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Al RCRAFT FUSELAGES BACKGROUND OF THE | NVENTION This invention rel ates

generally to mmmmmm'wamm i nspection of aircraft fuselages and nore
particularly nd systens for inspecting aircraft fusel ages

W thout a priori knpw edge of interfering structures. An aircraft fusel age
typically conprises a grid of circunferential frame nenbers and

| ongi t udi nal The
skin is ord @FTWM%W%A?M@SM%W&%&Q@i% means of
rivets or the |i nsur e AJRERATGRFUSERAGIES at hi gh altitudes, aircraft
are provided Imlwm Hﬂm ”ﬂu{ressuri zation systens that produce near sea-l evel
air pressure vironments in the aircraft cabin. The application
of cabin pressurecoMtses the skin, frame nenbers and stringers to expand
slightly. Wien the pressure is rermved t he skin, frame nmenbers and

stri nger sBASKGROWBND | THEINWENTHINe. Al t hough the pressure differentials
i nvolved are relatively small, the repeated cycles of stress inposed on the
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occurs durin fI| ht C to fatjgue .and C or nat j Thi s

Pat 1 gue dCBSTEIRRY Shmetiilau Shyogs Pouri e Al HedRRSovebi et ur os.
Fati gue cp;amkknbwleldge ufmterﬁandgestmxmmsnel y small in size and difficult to
detect. The cracks are normally so small that routine pressuri zation of the
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of corr ostopsitedivalcstengers sﬂOfVé@d 'aan shin wfclightweighb sheptsmetgl.oukhe skis isj vet s
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ment al atmembeks andostiegers so expandradightiylg hen tMmmm wmoyed.uthe Skm3pect i on
techni quegah&Ghihbers ind 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 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 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 inspection
techniques. These techniques rely heavily on human ability and are limited by
ambient lighting conditions, environmental effects, and the inspector's physical and
mental limitations such as eye vision corrections, time constraints, mental attitude,
concentration and judgment. Furthermore, visual inspection techniques require



extensive disassenbly of the aircraft. This approach is thus tine

.consum ng, |abor intensive and expensive. Radi ography is another approach
to aircraft fusel age inspection that has been proposed. Wile this approach
can reduce the anmount of aircraft disassenbly required with traditional

vi sual inspections, internal cabin objects can significantly conplicate
X-ray images, thereby masking defects and making their identification and
quanti fi catredivéraisassiibly efkile aifdI8RE RS 8ELSadiE thilS tiRYLEARAMiRY, N8bor

bul kheads, air masks, oxygen plunbing, lights, electrical wring,

f ast ener sMENSIVE AALXRERFIYEA| | ey fixtures and so on. |f the precise |ocation
of such interfering objects is known, view ng angles can usually be
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system a%kﬁgt@ﬂo. rhr?da ﬁ%ﬁ |CI}P%§§'§?%Z|“B% g?kéatﬁf&a%'flgﬁ&fagse age. The
syst em i né¥astitogation. adibais, withewsuBcipicapsigricknoredes abimerferning stucsirgge and
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di f f er entbezngdlessucteie Thistrequitesr theeaffdcnal ardes torbei prihsicoted fram anwtherg t he
radiatio . | Al i i .d fashion. The
Syst om prsRieaifodicliv, iiich Rl ARhAShPl3pbdtoR ROBEAIRHER, | C°0' OO 1o o

di spl ay steregscopic imges of areas of interest of the fuselage, The
st er eoscops@rdinglys theze is aypedifare mephod; gngrappasatusi far radipararhie inspectiga ofnd t he

radi at i omiftedfe FhlfpeWithdt pdimitsadl of i3t of a fusClapé &6 beOacdBia@dy iAspetfedt set

of i mages Q}E t he f.usglraﬁia frogm nmul tiﬂplﬂﬁf"ag’gl g}s b Eposi tioning the radiation
source ant PUYE FHITEEPORICHg QL PRFL G FUCHEG IOSPUONS- t he fusel age, and t hen
irradiating the fusel age and the radi ati on detectors with the radiation

sour ce t BRERSUMMARYAF THE DNVENRHN of the fuselage. The nultiple sets
of images are used to produce the stereoscopic inmages. The present
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Fof r oucandgnghed SercatioarPIfGinaRosHioR gb on grpf Topelens, FCCH SO PRIRBRAW NGS
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to the fahlkoewngaisipnsirgaiienta theeadiation soyjronse kot wictive ridiathac fromathgi ng
dr awi ng. fhgHG6S bl WirelEhPUhfed. IThel sy AP TRthé: Mkfed Indhif AEIbASHFPNT ©
i nspection systemfor inspecting aircraf't fuselages. )
moving the radiation source and the radiation detectors in a coordinated fashion. The
system processes the radiation detected by the radiation detectors so as to display
stereoscopic images of areas of interest of the fuselage. The stereoscopic images are

obtained by first irradiating the fuselage and the radiation detectors with the radiation
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Figure 2 is a nore detailed schematic view of a radiographic inspection
.systtem for inspecting aircraft fuselages. Figure 3 is a sectional end view
of a portion of the radiographic inspection systemof Figure 2. Figure 4 is
a perspective view of an aircraft equi pped with the inspection system of
Figure 2 and having a portion of the fuselage shown in partial cutaway to
reveal internal fuselage structure. Figure 5 is a partial schematic view of

the radio hic | ect } steem w th r adiqat o] n ectors
inafirsboRaety i%é%?&égﬁé%ﬁ Y Tl of e L ARLIRS QROROHR B, et

r adi ogr aphpesitionspgdhe aadigtien soumict and: te radifitioni detectowsr wisharespagetiedhers in a
second pORLAIAL): arfd BEnS] adié&in} PR (i NageCRRIBAd GadihEdh Hetdcltis r‘féﬁ'l?],otﬂé aphi ¢

| nspectl on _Ssy temwt the radiati on source and detectors | n.a third

posi t i on.radigtion sgurag forgeteptacReend gyt obmaggs af theefuselese. REhe multipje sets ohe

draw ngs jageeire useter prodhce tté SleRidcEopit TRigeks denote the same el ements
t hroughout the various views, Figure 1 schematically shows a radi ographic

i nspecti system 10 for inspecting an aircraft fuselage 12. The fusel age
5 b oner AP EsabieaiShand iF Rkt fudh S et W biforae gonaietoppds

ci r cunf erremdinglthef fodlowvinge dteiled dedriptogiahd dhenagpesded clgmiswithwefesghcbyo a skin
of 1ightwelght ﬁgﬁ .. The system 10 i ncludes a radi ation source 16

| ocat ed ﬁég&ﬂ S %Jgggﬁéé‘gifngf'he fuselage wall 14 and a plurality of

radi ati on detectors 18 |ocated on_a second, opposite side of the fusel age
wal | 14. BRIBIORERCRIBTIONIOF FHEPRIMWEYGEct ors are shown in Figure 1, the

present invention enconpasses nore than two detectors, as will become
appar ent .ThENgibjedl inddtieP R0 reLard&l a8thd aflleatioPls PAtiesaAY Solftedlont bR at i vel y

situated Qn, opposi.te,sides of "the wall, 14 so,that radiation egitted by the
adi at | o SGRE Srmed it thicancludine e af e sRecifiepiion. o e rveRon. Hpengies on
each of trhey befiﬁésatlhdh’rstded bgtrefefent8to ﬁieéorladi@tde@fﬁpghinﬁakm? cb&jtgi’cﬁon
position L\ . i aLion.s e 16 such that the radi ation

i npi ngesQ%H{@5%&%@%&“%&%&3%@%%?9%‘8 ecﬁ' As shown in Figure |, the

radi ation_source 16 is |ocated inside of the fuselage 12, and the radiation
det ect or Figgeal ds |apscheawtisuyiswdel of radingranhielinspection sysemvor inspecingul d be
not ed t hatrctalfi fisa@lhgeangenent coul d alternatively be reversed so that the
radi ation source 16 is outside and the radiation detectors 18 are inside

t he fuse e . The radjation source. 16 is pr.eferabl. but not

necessar FIge 2 1 Aot delion SEpSAS ViesCof & sBYBerRERE Hinron SEHem ot age
power supmdpgctingaircsafb fuselagds.t er nati ve radi ati on sources, such as an

i sotopi c radi ati on source producing ganma rays, could be used as well. The
radi ati o F i : I = ¥C

ol e, DR S Sa TRl SHF iy Hite PPpfn S rERRE e e ARRAEE S,
Speci fi c&We2this zone is made | arge enough to expose at |east two

i nspection areas (i.e., an inspection area for each detector) at different
angl es WFidure dsisacperksectine view bf anfdincrafexquppetheithalé aispectichesyetinpo$ 18 can

be any I pabl e. of C i iati -6 h

o ati of ade 2B s REF Bofich, of B RRElsR® SPPRPIELILFRY ¥ 2bR be
used, it interngbfuselage strudtuare. not necessarily, preferred that the radiation
detector 18 be of the type that converts inpinging radiation into an

el ectri cajgRallspidta BarfiBPScheliafiy Vit IGHhE r¥dib@MpRRtiasieeiion ayfemomitRIthe al | y
avai l abl e., e, art, such x-ray detectors génerally have an

As is kno n th
X-ray se%‘%tlwoéfcéé\ggrd@tQ%ﬁ@? FSUPPHYARI ng” an out put signal that is
indicative of the x-rays inpinging on the sensitive area. -4
Figure 6 is a partial schematic view of the radiographic inspection system with the

radiation source and detectors in a second position.

Figure 7 is a partial schematic view of the radiographic inspection system with the
radiation source and detectors in a third position.
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The image data signals output by the radiation detector 18 are fed to a
.controller 20, which can be a conventional conputer unit. The controller 20
processes these signals and causes correspondi ng stereoscopic i mages to be
di spl ayed on a view ng apparatus 22, as will be described in nore detai
bel ow. An operator is then able to view the displayed inmages to inspect for
defects in the fuselage 12. The data inage signals are also stored in a

menory i t | The ntr er 20 also controls the operation
of the r;ahggﬂgﬁﬁséﬁéggiﬂ ONQanTﬁg ochu N of f and regul ating the
vol tage applied. A first precise manipulator 24 is provided for noving the
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i nsul at i gadiatidn stwece | & @nd Tabatidnr ddteatensilBuaratrdati@ly sihcitediers oppdsite sides a_r rier
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The radiation source 16 thus illum nates the fuselage 12 fromfloor line to
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The second mani quiledfltor 26 L}Htel zes a.rall systemthat i udes a plurality

of curved®HulS48 ERoseAtlenRst bl é‘?sl’g‘iﬂ"fnaﬁféa% et 170 PEREEIRe 12.
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rails 48 n h The ide rails 48 fhLe or| ed
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48 are sPEESPEHEUNT Y} Xgay sondlive, arep Angueansolor i oyfput

det ect or sigihdl thads indieatbreed shok-raystigipiiglingbn tiesehsisiot aga. 12 Each radi ati on
detector 18 is nmounted between a respective pair of adjacent guide rails
48, and each pair of adjacent guides rails 48 defines a inspection area of
interest. The guide rails 48 are accordingly | ocated on opposi ng sides of
t he fusel age structure to be inspected- For exanple, Figure 4 shows the
guide rails 48 straddling respective ones of the frane nenbers 28 so that
t hey can be inspected for defects. However, it should be noted that the
system 10 could al so be used for inspecting other fuselage structure such
as stringers, lap joints and the like. The guide rails 48 would sinply be
positioned accordingly. The second mani pul ator 26 includes a second carrier
50 for each radlatlon det ect or 18 and a support beam 52 t hat supports each
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menber 28c at a third angle. Once the inspection of the fuselage 12 at the
. first position is conpleted, the radiation detectors 18a-18c are
repositioned on the fuselage 12 so that detector 18a is aligned with frame
menber 28b, detector 18b is aligned with franme nenber 28c, and detector _7_
18c is aligned with frame nenber 28d, as shown in Figure 6. The first
mani pul at or 24 agai n noves the radi ation source 16 into Iongltudlnal

alignment . with the re ostlone cent er. det ctor frame 28c.
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bi ns, bul kheads, air masks, oxygen plunbing, lights, electrical vm ring, and

the like.r Ehﬁzspa%ﬁm?m bncldids at}g @&k—ﬁeﬁﬂ @&ﬁﬁh%&'?&‘d%foﬁ gop{) el rane

nmenbers fromi facts cause nterfering structure
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g panoramic radiation beam in the circumferential direction of the fuselage 12, but
limited in the forward and aft directions to the specific area of interest. The radiation
source 16 thus illuminates the fuselage 12 from floor line to floor line above the

passenger deck 34 along a relatively short longitudinal section of the fuselage 12.



CLAIM5 1. A system ( 10) for radiographic inspection of an aircraft

. fuselage ( 12), said system ( 10) conprising: a radiation source ( 16) to
be, in use, located on one side of said fuselage ( 12); a plurality of

radi ati on detectors (18) to be, in use, |ocated on another side of said
fusel age ( 12), said radiation detectors ( 18) being positioned, in use, to
receive radiation fromsaid radiation source (16) at different angles; and
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ralls 48 are thus arranged to track the path of the panoramic radiation beam emltted by

the radiation source 16. The curved guide rails 48 are situated on the fuselage 12 so

as to position the radiation detectors 18 over the areas of interest of the fuselage 12.

Each radiation detector 18 is mounted between a respective pair of adjacent guide rails

48, and each pair of adjacent guides rails 48 defines a inspection area of interest. The

guide rails 48 are accordingly located on opposing sides of the fuselage structure to be

inspected. For example, Figure 4 shows the guide rails 48 straddling respective ones

of the frame members 28 so that they can be inspected for defects. 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.

The second manipulator 26 includes a second carrier 50 for each radiation detector 18
and a support beam 52 that supports each of the second carriers 50. Two radiation
detectors 18 are shown in Figures 2-4, but as previously mentioned, more than two
detectors can be employed. Each radiation detector 18 is mounted to the underside of
the second carrier 50 so as to face the fuselage 12. The support beam 52 is slidingly
mounted on the adjacent guide rails 48 defining the selected inspection areas so as to
locate the radiation detectors 18 at the desired locations with respect to the fuselage
12. The support beam 52 is moved along the selected guide rails 48 under the control
of the controller 20 by any conventional motive means in a manner known in the art.



(18). 10 5. The system (10) of claim4 further conprising a controller
.for controlling said first and second mani pul ators (24,26). 6. The system (
10) of claim4 or 5 wherein, in use, said first mani pulator (24) is

di sposed inside said fuselage ( 12) and noves said radiation source ( 16)
w thout interference with any objects in said fuselage (12). 7. The system
( 10) of claim4, 5 or 6 wherein said first mani puI ator (24) conprises at
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member 28b, and detector 18c is aligned with frame member 28c. The first
manipulator 24 is controlled to move the radiation source 16 into longitudinal
alignment with the center detector 18b so that each of the three detectors 18a-18c will

be exposed to radiation from the radiation source 16, albeit at different angles.

The radiation source 16 is then turned on so that the adjoining region of the fuselage
12 above the passenger deck 34 is illuminated with radiation. While the radiation
source 16 is emitting radiation, the second manipulator 26 is activated to cause the
radiation detectors 18a-18c to travel over the outer surface of the fuselage 12.
Radiation emitted by the radiation source 16 passes through the frame members 28a-
28c¢ and impinges on the corresponding one of the radiation detectors 18a-18c. The
radiation is converted into electrical signals that are fed to the controller 20. Thus,
detector 18a detects an image of frame member 28a at a first angle, detector 18b
detects an image of frame member 28b at a second angle (perpendicular to the
longitudinal axis of the fuselage 12), and detector 18c detects an image of frame
member 28c at a third angle.

Once the inspection of the fuselage 12 at the first position is completed, the radiation
detectors 18a-18c are repositioned on the fuselage 12 so that detector 18a is aligned
with frame member 28b, detector 18b is aligned with frame member 28c, and detector

-7-



11 12. A method for radiographic inspection of an aircraft fusel age (
.12)," said nmethod conprising: providing a radiation source ( 16) | ocated on
one side of said fuselage ( 12); providing a plurality of radiation
detectors ( 18) | ocated on another side of said fuselage ( 12), said

radi ati on detectors ( 18) being positioned to receive radiation fromsaid
radi ati on source (16) at a different angl e; irradiating said fuselage ( 12)
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1 1099& ()membe’@8e.( )FHefirst manipulator 24 again moves the radiation source 16 into

longitudinal alignment with the repositioned center detector 18b. Inspection at this
position is then carried out in the same manner with the radiation detectors 18a-18c

being moved over the outer surface of the fuselage 12 while the radiation source 16 is
turned on. In this position, detector 18a detects an image of frame member 28c at the
first angle, detector 18b detects an image of frame member 28d at the second angle,
and detector 18c detects an image of frame member 28e at the third angle. This
process is repeated sequentially down the length of the fuselage 12 until each frame
member has been imaged from each of the three angles.

The controller 20 processes the various signals from the detectors 18a-18c¢ for display
on the viewing apparatus 22. Since the images are taken at a precise and known
geometry, the viewing apparatus 22 will permit an operator to view the images in a
stereoscopic manner. A wide variety of electro-optical viewing apparatuses for
presenting stereoscopic images are commercially available. In the event that film is
used instead of electronic detectors, numerous mechanical stereoscopic viewing
devices are also available. By providing multiple viewing angles of each frame
member, the inspection system 10 allows for depth perception in the images. That is,
an operator will be able to distinguish the different geometrical depths of the frame
members and overlapping structures such as overhead bins, bulkheads, air masks,
oxygen plumbing, lights, electrical wiring, and the like. The operator will thus be able
to discern defects in the frame members from image artifacts caused by interfering
structure located between the radiation source and the frame members. This will also
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The foregoing has described a method and apparatus for radiographic inspection of
aircraft fuselages that permits all or most of a fuselage to be accurately inspected
without a-priori knowledge of interfering structure locations. While specific
embodiments of the present invention have been described, it will be apparent to those
skilled in the art that various modifications thereto can be made without departing
from the spirit and scope of the invention as defined in the appended claims.
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L. A system (10) for radiographic inspection of an aircraft fuselage (12), said system (10)
comprising:
a radiation source (16) to be, in use, located on one side of said fuselage (12);
a plurality of radiation detectors (18) to be, in use, located on another side of said fuselage
(12), said radiation detectors (18) being positioned, in use, to receive radiation from said

radiation source (16) at different angles; and

means (22) for displaying stereoscopic images based on output from said radiation detectors

(18).

2. The system (10) of claim 1 further comprising means (24,26) for moving said radiation
source (16) and said radiation detectors (18) in a coordinated fashion so that said radiation

detectors (18) are all located in known positions relative to said radiation source (16).

3. A system (10) for radiographic inspection of an aircraft fuselage (12), said system (10)
comprising:

a radiation source (16) to be, in use, located on one side of said fuselage (12);

a plurality of radiation detectors (18) to be, in use, located on another side of said fuselage
(12), said radiation detectors (18) being located, in use, in known positions relative to said
radiation source (16) so as to receive radiation from said radiation source (16) at different
angles;

means (24,26) for moving said radiation source (16) and said radiation detectors (18) ina
coordinated fashion;

means (20) for processing radiation detected by said radiation detectors (18) so as to produce
stereoscopic images of areas of interest of said fuselage (12); and

means (22) for displaying said stereoscopic images.

4. The system (10) of claim 2 or 3 wherein said means (24,26) for moving said radiation
source (16) and said radiation detectors (18) comprises a first manipulator (24) for moving

said radiation source (16) and a second manipulator (26) for moving said radiation detectors

(18).
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6. The system (10) of claim 4 or 5 wherein, in use, said first manipulator (24) is disposed

inside said fuselage (12) and moves said radiation source (16) without interference with any

objects in said fuselage (12).

7. The system (10) of claim 4, 5 or 6 wherein said first manipulator (24) comprises at
least one guide rail (46) disposed, in use, inside said fuselage (12) and extending
longitudinally with respect to said fuselage (12) and a carrier (44) slidingly mounted on said

guide rail (46), said radiation source (16) being mounted on said carrier (44).

8. The system (10) of any one of claims 4 to 7 wherein said second manipulator (26)
comprises a plurality of guide rails (48) mounted, in use, to an outer surface of said fuselage
(12) and a plurality of carriers (50) slidingly mounted between adjacent ones of said guide

rails (48), each one of said radiation detectors (18) being mounted on one of said carriers (50).

0. The system (10) of claim 8 wherein said second manipulator (26) further comprises a
support beam (52) slidingly mounted to a group of said guide rails (48), said carriers (50)
being mounted to said support beam (52).

10.  The system (10) of any one of the preceding claims wherein said radiation source (16)

is an x-ray source and said radiation detectors (18) are x-ray detectors.

11. A method for radiographic inspection of an aircraft fuselage (12), said method
comprising:

providing a radiation source (16) located on one side of said fuselage (12);

providing a plurality of radiation detectors (18) located on another side of said fuselage (12),
said radiation detectors (18) being positioned to receive radiation from said radiation source
(16) at different angles;

using said radiation source (16) and said radiation detectors (18) to detect images of said
fuselage (12) from multiple angles; and

using said detected images to display stereoscopic images of said fuselage (12).
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comprising:
providing a radiation source (16) located on one side of said fuselage (12);
providing a plurality of radiation detectors (18) located on another side of said fuselage (12),
said radiation detectors (18) being positioned to receive radiation from said radiation source
(16) at a different angle;
irradiating said fuselage (12) and said radiation detectors (18) with said radiation source (16)
to detect a first set of images of said fuselage (12) from multiple angles;
repositioning said radiation source (16) and said radiation detectors (18) with respect to said
fuselage (12);
irradiating said fuselage (12) and said radiation detectors (18) with said radiation source (16)
to detect a second set of images of said fuselage (12) from multiple angles; and

using said first and second sets of detected images to display stereoscopic images of said
fuselage (12).

13. The method of claim 11 or 12, using the system (10) of any one of claims 1 to 10.
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