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| NSPECTI ON, BACKGROUND OF THE | NVENTION This invention rebatgastgeoeral ly to
radi ographi ¢ i nspection and nore particularly to digital radiography of
certain airfranme structures. In addition to a fuselage, the airframe of a
typical aircraft includes the main wings and an enpennage (tail assenbly),
and the flight control surfaces (e.g., flaps, ailerons, elevators and
rudders) thereof. These airfoil structures are typically constructed of a
honeyconb core material covered by a thin skin of a lightweight material .
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intensive and £OSLLY develop defects that, if left undetected, could threaten the
structural integrity of the airfoil structure. In addition, moisture and other
foreign objects can become entrapped in the airfoil structures and detract
from the overall performance of the aircraft.

For these reasons, the airfoil structures usually undergo routine
inspections. Film radiography is a common nondestructive testing technique
for inspection of wings, empennage and flight contro! surfaces. A typical
approach to film radiography of large horizontal and vertical surfaces of an
aircraft is to lay numerous sheets of x-ray film in a mosaic pattern across the
surfaces to be inspected. An x-ray source is then positioned on the opposing
side of the structure and at an appropriate distance to simultaneously expose
the films to radiation. The films are then removed and developed. The
developed film can then be examined to determine if any flaws exist in the
imaged structure,

With this approach, each film must be physically placed in
position, exposed, removed, moved to a processor, developed, moved to a
light box for review, and then physically moved to archive. Film radiography
of large airfoil structures is thus time consuming, labor intensive and costly.
This technique also requires a large amount of film and processing chemicals




This technique also requires a |large amount of filmand processing
chemcals -1 16 August 2006 that nust be properly di spasedigukiagober nore,
the images are not available for reviewuntil after the film has been
devel oped. This means that if an error occurred in the exposure of the
film or if the inspector wishes to obtain a different or nore detailed
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According to a first aspect, there is provided a system for
radiographic inspection of airfoil structure on aircraft, said system comprising:
a radiation source located on one side of said airfoil structure; an X-Y
scanning device located on an opposing side of said airfoil structure, said X-
Y scanning device being positioned to receive radiation from said radiation
source; and a radiation detector mounted on said X-Y scanning device so as
to be movable relative to said airfoil structure along two mutually orthogonal
axes.

In operation, the radiation detector may move in a predetermined
raster pattern while the radiation source is emitting radiation. The radiation
detector may convert impinging radiation into electrical signals, and a
computer system may process the signals to generate radiographic images of
the airfoil structure. |

According to a second aspect, there is provided a system for

| radiographic inspection of an airfoil structure on aircraft, said system
comprising: a radiation source located on one side of said airfolil structure; an

X-Y scanning device located on an opposing side of said airfoil structure, said

~X-Y scanning device being positioned to receive radiation from said radiation




conprising: a radiation source |ocated on one side of said airfoil
structure; an X-Y scanning device |ocated on an opposi nges audaestobosai d
airfoil structure, said X-Y scanning device being positioned to receive
radiation fromsaid radiation -2 16 August 2006 source and having a
~carriage that is novable along two nmutually orthogonal axes; a digital
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' causing said radiation source to emit radiation so as to irradiate said airfoil
structure and said X-Y scanning device; and operating said X-Y scanning
device to move said radiation detector in a predetermined raster pattern while
said radiation source is emitting radiation. '

The present invention and its advantages over the prior art will
become apparent upon reading the following detailed description and the
appended claims with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter that is regarded as the invention is
particularly pointed out and distinctly claimed in the concluding part of the
specification. The invention, however, may be best understood by reference
to the following description taken in conjunction with the accompanying
drawing figures in which:
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to the follow ng description taken in conjunction with the acconpanyi ng
drawi ng figures in which: -2a 16 August 2006 Figure | |$6amg@ﬁgp@pt|ve

vi ew of a radi ographic inspection system deployed on an aircraft. Figure 2
is a perspective view of a radiation detection nodule fromthe

radi ographi c i nspection systemof Figure 1. Figure 3 is a cross-sectional
view of the radiation detection nodule taken along line 3-3 of Figure 2.
Figure 4 is a side view depicting a radiation detection nodule having a
conformable frane. Figure 5 is a top vieM/depicting a radiation detection
nodul e nmounted on a r.C f ure ont wview of an
alternative enbodineﬁ#ﬁgF i% gmﬁggP%Hh|c #ﬁgﬁ%c?l8ﬁ£@¥§P@ﬁ1@§B?g§¥H on an
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aircraft's t I control surfaces not shown in Figure 1 may
be i ncl udertlfg\;"iég Conﬁm{ib@ 9.

Figure 5 is a top view depicting a radiation detection module
mounted on an aircraft wing.

- Figure 6 is a front view of an alternative embodiment of a
radiographic inspection system deployed on an aircraft.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings wherein identical reference numerals
denote the same elements throughout the various views, Figure 1 shows a
radiographic inspection system 10 used in connection with a conventional
aircraft 12. As is known in the art, the aircraft 12 comprises an airframe that
“includes a fuselage 14 and airfoil structures in the form of wings 16, a vertical
stabilizer 18 and horizontal stabilizers 20. The vertical and horizontal
stabilizers 18, 20 jointly form the tail assembly or empennage. As is further
known in the art, the airfoil structures include a variety of flight control

surfaces such as flaps 22, ailerons 24, elevators 26 and a rudder 28. The
pilot controls the movement of the flight control surfaces
to control the aircraft's flight. Other flight control
surfaces not shown in Figure 1 may be included. As used
herein, the term "airfoil structure" is intended to encom--
-pass all such structure (e.g., wings, stabilizers and
flight control surfaces). '




herein, the term"airfoil structure"” is intended to encom .pass all such
structure (e.g., wings, stabilizers and flight control sﬁnbgﬁgsmgﬁ 3 16
August 2006 The i nspection system 10 i ncludes a radiation source 30, a
radi ati on detection nodule 32, and a conputer station 34. As shown in
Figure 1, the radiation source 30 is |ocated under the left wing 16, and
the radiation detection nodule 32 is renovably nmounted on top of the left
wing 16. The radiation source 30 and the radiation detection nodule 32 are
relatively situated on opposite sides of the left mﬁng 16 so that
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monitor. An operator is then able to promptly view the displayed image to
inspect for defects. The data image signals are also stored in memory in the
computer station 34. The computer station 34 is connected to the radiation
source 30 via a cable 38. Through this connection, the computer station 34
controls the operation of the radiation source 30, turning it on and off and
regulating the voltage applied. The computer station 34 is located within a
radiation safe zone near the aircraft 12.

Once the area of the wing 16 covered by the radiation detection
module 32 has been imaged, the module 32 is moved to another position on
the wing 16. Although Figure 1 shows the inspection system 10 configured to
inspect the left wing 16, it should be noted that the inspection system 10 can
also be configured to inspect the other airfoil structures, namely the right wing
16, the vertical stabilizer 18 and the horizontal stabilizers 20. Furthermore,
the inspection system 10 can inspect all parts of the airfoil structures,
including the outer skin surfaces, the flight control surfaces, and internal
structure such as the honeycomb cores or the jack-screws used in horizontal
stabilizers.

The radiation source 30 is preferably, but not necessarily, a
standard industrial x-ray tube powered by a high voltage power supply (not




al so be configured to inspect the other airfoil structures, nanmely the
right wng 16, the vertical stabilizer 18 and the hori zoatAalust2abs |l i zers
20. Furthernore, the inspection system 10 can inspect all parts of the
airfoil structures, including the outer skin surfaces, the flight control
surfaces, and internal structure such as the honeyconb cores or the

j ack-screws used in horizontal stabilizers. The radiation source 30 is
preferably, but not necessarily, a standard industrial x-ray tube powered
by a high voltage power supply (not -4 16 August 2006 shomn) Al ternative
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frame 46 as8¢nYRJlf S@@Bl@ﬂ@%& farribedadiatian rassres gisedr inceoriviegtionali on so
that two GlimirBGiogfaHys 48 |ie along the X-axis and the other two rails 48
lie along the Y-aX|s A first carriage 50 is slidingly nounted on the

X-axis rails 48. Th?(éf'errrﬁntg t%aﬁtgurgs 2 and 3, the radiation detection module 32

comprises a radiation detector 42 and an X-Y scanning device 44 that
provides for controlled positioning of the radiation detector 42 along two
mutually orthogonal axes. The scanning device 44 includes a frame 46
having four rails 48 arranged in a rectangular configuration so that two of the
rails 48 lie along the X-axis and the other two rails 48 lie along the Y-axis. A
first carriage 50 is slidingly mounted on the X-axis rails 48. The first carriage
50 is moved back and forth along the X-axis rails 48 by any conventional
motive means (not shown) such as lead screws driven by an electric motor in
a manner known in the art. A second carriage 52 is slidingly mounted on the
first carriage 50. The second carriage 52 is moved back and forth across the
first carriage 50 (and thus along the Y-axis) by any conventional motive
means (not shown) such as one or more lead screws driven by an electric
motor. With this arrangement, the second carriage 52 is capable of moving
along the X- and Y-axes.

As seen in Figure 3, the radiation detector 42 is mounted to the
underside of the second carriage 52 so as fo face the wing 16 (or whatever
airfoil structure the radiation detection module 32 is mounted on). Thus, by
controiling the positions of the first and second carriages 50, 52, the ra'diation _
detector 42 can be positioned anywhere within the frame 46. The positioning




50 is noved back and forth along the X-axis rails 48 by any conventi onal
notive neans (not shown) such as |lead screws driven by amnsahgesp00s motor in
a manner known in the art. A second carriage 52 is slidingly nounted on the
first carriage 50. The second carriage 52 is noved back and forth across
the first carriage 50 (and thus along the Y-axis) by any conventi onal
notive means (not shown) such as one or nore |ead screws driven by an
electric notor. Wth this arrangenent, the second carriage 52 is capable
of noving along the X- and Y-axes. As seen in Figure 3, the radiation
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surfaces.

The frame rails 48 can be made of either rigid or semi-rigid
materials. The use of semi-rigid rails results in a conformable frame 46 that
will conform to the contour of the airfoil structure, such as the wing 16 as
shown in Figure 4. Thus, as the radiation detector 42 is moved relative to the

 airfoil structure by the scanning device 44, the distance between the radiation
detector 42 and the airfoil structure is held constant, which provides constant
geometric magnification for the images. A conformable frame structure with
suction cups, rubber feet or the like provides a convenient means for
mounting the radiation detection module 32 to the airfoil structure, while
maintaining sufficient rigidity and a low vibration signature. Because frame
rigidity impacts image quality, vibrations should be kept to a minimum.

The radiation detector 42 can be any means that is capable of
converting radiation received from the radiation source 30 into electrical
output signals. One preferred type of detector is a digital x-ray detector, and
many suitable detectors of this sort are commercially available. As is known
in the art, digital x-ray detectors generally one or more cells, with each cell




surfaces. The franme rails 48 can be nmade of either rigid or sem-rigid
materials. The use of sem -rigid rails results in a conf o6 paphs 2006ne 46
that wll conformto the contour of the airfoil structure, such as the
wing 16 as shown in Figure 4. Thus, as the radiation detector 42 is noved
relative to the airfoil structure by t he scanni ng device 44, the distance
between the radiation detector 42 and the airfoil structure is held
constant, which provides constant geonetric nagnification for the images.
A conformable frane structure with suction cups, rubber feet or the |ike
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line at a time.

In operation, the radiation detection module 32 is mounted on
the selected airfoil structure (such as the left wing 16, as shown in Figure 1) at
an initial inspection position. The radiation source 30 is properly positioned
under the wing 16 and is then turned on so that the region of the wing 16
covered by the radiation detection module 32 is illuminated with radiation.
While the radiation source 30 is emitting radiation, the scanning device 44 is
activated to move the radiation detector 42 with respect to the wing 16. Thus,
a large area of the wing 16 can be inspected quickly, thereby providing
throughput benefits. The radiation detector 42 is moved in a predetermined
pattern along the X- and Y-axes of the scanning device 44 to provide a raster
scan of the entire area covered by the radiation detection module 32. The
radiation detector 42 can have two modes of motion: a "stop and shoot" mode
wherein the radiation detector 42 is sequentially moved along the raster
pattern, and image data signals are obtained at each location or the
continuous scan mode described above. The continuous scan mode is
generally faster (speeds of approximately 30 frames per second are possible)
and avoids repeated mechanicatl starting and stopping of the scanning device
44,




scanni ng device 44 woul d continuously nove the radiati on detector 42 over
the airfoil structure, and successive |lines of data woul ts hagistaoggritted to
the conputer station 34. The conputer station 34 would then build the
image one line at a tine. In operation, the radiation detection nodule 32
I's mounted on the selected airfoil structure (such as the left wing 16, as
shown in Figure 1) at an initial inspection position. The radi ation source
30is properly positioned under the wing 16 and is then turned on so that
the region of the wing 16 covered by the radiation detection nodul e 32 S
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Once the inspection of the wing 16 at the initial inspection
position is completed, the radiation detection module 32 is moved to the next
inspection position on the wing 16. The radiation source 30 is

- correspondingly repositioned if the new inspection position is outside of the

original radiation zone. The inspection at this position is then carried out in
the same manner with the radiation detector 42 being moved through the
raster pattern while the radiation source 30 is turned on. This process is
repeated until the entire wing 16 has been inspected. As shown in Figure 5,
the radiation detection module 32 can be positioned so that one or more
portions of the frame 46 extend beyond the edge of the wing 16. In this
position, the radiation detection module 32 is able to scan the outermost
edges of the wing 16. Once the left wing 16 is completely inspected, then the
other airfoil structures (e.g., the right wing 16, the vertical stabilizer 18 and the
horizontal stabilizers 20) can be inspected in the same manner.

Referring now to Figure 6, an alternative means for holding the
radiation detection module in position relative to the airfoil structure to be
inspected is shown. In this embodiment, a radiation detection module 62 is
mounted on an overhead crane, robot or like device 64 via mounting structure




| mages to inspect for defects. Because the inages can be viewed in real
time at the nearby conputer station 34, the system set- upAugad 2006 be
altered before confirmation of a successful exposure is obtained. In
addition, if a possible defect indication is |ocated, the angle of the
radlatlon detector 42 can be altered via the swivel nount 56 to provide a
different view of the possible defect indication. An additional view may
assi st the operator in determning whether the possible defect indication
is truly a defect or sinply an image artifact. Furthernore, this
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conpl etely inspected, then the other airfoil structures (e.g., the right
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example, there are cost benefits in that large amounts of film and processing
chemicals are not needed and labor time devoted to thé development and
movement of the film is eliminated. There are also environmental benefits
with the elimination of film and the concomitant processed waste products. In
addition, real time imaging provides confirmation of successful exposures
without altering the system set-up. In film radiography, such confirmation is
not available until after the film has been removed and developed. The
-system 10 also provides throughput benefits and minimizes excursions into
the radiation zone by service personnel.

While specific embodiments of the present invention have been
described, it will be apparent to those skilled in the art that various
modifications thereto can be made without departing from the spirit and scope
of the invention as defined in the appended claims.




66. The crane 64, which is a commercially avail abl e device, has neans to
rigidly maintain the radiation detection nodule 62 in orilenughdt@086r angi ng
from horizontal (as shown in Figure 6) to vertical, depending on the
airfoil structure to be inspected. The crane 64 can be configured to nove
the radiation detection nodule 62 either automatically or manually from
~position to position. The radiation detection nodule 62 operates in
essentially the same nmanner as the iation detection nodul e descri bed
above. The radiation detection no is the sane structurally, except
that the | egs 58 have been replaced by the nounting structure 66. The

f oregoi ng has Cri b d a.radi hi ¢ spection system nd, net hod of
using the syst ﬁfyﬁt% rp’PS'WE?BE’g %%chanfgqp@ trHQtuBé/oraiawra ISal R ur es on
ai r cr af tconprsingyst em 10 of fers nuner ous benefits over the film radi ography
t echni ques pr Ly _us t ect. ai.rfoil structures. For
exanpl e, theragyagfag%8§8t'rc§g%5%d[°§' ¥ 99 ‘S‘{ﬁ%étjr@g Lﬁtﬂtfﬂt & of filmand
processi ng cdre¥dYtsdamnmgaleniat lovataiesch amdpﬁcﬁln@"srae BEsaidBnmbwdtrrtraur’élhsard

mis. e re al so

devel opngR n vement. o

ervi T ot SR Bxing robliEnad foterdivF sriafor i, Sk rdiloB SRLERR: ¢ an
processeahd/vaste products In addition, real tine inmagi ng provi des
confirmation thout .alterin stem et up.
Tt e 0PGRSt oG AR AT P XL Sehn R bSiedh o8 T B ToSRtls ¢ o
film hasrela@emtormﬂme‘dri sinebture a&ingied mulilly ostfisg@ial dkesal so provi des

t hroughput benefits and m nim zes excursions into the radiation zone by

service personnel. Wile specific enbodi nents of the present invention have
been descri bbd’ hei $ystenh lof lakaira pip avhendin twhehhssdd radiatidnedetedtot Beoprirablé hat

various . n_he ewithout departing fromthe
spirit an sco Qr%rﬂﬁ%%@gr 3%% egﬁﬁaléégna ined in the appended clains. -9 16
August 2006 CLAI M5
3. The system of claim 2 further comprising means for processing said signals
and generating images from said signals.

4. The system of claim 1 further comprising means for holding said X-Y scanning
device in position relative to said airfoil structure.

5. The system of claim 4, wherein said means for holding comprise a plurality of
legs attached to said X-Y scanning device.

6. The system of claim 5 further comprising a suction cup mounted on each one
of said legs.

7. The system of claim 4 wherein said means for holding comprise a crane or
robotic device.

8. The system of claim 1 wherein said X-Y scanning device comprises.a
rectangular frame, a first carriage slidingly mounted on said frame for movement along a
first axis, and a second carriage slidingly mounted on said first carriage for movement
along a second axis; and said radiation detector being mounted to said second carriage.

- 10




1. A systemfor radiographic inspection of airfoil structure on aircraft,
said system conprising: a radiation source |ocated on ongAsiae 2006 sai d
airfoil structure; an X-Y scanni ng device | ocated on an opposi ng side of
said airfoil structure, said X-Y scanning device being positioned to
receive radiation fromsaid radiation source; and a radiation detector
nmounted on said X-Y scanning device so as to be noveable relative to said

airfoil struc e algng t nmutual |y, ort.hogonal axes. 2. The, system, of
Glaim 1, wher i HRaEoRsp R Pafheingiid pgroan deionts malbiedinsar

i mpi ngi npcoad carrings viard swiedl @efunt.cal signals. 3. The systemof claim2
further conprising nmeans for processing said signals and generating inmages

fromsaid signals. 4. The systemof claim1 further conprising neans for

hol di ng sai d 0. Thecgsieimngf claie\d wieerein ga0birde s mabi@bf ¥ eembrigidinthtérid &oi |
rein said nmeans for hol ding

structurge., 5. Th stemof claimd4, wh

conpri sea%ato%fjﬁfr gﬁit%yﬂeocfomqu&agsaécﬁ ?'g%ﬁ‘(ﬁu‘g‘bresai d X-Y scanning device. 6. The
systemof claim5 further conprising a suction cup nmounted on each one of
said legs. 7.,,The _syst of . ¢cl.ai m 4 wher ei. id neans for. hol di ng conprise
a crane or r13b§?1|ec p(ﬁ’g(%rﬁése?f @?'%ﬂ]ewgvgpe%'(gﬁlsﬁ?qﬂmﬁ WP oS 'PHgB@Y
scanni ngodesvb extendrpartially beyondrancddge @ifi baid alrfalirstructard.i r st carriage slidingly
nounted on said frame for novenent along a first axis, and a second

carriage slidingly nounted on said first carriage for novenent along a
second axis; and said radiation detector being nounted to said second
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10. The systetrecoradrisgigai m 8 wherein said frane is nade of a sem-rigid

material so a radiation source located on one side of said airfoil structure;

an X-Y scanning device located on an opposing side of said airfoil structure, said
X-Y scanning device being positioned to receive radiation from said radiation source and
having a carriage that is movable along two mutually orthogonal axes;

a digital radiation detector that converts impinging radiation into electrical signals,
said radiation detector being mounted on said carriage so as to be movable relative to
said airfoil structure along said two mutually orthogonal axes; and

means for processing said signals and generating images from said signals.

13. The system of claim 12 further comprising means for holding said X-Y
scanning device in position relative to said airfoil structure.

14. The system of claim 13 wherein said means for holding comprise a plurality of
- legs attached to said X-Y scanning device.

15. The system of claim 14 further comprising a suction cup mounted on each
one of said legs. '

16. The system of claim 13 wherein said means for holding comprise a crane or
. robotic device.

1.




as to conformto the contour of said airfoil structure. 11. The apparatus
of claim1, wherein said X-Y scanning device is positionpphgguss2066 to
extend partially beyond an edge of said airfoil structure. 12. A systemfor
radi ographic i nspection of an airfoil structure on aircraft, said system
conprising: a radiation source |ocated on one side of said airfoi
structure; an X-Y scanning device |ocated on an opposing side of said

airfoil strucfure, said Y sc devi, ein ositioned to receive
radi ation fr oi#sﬁ?eds)‘%%ﬁ‘a‘%% ?Jﬂ'"bag EgrSsta’&%n ai’"@'&rﬁj‘?"é‘ﬁ'ec?‘ﬁarﬂsqss @npvabl e
al ong t wectmyular rame tHahegspodts saesiriayedi gi tal radi ation detector that
converts inpinging radiation into electrical signals, said radiation

detector being nmounted on said carriage so as to be novable relative to

said airfoi | 3Tt systeral @ngaifail @ wdreiiaid Irddiatont Bstecoalis Mmemiedagdd means
for proce55| ng sai d . sjgnals and generating i mages fromsaid signals. 13.
The syst@H° dﬁ’ &SMVEE'%P?}?H her conprising nmeans for holding said X-Y
scanning device in position relative to said airfoil structure. 14. The

syst em of cla 3 wherein sai ans far _hol d.l ri se. a. Iural ity of
bgs at tached § IEaVaoR o SRR HESGR Al s s Fadecgrs smisfoil ridtehel

f urt her . suoaginicohfogmao thedohtvr oLgaidrakfol egdudmecach one of said |egs. 16. The
system of claim 13 wherein said neans for hol ding conprise a crane or
robotic device. 16 August 2006 17. The systemof claim 12 wherein said X-Y
scanni ng deviZt)eTberspstbmef chaim reaitmengnsaid X-Yasgantingtedcs@qidskionéd o agr ri age.

18. The & E\ \%Sl m é? Wr&ere% éagr& gdltatl on detector is nounted said
carrlage |ay CYPRH RN 998 O § U SEHEH®- ¢l ai m 17 wherein said frame
is mude of a sem-rigid material so as to conformto the contour of said
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method comprising:

locating a radiation source on one side of said airfoil structure;

Iocatin'g an X-Y scanning device on an opposing side of said airfoil structure, said
X-Y scanning device being positioned to receive radiation from said radiation source;

mounting a radiation detector on said X-Y scanning device so as to be movable
relative to said airfoil structure along two mutually orthogonal axes;

causing said radiation source to emit radiation so as to irradiate said airfoil
structure and said X-Y scanning device; and

operating said X-Y scanning device to move said radiation detector in a
predetermined raster pattern while said radiation source is emitting radiation.

22. The method of claim 21 wherein said radiation detector is sequentially moved
through said raster pattern.

_ 23. The method of claim 21 wherein said radiation detector is continuously moved
through said raster pattern.

_ 24, The method of claim 21 wherein said X-Y scanning device is mounted to said
alrfoﬂ structure.
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to partially extend beyond an edge of said airfoil structure. 21. A nethod
for radiographic inspection of airfoil structure on aircnéafAugusad0de net hod
conprising: locating a radiation source on one side of said airfoi
structure; locating an X-Y scanning device on an opposing side of said
airfoil structure, said X-Y scanning device being positioned to receive
radi ation fromsaid radiation source; nounting a radiation detector on
said X-Y scanpi devj c as.1o be novable relative to said airfoi
structure al oﬂ%%"ﬁh?‘ggﬁa@wbﬁ WB@'&H’a?a"gg‘ég?caé’Blﬁ’gidﬁﬁ'cgéﬁ PPSUORPASP R sour ce
to emt toguirtielly ertend bagoridoan edgedifabid Adilckt@ictuf®i |  structure and said X-Y
scanni ng devi ce; and operating said X-Y scanning device to nove said

radi ati on detector in a predetermned raster pattern while said radiation
source is emtting radiation. 22. The method of claim?21 wherein said

radi ati on detector is sequentially noved through said raster pattern. 23.
The nmethod of claim 21 wherein said radiation detector is continuously
noved through said raster pattern. 24. The nethod of claim 21 wherein said
X-Y scanning device is nmounted to said airfoil structure. 12 16 August
2006 25. The nethod of claim 21 wherein said X-Y scanning device is

positioned so as to partially extend beyond an edge of said airfoi
structure. 13
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