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EVALUATION OF SCANNERS FOR C-SCAN IMAGING
IN NONDESTRUCTIVE INSPECTION OF AIRCRAFT

John H. Gieske

NDT, Photometrics & Optical Data Department
Sandia National Laboratories

Albuquerque, NM 87185

ABSTRACT

The goal of this project was to producea documentthat containsreformationon the
usability and performance of Commercially available, fieldable, and portable scanner
systems as they apply to aircraft NDI inspections. In particular, the scanners are used to
generate images of eddy current, ultrasonic, or bond tester inspection data. The scanner
designs include manual scanners, semiautomated scanners, and fully automated scanners.
A brief description of the functionality of each scanner type, a sketch, and a list of the
companies that support the particular design are provided. Vendors of each scanner type
provided hands-on demonstrations of their equipment on real aircraft samples in the FAA
Aging Aircraft Nondestructive Inspection Validation Center (AANC) in Albuquerque,
NM. From evaluations recorded during the demonstrations, a matrix of scanner features
and factors and ranking of the capabilities and limitations of the design, portability,
articulation, performance, usability, and computer hardware/software was constructed to
provide a quick reference for comparing the different scanner types. Illustrations of
C-scan images obtained dtiring the demonstration are shown.

• * ThisworkwasperformedfortheFederalAviationAdministration(FAA)TechnicalCenterunderU.S.
Departmentof TransportationContractDTFA-03-91-A-0018.Thisdocumentis currentlyunderreview
by theFAA FlightStandardsOfficeforparallelpublicationby theDepartmentof Transportation.
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EXECUTIVE SUMMARY ,

Fieldablenondestructiveinspection(NDI) systems based on eddy currentand ultrasonic
inspection methods, and utilizing scanners to produce images, have been used in the
nuclearand petrochemicalindustryfor years to detect cracks, corrosion, and disbonds.
Similarsystems havethe same potentialin the airlineindustry for early detection of hidden
damage in aircraftstructures.

The images produced by the scanning systems mentioned above are called C-scans.
C-scans are 2-D images producedby digitizingthe point-by-pointsignal variationsof an
interrogatingsensorwhile it is scannedover a surface.

To provide the encoded sensor position for the computer during C-scan imaging, a
numberof portable scannerdesigns and scannermethodologies have been developed in
recent years. Both manual-andautomated portable scannershave been developed that
may be useful for aircraftNDI.

The goal of this project was to produce a document that contains informationon the
evaluationof scannersystems asthey applyto aircraftinspections.

From a literaturesurvey and discussions with vendors, a variety of different portable
scanner designs were identified. The designs include manual scanners, semiautomated
scanners, and fully automated scanners. Scanners included both mechanized and
nonmechanizeddesigns.

The basic scannerdesigns were dividedfor the purposesof this report into eight different
types. These are:

1. dualaxis, tiltingarmand bridge, manual (mechanized),

2. dual axis, tiltingarmandbridge, automated(mechanized),

3. radialaxis,tiltingarmwith rotationaxis bridge,manual (mechanized),

4. dualaxis, cantileverarmbridge, manualand automated(mechanized),

5. mobile,automated,ultrasonicscanner(mechanizedsemiautomated),

6. dual axis, rectangularbridge,automated(mechanized),

7. hands freex-y digitizer(nonmechanizedacousticor video tracking),and

8. squaretransducerarray(nonmechanizedelectronic switching).

AppendixA includes a briefdescriptionof the functionalityof each scannertype, a sketch, "
and a list of the companiesthatsupport the particulardesign.

Vendors provided hands-ondemonstrationsof theirequipmenton real aircraftsamples in
the Federal Aviation Agency _AA) Aging AircraftNondestructiveInspection Validation
Center (AANC) in Albuquerque,NM. The aircraftsamplesand the Boeing 737 (B737)
airplaneused in the demonstrationscontained known areas of corrosion damage and

+1,
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disbondsfrom in-serviceconditions. Capabilitiesand limitationsof the design, portability,
articulation, performance, usability, and computer hardware/software were recorded
duringthe demonstrations.

• From observations and information recorded during the demonstrations, a matrix of
features, factors, and their respectiveevaluations for each scanner tested was constructed
to provide a quick reference for comparing the different scanner systems. A Table6

containing the evaluations and ranking of each feature or factor for the scanners
demonstratedis provided.

No attempt is madeto rank the scanner systems overall with comparative scores. This is
left to potential users. The users should consider features and factors that are most
importantfor theirrespectiveapplications.

Excellent C-scan images of eddy currentand ultrasonic inspection data were obtained
during the performance demonstrations.Illustrations of the C-scan images obtained from
examinations of the five AANC aircraft samples used .in the evaluation are shown in
Appendix E. Pictures of the attachment of a numberof the scanners on the B737 airplane
are also included.

A discussion of the strong points and weak points of the eight scanner types is given in
AppendixF. Suggestions for improvementsare also providedthere.

ix



EVALUATION OF SCANNERS FOR C-SCAN IMAGING IN
NONDESTRUCTIVE INSPECTION OF AIRCRAFT

4

INTRODUCTION

" Backaround

Fieldable nondestructive inspection (NDI) systems based on eddy currentand ultrasonic
inspection methods, and utilizing scannersto produce images, have been used in the
nuclear and petrochemicalindustryfor years to detect cracks, corrosion, and disbonds.
Similarsystems have the same potentialin the aidine industryfor early detectionof hidden
damage in aircraftstructures. Correctiverepairsinitiatedby earlydetectionof damage can
be cost effective by reducing the need for subsequent major repairs that impact the
availabilityof thb'aircraftfor revenue.

Another possible applicationarea aside from aluminumstructuresis composites. New
aircraftrely increasinglyon composite technology. Periodic inspections of a composite
structurefor delaminationsand impact damage duringthe service life of the aircraft are
essential for safety. Ultrasonic imaging of composites has the potential to provide the
inspection data needed to detect these defects and assess the structuralintegrity of the
composite duringthe life of the aircraft. Thus, imaging technology is applicableto both
new and agingaircraft.

The images produced by the scanning systems mentioned above are called C-scans.
C-scans are 2-D images producedby digitizingthe point-by-pointsignalvariationsof an
interrogating sensorwhile it is scannedover a surface. The X-Y position of the sensor is
recorded simultaneouslywith the signal variations. A computer converts the pointoby-
point data into a color representationand displaysit at the appropriatepoint in an image.
This image usually makes it much easier to interpret defects than the individual
measurements.

To provide the encoded sensorposition for the computer, a numberof portable scanner
designs andscannermethodologieshavebeen developed inrecent years. Both manualand
automatedportablescannershave beendeveloped that maybe useful for aircraftNDI.

The goal of this project was to produce a document that contains informationon theq,

evaluation of scanner systems as they applyto aircraftinspections. The document is based
on demonstrations of commercially available, portable inspection systems that were

" observed while scanningrepresentativeaircraft structures.



Obiectives

The objectives of this projectwere to:

1. Demonstrateand evaluatethe capabilityof commerciallyavailableportablescanner
systemsto generateC-scan imageson representativeaircraftstructures.

2. Evaluate the usability and performance of the different scanner types to help •
inspection personnel choose an appropriate scannerand to help scanner vendorsto
improve the usability and performance of the scanners for aircraft inspection
requirements.

DEMONSTRATION AND EVALUATION PROCESS

Scanner System Design Identification

From a literature survey and discussions with vendors, a variety of different portable
scanner designs was identified. The designs include manual scanners, semiautomated
scanners, and fully automated scanners. Scanners included both mechanized and
nonmechanized designs.

All mechanized scanners employ optical encoders on one or more of the moving parts of
the scanner to indicate the sensor position. Nonmechanized scanners employ diverse
techniques to encode the sensor positions. An example of a nonmechanized scanner
involved transmittinga high frequency acoustic pulse at the sensor from a distance and
detecting the propagating pulse through the air with a pair of microphones. The position
of the sensor is calculated by triangulation techniques from arrival time data. Another
example employed a light-emitting diode (LED) at the sensor with a video camera
encoding system positioned above the sensor for tracking and coding the position of the
sensor. A third example employeda 2-D arrayof small transducer elements embedded in
a flexible vacuum blanket that is applied in contact with the surface; the C-scan image is
formed by electronic switching through the transducerelements of the array.

The basic scanner designs were dividedfor the purposes of this report into eight different
types. These are:

1. dual axis, tilting arm and bridge,manual(mechanized),

2. dual axis, tilting arm and bridge,automated (mechanized),

3. radialaxis, tiltingarmwith rotation axis bridge, manual(mechanized), °

4. dual axis, cantileverarm bridge, manual and automated (mechanized),
q_

5. mobileautomated ultrasonic scanner (mechanized semiautomated),

6. dual axis, rectangularbridge, automated (mechanized),

7. hands free x-y digitizer(nonmechanizedacoustic or video tracking), and



8. squaretransducerarray(nonmechanizedelectronicswitching).

These scanner types are described in Appendix A. Each entry in Appendix A includes a
brief description of the functionality of each scanner type, a sketch, and a list of the

• companies that support the particulardesign.

, ChoosingVendors for Hands-onDemonstrations

Vendors provided hands-on demonstrationsof their equipment on real aircraRsamples in
the Federal Aviation Agency (FAA) Aging Aircraft Nondestructive Inspection Validation
Center (AANC) in Albuquerque, NM. The aircraft samples and the Boeing 737 (B737)
airplane used in the demonstrations contained known areas of corrosion damage and
disbonds. Capabilities and limitationsof thv design, portability, articulation,performance,
usability, and conlputcr hardware/software were recorded during the demonstrations for
laterevaluation.

For each scanner type, vendors were contacted and performance demonstrations of their
equipment was discussed. If the v¢;_Jorwas receptive and volunteered to conduct the
hands-on demonstrations,arrangementswere made to perform the demonstrations in the
FAA/,_C hangar. Each vendor was asked to bring its own eddy current, ultrasonic,
and bond tester equipment to be used with the scanners. Multimode scans using the
differentNDI techniques could then be evaluated at the same time. In some cases, two
demonstrations were scheduled at differenttimes for a given NDI technique when two
differentvendor representativesof the respective techniques were involved.

Priority was given to vendors who supported both eddy current and ultrasonic testing
equipment with their scanner systems. Their integrated system would have the best
chance of performance and largest potential payback for providingsignificant information
on the capabilitiesand limitations of the scanner design type for the differentNDI modes.

The _¢ope of this project was to evaluate all the basic scanner types that are appropriate
for aircraRNDI examinations. A numberof vendors sell very similarscanners of the same
basic design. They have integrated the scanner with their data acquisition and software
systembut they do not sell NDI equipment. In this case, only one or two scanners of the
same basic design were evaluated with vendors who offered the most integrated NDI
capability. It is expected that similarresults would be obtained with other scanners of the
same basic design.

A list of the vendors and participants who took part in the performance demonstrations is
• providedin AppendixB.

Aircre/tSamples

The demonstrationswere performedon a group of samplesthatrepresenteddefects from
in-serviceconditions. Samples with lap splicejoint corrosion,various surface conditions
and thickness, and disbond conditions were chosen. Also, various geometric



configurationson the B737 aircraftwhere the scannermust be mounted in a vertical or
upside down (overhead)position were chosenfor the evaluation.

Five samplesused in the evaluation were:
6

1. A.D. Little aluminumlap splice joint intergranularcorrosion attack specimens of
0.04-inch thickness. (AANC Test SpecimenLibraryNumbers 115 through122)

2. Large 0.07-inch-thick aluminum panel with visible pitting and intergranular/
exfoliationcorrosionand pillowingof the surface. (AANC Test SpecimenLibrary
Number 111)

3. Calibration standards used for setting up tests for circumferentialtear strap
disbond.(AANC Test SpecimenLibraryNumbers 183 through 185)

4. Textron Specialty Materialsboron/epoxy composite repairsample with implanted
disbonds and delaminationson an aluminum skin. (AANC Test Specimen Library
Number 152)

5. Various locations on the B737 AANC aircraft with disbonds and corrosion.

(AANC Test Specimen LibraryNumber 100)

Detailed descriptionsof these samples are given in Appendix C.

Steps of thePerformanceDemonstration

The performance demonstrationof each scanner by the vendor was conducted with the
following steps:

1. An overview of the AANC activities was provided to the vendor by a memberof
the AANC staff.

2. A calibrationand initial_etup of the equipment were performed on flat horizontal
samples on a table top to become familiar with the equipment. C-scan images
were generated to demonstrate the general capabilities of the system and scanner
operation. At this time, an overview of the equipment hardware and software
capabilitieswas providedby the vendor.

3. For the first eddy current test, the A.D. Litt|e intergranular corrosion attack
samples of a lap splice joint of 0.04-inch skin thickness were examined. C-scan
images of the hidden corrosion over the 12-inch length joint was recorded and
saved in a data file on the computer system. The A.D. Little samples were used to
observe the general operation and function of the scanner and observe the effort
the examinerneeded to obtain meaningfulC-scan images representingthe areas of
corrosion damage.

4. For the second eddy currenttest, the large panel with skin thickness of 0.07 inch
was scanned. This panel contained visible corrosion and pillowing of the surface
between the rivet locations. This panel was used to demonstratehow well the
scanner functions on wavy and rough surfaces representative of significant



pillowing. The time to scan andobtainmeaningfulC-scan imagesof the corrosion
for anareaof 4 and 8 square incheswas recorded.

5. The scannerwith the eddy currentsensorwas then attachedto the B737 airplane
where a demonstrationwas conducted at the areabounded by body station (BS)

" 877 and BS 887 and stringers(S) 22R and S 24R. The scanner mustbe positioned
somewhat verticaland upside down to performthis test. This area of the airplane

, had corrosionand a tear strap disbondcould be seen by viewing the interior panel
surface. This test demonstratedthe abilityof the scanner and effort requiredby the
examiner to take inspection data on a curved surface and with the scanner in an
upside down or overheadposition. The scan time to produce a C-scan image of the
inspection data was recorded for this area. Notes as tO the operation of the
equipment under these conditions were recorded and C-scan images of the
inspected areas showing the detected damage were saved for comparison with
differentscanner systems. If time permitted,C-scan images were also obtained at
the lap splicejoint at S 20R and the butt joint at BS 907. A final test was made on
the airplane at the lap splice joint S 10L on the left side of the airplaneabove the
windows between BS 817 and BS 907. The equipment must be carried up a
scaffold and attachedto the fuselage above the windows for this last eddy current
test. This exerciseprovidedinformation on the portability of the scanner.

6. For the first ultrasonic pulse-echo and resonance evaluations, area scans with
C-scan images were made on the tear strap disbond calibration standardsand the
Textron boron/epoxy repairpatch calibrationstandard. These samples were used
to observe the general operation of the scanner for ultrasonic inspections. If the
vendor also had a bond tester capability, then data were also obtained with the
bond tester sensor. If a bond tester was not available, the pulse-echo technique
was set up to simulate the resonance bond testing technique to obtain the
inspection data.

7. The scanner with the ultrasonic sensor was then attached to the B737 airplane at
BS 877 at S 22R. This is the same area on the airplane where eddy current
evaluations were accomplished. An ultrasonic scan in this area where corrosion
and tear strap disbondshave occurred demonstratedthe abilityof the scanner and
effort requiredby the examiner to take ultrasonic inspection data for the vertical
and overheadposition of the scanner. The functionality of the scanner under these
conditions to maintain ultrasonic couplant and sensor perpendicularity to the
surface was observed. The scan time to produce the C-scan image of the
inspection data was recorded. C-scan images of the inspected area were saved for
comparison of the detecteddamage with differentscanner systems.

Later in the program, a boron/epoxy repair patch was placed on the airplane and on a
large lap splicejoint fatigue panel. Demonstrationsof ultrasonic resonance techniques on

" these repair patches were made when these became available. This provided additional
information on the effort and effectiveness of ultrasonic C-scan imaging for assessing the
integrityof the repairpatches.



If not made during the demonstration,hard copy images or image files of the C-scans
were obtainedfrom the vendorso that copies of the images could be compared at a later
date.

SCANNER EVALUATION MATRIX FOR SCANNER
FEATURES AND FACTORS

Evaluation Matrix Contents

As a remit of the observationsand informationrecorded duringthe demonstrations,a
matrixof features, factors, and their respective evaluations for each scannertested was
constructed to provide a quick reference for comparingthe different scanner systems.
Table I contains the evaluations and rankingof each feature or factor for the scanners
demonstrated.

The evaluations concentratedon the mechanics and efficiency of the scannerto provide
XY position data while maintainingproper sensor orientationand articulation so that
meaningfulC-scan images were obtained. The matrixcontains observations madeby the
authorwhile witnessingthe demonstrationsfor the differentNDI methods of eddy current
scans, ultrasonicpulse-echo scans, or ultrasonicbond testing scans.

Each feature or factor in Table 1 is rankedfrom 1 (not applicablefor aircraftapplications)
to 5 (ideal for aircraRapplications).The rankingcriteriafor each featureor factor is given
in Appendix D. The purpose of rankingthe features is meant as an aid to document
observations made duringthe hands-on demonstrationsand to differentiatethem from the
characteristics of the author'sidea of an idealscannersystem,which is given in Appendix
F. The rankingis meantto pointout differencesobserved by the authorduringthe hands-
on demonstrationsand is not meant to be a recommendationof one system over another.
Each system has certain meritsthatmay make it useful in one applicationbut undesirable
in another application. Every feature of the ideal scannersystem is not attainablein any
one scannerdesign. Thecharacteristicsof an idealscannerare discussed in AppendixF.

All systems evaluated contained software that generatedbasic C-scan images. The basic
C-scan images were quite adequate for aircraftapplications. Some systems contained
software tools for advancedimageprocessingthatcould be used to enhance interpretation
of a particularinspection data set. These tools are valuable, but the evaluation of the
imagingtools available inthe varioussystems was not attempted.

v

No attemptis madeto rankthe scanner systems overallwith comparativescores. This is
left to potential users. The users should consider features and factors that are most
importantfor theirrespectiveapplications.

EvaluationMatrixTable



The evaluationof the featuresandfactorsfor all of the scannersdemonstratedare given in
the following Table 1.
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Table I. Seanna, Evaluation Matrix Continued
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EXAMPLE C-SCAN IMAGES FROM THE PERFORMANCE
DEMONSTRATIONS

Excellent C-scan images of eddy currentand ultrasonic inspection data were obtained
during the performancedemonstrations.Illustrationsof the C-scan images obtainedfrom

" examinations of the five AANC library samples used in the evaluation are shown in
Appendix E. Pictures of the attachmentof a numberof the scanners on the B737 airplane
are also included. In some cases, the color palette of the original C-scan images was
changed so that black and white reproductions of the illustrations would show the
inspection results clearly. The C-scan images are providedto show the potential benefits
of C-scan imaging in inspectionof aircraftstructures.

DISCUSSION

CommerciallyavailableportablescannerscanprovideexcellentC-scanimagingof ND[
data. The images shown in Appendix E illustratethe potential of C-scan imaging for
providing quantitative measurements of hidden corrosion and disbonds for aircraft
applications.

Setup of the eddy current and ultrasonic equipment was done by using the experience
gained from testing similarstructuresby the vendor representativesand the author. The
parametersused may not have been optimal for quantitativeNDI results especially since
only limitedtime was availableto demonstratethe equipment. Quantificationof corrosion
damage can be done through proper calibrationprocedures. The purpose of this study
was to evaluate the usabilityand performanceof scannersystems to acquireand display
meaningful inspectiondataof corrosion damageand disbonds. No attemptwas made to
calibrateandoptimizeequipmentparametersor quantifythe corrosion damagedetected.

Whenapplicationsare identifiedand the use of C-scan imagingis concurred by industryto
be valuable for futureNDI aircraftapplications,thenthe test parameters,calibration,and
test procedures must be developed and establishedfor these defined applications. The
development of these optimumtest parameters, procedures, and reliabilityof inspection
resultson the variabilityof surfaceconditions,paint thickness, etc., would be the subject
of possible futurework for knowledgeableresearchersin the field.

Conclusionsderivedfrom this evaluationstudycanbe summarizedas follows:

" . Eddy currentC-scan imagingcan be implementedeasilywith availablecommercial
equipmentand the benefits realizedimmediately. Ultrasonicresonancetechniques

. mayalso be implementedin the near futureafterexperiencedusers have correlated
resultswith calibrationsamplesand gained confidencein its use. Ultrasonic pulse-
echo measurementsmay be used only after the more experienced operators have
developed a techniqueand procedurefor each specific inspectionapplication.
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, Every mechanizedscannertested scratchedthe surface of the aluminumpanels for
both the eddy current and ultrasonictechniques. Automated scanners in some
cases scratchedthe surface more severely since largerforces are needed to keep
the sensor holder in contact and perpendicularto the surface. New designs of
sensor holders are recommended that in effect would result in more nearly
frictionlesscontact deployment. However, scanningover composite surfacesand
composite repairpatcheswith the presentscannersdid not damagethe surfaceof
the composite.

. Eddy currentdataacquisitionwith the mechanizedscannerswas more reliableand
easier to obtainthan ultrasonicdata acquisition. This is because small couplant
variations and tilt of the ultrasonic transducer influenced the inspection data
significantly,whereas small lift-off variationsfor the eddy currentsensor has little
effect on the inspection data.

• Both manual and automated scanners performedwell over flat rivets and over
surfaceswith nominalpillowingbetween rivets.

• Manual scanners are most useful for small area scans where surface obstructions

(raised rivets)maybe present. Inspectiontimes for I square foot coverage ranges
from approximately 10 to 20 minutes depending on the spot size resolution
desired.

• Automated scannersare recommendedfor both small area scans and large area
scans where obstructions are not present. Inspection times for 1 square foot
coverage variedfrom approximately5 minutesto 15 minutes. Spot size resolution
is not a majorconcernfor automatedscannerssince fine and large spot sizes result
in approximatelythe samescantime.

• Hands-free digitizerscannershave the potential of being the most useful manual
scanner since they are the least expensive and most versatilefor areas of complex
curvaturesand obstructions. They mayalso be useful in areas on and around the
stringers on the interiorsurfaceof the fuselage.

• Manual scannersare more labor intensive and tiring to operate than automated
scannersespecially in overheadapplications. In general, manualultrasonicC-scan
imagingis very difficultto implementfor overheadapplications. Inspection times
longerthan 1 hourwould be taxingon the examiner.

• Passive rubber cup suction feet are unreliable for vertical and overhead
deployment. An active vacuum system eitherby handpumps or an AC vacuum
pumpis morereliable.

• The dual axis tilting armbridge automatedscanner providedthe best results for
portability,performance,andoverallusabilityof all the automatedscannerstested.

14



s The radial axis tilting arm with rotation manualscannerprovidedthe best results
for portability,performance,andoverallusabilityof all the manualscannerstested.

• The heads-updisplayused to acquiredata with the dualaxis XY manualscanner
" didnot add to the performanceor ease of data acquisitionfor C-scan imaging.

. • The 2-D transducer array system performed very well resolving 0.04-inch
aluminumskin thickness for possible quantitativeand accurate corrosion damage
assessment. Excellent resolution of the implanted delaminations in the thin
boron/epoxy repair patches was obtained. Portabilityand usability of the 2-D
arraysystemwere excellent.

• The 2-D transducerarray system has great potential in the initial and periodic
assessment of composite repairpatches. It may also be useful for the assessment
of impactdamageof _mposite structures.

• An experiencedASNT Level 2 NDI inspectorwould be requiredto operateevery
one of the C-scan systems evaluated for general applications. However, an
experiencedASNT Level 1 NDI inspector could operate every one of the C-scan
systems with propertrainingand supervisionby Level II or Level III inspectorsin
specific applications.

• Setuptime from off the shelfto start of scan was reasonable(10 to 20 minutes)for
all systemsevaluated.

• The cost of scanner systems for C-scan imaging ranged from approximately
$30,000 to $150,000.

A discussion of the strongpoints and weak points of the eight scannertypes is given in
AppendixF. Suggestions for improvementsarealso providedthere.
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Appendix A
Scanner Descriptions

A sketch and brief description of the fimctionality of each type of scanner design, the method of
, physical attadunent to the aircraft, and companies that support the design type is provided below.

1. Dual Axis Tilting Arm and Bridge Manual Scanner
u,

Functionality: Manual random motion in X and Y
directions or lock one axis and linear motion in the

x.q other axis. The sensor is attached to a gimbals that istmoode¢
be_ hand held against the surface of the part to be

scanned.
' _ ..Attachment: Rubber suction cup feet and/or tape

Companies: Matec/SONIX, lnfometrics, Sierra
,_eon _ Matrix, Physical Acoustics, Nuson, ABB Amdata,

DuPont.

2. Dual Axis Tilting Arm and Bridge Automated Scanner

Functionality: Stepping motor control in X and Y
mm_z_ directions with one axis as a step axis and the other

x-Y as a linear fast scan axis. Tilting arm is spring
loaded to keep the sensor firmly against the surface to
be scanned. The sensor is attached to a gimbals and
kept perpendicular to the surface.
Attachment: Three rubber suction cup feet with

independent hand vacuum pumps.
_oup

lea _ompanies: DuPonffCalData.

3. P_adial Axis Tilting Arm with Rotation Axis Bridge Manual Scanner

Functionality: Manual nmdom motion in radial and
angular directions, either axis can be locked. The
sensor is attached to a hand held gimbals and held
firmly against the surface to be scanned.

" Attachment: Rubber suction cup feet with
independent hand or AC vacuum pump.

Com vanies: Krautkramer Branson, Tecrad, Systems

" __ feet "_" ___.._.._ Research Laboratories (Tilting arm replaced by
articulated arm).
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4. Dual Axis CantileverArm Bridge Manual or Automated Scanner

Functionality: Step in X directionandmanualor
automatedscan in Y direction. Stepaxis consisting
of a carriageholdin8 the rigidY axis ann
cantileveredovertheareaof interest.X axis guide
canbe rigid or flexible andof long length. For some

x _ designs,sectionscan be buttedtogetherfor .
automatedscans of extremelylong distances. X axis
carriageis attachedmechanicallyto theguideor held
in placewith magneticwheels on a steel flexible
track. Sensorholderis in a gimbalsand springor

mayo,cupfeet hydraulicallyloadedagainstthe scanningsurface.
Attachment:Rubbersuction cup feet withhandor
AC vacuumpump.
.Companies:SAIC, ABB Amdata, Tecrad.

5. Mobile Automated Ultrasonic Scanner

Functionality:Automatedoscillatinglinearmotionof

multiplesensors in the Y axis andmanualto or fro

motion in the X axis.

Attachment:Scannercarriageis handheldto the
surface to be scanned.

sensorpair C.ompanies: McDonnell Douglas.

6. Dual Axis Rectangular Bridge Automated Scanner

Functionality:Step or fast motorizedmotion in X or
Y directions. Sensorholderis fixed to motorizedY

bridge and spring loaded against the surface to be
scanned.
Attachment: Rubbersuction cup feet with AC
vacuum pump.
Companies: panametrics, Xactex

suctioncupfeet
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7. Hands Free X-Y Digitizer

Func_io.ali_ty:X-Y digitizing by acoustic triangulation
•1"Micr°ph°nes_ system or LED Videosystem.Hands-fxeerandom

manual motion in X or Y directions.Sensor holder is
" held in thehandandthe highfrequencyacoustic source

_._ -,_ "_ or LED is attachedto theholder. A pairof
. _ Transmitter micropl_unesattachedto a baris placed in frontof the

_- an0Sensor areato bescannedor thevideo camerais placedabove
the areato be scmmed.

Attachment:Microphonesareon a bar thatis attached
by rubbersuctioncup feet to the surfaceto be scanned.
Companies:SE Systems, Inc.(acoustic),Sononmtic
Inc.(LED)

8. 2-D Square TransducerArray

Functionality:Electronicswitchingbetweensmall
transducerelementsof the 2-D square transducer
arrayarrangedin a flexible rubbersheet.
Attachment:Suctionto the surface witha vacuum
blanketand AC pump.
Companies:FailureAnalysisAssociates.

8 inch square array
in vacuum blanket
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Appendix B
List of Vendors Who Participated in the Demonstrations

. KRAI_KRAMER BRANSON / HOCKING
F,.ddyCurrentTest Dave Jankowski PaulMartin

Krau_r Bramon, Inc. Wells Krautkramer
• 50 IndustrialParkRoad MilbumHill Road

Lewistown,PA 17044 Universityof WarwickScience Park
Coventry
CV4 7HS UK

UltrasonicTest TerryBattema
KrautkramcrBranson,Inc.
11503 SpringfieldPike
Cincinnati,OH 45246-3550

_DJ_.ONT / CALDATA / ZETEC
_ly CurrentTest KimKober
UltrasonicTest DuPontNDT Systems

15751 GrahamStreet

HuntingtonBeach, CA 92649

Sale_Representative JerryScott
EnergyEquipmentSales
73 West RanchTrail
Morrison,CO 80465

ABB AMDATA
EddyCurrentTest MarkW. Kirby
UltrasonicTest ABB AmdataInc.

1000 Day Hill Road
Windsor,CT 06095

SalesRepresentative KarlKuchling
ABB AmdataInc.
P.O. Box 701127
SanAntonio,TX 78270-1127

• MATEC / SONIX
UltrasonicTest CharlesJ. Bushman,Jr GregoryL. Piller

Matec Instruments,Inc. Sonix
75 South Street 8700 MorrissetteDrive
Hopkinton,MA 01748 Springfield,VA 22152
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Sales Revrmmtativ© EvWestfahl
Westfahl andAssociates
6101 MarbleNE #4
Albuquerque,NM 87110'

o

SAIC ULTRAIMAGE INTERNATIONAL
l_l_c Test RobertH. Grills

SAIC
Two Shaw'sCove, Suite101
New London,C? 06320

EddyCurrentTest RaymondA. Zickus
Maak_n,g Consultant16MarloweRoad

Nashua,Nil03062

INFOMETRICS
UltrasonicTest AnthonyN. Mucciardi
Eddy Curr_ntT¢,st lnfometrics

814 ThayerAvenue,Suite 350
SilverSpring, MD 20910

S_RTEDDy SYSTEMS
EddycurrentTest DuaneP. Johnson

SE Systems, Inc.
26203 ProductionAvenue, Suite 10
Hayward,CA 94545

SalesRepresentativeErnieVandergrief
StroudSalesCo.,Inc.
680GrapevineHwy,Suite24
Hurst,TX 76054

McDONNEL.L DOUGLAS
UltrasonicTest Nancy L. Wood
EddyCurrentTest McDonnellDouglas AircraRCompany

Mailcode 1021111
P'.O.Box 516
SaintLouis, Me 63166-0516
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PANAMETRICS
UltrasonicTest ThonmsE. Midmels

P_es
102 _uir Lab
95 BrownRoad

" Itlmca,NY 14850

SIERRA MATRIX
UllrasomcTest MarvinF. Fleming JohnCarruthers

SierraMatrix,Inc. SierraMatrix,Inc.
48890 MilmontDrive, 48890 MihnontDrive,
Ste 105D Ste 105D
Fremont,CA 94538 Fremont,CA 94538

FAILURF._ ANALYSIS AS_OCIATE_
UltmsmficTest Tim Hanington Tom Davis

FailureAnalysisAssociates, FailureAnalysisAssociates,
Inc. Inc.
8411 154thAvenue,NE 8411 154thAvenue,NE
Redmond.WA 98052 Redmond.WA 98052
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Appendix C
AANC Aircraft Sample Descriptions

1. A. D. LittleAluminumLapSplice JointSamples(AANC Test Specimen LibraryNumbers
115 through 122)

FrontView BackView

Spacer
7/32"UniversalRivel_in

/ ColdExpandedHole_ /
;r _

I I

• •: [_[_ I•1 •

"0-o-rz'z-z -o--0 -o"o""(7rgo
o Zro o oo o o Z (;Foo
o--o'r;'o o o o-o"o"o'r#-o-

I - ;- _ i

I-- "', _%_C0unl(_sullk 11" "

I
i • • Fiberglass

__bi .... Scrim Cloth
Tear
Strap

The test panelwas fabricatedwith0.040 inchthick 2024-T3 sheet aluminum. Panelwas in a hot
' waterquench materialfor 55 days for which approximately0.008 inch depthof intergranular

corrosionattackwould occur.
4
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2. Large0.07 Inch Thickness AluminumPanel(AANC Test Specimen LibraryNumber 111)

Thisactualaircraftaluminumpanel0.07 inchthick shows areas of pillowing and corrosion
aroundthemiddle section of the panel. Scannertestswere performedat the 8 inch square
section indicated.

3. Tear StrapDisbond CalibrationSamples(AANC Test Specimen LibraryNumbers 183
through185)

,

J.O

Epoxy AdheIIvI Layer IICTIONA-A

(0.004 to 0.006 Inch Thick

Aluminum sheets 2024-T3. Dimensions are in inches. Top sheet is 0.040 inch,0.050 inch,
0.070 inch. Bottom sheet is 0.070 inch.
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4. Boron/EpoxyComposite RepairPatches(AANC Test Specimen LibraryNumber 152)

oP_, 0 C
e

..............

, _'r 1 -- |

4_ _ 0 O, 0 C

!

2_ _ 0 0 _ICI__
' t t t t

hM mo,m ot_ _ oqm
Line Line 3 1 :1

Boron epoxy doublerultrasonicreference_dard showing 2 ply, 4 ply, 6 ply and8 ply sections
on a curvedaluminumskin. Teflon implants(0.005 inchthickx 0.5 inch diameterdisks) are
placed at the bond line andat interfacesbetweenthe plies. Pull tabs(0.5 inchwide x 0.75 inch
long) were place at the bondline atthe left and rightedges of each ply. The areaof the four
plies is 9 inches wide and 12 inches high.

!

, Octagonalshapedboronepoxy patchappliedto the skin of the B737 airplaneaft of thewing on
the left side of the airplane.
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5. B737 Airplane Locations (AANC Test Specimen Library Number 100)

The fullscaleB737 aircraftwas receivedby AANC on October9,1992.The aircraftisbeing

usedasacommercialtransportaircrafttestspecimenthatprovidesa meanstoassesshuman
factorsissues,accessibilityissues,andhangarenvironmentforevaluatingND! inspection

requirements, s.

Aircraft Model: 737-222

Date of Manufacture: July 1968
Airframe Total Hours: 38,342

Airframe Total Cycles: 46,358
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Appendix D
EvshmtionMatrix Features snd Factors Rsnkinll Criteria

TEemdd_ of'theFesturmsad &trots of'the s_nn_ systam listed below used the8mmd criteria
usip mmbm Ito5,@

Kuk
• 1 Not _!icable Foraircraftapplications

2 _ted foraircraftapplications
3 Adequm butcouldbe improvedforaircraftapplicatimm
4 Good,pmemHyapplicablefor Idp'.xa_applications
$ Ideal,meetsIll requirmnmts for aircr_ applications

S_ featuresandfkctorsin theEvaluationMatrixTablewererankedwiththefollowing
mtter_

F.mlm. Bank BsuJmziml

Basic General fu__.io_..Jit_,for easy scan eoveme of areaof interq_st
Dmilla 1 Not _limble foraimrattapplieatiom

2 Limitedfor _m.q applications
3 Adequatebutmuld be improvedforaircraftapplications
4 Good, Beneral!yappli_le foraircra_ applications
5 Ideal,meetsall requirementsfor aircra_ applications

Mount Imolementation.relocationease.stabilit_ :
Type 1 Not stable,fails often duringscan

2 Failsoccasionaflyduringscan
3 Adequatebutcouldbe improvedfor aircra_ applications
4 Good,8e_rallyapplicable for aircraft applications
5 Ide_, meetsall requirementsfor aircraftapplications

SensorHolder, _bility to accommodate various sensor sizes andmaintain
Gimbals sensoreemmdimlaritv
Dmip 1 Not applicablefor aircra_ applications

2 Limitedforzircnd_ applications
3 Adequatebut couldbe improvedforaircrat_applications
4 Good,generallyapplicableformrcra._applications
5 Ideal,meetsall requirementsfor aircra_ applications

Couplsnt Ultrasonic pulse-echo or resonancetmtinaonly
Feed 1 Not applicablefor aircraftapplications

2 Limited,couplantsprayedor wipedon
" 3 Adequatebutcould be improvedby betterdesign

4 Good, automatic feed with few problems
5 Ideal,automaticfeedwithnoproblems
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Diftanee,,neededto _am betweenverticalobstructionandaircra_
Woddq 1 Grcmertlum48
Distance 2 Between24 and48 inches

tleillttt 3 Bctwem 12mid24 _
4 Between6 and 12 inches
5 Less than6 _

X-Y Axis 1 Greaterthan0.50 inch
ltemlutioa 2 Between0.35 to 0.50 inch

3 Betwem 0.20 to 0.35 inch
4 Between0.05 to 0.20 inch
5 Between0.01 to 0.05 inch

PORTABILITY
Scanner 1 Over30 pounds
Weisht 2 Between 15to 30 pounds

3 Between5 to 15poumh
4 Between I to 5 pounds
5 Underi pound

gugsednen Generaluseof _mn©r withoutfailureof waghanieadcemnonents
1 Not applicableforaircraftapplications
2 Limitedforaircraftapplications
3 Adequatebut couldbe improvedfor aircraftapplications
4 Good,generallyapplicableforaircraftapplications
5 Ideal,meetsall requirementsfor aircrat_applications

Deployment Time from off theshelf to startof scanor relocation
Ease I Greaterthan I hour

2 Between30 to 60 minutes
3 Between15 to 30 minutes,5 minutesrelocation
4 Between 10to 15 minutes,2 minutesrelocation
5 Under10 minutes, 1 minuterelocation

Computer Portabili_ of totalsystem,scanner:computer,motor controller etc.
Hardware 1 Systemcomponentsgreaterthan 100 pounds

2 Systemcomponentsgreaterthan50 pounds
3 Systemcomponentsbetween25 and50 pounds
4 Systemcomponentsbetween 10 and25 pounds
5 SystemcomponentslessthanI0potmds

Motor Physicalsize andweiahtconsiderations
Controller 1 Not applicablefor aircraftapplications

2 Limitedfor aircraftapplications
3 Adequatebutcouldbe improvedforaircraft applications
4 _ generallyapplicableforaircraft applications
5 Ideal,meetsall requirementsfor aircraftapplications
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,q CU mON
Complex Smmneris usableon curvaturesandirre_lar s_lmpes
Shapes 1 Scannercan only be usedon flat surfaces

2 Scannercan only be used on curvaturesgreaterthan 10 feet radius
3 Scannercan only be used on curvaturesgreaterthan 5 feet radius

• 4 Scannercan be used on compoundcurvaturesgreaterthan I foot radius
5 Scannercan be used on all aircraftstructures

O

Surface $ur£aqeroualmess,obstructions,raisedrivets,raisedlaoioints
Cond/tims I Sumneroperateson smoothsurfacesonly

2 Scannercannotoperateover lapjoints
3 Scannercanoperateoveror aroundlapjoints but not raisedrivets
4 Scannercan operateoveror moundraisedrivets
5 Scannercan accommodateall conditions

PERFORMANCE
Speedof Timeto s_ 2 squarefoot areaon filselage
coverage I Greaterthanonehour

2 Between30 to 60 minutes
3 Between 15to 30 minutes
4 Between5 to 15 minutes
5 Less titan5 minutes

Accuracy _r s_sor locationwithreset to incrementsoot size (0.1 inch)
1 Over5 spot sizes (greaterthan0.5 inch)
2 5 spot sizes (0.5 inch)
3 2 spot sizes (0.2 inch)
4 1spotsize(0.1 inch)
5 Less than one spot size (< 0.1 inch)

Problems Factors_ limituse of th_S,canncrforsom_applications
l Numerousandserious foraircraftapplications
2 Seriousbutcan be remediedfor aircraftapplications
3 Annoyingbutcan be improvedfor aircraftapplications
4 Minor
5 None

 SABILITY
Ease of __Operatoreffortto scanan aream'e_r than I squarefoot
Scan for 1 Effortnot tolerablefor aircraftapplications
Examiner 2 Effortis tiring, tedious,buttolerable

3 Effort requirescontinuousoperatorattention,laborintensive
4 Effortrequiresoccasional operatorattention, not labor intensive
5 Effort is not required
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Vertical Clearm_ceneeded to _optratethe scanner with the eTmminer
Obstru_on Qondu_ the suumer.
Clearance 1 Greaterthan 48 inches
Needed 2 Between 24 to 48 indies

3 Between 12 to 24 inches
4 Between 6 to 12_
5 Leu than 6 inches

4

SOFrWAI _
Ease of Ex_verienceand intuitive overation of soRware execption of commands
Use for 1 Difficult to execute, need to remember steps, commands etc.
Examiner 2 Steps are not clear _ confusing

3 Adequate but need to remember some commands
4 Good, generally needs I day of training
5 Very intuitive, self explanatory steps to follow

Ease of _xaminer ease to define s_ _ scan limits._c,_ increments
Setup file names _.
Input 1 Difficult, need to run different programs etc.
Parameters 2 Separate programs for scanner and image construction

3 All input parameters must be typed in from key board
4 Good, default values easy to change at graphical user interface
5 Ideal, macros, values easy to change as desired

Data Fast. hi_ resolution data acouisition caoabilities
Acquisition 1 Not applicable for aircraft applications
Clmracteristics 2 Less than 8 bit resolution

3 8 bit resolution, 286 PC or equivalent CPU
4 8 bit resolution,386 PC or equivalentCPU
5 16 bit resolution, 486 PC or equivalent CPU

Image Display Large screen, 16 color palette or better,proportional XY image
1 Monochrome screen

2 8 color palette, image XY not proportional, 10 inch or less screen
3 8 color palette, image XY proportional but small, 10 inch or less screen
4 16 color palette, image XY proportional, large screen
5 256 color palette, image XY proportional and large, 15 inch screen

Imaging and Advanced ima_e processing features was not rated, the system
Data real-time C-scan imaging capabilities were ranked
Processing 1 No' real-time C-scan image

4 Real-time image but post processing necessary for final image
5 Real-time image for immediate interpretation of results

Hard Copy Ability to provide immediate ,,,_.rd color copy of results
Capability 1 No hard copy capability

4 Hard copy only after data and image processing
5 Immediate hard copy capability
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Operator Trainin_2forASNT Level,rec_,mmend_byv_dorwhen_ystemis
Trainingfor procured
Ex_ I GreaterthantwoweeksforexperiencedLevelII
Level 2 2weeksforLevelIf,orLevelHI

3 3to5daysforLevelIIorLevel[]
4 2to3daysforLevelIIorLevel[]
5 Ito2daysforLevelIIorLevel[]

v.

NDI Mode Modes suplx)rted can be eddy_current, ultrasonic pulse-echo, and
Support resonancebondtestin_e

3 Only onemodesupported
4 Two modessupported
5 ThreeModessupported

COST
Cost 1 Over$200,000
Hardware& 2 Between$100,000 and$200,000
Software 3 Between$50,000 and $100,000

4 Between$25,000 and $50,000
5 Lessthan$25,000
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Apoendix E
Examples of C.scan Images

. C-scan imagesof the inspectiondatafor the eddy currentand the ultrasonicexaminationstaken
during the vendordemonstrationsareillustrated,

• A. _y CurrentC-scanImages

1. A. D. Little Splice Joint Samples

The eddy current inspection data of the one foot length lap splice joint samples are illustrated. The
first sample is a reference sample that contained no corrosion and only one image of this sample is
shown as a comparison with the second sample containing corrosion. C-scan images of the second
sample which contained intergranular corrosion in localized areas of approximately 0.007 inch
depth are shown for all scanners used in the eddy current demonstrations. There is no visual
evidence of corrosion seen in the secondsample.

ReferenceSample,0,040 inch thicknesswithno corrosion

Krautkramer, Branson, Hocking manual scanner. No corrosion is shown.

lntergranularCorrosionSample, 0.040 inch thickness with --0.007 inch deoth corrosion

Krautkramer, Branson, Hocking manual scanner. Corrosion is shown in orange and white

DuPont,CalData, Zetec automatedscanner. Corrosion is shown in black and yellow
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SAICUltraImageInternationalmanualscanner. Corrosionis shown in orange,
yellow,and green.

Infometricsmanualscannerwitheddy currentinstrument(Nortec 19e). Corrosion
is shownin yellow, green,andred.

n

SmartEDDYmanualscanner. Corrosionis shown in green anddarkblue.

t

4[

McDonnell Douglas semi-automaticscanner. Corrosionis shown in orangeand
red.
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2. Large 0,07 Inch Thickness Panel

Theeddycurrentinspectiondataof an eightinchsquaresectionof the panelis illustratedforfour
of the scanners, The corrosion displayed was due to exfoliation with a reduction in thickness of
approximately 0.005 inches. Extensive pillowing of the panel surface between the rivet locations

wasalsopresem.

i

KrautlaamerBranson image of the Dupont image of the corrosion shown in
corrosion shown in orange and white, yellow.

- ABB Amdata image of the corrosion shown lnfometrics image of the corrosion shown in
in orange, yellow, and dark blue. green, yellow, and red.
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3.B737 Airplane Locations

The following illustrations show the physical attachment of the scanners on the B737 airplane and
, the resultant C-scan eddy current inspection images obtained during the demonstrations.

Corrosion is shown in orange arround BS 877 and
BS 887.

Krautkramer,Branson, Hocking
with Paul Martin articulating the
manual scanner.

, DuPont, CalData, Zetec with Kim Kolx_r

adjusting the automated scanner.
Corrosion is shown in areas around BS 877 and
BS 887.
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ABB Amdata automated scanner attached to the

B737 at BS 877. The C-scan eddy current image
tot BS 877 and BS 887 is shown to the right where
corrosion is shown in red and dark blue.

" SAIC manual scanner at BS 887 with Corrosion is shown in dark blue around BS
877 and BS 887.

Raymond Zickus articulating the scanner.

I1-5



lnfometricsmanualscannerattachedto the B737 at

BS 877. The C-scan eddy currentimage forBS
877 andBS 887 is shown to therightwhere Blackareasin the image aredueto missing
corrosionis indicatedin light greenandyellow, datacharacteristicof laborintensive manual

scanningwheninsufficienttime is takento
coverall datapoints.

SmartEDDYSystemsacousticu-iangulation
manualscannershown atleft is beingarticulated
by Duane johnson to obtaintheabove C-scan

. image at BS 877 and887. Corrosionis shown
in clarkgreenandyellow.
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Convston is shownin magentaandblue
aroundBS 877 andBS 887.

McDonnellDouglas withNancy
Wood articulatingthe MAUS II!
scalmer.

B. Ultrasontf C-scan Images

1. TearStrapDtsbondSamples

ThreeultrasonicC-scan images areillustratedfor the tearstrapdlsbondcalibrationsamples.

Krautkramer,Bransonmanualscanner
tmggeof thedtsbondcal_ilxaflonsample.
Thedisbondareais shown in darkblue
(no adhesive)andthebonded'areais
shownin light blue(epoxy _ive).

¢b

Otd_md

• lnfome_cs manualscannerimageof the
disbondcalibration sample. The disbond
areais shown in white (no adhesive)and

4

thebondedarea is shown indark blue

(epoxyadl_stve).
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Ii Ill

Panan_trics automated_anner image of e .1, l
the distx)mtcalibrationsample. The @

" disbondareais shown in clarkblue (no

a_stve) andthebonded areais shown 1
inlightblue(epoxy_slve). . a

ql"
I !

I

2. Bur_xy Composite RepairPatches

Rye ultrasonicC-scan images areillustratedshowing defects in theTextronboron/epoxyre_
pathsample.

KraukramerBransonmanual
scannerimage of defects in the six
ply regionof the sample. The
defects areshown in yellow.

SAICmanual scannerimage of
the defects in thesix plyregion
of the sample. The defec',sarein
yellow and red.

lnfometrics manual scannerimage
" of the defects in the six ply regionof

thesample. The defects are in
yellow.
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• _trtc-s automatedscannerimageof
fourand iix ply regiot_ of the sample.
_f_ m in yellow.

FailureAnalysis array image of the
¢_ply regionof the sample. The
cross se_'tionview of the data

re_lutlonacl_iv_withthe It_f_.I
array transducers. _ Ss

Demonsu'at/ons

With thesame physical_ent shown above for the KrautkramerBransonscanner,theDuPont
scanner,andthe ABB Amdatsscanner,the following ultrasonicC-scanimages wereotUined for
the B737 alrct_ locations BS 877 between stringersS22R and$23R.

t

Krautkramer Branson I_ ultruon/c C-scan

• imW showingtom,ion in yellow. Gay m In
the Image Is misdng datadue tolaborinl_nslve DuI_nt _oI ultruon/c C.scan
iual scanningwhenInsufficientt/me is takento Im_e showing a tearstrapdisbondat
cover all datapoints. BS 877 in darkblue.



AllB Amdataautomatedultrasonic

C-scan imageshowing common at
BS877 tn blue.

following |llustratto_ show a numberof _ ultrasonicscannersatt_hed to the _r_.Taflwith
the C-scan inspectionresults

SAICautomatedultrasonicC-scan imageshowing
corrc_on atBS 877. Imagenonuntfon--nitywasdue
to difficultyin matntaimngtransducer

SAIC automatedscannerbeing perpendicularityduringthe sca_
adjustedby RaymoadZlckus.

L
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Failure_ysts arrayscannerattached FailureAnalysis ultrasonicarray8 x 8
to the B737 atBS 877 withTom Davis inchC-scan lmase atBS 877. Areaof
checidn8theplacen_nt of the scanner. _on is showninlight blue

surroundedby green.

FailureAnalysis Array_ to the B737 at Imageof repairpatchshowingdefects in
the bonm/epoxy repairpatchwithTim darkblue andgreen.

" Harrlngtonat theportablecomputer.
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PanametricsB_rtablescanner on a
bench top, Stx_wnis a scan of the
TextronSpecialty Materials
boron/epoxyrepairsample. A
demonstrationon the B737 was no!
made,

SierraMatrixand heads up display
with a manual scanner_ to the

B737. Meaningful C.scan images of
thecot,roston at BS 877 were not
obtmn¢_
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Appendix F
General Comments on the Scanner Types

A. IdealSean_r

" Each of theeight basic scannerdesignsthataxe availablecomn_rcially has advantagesand
dindvantagesthatdifferentiatethemfromtheidealwanner.Theidealscannerwouldbeonethat
normalexperiencedairline maintenanceNDI personnelcan use withease and confidenceto obtain
meaningful,repeatable,reliable,easy-to-interpret,andquantitativeC-scan imagesof the inspection
data. The ideal scannerwouldprovideaccurateXY positiondatafor multimodeNDI testing
methodswithoutunduephysicaleffortby theexaminerfor a varietyof scannerpositions,
orientations,structuralgeometryandsurfaceconditions. The scannerwould be affordableand the
set-uptime, scan time, and relocationtime must be quick and¢a_npatiblewith cost effective
impl_on.

B.SumnerTypeComp_sons

Fromobservationsmadewhilewitnessingthehands-onoperationofeachscannertype,atableof

strongpoints,weakpoints,andfutureimprovementswasconstructedtocomparetheavailable
scannerswiththeidealscannercharacteristics.Potentialoperatorsofscannersmay usethetable
tocomparethebenefitsofonescannerversusanother.Suggestionsforimprovementsaregivento
aidvendorsindevelopingafavorablescannersystemthatwouldincreasetheirgeneralacceptance
bytheairlineinspectionindustry.

SCANNER _E COMPAR|SONS

.......s_r .............Strong .....Weak ........Future
T]_,, Points Points ImprovementsI, I II

1. Dual Axis Lightweight; workswell Encoderslideswhen Independenthandvacuum
TiltingArm withmodularsystems; armgets wet; mechanism pumpsfor threesuction
andBridge can be used aroundraised holdingsensors notwell cup feetthatprovides
Manual rivets; price is moderate, designed;laborintensive adaptabilityto many
Scanner Integrateseasily with to operate; adequatefor surface geometriesand

eddy current,ultrasonic, small area scans only. overheadoperation.
and re.sonance

instruments.

21Dual Axis Efficient,easy operation Springforces on firing Developa pneumatic
TiltingArm over long inspection arm are notadequateor tension systemfor the
andBridge times;compactandlight constant forgeneral tiltingarmto provide
Automated weight automatedsystem, vertical andoverhead adequateand constant

,, Scanner good for small andlarge operation;sensorholder pressureat the sensorto
area scans, scratches aluminum surface interface.

surface.
4[ • " +
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3. Radial Vemtile formany Laborintensiveforscan Designof a ffiztionless
Axis Tilting surface8eemetr_ and times longerthanone sensorholder; a set of
Armwith largecurvatures;can hourand overhead largersuctioncup feet
RotationAxis articulateovera large operation;sensorholder needsto be availablefor
Bridge areawithout leaves scratcheson greateradherenceto the ,
Manual repositioning.Integrates aluminumsurfaceseven surfacein theoverhead

Scanner easily witheddycurrent, withTeflon tapeover operation.
ultrasonic,andresonance sensor.
instnunmts.

4. Dual Axis Very adaptablefor large System design is heavy Design era frictionless'
Cantilever areascans;automated andnotaseasyto sensorholderthat
Ann Bridge system is not labor implementas tiltingann maintainssensor
Manu_lor intensive; Arealcoverage scanners; manualsystem perpendicularityover
Automated for C-scan imagesis is labor intensivein nominalpanelcurvatures;
Scanner easier to obtainthanwith verticalandoverhead checkvalveson multiple

manualtilting ann operation, suctioncup feetneedto
systems, be installedfor positive

adherenceat all times.

5. Mobile Fast,efficientlinearareal Encoderwheelsslide Design of a lightweight
Automated scans of widthsfrom2, 4, when they get wet from head; frictionlesssensor
Ultrasonic 6, or 8 inches, fast and the ultrasoniccouplant; holders, and positive
Scanner easy modechangefor scannerhead is heavy and tractionencoderwheels

eddy current,ultrasonic, nor easy to operatefor are needed.
or resonancetesting, vertical and overhead

operation.
6. Dual Axis Adaptableforlargearea System designis heavy Design of a surface
Rectangular scans of moderate and rigid; not flexible for tracking devicefor
Bridge curvatures; most useful differentsurface implementationwith
Automated for squirtertechnology geometries, squirteror capturedwater
Scanner over raised rivetsand columntechnology.

protrusionsetc.
7. HandsFree Free movementof sensor False position dataoccurs Noise immunityalgorithm
X-Y Digitizer overcomplexsurface frequentlyfrom needsto be developedand

geometries, environmentalnoiseand a methodof decoupling
multiple pathswithinthe the sourcewaves from the
aluminumstructure, structure surface.

8.2-D Adaptable forfast Transducerarraycan not Largecolor monitor
Square characterizationof be used overprotrusions would improveviewing
Transducer inspectedarea; straight likeraised rivetsetc. andinterpretingthe
Array forwardto applyand Gray scale display used inspection results, a

obtaininspectiondata; duringdemonstration numberof parallel
Excellentresolutionof lackedcontrastaeededfor vacuumseals withcheck
thin skinthicknessand easy interpretationof the valves to improveinitial
defectlocationfor inspectionresults, applicationof the arrayto
boron/epoxyrepair the surface.
patches.
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DISTRIBUTION:

1 JanAchenbach 1 Stephen N. Bobo
NorthwesternUniversity U.S. DOT/VNTSC
Rm.324 CatalysisBldg., CTRQEFP Kendall Square
2137 SheridanRoad Cambridge,MA 02141

, Evanston,IL 60208-3020
3 DOT/FAA

1 RichardW. Anderson EngineandPropellerDirectorate
Manager,EngineeringSupport Attn: A.L.Broz, ANE-105N
FederalExpress 12 New EnglandExec. Pk.
3101 TchulahomaRoad Burlington,MA 01803
Memphis,TN 38118-5413

2 TransWorldAirlines
1 TerranceJ. Bacola Attn: LarryBrett, FAA/ATA

Director,Maint.andEngr. Liaison& QA
DHL Airways, Inc. JimMorgan,Mgr,Inspection
P.O. Box 75122 & QA
Cincinnati,OH 45275 P.O. Box 20126

KansasCity Int'lAirport
1 BehnamBahr Kansas City, MO 64195-0126

WichitaState University
MechanicalEngineeringDepartment 1 CharlesJ. Bushman,Jr.
Wichita,KS 67260 Matec Instruments,Inc.

75 South Street

1 Roy Bailey Hopkinton,MA 01748
Delta Airlines
HartsfieldAtlantaInt'l Airport 1 Richard Buzby
Atlanta, GA 30320 Director,QualityControl

Reeve AleutianAirwaysInc.
1 GeorgeBarnes 4700 West Int'lAirportRd.

Vice President,Maint.andEngr. Anchorage,AK, 99502
HawaiianAirlines,Inc.
P.O. Box 30008 1 Dale Chimenti
Honolulu Int'lAirport Iowa State University
Honolulu, HI 96820-0008 FAA Centerfor Aviation Systems

Reliability
1 TerryBattema Applied Sciences Complex II

. _ KrautkramerBranson, Inc. 1915 Scholl Road
11503 SpringfieldPike Ames, IA 50011

, Cincinnati,OH 45246-3550
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2 Northwest Airlines, M/S C8840 1 Steve Erickson
Attn: Gary Clemmer, Dir., Director, Maintenance & Material

Inspection Air Transport Association
JeffRegister 1301 Pennsylvania Ave. NW,

5101 Northwest Dr. Suite 1100

St. Paul, MN 55111-3034 Washington, DC 20004-1707
8

1 Toby Cordell 2 Sierra Matrix, Inc.
Wright Laboratory Attn: Marvin F. Fleming
Materials Directorate John Carmthers

SL/MLLP, 48890 Milmont Drive, Suite 105D
W-PAFB, OH 45433-06533 Fremont, CA 94538

2 FAA Northwest Mountain Region 4 FAA Technical Center
Transport Airplane Directorate Aging Aircraft Program
Attn: Dayton Curtis, ANM-109 Attn: Dave Galella, ACD-220

Richard Yarges, ANM-112 Dick Johnson, ACD-220
1601 Lind Ave. S.W. Chris Seher, ACD-220
Renton, WA 98055-4056 Chris Smith, ACD-220

Atlantic City Airport, NJ 08405
2 Failure Analysis Associates, Inc.

Attn: Tom Davis 1 Steve Gehl

Tim Harrington EPRI
8411 154th Avenue, NE P.O. Box 10412
Redmond, WA 98052 Palo Alto, CA 94303

1 Nancy Del Grande 1 Johnathan (3oo
LLNL/NDE Aloha Airlines
P.O. Box 808 P.O. Box 30028

Livermore, CA 94550 Honolulu, HI 96820

1 ColinDrury 1 Robert Green, Jr.
SUNY-Buffalo Johns Hopkins University
342 Bell Mall Center for NDE

Buffalo, NY 14260 Maryland Hall 102
3400 N. Charles Street

1 William Eiliott, Chief Baltimore, MD 21218
Structures Technology Branch
WR-ALC/TIED 1 Robert H. Grills

Robins AFB, GA 31098-5149 SAIC
Two Shaw's Cove, Suite 101
New London, CT 06320
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1 Don Hagemaier 1 Kim Kober
Dept. 1LS, M.C. 36-14 DuPont NDT Systems
Douglas Aircrat_Co. 15751 Graham Street
3855 Lakewood Blvd. Huntington Beach, CA 92649

Q Long Beach, CA 90846
1 Igor Komsky

1 Joe Heyman Northwestern University
NASA LaRC 2137 N. Sheridan Road
MS231 Evanston, IL 60208

Hampton, VA 23665
1 Karl Kuchling

1 Dave Jankowski ABB Amdata Inc.

Krautkramer Branson, Inc. P.O. Box 701127
50 Industrial Park Road San Antonio, TX 78270-1127

Lewiston, PA 17044
2 Boeing Commercial Airplane Group

1 Russell Jones Attn: Steve LaRiviere

Inspection Foreman, NDT Mike Hutchinson
US Air P.O. Box 3707, MS 9U-EA
P.O. Box 12346 Seattle, WA 96124-2007

Pittsburgh, PA 15231
1 Jess Lewis

1 Duane P. Johnson FAA, Aircrat_Certification Service

SE Systems, Inc. Continued Airworthiness Staff
26203 Production Avenue, Suite 10 (AIR-107)
Hayward, CA 94545 800 Independence Ave SW

Washington, DC 20591
I Bill Kaufman

CMV 1 John W. Lincoln
4400 5th Avenue USAF

Pittsburgh, PA ASC/ENFS Bldg.125
2335 7th Street TE6

1 William Keil Wright Patterson AFB, GA 45433
Region Airline Association
1101 Connecticut Ave. NW, 1 Sarah MacLeod
Suite 700 Executive Director

Washington, DC 20036 Aeronautical Repair Station
' Association

1 Mark W. Kirby 121 North Henry Street
ABB Amdata Inc. Alexandria, VA 22314

1000 Day Hill Road
Windsor, CT 06095 1 George A. Matzkanin

NDI Testing & Analysis Center
415 Crystal Creek Drive
Austin, TX 78746
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1 Thomas E. Michaels 1 David Santoy
Panametrics Director, Quality Control and QA
102 Langmuir Lab Evergreen int'l Airlines
95 Brown Road 3850 Three Mile Lane

Ithaca, NY 14850 McMinnville, OR 97128 P

I Anthony N. Mucciardi I Bill Schultz .
Infometrics VP Engineering & Maintenance
814 Thayer Avenue, Suite 350 General Aviation Manufacturers
Silver Spring, MD 20910 Assoc.

1400 K Street NW, Suite 801
Bud Nethercutt, MD23 Washington, DC 20005
American Airlines
P.O. Box 582801 1 Bob Scoble

Tulsa, OK 74158-2809 United Airlines
Manager, Aircraft Inspection

I Don Nieser San'Francisco Int'l Airport
OC-ALC/LACR San Francisco, _A 94128
3001 Staff'Drive, Suite 2AC489
Tinker AFB, OK 73145-3019 2 FAA

Attn: Fred Sobeck, AFS-330D

2 FAA Central Region Les Vipond, AFS-302
Small Airplane Directorate 800 Independence Ave. SW
Attn: M. Nuss, ACE-102 Washington, DC 20591

B.W. Sexton, ACE-102
601 East 12th St. 1 JerryScott
Kansas City, MO 64106 Energy Equipment Sales

73 West Ranch Trail

1 Gregory L. Piller Morrison, CO 80465
Sonix

8700 Morrissette Drive I Mel Seigel
Springfield, VA 22152 Carnegie Mellon University

Robotics Institute

1 Richard L. Rohrig, Pittsburgh, PA 15213
Insp. Supervisor, NDT

Continental Airlines 1 Warren Stauffer
8250 E. Smith Rd. TOGGA

Denver, CO 80207 ' 2501 S. El Camino Real #108
San Clemente, CA 92672 ,r

1 Ward D. Rummel

Martin Marietta Aerospace 1 Rob Stephan
8776 W. Mountainview L Pratt & Whitney
Littleton, CO 80125 P.O. Box 109615

West Palm Beach, FA 33410-9615
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1 Tom Swift 1 HansWeber

Federal Aviation Administration Weber Technology Applications
AC Certification Office 7916 Laurelridge Road
3229 Fast Spring Street San Diego, CA 92120
Long Beach, CA 90806-2425

1 Ev Westfahl

1 Hajime Takeuchi Westfahl and Associates
Dir., Eng., Program and Control 6101 Marble NE #4
United Airlines, SFOEG Albuquerque, NM 87110
San Francisco Int'l Airport
San Francisco, CA 94128 1 Nancy L. Wood

McDonnell Douglas Aircraft
1 Martin Taylor Company

TOC,-GA Mailcode 1021111
521 Golf Links LA P.O. Box 516

Longboat Key, FA 34228 St. Louis, MO 63166-0516
Detroit, MI 48202

1 Fred Worldy
1 Bob Thomas, Director Manager, Maintenance Operations

Wayne State University National Air Transport Association
666 W. Hancock St. 4226 King Street
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