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2.3 Aircraft Safety

Mission e Support fire research and safety by develop-

The mission of the Aircraft Safety program is to ing near-term fire safety improvements to
provide a safe global air transportation system by prevent uncontrollable in-flight fires and in-
establishing safety standards and acceptable prac- crease post-crash fire survival rates and con-
tices through development of technical informa- ducting long-range research to develop ultra
tion, tools, and technology to ensure safe opera- fire-resistant cabin materials

tion of the civil aircraft fleet. « Promote advanced materials and structural

This program addresses the many hazards that Safety by ensuring both the safety of U.S.

face all aircraft in flight, as well as special haz- civil aircraft constructed'of a_dvanced materi-

ards that apply to select portions of the civil air- &S and passenger survival in the event of an
craft fleet. For example, older aircraft are more accident

susceptible to structural problems associated with Enhance aviation safety risk analysis by

fatigue and corrosion. New aircraft—with digital  improving FAA and industry measurement of

flight control and avionics systems, associated and accountability for safety performance

imbedded software, and construction of new non- through risk assessment and operational indi-
metallic materials—present significant challenges cators and sharing safety-related data

in certification, continued airworthiness, and op-,

eration. However, all aircraft, old or new, musﬁlrcraft safety improvements will reduce fatali-

deal with the hazards of adverse weather ies and injuries, reduce hull losses, improve air-
' craft designs, positively affect aircrew perfor-

Intended Outcomes mance, and impact maintenance and inspection

The Aircraft Safety program supports the FaAdrocedures. Potential significant safety benefits
safety mission goal—by 2007, reduce U.S. avidoclude:

tion fatal accident rates by 80 percent from 1996 Reducing the approximately 30 to 35 U.S.

levels. fire fatalities per year and 135 worldwide, in

The Aircraft Safety program focuses on improv- otherwise survivable accidents. At an esti-

ing system safety in the following research pro- mated savings of $2.7 million per life, saving
grams: 24 lives per year would pay for the entire air-

craft safety research, engineering, and devel-

« Support aging aircraft by developing technol- opment effort.

ogies, procedures, and practices that ensure

the continued airworthiness of aircraft struct Using a more reliable airframe inspection
tures in the civil flee technique, which has been approved as an al-

ternate inspection technique for detecting cor-
rosion at the juncture of wing and fuselage on
DC-9's. The new technique will save over
700 person-hours per inspection, compared to
aircraft systems that could result in cata- tr;e current mslpectlg_n methotc)jl. Tr}e rt]ech_nlqu?t

strophic failure of the aircraft also requires less disassembly of the aircra

_ part to conduct the inspection, resulting in

 Promote fll_ght safety and reduce the_ effects of |ess chance for damage during disassembly

atmospheric hazards by addressing atmo- 4ng reassembly. One airline estimates that by

spheric _h'aza_rds in the design, development, using the new inspection technique, it can

and certification process save over $2 million over the maintenance
* Improve propulsion and fuel systems by en- cycle for its fleet of DC-9s.

hancing the airworthiness, reliability, and per-

formance of civil turbine and piston enginesProgram Area Outputs

their propellers, fuels, and fuel managementhe FAA establishes rules for aircraft certifica-

systems tion, operation, inspection, maintenance and re-

* Prevent catastrophic failure by developing
technologies and methods that will assess the
risk and prevent defects, failures, and mal-
functions of aircraft, aircraft components, and
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pair, and publishes advisory circulars to outline — Mechanical and electrical system reliability
acceptable means of meeting the rules. The FAA  and integrity (reducing aircraft systems
also disseminates technical information in various  failure)

forms to agency airworthiness inspectors and {o
industry to improve aircraft construction and , e _
maintenance practices. Technical information is — Crashworthiness (maximizing crash surviv-
developed to establish criteria for safety systems, ~ apility and escape)

such as seat restraints and protective breathing — Fire safety (preventing fire and fire fatali-
equipment. ties)

Accident and incident mitigation

The primary objective is to improve system safet{zustomer/Stakeholder Involvement

based on elimination of causal factors related Research programs within the Aircraft Safety pro-
aircraft and flight hazards. Aircraft safety regram directly support the Aviation Safety Plan
search provides the technical information necegeebruary 1996) through research supporting pri-
sary to support agency outputs. ority issues associated with the following work-

shops: safety data collection and use, application

Aircraft Safety program research customers ins; emerging technologies, and aircraft mainte-
clude aviation manufacturers and aircraft and avjynce procedures and inspection.

onics maintenance facilities, aircraft operators,

and the general public who use commercial airhe Subcommittee on Aircraft Safety, of the FAA
transportation. The safety research program sugesearch, Engineering, and Development Advi-
ports customer requirements by providing tool§ory Committee, periodically reviews segments
that can demonstrate compliance and developifthe Aircraft Safety program area. Most recently
advisory information to ensure the safety of théhe subcommittee completed a review of the Ag-
flying public. Aviation safety research sponsor$g Aircraft program in 1997. The program de-
are FAA personnel in Flight Standards (AFS) angcribed here is fully responsive to the advice of
Aircraft Certification (AIR). The aircraft safety the subcommittee.

program supports sponsor requirements by prgne paas primary mission, as originally man-
viding the research to aid rulemaking and regulgrateq in Sections 312 and 316 of the Federal Avi-
tion development and by developing technicaliion act of 1958, is to develop, modify, test, and
data and guidanc_e material to develop standargg,;yate systems, procedures, facilities, and de-
rules, and regulations. vices to meet the needs of safe and efficient avia-

tion.
Program Area Structure o
The FAA's research mission was expanded when

The Aircraft Safety program includes research itongress passed the legislation known as the Avi-
a wide range of areas related to aircraft, crew, aRgon Safety Research Act of 1988 (Public Law
passenger safety. It focuses on eliminating hazpo-591). The act mandates the FAA to “under-
ards to the air transportation system, by both prgske or supervise research to develop technologies
venting accidents from happening and by mitigaknd to conduct data analysis for predicting the ef-
ing the effects of those accidents that do ocCyects of aircraft design, maintenance, testing,
Prevention and mitigation activities include:  \ear, and fatigue on the life of aircraft and on air
safety, to develop methods of analyzing and im-
proving aircraft maintenance technology and
— Structural |ntegr|ty (preventing aircraft praCticeS." The 1988 act also authorized the FAA
structural failure) to generate technology breakthroughs where tech-
nology gaps need to be closed while emphasizing
— Propulsion systems (ensuring reliable air- the importance of long-range research.
craft power)

« Accident and incident prevention

Passage of the Aircraft Catastrophic Failure Pre-
— Flight safety (minimizing operational haz- vention program under the Omnibus Reconcilia-
ards) tion Act of 1990 (Public Law 101-508) further ex-
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panded the FAA research mission. While the FAANumerous advisory circulars (AC’s) have been
mission originally focused on airplane improvedeveloped for a wide range of aviation safety-re-
ments, the 1990 amendment added proactive tated activities, including crew resource manage-
search to make airplanes free from catastrophimcent, design of composite structures, corrosion
failure. control, aircraft deicing, inspection, and repair.

i . AC’s controlling aircraft ground deicing for both
Safety aviation research will reduce the hazartiigr e transport airplanes (AC 120-58, 9/92) and
of operating aircraft, thus providing a high leve 9 P P '

-smaller commuter airplanes (AC 135-17, 12/94)
of safety. Much of the technology developed WIIElre aimed at ensuring the safe operation of large

also enhance U.S. aviation industry competitive-

ness. for both manufacturers and operators airplanes and air taxis during icing conditions.
' P : These AC’s provide guidelines for developing ad-

Accomplishments equate deicing procedures.

Research results are disseminated to the ager@gchnical data have been developed to support
(aircraft certification and flight standards) and ts¢tandards development and the certification pro-
industry (aircraft manufacturers, operators, angess and the Airworthiness Directive (AD) and
maintainers) as: Notice of Proposed Rulemaking (NPRM) issu-
) ) _ance. For example, an alternative method of com-
* Technical and regulatory guidance for airyjiance was developed for composite structures
frame maintenance in the form of handbookgy, o+ significantly reduced fatigue testing time to
technical bulletins, aircraft-specific inspecgngre required service life. This method has been
tion requirements, advisory circulars, andiseq syccessfully in the certification process of
rules many aircraft components (a recent example:
* \Validated instrumentation, procedures, aneneral Electric GE90 turbofan engine fan
methodologies for aircraft maintenance, inblades) and has been adopted as an international
spection, and repair standard.

* Reports that provide relevant technical inforgrep Partnerships
mation for aircraft manufacturers, operator

and maintainers SIi’rogram activities are closely coordinated with

) ) ~related initiatives underway within other Govern-

* Technical data provided to the community afent agencies, including the Department of En-
conferences, symposia, workshops, and hargrgy (DOE), the Department of Defense (DOD),
ware/software prototype demonstrations  and the National Aeronautics and Space Adminis-

« Criteria to support certification of aircraft andtration (NASA). Formal agreements of coopera-

their Safety and emergency equipment tion are in place with the Air Force, Army, Navy,

. . NASA, DOE, and in developing standardization
* _Te(_:hnlcal _data to _support regulato_ry OverS'ngata for materials in MIL-HDBKS 5 and 17.
in inspection, maintenance, repair, and stan-

dards development International agreements are in place with Gov-

+ Trainng materials in areas such s damaIEn! encies 10 esesich aboraore i e
tolerance requirements, corrosion contro 9 ’ ’ ey,

inspection, and maintenance and repair Australia, Canada, and Russia.

el%lumerous grants are in place with universities

Several prototype inspection devices develop d research laboratories to leverage their inter-
tested, and validated in this research prograﬁfgts and capabilities. Partnerships gave been es-
have shown significant potential for more accu- b ' P

rate, reliable flaw detection in the airframe and ihab“Shed with academia and industry through

; . .consortia and centers of excellence. For example,
engines. One method for engine component It_e Airworthiness Assurance Center of Excgl-
spection in particular has shown a fourfold im:

. s : nce (AA-COE) was established in September
provement in sensitivity for detecting the type of ) i
flaw that led to the 1989 Sioux City accident thal 997 to conduct research In the areas of:

killed 211 people.
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* Maintenance, inspection, and repair » Hardware and software prototype demonstra-

« Crashworthiness tions and technology workshops

« Propulsions and fuel systems safety technolo- The FAA Aging Aircraft Nondestructive
gies Inspection Validation Center (AANC) dem-

onstrations and validations of cost-effective

aircraft inspection equipment and techniques
The AA-COE consists of 9 core members, 68 in-  to industry

dustry partners, 31 university affiliates, and 12
other partners, including other Government labd-ong-Range View

ratories and state organizations. The COE prehe need for safety and safety-related research
vides matching funds, which solidify a significaniyij| continue indefinitely. With the emergence of
COA-FAA partnership. Through this partnershippew and advanced technologies, there will be an
the Government, academic institutions, and insngoing need to improve air transportation sys-
dustry leverage the resources available for avigsm safety. There will always be a need to under-
tion research. stand the impact of new technology on operator
performance. As air traffic continues to increase,
nd as aircraft continue to age, there will always
e a need to address issues related to aging air-
craft.

 Advanced materials

Technology Transfer

Technology transfer occurs through a variety 03
mechanisms:

« Technical reports documenting research r

sults SWith new technology, new damage mechanisms

) ) may occur, introducing hazards that must be un-
* Conferences on a wide range of subjects dgerstood and addressed. Similarly, medical ad-
signed to disseminate technical information yances in diagnosis and treatment force a continu-
» Technical organizations, such as the Amering examination of crew or passenger limitations
can Society on Testing and Materialsn existing and future aircraft. Research in aircraft
(ASTM), Society of Automotive Engineerssafety must be continued to understand the impact
(SAE), and American Institute of Aeronauticsof changes in technology on current regulatory
and Astronautics (AIAA), that use study comsafety standards, certification procedures, and ac-
mittees to ensure the transition of research reeptable practices for demonstration of compli-
sults to standards, guidelines, etc. ance mandates.
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AO6a Fire Research and Safety

GOALS:

Intended Outcomes: The FAA intends to im-
prove system safety by developing technologies,
procedures, test methods, and criteria for prevent-
ing accidents caused by in-flight fires and elimi-
nating burning cabin materials as a factor in post-
crash fire survivability. The Fire Research and
Safety program focuses principally on:

* Long-term research to develop new interior
materials that meet fire-resistance criterid
mandated in the Aviation Safety Research
Act of 1988

* Near-term improvements in aircraft fire

and improve interior material fire tests. Rec-
ognizing FAAs unique capabilities in fire
safety, the aviation industry actively partici-
pates in separate working groups headed by
the FAA to develop approval standards for
halon replacements and improved material
fire tests. Foreign airworthiness authorities
are active participants as well, to ensure har-
monization of outputs.

The National Transportation Safety Board
(NTSB) relies heavily on program personnel
for onsite accident investigation, such as the
ValuJet and TWA 800 accidents.

detection and suppression systems and intAecomplishments: Fire research and safety re-
rior materials fire test methods and criteria sults were provided to FAA certification and in-

Agency Outputs: The FAA establishes rules for
aircraft fire safety in terms of material selection
design criteria, and operational procedures. T)i
agency also provides advisory material on met
ods of compliance with fire safety regulations an
guidelines. The Fire Research and Safety program
is the major source of technical information used
to develop this regulatory material. Additionally,
the program provides industry with new safety
products developed through long-term applied re-
search. These products are typically embodied by
new materials and formulations, new test meth-
ods, government-owned patents, reports, and
journal publications.

Customer/Stakeholder Involvement: The FAA

has broad industry and government participation
in each aspect of the Fire Research and Safety
program.

* The subcommittee of the FAA Research, En;
gineering and Development Advisory Com-
mittee has repeatedly endorsed the Fire Re-
search and Safety program and placed hig
priority on its activities. ¢

* Long-term research in fire-resistant materials
is required by specific language in the Avia-
tion Safety Research Act of 1988 and is di¢
rectly supported by the aircraft industry and
materials producers through university-based
FAA research consortia. .

e The aircraft manufacturers and airlines have a
need to evaluate halon replacement agents

spection personnel for use in fire safety regula-
tions and advisory material, approval of regula-
ary fire test procedures, and approval of aircraft
Ire protection installations. Recent program ac-
aomplishments:

Supported a major new regulation, issued
February 10, 1998, that requires the retrofit of
2,994 transport aircraft with cargo compart-
ment fire detection and suppression systems

Documented full-scale fire tests, demonstrat-
ing significant fuselage burnthrough improve-
ments provided by new or protected thermal
acoustical insulation materials

Documented full-scale fire test findings re-
lated to cargo compartment fire protection,
including the effectiveness of halon against
aerosol cans and oxygen generator fires, and
the effectiveness of halon replacement agents

Published technical report describing initial
development of an exploding aerosol can
simulator

Published final report reviewing flammability
hazard of Jet A fuel vapor in civil transport
fuel tanks

Developed computer program that predicts
the probability of a fuel tank explosion based
on input flight and fuel temperature profiles

Completed large-scale fire tests and recom-
mended a draft thermal protection test stan-
dard related to the shipment of pressurized
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oxygen bottles in support of pending rulewith Canadian, Japanese, and European aviation
making authorities.

» Demonstrated near-zero heat release of chidhe Fire Research and Safety program also has
robisphenol polymers (potential for entiregrant programs with many educational institutes.
family of cost-effective, noncombustible Several Fortune 500 companies share costs of de-
plastics and resins for aircraft cabins) veloping new fire-resistant materials at univer-

» Developed accurate, simple model of fue§|ty-based FAA research consortia.

generation process in burning plastics tRAJOR ACTIVITIES AND ANTICIPATED

guide development of new, low-heat-releasey 1999 ACCOMPLISHMENTS:
materials

« Determined that health hazards of airborne ff're resistant materials

bers from burning carbon fiber-reinforced air* Scaled up benzoxazine chemistry and pro-
craft composites are negligible for firefighters duced flre_re3|stant, nontoxic interior panels
and airport personnel for evaluation of heat release rate

Demonstrated decorative panel with 50 per-

« Determined that fire retardant chemical addi* L
cent reduction in heat release rate

tives are not effective in heat-resistant poly-
mers » Demonstrated optimized design, theory, and

- ) operation of microscale heat release rate calo-
In addition, about 24 reports and published papers |imeter for commercialization

are generated yearly from in-house activity. Fire
test laboratories are used annually to train FAA
certification engineers, and program personnel
participate in approximately three major accident
investigation yearly at NTSB request. The FAAg; o etection and suppression
operates the most extensive aircraft fire test facili-
ties in the world. ’

Published heat release rate database on cur-
rent, new, and developmental fire-resistant
polymers

Developed performance standards for gas-
eous halon replacement agents in cargo com-
R&D Partnerships: The FAA sponsors an inter- partment and engine fire-extinguishing sys-
national halon replacement working group. The tems

group collaborates in research and development gyajuated aircraft smokeffire detector respon-

Ieading to alternate agent selection for ajrcrgft ap- sjveness and characterized smoke environ-
plications as well as test methods and criteria. The mpent during full-scale cargo compartment fire

FAA also sponsors an international aircraft mate- ggtg

rials fire test working group. This group strives to

improve standardization of material fire testsFire safety design

such as engaging in round-robin testing to ensuwe peveloped a stringent fire test standard for
that the lab-to-lab variation in results is accept- tnermal acoustical insulation

I Il. . .
ably sma » Completed design guidelines for post-crash

The FAA organized an interagency working fire burnthrough resistance hardening of air-
group on fire and materials to provide a vehicle craft fuselages

for technology exchange among U.S. Govern- pyplished upgradedircraft Materials Fire
ment agencies and to prevent unwarranted dupli- Tests Handbook

cation of work. The FAA has interagency agree-

ments with the U.S. Air Force and the NationakKEY FY 2000 PRODUCTS AND MILE-

Institute of Standards and Technology for comSTONES:

mon-interest research. The agency has a memo- ] _

randum of cooperation with the British Civil Avi- Fire-resistant materials

ation Administration for a variety of fire safety re-« Demonstrate thermoplastic for molded parts
search efforts and separate letters of cooperation with 50 percent reduction in heat release rate
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» Determine heat-release rate of chlorobisphe chlorobiphenol monomer. Also, as part of a
nol-based polymers multiyear endeavor to demonstrate interim im-
. . . proved material performance, thermoplastics for
Fire detection and suppression ~_use in molded parts with a 50 percent reduction in
* Complete cargo compartment water mist firgeat-release rate will be identified. Near-term fire
suppression system evaluation safety improvement testing will concentrate pri-
e Complete full-scale test evaluation of solidnarily on fire detection and suppression. Solid
propellant gas generator technology for applpropellant gas generator technology developed by
cation in engine fire extinguishing systems the military will be evaluated for application in
- Develop smokeffire simulants for use incivil transport engine fire-extinguishing systems.
cargo detector approval testing The effectiveness of water mist systems against
eYarious types of cargo compartment fires, includ-
ing those fires involving aerosol cans, will also be
determined. Additionally, smoke and fire simu-
Fire safety design lants will be developed and evaluated for use in
« Initiate study of aircraft hull losses and fataliSmoke detector certification testing. New research

» Determine fuel tank explosive hazards of fu
pump sprays

damage termine the hazards of fuel pump sprays com-
monly used in fuel tank systems. Finally, work
FY 2000 PROGRAM REQUEST: will commence related to oxygen system fire

In FY 2000, long-range research on ultra fire-resafety by initiating a study to document and ana-
sistant aircraft interior materials will focus onlyze past aircraft fire fatalities and hull losses
synthesizing and evaluating the heat-release ratgaused by the malfunction or crash impact dam-
of an entire class of promising polymers based age of oxygen systems.
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AO6a - Fire Research and Safety
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

061-110 Fire Research & Safety

Fire Safety Design

Initiated Study of Aircraft Hull Loses and Fatalities Caused by
Oxygen System Malfunction or Damage

Published Upgraded Material Fire Test Handbook

Completed Design Guidelines for Postcrash Fire Burnthrough
Resistance Hardening of Aircraft Fuselages

Evaluate In-flight Flame Spread Characteristics of Thermal
Acoustical Insulation

Fire Resistant Materials

Scaled-Up Benzoxazine Chemistry and Produced Fire Resistant,
Non-toxic Interior Panels for Evaluation of Heat Release Rate

Demonstrated Decorative Panel with 50% Reduction in Heat
Release

Published Database on Heat Release Rate of Current, New and
Developmental Fire Resistant Polymers

Demonstrated Optimized Design, Theory and Operation of
Microscale Heat Release Rate Calorimeter for Commercialization

Demonstrate Thermoplastic for Molded Parts with 50% Reduction
in Heat Release Rate

Determine Heat Release Rate of Chlorobiphenol-based Polymers

Fire Detection and Suppression

Completed Cargo Compartment Water Mist Fire Suppression
System Evaluation

Developed Performance Standards for Gaseous Halon
Replacement Agents in Cargo Compartment & Engine Fire
Extinguishing Systems

Evaluated Aircraft Smoke/Fire Detector Responsiveness and
Characterized Smoke Environment

Determine Fuel Tank Explosive Hazards of Fuel Pump Sprays

Complete Full-scale Test Evaluation of Solid Propellant Gas
Generator Technology

Revise Draft Advisory Circular for Smoke/Fire Detection

Criteria for Approval of Reduced False-Alarm Smoke/Fire Detector
Designs

Assess 02/N2 Separation Membrane Technology

Draft Oxygen Systems Safety AC

L 2R 4

* & o o

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts

Personnel Costs
Other Costs

Total

1,999
3,072
629

2,963
3,345
685

3,377
3,001
615

2,008
2,315
337

2,070
3,116
342

5,700

6,993

6,993

4,750

5,528
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A06b Advanced Materials/Structural Safety

GOALS: The Advanced Materials/Structural Safety pro-

Intended Outcomes:The FAA intends to ensure 9ram provides support in rulemaking and devel-
the safety of U.S. and foreign made civil aircraffPment of guidance material for industry compli-
constructed of advanced materials as well as @&ce. In structural safety, the FAA revises or up-
improve passenger survival of accidents. The agates Federal Aviation Regulations to accommo-
vanced materials area focuses on the followirfdate new information for overhead stowage bins,

technical areas: auxiliary fuel tanks, and seat/restraint systems.
« Standardized analysis and test methods f&stomer/Stakeholder Involvement:The FAA
worldwide harmonization has established the need for the Advanced Materi-

Is/Structural Safety program through consensus

« Better understanding of effects of repeateauiI ding activities:

loads, damage, and joint configurations on re-
maining strength and life of composite air+ The Aviation Rulemaking Advisory Commit-
craft structure tee (ARAC) is an FAA/industry forum estab-
lished to ensure that agency rulemaking is ef-
fective in achieving intended results. ARAC
is also effective in identifying requirements
and priorities for supporting R&D activities.

The Challenge 2000 report concludes that

FAA should enhance its already effective

» Enhanced occupant survivability and reduced program of gathering data and improving the
personal injury in accidents certification of composite structures.

* Improved crash characteristics of aircraft A recent National Research Council report
structures, cabin interiors, auxiliary fuel tank  highlights the needs related to advanced ma-
systems, and occupant seat/restraint systems terials and urges FAA to step up advanced

* Reliability methods, as they apply to the
design of composite aircraft components, and
criteria for acceptable risk

The structural safety area focuses on the follow-
ing technical areas:

« Improved analytical and modeling capabili- materjals research for aircraft community
ties to develop improved structural, occupant, Penefits.
and seat restraint systems « The Advanced Materials/Structural Safety

program is responsive to Public Law 100-
591, Aviation Safety Research Act of 1988,
and House of Representatives Report 100-894
to develop technologies, conduct data analy-
sis for current aircraft, and anticipate prob-
lems of future aircraft.

Agency Outputs: The FAA establishes rules for
aircraft certification and operation and publishes
advisory circulars to provide acceptable means of
achieving compliance with those rules. While the
rules are the same for composite or metal struc-
ture, the means of compliance reflect behavioral
differences in the structural materials. AC 20Accomplishments:Program results are provided
107A, “Composite Structure,” has been pubto aircraft manufacturers, maintainers, and opera-
lished, but advances in technologies and materidts's in the form of technical reports, handbooks,
necessitate periodical update and expansion of thdvisory circulars, and guidance in the process of
AC. certification.

Technical information is disseminated to regulain the advanced materials area, the program has
tory personnel through technical reports, handipdated or issued two advisory circulars and four
books, and guidance by the FAA National Rehandbooks; published more than 40 technical re-
source Specialist. The goal is to develop pertinepbrts, articles, and papers; and co-sponsored 3
data so that the regulatory processes keep pdeehnical conferences with attendance of approxi-
with industry advances, including state-of-the-amnately 1,200 experts. A three-volume report on
test and evaluation for state-of-the-art technologgst methods for composites was disseminated to
and design. industry and government to provide an authorita-
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tive compendium on state-of-the-art composite the structural safety area, there have been
testing with recommendations for usage and ideagreements for cooperative programs with the
tified gaps. An alternative method of complianc®&ational Highway Traffic Safety Association
to demonstrate repeated load life was develop€édHTSA), the U.S. Army, the U.S. Navy, and
and now significantly reduces fatigue testing tim&ASA Langley Research Center. There has been
to ensure required service life. This method haordination with the French and Italian Govern-
been used successfully in the certification procegsents through memoranda of cooperation and an
of many aircraft components (recent example: trexchange of personnel in the crash testing area. A
General Electric 90 fan blades) and has be&ooperative research program in development of
adopted on a world-wide basis. crash modeling software tools is underway with
the United Kingdom. The program has also
worked closely with Wichita State University to
* Four reports on in-house commuter crastlievelop crash dynamic models and experimental,
testing, as well as reports on aircraft ditchingnergy-absorbing seats. The structural safety area
and aircraft flotation, have been widely dishas established working relationships with air-
seminated. framers, such as Boeing Company and Beech-
« Rulemaking has been proposed for commuté&faft: and with manufacturers of overhead bins
seat/restraint systems. and auxiliary fuel tanks. A cooperative agreement

i i for research and development is in place with bin
* Inservice overhead stowage bins have begRsnufacturer Northwest Composites.

made more resilient to crash impact.
dhe advanced materials and structural safety ar-

* A workshop on a crash impact modeling cod . . .
developed by the FAA was held for certifica-£S are benefiting from a close working relation-
tion engineers and industry participants ship with the Airworthiness Assurance Center of

Excellence. The research performed under this

area, the FAA coordinates with NASA to leveriectyal contributions of its core universities.

age research expenditures. The FAA concentrates
on safety and certification issues, including tesfyAJOR ACTIVITIES AND ANTICIPATED

ing, while NASA has the lead in analysis and deey 1999 ACCOMPLISHMENTS:
sign issues. Currently, the FAA supports NASA

efforts to develop a composite property data bagglvanced materials
for general aviation (GA) aircraft under the,
NASA Advanced General Aviation Transport Ex-
periments (AGATE)/Integrated Design and Man-
ufacturing (IDM) program.

The FAA co-sponsors, with the U.S. Army, MIL-"
HDBK-17, a primary and authoritative source for
statistically based characterization data of current
and emerging composite materials. This interna-
tional reference reflects the best available data Verified previously developed risk assess-
and technology for testing and analysis and in- ment software using different estimation
cludes data development and usage guidelines. methods

FAA officials use the handbook as a primary sup-
porting document in structural substantiation in
the certification process. On recommendations by
the ARAC committee, material data contained im Provided data base on test methods for shear
the handbook will be acceptable for use in the cer- loading of composite structures to provide
tification process. There is also one international information for an authoritative compendium
agreement to share work on reliability prediction on state-of-the-art composites testing, with
methods for composites. recommendations on test methods

In the structural safety area:

Updated Composite Materials Handbook
(Volume 2-Material Propertigsfor use by
rulemaking and compliance personnel

Completed research on damage accumulation
in composites due to repeated loads. This
aids in developing certification criteria for
composite structural components

Identified the principal risk drivers that con-
trol the safety of composite airframes
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Structural safety * Complete assessment of the crash resistance

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Completed vertical drop test of one B-737 fu- of current rotorcraft, commuter, and transport

selage section with an auxiliary fuel tank to ~ fuel systems

determine the dynamic loads imposed on fuel Establish guidelines for conducting head in-

tanks jury criteria component testing to supplement
full-scale testing

Complete aircraft crash modeling tool for
accident investigators

Advanced materials FY 2000 PROGRAM REQUEST;

Establish methodology to predict delaminag, Fy 2000, the program continues to focus on
tion initiation and growth at critical details inyhe areas listed at the beginning of the “Goals”
composite structures section above. Specific areas are damage toler-
Provide a data base for support to AGATEANnce of sandwich structures applicable to current
IDM on effects of bond thickness on strucand future aircraft fuselages, durability of textiles,
tural performance of small composite aircraftand developing a data base on effects of bond

Generate a data base for durability of textilg'”(:kness on s_truct_ural performance of small

forms and stitching as manufactured by resiionded composite aircraft.

transfer molding Within the structural safety area, characterization
of crash-induced commuter airplane loads, trans-

Structural safety port category overhead storage bins, and auxiliary

Complete vertical drop test of a B-737 fusefuel tank systems are continued. Other areas of re-
lage section with overhead storage bins to deearch to be continued are crash resistance of fuel
termine the dynamic loads imposed on stosystems and development of a component tester
age hins for head injury criteria compliance.
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A06b - Advanced Materials/Structural Safety
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

062-111 Advanced Materials Structures
Advanced Materials

Provided Database on Test Methods for Shear Loading
Verified Developed Risk Assessment Software
Identified the Principal Risk Drivers of Composite Airframes
Establish Methodology to Predict Delamination Initiation
Establish Database on Effects of Bond Thickness
Generate Database for Durability of Textile Forms
Update AC-107A Composite Structure for Durability
Establish Guidelines for Probabilistic Design Certification
Develop Database on Verified Design Practice for Adhesive Joints
Develop Database on Damage Tolerance of Sandwich Structure
Durability and Damage Tolerance Data for Rotorcraft

Identify Data for Certification of Materials at Elevated
Temperatures

Develop Certification Methodology for New Materials and Forms
062-110 Structural Safety

Structural Safety

Completed Vertical Drop Test of a B737 Fuselage Section with
Aucxiliary Fuel Tank

Establish Guidelines for Conducting HIC Component Testing

Complete Assessment of the Crash Resistance of Transport Fuel
Systems

Complete Vertical Drop Test of B737 Fuselage Section with
Stowage Bins

Complete Aircraft Crash Modeling Tool for Accident Investigators
Publish Data on Ditching and Water Impact

Publish Data on Crash Resistance of Transport Aircraft Stowage
Bins

Identify Transport Ditching Requirements

Define Rotorcraft Crash Pulse

Define New Occupant Injury Criteria

Establish Crash Test Database

Validate Water Impact Model

L 2R 2

OO0

SO0 00

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

332
1,384
284

1,249
1,507
309

2,059
835
171

809
803
122

1,089
1,109
140

2,000

3,065

3,065

1,734

2,338
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A06c Propulsion and Fuel Systems

GOALS:

Intended Outcomes: The FAA intends to im-
prove system safety by enhancing the airworthi-
ness, reliability, and performance of civil turbine
and piston engines, their propellers, fuels, and
fuel management systems. The major program
outcomes include:

e Continued reliability and safety of general
aviation operations by providing a safe transi-
tion to a new high octane unleaded aviation
gasoline .

* A reduction in the number of intrinsic turbine
rotor failures by improved and standardized
design and life-management procedures

* Improved manufacturing process standards
for premium quality titanium alloy, turbine
rotor components

« Reduced turbine engine failure/downtime and
improved maintenance efficiency through ad-
vanced monitoring/diagnostic hardware and
software

* Minimized the probability of in-flight fuel
tank explosions

* Continued reliability and safe use of Jet A
fuel containing red dye contamination

Agency Outputs: The FAA maintains the airwor-
thiness of aircraft engines, fuels, and airframe fuel
management systems by issuing certification and
advisory standards and by supporting technical
society specifications and recommended prac-
tices. The FAA also publishes technical informa-
tion in the public domain in various forms. The
agency may also provide technology to the indus-
try through hardware and software prototype
demonstrations and technology workshops or var-
ious training media. This research program pro-
vides the resources and oversight to deliver the
necessary propulsion, fuel, and fuel transfer sys-
tem technology to support these agency outputs.

Customer/Stakeholder Involvement:

* The FAA collaborates with the engine indus-
try to identify and implement cost-effectives
safety improvements that address incidents
and accidents caused by in-service engine
failures. This collaboration was initiated by
the FAA Titanium Rotating Components Re-
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view Team. The team advises on the ade-
quacy of industry standards and procedures to
ensure the safety of titanium alloy high-en-
ergy rotating components of turbine engines.
Industry participates through working com-
mittees under the Aerospace Industries Asso-
ciation (AlA), including the Materials and
Structures Committee, Rotor Integrity Sub-
committee, and the Jet Engine Titanium Qual-
ity Committee.

The AIA committees identify potential im-
provements in manufacturing process control,
manufacturing and in-service inspection, and
design and life management of failure-critical
rotating engine parts. These improvements
are the basis for identifying specific R&D al-
ready underway or planned for this program.

The FAA participates and provides leadership
in testing capability for the Coordinating Re-
search Council (CRC) Unleaded AVGAS
(Aviation Gasoline) Development Group. The
group was formed in February 1995 to over-
see research and testing for development of
the next generation of high-octane unleaded
aviation gasoline. Environmental Protection
Agency (EPA) regulations and the Clean Air
Act of 1990 mandate removal of lead from all
gasoline.

The critical need for developing this fuel is
reflected by the list of CRC development
group participants. Active participants and
members include: most major oil companies
(U.S. and worldwide); general aviation air-
frame and engine manufacturers; general avi-
ation user groups such as the Aircraft Owners
and Pilots Association (AOPA), Experimental
Aircraft Association (EAA), and General
Aviation Manufacturers Association
(GAMA); the FAA New England Region
Engine and Propeller Directorate; and the
FAA Small Airplane Directorate in Kansas
City.

The FAA-sponsored Technical Oversight
Group on Aging Aircraft (TOGAA) ensures
effective technical coordination of the airwor-
thiness assurance R&D activities with related
activities in DOD and industry. TOGAA has
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provided feedback on the progress of the tus-
bine engine program over the last 3 years.

The Subcommittee on Aircraft Safety of the
FAA Research, Engineering, and Develop-
ment Advisory Committee was briefed on the
propulsion program, an initiative that the sub-
committee strongly supports.

The FAA/industry initiative on turbine engine*®
rotor integrity research in this program ad-
dresses NTSB recommendations A-90-89 and
A-90-90.

The program addresses recommendations ©f
the FAA Titanium Rotating Components Re-
view Team Report which was presented to in-
dustry in a public meeting in May 1991. .

The program supports the ARAC Fuel Tank
Harmonization Working Group.

The Aerospace Industries Association con-
vened an ad hoc group to study the effects of
red dye contamination of Jet A fuel and to
identify solutions to this problem. This.
resulted in an effort to be funded by the FAA,
Defense Energy Support Center, Internal

Completed validation of ground-based proce-
dures for determining octane requirements for
developing a new high-octane unleaded avia-
tion gasoline

Participated in establishing matrix compo-
nents for developing candidate fuel formula-
tions

Conducted engine tests on new fuel formula-
tions

Completed report on engine octane require-
ments

Determined and defined detonation detection
procedures for proposed ASTM method to
test unleaded replacement fuel(s)

Made final determination of fleet octane re-
quirements for unleaded replacement in high
fuel performance piston engines to be greater
than 100 octane

Completed interim report on in-service Jet A
fuel sample analysis volatility survey

Completed interim data report on Jet A fuel
vapor ignition characterizations

Revenue Service (IRS), Air Transport AssociR&D Partnerships:

ation, American Petroleum Institute, anc
engine and airframe manufacturers.

Accomplishments:Results of the Propulsion and
Fuels Research program provided to engine and
aircraft regulatory and industry stakeholders:

Drafted an advisory circular on the correla-
tion, operation, design, and modification of
turbofan/jet engine test cells that provides
guidance on the testing of aircraft engines.

Hosted a joint FAA/Air Force public work-
shop with published proceedings on the appli-
cation of probabilistic design methodology to
gas turbine rotating components

Demonstrated integrated titanium alloy prob-
abilistic design code (DARWIN version 2.0)
to provide commercial aircraft engine manu-
facturers a tool to augment their current safe-
life management philosophy approach

Completed vacuum fatigue crack growth test-
ing of titanium alloy

Determined the fleet octane requirement to be
the single most critical parameter for devel-
oping high-octane unleaded aviation gasoline
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A cooperative grant was awarded to the
Southwest Research Institute, which has
teamed with major engine manufacturers
Pratt and Whitney, General Electric, Allied-
Signal, and Allison. This work develops
probabilistic-based turbine rotor material de-
sign and life management tools for improved
rotor integrity. The work is closely coordi-
nated with the Air Force Wright Laboratory,
which conducts complementary research, and
with ongoing research activities of the FAA
Engine Titanium Consortium sponsored un-
der budget item AO6e, “Aging Aircraft.” The
FAA plans to transfer the completed probabi-
listic engine design code to the public domain
via a training workshop.

A research partnership has been initiated with
Specialty Metals Processing Consortium
(SMPC) based at Sandia National Laboratory,
which includes Sandia Liquid Metals Pro-
cessing Laboratory, Allvac, Oremet Titanium
Company, RMI Titanium Co., Timet Co.,
General Electric Aircraft Engines, Pratt &
Whitney, and Concurrent Technology Corpo-
ration. SMPC will conduct research in tita-



MAJOR ACTIVITIES AND ANTICIPATED
FY 1999 ACCOMPLISHMENTS:

nium and nickel alloy melting technologye
(purity) enhancements.

The CRC Unleaded Aviation Gasoline Devels
opment Group partnership provides an arena
to conduct research that is unprecedented in

1999 FAA NATIONAL AVIATION RESEARCH PLAN

Issued final draft report on Jet A vapor igni-
tion characterizations

Issued final draft report on in-service Jet A
fuel sample analysis volatility survey

the aviation gasoline industry. The propriKEY FY 2000 PRODUCTS AND MILE-
etary and competitive forces inhibitingSTONES:

progress in high-octane aviation gasoline de-
velopment have been set aside. This allows
technology be transferred to and from gov-
ernment and industry to the benefit of all par;
ticipants. Industry participants include Tex-
aco, Exxon, Phillips Petroleum, Chevron,
British Petroleum, Cessna, Raytheon (Beech),
Teledyne Continental, and Textron Lycoming.

Efforts have been initiated to award a contract
to Southwest Research Institute to determine
an acceptable contamination that allows conl-
tinuous safe turbine engine operation. The
following organizations contribute funding to.
this effort: FAA, Defense Energy Support
Center, IRS, Air Transport Association,
American Petroleum Institute, General Elec;
tric, Pratt & Whitney, Rolls Royce, AlliedSig-
nal, and Boeing.

The program is benefiting from a close work-
ing relationship with

Deliver a framework definition for probabilis-
tically based rotor design code for nickel al-
loys

Introduce damage-tolerant rotor design
through a draft advisory circular with analyti-
cal software code (DARWIN) and standard-
ized data bases

Complete benchmark basis for plasma hearth
melt modeling

Characterize titanium defect melt source
causes

Characterize and test industry-supplied candi-
date fuels using flight test aircraft and engine
ground test facilities

Determine an acceptable concentration of red
dye contamination in Jet A fuel for continu-
ous engine operation

the Airworthiness FY 2000 PROGRAM REQUEST:

Assurance Center of Excellence. The researgh Fy 2000, the program will continue develop-
is leveraged by the monetary and intellectughg a probabilistically-based turbine engine rotor

contributions of its core universities.

design code with damage-tolerance assessment.
This code will be a public-domain, generic-de-
sign, life management tool—to augment the cur-
rent safe-life design approach—for integration

Demonstrated and delivered the final titaniunhto engine manufacturer rotor design procedures.
alloy defect deformation micro code for analyse of this tool, as an approved design certifica-
ysis of the turbine disk forging conversionton standard, is intended to improve turbine rotor
process structural integrity while reducing the risk of fail-
Demonstrated and delivered the integratedre.

probabilistic rotor design code (DARWIN

! o The program also continues research on industry-
version 3.2) for titanium alloy melt defects brod y

provided, lead-free fuel formulation candidates to
Conducted DARWIN code version 3.2 FAA/replace the low-lead aviation gasoline (ASTM
Industry training workshop D910 100LL) currently in use. These tests evalu-

Issued reference report “State-of-the-Art irate new fuel formulation effects on engine deto-

Turbine Engine Monitoring Systems” nation, material compatibility, volatility, engine
performance, storage stability, water reaction,

Completed laboratory characterization of ingmissions, fuel consumption, and engine durabil-
dustry-supplied candidate fuels ity. All parameters impact on safe engine opera-
Began engine ground testing of industry sugion and all data support eventual certification of a
plied candidate unleaded fuels replacement fuel.
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The program continues to develop rotor disk allogident history has shown that the presence of
material melt processes to establish commercitilese defects in rotor disks have been the initiat-
manufacturing standards that will eliminate meting cause of uncontained rotor failures. These
allurgical defects to produce premium-quality, rofailures are a major contributor associated engine
tor grade alloy materials. Commercial aircraft acailure fatal accident rate.
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Program Schedule

A06c - Propulsion and Fuel Systems
Product and Activities FY 1999(FY 2000| FY 2001|FY 2002 |FY 2003 [FY2004

063-110 Propulsion and Fuel Systems Research

Turbine Engine Research

Demonstrated and Delivered Final Titanium Alloy Defect 3
Deformation Microcode
Demonstrated and Delivered the Integrated Probabilistic Design ®
Code (DARWIN Version 3.2)
Issued Reference Report “State-of-the-Art in Turbine Engine LY
Monitoring Systems” Monitoring Systems”
Conducted DARWIN Code Version 3.2 Training Workshop *
Characterize Titanium Defect Melt Source Causes o
Deliver Framework Definition for Probabilistic Rotor Design Code o>
- Nickel Alloys
Introduce Damage Tolerant Rotor Design through a Draft AC with o
Analytical Software Code (DARWIN)
Complete Benchmark Basis for Plasma Hearth Melt Modeling e
Demonstrate Probabilistic Integration Design Code - Surface o
Flaws
Demonstrate the On-line Monitoring for Alloy Composition O
Control in a Commercial Electron Beam Melt Furnace
Unleaded Fuels and Fuel System Safety Research
Completed Laboratory Characterization of Industry Supplied 'S
Candidate Fuels
Issued Final Draft Report on Jet A Vapor Ignition V'S
Characterizations
Issued Final Draft Report on In-service Jet A Fuel Sample TS
Analysis Volatility Survey
Begin Engine Ground Testing of Industry Supplied Candidate ¢

Unleaded Fuels

Complete Determination of Acceptable Concentration of Red Dye
Contamination in Jet A Fuel for Continuous Engine Operation

Characterize and Test Industry Supplied Candidate Fuels Using
Flight Test Aircraft and Engine Ground Test Facilities

Complete Draft and Final ASTM Specification for High Octane o fes
Unleaded Aviation Gasoline

Complete Fleet Evaluation of Candidate Unleaded Aviation o
Gasoline
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 1,716 1,566 3,643 1,761 1,754
Personnel Costs 1,398 1,522 1,126 932 1,230
Other Costs 286 312 231 138 142
Total 3,400 3,400 5,000 2,831 3,126
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A06d Flight Safety/Atmospheric Hazards Research

GOALS: The program also fosters development of promis-

Intended Outcomes: The FAA intends to im- ing technologies, such as sensors, to detect frozen
prove aircraft safety by developing technologiegontamination and anti-icing fluid failure. The
technical information, procedures, and practicegircraft icing project joins SAE in preparing an-
These ensure safe operation of the civil fleet in i®ual updates to aircraft holdover time guidelines.
ing conditions and in the electromagnetic envithese provide time estimates of the effectiveness
ronment and address safety issues concerning d@j-deicing and anti-icing fluids.

ital flight controls and avionics systems. Customer/Stakeholder Involvement: The pro-

In the area of aircraft icing, the program focusegram directly supports the Aviation Safety Plan
principally on establishing operating rules andby assisting the zero accident goal. It does this
procedures for deicing and anti-icing to ensure tarough enhancements to aircraft certification, in-
clean aircraft at takeoff. It also focuses on devespection, and maintenance related to atmospheric
oping technology to determine the existence dfazards and advanced digital systems. It also di-
frozen contamination and the failure of anti-icingectly supports Challenge 2000 through research
fluids on critical aircraft surfaces. The progranand increased awareness of software and stan-
addresses characterization of the atmospheric @ardization efforts among the certification direc-
ing environment by collecting and analyzing sutorates. In addition, it supports the Free Flight ini-
percooled cloud and precipitation data. It also déative, addressing highly integrated avionics and
velops technology (ice protection and detectionyround-based systems safety and certification is-
certification requirements, and advisory materiagdues, using very complex software. A key sup-
to ensure that aircraft meet performance, stabilitgorter is the ARAC Electromagnetic Effects Har-
and control safety standards during or after inrmonization Working Group (EEHWG).

flight operation in icing conditions. The ARAC Flight Test Harmonization Working
The electromagnetic hazards to aircraft systeMisroup (FTHWG) addresses performance and han-
program focuses on protecting aircraft electricgfing requirements standardization, and guidance
and electronic systems from the effects of lighinaterial for operating in icing conditions. The
ning and high-intensity radiated fields (HIRF).ARAC Ice Protection Harmonization Working
These effects may come from airborne, shipsroup (IPHWG) addresses definition of an icing
borne, and ground-based emitters, as well as frafyironment that includes supercooled large
portable electronic devices (i.e., tape players, lagroplets (SLD) and means, such as ice detectors,
top computers, cellular phones, etc.). to discriminate between conditions within and

The Flight-Critical Digital Systems program ad-Outside the certification envelope and to warn
dresses aircraft safety and certification issuellightcrews of ice accumulation on critical sur-
These issues involve the use of emerging, highfgces.

complgx, _software—ba_seq digital fl|ght cont_r OI%AE committees also address aircraft lightning
and avionics systems in flight-essential and flights, o otion (AE4L) and aircraft HIRF protection
critical applications. (AE4R). These two government and industry
Agency Outputs: The FAA establishes rules for committees develop advisory circulars, test stan-
aircraft operation in icing conditions and the eleadards, and related users manuals to improve flight
tromagnetic environment. It establishes rules asafety. The FAA provides leadership to the SAE
digital flight controls and avionics systems and ofs-12 Aircraft Ground Deicing Committee. This
electromagnetic hazards. It also publishes adwiommittee addresses holdover time guideline up-
sory circulars (AC) to outline acceptable meandates, standards establishment for deicing and
for meeting the rules and disseminates variounti-icing methodologies and fluids, and sensor
forms of technical information to agency certifi-criteria to determine the existence of frozen con-
cation and airworthiness specialists, agency iamination. It also addresses the failure of anti-ic-
spectors, and the aircraft and avionics industring fluids on critical aircraft surfaces.
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Accomplishments: The program provided air- ¢
craft icing regulatory guidance and operating pro-
cedures to aircraft manufacturers and operators.
These consisted of technical reports, handbooks,
information bulletins, advisory circulars, and
rules. Since 1992, the program has updated or is-
sued two advisory circulars, five technical bulle-
tins, and theAircraft Icing Handbook |t also has *
published more than 30 technical reports or pa-
pers, including reports on ice-phobic technolo-
gies.

The program has held international conferencgs
on aircraft ground deicing (more than 600 patrtici-
pants from more than 10 countries attended) and
on aircraft in-flight icing (more than 400 partici-
pants from 20 countries attended). It has also is-
sued holdover time guidelines for deicing and
anti-icing fluids. *

In the area of digital systems, the program contin-
ued to assess modified condition/decision covey-
age (MCDC) requirements for avionics software
testing. The assessment will also include software
mutation techniques. Additionally, the program
studied applying formal methods to software par-
titioning to protect avionics software in highly in-
tegrated systems. The program also supported the
Streamlining Software Aspects of Certification
Project. .

In the electromagnetic hazards area, the program
completed an analysis of a stochastic evaluation
of the HIRF testing environment for aircraft. An
update to the FAA research and development
electromagnetic data base (FRED) containing
lightning strike data and waveforms was pub-
lished. The update included C-160 aircraft data. A
report was completed concerning a feasibility
study of a PED detector for civil aircraft, and a
HIRF Risk Analysis was initiated to support a
Notice of Proposed Rulemaking (NPRM).

RTCA Special Committee-182, “A Minimum
Operational Performance Standard (MOPS)
for an Avionics Computer Resource (ACR)”

RTCA Special Committee-190, software
guidance for issues missed or arising since
publication of RTCA DO-178B

Multiyear FAA/NASA interagency agree-
ment with Langley Research Center to coop-
erate in the assessment of software-based dig-
ital flight controls and avionics systems and
electromagnetic hazards research

Multiyear FAA/DOE interagency agreement
with Idaho National Engineering Laboratory
in characterization of lightning strike data and
development of a lightning waveform data-
base

Multiyear interagency agreement with Naval
Air Warfare Center Aircraft Division to as-
sess the HIRF environment for aircraft

Letter of agreement to leverage HIRF certifi-
cation research with Sandia Corporation; the
Army Directorate for Applied Technology,
Test and Simulation; and ORION Interna-
tional Technologies, Inc.

Cooperative efforts on aircraft icing activities
with the NASA Lewis Research Center

More than six aircraft icing grants and agree-
ments in place with academia and other gov-
ernment agencies to leverage interests and ca-
pabilities

International agreement with Transport Can-
ada on research on aircraft ground deicing is-
sues

ARAC IPHWG directly supported with data
on and analysis of SLD conditions in the
atmosphere

MAJOR ACTIVITIES AND ANTICIPATED

FY 1999 ACCOMPLISHMENTS:

R&D Partnerships: The program has established
many cooperative relationships, including:

e ARAC, EEHWG international certification °
authority/industry  forum—HIRF  environ-
ment, User’s Guide for AC 20-1317

» SAE -AE4L Lightning Protection of Aircraft, *
Lightning Environment, Waveforms and Test-
ing Standard, Aircraft Zoning Standard, and
User’s Manual for AC 20-136

Aircraft icing

Evaluated time-effectiveness of recently de-
veloped new and environmentally-friendly
deicing and anti-icing fluids

Completed report on glycol-reduction meth-
ods

Completed report on hot water deicing meth-
ods and procedures
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Flight-critical digital systems

Produced final report on effect of large dropFlight-critical digital systems

let ice accretions on airfoil and wing aerody-
namics and control

Completed report to ARAC IPHWG on SLD.
data aloft

Continued collecting SLD data aloft .

Published Report on Analysis of Structuras
Coverage Requirements of RTCA DO-178B

Published Report on Feasibility of an In-
flight Advisor for General and Commercial
Aviation .

Electromagnetic Hazards to Aircraft Systems

Publish report on certification techniques for
COTS hardware and software

Publish report on certification techniques for
advanced hardware

Publish acceptance criteria for software reuse

Electromagnetic hazards to aircraft systems

Publish report on single-event effects and up-
set

Publish report on analysis of commercial
lightning data base

Publish aircraft lightning zoning and protec-
tion techniques

Published HIRF User’'s Guide for AC ZO-FY 2000 PROGRAM REQUESTZ

1317
Published Lightning User's Manual forAircrafticing
AC 20-136 « Continue to collect and assess the global at-

Published Report on HIRF Risk Analysis for
NPRM

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Aircraft icing

Evaluate time effectiveness and aerodynamic

mospheric icing environment data with em-
phasis on the SLD environment

Determine acceptance criteria and enhance-
ments for icing tankers, tunnels, and analyti-
cal icing computer codes; and quantitatively
characterize ice roughness, shape, and aero-
dynamic effect

performance of environmentally friendly andFlight-critical digital systems

other modern fluid. .

Complete report on fabrication of active Air-
craft Mounted Wide Area Ice Detector proto-
type system

Complete report on glycol temperature buffeg
reduction investigation

Complete report on consolidation of SLD
data at flight altitudes
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Continue research related to emerging flight
safety and certification issues identified by
RTCA SC-190 efforts

Electromagnetic hazards to aircraft systems

Continue lightning protection, HIRF protec-
tion, electromagnetic compatibility, single-
event effects/upset and continued integrity
research
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A06d - Flight Safety/Atmospheric Hazards Research
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

064-110 Flight Safety

Flight Critical Digital Systems
Published Report on Feasibility of an In-flight Advisor of General
and Commercial Aviation
Published Report on Analysis of Structural Coverage
Requirements
Publish Acceptance Criteria for Software Reuse
Publish Report on Certification Techniques for COTS Hardware
and Software
Publish Report on Certification Techniques for Advanced
Hardware
Publish Alternate Approaches to Software Modified
Condition/Decision Coverage (MCDC)

Publish Criteria for Avionics Software Changes

064-111 Atmospheric Hazards

Aircraft Icing
Finalized Reports on Effect on Large Droplet Ice Accretions on
Airfoils and Wing Aerodynamics and Control
Reported to ARAC IPHWG on Supercooled Large Droplet (SLD)
Data Aloft

Continued Collecting SLD Data Aloft

Evaluate Time of Effectiveness & Aerodynamic Performance of
Environmentally Friendly Modern Fluids

Report on Fabrication of Active Aircraft Mounted Wide Area Ice
Detector Prototype System

Report on Consolidation of SLD Data at Flight Altitudes

Report on Glycol Temperature Buffer Reduction Investigation

Report on Quantitative Characterization of Ice Roughness and
Shape and Aerodynamic Effect
Report on Global Atmospheric Icing Environment

Publish Fluid Failure & Holdover Times Procedures for
Manufacturers

Electromagnetic Test and Analysis
Published High Intensity Radiated Fields (HIRF) User's Guide

Published Lightning User’s Manual for AC 20-136

Published Report on HIRF Risk Analysis for Notice of Proposed
Rule Making (NPRM)

Publish Report on Single Event Effects and Upset
Publish Report on Analysis of Commercial Lightning Database

Publish Aircraft Lightning Zoning and Protection Techniques

* o ¢ o

OO O 0

OO
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Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

3,535
530
108

1,368
577
118

705
1,127
231

1,494
973
152

1,942
1,744
158

4,173

2,063

2,063

2,619

3,844
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AQ06e Aging Aircraft

GOALS:
Intended Outcomes: The FAA intends to im-

Customer/Stakeholder Involvement:The FAA
has established an extensive network for collabo-

prove system safety by developing technologiegation in the Aging Aircraft program.
technical information, procedures, and practicas
that ensure the continued airworthiness of aircraft
structures and components in the civil fleet. The
Aging Aircraft program focuses principally on:

Analytical methodologies development and
validation—to predict the onset of wide-

spread fatigue damage (WFD) and residual
strength of aircraft structures

Nondestructive inspection techniques devel-
opment and validation—to detect and quan-
tify damage in the forms of corrosion, crack-
ing, disbonding, and material processing de-
fects

Flight and landing loads airworthiness stan-
dards updates and validation for civil trans:
port aircraft by acquiring/analyzing actual us-
age data

Maintenance and repair requirements and es-
tablishing procedures for airframes

Crack-growth-based predictive methodology
development—to derive inspection and main-
tenance programs for nonrotating, safety-crit-
ical components of aircraft engines

Fatigue substantiation methodology, health/
usage monitoring methodology, and updated
design load spectrums (based on actual
usage) for rotorcraft fleet development

Aging non-structural systems research—
development of technology and techniques to
ensure continued safe operation of electrical
and mechanical aircraft systems

Agency Outputs: The FAA establishes rules for

aircraft certification, inspection, maintenance, and
repair and publishes advisory circulars to outline
acceptable means for compliance. In addition, it

disseminates technical

information in various

forms to agency airworthiness inspectors and in-
dustry. This improves aircraft construction andccomplishments: An on going research effort

ARAC is an FAA/industry forum established

to ensure that agency rulemaking is effective
in achieving intended results and that the in-
dustry resources are used to their fullest.
ARAC also identifies requirements and prior-
ities for supporting R&D activities.

The FAA-sponsored TOGAA ensures effec-
tive coordination of Aging Aircraft program
activities with related activities in DOD and
industry. TOGAA meets several times a year
to assess program progress and review re-
search priorities, in light of technical progress
and the needs of aircraft manufacturers, oper-
ators, and maintainers.

The Subcommittee on Aircraft Safety of the
FAA Research, Engineering and Develop-
ment Advisory Committee completed a re-
view of the Aging Aircraft program. The pro-
gram described here is fully responsive to the
advice of the subcommittee.

The Aging Aircraft program directly supports
the Aviation Safety Research Act of 1988
(Public Law 100-591). This act increased the
scope of the FAAs mission to include
research on methods for improving mainte-
nance technology and detecting the onset of
cracking, delamination, and corrosion of air-
craft structures. In particular, this legislation
directed the FAA to focus on maintaining the
airworthiness of the aging commercial fleet.

The Aging Non-structural Systems Research
program is the primary vehicle for supporting
the recommendations of the White House
Commission on Safety and Security, which
state that “in cooperation with airlines and
manufacturers, the FAA's Aging Aircraft pro-
gram should be expanded to cover nonstruc-
tural systems.”

maintenance practices. The objective producingovides guidance for complying with assessment
these products is flight safety based on continugadograms on WFD in both the civil and military
aircraft airworthiness. The Aging Aircraft pro-aircraft fleets. The research is co-funded by the
gram provides the technical information neced-AA, NASA, and the U.S. Air Force (USAF) and
sary to support these agency outputs. is conducted by Boeing Company. The integrated
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effort includes development of analytical methodbetween the FAA and the regulatory authorities in
by both the FAA and NASA and testing by thehe United Kingdom, the Netherlands, Australia,
FAA and the USAF. This integrated effort contin-and Canada.

ues to validate government-developed analysis _ )
codes to predict the onset of WFD. A center of excellence for airworthiness assur-

ance, established in FY 1997, brings together the
A small crack detection structured experimenmonetary and intellectual resources of its core
was completed by the FAAs AANC. The experi-universities and numerous industrial and govern-
ment demonstrated that commercially availablsental partners. The Center for Aviation Systems
instruments can detect small cracks in aircraReliability (CASR) is a consortium of four uni-
skins under the rivet heads. Prototype instrumentsrsities—lowa State University, Northwestern
developed by Northrop and NASA could detectniversity, Wayne State University, and Tuskegee
cracks before reaching the edge of the rivet heddniversity—formed to develop nondestructive in-
This is significant because these cracks reflect tisgection techniques. The AANC is partnering
WEFD identified in the Aloha Airlines accident.with Sandia National Laboratory to test and eval-
This information assists the FAA and industry innate inspection techniques in a realistic hangar
specifying and approving future inspection equipsnvironment and enhance technology transfer.
ment. The Engine Titanium Consortium (ETC)—Ilowa

State University, Pratt & Whitney, General Elec-
Civil transport flight and ground loads data coltric, and Allied-Signal—was formed to develop
lection programs for both large and small transnethods for inspecting engine components. Nu-
port aircraft were reestablished. Optical quick agnerous research grants have been awarded
cess recorders have been installed on several Brough the aviation research grants program, and
737/400 and MD-82 aircraft, and usage data agge in place with universities and not-for-profit
being analyzed. Similar recording technology ifahoratories to leverage their interests and capa-
being developed for commuter aircraft. Airplangjlities. Cooperative research and development
landing contact parameters have been obtainggreemems (CRDA’) are in place with two air-

from analysis of video images recorded duringne operators as part of the flight loads data col-
surveys conducted at representative high-activifgction program.

commercial large transport and commuter air-
ports. MAJOR ACTIVITIES AND ANTICIPATED

FY 1999 ACCOMPLISHMENTS:
A team composed of the FAA, the AANC, Lock-

heed, Delta Airlines, Textron, and Warner Rob*
bins AFB successfully applied the first composite
reinforcement “doubler” on a U.S. commercial
aircraft. The doubler replaced the standard rein-
forcement, which consists of four riveted alumi-
num sheets. The composite reinforcement int-
proves fatigue resistance and substantially re-
duces the repair cost. .

R&D Partnerships: Program activities are
closely coordinated with related initiatives under-
way at NASA, DOD, and industry. The FAA ande
NASA, through a Memorandum of Agreement
(MOA), have cosponsored several conferences on
aging aircraft and airworthiness assurance. Inter-
agency agreements are in place between the FAA
and NASA, U.S. Navy (USN), USAF, National
Institute of Standards and Technology (NIST)
and DOE. International agreements are in place

Developed Supplemental Inspection Docu-
ment (SID) for the Fairchild Metro airplane

Developed a crack-growth-based predictive
methodology for static engine parts

Transferred thermal wave imaging technol-
ogy for corrosion detection to industry

Developed and validated ultrasonic and eddy
current inspection tools for airframe and en-
gine applications

Conducted video landing parameter survey at
Philadelphia International Airport's com-
muter runway

Published flight loads data reports for addi-
tional aircraft model (i.e., B-767)

Established permanent video landing loads
data facility
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Established a test bed for validation of tech~ Continue data collection, analysis, and reduc-
nologies designed to ensure the safe operation tion for large transport flight loads and publi-
of aircraft electrical and mechanical systems  cation of A-320 data

Initiated research into the development of an  Transfer pulse eddy current technology for in-
arc-fault circuit interrupter for aircraft appli- ter-layer crack detection to industry

cations e Complete Health and Usage Monitoring Sys-

Initiated research into the development of tems (HUMS) advisory material and compli-
systems that assess the physical and func- ance guidance for Part 29 and Part 27 rotor-

tional integrity of aircraft wiring craft monitoring post flight
KEY FY 2000 PRODUCTS AND MILE- » Conduct a video landing loads survey at Den-
STONES: ver International Airport to quantify high alti-

tude landing parameters for civil transport

Complete development of an engineerin :
P D g g aircraft

manual with guidelines to predict the onset of

WFD and residual strength and structures «  pevelop first-generation, prototype arc-fault
Continue enhancement to user-friendly soft-  circuit interrupter for aircraft applications
ware tool for damage tolerance analysis and
design of aircraft repairs for commuter air-
craft

Develop guidelines for developing supple+y 2000 PROGRAM REQUEST:

ment.ary Inspection programs fo.r co'mmutersln FY 2000, the program will continue to focus on

Continue development and validation of enthe areas listed at the beginning of the “Goals”
hanced inspection systems for engine compgection above. Near-term emphasis is on better
nents understanding the effects of widespread fatigue
Continue development and validation of indamage, developing supplemental inspection re-
spection techniques to detect damage in aigquirements to better account for airframe and
frame structures typical of widespread fatigueomponent damage, and developing and validat-
damage ing enhanced inspection techniques.

Complete assessment of feasibility of service
life for aircraft wiring
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A06e - Aging Aircraft
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

065-110 Aging Aircraft
WFD and Residual Strength Analysis

Completed Development of a Crack-Growth Based Predictive
Methodology of Static Engine Parts

Complete Development of an Engineering Manual with Guidelines
for onset of Widespread Fatigue Damage (WFD)

Continue Development & Validation of Inspections Techniques

Publish AC on Inspection and Maintenance of Static Engine Parts

Commuter Aircraft Inspection Requirements

Developed SID for the Fairchild Metro Airplane

Develop Guidelines for Development of Supplemental Inspection
Programs for Commuters

Airborne Data Monitoring Systems

Publish Technical Report and Continue Data Collection Analysis
on Flight Loads

Conduct Video Landing Parameter and Loads Survey at
Philadelphia, Denver and Other Airports
Established Permanent Video Landing Loads Data Facility

Maintenance and Inspection

Transferred Thermal Wave Imaging Technology for Corrosion
Detection in Industry

Developed and Validated Ultrasonic and Eddy Current Inspection
Tools

Continue Enhancement to User-friendly Software Tool for Damage
Tolerance Analysis and Design

Transferred Pulsed Eddy Current Technology for Inter-layer Crack
Detection to Industry

Continue Development and Validation of Enhanced Inspection
Systems for Engine Components
Complete Development of Ultrasonic Inspection Tools for Engines

Complete AC on Repair and Maintenance of Engine Propellers
Release Repair Analysis Software Tool for Commuter Aircraft

Develop Prototype for Detection of WFD-Size Cracks

Rotorcraft Structural Integrity

Complete Final HUMS AC and Compliance Guidance for Part 29
and 27 Rotorcraft

Update AC 29-2A and 27-1 for Fatigue and Damage Tolerance

*

<

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts

Personnel Costs
Other Costs

Total

16,615
2,810
575

10,585
2,742
562

18,466
2,251
523

11,945
2,831
368

12,118
3,547
333

20,000

13,889

21,540

14,694

15,998
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AOQ6f Aircraft Catastrophic Failure Prevention Research

GOALS:
Intended Outcomes: The FAA intends to im- action.

prove system safety by developing technologias The FAA (through Lawrence Livermore Na-
and methods to assess risk and prevent defects, tional Laboratories) has developed partner-

failures, and malfunctions in aircraft, aircraft ships with Boeing, United Technologies
components, and aircraft systems that could cause (Pratt & Whitney), and Allied Signal Engines

matter and to recommend future courses of

aircraft catastrophic failure.

The Aircraft Catastrophic Failure Prevention pro-
gram’s objective is to ensure safe aircraft opera-
tion in the public domain. It focuses principallye
on using historical accident data to attack known
problem areas, such as:

Turbine engine uncontainment events, includ-
ing mitigation and modeling of uncontain-

ment and aircraft vulnerability to uncontain-

ment (AC20-128, phase II)

Examining issues associated with inappropri*
ate crew response to propulsion malfunctions
and working with industry to develop solu-

tions to this critical problem .

Examining explosive fuel tank issues

Agency Outputs: The FAA establishes certifica-
tion criteria for aircraft and publishes advisory
circulars to outline acceptable means for meeting
these rules. The aircraft catastrophic failure pré\ccomplishments: Certification officials use re-
vention program provides the technical informasults of catastrophic failure prevention program
tion necessary to support these agency outputs.research provide the technical basis for rule

Customer/Stakeholder Involvement: The FAA
continues to establish collaborative efforts that
ensure a balanced, responsive aircraft catastrop
failure prevention program:

ARAC is an FAA/industry forum established"
to ensure that agency rulemaking is effective
in achieving intended results and that industry
resources are fully used to accomplish these
results. ARAC also effectively identifies re-
quirements and priorities for supporting R&D
activities. The ARAC Powerplant Installation
and HarmonizationWorking Group (PPI-
HWG) provides guidance to this program for
updating AC 20-128.

The FAA sponsors an annual workshop o
turbine engine uncontainment characteriza-
tion, modeling, and mitigation. The workshop
brings together industry and government
(civil and military) to review progress on this
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to work collaboratively to develop a model-
ing toolkit for modeling engine uncontain-
ment events.

The FAA supports the AIA Transport Com-
mittee project on propulsion system malfunc-
tion plus inappropriate crew response. This
project brings industry and the FAA together
to develop recommendations (and associated
regulations and advisory material) on the sub-
ject of safety concern.

The ARAC Fuel Tank Harmonization Work-
ing Group provides guidance to the program
on explosive fuel tank issues.

The program also responds to Public Law
100-591 (the Aviation Safety Act) and Public
Law 101-508 (the Omnibus Reconciliation
Act), which specifically established the air-
craft catastrophic failure prevention program.

changes as well as new or modified advisory cir-

ulars. Results are also provided to airframe and
er(]:gine_z manufacturers and designers. Recent ac-
complishments:

Completed uncontained engine failure fuse-
lage damage data base and published reports
on large engine uncontainment and small en-
gine uncontainment data bases. These data
bases are useful for scientific uncontained en-
gine debris evaluation that will result in sig-
nificant revision to AC 20-128. Accident in-
vestigations indicate debris damage spread
angles are larger than current AC materials
indicate

Developed a baseline aircraft vulnerability
model to predict aircraft vulnerability to en-
gine uncontainment events

Completed beta testing of the aircraft vulner-
ability model
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» Completed a detailed report examining DODPropulsion malfunction plus inappropriate crew
armor technology and its potential applicatiomesponse

to turbine engine uncontainment mitigation . peveloped a plan for producing crew training
. Started developing an advanced material materials for propulsion-related malfunctions

DYNA-3D model Explosive fuel tank issues.

+ Started developing training materials for proe Issued an interim report on problem of cop-
pulsion malfunction plus inappropriate crew  per-silver sulfide contamination on fuel-quan-
response tity indicating systems

« Started work on determining effects of COpKEY FY 2000 PRODUCTS AND MILE-
per-silver sulfide corrosion on fuel quantitysTONES

indicator system components
_ o Engine uncontainment research
R&D Partnerships: Program activities are | Begin modifications to vulnerability code

closely coordinated with government, academia, . ) ;
y X 9 based on airframe manufacturers’ evaluations
and commercial experts to take full advantage of

existing expertise through interagency agree- Complete DYNA-3D model of advanced bar-
ments, grants, and contracts. rier materials

The following agreements, leveraged on existingropulsion malfunction plus inappropriate crew
facilities and expertise, provide significant profeésponse
gram benefits: » Develop crew training materials

. Interagency agreement with the Naval Aif Ir_1itiate research on crew response to propul-
Warfare Center Weapons Division, China S!ON malfunctions
La_1|_<e, which partners with Bpeing to rnOOIinyprosive fuel tank issues
military vulnerability analysis tools; these ) ] ]
tools are used in examining the vulnerability ~ Continue research into explosive fuel tank
of commercial transport aircraft to turbine en-  1SSU€S

gine uncontainment events FY 2000 PROGRAM REQUEST:

* Interagency agreement with Lawrence LiverThe program modifies aircraft vulnerability codes
more National Laboratory, which partnerso incorporate suggestions obtained from airframe
with Boeing, Allied Signal Engines, and Pratinanufacturers’ evaluations. It continues develop-
& Whitney, to develop a modeling toolkit toing a calibrated design system, for certification
address turbine engine uncontainment evengsirposes, to examine engine uncontainment by
modeling developing toolkit components that model mitiga-

ﬁion effects of advanced materials and improve

e Center of excellence contract with SRI, whic . . ; o
Hoenetratlon equations for aluminum and titanium.

partners with University of Dayton Researc
Labs and Arizona State University; in-kindThe program also develops crew training materi-
support provided by Boeing and B. F. Gooals to better equip crews to deal with a variety of

drich. propulsion malfunctions, reducing the chance for
inappropriate response. It examines ways to im-

MAJOR ACTIVITIES AND ANTICIPATED prove the fidelity of simulator training by more
FY 1999 ACCOMPLISHMENTS: realistically reproducing instrument and sensory

cues to propulsion malfunctions.

Engine uncontainment research Lastly, it will continue to be responsive to the

» Developed an aircraft vulnerability model im-ARAC Fuel Tank Harmonization Working Group
provement plan and started model improven examining issues and potential solutions to the
ments explosive fuel tank issue.
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A06f - Aircraft Catastrophic Failure Prevention Program Schedule

Research
Product and Activities FY 1999| FY 2000| FY 2001| FY 2002|FY 2003 | FY2004

066-110 Aircraft Catastrophic Failure Prevention Research

Engine Uncontainment Research

Developed an Aircraft Vulnerability Model Improvement Plan and <

Started Model Improvements

Begin Modifications to Vulnerability Code Based on Airframe O
Manufacturers’ Evaluations

Complete DYNA-3D Model of Advanced Barrier Materials O

Complete Vulnerability Model O
Complete Advanced Analytical Uncontainment Mitigation Tool Kit IS

Explosive Fuel Tank Issues

Issued Interim Report on Problem of Copper-silver Sulfide 3
Contamination on Fuel Quantity Indicating Systems

Continue Research into Explosive Fuel Tank Issues ko3

Propulsion Malfunction Plus Inappropriate Crew Response

Developed a Plan for Producing Crew Training Materials for 3
Propulsion Related Malfunctions

Develop Crew Training Materials for Propulsion Related O
Malfunction
Initiate Research on Crew Response to Propulsion Malfunction [
Develop Recommendations for Training & Operation of Existing O
Systems
Develop AC Material & Recommendation for Future Design O
Certification
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 2,298 2,650 3,289 1,329 1,308
Personnel Costs 338 369 590 397 607
Other Costs 69 75 121 61 66
Total 2,705 3,094 4,000 1,787 1,981
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A06g Aviation Safety Risk Analysis critical helicopter parts, capture part utiliza-

tion/performance data, and perform trend

GOALS: analysis on the captured data.

Intended Outcomes: The FAA intends to im- ,
prove aviation safety by developing means for in-

Developing guidelines on evaluation of U.S.
military surplus flight safety-critical aircraft

dustry and the agency’s own programs and sys- narts for installation on FAA U.S. type-certi-
tems to measure and account for safety perfor- faq products.

mance. This is done through risk assessment and _

operational indicators and the shared use &f Developing a methodology and software-
safety-related data. The Aviation Safety Risk based tool for performing large-scale soft-
Analysis (ASRA) program focuses primarily on: ware system reliability prediction and testing

. . . cost measures.
Developing and/or enhancing safety critical

performance measures embedded in FAA an-
alytical systems (e.g., flight standards service
Safety Performance Analysis System (SPAS))
and the aircraft certification service safety

management program products/risk-based an-

alytical tools. These measures encompaggency Outputs: The Federal Aviation Act of

particulars about aircraft design, aircraft 958 and the Federal Aviation Regulation (FAR)
maintenance, discrepancy reports, air carriefgyovide the FAA the statutory authority and re-
air agencies, and air personnel. sponsibility to conduct surveillance of air opera-

Developing advanced analytical/decision sugors, air agencies, aircraft, and airmen to ensure
port capabilities and graphical techniqueg;onformance with the FAR and aviation safety
These allow the FAA to more effectively andstandards. Research program outputs improve the
efficiently use information contained in vari-data, data gathering techniques, and decision sup-
ous FAA and industry data bases. port tools related to FAA certification, surveil-
lance, and certificate management processes. The
8gtputs enable systematic potential risk assess-
ment and take proactive steps to reduce the rate of
aviation-related accidents and incidents. The FAA
Establishing a systems engineering, analysigcreases its leverage of aviation safety inspector

and system safety risk assessment effort ghd certification engineering resources by target-
support certification, surveillance, and certifiing these resources based on risk.

cate management.
D lobi fot vsi thodol Customer/Stakeholder Involvement: The Fed-
eveloping a salely analysis metnodology, | aviation Authorization Act of 1996 states

thag Wi” bel “?ed in (E[(_artify(;ng_ newthproducf[sthat the Administrator should give “high priority
and in analyzing continued arwortniness g, developing SPAS.” The legislation calls for de-
sues, as well as the operational safety of t

. ) o oyment of SPAS II, initiated in FY 1997, to be
fleet as experience with the certificated pro completed by December 1999. The ASRA pro-
uct evolves. )

gram enhances SPAS decision-support capabili-
Developing a risk-based tool to manage aities by providing additional risk analysis/predic-
craft certification workload and prioritize tive models, expert system capabilities, and criti-
oversight activities related to manufacturers. cal safety performance indicators.

Developing an Internet-based information, 1997, the Flight Standards Service introduced
system for aviation safety related data emphgsejr new business process, the Air Transportation
sizing general aviation. Oversight System (ATOS). ATOS is a system-
Developing and/or enhancing the Maintebased approach to FAA certification, surveillance,
nance Malfunction Information Reportingand certificate management oversight. It is de-
(MMIR) System with capabilities to track signed to provide the FAA with the people, proce-

Developing a Service Difficulty Analysis
Tool geared toward analyzing a large number
of aircraft of the same type and designing the
capability to review trends in SDR submis-
sion.

Establishing a forum with industry to ex-
change aviation safety performance measur
and risk models and methodologies.
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dures, equipment, facilities, software, tools, anB&D Partnerships: The U.S. Air Force/Air Mo-
materials necessary to make surveillance moldlity Command provides technical support and
systematic and targeted to deal with identifiedssistance in developing safety critical perfor-
risks. In support of this effort, the ASRA programmance measures. The Flight Safety Foundation
will provide systems engineering, analysis (idenworks with both the FAA and industry to analyze
tification of performance measures through inforworldwide accidents and serious incidents and to
mation presentation) and system safety risk asstablish and prioritize causal factors. An inter-
sessment research. agency agreement was established with DOE that
. enables Sandia National Laboratories to provide
The ASRA program responds direcily to the Safq chnical expertise in system development, sys-

Skies Agenda and recommendations in the Chq— : A
m safety, and data quality strategy/data qualit
lenge 2000 Report and the FAA 90-day safety r‘l'arhprovem)énts implemqentat?/on. ThegyFAA hgs ar-y

}[/r:ewl.:Al\gaXIrgu_md mftorrrgatlon ;hanng_ il_lerts k?co;[hranged with the National Academy of Sciences to
(Iat q anbl n us[;y olpe_n ng awﬁ_lorl[_sa el evelop a generally applicable, structured, safety
relatec problems. LDeveloping a certitication an anagement program for aircraft certification

surveillance program built on targeting reSourceSrvices. Finally, several university grants have
to address safety risks ensures that corrective s !

o : en awarded to support development and testin
tion is taken much sooner. Thus, the primary ber& bp P 9

eficiaries of this effort is the general/flying public.di geilgftlﬁgr:?;etyérﬁlgt%%delz ng a\r/éellélggezaf?;y

DOD will use several analytical tools, such a&Y 1999, was developed in cooperation with gen-
SPAS, to oversee defense contract carriers aftpl aviation groups, such as the EAA, AOPA,

charters.

and GAMA, under a phase Il small business inno-

vative research (SBIR) contract.

The FAA worked with Helicopter Association In-

ternational to develop and release the maintB4AJOR ACTIVITIES AND ANTICIPATED
nance malfunction information reporting systemkY 1999 ACCOMPLISHMENTS:

This software tool improved the collection, stor-

age, and transfer of service difficulty reports anfiSK analysis decision support

part warranty information. g

Data improvement and standardization efforts re-
spond to recent Congressional hearings and the
General Accounting Office (GAO) report recom-
mendations that the FAA improve the quality and
timeliness of its aviation safety data. More impor-
tantly, analytical and decision support tools rely
on good quality data to identify potential safety
risk areas.

Accomplishments:Full deployment of a produc-
tion SPAS system (i.e., SPAS Il) was initiated in
FY 1997 and is scheduled to be completed by De-
cember 1999. SPAS is a computer-based analyti-
cal tool used by FAA aviation safety inspector$
and certification engineers, as well as DOD avia-
tion analysts, to support their oversight activities
of FAA certificate holders (i.e., air operators, air
agencies, aircraft, and air personnel). A study was

Implemented new and enhanced risk analysis
models and capabilities

Developed and implemented safety-critical
performance measures into flight standards
SPAS Il and aircraft certification aviation

safety management program initiatives

Initiated design of flight standards next-gen-
eration, safety-critical performance measures
and work processes based on a system safety
model

Initiated workshops with industry to discuss
aviation safety risk analysis and performance
measures

Initiated development of risk/hazard/accident
models and tools

Continued development of the Intelligent
Safety Performance and Evaluation System

initiated to establish baseline risk parameters réircraft maintenance: maintainability and reli-
lated to continued airworthiness of aircraft and t8bility

analyze the factors that are precursors to aircraft
accidents.
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Released a report on detailed trend analysis of Continue the development of Risk/Hazard/
fatigue and corrosion in 13 transport aircraft  Accident models and tools

models , , o ,
Revamped the MMIR system to be Intemeggi(l:i;;a/ft maintenance—maintainability and reli-

based
» Initiate analysis in support of Advisory Circu-
Released a report on the methodology for |, "0 itiedEligibility and Evaluation of U.S.

:gaw::glg [;?Zcrirl]ctlng reliability of large-scale Military Surplus Flight Safety Critical Air-
y craft Parts, Engines, and Propellers.

" - Safety analysis methodology
Initiated data/data analysis improvements to . I
Continue the development of probabilistic

the Aircraft Certification Systems Evaluation ; e hat add ircraft
program (ACSEP) safety assessment efforts that address aircra

safety

Continue data study supporting ACSEP eval-
uation frequencies for group Il and IV facili-

Initiated development of probabilistics safety,
assessment for aircraft safety

KEY FY 2000 PRODUCTS AND MILE- ties
STONES:

FY 2000 PROGRAM REQUEST:

Risk analysis decision support In FY 2000, research will continue to focus on the

Continue to develop, test, and validate newreas listed at the beginning of the “Goals” sec-
and enhanced risk analysis models and cap#on above. Data assimilation and analysis that

bilities support the ASRA initiatives will continue. Ana-
mance measures demia aviation safety subject matter experts to en-

: shre that safety critical performance measures are
Continue to develop the safety manageme :
program properly defined, developed, tested, and evaluated

before they are incorporated into decision support
Release a report on the work processes &stems. The Aviation System Risk Analysis pro-
support a system safety model gram investigates, tests, and recommends im-
Initiate development of statistical analysigprovements, including standardization, to the
methods based on a system safety model quality (and quantity) of data used in the perfor-
Continue workshops with industry to discus§hance measures. It completes studies to identify
aviation safety risk models/methods and verify flight standards and aircraft certifica-

Continue the development of the Intelligen{Ion safety information requirements.

Safety Performance and Evaluation System
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A06g - Aviation Safety Risk Analysis
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

060-110 Aviation Safety Risk Analysis

Risk Analysis/Decision Support (RADS)
Develop Risk-based Forecasting Methods
Develop Safety Critical Performance Indicators (i.e. Operator, Air
Agency, Aircraft, Air Personnel)

Conduct Workshops to Exchange Aviation Safety Risk
Models/Methods with Industry

Continue Development of Intelligent Safety Performance &
Evaluation System

Develop Risk/Hazard/Accident Models and Tools
Develop and Report on Next Generation Work Process Models in
Support of ATOS

Develop Statistical Analysis Methods in Support of Air
Transportation Oversight System (ATOS)

Develop User Defined Performance Measures

Aircraft Maintenance: Maintainability & Reliability

Released Web-based Digital Library Prototype with Emphasis on
General Aviation (GA)

Released Report on Detailed Trend Analysis of Fatigue and
Corrosion in 13 Transport Aircraft Models

Release Report on Methodology for Accurately Predicting
Reliability of Large-scale Software System

Revamp the Maintenance Malfunction Information Reporting
(MMIR)

Conduct Analysis in Support of Advisory Circular: Eligibility &
Evaluation of US Military Surplus Flight Safety Critical Aircraft
Parts, Engines, & Propellers

Release Version 1.0 of (SDR) Analysis Tool

Aircraft Continued Airworthiness Assessment

Improve and Conduct Detailed Study of ACSEP Evaluation
Frequencies for Groups Il and IV

Continue Airworthiness Assessment of Various Aircraft Classes
for each of Accident/Hazardous Incident Major Causes
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Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

0

3,619
316
65

5,289
1,039
213

5,555
794
122

5,286
1,393
145

0
0
0

4,000

6,541

6,471

6,824
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