S Septenber 2004 H GH SPEED DI G TAL RADI OGRAPHI C | NSPECTI ON OF Al RCRAFT
FUSELAGES CROSS REFERENCE TO- RELATED APPLI CATI ON Thi s. appli cation clains
the benefit of U S. Provisional Application No. 60/ 17%,‘%?emgérl2%@4\]anuary
7, 2000. BACKGROUND OF THE I NVENTION This invention relates generally 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 al titudes,
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 &RQAREFERANCE TOMRBLATED BIPPEECAEION ' enoved, the skin,
frame nenbers and stringers return to their normal shape. Al though 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 tocadographiteingpdcibh and thore

pressur e | ossparticilindy @iligh fckd dibnel ﬁ@i%}a?ggf&fiﬁsgtgésﬁn %‘gf%ﬁﬂ%l on. and cyclic

stress can also cause | ooseness arou he riv _ rivetcracking.
frame monbers.and St ri noore ot STESAPRSY SPPOHe: S (EbPRGePREpERl on
relies |argel @argq,] memahesy 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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i nspection techni ques. These techni ques require extensive di sassenbly of
the aircraft, -1 8 Septenber 2004 including renoval of objects such as

- ..overhead bins, interior panels, “insulation and the |iBSepldmberdi®fdoach is

thus tinme consum ng, |abor intensive and expensive. Furthernore, visual

i nspection techniques rely heavily on hunman ability and are linited by
anbi ent |lighting conditions, environnental effects, and the inspector's
physi cal and nmental limtations such as eye vision corrections, tine

consth raints, firrﬁﬁdiag rérhbidl ;iﬂ%bjdé&:’l‘ﬁleﬂta_ﬁ RverdBacBhs) iﬁt&i@??ﬁmd%ﬁﬁé&ﬁfo@pﬁw LS
anot her appro to aircraft fusel age i nspection that, has been proposed.
However, usi naﬁ‘? é’%?ogk‘%é‘p?'ﬁﬂfo | ¥ thYS damR GPRSUNiRg Jabyr infensiver Ipde PXREBSIVE. a
costly, |abor FuheRsdrdevRiACRSecliyPi&hhlghied SAYIHLRY, bAEMABURESaRf afed | M
It is also a relatidé1v'slom?%?écess_agﬁfhe ifnlgﬁst g@arerrnl\;%lzlaana[f
devel oped bef dieited; by dightime lsendisions, savirormagital ciffegtst nd fthd nspgatér’san
X-ray detector b f RQWL CH ectronig.i i nal Lve to
Xoray film aroasa ul RopraP Ry SCEt coP it B Rols Mg SRR D,

of the X-ray smmdettinde,den@otraionaridjud@sgect to each other and the

fusel age. This alignnment has been heretofore difficult to achieve given
the i Mmense size of air ft fusela eﬁ%. Accor itngﬁljﬁ/ hi ul d betdes' rtabl e
to have a method and appif & yclﬁﬁgg & GIPTREF8r 'CF?Q)% S\éﬁg%B@B‘EF Widital
radi ogr aphi ¢ ihaspeei ippsposéd. aHoweERr] uitig GhaiggGiphidi fiMOUS dapfiey ahagls oMty i or
bi ns, panels,f%%%é%ation l.ights, wiring and so on. BRI EF SUMVARY. THE

| NVENTI ON The Infeshsflb e msevedroRses Bpictlregisnglres wvats Silmwli ch
provides a sys§ gm anelatRihamw foctRHsI8E ARAINTust BS P&ﬁ&deﬁrhnﬁfde%lf)gé@ﬁéfore
fusel ages in which a radiation source is preferably |located Inside of the
fusel age, and the imaglicachphe egamnined oRenlacipg Biechilabjth| apchirex defaetst dapable athe
fusel age. In A L W\ | QN re i V]

system for r%g(?végl?lg%ﬁ%cg 81{11851%%%%%%%0 teg{r%\ﬁg?&dcggﬁa? prﬁlé gP%%eS%;lﬁhdeﬂgf}sst% gm
conpri sing: a geaetely regpire 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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source | ocated on one side of the fuselage; a radiation detector |ocated on
another side of the fuselage, the radiation detector being aligned with
~.the radiation source |ongitudinally along the fusel age®;Sdptenstier084ti oni ng
means for noving one of the radiation source and the radiation detector
longitudinally with respect to the fuselage; and second positioning neans
for noving the other one of the radiation -2 8 Septenber 2004 source and
the radi ation detector circunferentially with respect to the fusel age when -
i nspecti on i ssamcteandetiie rddintimnalcteetor akpemferaitiatipevifir espott td theasdiaue, wlidner e
is provided a. s sbem far radi ographic inspection of an aircraft fusel age,

t he syst em colfpPSEPRY "t ati on source | ocated inside of the fusel age;
a radiation detector |oqatagstheuispbdldrdle progent ieBlict Sherb Reprodfliedlal 9ftem
detector being aligned with the radiation source longitudinally along the
fusel age; a s®urakogsaphie inspeciign o an airrmBrivsalagentetsheemeryrisng: 8 slietion

| ongi t udi nal | g, id n)cat%& ARG H¢ tﬁ@guge}h?@ 395 diaflfd d%te@&}r?l‘c‘s{:eﬁéd Bﬁ&?}&e‘ S
systemfor noving the radiation detector circunferentially wth respect to
the fusel age fnkelage, thesppdiation detestoubelng abgned| witlathetradintiars pacte lohgitbnglyesent
invention, there i.s provided a nethod. for radiqgraphic i,nspection of an
i roratt tusehage e RSthetE Bulretions® shB dh gVt MR BEftioRostres
~inside of thelohgseliwgds; withaesptcne ther Adblagd, dhddetdenknt pRuitidhilg Sistehdh for
fusel age, the radi ahi on_detector being alli gﬁ:d wi.th the radi g# ﬁ% sour ce

| ongi t udi nal 1 OVIBEJRY raHfign SErPee Siraefcteaiallv gith Frapsehde 4be Siselrge oKy to
nove over thenfMegbAGSrdarwhy, Circunferential direction while the radiation
source is illumnating an a Lacent region of the fuselage with radiation.
8 Septenber 2004 The pr d8enetheraspent iobmheamesent mvantiom theges modded amephddor

and the appented ATarpRe inBRtoicl 3 g sq e S AT B Al EREL AR 7

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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BRI EF DESCRI PTI ON OF THE DRAW NGS The subject matter that is regarded as
the invention is particularly 5 pointed out and distinctly clainmed in the

“ concluding part of the'specification. The invention,  h&wtmembersdPO8e best

understood by reference to the follow ng description taken in conjunction
wi th the acconmpanying draw ng figures in which: Figure | is a schematic

vi ew of a radiographic inspection systemfor inspecting aircraft

fuselages. 10 Figure 2 is a sectional end view of a portion of the

radi ographic inspection systemof Figure 1. Figure 3 is a perspective view
of an aircraft equipped Wth the inspection systemof Figure 1 and having
a portion of the fusel agt RH§HnYsRtga ARY HF advaniagosayer themeipe ait wikhbecomz

fusel age str wappareat updibrdailipgribe 4olicviag denlilad gestrptiowvand te hRRhadd Aims
det ect or assepf Vefér&@pt&'ﬂ%aci:&ﬁﬁa%gfnig%a@% emof Figure 1. Figure 51s a
i :

perspective view of a l1near ar odiment of a radiation detector.

Fiigure 6 is jve view of an area array enbodi nent. of a 20

radi ation def%@&@fﬁﬁﬁ‘%ﬁ%oﬂ PE THEJARANEINGY e view of an aircraft equi pped
with an inspection systemhaving an alternative detector positioning
system DETAI LED DESCRITHE| sDbjeCFniktter tHal/ENTédabileBedsemme | ifgerttion tib Gapic@nhigs

the vari Dus \iomd O Sty WhAed of AAI g ot 8 St 5s BEhicanoar “Weoa
radi ogr aphi ¢ MYFOHeRhogsvery mag e bestpoderstasd bz réforgnesrtodha fotlakving deseipiva 12.

As i's known takentifh€orgiiictioh REthi (e RlcaBBarhin P8R fighr GANRHiGES @ cylindri cal
wal | made up of a grid of circunferential frame nmenbers 14 and

i i i na i n_cutaway . n .. )
I'ongitudinal stringers F%g%ré $he mcﬁema(flc e lof'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



Figure 3) covered by a skin 18 of |ightweight sheet nmetal. 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 cdb$epteabertB90grovi ded
wi t h. conventi onal overhead bins 22, ventilation panels 24 and side panels
26. Al though not shown in the Figures, the fuselage 12 typically includes
ot her conventional structure such as lights, wiring, insulation and the

| i ke. 10 The system 10 i ncludes a radiation source 28 nounted on a source
positioning system 30 | ocated within the cabin. At |east one radiation

det ector 32 radi at into electrical -
out put si gnalrg@i?g}%hl‘ﬁ)c Q{SB%R%M%&%&HgP ﬁ ] %ﬁ@g 7 @%ﬁrﬁ%%és?@%ﬂﬁ 34s isdewwad
out si de of t Ha thaabtheisselae Rsgemetally sempdssardybiadritan umnrr@ad@ejpajfla, e

radi ati on so%&@n?&erﬂiﬁﬂﬁéxﬁ@'hﬁmb@& ﬁ%ﬁ%r%ﬁtuﬁ%aﬁs‘t&age%g ﬁshgxhl] %’r{e '% \%%);[lltjlt he

on opposite des .of the, fusel a

r adi gltol on so?ﬂ%uée CPY?%L e*i“ gﬁ%%%@%&“\ﬁmqt magiel. tAeseennipifiges 2o0m t he
radi ati ](c)ﬁd deassengar d8ck 20 issiisposkal toorizb@aldy muffm%]a gB)2H8s lfcfé?éfﬁa%'t&nﬂ tﬁCt or
32 are fed t r er The conptr e ch can
be a convent ?’5%% nﬁgtg&r;pcgblér Th%%atﬁ'n%ag h%?%\rége%fwgg §°’§‘feBH%rfa'g O’éﬂ'é Béjgﬂg%%z

cor r espondi ng SREAYRN P?B‘ebez‘bé'ilfbﬁléﬁé@n@ﬁ 26. 28lthanghtrot shOwn An tiepBigatesy thes t hen
abl e to vi ewfiidetagdiie ey HnoheRs r jdrege

Si gnal S are ?Aﬁﬁ{%ﬁﬁ?ﬁ?ﬁ?; nems)rd;h%rn%?ﬁ%{t?%%t rﬁ-#?%?%gglu %:hghg (R)&f' Hol | er

36 i s connec ation source 28 via a cable 42 that passes
t hrough. an opening in the fuselage 12 such as an open door. Through this
connectlbn, the contr&h¢ eystes 19omtiudéssa tridiatigresatrée0R8 afounted dxﬁdlsaﬁzlc@n

source 28, t ybdiiidtgng Ey% @OQOé’dftéd w?tﬁmafﬂg cﬁﬁ’ﬂm At 1% e aﬁ% 131?%%@%&13?

The radi ati on. sou (ﬁ referab but necessari X
i ndustrial X ?pae\g % ﬁgn‘ﬁ% “Eﬁ}n%lrama&ﬁ“ \3‘8? Fk@g@cw\,éputﬂa@pksys {awtted bown) .
Al ternative palfiestdrqesgioningesystesLh la&teainomtsldé Qi thie rmn@e' on %@U\F«ﬁﬁbe

produci ng gapBRribEAYS 1mc§9 Yethi 0 Eig%srgﬂat?o% I{I'P'C 2@“ %’h?&%?c(%‘lﬂjﬁr Sg &.on of

produces a paeTora[n ¢ radi at1 oh eam | i
the fusel aget3Ively| SIyatcA 2R oRROTitscsiden o8 theglisalage Wakbmn thaomdldtnoneammecf bypor

line above t lie rpdistengerced8GkadiBes HeFudehibe ORISR Hfhidls bR 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



positioned in the fuselage 12 by the source positioning system 30.
Specifically, the -4 8 Septenber 2004 source positioning system 30 incl udes
a first carrier 44 to which the radi ation source 28 i Sepierhber.200he first
carrier 44 is slidingly nounted on two linear guide rails 46 that are

di sposed on the passenger deck 20 and extend parallel to the center

| ongi tudinal line of the fuselage 12. The first carrier 44- is noved back
and forth 5 along the guide rails 46 under the control of the controller
36. The notion is produced by any conventional notive nmeans such as an

electric noto ' mahner known in the art.. Thus,. the
radi ati on sou%ocug Osgg)%m%és))g%fnegq 1%@"{&95 aléé it 5h t%l‘vg}?é the, gadjatien spuree t he
fusel age 12. The weunted Pesfirst onriagd4 ystlingBPmiosnted onfiivg linest dugicmaneas he
radi ati on southge ags didpb t ' Lon 1 .t hout

o oo (P JERgE eAI26, Bl PREAP abeld AR ebien .

interference wth any objects |oca i nsi d ]
such objects %glﬁﬁﬁ%cﬁn%dﬂpei%ctﬁ‘ﬁé@e riteadhfng capier aiaarovedi backrand ortloxy gen
]E)I unbi ng$ 1 i gﬁisg thel guideireds 46i wideg thd asﬁtﬁj’lf&ffsthe|@&i&&@éfﬁ@ndl“lﬁahhﬁb(n is
I Xxtures, -etc . . orm an jnspection. The detector
RO by 0 Ep ol B K b By AR e A elsE PR oS hon o 1 1y

positioning system 3 I zes a ral

of curved guiY&3mRFY &nawn dgythecart-t oThuse theradiatingr sawres @8 tdnebé uslettagty 12.
Mounting can fsiteaedafoh) SRelnth ke KRSASE w.chhe%l&u@wmof@hg?y&anﬁe 40 he
S

rails ,48 a i,ng the fusel age 12. "The quide rafl re orien
circunferenti al ﬁg&%\g\n fp %n IS ngc’fa%{agigf‘ ﬁ‘@u’f‘cﬁs% @g@g oths figsiseds ranga cfdmetion al ong
the | endPh ofwithmlinigdertaee withahy gbjadts loaittd 4RBidesthe ditselageriad Aecop@hglh, t he
fusel age cur vty réicnd (K f. ' adj acent to the passenger
deck 20 on Orr]ﬁﬁu i die (‘?ﬁ‘q’ﬁ?ﬁi’é|‘g§ga€é’,%9%§%# %E'}?é%’”ﬁ‘ﬁ‘gae‘fsaég Blrag'ﬁn,oxéﬁ@ to a
poi nt adj ace

sjde of

’thgh s clestirel vaeg, fodienses, davatary endigallsly fixteresfalsphege 12.
The gui de r aifos bd8narved tdpes foaamraigg@ctieh. t rack the path of the panoranic
radi ati on beamemtted by the radiation source 28. The curved guide rails

R i e .
det ect ofd 32 iRUALY Rletrpsh gids, rglgj 4fceygpnted to the outer surface of the fuselage 12.
Mounting can be accomplished by any means such as suction cups 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.



ones of the guide rails 48, and each pair of adjacent guides rails 48
defines a scanning station. The guide rails 48 are accordingly | ocated on
" opposing sides of the fuselage: 'structure to be i nspectieSkptaraer@Rehpl e,
Figure 3 shows the guide rails 48 straddling respective ones of the frane
menbers 14 so that they can be inspected for defects. 30 However, it should
be noted that the system 10 coul d al so be used for inspecting other

fusel age structure such as stringers, lap joints and the |ike. The guide
rails 48 would sinply be positioned accordingly. -5 8 Septenber 2004

VWiile a single radiati etector 32 can be used qn the rail system the
si nul t aneous use_of nu?‘??‘ﬁ?%siﬂ&gﬁfé?%w g@?“é@t (‘g’m%g ysert P g aail gystem, the

t hr oughput  of sitflancons peecef mnltiples tagintibh.delbatoro B3 irréREYSRERIoShIt ofWhd | Pl €
detectors arej b0k Y Ly F es 1 and .2, .two
radi ation det élgl%bgrs f% teggg@ gg\aﬂairqrg%nte geo‘ﬁé‘é“?g"q_ \gfq“nl:f:iPlS ds?%g{?ﬁsl A pg?%#f"oﬁ?r one
on each si de BFR¢eashewndpEigpses 1 andi2% e sdiation detsriors 3 capjbemiavatedanst y

enpl oy r&di atsingle dednaimigatation? oné omeatli Pide of GRNRIsBS 1AL TP RSalsPFossBRPICt €d

in Figure 3. radi ation.detector 32, _.the detector positioning
system 34 | n%@&gégsggl%g%g’ﬁ& crgtrhg&érf dt@%aa?ﬁgd 33 §5JBB‘EW§%’S€ 8D S{AHRRS, s¥pport s
~ the second c afepicted inFimee 3.The radi ation detector 32 is nounted to the
undersi de of the second carrier 50 so as to face the fuselage 12. The

support 8b§a][n 52 i s sl i m'oa@hatyh gmmmdae&ufgt@,_ tHeCdetBRbe ?&Et@mggﬁﬁ% Gyl de
rails efi; el ect.ed.scanni ng statiop 50 as t0 |oc

radi ation detlg%:g g?s %%cg?d %f‘%%%?‘f&%ﬂp f 8'6&%1?16"% Eﬂnﬁ}agglg@@fts the sepends epsdsrage
12. Thel@uppotk Thseadintin deseotandds alcmntpditt eheseldestdechf ghy steoriddangerd® sander
the control ofs theceCptiiQld @rlziﬁ%ngﬁ}é%?@Xarﬁ%Q‘éi@@ﬁh@%l}l lagﬁ)rl}t!%&’ E%fgg%}nﬁw' na

manner known in art. Thus, t at1on detec of .

t he. . 3
traveling ové?a‘rtq{égﬁ?ﬁ“égméﬁf@ééé dsfining ghet sglested geanning siivnso ehiy lpeastrger
deck 20. As bedintisedutector 3Biagudesizd I6dados aRebpeans iRruRgt and Thiuspbhe

radi ation d%ﬁﬁtﬁr‘%ﬂ |.ocal. l.ateral.. of, | angj t udi nal tion
capabi lity relati elst o <t: ggrslgglg g%@cted gulecle rails 1{8 un%elgthe contrcﬁ of H’g controller
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



20 beam'.~~. This lateral notion enhances the vieggo; the frame nenbfr 14
or ' whi chever fusel age structure is being inspecte uring an inspection.
fn-sone i nst ances, tﬁe field of -view of the verti cal f&%&mﬁmhmﬁﬁﬁ414 may
be restricted by interior. objects in the path of the radiation beans
emtted by the radiation source 28. In which case, the radi ation detector
32 can be laterally repositioned with respect to 25 the frame nenber 14 to
avoid the obstruction, thereby maintaining high image quality of the frane
member 14. The lateral notion of the second carrier 50 is achieved under
the control of. theégﬁntrol r 36 in a manner. known in the art. The

|
radiation soub&% S UYHNG I BleHEss S 4|y ope prsarted driafidetortoe id adigital Miraal
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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.
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15 fuselage 12. This arrangement is 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.

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.



to decrease the overall tinme needed to inspect the entire fuselage 12. This
approach 10 woul d require an equal nunber of radiation sources 28 | ocated

in the fuselagée 12. Cne preferred enbodi ment woul d -be &%epierabar 2084 pections =~

at opposite ends of the fuselage 12 and nove toward the center. In the
above description, the radiation source 28 is |ocated inside of the

fusel age 12 and the radiation detector or detectors 32 are | ocated outside
of the 15 fuselage 12. This arrangenent is generally best for inmge

resol uti on because the radiation detectors 32 can, be located fairly close
to the fuselaqﬁ structure being inspected, thereby mnimzing the
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system 134 is,sho The alternglive .detector positioning.

utilizes a rallowy gé]nﬁhgﬁupfi‘?ﬁt begm ﬂﬁt% tﬁ%ﬁ FaFFé%l IRQIRS ihpassg theudsh af thedame oni ng
capability tomembe lddoswbickost fisehgastnicnge & WinginspecRIEARTFi anaidpedtionl t h T he
radi ati on source.  The system 134 includes two curved guide rai fps 148

nmount ed on wheel s 160 Q¥ @{otiyBSnah®WibrCfs a&nr@?égé goﬁgﬁ}ish\%ﬁﬁ%% p%gxgtgg gl

Fusel age 12 st tas Brela il ive ooy af e saipyer e derseoerdropnat tieoni ng.
system 134 f wart teethetiehy incdteshe curved 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.



a second carrier 150 and a éupport beam 152 that supports the second
carrier 150. The support beam 152 is slidingly nounted._between the guide.

“““rails 148. The 5 radi ation detector 32 is nounted-to tBeSenterabefi2d84of the

second carrier 150 so as to face the fuselage 12. The support beam 152 is
noved along the 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
radi ati on detector 32 circunferentially over the outer surface of the
fuselage 12. As in the first enbodi ment, the second carrier 150 (and 10

thus the radi ation det : L r or. longitudi nal notion
capability r Iative.tgﬁ?giE%é%ggﬁﬁnﬁggﬁgﬁéi#?kﬁhﬁéx?gt@V oot 6n &thances
the view of tFECHReam Willchappatept (o thagpiskiisddn the g thaevasions iadificatisnsbei ng
i nspect ed) duhémew e benapdcwitsut diparahs mnma@girﬁ WRA s8I B %ﬁ%ﬁt}i&l tor
(not shown) H&ﬁﬂ&?ﬁhﬂ?%%kﬂd(ﬂﬁkv% the wheel s 160 under 'the control of the
control ler 136 in a nanner knowd I n the 15 art to t her eby. nove the curved
guide rails 148 longitudinally along the fusel age 12. Thus, the radiation
detector 32 can be positioned at the selected scanning station as the

radi ation source is positioned inside the cabin. Exact |ongitudinal
alignnent of the radiation detector 32 with th ,: radiation source 28 is
not required because the w dth of the radiation beamentted by the

radi ati on source will generally cover both 20 sides of the frane 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. The foregoi ng has descri bed a radi ographic inspection
system 10 that provides high speed digital inspection of aircru -t

fusel ages.. The system 10 all ows for 25 inspection w thout renoval of
interior bins, panels, insulation, lights and wiring, thereby realizing
substantial tinme and cost savings over traditional inspection practices.
The system 10 can al so stage ot her nondestructive testing (NDT) sensors so
t hat other NDT nodalities can be performed sinultaneously wth the

radi ographic inspection, thereby further enhancing productivity. For
exanpl e, an ultrasonic probe 30 could be nounted onto one of the
positioning systems to inspect along the

-10-



| ongi tudinal . direction at lap joints and stringers for corrosion and
cracking of fasteners. -9 8 Septenber 2004 While specific enbodi ments of
"“the present invention haveé béen described, it will be Spgréeraber 2004t hose
skilled in the art that various nodifications thereto can be nade w thout
departing fromthe spirit and scope of the invention as defined in the
appended cl ains. 8 .Septeinber 2004 Cains: 1. A system when used for _
radi ographi c inspection of an aircraft fuselage, said systemconprising: a
radi ati on souddalMBcated on one side of said fusel age; a radiation detector
| ocated on another side of said fuselage, said radiation detector being
aligned with said radiation source longitudinally along said fusel age;

first positioring meayssenh svhenweédfpr ombogtplsaiimpedminatfiaomieofy fselage] ssidi d
radi ati on det gétgm O%ngl tgdi nally with respect to said fuselage; and second
posi tioni ng P ng the other one of said radiation source and
sai d radiation det a&hdlatnﬁn mwa‘lecaem {blﬁdnheysﬂ\& dftsaldefupelgde; t 0 sai d fusel age

DSt ti oni g reans CoMBATEBAMEFIoT doraied G EragRarcaite o 1A SGBBERAhEkAoBa,
fusel age and esfcemdbaia Iaﬁgxgsdtmm&Maléﬂoh@om%@%%ﬁamhah)ﬁabﬂgséﬂé?ds e;and a

. carrier slidingly nounted on said guide rail, said one t|on
source and said radil'ﬁtmﬁiﬁl%%me@l?s e mgvine meeef wid sadiatianasourey ands saifhe

syst em of ¢l kB @f adectTb51 RN WIRIAL ABSHA AN NE, KRANS comprises  at

| east two gw S rmun to a oute sur ace fusel age and a
carrier slidingl y snmdtwdltlbam‘gemanszfombmgghn diher and sf sddrallinidaeoumese of

i on . said
ig'r ?I resdl ati Ond 3R 1a 1on (fe?ecgorr t?ildéu%[flel%lqtlﬁﬁ} \e?V(I: Olresl?e%lt Qg sn%uiq.lse gge when

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-



4. The systemof any one of the preceding clainms wherein said radiation
source is located inside of said fusel age and said radiation detector is

| ocat ed outside of said fuselage, said first positioni ngSepamsenzogsng said
radi ati on source and said second positioning nmeans noving said radiation
detector. 5. The system of any one of the preceding clains wherein said
first positioning mneans conprises at |east one guide rail disposed inside
said fusel age and extending longitudinally with respect to said fusel age
and a carrier &lidig yyshsunieanorngaptl theypirepedingi Flainesivcherainli seid sacandur ce
bei ng nount ed _pR:Sai i iz e y
one of the pré@gﬁﬁﬁggéﬁgﬁég mﬂ%$%%ﬁﬁ?gﬁghaggﬁﬁﬁégg%?SFﬁgﬁ?ﬁgxﬁ%gﬁgﬁ%‘ﬁn
conpri ses at Isesisfustlage gud decaraér didimglytreaintal betweent ezid stunf adde ofils, saidd
fusel age and a_carrier sli.dingl nt ed,between said two guide rails, said
radi ati on deté@@gyo @?%%nﬁﬁﬂﬁggémgﬁyg%fﬁdEﬁPP?er. 7. The systemof claim3
or 6 wherein said second positioning neans further conprises a support
beam slidingly nmounted to sajd two guide rails, said carrier bein
sl'idingly mounted tﬁles%(ﬁfamsw!p‘ﬁ—m i hvheredh sl ecqond gositianing m%lﬁiigﬁh% th
respect 1o SaidniphSel #46pndit b sBARERMBnEA & Whid Qo Suil PAiR! Gaid Aafhidr0
guide rails are capable of noving [dngitudinally with respect to sai

fusel age. 9. heigssislingly afouated fonsidsugposchadimty etabieriongimedihdrmedopwmithi ng
at | east one [ I j.ation detector |ocated on said another side of
sai d fuselagefa%%hh#ﬁgagvgﬁgﬁiof any one of preceding clains further
conprising at |east one additional radiation source |ocated on said one

side of said fuselage. 11. The, systemof .any one of pr.ecedjng claiyf
further corrpriggi ngalglec%’ﬁeflbp &lai f%lor Wlhfsli%r} PG é”g? Ir%lis g‘ﬁd"@@@%rﬂf
posi tioni ng nemngtbagitﬂaiﬁa1w{t1efaspéct¢d sdidTukdlapbrer ein said control |l er
receives imge data signals fromsaid radiation detector.

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:
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13. The systemof claim 12 further conprising a nonitor for displaying

i mges generated by said image data signals. 14. The system of any one of
preceding clainms wherein said radiation source is an X$epjersernZ984and sai d
radi ation detector. is an X-ray detector. 15. A system when used for

radi ographic i nspection of an aircraft fuselage, said system conpri sing:
-12 8 Septenber 2004 15. A system when used for radiographic inspection of
an aircraft fuselage, said systemconprising: a radiation source |ocated

i nside of said fuselage; a radiation detector |ocated outside of said

fusel age, sai d4radigti {; | it I: i.atlon_.source
| ongi tudinally al onggjéa?%%ggﬁg%grqu@%&@%g‘%gg‘ftﬁ“o‘%aﬁ’é%‘g%@ﬁqa%‘%er rg'alrrgvi ng
sai d radi ati osysemrcompriomgi t udi nally with respect to said fusel age; and a

det ect or positioning systemfor ving. sai.d .radi ati on detector

circunferentially v%grf:1 134'3%%%0& e@@%ﬁ“%‘@&ﬁéﬁ‘ﬁ%@%ﬁ%n i nspection is

underway. 16. The symttiveideetor lockedvhigdied bf sad duseig C&iD eflidtioaididtdy st em
rai| disposed  inside sai usel age and

conprises at .l east, on id i ne d f
ext endi ng | onéﬁe’t"@cﬁthﬁﬁ?cf‘?’gaﬁina ragigipetopredorguginaliy aloag saiddescliggar ri er

slidingly nounted QMsogflethoditiotfigl Fstem BRInthvif i@ APRiHOWLESR 1BRE RGNt ed
on said carrier. 17. Theq)_s stoemgo%ggfnai m 15“ogrle 116 m&%ﬁ n sai gﬁgg%éﬂc@ r
posi tioni ng sy¥theiepesbippeidsiaselege; pedist two gui de rails nounted to an outer

surface of said fusel n e car i ligin .rount ed_between, said two
guide rails, said %a |atF%nqﬁg¥%k r iéﬁﬁb E%D8%¥@§?O%“ af%ﬁ%gwrﬁg%?(TB.
The system of cotanfardifiallyevith nspeat o sdielt fesdage viesi ihdpeoticigis sydéremyf ur t her
conprises a support beamslidingly nounted to said two guide rails, said
carrier being slidingly nounted to said support beamto enable

l'ongi tudinal et i orTheisydtem 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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respect to said fuselage. 19. The systemof claim 17 or 18 wherein said two
guide rails are capable of noving longitudinally with respect to said
fusel age. 20. The system of any one:-of clains 15 to 19 & Sentersberc®8ri si ng
at | east one additional radiation detector |ocated outside of said

fusel age. 8 Septenber 2004 21. The system of any one of clains 15 to 20
further conprising at | east one additional radiation source |ocated inside

of said fusel age. . The sy tem of any one of clains 15 to 21 further
conprising a contr eeWS?emo aBn PR Pf ichgms dp do 0 Sethan gomprsingl aplsstt oreni ng

means. 23 ThoRHRheTRgfish MR ABHOFREIdR oF B SQRLECI | or recei ves i mge

data signals fromsaid radiation detector 'system of claim 23
further conpr|5|ng a nonitor for displaying i mages generated by said inage

data signal s. . n to 24 where
radi ati on sour ce i s an %‘Lﬂ(wa?l c())glr )éggfaaﬁ ¥ L%ugodﬂr g%fkgf F%}HP%%?%EPS?“@FZ?{
X-ray det ectoraonf26ﬂmgsalﬂtﬁmdmd/eeamd@edtlbmhgh&dns)graphl c inspection of an

aircraft fuselage, said method conprising: providing a radiation source
i nside of said fuselage; providing a radiation detector outside of said

fusel age, sai @3r adiBie S6teRHCsRaLAT 22 RBIcRSh 84il Q:Bﬁtgol‘!!rtrgcé@ésqmaég Ak @hafiour ce
I ongi tudinally along said fusel age; and causing said radiation detector to

move over sai drqmy&df sybation dstestarcunf erential direction while said radiation
source is illumnating an adjacent region of said fuselage with radiation.
27. The nmethod of claim 26 further conprising: subsequently noving said
radi ati on sourlde arkhesyptgny efoilaim bhﬁdﬂteecompnmnga matiifol doredisplayingiimagisnal

| ocation wit %ﬁ&gﬁﬁt‘oys%dd%?gs #{gg %ﬁ aand t hen causing said radiation

detector to e over -sal

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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circunferential direction while said radiation source is illumnating an
adj acent region of said fuselage with radiation. 28. The nethod of claim

"~ 26 or 27 further conprising: coll-ecting i mage data si grfabertemben 208¢d

radi ati on detector; and -14 8 Septenber 2004 displaying i mages generated by
said i mage data signals. 29. An apparatus when used for radi ographic

i nspection of an aircraft fuselage conprising neans arranged according to
any one of clains 1 _to 25. 30. An apparatus when used for radi ographic

i nspection of an aifitVafine mages geperatehy saif émagecdntalvigepls.o the net hod of any
one of clainms 26 to 28. 8 Septenber 2004 H GH SPEED DI G TAL RADI OGRAPHI C

| NSPECTI ON OF Al RCRAFT FUSELAGES ABSTRACT OF THE DI SCLOSURE A system (10)
and met hod f or2% adiAeppinitos imhspeaised 6 refliogiapbicahspecfiors of an@ir(rhf) fasélagd udes

a radiation sq . referahly | ocated insi of the, fuselage (12) and
a radiation dect%é@?l 81&1%?%92#‘8 glfrgl?ggggg?ofgﬁngé%f‘%o%%%gﬁlﬂgm&gotzﬁe fusel age (12).
A-source positioning system (30) is provided for noving the radiation

source 5 (28 ongi f udi nal | ithr ect. to the fuselage (12), .and a
e *’mign‘gn @%{@H%v Wgsa)“?cg?ogrré a@aﬁlpdpspﬁﬁw 8%ﬁ1i(1 ﬁ@'z’ftaﬁefuﬁf‘d%ﬁeati on

detector posit
detector (32) dperabRN@hérdtiga/héhb@pIBPny ¥id &F ddifishad ati on source (28).
The detector positioning system (34) al so noves the radiation detector
(32) circuanferentially with respect to the fuselage (12). In operation,
the radiation detector (32) is noved over the fuselage (12) in a 10
circunferential direction while the radiation source (28) illum nates an
adj acent region .of the fuselage (12) with radiation. Figure 1.
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