickup truck and is used for dispersing solid chemicals at
precise application rates. The solid chemicals are usually runway deicers and anti-icers, but sand
and salt can also be dispersed. The advantage of this particular piece of equipment lies in the
computer control and monitoring capabilities, which were specifically designed to produce

minute applications of solid chemicals for research projects.

Batts Liguid Chemical Sprayers

This equipment also mounts in the bed of a pickup truck or on a trailer. It is a small-scale
version of common chemical dispersal equipment used on highways as well as airports. The
control box is specifically manufactured for the precise application of runway deicers and anti-
icers but has also have been used for spraying aircraft deicing fluids as well as water.

To find out more about the Runway Friction Laboratory, contact Mr. Wayne Marsey, AAR-410,
(609) 485-5297.
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Propulsion and Fuel Systens TestFacilities
Buildings 292and 211

Several individual laboratms which comprise the propulsion and fuggtstems test facilities are
located within the Safg Research and Development area at the FAA William ghek
Technical Center. The facilities provide research and tgstiansure the s&feof all civil
aircraft propulsion, fuel, and powerplant and fuetey installations. These facilities also
provide the validation of data and teatal baes for improvements to civil aircraft cergétion
and operational staards, includng procedural guidace and means @emonstrated compliance
to these standards. The individualdediories include (1) Largeufbine Engine Test

Laboratay, (2) Small-Engie Test Laboraty, (3) Fuels Research Laboratorand (4) Wing

Fuel Spillage and Jettisdraborataoy.

Large Turbine Ehgine Test Laboraty

The Large Turbine Bgine Test Laboraty
consists of two test cells (49 30 ft.), a
control room, and supporting test and data
acquisition equipment that can be used to
assess the safeand performace oflarge
turbine engines and relatesystems. The
active test cell is equipped with a thrust stang
rated at 20,000 Ibs. and ardgeturrent
dynamoméer that can accommodate aviation
piston engines up to a maximum rating of 500

shaft horsepower. The second test cell is a multipurposeyfdhdit is used for engine test or for
other non-agine researchrogram support. Rearch condcted within this test cell laboratp
include full-scaldests and safg investigations asgiated with turbine mgine fuels and fuel
systems, weer ingestion, emissions, and turbine engine failure prediction studies. One of these
test cells is shown above.

Small-Engine Tedtaboratoy

The Small-Engine Test (SET) Labomatas desgned for
full-scale testaig andperformance evaluation of small
aircraft engines, including ®isting engine (ie., turbine,
piston, etc.) and future enginee( diesel, roty, etc)
designs. The building contains two test cells equipped
with water brake (750 hp) andddcurrent (500 p)
dynamomeers, control room, data acquisitieystem, and
associated support equipmereded tgperform angine
combustion angsis, exhaust emission, detonation
detection, and othesafety and performance related
assessments. The photograph onithlet shows a piston
ergine-dyno test cell installation in the SHRboratoy.
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Fuels Research Laboratory

The Fuels Research Laboratory (shown

at left) consists of two main test areas,

one for fuels analysis and another for fuel
component system testing. The fuel
analysis area is equipped for conducting
tests in accordance with American

Society for Testing and Materials

(ASTM) test standards specified for

aviation turbine fuels (ASTM 1655),

aviation gasolines (ASTM D910),

automotive gasolines (ASTM D439), and
other alternate fuels. The fuel component systems test area includes bench test installations to
perform research and testing associated with aircraft fuel transfer and other handling systems.
The fuel component systems test area is set up to conduct tests on (1) engine fuel systems (i.e.,
tanks, pumps, valves, fittings, etc.), (2) engine controls and accessories, and (3) engine fire
protection systems.

Wing Fuel Spillage and Jettison Laborato e

The Wing Fuel Spillage and Jettison
Laboratory (see photograph at right)
consists of a ram air (200 knots) wind
tunnel and a wing test section and data
acquisition control area that is used to
assess the safety and performance
characteristics of fuels and fuel transfer
systems under simulated high air flow
flight conditions. The laboratory has bee
used to evaluate postcrash effectiveness 8
safety fuel additives and can be used for procedures assomated with the emergency jettison of
aircraft fuel and other experiments involving fuel and fuel transfer system performance needs.

To find out more about the Propulsion and Fuels System Test Facilities, contact Mr. Stewart
Byrnes, AAR-432, (609) 485-4499.
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National Airport Fire Extinguishing Agent Perfor mance Test Facility

Improved fire ighting training, techniques, and equipment arelee¢o support FAA airport
safdy and certification prgrams. It is FAA policy to maintain or improve current levels of
service and fire §hting effectiveness while stabilizgnor reducirmg the costs of that service and
associated equipment.h@ central theme in this research andedi@oment efbrt is the
improvement of fire fighting techniques and equipment windéntaining or improving cost-
effectiveness. Sensitiyito cost is vey important, especipt at small airports where fire
protection carbe a vey large part oftie airport’s @erating costs.

This prayram is focused primdsi on advancig the state of the art in fireghting stratgies and
increasng pasenger sirvivability under the xtremdy harsh conditions of an interior postcrash
fire. A secondey focus includes evaluatj the effectiveness of elevated boom and cabin skin
penetratiorsystems for inteor fires, cargo fires, and composite matenedd, as well as
evaluatng the effectiveness of mdnced airportife fighting extinguishing agents which are
more environmenth} accepable so that ground wer and air quaty are protected.

Laboratay tests hae not proved reliable to predict the perfonoa of etinguishing agents in

large postcrash fuel spill fires. Additiohglinterior aircraft fire protection requirements can

only be measured under actual full-scale interior fire conditions of flashover. Real-time fire
fighting strategies and fire protection requirements need to be established for new generation
aircraft having second-levetating passenger designs. addition, aircraft constried of

advance composite materials pose uaignd specialized requiments on firefghters which will

be determined usgthis facility.

The test faciliy consists of three parts:

» Afull-scale, environmenthf protected ground faciii to test new fire extinguishing agents
and collect tgic waste and spenti¢l without endagering he environment.

» Afull-scale aircraft faciliy with second-level passenger dgnirations to test new
equipment, fireifghting tactics, and strategies.

* The FAA’s advanced igh{performance recue researctiehicle (HPRV) with its 55-foot
elevated boom and cabin skin penetratigstem.

A large military surplus C-133 cargo aircraft will be fire hardened and configured to test agent
distribution and fire pedrmance in several unique fire segios, including interior fires, cargo
fires, and secondel fires.

The ground spill fire facity measures 200 x 120 feet and will be used to assepsrfbamance
of unique fire extinguishing agents used for specialized airport fire protection needs. This
facility will be used to develop new performance standards folaalées of extguishing agents
including dy chemical and Halon Alterative Clean Agents.
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The facility is concrete protected with a 5000-gallon collection containment vault. The
specialized two-level aircraft facility measures 190 feet in length, 12 feet in diameter, and 26 feet
high. It will be the first full-scale second-level aircraft fire test facility in the world. The
photograph below shows the advance high-performance rescue research vehicle (HPRV) with its
55-foot elevated boom and cabin skin penetration system conducting a fire test.

To find out more about the National Airport Fire Extinguishing Agent Performance Test Facility,
contact Mr. Joseph Wright, AAR-410, (609) 485-5131.
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Category | Reconfigurable Approach Lighting Systen Testbed
(RALST)

The Airport Technalgy Research and Development Branch, aitfsafeéy Technobgy Section,
has a Categy | Reconfigurable Aproach Lighting System Testbed at the Atlantic @i
International Airport, Newlersy.

The testbed consists of seven 5-lamp barrettes spaced 20pafi¢esttartng 200 feet in front of
the threshold of Runay 4. At the 1000-foot station two additional barrettes of 5 lamps are on
either side to the 5-lamp barrette. From
the 1600- to the 2400-foot station, 5
strobes arepmced 200 feet apart (1
strobe per station). hE lamps on each
barrette are individubl controlled for
maximum fexibility in approach
lighting research and development.
External power is provided at each
station to provide for new technology
research.

The testbed is currdgtbeing used in
support of the Approachighting
Research and Ddelopment project.
This project will provide data to ensure
safe and eftient airport ground
operations, especlglat night and under
low-visibility conditions. Improvements
in the visual aids will help to eliminate |
runway incursions. The goal of this
program area is to eliminate deficiencie
in visual guidanceystems and procedures that may contribute to surface collision accidents.

To find out more about the Redmurable ApproachLightingSystem Testbed, contact Mr.
Donald Gallagher, AAR-410, (80 485-4583.
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