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Al RGRAFT FUSELAGES BACKGROUND OF THE | NVENTI ON This invention rel ates
generally to radi ographic inspection of aircraft fusel adesepinubenifils
particularly to nethods and systens for inspecting aircraft fusel ages

w thout a-' priori know edge of interfering structures. An aircraft
fusel age typically conprises a grid of circunferential frame nenbers and
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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 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 teéhniques require.



concentration and judgnment. Furthernore, visual inspection techniques
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Radi ography is another approach to aircraft fuselage inspection that has
been proposed. Wiile this approach can reduce the ambunt of aircraft
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In which case, the initial inspection will provide images where the field of view has
- been obstructed. This requires the affected areas to be re-inspected from another
angle and perspective, which leads to additional inspection expense and time.

Accordingly, there is a need for a method and apparatus for radiographic inspection
of aircraft fuselages that permits all or most of a fuselage to be accurately mspected
without a-priori knowledge of interfering structure locations.

BRIEF SUMMARY OF THE INVENTION

The above-mentioned need is met by the example embodiments, which provide a
system and method for radiographic inspection of an aircraft fuselage. In an example
embodiment, the system includes a radiation source located on one side of the
fuselage and a plurality of radiation detectors located on another side of the fuselage.
The radiation detectors amy be located in known positions relative to the radiation
source so as to receive radiation from the radiation source at different angles. The
system may further include manipulators for moving the radiation source and the
radiation detectors in a coordinated fashion. The system may process the radiation
detected by the radiation detectors so as to display stereoscopic images of areas of
interest of the fuselage. The stereoscopic images may be obtained by first nradiating
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According to a second aspect of the present jnvention, there is provided a
syst em f Byanipulator for moving said radiation detectors, said first manipulator comprising 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; and means for displaying stereoscopic images

based on output from said radiation detectors.

According to a second aspect of the present invention, there is provided a system for
radiographic inspection of an aircraft fuselage, said system comprising: a radiation
source located on one side of said fuselage; a plurality of radiation detectors located on
another side of said fuselage, said radiation detectors being located in known positions
relative to said radiation source so as to receive radiation from said radiation source at
~ different angles; means for moving said radiation source and said radiation detectors in a
coordinated fashion so that each radiation detector is able to detect multiple images of a
particular area of said fuselage from multiple viewing angles, said means for moving
said radiation source and said radiation detectors comprising a first manipulator for
moving said radiation source and a second manipulator for moving said radiation

detectors, said first manipulator comprising at least one guide rail disposed inside said
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Figure 1 1s a schematic view of a radiographic inspection system for inspecting
aircraft fuselages.

Figure 2 is a more detailed schematic view of a radiographic inspection system for
‘inspecting aircraft fuselages. '

Figure 3 is a sectional end view of a portion of the radiographic inspection system of
Figure 2.

Figure 4 is a perspective view of an aircraft equipped 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 radiographic inspection system with the
radiation source and detectors in a first position.

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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Figure 3 is a sectional end view of a portion of the radi ographic
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However rdiliic'@irét P8idRE&a tdle {fthe fuselage 12, and the radiation detectors 18
are located outside of the ﬁ;selage 12. However, it should be noted that this
arrangement could altcmauv_ely be reversed so that the radiation source 16 is outside

and the radiation detectors 18 are inside the fuselage 12.

The radiation source 16 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 16 provides flux to a large cone-shaped or panoramic
volume, but is collimated to limit this to a specific area of interest. Specifically, this
zone is made large enough to expose at least two inspection areas (i.e., an inspection
area for each detector) at different angles with fespect to the source flux axis. The
radiation detectors 18 can be any means that is capable of processing radiation emitted
by the radiation source 16 into a viewable image. Although x-ray film could be used,
. it is generally, but not necessarily, preferred that the radiation detector 18 be of the
type that converts impinging radiation into an electrical output signal. Many suitable
x-ray detectors are commercially available. As is known in the art, such x-ray
detectors generally have an x-ray sensitive area and means for producing an output
signal that is indicative of the x-rays impinging on the sensitive area. |
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As seen m igure 3, a passenger deck 34 is disposed horizontally in the
fuselage 12 so as to define the floor of an interior cabin. The cabin can be provided
with conventional overhead bins 36, ventilation panels 38 and side panels 40.
Although not shown in the Figures, the fuselage 12.typically includes other

. conventional structure such as lights, wiring, insulation and the like.

The first manipulator 24 includes a first carrier 44 to which the radiation source 16 is
mounted. The first carrier 44 is slidingly mounted on two linear guide rails 46 that are
disposed on the passenger deck 34 and extend parallel to the center longitudinal line
of the fuselage 12. The first carrier 44 is moved back and forth along the guide rails
46 under the control of the controller 20. The motion is produced by any conventional
~ motive means such as an electric motor (not shown) in a manner known in the art.
Thus, the radiation source 16 can be selectively positioned along the length of the
fuselage 12. With this arrangement, the radiation source 16 is collimated to produce a
‘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 Jongitudinal section of the fuselage 12.




mani pul ators 24, 26 can be any type of device capable of producing the
desi.red notion. This would include robotic devices, guide rail systens and
the like. One suitable manipul ator arrangenent is show Beptenberr28852-4 in
whi ch the fuselage wall 14 is made up of a grid of circunferential frane
menbers 28 and longitudinal stringers 30 (shown in cutaway in Figure 4)
covered by a skin 32 of lightweight sheet netal. As seen in Figure 3, a
passengeﬁ@d%ck 34 s, disposed horizontally in the fuselage 12 so as to
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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 rgils 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.



The second mani pul ator 26 utilizes a rail systemthat includes a plurality
of curved guide rails 48 nounted to the outer surface of the fusel age 12.
Mounting can be acconplished by any neans such as suct BéSegtepberf2008d t o
the rails 48 and engaging the fuselage 12. The guide rails 48 are oriented
circunferentially with respect to the fuselage 12 and are spaced out al ong
the length of fuselage 12. Each guide rail 48 is configured to match the
fusel age curvature and extends froma point adjacent to the passenger deck
34 on onthy, the wfliatine deteseirad8 at capabler oft thevelfing ovaghe outsmsurfaccoftthea  poi nt
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det ect or*24BUpa seIcHI®@d bet ween a respective pair of adjacent guide rails
48, and each pair of adjacent guides rails 48 defines a inspection area of
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alignment with the center detector 18b so that each of the three detectors 18a-18¢ 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 adjoihing 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-18¢c. 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-



30 Septenber 2005 Thus, the radiation detectors IS are capable of traveling
over. the outer surface of the fuselage 12 above the passenger deck 34. The
controller 20 noves the carriers 44 and 50, and thus tBh@Segenbei25source
16 and radiation detectors 18, in a coordinated fashion such that the

radi ation detectors 18 are precisely located relative to the radiation

source 16. The operation of the inspection system 10 is now described with
reference to Figures 5-7, which, by way of exanple, depict the inspection

of a por 3N abened avith Fame geerker | 28d1 as shown inE i 8s ddedirsompaipulsioradj acent
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and detector 18¢ detects an image of frame member 28e at the third angle. This
process is repéated 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



| ongi tudi nal -. axis of the fuselage 12), and detector 18c detects an inmage
of frame nenber 28c at a third angle. Once the inspection of the fusel age
12 at the first position is conpleted, the radiati on d&Q 8citomberP®ES 18c are
repositioned on the fuselage 12 so that detector 18a is aligned wth frane
menber 28b, detector 18b is aligned with frame nenber 28c, and detector -7
30 Septenber 2005 18c is aligned with frane nenber 28d, as shown in Figure
6. The first mani pulator 24 again noves the radiation source 16 into

| ongi t udénadle detiegnimation wif'tthe tdepth l@ptien tofodefects avitldn tHetfeshe mddberand frame
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outer surface of the fusejage 12 while the radiation source 16 is turned
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the fi raﬁfcrﬂ’ﬂ%%la;@ﬁttﬁﬁtﬁnn%gbdlpgf Seds® ot hTBEEe @6 bfereﬁ:%ﬁra@aﬁgﬁgﬁ e%% at the
7 d d f dr - 28d at the

second anq@;, and detector 18c detects an I nmage of frane mn p

third angiteoutngsiriorf Henomdedast o ningr{ango shuagee Igwatigpe ad¥hile regeidict i oned
oln_ t hedfem_slﬁi(ﬁ?ent's ofthe @"Esen'{zigﬁ\éﬂtiérﬂhﬁiegweﬁ fgﬁcrﬁ:@d,t ilh_Will @gtaﬁﬁ%xﬁﬁt t68RodeS "

al i gne rane er .28c, detector is aligned ) rane menber
8a° " and Rt B Bl Jasibt ad et (B0 B midacvithen deprdie

mani pul dtn tspageam stopest thb énvendion tak defisalindke dfpentdédclalangi t udi nal
alignment with the repositioned center detector 18b. Inspection at this
position is then carried out in the sane manner with the radiation
detectors 18a-18c being noved over the outer surface of the fusel age 12
while the radiation source 16 is turned on. In this position, detector 18a
detects an inage of franme nenber 28c at the first angle, detector 18b
detects an inage of frane nenber 28d at the second angle, and detector 18c
detects an image of frane nenber 28e at -the third angle. This process is.
repeated sequentially down .the length of the fuselage 12 until each frame
menber has been imaged from each of the three angles. The controller 20
processes the various signals fromthe detectors | Sa-18c for display on
the view ng apparatus 22. Since the inmages are taken at a precise and known




geonetry, the view ng apparatus 22 wll permt an operator to viewthe
images in a stereoscopic manner. A wide variety of electro-optical view ng
apparatuses for presenting stereoscopic inmages are conb@Beptahbyr 2805i | abl e.
In the event that filmis wused instead of electronic detectors, numerous
mechani cal stereoscopic view ng devices are also available. By providing
multiple view ng angles of each frame nenber, the inspection system 10
allows for depth perception in the inages. That is, an operator will be
able to '§hhﬂ9uish the different geonetrical depths of the frane nenbers
and overg%bprng structures such as overhead bins, bul kheads, air nasks,
oxygen pl unbi ng, Iights electrical wiring, and the like. The operator w |

thus be able ,to dISC efects i.n the frame nmenber ge artifacts
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the frangg ggs. This will also -8 30 September 2005 enabl e determi nation

of the depth |ocation of defects within the frane nenbers. Furthernore,
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describeﬁp ?% will be apparent to those skilled in the art that various
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fusel age; a plurality of I on tors ted on anot her si
sai d fusmua@eanéamd radchtlam datectatet eoonosingbeilngt pesindaeretbrt momgeaaub

radiati OﬁdIa“u%H‘sé&}’cQ aﬁ@glsgéon(ar}nﬁﬁﬁﬁlgt%r &l rgng\rntlf L& tradlﬁr}y% c?e?ectors, said first

manipulator comprising 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; and

means for displaying stereoscopic images based on output from said radiation detectors.

2. The system of claim 1 further comprising a controller for controlling said first

and second manipulators.

3. The system of claim 1 wherein said first manipulator moves said radiation source

without interference with any objects in said fuselage.

4. The system of claim 1 wherein said second manipulator comprises a plurality of
guide rails mounted to an outer surface of said fuselage and a plurality of carriers
slidingly mounted between adjacent ones of said guide rails, each one of said radiation

detectors being mounted on one of said carriers.
5. The system of claim 4 wherein said second manipulator further comprises a

support beam slidingly mounted to a group of said guide rails, said carriers being

. mounted to said support beam.
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means for noving said radiation source and said radiation detectors in a
coordinated fashion so that each radiation detector is able to detect

mul tiple imges of a particular area of said fusel age BOSoptambér 35108 ;
vi ewi ng angl es, said neans for noving said radiation source and said
radi ati on detectors conprising a first manipulator for noving said. ‘
radi ati on source and a second nani pul ator for noving said radiation
detectors, said first nanipulator conprisi ng at | east one guide rail
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sai d fuselage and”a“carrier 'sli don- 54t & sai d
radi at i omdaisncktdirngrexoanidedctors. sald carrler and neans for dlsplay|ng
st ereoscopi c i nages based on output fromsaid radiation detectors. 2. The
systemof claiml1l further conprising a controller for controlling said

first and se@ORJstBMNFRUAEYrSphic insPREHGY Ve UrchdfifiRelagdhaki@i Bystah d first
mani pul at or noves said radiation source wthout int erference with any

obj ects FPMBHSALS usel age. 4. The syst em of claiml wherein said second
mani pul ata?&dﬁt&%@' hﬁ:%slocaat&l'df{ esg(?é Jails mounted to an outer
sal fO i i di

surface o usel age an ty of-tarriers slidi ngly nmounted
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radiation source and a second manipulator for moving said radiation detectors, said first

manipulator comprising at least one guide rail disposed inside said fuselage and
extending longitudinally with respect to said fuselage and a carder slidingly mounted on
said guide rail, said radiation source being mounted on said carrier;

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

means for displaying said stereoscopic images.

8. The system of claim 7 further comprising a controller for controlling said first

“and second manipulators.

9. The system of claim 7 wherein said first manipulator moves said radiation source

without interference with any objects in said fuselage.

10.  The system of claim 7 wherein said second manipulator comprises a plurality of
guide rails mounted to an outer surface of said fuselage and a plurality of carriers
slidingly mounted between adjacent ones of said guide rails, each one of said radiation

detectors being mounted on one of said carriers.
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receive radiation fromsaid radiation source at different angles; neans for
novi ng said radiation source and said radiation detectors in a coordi nated
fashion so that each radiation detector is able to detegt Septbbel 2805 mages
of a particular area of said fuselage frommultiple view ng angles, said
means for noving said radiation source and said radiation detectors
conprising a first manipulator for noving said radiation source and a
second mani pul ator for noving said radiation detectors, said first

mani pul atjer cqmBrdySieMdoRtlaint a8t wikdEin Kl Sedofll ImAiSRASE Hirihes bepasisth

fusel age and extéending longitudinally with respect to said fusel age and a
carrier SYRRITtnBEaM Pdmeby monnted fode FIPWRe of apkd, 2uide daifsa $ridt FasHers RAR%E bei ng
nount ed  gfpuneiddo S8 slidort WEANS for processing radiation detected by said
radi ati on detectors so as to produce stereoscopic imges of areas of
interest of said fuselage; and neans for displaying said stereoscopic

i mages. 82 Thahg¥$teM ¥ icldind Whdrefn i RIi#BARDIRE MarPx $ANEJuPed &d daf

controlling said ?lrst and second mani pul ators. 9. The 'systemof claim?7
wher ei n §§%ﬁ“ﬁ#k§@“ﬁ%ﬁﬁﬁﬁ@&@@@dﬁﬁves said radiation source without
interference with any objects in said fuselage. 10. The systemof claim?7
wherein said second mani pul ator conprises a plurality of guide rails
nounted to an outer surface of said fuselage and a plurality of carriers
slidingly nmounted between adjacent ones of said guide rails, each one of
said radi ation detectors being nounted on one of said carriers. 11 30

Sept enber 2005 11. The system of claim 10 wherein said second mani pul at or
further conprises a support beamslidingly mounted to a group of said
guide rails, said carriers being nounted to said support beam 12. The
systemof claim7 wherein said radiation source is an x-ray source and said
radi ati on detectors are x-ray detectors. 12
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METHOD AND APPARATUS FOR RADI OGRAPHI C | NSPECTI ON OF Al RCRAFT FUSELAGES .
ABSTRACT OF THE DI SCLOSURE A system (10) and net hod for radi ographic

i nspection of an aircraft fuselage (12) includes a radBaSepmamben2008 (16)

| ocated on one side of the fusel age (12) and a plurality of radiation
detectors (18) l|ocated on another side of the fuselage (12). The radiation
detectors (18) are located in known positions relative to the radiation
source (16) so as to receive radiation fromthe radiation source (16) at
di fferent aMEEHODTANDBAPPARATDYS FOR RreDIOGRAPIHG INSPROITENOF f or novi ng

the radi ati on source (16) anﬁlﬁ@wd#@gtgﬁ(}e@et ectors (18) in a

coordi nated fashion. The syste 0Cess the radi ation detected by
the radiation detectors (18) so as to display stereoscopi c i mages of areas
of interest of the fuselage (12). The stereoscopic inmages are obtained by
first irradiating the fuselage (12) and -the radiation detectors (18) with

the radiZABSPRASTUOSHE DAsCLosiatect a first set of inmages of the fusel age
(12) from mul tiple angles, repositioning the 'radiation source - (16) and

e R 80 5] SEA Bl B ST e o ol R Sh S Ter o g e
radi at i omlsdnsmadl(aﬂlﬁx) smcdat@mcaeed&ﬁcmlaebmé fhdEbgRY 1 2f aﬂdue Ifubﬁﬁiz age
f}rg)g T%?r{fﬂﬁt dn%e?ec%&ts%lf)floc% OR afibther 3id tf?heo fude ‘éﬁee (lt{je teerré i2 COpI c
detectors (18) are located in known positions relative to the radiation source (16) so as
to receive radiation from the radiation source (16) at different angles. The system (10)
further includes manipulators for moving the radiation source (16) and the radiation
detectors (18) in a coordinated fashion. ‘The system (10) processes the radiation
detected by the radiation detectors (18) so as to display stereoscopic images of areas
of interest of the fuselage (12). The stereoscopic images are obtained by first
irradiating the fuselage (12) and the radiation detectors (18) with the radiation source
(16) to detect a first set of imagés of the fuselage (12) from multiple angles,
repositioning the radiation source (16) and the radiation detectors (18) with respect to
the fuselage (12), and then irradiating the fuselage (12) and the radiation detectors
_(1 8) with the radiation source (16) to detect a second set of images of the fuseiage
(12). The multiple sets of images are used to produce the stercoscopic images.

Figure 1
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