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PREFACE

i This work was performed at the Federal Aviation Administration (FAA) Aging Aircraft
: Nondestructive Inspection Validation Center (AANC) in Albuquerque, NM, and sponsored by
the FAA Techinical Center in Atlantic City, NJ. The author was able to conduct the scanner
evaluations through the cooperation of vendors who participated in the demonstrations. The
author expresses his appreciation for the time, effort, and expense the vendor participants and
sales representatives incurred while performing the hands-on demonstrations. The author also
thanks other members of the AANC staff for their support.
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EXECUTIVE SUMMARY

Fieldable nondestructive inspection (NDI) systems based on eddy current and ultrasonic
inspection methods, and utilizing scanners to produce images, have been used in the nuclear
and petrochemical industry for years to detect cracks, corrosior, and disbonds. Similar
systems have the same potential in the airline industry for early detection of hidden damage in
aircr.it structures.

The images produced by the scanning systems mentioned above are called C-scans. C-scans
are 2-D images produced by digitizing the point-by-point signal variations of an interrogating

.sensor while it is scanned over a surface.

To provide the encoded sensor position for the computer during C-scan imaging, a number of
portable scanner designs and scanner methodologies have been developed in recent years.
Both manual and automated portable scanners have been developed that may be useful for
aircraft NDI.

The goal of this project was to produce a document that contains information on the evaluation
of scanner systems as they apply to aircraft inspections.

From a literature survey 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 nonmechanized designs.

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

dual axis, tilting arm and bridge, manual (mechanized);

dual axis, tilting arm and bridge, automated (mechanized);

radial axis, tilting arm with rotation axis bridge, manual (mechanized);

dual axis, cantilever arm bridge, manual and automated (mechanized);

mobile, automated, ultrasonic scanner (mechanized semiautomated);

dual axis, rectangular bridge, automated (mechanized);

hands free x-y digitizer (nonmechanized acoustic or video tracking); and
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square transducer array (nonmechanized electronic switching).

Appendix A includes a brief description of the functionality of each scanner type, a sketch,
and a list of the companies that support the particular design.

Vendors provided hands-on demonstrations of their equipment on aircraft samples in the
Federal Aviation Administration (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




from in-service conditions, Capabilities and limitations of the design, portability, articulation,
performance, usability, and computer hardware/software were recorded during the
demonstrations.

From observations and information recorded during the demonstrations, a matrix of features,
factors, and their respective evaluations for each scanner tested was constructed to provide a
quick reference for comparing the different scanner systems. A table containing the evaluations
and ranking of each feature or factor for the scanners demonstrated is provided.

No attempt is made to rank the scanner systems overall with comparative scores. This is left
to potential users. The users should consider features and factors that are most important for
their respective applications,

Excellent C-scan images of eddy current and 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 number of 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
appendix F. Suggestions for improvements are also provided there.
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INTRODUCTION
BACKGROUND,

Fieldable nondestructive inspection (NDI) systems based on eddy current and ultrasonic
inspection methods, and utilizing scanners to produce images, have been used in the nuclear
and petrochemical industry for years to detect cracks, corrosion, and disbonds. Similar
systems have the same potential in the airline industry for early detection of hidden damage in
aircraft structures. Corrective repairs initiated by early detection of damage can be cost
effective by reducing the need for subsequent major repairs that impact the availability of the
aircraft for revenue.

Another possible application area aside from aluminumn structures is composites. New aircraft
rely increasingly on composite technology. Periodic inspections of a composite structure for
delaminations and impact damage during the service life of the aircraft are essential for safety.
Ultzasonic imaging of composites has the potential to provide the inspection data needed to
detect these defects and assess the structural integrity of the composite during the life of the
aircraft. Thus, imaging technology is applicable to both new and aging aircraft.

The images produced by the scanning systems mentioned above are called C-scans. C-scans
are 2-D images produced by digitizing the point-by-point signal variations of an interrogating
sensor while it is scanned over a surface. The X-Y position of the sensor is recorded
simultaneously with the signal variations. A computer converts the point-by-point data into a
color representation and displays it at the appropriate point in an image. This image usually
makes it much easier to interpret defects than the individual measurements.

To provide the encoded sensor position for the computer, a number of portable scanner designs
and scanner methodologics have been developed in recent years. Both manual and automated
portable scanners have been developed that may be useful for aircraft NDI.

GOAL,

The goal of this project was to produce a document that contains information on the evaluation
of scanner systems as they apply to aircraft inspections. The document is based on
demonstrations of commercially available, portable inspection systems that were observed
while scanning representative aircraft structures.

OBJECTIVES,
The objectives of this project were to:

1. Demonstrate and evaluate the capability of commercially available portable scanner
systems to generate C-scan images on representative aircraft structures.

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




DEMONSTRATION AND EVALUATION PROCESS
A R SYSTEM DESIGN IDENTIFICAT

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 autornated 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 transmitting a
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 employed a 2-D array of
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 transducer
elements of the array.

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

dual axis, tilting arm and bridge, manual (mechanized);

dual axis, tilting arm and bridge, automated (mechanized);

radial axis, tilting arm with rotation axis bridge, manual (mechanized);

dual axis, cantilever arm bridge, manual and automated (mechanized);

mobile automated ultrasonic scanner (mechanized semiautemated);

dual axis, rectangular bridge, automated (mechanizedy;

hands free x-y digitizer (nonmechanized acoustic or video tracking); and
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square transducer array (nonmechanized electronic switching).

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 particular design.

H h DORS FOR HA - E

Vendors provided hands-on demonstrations of their equipment on real aircraft samples in the
Federal Aviation Administration (FAA) Aging Aircraft Nondestructive Inspection Validation
Center (AANC) in Albuquerque, NM. The aircraft samples and the Boeing 737 (8737)
airplane used in the demonstrations contained known areas of corrosion damage and disbonds.
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Capabilities and limitations of the design, portability, articulation, performance, usability, and
computer hardware/software were recorded during the demonstrations for later evaluation.

For each scanner type, vendors were contacted and performance demonstrations of their
equipment were discussed. If the vendor was receptive and volunteered to conduct the hands-
on demonstrations, arrangements were made to perform the demonstrations in the FAA/AANC
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 different NDI techniques
could then be evaluated at the same time. In some cases, two demonstrations were scheduled
at different times for a given NDI technique when two different vendor representatives of the
respective techniques were involved.

Priority was given to vendors who supporied 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 providing significant information on the
capabilities and limitations of the scanner design type for the different NDI modes.

The scope of this project was to evaluate all the basic scanner types that are appropriate for
aircraft NDI examinations. A number of vendors sell very similar scanners of the same basic
design. They have integrated the scanner with their data acquisition and software system but
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 similar results 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
provided in appendix B.

AIRCRAFT SAMPLES,

The demonstrations were performed on a group of samples that represented defects from in-
service conditions. Samples with lap splice joint corrosion, various surface conditions and
thickness, and disbond conditiors were chosen. Also, various geometric configurations on the
B737 aircraft where the scanner must be mounted in a vertical or upside down (overhead)
position were chosen for the evaluation.

Five samples used in the evaluation were:
1. A.D. Little aluminum lap splice joint intergranular corrosion attack specimens of 0.04-inch
thickness. (AANC Test Specimen Livrary Numbers 115 through 122)

2. Large 0.07-inch-thick aluminum panel with visible pitting and intergranular/exfoliation
corrosion and pillowing of the surface. (AANC Test Specimen Library Number 111)

3. Calibration standards used for setting up tests for circumferential tear strap disbond.
(AANC Test Specimen Library Numbers 183 through 185)

4. Textron Specialty Materials boron/epoxy composite repair sample with implanted disbonds
and delaminations on an aluminum skin. (AANC Test Specimen Library Number 152)




5.

Various locations on the B737 AANC aircraft with disbonds and corrosion. (AANC Test
Specimen Library Number 100)

Detailed descriptions of these samples are given in appendix C.

STEPS QF THE PERFORMANCE DEMONSTRATION,

The performance demonstration of each scanner by the vendor was conducted wiith the
following steps:

1.

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

A calibration and initial setup 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 thc general capabilities of the system and scanner operation. At this time, an
overview of the equipment hardware and software capabilities was provided by the vendor.

For the first eddy current test, the A.D. Little 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 obsetve the effort the examiner needed to obtain meaningful
C-scan images representing the areas of corrosion damage.

For the second eddy current test, 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 demonstrate how well the scanner function; on
wavy and rough surfaces representative of significant pillowing. The time to scan and
obtain meaningful C-scan images of the corrosion for an area of 4 and 8 square inches was
recorded.

The scanner with the eddy current sensor was then attached to the B737 airplane where a
demonstration was conducted at the area bounded by body station (BS) 877 and BS 887 and
stringers (S) 22R and S 24R. The scanner must be positioned somewhat vertical and
upside down to perform this test. This area of the airplane had corrosion and a tear strap
disbond could be seen by viewing the interior panel surface. This test demonstrated the
ability of the scanner and effort required by the examiner 0 take inspection daia on a
curved surface and with the scanner in an upside down or overhead position. 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 different
scanner systems. If time permitted, C-scan images were also obtained at the lap splice
joint 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 airplane above the windows between BS 817 and
BS 907. The equipment must be carried up a scaflold and attached to the fuselage above
the windows for this ast eddy current test. This exercise provided information on the
portability of the scanner.
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6. For the first ultrasonic pulse-echo and resonance evaluations, area scans with C-scan
images were made on the tear strap disbond calibration standards and the Textron
boron/epoxy repair patch calibration standard. 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 simuiate the resonance bond
testing technigue to obtain the inspecticn data.

7. The scanner with the ultrasonic sensor was then attached to the B737 airplane at BS 8§77 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 disbonds have
occurred demonstrated the ability of the scanner and effort required by the examirer to
take ultrasonic inspection data for the vertical and overhead position 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 deiected damage with different scanner systems.

Later in the pregram, a boron/epoxy repair patch was placed on the airplane and on a large lap
splice joint fatigue panel. Demonstrations of 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 integrity of the repair
patches.

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

SCANNER EVALUATION MATRIX
VALUATION MATRIX CONTENT

As a result of the observations and information recorded during the demonstrations, a matrix
of features, factors, and their respective evaluations for each scanner tested was constructed to
provide a quick reference for comparing the different scanner systems. Table 1 contains the

1 i ~hy Tree - £ mbrae Fnee crnmamara Aot o qdec b A
evaluations and ranking of each fecaturc or factor for the scanners demionisiraied.

The evaluations concentrated on the mechanics and efficiency of the scanner to provide XY
position data while maintaining proper sensor orientation and articulation so that meaningful
C-scan images were obtained. The matrix contains observations made by the author while
witnessing the demonstrations for the different NDI methods of eddy current scans, ultrasonic
pulse-echo scans, or ultrasonic bond testing scans.

Each feature or factor in table 1 is ranked from 1 (not applicable for aircraft applications) to 5
(ideal for aircraft applications;. The ranking criteria for each feature or factor is given in
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appendix D. The purpose of ranking the features is meant as an aid to document observations
made during the hands-or demonstrations and to differentiate them from the characteristics of
the author’s idea of an ideal scanner system, which is given in appendix F. The ranking is
meant to point out differences observed by the author during the hands-on demonstrations and
is not meant to be a recommendation of one system over another. Each system has certain
merits that may make it useful in one application but undesirable in another application. Every
feature of the ideal scanner system is not attainable in any one scanner dosign. The
characteristics of an ideal scanner are discussed in appendix F.

All systems evaluated contained software that generated basic C-scan images. The basic
C-scan images were quite adequate for aircr.it applications. Some systems contained software
tools for advanced image processing that could be used to enhance interpretation of a particular
inspection data set. These tools are valuable, but the evaluation of the imaging tools available
in the various systems was not attempted.

No attempt is made to rank the scanner systems overall with comparative scores. This is left
to potential users. The users should consider features and factors that are most important for
their respective applications. The evaluation of the features and factors for all of the scanners
demonstrated are given in table 1.

EXAMPLE C-SCAN IMAGES

Excellent C-scan images of eddy current and ultrasonic inspection data were obtained during
the performance demonstrations. Illustrations of the C-scan images obtained from examinations
of the five AANC library samples used in the evaluation are shown in appendix E. Pictures of
the attachment of a number of 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 provided to show the potential benefits of C-scan imaging in inspection of aircraft
structures.

DISCUSSION
Commercially available portable scanners can provide excellent C-scan imaging of NDI data.

The images shown in appendix E illustrate the 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 similar structures by the vendor representatives and the author. The parameters
used may not have been optimal for quantitative NDI results especially since only limited time
was available to demonstrate the equipment. Quantification of corrosion damage can be done
through proper calibration procedures. The purpose of this study was to evaluate the usability
and performance of scanner systems to acquire and display meaningful inspection data of




corrosion damage and disbonds. No attempt was made to calibrate and optimize equipment
parameters or quantify the corrosion damage detected.

When applications are identified and the use of C-scan imaging is concurred by industry to be
valuable for future NDI aircraft applications, then the test parameters, calibration, and test
procedures must be developed and established for these defined applications. The development
of these optimum test parameters, procedures, and reliability of inspection results on the
variability of surface conditions, paint thickness, etc., would be the subject of possible future
work for knowledgeable researchers in the field.

CONCLUSIONS
Conclusions derived from this evaluation study can be summarized as follows:

» Eddy current C-scan imaging can be implemented easily with available commercial
equipment and the benefits realized immediate!y. Ultrasonic resonance techniques may
also be implemented in the near future after experienced users have correlated results with
calibration samples and gained confidence in its use. Ultrasonic pulse-echo measurements
may be used only after the more experienced operators have developed a technique and
procedure for each specific inspection application.

e Every mechanized scanner tested scratched the surface of the aluminum panels for both the
eddy current and ultrasonic techniques. Automated scanners in some cases scratched the
surface more severely since larger forces are needed to keep the sensor holder in contact
and perpendicular to the surface. New designs of sensor holders are recommended that in
effect would result in more nearly frictionless contact deployment. However, scanning
over composite surfaces and composite repair patches with the present scanners did not
damage the surface of the composite.

e Eddy current data acquisition with the mechanized scanners was more reliabie and easier to
obtain than ultrasonic data acquisition. This is because small couplant variations and tilt of
the ultrasonic transducer influenced the inspection data significantly, whereas small lift-off
variations for the eddy current sensor has little effect on the inspection data.

e Both manual and automated scanners performed well over flat rivets and over surfaces with
nominal pillowing between rivets.

e Manual scanners are most useful for small area scans where surface obstructions (raised
rivets) may be present. Inspection times for 1 square foot coverage ranges from
approximately 10 to 20 minutes depending on the spot size resolution desired,

e Automated scanners are recommended for both small area scans and large area scans where
obstructions are not present. Inspection times for 1 square foot coverage varied from
approximately 5 minutes to 15 minutes. Spot size resolution is not a major concern for
automated scanners since fine and large spot sizes result in approximately the same scan
time.




Hands-free digitizer scanners have the potential of being the most useful manual scanner
since they are the least expensive and most versatile for areas of complex curvatures and
obstructions. They may also be useful in areas on and around the stringers on the interior
surface of the fuselage.

Manual scanners are more labor intensive and tiring to operate than automated scanners
especially in overhead applications. In general, manual ultrasonic C-scan imaging is very
difficult to implement for overhead applications. Inspection times longer than 1 hour
would be taxing on the examiner.

Passive rubber cup suction feet are unreliable for vertical and overhead deployment. An
active vacuum system either by hand pumps or an AC vacuum pump is more reliable.

The dual axis tilting arm bridge automated scanner provided the best results for portability,
performance, and overall usability of all the automated scanners tested.

The radial axis tilting arm with rotation manual scanner provided the best results for
portability, performance, and overall usability of all the manual scanners tested.

The heads-up display used to acquire data with the duai axis XY manual scanner did not
add to the performance or ease of data acquisition for C-scan imaging.

The 2-D transducer array system performed very well resolving 0.04-inch aluminum skin
thickness for possible quantitative and accurate corrosion damage assessment. Excellent
resolution of the implanted delaminations in the thin boron/epoxy repair patches was
obtained. Portability and usability of the 2-D array system were excellent.

The 2-D transducer array system has great potential in the initial and periodic assessment
of composite repair patches. It may also be useful for the assessment of impact damage of
composite structures,

An experienced ASNT Level 2 NDI inspector would be required to operate every one of
the C-scan systems evaluated for general applications, However, an experienced ASNT
Level 1 NDI inspector could operate every one of the C-scan systems with proper training
and supervision by Level II or Level 11l inspectors in specific applications.

Setup time from off the sheif to start of scan was reasonable (10 to 20 minutes) for all
systemns evaluated.

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

The strong points and weak points of the eight scanner types are discussed in appendix F.
Suggestions for improvements are also provided.




TABLE 1 - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

E’ Ideal, meets all requirements for aircraft applications

UT = Ultrasonic Test, ET = Eddy current Test

Company Krautkramicr DuPont ABB Amdsta MATEC
and Branson CalData SONIX
Scanner Hocking ZLetec
Features
sty ANDSCAN.. BQRIASCAN el DADS LLANDLSCAN,
DES
Ranic Design Tilting Radial Arm q Tilkng Arm Bridgo Canlilever Arm with Tilting Artn Brudge
and . wilh circular motion wilh X-Y ?incar nmotion figid X-Y lincar niotion with X-Y lincar motion
Scan Molon Manual & Randoin Aulomated Aulomaled Manual & Randosn
Meunt Type Three suction cups (4] Three independent (2} Numerous suction (3] Static rubber suction
1t series with one suction cups with three cups i series, one cups without manusl
hand vacuum punip wanual vacuum pumps AC vacuum pump vacuum pumps
Probe Holder and ES] Excellent I;ﬂ Good @ Good @ Adequate
Gimbals Design

Couplaut Feed
UT only, NA fur ET

Scanner Working
Distance Heiglt

X-Y Axis Resolution
PORTABILITY

Scanner Weight

Ruggediess

Deployment Ease

Computer Hardware

Moltor Controller
RTICUY

Complex
Shapes

Susface
Conditions

} .

Speed of

Coverage
Accuracy

Problemy
encountered

DSIraton |

@ Water drip feed at
uted proba holder

@ Minimum 10 inches

(5} 0.012inch

(3] 41

@ Excellent
@ Excellent

@ Exceliont

{X] Not applicable

l:d_] Scanner is usable
on fiat and irregular
shapes with dual
curvatures

4§ No problem over

pillowing or raised
rivets/joints ete.

2 sq. (. o 0.1 in. spot
ze, 15-30 minutes

@ Excellent

Lﬂ Suction cup feet
relax and slip after

@ Water drip feed at
uted probe holder

{4} Minimum 10 inches
(5] 0.01 inch

(4] 51bs

@ Excellent

(z] Eacellent

@ All in suitcase size
[3] CadinPC

@ Scanner Iy usable
on moderate dual

curvstures at vertical
sides and overhexd

I—iﬁ No problem over
pillowing and lap jownis,
no raised rivets

2sq. fi. 81 0.1 in. spot
ze, 10-15 minuter
Lz] Excellent

Probe was not held
irmly against curved

Lﬂ Water drip feed at
probe holder

IE Minimum 12 inches

(5] 0.0t inch

(2] 2516

[_ﬂ Excellent
@] Adoguate
(4] Good

I_EI Heavy, rack mounted

3 Scauner is usablc on
arge flat and moderate
dust curvaturcs that are

vertical and overhead

3] No problem over

pillowing and lap joints,
no raued rivets

2 xq. fi. at 0.1 in. spot
a¢, 19-15 minutes

(4} Good

Scanner fell to floor
times during lest, due

2} Manusl spray or
wipe on with clot

&] Minimum 6 tnches
(&) 0.00S inch

EIRR

(4] Gouvd

@ Excellent

@ Excellient

@ Not applicable

L—Iu Scanney is usable
on moderate dual
curvatures at vertical
sides and vverkead

4] No problem over
pillowing or rai
riveta/joints ete.

23q. R a1 6.1 in. spot
e, 15-30 minutes

{4] Good

Sensor mount design
1d not keep sensor




TABLE 1 - SCANNER EVALUATION MATRIX FCR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

Coampany
and

Features

USABILITY
Ease of Scan lor
Examiner

Vertical Obstruction
Clearance Needed

SOFTWARE
Fase of Uise for
Examiner

Ease of Setup Input
Paramictors

Dala Acquisition
Characteristics

hmage Display
Lmage Aspect Ratlo

Image & Data
Processing

Hard Copy

Opcrator Training
for Expericace Level

NDI Mode Support
Ultrasonic (UT)
Eddy Current (ET)
Bond Tester

Scanner|

(CONTINUED)

Krautkramer DuPont ABB Amdais MAT E'(.'
Branson CalData SONIX
Hocking Zetec

ANDSCAN PORTASLAN ANSAPY FANDLSCAN

{2} Arca greater than
sq. i1 is very labor
intensive

(4] Scanner height plus
exmnlier arm clearance

[ 4] Easy user menus

[ 4] Teon Ole micnu for
cusy input parameters

Lj_l_H bit analog input
Tgitizer, 386/20 PC min.

[# HReal thse 16 colors

ol

5} Zaom, 3D, TOFE,
-sean, new palettes ¢le

5] Yes with print sereen
software & printer

(4] 2103 days

Level 11

L.’ﬂ Any analog output

Tested/KB USD 10
Tested/Phasee 3.4
Yes/Test Shnulated

gﬂ Arca greater than
sq. {1, 1s casily done
even overhead scans

4] Scanner height plus
angle of scanner arm

4! Easy user menus

m Raoutine user mode
easy to define sean

[ ig & hit digitizer
6125 PC

l‘ﬁ} 256 color/gray scale,
0}

u Zoom, spreadsheet
view, 31, Bescan, ete.

;i! Yes with print screen
soltware & printer

(4] 210 3 days
level Il

[ﬂ Any analog output
Tested/Quantun QBT
Tested/MIZ 22
Yeu/Test Simulated

(4] Area greater than
s, L is casily done
eveit overhicad seans

3] Scanner working
tance height

{ 4' sy user menus

f_-l_] Routine user mode
eaxy to deflne scan

[5) 16 bit digitizer
-J 4R6/33 I'C

{ 2] Reat time 9 colors
muynot be I to t

(8] Zoom, differentinl
view, new pull point, ete,

[ &] Yes with print serven
soltware & printer

(3] 3105 Days
Level 1l

fﬂ Any analog output
Tested/ABR PC Cand
Tested/ABB PC Card
Yes/Test Simulated

2) Agsca greater than
Tsq. 1. is very labor
mtensive

[1} Scanncr helght plus
exwmlner ar clearance

| 4) Easy user menus
Single ter select

(4} Ew » sctup file input
or change on-screen data

4F 8 bit digitizer
386 PC

m Real thine 16 colors
wsay ot be 1to 1

SF Zoom, palette change
sean, TOF, ete.

E] Yes with print screen
soltware & printer

Ii] 210 3 davs
Level 1l

[ﬁ Any anulog output
Tested/Explorer 9000
YewNot Tesied
Yes/Not Tested

COST
Hardware & [_4_] 540,000 for scanner {3} -$50.000 total system | _g $35.000 one mode svs u] 336,000 for PCUTT
Software and software, PC and " and soflwure, £ Plus 340,000 for sciner, cards,scanner, software,
NI insinnnent separate ine o . o tracks . . S - N
SUMMARY.
Company Krautkramer DuPont ABB Amdata MATEC
and Branson CalData Sonix
Scanner Hocking Zetec
ANDSCAN RORLASCAN OMALS LUANDLSCAN
Handy local area scanner Good scanner for local and Fast large arca scanner, 16 Light weight cary
Pros for all geometries, fast large arcas, little cffort hit digitizer allows new EC attachient. Can choose
coarse sean with tine scan required for fong nult for processing images min, max, or last data point
overlap at areas of interest. nspection times. without rescaa. for real time display.
Tedious for large area and Sensor holder severely Heavy scanner, two man Prolw holder
Cons overhead scans, surface is seratehed aluminum apreration above inadeguate for ¢asy
seratehed slightly, tiring surfaces. ground level. probke arti:ulation. Not
for long inspection times casy (o fill image area.
Excellent manual scamner for | Excellent sutomated and easy | Very good scanner for Not readily usable fir
Conclusion small arca ET examtinations. | to use scanner for most ET

I not so eesy for UT exams.

and UT inspections,

large area scans of
moderate geometry.

UT exams but adequate for
ET small arca inspections.

10




TABLE 1 - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.
(CONTINUED)

Company SAIC SAIC Infometrics SmanEDDY
and Ultra lrage Uiltra Image Systems
Scanner Intemational Intermalional
Features
allaclon, JAJBAMAGEL, MATRANMACGELY, NS eSO
DESICN _

Basic Desigh @ Cantilever Arm with 3] Cantilever Arm with Tiung Arm Bridge PZT sound
and ngid X-Y lincar mouon rigid X-Y hnear motion with X-Y lincar mation microphones con
Scan Motion Manually driven Automaled Manual & random Manusl & rando
Mount Type 41 Twa large suction cups 3] Siatic vubber suction Microphon

Probe Holder and
Gimbals Design

Couplant Feed
UT only, NA for ET

Scaser Working
D:stance Height

X-Y Axis Resvlution

Scu\n%?‘-}lruw\l
Ruggedness
Deploymient Ease
Computer Hardware
Muotor Controller

!

Camplez
Shapas

Surface

Conditions
PERFORMANCE

Specd of

Coveragr

Accuracy

Protilems
encountered

wilh independent manual
vacusm pumps

E}J Adequate but nceds
improvement

(2] Spray or wipe on

@ Minimum 12 inches

u] 0.04 inch
E‘I 15 Ibs

E] Adeguate
[4) dood
[;ﬂ Excellent

(X Not Applicable

3| Scanier is usable on
ange flat and moderate
dual curvatures that are
vertical and under sides

q No problem over
pillowing and lap jonts,
no raised nvets

21 2xq.ft at0.1in. spot
slze, J0-45 minutes

[(4] within one spot muze

Sensor mount design
not keep sensor securely

during Demopstration

@ ‘Three suction cups with
check valves for paraliel
vacuuni from AC pump

CI' Adequale bul needs
improvement

I“B Waler flow at
rainducers

E Minimum 12 inches

[:_E] 0.04 lnch
[_‘g 25 Ibs

[;JJ Adequate
Giood
@ Excellient

rS I Card w PC slot

3] Scanner is usshle on
arge fat and moderate
dual curvatures thal are
verticul and under sides

No problem over
pilfowing and lap joinis,
no raised rivets

@ 2 3q. i at 0.1 In. spot
size, 2030 minutes

[A) Within one spotsize

3§ Sensor mounX design
nol keep scnaor
secupely in place

in place, PC hung at times

11

€ups without manusl
Vacuwih pumps

Adequate bul needs
wmiprovement

[2] Spray or wipe on

[‘Zl Minimum 6 inches

(5] o.0tinch

EY L

G! Good

E‘)] Excellent

E Excellent

[)Q Hot Applicable

E)j Scauner is usable

on moderate dusl

curvatures st verticsl

sides and under sldes
No problem over

pillowang and tap joints,
no rased rivets

2 3q. ft. a1 0.1 in. spot
¢, 15-30 minutes
Et] Within one spot size

(3] Difficult to malntain
couplant, no cholce

wilh small sucti
AC vacuum pu

@NA
X} Nna

@ Miunmum 2
(5} o0t inch

5 ounces
(5] Excellemt
E] Excellent
&] Excellent

L)g Not Applica

[B Scanner s

complex surface
protrusions ete.,
and under sides

No prohlem
pillowing or raisc
riveta/joints cic

2aq f.at
sze, 15-20 minu
Within one

Conflect of
resulted In false

on nax, min dsta update

|_Dositions freque.




TABLE | - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

Conpany SAIC
d Ultra Image
I ional
A Facion MLIRANMAGEIN,
'S
Ease of Scan for [,_l] Area greater than
Examiner sq. fl. is

Vertical Obscruction
Clearance Needed

SOFTWARE
Easc of Use for
Examiner

Ease of Setup Input
Paramnelers

Data Acquisition
Characteristice

Linage Display
linage Anjeet Ratio

Image & Data
Proceszing

Hard Caopy
Operator Training
for Experience Lewel

NIM Mode Support
Ultrasonic (UT)

labor intensive

@ Helxht of scanner plux
nspector's body clearance

u] User mienhus

(4 Tcon file menu for
casy inpul parameters

(4] 8 bit digiimr,of
:Y!r’:‘.‘ e

@ Real siine 256 colors

ol

(l;sj Zoom, TOF, 32 gales
4can, hew paleites e,

.’;ﬂ Trumediate with print
screen soliware & prioter

[3] 3-5 days
'J Level U1

(5] Any anslog sutput
Tested/SAIC UTY cazd

(CONTINUED)

(4] Heiant of scanner

(4] Uner nienus

3] Sofiware use nid easy
ur scan parameter lnput

4) 8 bit digitizer, of
25 PC

;‘l] Real time 256 colors
o}
3§ Zoom, ‘TOF, 32 gates
-scan, ncw palcties clc,

(3] Immediate with print
xcreen sullware & printer

@ 3-5 days

Lewel I

(5] Any anatog cutput
Teste/SAIC UT card

T4} Height of scanner snd
clearance foi inspector

(3] Easy user menus
{ 4] Routine setup nies

and user defined inputs

(4] s it digitizer
386/33 PC

w Real e 16 colors
o1

(3] Feature extraction
17 added soltware

E] Inunediate with print
sciven sultlware & printev

E] 2 Day:

Level O

2] Any anaiog output
Tested/UT ext module

SAIC Infonietrica SmarEDDY
Ultza Iniage Systenw
Interiational
e RAMAGE LY S22 SAC (P10
4] Arca greafer than [ 2 Arca greater than 2} Arca greater than
sq. fl. is caxily donc 8q. R, is very 4q. R, is very labor
cven overhead scans labor intensive intenive

Helght of scanner and
clearance for inspector

(4] Easy user menus

(L4 Easy netup file input
of change vit-screcn data

5] 16 bit digitizer
436/80 1C

;‘l‘ Ren! tie 16 colors
o1
Sh Zoom, cic, optiona naby
it impedance vectors

I;SJ Tmniediate with print
screen sollware & printer

(4] 2daya
Level I

r_il Eddy Current Ouly
No

Eddy Current (ET) Tested/Rohimnannfelolest) Yew/Nut Tested Teosted/Nortec 19¢ Yes
Bond Tester YewTest Simulated Yes/Test Simulated Yes/Not Tested No
COST - ) _
Hardware & [ 3] - $63.000 nunimum fr (3] ~365.000 minimun: for 4] -$30,000 system (4] 525,000 for EC PC
Sofiware systen, exira sotftware system, extra soflware us 37,000 for scanner, system and scanner
$10,000 $10.000
_SUMMARY .
Company SAIC SAIC Infometncs SnmanEDDY
and Ultra image Ullra Ivage Systens
S It jonal Intemational
ULTRADMAGE [V 11 TRAIMAGE [V _tl\,&\'Y-’ LA (P10
Easier to use than random Nuot as labor {ntensive to Light weight; casy Fieo movenicnt of probe
Pros manual scanpers; extensive operate as manual SAIC attachment; intwitive aver complex geometries;
soflware capability, scanaer; good for losy soflware mancuvering. excellent ET 16 bit data
inspedtion times. acquisition and display.
Tedious for laigs arca Probe holder severely Not eany to 6ill inspection False X-Y positions from
Cons and overhead scratchied surtace; probe area; probe holder design triangulation system hinders
scans. need experiense (o holder not designed not adequate for UT straight d image coverage.
wic software effectively. for casy continuous use. beam examiialions.
Adequate for small Jocal Good scanner possibilitics Good only for srmall arca Excelleni for ET scans of
Conclusion area UT & ET scans, for most inspection purposcs ET scams. plex g bics; tedi
with an improved holder, for large Arca scanning




TABLE ! - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

(CONTINUED)

Company McDonnell Douglas Pananietrics Sicrra Matnix Failure Analysin
and Automated gystems Heads Up Display Associates
Scamner
Features
; AL I MULISCAN LY PARIS
DESIGN _ ‘
Basic Design Lﬂ Hand held manipulater Rectangular Bridge 31 Tilting Tee Bar (2} 2D Amay of 0.25 ich
and ol 1o 4 oscillating sensors wilh rigid X-Y mwtion wilh X-Y lincar motion square transduces clements
Scan Motion Scmi-automated Aulomated X axis auto-step, Y random Electronic XY
Mount Type Scanuer ix held in place | [ 4] Four Independent 2§ Mintature scsnner taped @ RTV Rubber suction
y hand and is moved to suction cups with AC n piace, heads up display anket with AC vacuum
and fro to form image vacuum pump and backpack PC pump
Probe Holder and {4) Excollent "2} lnadequate, needs {3] Adeyuate X3 na
Gimbais Design i improvenicnts
Couplant Feed (2] Spray or wipe on (4] Water feed o aquirted | [2] Spray or wipe on £} Spray on water,
UT only, NA for ET atsensor holder ectd not needed
ﬁ:mncr Working (4J Minimuni 10 inches {3] Minimum 15 inches (4] Minimum 6 inchies I3] Minimum 1 inch
Nstance Height

X-Y Axis Resolution

Q|
Scanner Weight

Ruggedness
Deployment Ease
Computer Hardware
Motor Controller

ARTICULATION
Complex
Shapes

Surface
Conditions

PERFORMANCE
Speed of
Coverage

Accuracy
Problewms

sncountered
st

ES] 0.043 inch
(4] 31

(&) Escelient

L—z] Excellent

@ Portable work station
(3] Card in nuiname

4] Scanner is usable on

at and moderate dual
curvatures that are horizontal
verticul or overliead

E;ﬂ No problem ower
waviness (pillowing) o¢
raised joints and cdgey

4] 2 54 0 st 0.1 b xpat
, 1015 minutes

{41 Wittin one spot size

3] Loagitudinal encoder
wheels slipped on wel UT

(&) votineh

[2] over2sins

[1] Excelieat

Cioed

(3] Rack mounted chasis
[3) Rack mountcd

[3] Scanner iz usable cnly
on Nut or slightly curved
surfaces, can be mounted on
veriical sides and overhead

[g] Scasor holder was not
crigned for pillowing in swiface]
no r ;oblem for squirter

[} 2sq. M. avo.d in. spot
e, 10-15 minutes
{4} Within one apot size

Probe was not held
Fay aalnst curved surface

(& 0.05inch
(&) stos

L;‘] Excellenst

(3} Adequaie

[Z] BackPackPC

[:5] In back pack worn by user

[3) Scxnner is usable only
on small flat and moderate
curvatures, hrlzontal,
veriical, and overhead

[:4\" Slight problem over
milowing and corrosion
Pils etc.

(;2] 2 uy. ft. at 0.1 in. spol
ze, over 45 niinutes
E! Within one xpot size

E‘ﬂ Consistent trensducer
couplaut was not uchieved

(3] oasinch
{3310

(&3 Excellent

@ Excellent

(3] Excellent
[5{__] Nt Applicable

{8] Scanner is usable

o (at and curvatures up to
1 foor radins, horlzontal,
vortical, or overhead

[ 3} Scanner can not operate
over raised rivets, raised joints
nced ta be fitled at vacuum scal

31 2q. fU at 0.25 in. spot
. 15 .30 minutes

@ 0.25 inch

(4} Initiating vacuum seal
was not linmediate in soine
h




TABLE 1 - SCANNER EVALUATION MATRIX FOR EDDY CURRENT
AND ULTRASONIC C-SCAN IMAGING OF INSPECTION RESULTS.

(CONCLUDED)

Comipany McDonneli Douglas Panametrics Sierra Matrix Failure Analysis
Automaled syslenss Associalcs
andEaos, AL MULLECAN. LIEUTY IN
ISAR
Ezse of Scan for 2] Arca greater than 4] Arcagreater than Arca greater than 4] Arca greaicr than
Examiner xq. R, is casily inspected, but #q. R. couid be done »q. fl. is very labor #y. fi. is casily done
overhead usage is tedious with squirier technology infensive

Vertical Obstruction

[:l.‘ﬂ Helght of scanner and

[3] Height of scanner

4} Height of scanner and

LEI Helght of scanner

Clearance Needed clearance for Inspector clearance for Inspector
SOFTWARE ~ . -
Easc of Use for [[3] Easy window uscr [ _1] Window mcaus ot as 3] Window mcnus not as l]_S] Easy user pichus with
Examiner nicous casy (o uic as possible casy 1o usc ar possible unction keys operation
Ense of Setup Input [3] Easy setup wnenu and “4] Software use needs traln- | [ 4] Easy setup file input [L4) Euny setup file bisput
Paramelers recall user files "%, MACras eases its use or change on-screen data oF change on-screen data
Data Acquisition g_] £ hit digitizer 4} 8 bit 400 Mz digitiacr “4¥ 8 bit 64 MIlz digitizer "4} 8 bit 100 MiLz ADC
Characienistics s operating system t1, 486/33 PC 86/25 PC 86/33 PC
Image Display w Res! time 16 colors [;jl] 256 calur, multi-window I;l_p Real time, monochrome g%] Real time 16 levels
Tmage Aspect Ratlo ol 0 0l ol
Image & Data [r_s] TOF, phase,Framaker $) Zoom, B-scan, A<scan Eﬂ Cescan, B-acan images El%l A-B-,Cacan, 3-D
Processing 0 nuhe maniage of scans i, new palletes, ele. analyscd aft rf data scan 7, waveform averaging
Hard Copy (4} Only atter data set is (5} tmmediate with prind (2] Only arter data set iy [S] Immediate with priut
past snalysed screen suflware & printer post analysed screen soltware & printer
Operator Training 3] S dowyn |3} 2105 dayx [C4) 2 Days 4} 2dayn
for Expericnce Leval & Level Il e Level II Level U 4 Level U1
NDI Mode Support (8] UT, ET, Boud test (&) UT wnly (&} UTor kT (3} uT only
Ultrasonic (UT) Tested/ MCAIR card Tested/Panamelrics Tested/Sierea Matrix Tested/PARIS
Eddy Current (ET) Tested/ MCAIR card Yes/Not Tested Yex/Not Tesled No
Bond Tester Tested/MCAIR card Yes/Not Tested Yes/Nut Tested No
Hardware & ng - $140,000 for one mode L_u --$50,000 total system [_g] -$125,000 UT system 38 --65,000 tatal system
Softwarc 156,000 all three moxdes UT scansicr and soflware and scanner Array and software
SUMMARY . - .
Company McDonnell Douglas Panamelines Sierra Matnix Failure Asnalyais
and Automated syatenns Assaciales
Beanier
AUS 1T MUI J18CAN JE-ULY, PA.R}S
Handy and fast local arca Very comprehensive and Very poitable compact Very good scanner for smooth
Pros scanner for flat and moderate superior data acqusition and systenn. Can waork in savall surfaces - - 1 foot radins,
curvatures, very ¢ffective display system for area and move quickly oxceljent thickness resolution
for composite UT inspections. aquirter fcchnology. between new locations. with PVDF 7Milz tranaduccis,
Tedious and heavy for Scanner is heavy, vemsitility Heads up display did not Cannot be used oo wiaces
Cons overhead usc, aluminum fimited for aging aircraft ap- improve acanning capabilities with raised rivets voc.
surface is scraiched; plications of portablc for C-acan imaging for
cxpensive. sysich. aircrafl; expenrive.
A very effcctive scanncr for Portable squirter system nol Useful inapection tool for A- Very useful scanner for
Conclusion fast multi-modk inspections; immediately uscful for aging 1can inspection in remaie compoaites characterization
very good for composites, aircraft inpections, arcas; no added value for and compaosite repair
and repair patch evaluation. C-Acans. atch asxesxment.




Appendix A
Scanner Descriptions

A sketch and bricf description of the functionality of each type of scanner design, the method of
physical attachment to the aircraft, and companics that support the design type is provided below.

1. Dual Axis Tilting Arm and Bridge Manual Scanner

Functionality: Manual random motion in X and Y
directions or lock one axis and lincar motion in the
other axis. The scnsor is attached to a gimbals that is
hand held against the surface of the part to be
scanncd.

Attachment: Rubber suction cup feet and/or tape
Companigs: Matec/SONIX, Infomctrics, Sicrra
Matrix, Physical Acoustics, Nuson, ABB Amdata,
DuPont.

sensor
holder

2. Dual Axis Tilting Arm and Bridge Automated Scanner

Functionality: Stepping motor contrcl in X and Y
directions with onc axis as a step axis and the other
as a linear fast scan axis. Tilting arm is spring
loaded to kecp 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
indcpendent hand vacuum pumps.

Companies: DuPont/CalData.

suction cup
foet

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

Functionality; Manual random motion in radial and
angular dircctions, either axis can be locked. The

sensor is attached to a hand held gimbals and held
N\ sensor firmly against the surface to be scanned.
rheta encoder p)/ﬁ( holder Attachment: Rubber zuction cup feet with
bridge
i5h

suction cup feat ~—

independent hand or AC vacuum pump.

Companigs: Krautkramer Branson, Tecrad, Systems
Research Laboratories (Tilting arm replaced by
articulated arm),




4. Dual Axis Cantilever Arm Bridge Manual or Automated Scanner

Ca;:;e[ ll( N’nc ({ 4}

S
[ HJ} Sensor
‘\\] D _\_) holder

suciion cup feet

Functionality: Step in X direction and manual or
automated scan in Y direction. Step axis consisting
of a carriage helding the rigid Y axis arm
cantilevered over the area of interest. X axis guide
can be rigid or flexible and of long length. For some
designs, sections can be butted together for
automated scans of extremely long distances. X axis
carriage is attached mechanically to the guide or held
in place with magnetic wheels on a stecl flexible
track. Scnsor holder is in a gimbals and spring or
hydraulically Ioaded against the scanning surface.
Attachment: Rubber suction cup feet with hand or
AC vacuum purp.

Companies: SAIC, ABB Amdata, Tecrad.

5. Mobile Automated Ultrasonic Scanner

-
I S
@’o}éﬂ\: -

sensor pair

Functionality: Automated oscillating lincar motion of
multiple sensors in the Y axis and manual to or fro
mwtion in the X axis.

Attachment: Scanner carriage is hand held to the
surface to be scanned.

Companics: McDonnell Douglas.

6. Dual Axis Rectangular Bridge Automated Scanner

suction cup fest

Functionality: Step or fast motorized motion in X or
Y dircctions. Sensor holder is fixed to motorized Y
bridge and spring loaded against the surface to be
scanned.

Attachment: Rubber sucticn cup fect with AC
vacuuta pump,

Companies: Panametrics, Xactex



2

1

__-Microphones »

e

]
I
I3

Y
=) " Transmitter
and Sensor

]

A

ﬁ!l
8-inch square array
in vacuum blanket

R S - PO

7. Hands Free X-Y Digitizer

Functionglity: X-Y digitizing by acoustic triangulation
system or LED Vidco system. Hands-free random
manual motion in X or Y directions. Sensor holder is
held in the hand and the high frequency acoustic source
or LED is attached to the holder. A pair of
microphones attached to a bar is placed in front of the
area to be scanned or the video camera is placed above
the area to be scanned.

Attachment: Microphones are on a bar that is attached
by rubber suction cup feet to the surface to be scanncd.
Companics: SE Systems, Iinc.(acoustic), Sonomatic
Inc.(LED)

8. 2-D Square Transducer Array

Functionality: Elcctronic switching between small
transducer elements of the 2-D square transducer
array arranged in a flexible rubber shect.
Attachment: Suction to the surface with a vacuum
blanket and AC pump.

Companies: Failure Analysis Associates.




Appendix B
1 ) List of Vendors Who Participated in the Demonstrations

XKRAUTKRAMFER BRANSON / HOCKING

d Eddy Current Test Dave Jankowski Paul Martin
Krautkramer Branson, Inc. Wells Krautkramer
50 Industrial Park Road Milburn Hill F.oad
Lewistown, PA 17044 University of Warwick Science Park
Coventry
CV4 THS UK
Ultrasonic Test Terry Battema

Krautkramer Branson, Inc.