S Septenber 2004 HI GH SPEED DI G TAL RADI OGRAPHI C | NSPECTI ON OF Al RCRAFT
FUSELAGES CROSS REFERENCE TO RELATED APPLI CATI ON Thi s. application clains

t'he benefit of U.S. Provisional Appli-cation No. 60/17%; il January
7, 2000. BACKGROUND OF THE | NVENTI ON Thi's i nventi on re?a?%ze"d{éénre@gﬁ y to
r adi ogr aphi ¢ i nspection and nore particularly to high speed digital

radi ography for inspecting aircraft fuselages. 5 An aircraft fusel age
typically comprises a grid of circunferential frame nmenbers and

| ongi tudi nal stringers covered by a skin of |ightweight sheet netal. The

skinis ordinarily. attaChEdHIbﬁé%ﬁwm& stringers by neans
i

of rivets or the like. To ensure pass h altitudes,
aircraft are provided wit HNERHEGIIONSIE dRCRAFIFISSEL AGBSt hat produce near
sea-level air pressure 10 breathing environnents in the aircraft cabin. The
application of cabin pressure cau ;es the skin, frane nenbers and
stringers to &RSARREFERRNCE TOMRBLATED BIPRESCARION ' enoved, the skin,
frame nenbers and stringers return to their normal shape. Although the

pressure different Thissapphicatine dlane thelhéfteby w.smlplmvi&&%if&g@ﬁ}aﬁ& Q! es
of stress irrpggﬁq @ggtg.ﬁe %igsel ?{gg @tructure by the pressurization and”
.depressuri zation S_L’ S B HatO®ecurs duri ng each flight can lead to
fatigue and crack formation. This fatigue danmage is often assisted by

corrosion of Bh@ﬁm@mﬁtfﬁmﬁgﬁgﬂ gue cracks by nature can be

extrenely small in size a detect. The cracks are nornally
so small that routine pressurization of the aircraft cabin wll not result

in detection because thEM RenEPR selatesigpneralin tocadBgraphiteinggicadbn an@hore
pressur e | ossparticilindy @iligh fckd dibnel ﬁﬁi@g?a?ﬂﬂf&fiﬁs‘g%tin fagfﬁ%t%?élé)rés and cyclic
n ts and/or

stress can al so cause | ooseness arou he riv rivet cracking.

| f not detected,. this 11 could result -in . skin separation fromthe
frame meﬁbers and strii niglg:hg#cufp%sei)age typisally comprises a grid of circumferential

frame members and longitudinal stringers covered by a skin of lightweight sheet
metal. The skin is ordinarily attached to the frame members and stringers by.means
of rivets or the like. To ensure passenger comfort at high altitudes, aircrafi are
grf)vided with cabin pressurization systems that produce near sea-level air pressure

' 10 - breathing environments in the aircraft cabin. The application of cabin pressure cauies
the skin, frame members and stringers to expand slightly. © When the pressure is
removed, the skin, frame members and stringers return to their normal shape.
Although the pressure differentials involved are relatively small, the repeated cycles
of stress imposed on the fuselage structure by the pressurization and depressurization

15 sequence that occurs during each flight can lead to fatigue and crack formation. This
fatigue damage is often assisted by corrosion of the fuselage structures.

| Fatigue cracks by nature can be extremely small in size and difficult to

detect. The cracks are normally so small that routine pressurization of the aircraft

cabin will not result in detection because the tiny cracks will not cause a detectable

20 pressure loss in the aircraft. The combined effect of corrosion and cyclic stress can

also cause looseness around the rivets and/or rivet cracking. If not detected, this
condition could result in skin separation from the frame members and stringers,

Traditionally, aircraft fuselage inspection relies largely on visual
mspection techniques, These techniques require extensive disassembly of the aircraft,
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Traditionally, aircraft fusel age inspection relies largely on visual
I nspection techni ques. These techni ques require extensive disassenbly of

- ..the aircraft, -1 8 Septenber..2004 including renoval of 8o¥gpernkerd@On as

overhead bins, interior panels, insulation and the like. This approach is
thus tinme consum ng, |abor intensive and expensive. Furthernore, visual
i nspection techniques rely heavily on human ability and are limited by
anbient lighting conditions, environnental effects, and the inspector's

physi cal and reelhdibg Irbmibidtof @bfecBUmith a8 oo¥Riedd BindNin€@iof efidlQNEsuldtiotand
constraints, concenfration and judgnent, Radiography is

tal attitude, ¢ ; I :
anot her appr o&gﬁq 5 it c?m?a%féeﬁha@ém%%@m% ljtah%Ft mt%%"eb‘é@ne’ﬁ?eﬁﬁﬁ@ed.
However, usi ngieingeapiha iB‘sﬁéEﬁBx?_t&fﬁF{q}\}é@rélm_ﬁﬁlyot)ntﬂh?nanf AR b @

costly, labor intensive process typica requiring | arge anounts of film
It is also alieitesh by empiest dighfing cenditions, enerdrimentah affectse and sy sipentaet's
devel oped bef - Lihe d . ' 'g% L 1L.th.an
X-ray detect o%g%ﬁ%b%éi @?ﬁﬁgg%@%gpﬁsg%@gé{lgg% iv(ig?@nggﬂés |}$lggthl£glcfulé%aé{{ls’ve to
X-ray film bubersalsitténde, obndehirsticoaid jud@nental |y require precise alignnent

of the X-ray source and detector with respect to each other and the

fusel age. This alignnent, has been heretofore difficult_.to achieve. gjven
the i nmense size of air agiﬁgr?@gelf o %Pé%?cg‘i tQingrafy fusé\%‘%? HISB%(%(?E%?tabI e
to have a net hag teed paemsedt Howeespabihg rafliopaphier fiinddo Naghirs pasgtsdbDiteal

radi ographi c inspection Qf aircraft fusel ages _w thqut_ renoval of_ interior
bi ns, panel s, g"&f"éﬁe} Qﬂ%,ﬁyql%ﬁpg?nswemm@ssdq@cglb{ gRuripglarge aguosref fim. e

| NVENTI ON The i@Ql@U%‘r@l%ﬂ{rélg RRA PRBEs! B thEHIMR YaulshBe Pérﬁ&x?éﬁtanhra\é%mfééﬁ‘befw&i ch
provi des a system and nethod for radi ographic inspection of aircraft

fusel ages in thhimagea crmbie gkapined oReplecing ther feirewithlap X oeadetdctonsapableodf t he
fusel age, and p?oJiﬁﬁlg %iécﬁ'enicqﬁltaggst Ry ﬁteﬂ{aﬁfvg E@%—%ylfﬂﬁl?‘aﬁpsﬂ{éﬁ' &etl’n%fsohh €

f usel age.
generally require precise alignment of the X-ray source and detector with respect to

each other and the fuselage. This alignment has been heretofore difficult to achieve

given the immense size of aircraft fuselages.

Accordingly, it would be desirable to have a method and apparatus
capable of performing high speed digital radiographic inspection of aircraft fuselages

without removal of interior bins, panels, insulation, lights, wiring and so on.
BRIEF SUMMARY OF THE INVENTION

The above-mentioned need is met by the present invention, which
provides a system and method for radiographic inspection of aircraft fuselages in
which a rddiation source is preferably located inside of the fuselage, and a radiation

 detector is preferably located outside of the fuselage.

In one aspect of the present invention, there is provided a system for
radiographic inspection of an aircraft fuselage, the system comprising: a radiation
source located on one side of the fuselage; a radiation detector located on another
side of the fuselage, the radiation detector being aligned with the radiation source
longitudinally along the fuselage; first positioning means for moving one of the
radiation source and the radiation detector longitudinally with respect to the fuselage;

and second positioning means for moving the other one of the radiation
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I n one aspect of the present invention, there is provided a system for

radi ographic inspection of an aircraft fusel age, the system conprising: a
~.radiation source |ocated -on-one side of the fusel age; 8aaptshitadr2004 det ect or
| ocated on another side of the fuselage, the radiation detector being
aligned with the radiation source longitudinally along the fusel age; first
positioning nmeans for noving one of the radiation source and the radiation
detector longitudinally with respect to the fuselage; and second '
posi ti oni ng nemns dndrihevadingntdetectt ktuafeefally vathr edpat tothe-fsshagBeplieanber
2004 source and tpe radi.ati on detector circunferentially with respect to
the fusel age WFRSTIOR RBWEM®n i s underway. In another aspect of the present
invention, there is provh@géther &dtdThd Sresdn@ivRafie Mhdre iSOl AyRbman
aircraft fuselage, the system conprising: a radiation source |ocafed

i nsi de of t hefor tadiograehic Hspecdicatof 8n afetaldhenlageobgtsysfem nORIPTiSings a rasation
fuselage. ! headl RlchRf iHSHETE e Plcliteh! SiRHoN ! dolfbold?oLAN BLLAR SPHILCE

| ongitudinally along the fuselage; a“source positioning systemtor noving
t he radi at i onfuselage éhe tadnaton detectat bsingalignedesiffe the radiatidresdunseloagitydivally a
det ect or posi i oniﬂer;ﬁg S fﬁt em for_noving.the adi;ﬁti on.det.ect %r .

ci r ount er ent | 4TS i FRCREEnE SPUTes ROTLHOPIREC PRl itk ROV HiEC fadigiopgsource
~underway. | n bagititiialBspithtregiect fe ther RBelage, | e tdetotor tpdeRtidning Histeri dad a
met hod for radiographi ¢ inspection of an aircraft fusel age, .the nethod
conprising: pReYR itﬁg radjationofleiesten capim EEnfiply qathorespert ¢ 3&%%@%@ PR di ng
a radi ation dgkeetien isideiwg. of the fuselage, the radiation detector being
aligned with the radiation sSource longitudinally along the fuselage; and
causing, the radiation d@@@@h@raspﬁit@ﬁa‘@ osent inventiqns ieagyis provided a method

i acent T ogi h OB MR o dF ol B A e RGNS chirpBLESh o0l
a radiation source inside of the fuselage; providing a radiation detector outside of the
fuselage, the radiation detector being aligned with the radiation source longitudinally
along the fuselage; and causing, the radiation detector to move over the fuselage in a
circumferential direction while the radiation source is illuminating an adjacent region

‘of the fuselage with radiation.
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The present invention and its advantages over the prior art will becone
apparent upon reading the follow ng detailed description and the appended

“claims wth reference'to'the acconpanyi ng draw ngs. - BRI $EpteBESarRI00F ON OF

THE DRAW NGS The subject matter that is regarded as the invention is
particutarly 5 pointed out and distinctly clainmed in the concl uding part
of the specification. The invention, however, nmay be best understood by
reference to the follow ng description taken in conjunction with the
acconpanying drawing figures in which: Figure | is a schematic view of a
radi ographi c i nspecti on.,s stemfor  inspecting aircraft fuselages. 10
Figure 2 is a sectional “EdgcSene{iv3fion apd its pdyentsges over thadirioy amphil become

i nspection syapperenbfipd gading Ithe Folipwing Jetatlcd BLHPHGTE bhd Bhe/ APen@ld Alims

aircraft equippetiteid ¢ ' iopn systemof Figure 1 and having a
portion of the fusel ageBs oa\xnl%aﬁﬁa%gé]rgt#%‘?%ﬁéut away to reveal internal

fusel age str Figure 4 is an _enlarged view of a radiation

det ect or assmﬁ?ﬁ%&rﬁ{ﬂggm%%ﬁpgﬁ%W%m of Figure 1. Figure 5is a
perspective view of a linear array enbodi nent of a radiation detector.’
Figure 6 is a perspectifhe snbjet afattan tar 68 regardy a@nm?hﬁamonq& lﬁ%-tic%ﬁrly g
radi ati on detRehted outFArRIVS: Lt Espective wview of. an aircraft ai ppe
with an ins r%%ct i.oﬁusy@ﬁg%rﬁggﬁz}%@% "gﬁeeéoﬁlﬁﬁd{}lg RfLY %fct%rs’pf)%ﬁ?at“ioﬂ'n?ﬁﬁ
system DETAI'REBUPESORICET mRy OF brytmndemtentd boefRehesr toithgfoliowinmdederiptiong s

wher ei n identtakealinc@fjﬁ@mﬁeﬁmﬁ@mbﬁmm@% Bravil SRR SHSENt S throughout
the various views, Figures 1-3 schenatically show a %

Figure 1 is a schematic view of a radiographic inspection system for
inspecting aircraft fuselages.

10 Figure 2 is a sectional end view of a portion of the radiographic
inspection systemn of Figure 1. '

Figure 3 is a perspective view of an aircraft equipped with the
inspection system of Figure 1 and having a portion of the fuselage shown in partial
cutaway to reveal internal fuselage structure.

15 Figure 4 is an enlarged view of a radiation detector assembly from the
inspection system of Figure 1.

Figure 5 is a perspective view of a linear array embodiment of a
radiation detector.

Figure 6 is a perspective view of an area array embodiment of a
20 radiation detector,

Figure 7 is a perspective view of an aircraft equipped with an
inspection system having an alternative detector positioning system.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings wherein identical reference numerals denote
the same elements throughout the various views, Figures 1-3 schematically show a



8 Sept enber 2004 radi ographic inspection system 10 for inspecting an
aircraft fuselage 12. As is known in the art, the fusel age 12 generally
conprises a cylindrical wall nmade up of a grid of cir Gbdpderabdn 20041 r ame
menbers 14 and | ongitudinal stringers 16 (shown in cutaway in Figure 3)
covered by a skin 18 of |ightweight sheet netal. As seen in Figure 2, a
passenger deck 20 is disposed horizontally in the fuselage 12 so as to
define the floor of an interior cabin. The cabin can be provided with
conventi onal overhead bins 22 ventilation panels 24 and si de panel s 26.
Al t hough not el age. 12 _typically includes
ot her conventrlﬁgiﬁé\?mlg? FILS@ Clﬁlr0 e g{@ﬂ lggh of ‘P&f‘ﬁ“@“ﬁ 9\5\9 pirgraft fuselage i &t As#s knesnt he
like. 10 The 18k &intheofupslegeui@eaenaratip domprisas asa;nhndﬂcal&anﬁnwee@ ¢in ;ds(gurce
posi ti oni ng &yr%mmra@xal f5Ak ﬁféniﬂ'efsWJhth&gg?@Bants& garE PoLno08 il & i

det ect St it ievvn

oﬁt Sﬁt O;I gnalﬁgfggbr%%etrggg%ﬁ Sli‘ﬁ'{ 3@@@@8&5&%&8&%@@% shs seem i3 Figwe 2 ed
out si de df t tpasseugreldege20l2 disposatt Horizbetallplasme ifReMgh ﬁZ@BVa@tdj@fﬁab he 817

radi ation soyfrgg n?t@ntﬁ'rlqm'hadfh%t agfﬁ cqgtb?%trt%rlil%z \Ew% ga:iwé?l 1%%'1 g%#f ?aéiob%%,t lf? Lgd

on opposite sides o
radi ati on SOlYF'&télat%l P?’I}elfd?"aﬁ@%s h@afldséﬁag@lthMgh rat dhowe fn itepFigges, Mo t he

radi ati on ddusetigeri23 AR Gl % p et ect or
32 are fed to, Sﬁltatg @plc > t&r%b&tgﬂsl Hhlecla&cﬁ?)nsp ‘rghol ?qfrgﬂ%fa%?/ﬁﬁ’ch can

n L 36 via a cable 38. T
be a conventlonaaf18 31?‘%@% " unit, processes these signals and causes a
correspondl ng-i mage to be generat ed on a 20 nonitor 40. An operator is then
abl e toWiew the di spl Abeaystened® includesspeadiatioor sovtes e&tnsoun%heordatsauﬂcémge

signals are @bﬁﬁoxﬁﬁg)ﬁﬁa‘?enh GOaloéﬁéﬂ){thhinnthE Qﬁbﬁion}t( Rk C8neSt %ﬂmThefietﬁcgt é Iler

36 i s connected f t he radiation source via a cable
through an SPERISH] SPRYEPRS Fipinging e @?ogeréﬂ clegtrigyl %ﬁ@ﬁstﬁﬂdﬁ is Mhwagedbn t hi s
connecti on, ehdstecorosibiohizg F6temoBd riodasedt bigtsidp &Faht Gsebiget 26 A0 AL bON

ource 28, t i d_regulatin ol ta |'i ed.
The  adjati o iurce 280 REE ls (AR 08 L oliadg, SR

relatively smlated on 0pp051te sides of the fuselage wall so that radiation emitted by
the radiation source 28 irradiates the fuselage wall and then i impinges on the radiation
detector 32. Image data signals output by the radiation detector 32 are fed to a
controller 36 via a cable 38. The controller 36, which can be a conventional computer
unit, processes these signals and causes a corresponding image to be generated on a
20 monitor 40. An operator is then able to view the displayed image to inspect for
defects. The data image signals are also stored in a memory in the controller 36. The
controller 36 is connected to the radiation source 28 via a cable 42 that passes through
an opening in the fuselage 12 such as an open door. Through this connection, the
controller 36 controls the operation of the radiation source 28, turning it on and off
25 and regulating the voltage applied.

The radiation source 28 is preferably, but not necessarily, a standard
industrial X-ray tube powered by a high voltage power supply (not shown).
Alternative radiation sources, such as an isotopic radiation source producing gamma
rays, could be used as well. The radiation source 28 produces a panoramic radiation

30 beam in the circumferential direction of the fuselage 12, illuminating the fuselage 12
from floor line to floor line above the passenger deck 20. The radiation source 28 is
positioned in the fuselage 12 by the source positioning sysiem 30. Specifically, the



industrial X-ray tube powered by a high voltage power supply (not shown).
Al'ternative radiation sources, such as an isotopic radiation source
producing gamma rays, could be used as well. The radi & Seplernber208428
produces a panoram c radiation 30 beamin the circunferential direction of
the fuselage 12, illumnating the fuselage 12 fromfloor line to floor

| i ne above the passenger deck 20. The radiation source 28 is positioned in
the fuselage 12 by the source positioning system30. Specifically, the -4 8
Sept enber 2004 source positioning system 30 includes a first carrier 44 to

[ diatl b S nted. The first carrjier 44 is '
ol dingly mousae ety SRS & tiier o Je whith e sgbien Sovree he
passenger deck® 'Eonawefbxfbmﬂrspambt &4 ist didirgly mentted on 0o fintatiuidl rallé 3¢ Of
QUi de rai 1o 4 ugpr T tconris) Pyl Weul DUt Bl IRl o7 B egle? |1

: nder e ; . :
gggdﬁc;gl bf/ a gglg'bcﬁ%aéﬁﬂeo‘?‘fatﬂe foteiage Tfeaklie Skt ieamisr 44 is Ineested kackrend fortinot
shown) i 8 ~a shenndhe gniderrailn 46hender tthe Thitsol afh@ler@ﬂ'tranérozs.son{Teﬁﬁma& Gan be
sel ecti vel v pasicsntly bt Aangllel ol LysElage, 32 s solrce
Ito ﬁfl)hlgﬁmt Rg ¥ z’il%né‘af PR 81 thevart.onTing, whe medistidnnserdeR8nca be tsbleatinely
obj ect's | ocatsmitionsd diong i feﬂ?t‘ﬁl'cﬂ‘gge hikelafe §Or gg@g!&% gﬁﬂﬁ%i{?ﬁrgﬁﬁ%f 3??‘%%?2

i ncl ud I.ns u eads, air , . o )

g? )éclt P?cgl evmpérlol?lﬁg,&%&atgt%ﬂ%er gl,e Tagi?if)ﬁrsfl'u’ﬁﬁdﬁg%f‘?‘%h ‘#’P)&eﬁkf@g range cofympigad  not
be renov¥@d t ovideaut dntarferandenwiib ainy @bjecthiecated lc'mtdalrth@(f@sielaig@rllzn%%ﬁdiﬁ ,34,|

tili ' at el al, i of curved guide'rails
48 mount e oMt he peper oot B e, duerh e oHE" phbdiegl ol SRk en
acconpl i shed PBV"EW? f‘r@’éﬁs" estreqs! adring, dastensrs laystory Redi gelteyt fugures; dts) need8 and
engagi ng t he fotibeteageed 2o p&hﬁnmiid?eb@dd,s 48 are oriented circunferentially
with respect to the fuselage 12 and are spaced out along the | ength of

fusel age 12. Each gui %erd@{el:toflgoéit?orﬁr?é]é)jsgﬁ{ SAuh%0RLEN sytstgren ti]gtslgclzlfalgees a
curvat u'i? an%lﬁél&gngfscxfr{re%r%&de rails 48 mounted to the outer surface of the fuselage 12.
Mounting can be accomplished by any means such as suction cﬁps fixed to the rails
48 and engaging the fuselage 12. The guide rails 48 are oriented circumferentially
with respect to the fuselage 12 and are spaced out along the length of fuselage 12.
Each guide rail 48 is configured to match the fuselage curvature and extends from a
20 point adjacent to the passenger deck 20 on one side of the fuselage 12, over the
fuselage crown, and to a point adjacent to the passenger deck 20 on other side of the
fuselage 12. The guide rails 48 are thus arranged to track the path of the panoramic
radiation beam emitted by the radiation source 28. The curved guide rails 48 are
situated on the fuselage 12 so as to position the radiation detector 32 over the area of
25 interest of the fuselage 12. The radiation detector 32 is mounted between adjacent
ones of the guide rails 48, and each pair of adjacent guides rails 48 defines a scanning
‘station. The guide rails 48 are accordingly located on opposing sides of the fuselage
structure to be inspected. For example, Figure 3 shows the guide rails 48 straddling
respective ones of the frame members 14 so that they can be inspected for defects.
30 However, it should be noted that the system 10 could also be used for inspecting other
fuselage structure such as stringers, lap joints and the like. The guide rails 48 would
simply be positioned accordingly.




20 poi nt adjacent to the passenger deck 20 on one side of the fuselage 12,
over' the fuselage crown, and to a point adjacent to the passenger deck 20
" on other side of the fuselage: 12. The guide rails 48 &Sepiénbera0P4nged to
track the path of the panoramic radiation beamemtted by the radiation
source 28. The curved guide rails 48 are situated on the fuselage 12 so as
to position the radiation detector 32 over the area of 25 interest of the
fusel age 12. The radi ation detector 32 is nounted between adjacent ones of
the guide rails 48, and each pair of adjacent guides rails 48 defines a

|y | ocated on opposing

scanning station. The hde rajls.48 are accqrding |

si des of the fusel age ‘gﬁpﬁéﬂﬂgk rflglag‘én gﬁ%‘ﬁg&%ﬁ?qﬁwe‘%ﬂ%@lr@! systegurike 3
shows the gui t@witageos n® ef maliple ragiatioasipectory 82 om@sased tHeBrobpie ofRRPDEr S
14 so that the¥pdeahn BRtdn$Pe . it shayl d_be
noted that the Syst eﬁ%lo cou%ﬁ%ig{?gg[&%g%??{olﬁlﬂlnggpl)%}étgl{oﬁsgargPﬁ%s?blie‘f (%% age
structure suclS@Ecesasihayaie Figusss § andd v radiatien deterters 3Pandaintmintedidns: 48
woul F sﬁgpl %/sriinge posininiganaibng eae balicagh yialen@ t&hﬁﬁ%gél@@.r Itgﬁoa‘}sq[ ﬁ%sib?e &
singl e radi at; ar cap _be u on ., the rarl system €,

si nul t aneous %@ghgﬁgﬁﬁ T} :ié' rrg%lf‘a?rf grs?%&té’fseéko?ts MYULiple cSealng statigns, as

~ throughput ofdQPFféﬂdlpﬁ%'é?: 41 0n system 10. Various arrangenents for nultiple
detectors are possible. For instance, as shown in Figures 1 and 2, two "

radi at ihon_ (cjiet ectors 32 rparalie {ématlmlﬁ_det@a?laﬂ, ﬁfe”@%.é‘ct&fﬁ&ﬁ&dﬁ%%fﬂnqrgﬁ one
on each side ; e el age is also possible to s aneoysl y
enpl oy radi atllg(})lﬁaé(}eat ée‘_a’c?r(')dr ga%ﬁ? ‘iq a?FL? 1oL %‘E‘nﬁf Higt supports the, segand ¢parierct ed
in Figult@ 3. JoorThegediaticnodestcitars2de mennted 13 he undersilietof CicsecRabSi i@ HONG
system 34 inglivdes i arfies S r 1. beam, 52 that supports
the second carrtier 10 ?%?ﬁgﬁégr arl(;}}ca%%lp g%t %g%g?tzolgggg_mklg Tt unr%?agaetf‘%e’} ﬁ’g ,
under si de of REHPT2AREHBds Fatls#3xigiining theselegter seanningestationsd agty loeate thee
support beamrd@atien detdcthiri3glay a dedifet @statieh WaBRespb& to BRIflsebipead) Qﬁgmpggf{i de

rails 48 defiybng,tibg .s&l 38}15 Hless%%Qt% %gid%trz?i}sl & ol §2 cgr%rél%?%}eecoggoller
15 36 by any conventional motive means in a manner known in the art. Thus, the
radiation detector 32 is capable of traveling over the outer surface of the fuselage 12

above the passenger deck 20.

As best seen in Figure 4, the second carrier 50 (and thus the radiation
detector 32) has a local lateral or longitudinal motion capability relative to the support
20 beam 2. This lateral motion enhances the view of the frame member 14 (or
" whichever fuselage structure is being inspected) during an inspection. In some
instances, the field of view of the vertical frame member 14 may be restricted by
. Interior objects in the path of the radiation beams emitted by the radiation source 28.
In which case, the radiation detector 32 can be laterally repositioned with respect to
25 the frame member 14 to avoid the obstruction, thereby maintaining high image
‘quality of the frame member 14. The lateral motion of the second carrier 50 is
achieved under the control of the controller 36 in a manner known in the art. The
radiation source 28 can also be finely repositioned in the longitudinal direction by the

source positioning system 30.

30 The radiation detector 32 can be any means that is capable of
converting radiation received from the radiation source 28 into electrical output



radiation detector 32 at a desired location with respect to the fusel age
12. 'The support beam 52 is noved along the selected guide rails 48 under
the control of the controller 15.36 by any conventi onal8 $apténeeniffds in a
manner known in the art. Thus, the radiation detector 32 is capabl e of
traveling over the outer surface of the fuselage 12 above the passenger
deck 20. As best seen in Figure 4, the second carrier 50 (and thus the
radiation detector 32) has a local lateral or |ongitudinal notion
capability relative to the support 20 beam'.~~. This lateral notion
enhances the V|e me nenber 14 (or. whichever fusel age structure
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15 line at a time. This avoids repeated mechamca] starting and stOppmg of the detector
positioniig system 34.

In operation, one or more of the radiation detectors 32 are mounted on
the curved guide rails 48 of a selected scanning station. The source positioning
system 30 is activated to move the radiation source 28 into longitudinal alignment

20 with the selected scanning station. The radiation source 28 is then turned on so that
the adjacent region uf the fuselage 12 above the passenger deck 20 is illuminated with
radiation, While the radiation source 28 is emitting radiation, the detector positioning
system 34 is activated to cause the radiation detector or detectors 34 to travel over the
outer surface of the fuselage 12. If one radiation detector is employed, then it fravels

25 the over the entire distance of the guide rails 48, up one side of the fuselage 12, over
the crown and down the other side. If two radiation detectors 32 are employed at the
'scanning station, then each one travels up an opposing side of the fuselage 12,
meeting at the crown. Radiation emitted by the radiation source 28 passes through
the fuselage 12 and impinges on each radiation detector 32. The radiation is

30 converted into electrical signals that are fed to the controller 36. The controller 36
processes these signals and generates images that are displayed on the monitor 40.
An operator inspects the images for defects.



on the X-ray sensitive material. The radiation detector 32 can be
configured as either a linear array (Figure 5) or an area array (Figure
6). Either way, the array would preferably, but not ndceememben200have a

wi dth of at |east eight inches, although this 10 could vary dependi ng on
the particul ar fusel age structure of interest. Alinear array would permt
‘a continuous scan of the fuselage 12 at each scanning station. That is, at
each scanning station, the detector positioning system 34 would
continuously nove the radiation detector 32 over the fusel age 12, and

successi ve |lines of datﬁ Woﬁﬁld be .tratgmtted to the controller 36 The
control ler 36 woul d t hen™Butedn{Ageng e Spsslags 12 ah dhexfirsh seanming statiom iavoi ds
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fusel age 12, iupglese lRpndmavedowarduhe ceRtedi ati on eni tted by the radiation
source 28 passes through the fuselage 12 and inpinges on each radiation

detector 32. The radi atlheie db&vé@es@ﬂp'ﬁ/cﬁhr Rdadiich SLRELRIICRLaRE GRRlS riat are
rocesses t hese signals and
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i nspect d3the %@gslq orT higedreapgement7is generally best for image resolution because the
radiation detectors 32 can be located fairly close to the fuselage structure being
inspected, thereby minimizing the magnification effect. Excessive magnification of
the images can result in degradation of image resolution. On the other hand, some
magnification would be helpful in inspecting the images and is thus desirable. Some
20 commercially available X-ray tubes have built-in magnification capability. The
system 10 could also include a separate magnification element located between the
radiation source 28 and the radiation detector 32. Furthermore, the system 10 can be
alternatively configured so that the radiation source 28 is located outside and the
radiation detectors 32 are located inside of the fuselage 12. Locating the radiation
25 detectors inside of the fuselage 1. will generally place them farther away from the
fuselage structure being inspected. A microfocus tube could be used to compensate
for excessive magnification that may result from this arrangement.

one

Referring now to Figure 7, an alternative detector positioning system

134 is shown. The alternative detector positioning system 134 utilizes a rail trolley

30 system that has remote longitudinal positioning capability to move to successive
scanning stations in coordination with the radiation source. The system 134 includes

two curved guide rails 148 mounted on wheels 160 over the crown of the fuselage 12.



8 Septenber 2004 Once the inspection of the fuselage 12 at the first

scanning station is conpleted, the radiation detectors .32 are noved to the '

next scanni ng station,--and the source positioning systScPer@anbar0f4 noves
the radiation source 28 into longitudinal alignnment. The inspection at
this scanning station is then carried out in the same 5 manner with the
radi ati on detectors 32 being noved over the outer surface of the fuselage
while the radiation source 28 is turned on. This process is repeated for
each scanning station until the entire fuselage 12 has been inspected. As
menti oned abo ﬁ iy adi,ftion detectors 32 can be sinultaneously enployed at
mul tiple scanﬁ" hguide fils JA8 arg eriented drmmfersatiadiyorish respécirt the didebigt 02 iand pect

the entire fuselspgedhgart KigiudRAnRark: dlet@Yoditi i of
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configured so that the radiation source 28 is |ocated outside and the
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tube coubd beartipeidieicby cmvpehsaireed guide rails 148 longitudinally along the fuselage 12.
Thus, the radiation detector 32 can be positioned at the selected scanning station as
the radiation source is positioned inside the cabin. Exact longitudinal alignment of
the radiation detector 32 with the radiation source 28 is not required because the
width of the radiation beam emitted by the radiation source will generally cover both
20 sides of the frame member 14. Furthermove, the radiation detector position can be

adjusted by moving the second carrier 150 relative to the support beam 152 prior to
the circumferential scan.

The foregoing has described a radiographic inspection system 10 that

provides high speed digital inspection of aircra® fuselages. The system 10 allows for

25 inspection without removal of interior bins, panels, insulation, lights and wiring,
thereby realizing substantial time and cost savings over traditional inspection
practices. The system 10 can also stage other nondestructive testing (NDT) sensors

so that other NDT modalities can be performed simultaneously with the radiographic
inspection, thereby further enhancing productivity. For example, an ultrasonic probe

30 could be mounted onto one of the positioning systems to inspect along the

longitudinal direction at lap joints and stringers for corrosion and cracking of
fasteners.



for .excessive nagnification‘that may result fromthis arrangenent.
Referring now to Figure 7, an alternative detector positioning system 134

~"i{s shown. The alternative detector-positioning system B32epemperZ884a r aj

trolley 30 systemthat has renote |ongitudinal positioning capability to
nove to successive scanning stations in coordination with the radiation
source. The system 134 includes two curved guide rails 148 nounted on
wheel s 160 over the crown of the fuselage 12. -8 8 Septenber 2004 The gui de
rails 148 are oriented circunferentially with respect to the fusel age 12
and -are spaced apart | L tudi:nal e (o] ositioning,system 134
further includes. seggggéégg?ﬁgr&%%6E§§HQé&gﬁkpé?¥aﬁegwwﬁgﬁ pﬁ%ﬁhgﬁbports
the second caftdeda BoVill hsaprarenb de tth%éélﬁﬂﬁéznitge gt thatnearipusronodi fedtitrest ween
the guide. r ahérstolet. beTmmeswrtwtaitemﬂngi%ﬁpm@rsF% ah§ BRI Sfe ‘irf?,eﬁtgb% a5,

e

under si de Of‘£@@ﬂ§3ﬁ99€%%ﬁ5%hﬁén%5o so as to ace the fuselage 1
52°1s no alon

support beam 1 he guide rails 148 under.. the control of
the controller 36 by any conventional notive neans in a nmanner known in
the art. This noves the radiation detector 32 circunferentially over the
outer surface of the fuselage 12. As in the first enbodi nent, the second
carrier 150 (and 10 thus the radiation detector 32) has a local lateral or

| ongi tudi nal notion capability relative to the support beam 152.. This

| ateral notion enhances the view of the frame nenber 14 (or whichever
fusel age structure is being inspected) during an inspection. A notive neans
such as an electric notor (not shown) is provided to drive the wheels 160
under the control of the controller 136 in a manner known in the ‘15 art to
t hereby nove the curved guide rails 148 longitudinally along the fusel age
12. Thus, ‘the radiation detector 32 can be positioned at the sel ected
scanning station as the radiation source is positioned inside the cabin.
Exact |ongitudinal alignnent of the radiation detector 32 with th ,:

radi ati on source 28 is not required because the w dth of the radiation
beam em tted by the radiation source will generally cover both

-10-



20 sides of the frame nenber 14. Furthernr're, the radiation detector
position can be adjusted by noving the second carrier 150 relative to the
“‘support beam 152 prior-to: the circunferential scan. . THReéSepeabgyi20§4has
descri bed a radi ographic inspection system 10 that provides high speed
digital inspection of aircru -t fuselages. The system 10 allows for 25

i nspection wthout renoval of interior bins, panels, insulation, lights and
wiring, thereby realizing substantial time and cost savings over

tradi tional i#dBHBLion practices. The system 10 can al so stage other
nondestructive testing (NDT) sensors so that other NDT nodalities can be
performed simultaneously with the radi ographic inspection, thereby further
enhanci ng product i A systenravher nagrpfor radiograplic aspmttonmf@healir:&fhf‘cﬁﬁéldgdoeaid
nount ed onto qQp f _the positioning systens to i nspect along the

| ongi t udi nal Vﬁggf?%1%§581ap joints and stringers for corrosion and
cracking of fastenaadiatioDsdbrdedptaetdat oddfde MWialdefusfiged;fi ¢ enbodi ments of
the present invention _have been  described, i be apparent to_those

il
skilled in the art 2dwpigndpigger #ﬁfé@i%@l}%ﬁfétf’i%@ﬁ@%ﬁb@s gpesaifhipdiatiophout

departing frometeBr BBing lali gty B QRE radiatiol Sodrd¥ BIHcAtOMnABy algl?%-keﬁ@ﬂlgie@gé;he
. appended clains. 8 .Septelnber 2004 Clains: 1. A system when use r

radi ogr aphi ¢ i nspedirstoppsifoniig aieprs ffrtmovisg|angeqf saad dadiatjont emreoapd issidng: a
radi ati on sour C ;S -af Lok f oL gg%;_ adi ati on detector
| ocat ed on an5%@%?9§%%§9g?&%§€§ngﬂg§?§68§%§§?§%§§B,a eb%lddetector bei ng
aligned with sai d sedindtpositioingnoeank dogmb it ke bthenbmngf said eadiatoal agee

first positi OLE%a{FH %atifogrdertrt!:)c\{(l)rngrc%nm%el%];ltiﬁg} gvitlila%sgf;[clt (%(r)l sg.%uig.l%glagen %h%%l d

inspection is underway.

2. The system of claim 1 wherein said first positioning means comprises at least
one guide rail disposed inside said fuselage and extending longitudinally with
respect to said fuselage and a carrier slidingly mounted on said guide rail, said one

* of said radiation source and said radiation detector being mounted on said carrier.

3. The system of claim 1 or 2 wherein said second positioning means comprises
at least two guide rails mounted to an outer surface of said fuselage and a carrier
slidingly mounted between said two guide rails, said other one of said radiation

source and said radiation detector being mounted on said carrier.

4. The system of any one of the preceding claims wherein said radiation source
. is located inside of said fuselage and said radiation detector is located outside of said
fuselage, said first positioning means moving said radiation source and said second

positioning means moving said radiation detector.

5. The system of any one of the preceding claims wherein said first positioning
means comprises at least one guide rail disposed inside said fuselage and extending
longitudinally with respect to said fuselage and a carrier slidingly mounted on said

guide rail, said radiation source being mounted on said carrier.

-11-



radi ati on detector longitudinally with respect to said fusel age; and second
posi tioning means for noving the other one of said radiation source and
said radiation detector circunferentially with respect t®Sspedbétmmlage
when ‘inspection is underway. 2. The systemof claim|l wherein said first
posi tioning neans conprises at |east one guide rail disposed inside said
fusel age and extending longitudinally with respect to said fuselage and a
carrier slidingly nmounted on said guide rail, said one of said radiation
source and sai® radihgt Fotendetfe enyrongeph gharpuerediigoplaised avhseain i seid sgcongihe
system of cl aign.l r.ein.sai d .1 0N | Se at
| east two qui c]:g;g %g?{ng%nn%%gf gllg ?%enggl%gtﬁg‘& u‘?%%%%“ﬂgegﬂg%%é%ﬁ?%@%n a
carrier slidisagl fnselegnted abetneeslidiagly nmomtglubetereermistid, tweoaguldotrsibsy saide of
said radi ation dsour§ﬁ$gnq)said r%qiatiog det ect or being nmounted on said
carrier. 4. THEUEY D" B BRYMET Ot fRC fTEERdi ng cl ai ms wherein sai d

radi ation source is |located inside of said fusel age and said radiation

detector is | ocated outsi de%tof said fuselage, said first positioning neans
movi ng sai d rddi at i gl Y&iercet damn AT whersHH saihseqond designivgaReanTdvithy sai d

radi ation det eghfkisesda stppor Y&in®Mi@hgBMoREed b shidermRr g@&g LA, E%li | BBrier

wherein said first positioning neans conprises at |east one guide rall
di sposed i nsi d&ingaslingly ereugtedaiedsaik suppgitnzeam toneiablediongitidinali mbtiorewithct t o
sai d fusel age I lidingly nounted on said guide rail, said
radi ati on sourrggebg%@f)%gihr%%% ed on said carrier. -11 8 Septenber 2004 6. The
system of any one of the preceding clainms wherein said second positioning

neans conpris at l.east. two i.de, rail s, mounteqd to an,outer surface of
said fusel ageeSan hepsient °§|%ra&Pn~’g|°§ én&&ﬁ‘i% SH HReELS Talls 0 *‘g’ﬁ?@é Hai | s,

said radiati gflovigt RepRidiRalyNithedpéRth id fiRkldgsarrier. 7. The system of
claim3 or 6 wherein said second positioning neans further

9. The system of any one of preceding claims further comprising at least one

additional radiation detector located on said another side of said fuselage.

10.  The system of any one of preceding claims further comprising at least one

additional radiation source located on said one side of said fuselage.

11.  The system of any one of preceding claims further comprising a controller

for controlling said first and second positioning means.

12. The system of claim 11 wherein said controller receives image data signals

from said radiation detector.

13.  The system of claim 12 further comprising a monitor for displaying images

generated by said image data signals.

14.  The system of any one of preceding claims wherein said radiation source is

an X-ray source and said radiation detector is an X-ray detector.

15. A system when used for radiographic inspection of an aircraft fuselage, said

system comprising:

-12 -



conprises - a support beamslidingly nounted to said two guide rails, said
carrier being slidingly nmounted to said support beamto enable

l ongi tudinal motion with respect to said fusel age. 8. Srbeptephberad®0bf cl ai m
3 or 6 wherein said two guide rails are capable of noving |longitudinally
with respect to said fuselage. 9. The system of any one of preceding clains
further conprising at | east one additional radiation detector |ocated on
sai d another side of said fuselage. 10. The system of any one of preceding
clainms further conprising at | east one additional radiation source |ocated

on said one side ofp S@ I : : f Y. f ecedi ng
clains further conpr ?ﬁtﬂgﬁﬁé@gﬁ%&rﬂr@xo&?@yé%@ jté ér’ﬂo |‘?f?13§ aélglﬁgt %S?lgge’gglg
second positi opnstey aepwnisingl2. The system of claim 11 wherein said

control l er receives jmage data .signals.. fromsaid radiation detector. 13.

The system of clai r%rﬂlag‘ﬂl} THeFe 188%%‘?1%%%3%“%%@9 for displaying i mages

generated by sai d iamgiatidrdatesiog igated ckdsidel BEsHY FaRMgef sadd YaddiRnQietector
diation source is an X-ray source and said

precedi ng clains wherejn, sai g r ce, )

radi ati on det é’@’t"&al’iggecgwltiﬁ"i“gs‘iag%ti%’c%oléwe lqngitudinglly alopge wpid Auselags: f or

radi ographi ¢ i nspegtigfrefosAfdniis’ SERE fok W&iRYSaid $&istionS gy

-12 8 Septenber. 2004 15.ecﬁfgssystégn§1§’\€/}men used n?ggr lra%dilgbopa%%%%%ﬁ@?gg%@gn of
an aircraft f g8l mepect tosaid fusglageeandonpri sing: a radiati on source | ocated

fusel age, <ai d radiarox GerRet opinty SEEEE) BE BB ok RBiour ce

| ongi t udi nal | yirelofigersiaily Withsesprgeto saidsfosslage wlesi ihspeotisigis syidéresyf or  novi ng
said radi ation source longitudinally ‘
16. __ The system of claim 15 wherein said source positioning system comprises at
least one guide rail disposed inside said fuselage and extending longitudinally with
respect to said fuselage and a carrier slidingly mounted on said guide rail, said
radiation source being mounted on said carrier.
“17.  The system of claim 15 or 16 wherein said detector positioning system
comprises at least two guide rails mounted to an outer surface of said fuselage and a
carrier slidingly mounted between said two guide rails, said radiation detector being

mounted on said carrier.

18.  The system of claim 17 wherein said detector positioning system further
comprises a support beam slidingly mounted to said two guide rails, said carrier
being slidingly mounted to said support beam to enable longitudinal motion with

- respect to said fuselage.

19.  The system of claim 17 or 18 wherein said two guide rails are capable of

moving longitudinally with respect to said fuselage.

20.  The system of any one of claims 15 to 19 further comprising at least one

additional radiation detector located outside of said fuselage.
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with respect to said fuselage; and a detector positioning systemfor noving
said radiation detector circunferentially with respect .to said fusel age
when inspection is underway. 16. The system of clai m 15 Sg¢mdesber 209%d source
positioning systemconprises at |east one guide rail disposed inside said
fusel age and extending longitudinally with respect to said fuselage and a
carrier slidingly nounted on said guide rail, said radiation source being
nount ed on saic{ caryrier. 17. The systemof claim 15 or 16 wherein said

det ect or posi t3oni niespstcanPt apnpre sk slaims 1a4820; fsthgu reraptising st kesinered t o

an outer surf aggitRhabaliiby Stk ao8cAasii%ide 6L fcoflg i Nl y mounted between
said two guide rails, said radiation detector bel n& nounted on said

carrier. 18. The systemof claim 17 wherein said detector positioning

_ said PoSiti
Ui de rai s 2 a ooy S GURRRELRRA IS |l Ruthel BRI R RO 8 « o

enabl e | ongi t wdntrallingwaid dinstwind kecond ppatibnihgnahd fusel age. 19. The system
of claim 17 or 18 wherein said two guide rails are capable of noving
longitudinally with respect to said fuselage. 20. The system of any one of

claims 15 to 13 furkieelyseansr égio aahefe,@mﬁid%ﬁml@é&iq&ééiwa%aag@qmts&@ms
detector |ocated outside of said fuselage. 8 Septenber 2004 Z21. The system

of any one of feqm s34 radiation dstectaty t her conprising at |east one additional
radi ati on source | ocated inside of said fuselage. 22. The system of any one
of claims 15 to 21 further conprising a controller for controlling said
first and sec@dd pddietsystainnef dleiamd3 fidther Tepssisg emmafites Ifad disP@2yinpdimepes sai d

control |l er recgj [ : ignal.,s fromsaid radiation detector. 24.
The system of C@bé?%d%g%g@r@%é?d%%gﬁg?#&i ng a nonitor for displaying inages
25.  The system of any one of claims 17 to 24 wherein said radiation source is an

X-ray source and said radiation detector is an X-ray detector.

26. A method when used for radiographic inspection of an aircraft fuselage, said
“ method comprising:
providing a radiation source inside of said fuselage;
providing a radiation detector outside of said fuselage, said radiation detector
being aligned with said radiation source longitudinally along said fuselage; and
causing said radiation detector to move over said fuselage in a
circumferential direction while said radiation source is illuminating an adjacent

region of said fuselage with radiation.

27.  The method of claim 26 further comprising:

subsequently moving said radiation source and said radiation detector to a
different longitudinal location with respect to said fuselage; and

then causing said radiation detector to move over said fuselage in a
circumferential direction while said radiation source is illuminating an adjacent

region of said fuselage with radiation.

28.  The method of claim 26 or 27 further comprising:

collecting image data signals from said radiation detector; and
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generated by-said-imge data signals. 25. The system of any one of clains
17 to 24 wherein said radiation source is an X-ray sour.ce and said

" radiation detector is an X-ray detector. 26. A nethod heeptersber 3064

radi ographic i nspection of an aircraft fuselage, said nmethod conprising:
provi ding a radiation source inside of said fuselage; providing a radiation
detector outside of said fuselage, said radiation detector being aligned
with said radiation _source |ongitudinally along said fuselage; and causing
sai d radiation det cHtRb#YiRgimangs sencsated by srid invegeadpa signads.ci r cunf erent i al
direction while said radiation source is illum nating an adjacent region
of said fuselage with radiation. 27. The nethod of claim 26 further
conprising: su¥sequemepgaray imbgn siagd faraddiagiaphicsiospectoranfl as aircraftafitseligeon
detector to a _ different |ongitudinal.|lqgcation wth res t to said

fusel age; and ctoﬂd Hs@ %éla%ggg?%ﬁraﬁﬁr%]tnigg%ala‘/e?%ec&o‘:ﬁal qntg?g over said
fuselage in a circunferential direction while said radiation source is
illum nating adj acent region of said,f usei},age with radiation. 28. The
met hod of cl ai 26%”%?% ?"Il?@? ug iradiagraplig|ipgnection of Angucat fsdigmal s
from said radigpeial &e@ﬂﬁigqr);th@ﬂethoaéf%lgﬁeﬁcﬁt%ﬁas%@(}?&zgi} spl ayi ng i mages
generated by said i nage data signals. 29. An apparatus when used for

radi ographi c i nspection of an aircraft fuselage conprising nmeans arranged
according to any one of clainms 1 to 25. 30. An apparatus when used for

radi ographic i nspection of an aircraft fusel age operable according to the
net hod of any one of clains 26 to 28. 8 Septenber 2004
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H GH SPEED DI G TAL RADI OGRAPHI C | NSPECTI ON OF Al RCRAFT FUSELAGES ABSTRACT
OF THE DI SCLOSURE A system (10) and nethod for radi ographic inspection of
aircraft fuselage (12)s includes a radiation source (Z8jepieraber2dny

| ocated i nside of the fuselage (12) and a radiation detector (32)

preferably | ocated outside o fusel age (12). A source positioning
system (30) i s provided for %@ﬁ%&‘ﬁ@@{m{ IQERASEIE (28)
longitudinally with respect INSPEOEIONSH ADECKART FURRE AG et ect or

positioning system (34) is provided for positioning the radiation detector
(32) in longitudinal alignment wth the radiation source (28). The

Circuant erontially with respect PoarRa PhasaB GG s onerati on, | the
radi ation detector (32) is noved over the fuselage (12) in a 10
o) acent rearon - of 1 nonr BobrdLdN o68 e eederontc rgan of arceh
fuselage (12)s includes a radiation source (28) preferably located inside of the
fuselage (12) and a radiation detector (32) preferably located outside of the fuselage
(12). A source positioning system (30) is provided for moving the radiation source
5 (28) longitudinally with respect to the fuselage (12), and a detector positioning system
(34) is provided for positioning the radiation detector (32) in longitudinal alignment
with the radiation source (28). The detector positioning system (34) also moves the
radiation detector (32) circumferentially with respect to the fuselage (12). In
operation, the radiation detector (32) is moved over the fuselage (12) in a
10 circumferential direction while the radiation source (28) illuminates an adjacent
region of the fuselage (12) with radiation.

Figure 1.
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