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ABSTRACT 
A coordinated program in inspection system research was started at the Federal Aviation 
Administration (FAA) Technical Center in 1990 as part the National Aging Aircraft Research 
Program. The primary objectives of the Inspection System Research Initiative are to act in 
concert with other government agencies and private industry to develop improved inspection 
techniques to address specific airframe and engine inspection problems and to evaluate and 
validate existing and emerging inspection systems. Advanced conventional technologies, 
emerging technologies, or combinations of technologies are investigated for their ability to 
accurately and reliably detect cracks, disbonds, corrosion, and other damage. This paper will 
present an overview of the FAA inspection system research initiative with special focus on the 
successes through validation and technology transfer. 
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INTRODUCTION 
In 1990 as part the National Aging Aircraft Research Program, the Federal Aviation 
Administration (FAA) initiated a project to develop and validate airplane inspection technology. 
The primary objectives of the Inspection System Research Initiative are to develop improved 
inspection techniques to address specific aging airframe and engine inspection problems and to 
evaluate and validate existing and emerging inspection systems. Advanced conventional 
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DISCLAIMER 

This report was prepared as an acwunt of work sponsora by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors e x p r d  herein do not necessarily state or reflect those of the 
United States Government or any agency thermf. 



technologies, emerging technologies, or combinations of technologies are investigated for their 
ability to accurately and reliably detect cracks, disbonds, corrosion, and other damage. 

The FAA inspection system research initiative is organized as two program areas: Inspection 
System Development and Inspection Reliability and Validation. Inspection System 
Development encompasses several related efforts designed to advance flaw detection technology. 
While this program area contains both long- and near-term research, those technologies which can 
be brought to a prototype development stage within two years are the primary focus. Continued 
support for tasks depends on the identification of progressively more specific applications as the 
research matures. If a specific application is identified after the development period, and if the 
interest and support of the aviation community and the inspection equipment manufacturers 
remain strong, the technology is transitioned to a validation and final development phase under 
Inspection Reliability and Validztion. Technologies will be transferred to the private sector as 
the final product matures. 

Research to develop improved flaw detection technologies is conducted primarily by universities, 
including those comprising the Center for Aviation Systems Reliability (CASR). CASR, founded 
in 1990 at the Center for Nondestructive Evaluation at Iowa State University, consists of four 
universities: Iowa State University, Northwestern University, Wayne State University, and 
Tuskegee University. Research at CASR focuses on development of quantitative nondestructive 
evaluation methods for aircraft structures and materials including prototype instrumentation, 
software, techniques, and procedures. Testing and optimization of laboratory prototypes and 
procedures are conducted on representative test specimens both in the laboratory and the field. 

Though initially CASR's core program focused primarily on airframe issues, it now administers 
and is an active technical participant in the Engine Titanium Consortium (ETC). Established in 
June 1993 to address the inspection issues cited by the Titanium Rotating Components Team 
report, the ETC consists of the FAA CASR, General Electric, Pratt & Whitney, and Allied-Signal 
Engines. The ETC was tasked with conducting research and development to provide the FAA, 
engine manufacturers, and engine operators with reliable methods for detecting imperfections in 
titanium materials and components. 

System validation and final development is usually performed by the FAA's Airworthiness 
Assurance Nondestructive Inspection Validation Center (AANC) at Sandia National Laboratories. 
The hangar at AANC contains almost 17,000 square feet of aircraft storage space and another 
99,988 square feet on the pad next to the hangar. The specimen testbeds at AANC include a 28- 
year-old Boeing 737 aircraft, McDonnell Douglas DC9 fbselage sections, a Falcon HU25A 
aircraft, and a Fairchild Metro 11. The AANC resource base is continually updated with aircraft 
parts and fabricated specimens. Test specimens include first layer cracks around rivets, interlayer 
cracks around rivets, faying surface corrosion, and composites. 

Around 1990 the United States Air Force ( U S A F )  and the National Aeronautics and Space 
Administration (NASA) also initiated specific aging aircraft programs. The FAA's Aging Aircraft 
Program cooperates with these other programs by sharing information, making available unique 



organizational resources and personnel, sharing and facilitating access to our affiliates, and even 
co-fbnding initiatives of mutual interest. 

REQUIREMENTS 
The requirements addressed by the FAA's inspection system research exist at several levels. At 
the highest level, the Government Performance and Results Act mandates that for any government 
project there be clear statements of intended outcomes and outputs (services and products) which 
necessarily contribute to those outcomes. For the FAA's inspection system research the desired 
outcome is to reduce by 10% aircraft accidents and incidents due to inspection preventable 
failures by the year 2004. 

In the ten years from 1987 to 1996, the NTSB database reports 24,515 accidents and incidents. 
Of these 2046, 12% were attributable to domestic operators, foreign operators operating in the 
US, and commuter and air taxi operators. Of those 2046 accidents and incidents only about 206 
were associated with structural failure of the aircraft. Ninety of these accidents were associated 
with domestic transport operators and 17 of these accidents resulted in substantial damage to the 
aircraft. 

The 17 accidents were comprised of 8 failures of engine turbine components due to some pre- 
existing condition, 2 failures of the pressure vessel leading to rapid decompression, 2 engine 
separations resulting from fatigue cracks, 2 overstresses due to unusually severe operating 
conditions, 1 landing gear failure, 1 engine accessory failure, and 1 separation and ingestion of an 
aircraft component leading to engine failure. Of these 17 serious accidents, 3 were classified as 
fatal and 2 accidents resulted in total loss of the aircraft. 

Though inspection systems research does little or nothing to prevent failure such as overstresses 
and unanticipated failure modes, it can impact accidents and incidents associated with disk failure, 
pressure vessel failure, and failures of attachment fittings. This data and other data, combined 
with the expert opinion of organizations and individuals familiar with aircraft design and 
maintenance, serves to identi@ and prioritize current, emerging, and potential problems 
addressable by improved inspection technology. 

The FAA's present priority remains the detection of cracks characteristic of those that might 
indicate the onset of multi-site damage (MSD) in fbselage lap splices. Other specific priority 
areas include: 

1 .  the aircraft pressure vessel (cracks at rivet sites - especially at skin spliceshulkhead web 
splices, cracks near window and door surround structure, cracks at run out of large 
doubler, disbonding of aluminum skins, hidden corrosion in skins and stringers). 

2. aircraft wings and empennage structure (wing spar integrity, cracks in cordwise fastener 
rows, cracks at stringer run out at tank end ribs). 

3. aircraft mechanical components (landing gear and wheels, door hinges and latches, 
bushings) 



PROGRAM MANAGEMENT 
The FAA's inspection research activities are prioritized and specified by brokering the interests of 
various groups within the FAA Certification and Flight Standards Organizations. This process is 
formalized in the Research Project Description (RPD) of the Inspection Systems Research 
Program. Government and industry groups which influence or have influenced the specification 
of tasks include the I n d u s ~ ~  Committee on Widespread Fatigue Damage, the FAA RE&D 
Advisory Committee 3 Subcommittee on Aircraft Safety ( S  AS), the Air Transport Association 's 
(ATA's) InJpection Working Group, airframe and engine manufacturers, and the FAA's 
Technical Oversight Committee on Aging Aircraft (TOGAA). The FAA's National Resource 
Specialists in Nondestructive Inspection, Fatigue and Fracture, and Composites also provide 
guidance and technical criticism. Program management contributes to prioritization and 
specification by collecting and analyzing inspection-related Accidentflncident data, Service 
DifJiculty Reports (SDRs) and Airworthiness Directives (ADS). 

Developing technologies having only a general focus on an application area are managed by 
soliciting critical review from airframe manufacturers, engine manufacturers, and technology 
experts. These individuals have long range perspectives and the vision necessary to select and 
position these technologies in a way that maximizes the potential for hture aircraft application. 
More mature technologies are managed by soliciting sponsorship from potential end-users (ie., 
the airlines). This sponsorship ranges from expression of interest and informal commitments to 
apply the technology to participation in the formal development and validation efforts. To date it 
is estimated that the industry has contributed over $lM in cash, materials, and in-kind support to 
the FAA's inspection research efforts. 

FAA INSPECTION SYSTEMS RESEARCH INITIATIVES 
The FAA sponsored research to develop improved flaw detection technologies is be conducted 
primarily by universities, including those comprising the FAA Center for Aviation System 
Reliability (CASR). Testing and optimization of laboratory prototypes and procedures is 
conducted on representative test specimens both in the lab and the field. After successhl 
laboratory development, the technologies are transitioned to the FAA AANC for further field 
development and validation efforts. 

In order for the specific research to be considered successfbl, each technology must either (1) 
demonstrate an improved level of capability and reliability compared to inspection methods 
currently used for the same application, or (2) demonstrate an equally effective capability and 
reliability level with a significant improvement in cost effectiveness. Research efforts will 
generally focus on uncomplicated inspection techniques which will minimize the required 
structural disassembly and human- and environment-induced variability. 

Within the Inspection System Development initiative, tasks have been grouped into the following 
four categories: 

Crack Detection: To improve the sensitivity and reliability of techniques to detect and 
characterize small, inter-layer, and obscured cracks characteristic of widespread fatigue 
damage. Technologies of current interest include: laser ultrasonics, pulsed eddy current, 
superconducting quantum interference devices (SQUIDS), ultrasonic pulse compression, 



energy sensitive x-ray for engine case inspection, dual probe ultrasonics, electromagnetic 
acoustic transducers, an advanced electromagnetic sensors for widespread fatigue damage 
assessment, and an advanced penetrant inspection technology. 

Corrosion Detection and Quantification: To develop non-invasive techniques to detect and 
characterize corrosion in skin splices and other airframe structures. Technologies of current 
interest include: magneto-optic eddy current imaging (MOI), pulsed eddy current, optical 
enhancement of surface contour @-Sight), and portable, low-radiation hazard, real-time x- 
ray. 

Bond Infegrity Verifcatiow To develop noninvasive techniques to detect and characterize 
disbonding and understrength bonds in skin splices. Technologies of current interest include: 
thermography (thermal wave imaging), low fiequency ultrasonic scanning, air-coupled 
ultrasonics, and capacative array sensors (for inspection of composites). 

Robotics and Automation: To enhance the capability and reliability of inspection systems by 
developing faster more accurate means of deploying the probes and interpreting probe signals. 
Technologies of current interest include: signal processing for sliding and rotating eddy 
current probes, and self-focusing ultrasonics. 

Inspection Reliability and Validation is also divided into four task areas: 
Computational Reliability Analysis: To apply computational models of the inspection 
process to assess inspection capability and reliability. Current activities in this area include 
the development of image interpretation algorithms for ultrasonic data, the development of 
eddy current models to assess and minimize edge effects, and the development of software to 
do x-ray simulation (XRSIM). 

Ejcperimental Reliability AnaIysis: To determine the reliability of specific inspections by 
experiments simulating the conditions of the inspection. Current activities in this area include 
visual inspection experiments and structured experiments to assess absolute and relative 
performance of various inspection technologies for specific applications. 

Data Analysis for Reliability Assessment: To assess the reliability of specific classes of 
inspections by examining actual maintenance data. The current activity in this area is the 
developnient of the Nondestructive Evaluation Techniques Capabilities Databook containing 
normalized data and probability of detection curves. 

Reliability Assessment Tools: To develop protocols and hardware to assess the reliability of 
conventional and emerging inspection equipment, materials, and systems. Resources being 
developed to evaluate inspection system capabilities include: a test specimen library at AANC, 
a penetrant evaluation facility, and an eddy current probe field mapping device. 

The ETC activities are focused on three major issues: 
Improvements in Titanium Billet Inspection Practices and Technology: To develop and 
demonstrate ultrasonic methods for improved defect detection in titanium alloy billets and 



forgings. Most of the work in this area focuses on multizone and focused array transducer 
inspection systems. Tasks in this area include: development of advanced ultrasonic modeling 
techniques; development of improvements in transducer designs; development of image and 
signal processing techniques. 

Analysis and Enhancement of Inspection Reliability: To develop a framework for a 
probability of detection method using modeling and field data to augment limited experimental 
data. Tasks in this area include: assessment of existing data, development of a statistical 
Probability of Detection (POD) methodology, validation of the POD methodology, assessment 
of the effect of surface finish on POD, and an assessment effect of technology advancements 
on POD. 

Improvements to In-service Inspections: To design a suite of inspection tools for more 
reliable in-service inspections. Tasks in this area include: development of a portable eddy 
current instrument and scanner, development specifications for a shop eddy current scanner, 
development of a data acquisition and analysis system, development of a low pressure rotor 
rotator, a study of the applicability of eddy current arrays to engine disk inspection, 
development of 2D and 3D image display and signal and image processing algorithms, 
development of an optimal eddy current probe for typical engine disk inspections. 

VALIDATION AND TECHNOLOGY TRANSFER 
There are, of course, several ways to approach safety-of-flight issues. A key element in the 
success of the FAA inspection systems research initiative is the management focus on 
applications as opposed to technology. The very existence of AANC is evidence that the FAA 
does not consider the advancement of science as sufficient justification for hnding NDE 
research. Technology must not only work, it must satisfy real requirements, and must be made 
accessible to those organizations with the requirements (e.g., aircraft maintenance depots). 

The validation and technology transfer procedures involve several steps which are specified in a 
document called a Validation-Transfer-Utilization (VTU) plan. The purpose of this plan is to 
make sure the products coming out of the R&D process are delivered to the end users in a timely 
fashion. In general, the plan is initially written at the point where the R&D is moving from basic 
to applied research. It is updated in subsequent years to reflect changes in the project, but still 
reflects the requirement for product delivery. 

Initially a system developer may engage AANC to assist him in defining the requirements of a 
specific inspection or class of inspections. At a more mature stage in the development of a 
technique a developer may require calibrated samples to tune his inspection system. Finally the 
developer may choose to submit to a blind test whose results would be made public. Such results 
are essential data for equipment manufacturers and end-users. Throughout the technology 
development process research and development sponsors (public and private) must be given 
enough information to allow them to make intelligent management decisions. 

In the simplest sense the success of the FAA’s Inspection System Research program can be 
measured by its success in reaching its stated technical goals. In a broader sense, however, the 



success of the program must be evaluated by the response of the industry it was designed to 
support. 

Some of the recent highlights of this program include: 
0 In July of 1996, a major US airline completed inspecting six DC-9 aircraft using a CASR 

developed ultrasonic method. During this inspection, cracks were detected in the vertical 
flange of the wing spar tee cap. The ultrasonic inspection results revealed some cracks 
that would not have been detected using the visual inspection (&el tank entry) method. 
The method was originally validated by an AANC lead team consisting of Northwestern 
University, Northwest Airlines, Douglas Aircraft, and SAIC UitraImage. 

A major US airline has expressed interest in Wayne State’s Thermal Wave Imaging (TWI) 
system for early corrosion quantification and disbond detection. TWI has recently been 
validated as an alternate-means-of-compliance for detecting disbonds around the cockpit 
area of the B-747. This airline is presently working with staff at AANC to hrther examine 
the potential of this technology. 

0 This airline and another major US carrier have also expressed interest in PRI’s new 
Magneto-optic Imaging device (model 303) developed with FAA and NASA funding. 
Much of success of this system was made possible through a cooperative effort jointly 
supported and managed by the FAA and the US Air Force. 

0 In August 1996 Iowa State University signed a licensing agreement with a manufacturer 
of inspection equipment, for two CASR developed technologies: a pulsed eddy current 
device, and an advanced ultrasonic inspection system utilizing a dripless bubbler. 
McDonnell Douglas has already expressed interest in purchasing a unit. 

In November of 1995 a multizone inspection system developed with FAA-ETC 
sponsorship detected a ?4 inch hard alpha defect in a 12 inch diameter premium quality 
production billet previously missed using conventional inspection. The material intended 
for rotating engine hardware was prevented from getting into service by the multizone 
inspection system. An industry wide billet inspection specification for the ETC multizone 
inspection system was approved by SAE Committee K in September of 1996. 

Personnel at Pratt and Whitney in East Hartford have developed formal procedures for the 
portable eddy current scanner developed by ETC and in beta site testing at a major US 
airline. That carrier and other airlines would like to use ETC-developed tools in an 
alternative inspection to a current Pratt and Whitney eddy current inspection of the 14-15 
stage disk bores of the Pratt and Whitney JT9D. Additional inspection applications for the 
ETC inspection tool suite are being developed, including a GE CF6 3-9 spool inspection. 
A major US airline has agreed to be the next beta site for this application. 

The ETC’s portable scanner continues to be used in an inspection which is part of the 
terminating action for Hamilton Standard subject to the recent Airworthiness Directive. In 



addition to the safety implications the use of the portable scanner may save the industry up 
to $1,000,000. 

0 As part of the process for certiqing boron epoxy doublers for use on civilian aircraft, 
AANC validated the use of fieldable C-scan ultrasonics techniques for detecting disbonds 
and delaminations in the doubler. This technique is being used for continued surveillance 
of the doubler on an L-1011 door flame. 

THE FUTURE 
Recently the FAA decided to restructure many of its aircraft safety projects in order to leverage 
industry interest and facilitate management by establishing a Center of Excellence in 
Airworthiness Assurance. The initial thrusts of the center will be development and validation of 
nondestructive inspection and repair techniques, analysis of composite structures for aircraft, 
analysis and enhancement of the crashworthiness of aircraft designs, and improvement in landing 
gear and propulsion. The structure of the Center of Excellence will be a core set of universities 
who will advise on managing the program and a large set of university and industry affiliates who 
will participate in research efforts. The AANC will be a special affiliate responsible for technique 
validation and technology transfer. 

The establishment of the Airworthiness Assurance Center of Excellence will effect, to some 
degree, the nature and management of the FAA’s inspection research. For instance: 

1. The scope of the center is broader than the present program bringing propulsion, inspection, 
repair, landing gears, crashworthiness, and advanced materials together under one roof, 

2. There is a matching hnds requirement for research grants requiring closer ties between 
universities and industry, and 

3. The FAA will have easy access to a larger research base through the affiliate structure. 

The changes brought about by the center of excellence will not, however, alleviate the need for 
interagency cooperation. Appendix A shows the various initiatives of the most active government 
agencies by technology thrust. This information was compiled to ensure that the FAA remains 
aware of potential redundancies in the program and opportunities for collaborative work. 

CONCLUSIONS 
Though the US Air Force and NASA have parallel programs in inspection technology 
development, the FAA’s new Center of Excellence and the Airworthiness Assurance NDI 
Validation Center and are quite unique. As our programs mature and as budgets decline, there is 
greater interest in assessing the absolute and relative merits of the emerging technologies in order 
to focus resources on the most promising NDI methods. The coordination of research efforts 
and the centralization of validation and technology transfer should be considered a cost-saving 
priority in the cooperative efforts between the agencies. 
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