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1 A System And Method For Inspecting A Joint Between Components Of
An Aircraft Field of the Invention The invention relates broadly to a
system and method for inspecting a joint between 5 components of an
aircraft. Background Critical structures, such as the wing-to-fuselage joint
of an aircraft need to undergo periodic inspection. Preferably, a

At iidittehssdaninaresiiad SplrieB ehv R fPMBRORHLRY A Aircraft

an airworthiness authority is used. NDI is important to maintain the

FEEEHJSH@ @mﬁg nd safety of an qircraft. Possi'blle NDI techniques
Include radiograp g or X-ray. An aircraft may utilise a number of

ThgsaeationsieiRias beradr ivatsysiedcans tRethadiiselagessingps joint between
caruisiadsast Breaivingis. These fasteners are subjected to high stress
which may, in the long run, lead to fatigue cracking of areas around the
fastening holes. A recommended NDI method to detect these cracks
Bagligreimday. Presently, X-ray inspection methods with X-ray films are

chiged- stheoresingpae i 1) NPy aissagaddhe acthial AMSRBCHRRA to undergo

rocedure of presently used X-ray inspection .methods borious. Due
o R B o T B G ARG R CAREE I R P RS Hed by the
marsgectusewing BtradtuoddnesndathiecfiisténerssanNDay sopockeid mamaailyin the
stRIBkRS 2RAYE-R deRignatad fasiening afRfaoBARside teRassaiieles include
cabin. Thereafter, an NDI téchnician crawls into a confined portion of a
ragiqeaPiivn g fieiRénk and after 25 positioning an X-ray film directly below
the designated fastening area, exit the fuel tank. Again, after an X-ray

hpici - he f t tri
A e AR DR R TR rTAE AL SIS e tre

fuﬁ%a%ﬁ@er%l@"%é@%ﬁt@'béhﬁeﬁ@ﬁédEé%afﬁﬁ?ﬁ@@fﬁoﬂfénﬁﬂm%‘fﬁ%w high stress
wiISR RN 5%y R AL RIRNSENRERINS SFRERQHEERK tAe MBtening holes.
Presently, X-ray inspection methods with X-ray films are used. The pre-inspection
preparation, and the actual inspection procedure of presenily used X-ray inspection
methods are laborious. Due to complexity in the construction of wing-to-fuselage joint, in
order to inspect a wing structure around the fasteners, an X-ray source is manually
placed above a designaied fasiening area, from inside the passenger cabin. Thereafier,
an NDI technician crawls into a confined portion of a center wing fuel tank and after
positioning an X-ray film directly below the designated fastening area, exit the fuel tank.
Again, after an X-ray exposure, the NDI technicians need fo re-enter the fuel tank to
retrieve the exposed film. Since each designated area has hundreds of fasteners, the

entire cycle need to be repeated severai times {0 complete the inspection process.

As numerous exposures are required, the NDI! technicians enter and exit the fuel tank
several times. For instance, 1o inspect a Boeing 747 aircraft, a fechnician may need to
enter and exit more than one hundred times. Technicians working two shifts may require
11 nights to complete the inspection of all the fasteners in the center wing fuel tank. In
addition, considerable amount of fime is required to develop and interpret the films.

Furthermore, should any of the exposed film images prove unsatisfactory or show



enter and exit more than one hundred times. Technicians working two
shifts may require 11 nights to complete the inspection of all the fasteners
in the center wing fuel tank. In addition, considerable amount of time is
required to develop and interpret the films. 35 Furthermore, should any of
the exposed film images prove unsa%isfactory or show 2 suspicious
details associated with potential cracks, a re-exposure must be made,

susPiishs dBiHHELdBEERASES G BISRRE IO MG (LNGER8,3 NRRAHEde, which,
. method and system for inspecting the center wing fuel tank of an aircraft
N YR RCERASES 1BHAGPEEEUHE S more of the above problems. Summary of
the invention In a first aspect of the invention, there is provided a system
Thegs inspeRemiPRgonteeaakbpyeiampenisrestinh thr GrifietansyBidiank of an
air@afMpHSINge sk SanYaNARIe kg ay o eRthe sbbueyRlpR digital X-ray
detector; a control unit for remotely controlling movement of the X-ray
source and the digital detector such that the X-ray detector and the X-ray
SugKnans e thglik &&Yoss a segment of the joint and for remotely
in eofispltisgeeapiutiRg infeatioX -rieimageatidejintyoridentiline:-geigCts joint
in_the joint, wherein the X-r. etector_is mounted on a first rematel ,
P VRIS (ROUT IRt e TOUMEH S stk WRram e hegures
a pBEMRRPIR HiBlRibly RYoURIRSEPE retAPIEPS TS Bl deBtPiplyi gend olisptaifvenent of
thetheraireraitcd X tray GgriCadRa0PeUTD UE dhen)arag caecRONhh aldsX-ray
soffupied, Ha%%‘é%’s%daté e&%@&“ﬁ@%ﬁ%ﬁ ?oorr}%n%r&‘éléifc?fn%ca PR RN of
to ' which the X-ray source’is mounted may be removably fixe along a

an dafsin fitste PhivediBhtptidertivig vefrsthdvamyidiRbavheraisimdg pairistector
is hegUidagopassengenseaispkiaraiveradle TReOSpeandsiaskmrayddes first track,

nted, The first track ma hrough nings. in fuel tank baffles
R L e R el PRl o
thegEFigEl tank. The first track may be segmented.

siIalai=ie

The X-ray source may be mounted on a second ROV that is mounted on a second track.

Preferably, a second track for a second ROV to which thé X-ray source is mounted may
be removabiy fixed along a cabin flecor. The second track may be removably fixed at

existing points for fixing passenger seais of the aircraft. The second frack may be
segmented.

The first track may pass through openings in fuel tank baffles between compartments of
the fuel tank for forming a track network inside the fuel tank. The first frack may be
segmented.

The X-ray source may comprise & first manipulator remotely operable tc move in

multiple axes for fine-posifioning of the X-ray source around the joint segment.



The X-ray source may comprise a first manipulator remotely operable to
move in multiple axes for fine-positioning of the X-ray source around the
joint segment. 3 The digital X-ray detector may comprise a second
manipulator remotely operable to move in one or more axes for
fine-positioning of the digital X-ray d&tector around the joint segment. The
second manipulator may comprise telescopically retractable first and

ThS&RARS pla %@B&EB@W? conpesied H&@H&?ﬁ%iﬁ%ﬁ'%&?%g% to
members. The second tform ma ,furé?epégognéq{ns a SUF%%O” for an d th

mOY@rﬁyoﬂ‘gté’{:ﬂpbefa?é,e?h@s %%8&36'8%159 olEBIE R SHEb iR around the

jointctegivral. axes. The X-ray source and the digital X-ray detector may each

comprise a sensor coupled to the control unit for remotely identifying the

locations of the X-ray source and digital X-ray detector, The system may
TG AHP o ERE 3 RaLs P T BRCEER A M RTHABPpHEa g eeond

platfrencatiteiret Xermpitad desstbsdontifplenitkoinehesding Pesfeeably ihsecond
plaBlFRTIERD Ma=CoMYiRe asgaes detestion alogtihm, 1N A8l @3pebLing

of the invention, there is provided a method for inspecting a joint between
MoXEATSOREIE Fr AR SR B f¥thod comprising the steps of: providing a

conveyable X-ray source; providing a conveyable digital X-ray detector;

Thé%%ﬂﬁ%u?@é‘%%”% m@i‘(ﬁfﬁ%% %B%B&%'W%W@o%ﬂi&@ea@&i@r coupled to
detector such that the ?(-ramid

etector and the _X-ray source are aligned
e RIS A GBI tHETON o AB I oS YA et A AL -
detefyment for identifying defects in the joint, wherein the X-ray detector is
mounted on a first remotely operated vehicle (ROV) that is mounted on a
first track, wherein the first track is rem?vabl mounted on t_rHoo% struts .
Thi SR W o) oL 57 A 8"airerast. 'hh ﬁ%%%\%ﬁﬁwé‘&?{&, ThEPXEIg~osne
thesoapteat aiyrbe imeoerdd tiedieoantsROY Haints Aredenatdyl tre eigedtmd may

coMBfe an edge detection algorithm.

In a second aspect of the invention, there is provided a method for inspecting & ioint
between components of an aircraft, the method comprising the steps of. . providing a
conveyable X-ray source; providing a conveyabie digitai X-ray detector; remotely
controliing movement of the X-ray source and the digifal detector such that the X-ray
detector and the X-ray source are aligned across a segment of the joint; and capluring
an X-ray image of the joint segment for identifying defecis in the joint, wherein the X-ray
detector is mounted on a first remotely operated vehicle (ROV) that is mounted on a first
track, wherein the first track is removably mounted on tripod struts placed inside a fuel

tank of the aircraft.

in the above method, the X-ray source may be mounted on a second ROV that is

mounted on a second track.

in the above method, a second frack for a second ROV to which the X-ray source is
mounted may be removabily fixed along a cabin fioor. in the above method, the second
frack may be removably fixed at existing points for fixing passenger seats of the aircraft.

In the above method, the second track may be segmented.



In the above method, a second track for a second ROV to which the X-ray
source is mounted may be removably fixed along a cabin floor. In the
above method, the second track may be removably fixed at existing
points for fixing passenger seats of the aircraft. In the above method, the
second track may be segmented. 4 n the above method, the first track
may pass through openings in fuel tank baffles between compartments of
the fuel tank for forming a track network inside the fuel tank. In the above
n MR ABYHBRS ik %ﬁf@é’%@bﬁ%éﬁ%.thl‘ﬁ%%b%@‘fﬂ%?h‘&df%ﬁéfﬁf“’dhﬁ@?*es
betwsriprisereiticoly phdmpueitagkiie Krrapseureskmatdltplesigethfoiel tank.
in thBexdpositiesting ahthir{ (rayksauyas: akgunehtbe joint segment. The above
method may further comprise remotely manipulating the digital X-ray
TnSSecier tameve In ong.or more axes for,ne-positioning g e digiel o, .
y detector around the” jont segment.” The above method may further
MUBiRpHss Ieraipsiiening o Sipory RRUSEERHN HER D BRaBSRlone or
more rotational axes. In the above method, the X-ray source and the
Th@%@)@?ﬁéﬁd&%@%r{ﬁ@&%@?i@@ﬁf&?&y %%%Tb%@étﬁ@%ﬁl?giéﬁaﬁ%@?%@cmr
to %%GJ o 5%@‘%%}%'%%”“@%9 1R lcations %f{t@% By Source A digual e
_ X-ray detector. The above method may further comprise executing an
JoId | BRAHTN-for processing the captured X-ray images to identify cracks in
the joint. In the above method, the algorithm may preferably comprise an
Thedgadetetion algerithmeBrichgeseriptional thecdrrwings ghetinveatonray
defécEHFtﬂg{eqﬁ%%réQﬁWeW@éﬂ;ﬂé?Qilé@_'t'ng e>.<amples, with r_eferenpe to the
accompanying drawings, in which: Figure 1 is a cross-sectional view of an
aircraft fuselage illustrating a system for inspecting a center wing fuel
In tagmRrbove method, the X-ray source and the digital X-ray detector may each comprise
a sensor coupied to the control unit for remotely identifying the iocations of the X-ray

source and digital X-ray detector.

The above method may further comprise executing an algorithm for processing the
captured X-ray images to identify cracks in the joint.

In the above method, the algorithm may preferably comprise an edge detection
algorithm.

Brief description of the drawings

The invention is further described by way of non-limiting examples, with reference o the
accompanying drawings, in which:-

Figure 1 is a cross-sectional view of an aircraft fuselage illustrating a system for
inspecting a center wing fuel tank;

Figure 2 is a detailed perspective view of a portion of the aircraft fuselage showing the
positioning of an X-ray source above the center wing fuel tank;
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Figure 2 is a detailed perspective view of a portion of the aircraft fuselage

showing the positioning of an X-ray source above the center wing fuel

tank; 5 Figure 3 is a detailed perspectiye view, partly in section, of the

center wing fuel tank of the aircraft showing the positioning of a digital

X-ray detector; Figure 4 is a detailed view of a portion of a
Figuingy-dosfasdddajiejober sifapiévairigafit vatiytive sedipeditibe spstenwiig-fgardéank of
thé:MIHfEsAWRPIISBESHVRMIPY afAgiemately @Rgraied vehicle suitable

for mounting the digital X-ray detector; 10 Figure 6A is an example of a

raw X-ray image from the digital detector of Figure 5; Figure 6B is an
Figueanple atatpiledprizoe stadpXriiay mhagergf-kiduselégs pid Bidoesattcraft with the
in§5@gﬁg@5f§gyg&@r¢§%%trﬂting a method for inspecting a joint between 15

components of an aircraft. Detailed description The described

embodiment integrates digital X-ray technology with remotely operated
Figehiciels (REVyeaniccudevanian iematisydeieck keroghitiors (ARENR) Rlgattibimting the
gil néq%{%yl@&eg%@otenthl defects. The (_ar_nbodlment can speed_ up the

enter wing tank inspection process. Digital X-ray detectors eliminate the

need for film thereby allowing instant availability of results, while the
FigutemAtigrpeeessIsigndiecantysdiess thenniaeliel mstynses &ighe 5;

technician needs to enter or exit the center wing fuel tank, which, in turn,

helps in faster interpretation of results. The described embodiment may
Figesisbihisetueiag pieabeadiaspectesed Xeay dnageeinoguthd ggsstction

time for a Boeing 747 aircraft is reduced from the present 11 30 nights to

an estimated 2 nights. This may be achieved through the immediate
F‘Q\‘/é‘ﬁaBi|ﬁ9°d¥%<§a%ﬂ%a‘é@§u@ﬁﬂraf@9aladé?§é‘i‘8% o PERGEIRG tReloint between
copubentf dhstaaicesfd technician need to enter or exit the center wing

fuel tank, for example, to just two. In

Detailed description

The described embodiment integrates digital X-ray technology with remotely operated
vehicles (ROVs) and use an automatic defect recognition (ADR) algorithm in identifying
potential defects. The embodiment can speed up the center wing tank inspection
process.

Digital X-ray detectors eliminate the need for film thereby allowing instani availability of
results, while the automation process significantly reduces the number of instances a
technician needs to enter or exit the center wing fuel tank, which, in turn, helps in faster
interpretation of resuiis.

The described embodiment may assist in reducing the fotal inspection time. For
instance, the inspection time for a Boeing 747 aircraft is reduced from the present 11
nights to an estimated 2 nights. This may be achieved through the immediate availability
of X-ray images using digital detectors and reducing the number of instances a
technician need to enter or exit the center wing fuel tank, for example, to just two. In
addition, the described embodiment can eliminate the need to re-inspect at a later stage.
Any suspicious details of images from the digital detector can be instantly analysed by
the ADR algorithm. If in doubt, the technicians can instantly command the remotely

operated vehicles to re-inspect the relevant area and confirm the validity of defect.
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addition, the described embodiment can eliminate the need to re-inspect
at a later stage. Any suspicious details of images from the digital detector
can be instantly analysed by 35 the ADR algorithm. If in doubt, the
technicians can instantly command the remotely operated vehicles to
re-inspect the relevant area and confirm the validity of defect. 6 Figure 1
IS a cross-sectional view of an aircraft fuselage 150 illustrating an
Figaeection sysieredthin aievoisfanceaivdithitiesexaymplece midithgninSinspection

S’ﬁ’g?ee”i hiicx Zé’c’%ééé%ﬁ?@ 90 " %x%ﬁ@%%ﬂqég@%é&”me 102, a digital

a positioning syste ray source 102 in the form of
a first track-mounted ROV 103, a positioning system for the digital

THEREIdIHEeyEER aba %@ﬁ@@,@gtmognm@wv%ﬁ@vi 485, %ﬂﬂté\l GRIRWEN 04, a

183 f lling the t 10 1 5 th
PPN IR L a8 T OTEE At e AR TSy LR g ited ROV
108cagmitivioriad Rystdgofithihdrdidéaititpingtoeiedhs e cdmpatengyisesinmounted
RERBGRN By Ec&%%gtg? b QtWY%%scé%ﬁm e ?6\/6613(@99 63198286k the X-

the dlgltal detector 104 through W|re connections, or in a wireless fashion.

" FAREEs ISy 50 %gﬂ?év %Cé‘?{d 108a i nSheSRE UiRG aftfoRUtomatic defect
resigpliiorg (pORg raig dhithnd SnROVIEYIDY, déBcdad e Xompsaurepsid? 488 can be

cmglgc'ag{@ I‘;‘eeﬁét% Ji@é tqlb(gugpdcg@g( 98@@88?@%65%%‘%”&1&6\! detector 104

pensmg/routln? mechanism 187 is utilized for the power/data cables
thi@aofb\YreReRPRSURRS: OF BnaMRieReRshbe the fuel tank 109.
Preferably, the dispensing/routing mechanism 187 may be a drum-type

mechanlsm 2 cated o tside rc af nckthe ca%
OWEBSSEB%‘F ?ggledplrr?\gn i Gt epen mé%n e focation of ‘fﬁ@ﬁ EPGE" tothe

RN 881y | icapdis dataycapkeeel 802neayl Hrs litded dserten G4 dhiiagh cable
CMH@&@H&&%%:@&EH)‘? SRCARGEHAMGHBt HRRA WM lawrTigtiaflized for the
POERAS AR oo A SE=AREIdC 488 o GORRG DLt P B0 LA ROl
or slot. 25 The X-ray source 102 is a commercially available X-ray tube

PRofbradh YifeomERereiRbPititing mechanism 187 may be a drum-type mechanism
located outside the aircraft and the cable 189 may be dispensed or reeled in and out
depending on the location of the ROV 105. Preferably, the power/data cables 189 may
be guided by a trough or slot within a track 115 of the second ROV 105 and lined with
low-friction material, such as Teflon. In addition, restraints may be provided on the track
115 to prevent the cables 189 from popping out of the guided trough or slot.

The X-ray source 102 is a commercially available X-ray tube e.g. a fully Commercial Off
The Shelf (COTS) tube or any suitable tube meeting the required power and focal spot
size (sensitivity).

The digital detector 104 is also a COTS-technology detector, but customized and
repackaged so as to fit info confined recesses of an aircraft during inspection. The digital
detector 104 in the system 100 is repackaged in order {0 reduce the size of an active
area from 16 inches x 16 inches (40.64cm x 40.64cm) in a typical detector to one that is
approximately 4 inches x 5 inches (10.16cm x 12.7cm). Active area refers o an area on
the digital detector 104 having scintillator material used in converting X-ray energy into
light energy.
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The Shelf (COTS) tube or any suitable tube meeting the required power
and focal spot size (sensitivity). 30 The digital detector 104 is also a
COTS-technology detector, but customjzed and repackaged so as to fit
into confined recesses of an aircraft during inspection. The digital

detector 104 in the system 100 is repackaged in order to reduce the size
Fost Hushation. Hieaasanaerinehids9 1 &imeieded 0v8h pasRmBusaf§n’dt only on

or¥pica) detpetestm oerthat is TaRRsoMMate!\L# e besix fioliiches ELonbaenwithout
X 22,08 eA;‘]é“Vﬁ arga,1efee.£0a8 area on, 2p N dioiig) detector A0%inal axis of

PRI S SRt a%or material used in converting X-ray energ%/ info ﬁah?

therealyjy fRoF 0 1l estiraiols, afeyigaddentidng dntnpeeverRasiciasied MthAn X-ray tube

1&%&3%%%6&&&%&%%@1 ﬁ@,&nﬁiféﬁ,ﬁﬁ R{lu?rf;@@iﬂd‘médl@;l -tlzlfffr%ﬂi}_@br 112. In
side of the cabin floor 101 is shown witho ssenger seats 111. A firs
Ust?a(t,lﬁelfﬁtig(se 16\?&?38)’@8&%8?%&%‘[8%iiﬁ-nau axis of the cabin floor

101, on points provided for fixing the passenger seats 111. An X-ray tube

TRe1HGiiS MALPIGH187 e HIRKEDA 103 XHIRR, A WHhAS RAWIRG AR, tRemounted

first frack 112. In use, the first ROV 103 moves over the first track 112.
orReefghditistediot hoRedusidantedGh e BREREV TRV ilicmayes over the
sdusndigasuntgd on a second track 115 in the fuel tank 109. In use, the

second ROV 105 moves over the 10 second track 115. The first ROV 103

has a 3-axis positioning capability (i.e. operable to move in the directions

Tiop 458, P6D/anB2005 o 29X prrstionine: sapayiiibdl- eoPeriablh argaove in the

difgdioriBeinieg; tpstuaatageapiy s thepprareN Ry xakintdeyd 105 bighrenaiea near
th% (\:Iwe‘ta!_lt% d lg)seﬁ%ggctli\r/]? vigw og a %%teloréazbﬁ)r? P{S}he aircraft 150 showing the
posfﬂ%nlng Of THe ?—ray SoureE T PEh &R the’ Center wing fuel tank 109.
The cabin floor 101 is shown in section to view the inner details of the fuel

Figie T0R. J heddiish ROYpLeR dsiapuntedpritie glongakr fiistiAcKksd Whowing the

located inside the passenger cabin 107. The . ,
positioning of the X-ray sourcé 102 above the center wing fuel tank 109. The cabin floor

101 is shown in section to view the inner details of the fuel tank 109. The first ROV 103
is mounted on the elongate first frack 112 located inside the passenger cabin 107. The
first track 112 is removably mounted on the cabin floor 101 in a direction parallel o the
longitudinal axis 260 of the passenger cabin 107, beneath the aircraft windows 211.

The center wing fuel tank 109 in Figure 2 has side walls 203 and a plurality of
compartments 215. A plurality of baffles 209 separate the compartments 215, The
baffles 209 limit the sloshing of fuel in the fue! tank 109 when the aircraft is in motion.
Each of the baffles 209 has an opening 213 through which the second track mounted
ROV 105 (not shown) passes to neighbouring fuel tank compartments 215 during
inspection.

Figure 3 is a detailed perspective view of a portion 300 of the center wing fuel tank 109
showing the positioning of the X-ray detector 104 mounted on the second ROV 105. The
second ROV 105 moves on the second frack 115, inside the center wing fuel tank 109.
The second track 115 is removably mounted on the base 317 of the fuel fank 109. The
second track 115 comprises a network of frack segments with pre-determined
dimensions and rests on a plurality of tripod struts or stanchions 305. The tripod struts or
stanchions 305 rest on the base 317 of the fuel tank 300. Each of the baffles 209 has
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20 first track 112 is removably mounted on the cabin floor 101 in a

direction parallel to the longitudinal axis 260 of the passenger cabin 107,

beneath the aircraft windows 211. The genter wing fuel tank 109 in Figure

2 has side walls 203 and a plurality of compartments 215. A plurality of

baffles 209 separate the compartments 215. The 25 baffles 209 limit the _
ONgahiRG BfBENnEthé T d e BoiGhES thrReandriiRgs iH mBgsiesEadRIarng the
trdble mstfflesk 209 has an opening 213 through which the second track

mounted ROV 105 (not shown) passes to neighbouring fuel tank

compartments 215 during inspection. 30 Figure 3 is a detailed

Infigtypéitivecnad RPY PBriEPIBIGEMHal IR WiRgK s BmRrerggd track 115 and
crabawing theipasitioningnehtheotraysietesion 104 mesmied prsthe srcormis 209,
ROV 105, The se ROV 105 moves on the second track 115, inside, .
TR PR Ele 100 CoPHE S BT AU AL GO 210 by being
maedrmedhenttiek fadecei ngfiththeudiridakkl DR TheadsBonthe sgledkbROV 105 is

o ANEI RS PRNEINARE RfidiRIkSpgpents with pre-determined 35
dimensions and rests on a plurality of tripod struts or stanchions 305. The

tripod struts or stanchions 305 rest on the base 317 of the fuel tank 300.
Draghtoé thre-beiflesi20 8dias, Samicnmcasipe thegis2$Scanhded)heatrichtrack 115

afBarRREP O HAGK R RRRS O] Eﬂﬁﬁ@ﬂ%@?’%ﬁl&ﬂﬁ&‘ﬂ%&t‘ ABlY N end of the

second ROV 105 is positioned at one end on the second track 115
fughtpny dAR ARSI HRE: R SHPRERITRIS YR iR Epeting et daming the
sdbenaaftiek20F ahaarpatiatribeosetanthisf\E00moampaiadAtt ®S2 and 254, they

izontal nd 270 by being,. the tr insi
B R S o b S A 8, 2B B e
26fy s eataidiedy alke 81el gipativiy eh@fite Thepretid BRI, teeHaithansplaced on the
sEffingdhe m&!@lh*@%iﬁ%%@%éﬁe@w m@@grﬁﬁ’&t&% 983 (Figure 1).

stanchions 305, climb into a first compartment 266 at one end of the fuel
tank 109 and proceed to the aft-most compartments 252 and 254. After
Rietymintheadetohigurack Th6 fasdREpoOSts s arsdtanckibnba&inehicle on which

tHEORPAIMEE P25 andided: JRGY 3-axis translational positioning manipulator that is
operable to move the X-ray tube 102 around structural obstructions and fine-position the
X-ray tube 102 above an area to be inspected. The first track 112 is segmented and of a
quick snap-together or quick release type {akin {o toy train tracks). The first track 112 is
removably attached fo those points that are typically used to mount the passenger seats
111 on the cabin floor 101.

The second ROV 105 carrying the digital detector 104 is also a customised wheeled
vehicle having a 3-axis translational and Z-axis rotational positioning capability and
operable tc move the digital detector 104 around structural obstructions, and fine-
position the detector 104 below a fastening area of a wing-to-fuselage joint. As the
second ROV 105 passes through dimensionally restricted access holes 213 of the
baffles 209, a folding mechanism is used fo allow the second ROV 105 to be

dimensionally compact, and yef have the ability to access the entire area of the fuel fank
109.

The second frack 115 is removably fixed inside the fuel tank compartment 109. The

second track 115 is segmented and of quick snap-together or quick release type. It is
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withdraw and repeat the process in the adjacent compartments 256, 258,
262, 264 and 15 266 sequentially, in the direction of 260. The second
ROV 105 is then placed on the secondgtrack 115 and the movements are
controlled by the computer 183 (Figure 1). Returning back to Figure 1,
The first ROV 103 is a customised wheeled vehicle on which the X-ray

digtipetivl [aHRHIBPHIFRTS %ﬁ'&*%&n‘%‘%‘fl&ﬁ@%&?ﬂ%mﬁa%‘éﬁ6&%&@%&99 The
sas2{d dzetalh s te rmayentizel Xy ayidubepkORipodusteligirackismlcblsisUBti®nBigure 3)

Wi QFlaeﬁP&%b%:‘@%s}( J&\ééggza&%r@b&\f‘%oagx%ﬁé‘ 19 eilNRngS (‘Eﬁ EHS heights

first trac IS segmente quick snap-together or quick release
wifie taidrldanly tR4n tracks). The first track 112 is removably attached to
those points that are typlcally used to mount the passenger seats 111 on

o5 FRUIRRIGho20 T secud ROV 105 caring e dital dgfector. .,

4'is also a cus omlsed W cle havmg a aX|§ntrans atlon
Cinep feaky a@t@@@rﬁppmsm@nm@bmmﬁﬂanﬁmp@rmm@wmm 188 is operable

zodd;gﬂarbﬁspﬁp&bmﬁa@é%@@wﬁw@k ghsiuehons @B §PemBCRHiIN dBRctor 104
det ctor 84 belo astgnln% ea ofaW| -to-fuselage joint. As the 30
2L8E0RE R Wﬁ%t%ég\éég S b%'?&ﬁ’ﬁgﬁglg Q?gstncted access holes
213 of the baffles 209, a folding mechanism is used to allow the second

;&%\é@@%@a@%%@&é&!%%@fﬂ@%@%ye&m dxsrgisrao%%tmg%%eéémpmer

the entire area of the fuel tank 109. 35 The second track
syslpiBvibly 1R dhe SR T0R) ik EBIsHRREAT 200 Tt MuR Y SrAeR 105 to
mbib isveagmehisdranst eirga @iomﬁdﬂgaﬁne et (el ickoecieg s PETHBIX Yay tube

%J(H§ %‘8% 5%%:‘ grdgl I aciikle ayick pé%%eg‘ﬁ{éplctl,‘c tﬂeedf%’rﬁagg of the

e secon track 115 is supported by telesc struts

d%&ﬁ@%@%ﬁ&%ﬁ@@ﬁ%ﬁéfﬁ%@m@jﬁ ey eppfrigliapPpsiiceg the X-
rd Extengbtan@bersiengihsandhisitunyitiibthe birbisek 99.s2anned images

are recorded in a memory storage unit of the computer 180. The recorded images are
analysed by executing an automatic defect recognition ADR algorithm stored in the
computer 180 for identifying potential defects. The operator continues to remotely
command the ROVs 103, 105 to move on to the next inspection area until all relevant
areas are inspected.

Figure 4 shows a detailed view of a portion 170 of the wing-to-fuselage joint of the
aircraft 150, close to the wing 160. The X-ray tube 102 mounted on a manipulator 472 is
positioned on top of an area around the fasteners 471. These fasteners 471 attach the
wing structure 473 to the fuselage 475 of the aircraft 150. In use, an X-ray beam 477
from the X-ray tube 102 mounted in the cabin 107 impinges on the area around the
fasteners 471. The digital detector 104 positioned beneath the cabin floor 101 from
inside the fuel tank 109 is operable to detect the X-ray images. Here, a cable 479
supplies power and facilitates data exchange with the computer system 183 (Figure 1).
The positions of the X-ray tube 102 and the digital detector 104 are remotely controlled
by an operator. Both the X-ray fube 102 and the digital detector 104 are mounted with
sensors 470, 478 each of which are remotely coupled to the computer system 183
(Figure 1). These sensors 470, 478 facilitate in identifying the respective locations of the
X-ray tube 102 and the digital detector 104.
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Both the first ROV 103 and second ROV 105 in the example embodiment

are remotely controlled by an operator in a control room 180. The

computer system 183 is operable to cgptrol and coordinate the operation

of the X-ray source 102 and digital detector 104 as well as of the first

ROV 103 and the second ROV 105. 10 In order to perform inspection of
FigngerdeistanReroRe YD pisutsf Sireratitieiieorsrafiterc ipadRPYs R gritable for
mthewenirel sepE 48R cemotaly tenraandsihe Mau RV setiOBhAS tperable to be

move towar esi rea d fastepers is t '
e P o0 B 270 i B e b, oo
in gitfedlte drpvrethiiigita bietretos H¥kRjAHRSOSHikGA AP pEBsUsRoRS. @ver Bierposition
thﬁgﬂ@@lﬁﬁ%ﬂb@maja&@ésﬁagr@@atgaa%;fﬁ% anr@afct%a_e ADZanskdetectroy 105

until an optimum image is obtained. The scanned images are.. . :

oSS U A s ORI o G P S oeedt 10 PR TbcLRdaplucing the
baffieg)@8% ¥ fardiyidatibyrexéauding 2iH asiromadieddefect recognition ADR

algorithm stored in the computer 180 for identifying potential defects. The

operator continues to remotely 20 command the ROVs 103, 105 to, mov

/ . e
ThineARleazRiRdBiRt P £ P LR VEEDIHO e 278 R Seeeag Platform 500.
Thegiwe 4lstioms asdatabod \desv aihagdetiongZheaf the aviphtditfusdlagescopically

rejt?éméﬁ)f!é:@orﬁ'ié%@%% 8!%?35@ tljaen)ﬁﬂi\r/@ia%e;mﬁeéféﬁy?%.lqge first é)latform

mounted on a manipulator 472 is 25 positioned on top of an area aroun

hapavhesls RIS teenaplrs0YasteRRS the BeaerchRRY IR tiierspsanestigek 115. A

bdbe BiselageodrtofdharairssalintbPlationses G Xnayhaani 4 1d dperatieeto move
-ray tuhe 102 mqunted in cahi 7 impin nthe ar r e ,
rofSi % SRR TR SR M R e e G A S AR A 511 s

meoniedan heibest s faellthakigta dethntenn R4onaues arrxixilygvantgeaylindrical

stiiRt@reA5aale £ 428 PRICH RRIBbANA dastiiai ek daiBrerh a9 eaviflove in two
the com%uteégz/stem J]i 3 (Figure 1). The positions of the X-ray tube 102
rolaHPRRE %ﬁt &’3‘&% 04 are remotely controlled by an operator. Both
the X-ray tube 102 and the digital detector 104 are mounted with sensors

FEaR 8A8La5 Rl WhICh RIS JEMAENYFAYRIBBAHNG GRMYIET S¥RIEB} 383, In the
example shown, cracks 640 in the wing-to-fuselage area as well as fastening holes 603,

605 of various dimensions are visually seen as images in the operator console 185.

Figure 6B is an example of a pre-processed X-ray image 650 of Figure 6A showing the
cracks 640. The raw X-ray images 600 from the digital detector 104 are pre-processed
by an existing off-the shelf X-ray system control software whereby the raw X-raw images
are subject to contrast adjustments and edge enhancement processing. Pre-processing
of raw X-ray images is done to enable the ADR algorithm to have a higher chance of
detecting the defects in the aircraft structure,

The pre-processed images 650 are presented in the form of a gray-scale image having
many thousands of shades of gray, depending on the capability of the digital detector
104. The image edge-enhancement processing highlights those features (in the raw
image 600) that have edges, e.g. the edge of a bolt 471 or a discontinuity in a structure
related to the presence of cracks under the bolt heads. Where cracks are preseni in the
structure, more X-rays passes through the structure and impinge on the detector 104.
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(Figure 1). These sensors 470, 478 facilitate in identifying the respective
locations of the 35 X-ray tube 102 and the digital detector 104. 10 Figure
5 is a perspective view of the remotely @perated vehicle ROV 105 suitable
for mounting the digital detector 104. The ROV 105 is a customized
vehicle O{Jerable to be manipulated in three translational axes 250, 260,

TherGOmRHYSIaTbMAP AkLE5T) S3RvaRsoiRIAGTAEEE e digieiitldnagehaving

lightr grevscasiraghiniel aksitusticngoand. fine-position 5 the detector 104

below a designated area to be inspected. As the second ROV 105

passes through dimensionally restricted access areas in the fuel tank 109
Uneldeiesiine diaafideledo 1A Spardfiapisnganiisins@ot SuEriprdoidrle corrective
ackia@.foldable manipulator 515 consists of a first platform 503, and a

second platform 509. 10 The two platforms 503, 509 are connected

together by a plurality of telescopically retractable connectors 505
T &f2B elgorithoverechiedicadiierconpe®r TS firaypratfoantanlioatgelgalyses the

re'é@ﬂd& efg%%@sm@yémé% ob e ieramnss REY Jp@%ﬁ{‘aih%éf%@%”dég‘%ééﬁ\g the

base iIs mounted on the second platform 509. The base IS
te&BB‘Fé%‘é to B 2RakEe %%ﬁ@@&%ﬂ@%ﬁé‘?ﬁ#%%@ e RERAFERRAICSESS:
270. A cylindrical structure 511 is 15 mounted on the base 513. The digital

Tﬁ@tﬂﬁ@ a?é%)‘hmvﬁéeaoa@m”%%@&m‘? MEH{ 'féabaﬁé‘dcﬁw%é%ﬂq éadge detection

direction 260. In addition, the digital detéctor 104 can be move in'two

alpsiiial R £8B 790 %’59’@%}@8'6‘1‘5\ & &h SigifRblergiogaph simage: The pre-
piceagec8 00 &g e digial fetetetiordidihl etbeto? 0 examplersiaowroskarksby the

ABﬁOa@c‘sHjﬁ,éﬁ’ A1 é”%?éaﬁﬁﬁrﬁr%s&ﬁr%e'éa%s FS‘&ESSHIQ% DOleRi Ry QS %rence in

vario mensions’are visual een as image e operator consolie

g@85$0ﬁd@uﬁeaesware@&%ﬁnmé@@p@@@r&&wwagﬁmw%%fof potential
cratkdre 4 spBandnerthe g acks G49.iEBR. ey kampimager @Cﬁm‘@a&)ﬁmn detects

tal detector 104 d2 ti -the she ,
S EIR BRI CORI S Tely 18 AR /L BL LA STALY o Imace
pizelstrastredjusmiértsaand éﬁweﬁh@ndefﬂmapcbb@ﬂigm Pie-pridiecbsingpe in a
d@f:ﬁéﬂéé@&d%t@ G98R iR RIE RGN B IR N ARGER can re-

chance of
inspect the suspected area with greater magnification, or from slightly different angles,

and confirm the validity of the defect. The ADR algorithm eliminates the need for the

technicians fo closely scrutinise every single image as is the case with the existing film-
based methods.

As the fasteners in the areas to be inspected are typically uniform in size, installed in
geomedtrically similar locations, and the nature of the defects to be detected is typically
consistent (e.g. radial cracks 640 emanating from the fastening holes) the inspection
method using the ADR algorithm has a higher probability of detection (POD) of defects
thereby providing a reliable inspection system.

Figure 7 shows a flow chart 700 illustrating a method for inspecting a joint between
components of an aircraft. At step 702, a conveyable X-ray source is provided. At step
704, a conveyable digital X-ray detector is provided. At step 706, movement of the X-ray
source and the digital detector is remotely controlied such that the X-ray detector and the
X-ray source are aligned across a segment of the joint. At step 708, an X-ray image of
the joint segment is captured for identifying defects in the joint.
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detecting the defects in the aircraft structure. 30 The pre-processed
images 650 are presented in the form of a gray-scale image having many
thousands of shades of gray, dependingpon the capability of the digital
detector 104. The image edge-enhancement processing highlights those
features (in the raw image 600) that have edges, e.g. the edge of a bolt
471 or a discontinuity in a structure related to the presence of cracks

it Witlesethgpelibradsy Wheseserackmar arpraseaiinHAe ndbnsibl G UVEriaters and/or

X-rays.passes through the sfructure and impinge on the detector 104, 11 "
m%’eﬁé%ﬁnﬁut@ragys &m ( |g§}r.‘éa 15”88%{}%{? \?Fn%é%nin?asgess o zindiéﬁ}%l specific

erhagionhalisindthnghtapgrépastare tigasaspe efdhe baeejiouad bseiy described.

detection of a defect, the operator warns a relevant authority to take

corrective 5 action. The ADR algorithm executed on the computer 18
F%@ﬁf@%éﬁ%ﬁ?ﬁ?&ﬁﬁmﬁ%@% ¢ @&%é%ﬁ%%%&%@?ﬁ%@ﬁdaﬁﬁ%w can be
addetetifies dhe pioteritialittefdiots. Bydigsidtingahengtiatthisgins i thatrecks and fine
wANGiHd AR AR AIRBMEHREAIEsIAsRspection process. 10 The

ADR algorithm uSed in the inspection system is based on existing

edge-detection algorithms that can identify irregularities of a digital

radiograph image. The pre- processed X-ray images 650 from the digital

detector 104 are further processed by the ADR algorithm. In use, the

ADR algorithm can recognise and identify the difference in 15 grey scale

images of edges corresponding to discontinuities arising out of potential

cracks 640 and that of a bolt head 471 itself. For example, if the ADR

algorithm detects that there is a jump in the gray scale from darker to

lighter over the span of a few image pixels, it may tag this as a

"suspected” defect and highlight the subject image in a distinctive colour

S0 as to catch the operator's attention. If in doubt, a technician can re 20

inspect the suspected area with greater magnification, or from slightly

different angles, and confirm the validity of the defect. The ADR algorithm

eliminates the need for the
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comp’.%@lﬁggure 7 shows a flow chart 700 |IIustrat|ng a method for inspecting a

joint betwe neRts of an aircraft. At step 702, a conveyable X-ray
so%rccoeml's? ’b?‘é'\%z{ém ,g:t gtep 704, a conveyable digital X-ray detector is
prevideek yabisteiigraol e aainsiriof the X-ray source and the digital

defeciat ks [1%?9R,I:PhéﬁB’f&ﬁPE%ﬁtﬁﬂ%t%vmﬁéﬁﬂa%ﬂstﬁﬁw 864dbePthe digital

X-ray source are aligned across a se% ment of the joint. At step 708, an
pi

deteotor Ay it B HreoRriesighrnt 18 XpRIER e AR BHARECRTERSS Aefsnent of
the jdNRr2i WildieipBBRaCRERAAY PR 3B Siilied imtwe artihalommerdstifying

variations and/or modifications may be made to the present invention as
defe R dMITHINE specific embodiments without departing from the scope of

thevinventionr as@mdd!ymssrlbedn&E@hea(ampiemme appretidteehtbiat (ROV)

the described Inspec ion system an 0 n, be ada d to an
that Sircrah %%lﬁor ouaf: Catléjl’(la f'ﬂt%'rllengths%wegiﬂélﬁ s'of th néot\éacis ARd " d on tripod
strutdupiang ointhiesfeReblgaritiinhéorigpdinal performance. 10 13 CLAIMS 1. A
system for inspecting a joint between components of an aircraft, the
system comprising:
2. The system as claimed in claim 1, wherein the X-ray source is mounted on a

second ROV that is mounied on a second track.

3. The system as claimed in claim 2, wherein the second track for the second ROV

to which the X-ray source is mounted is removably fixed along a cabin floor.

4, The system as claimed in claim 3, wherein the second track is removably fixed at

existing points for fixing passenger seats of the aircraft.

E. The system as claimed in claim 3, or 4, wherein the second track is segmented.

8. The system as claimed in any one of the preceding claims, wherein the first track
passes through openings in fuel tank baffles between compartments of the fuel tank for

forming a track network inside the fuel tank.

7. The system as claimed in any one of the preceding claims, wherein the first frack

is segmented.



a conveyable X-ray source; a conveyable digital X-ray detector; a control
unit for remotely controlling movement of the X-ray source and the digital
detector such that the X-ray detector and the X- -ray source are aligned
across a segment of the joint and for remotely controlling capturing of an
8. X-Tayimpgemobiheiindomidentibirgotietectsdodtiagoumsime)entierdire the X-ray

X-ray detector j is mounted on a flrs motel rated vehicle
sourGE ATRIERFof AT PAC A e TS Bl s, e o e
positionitgpadhstiutaypdacest: iasidecdd fagbtirde o aircraft. 2. The system as
claimed in claim 1, wherein the X-ray source is mounted on a second
ROV that is mounted on a second track. 3. The system as claimed in
9. claivezyatneremn dabnssComnraok firhecnessitiRENSoNDRIER e Xighg! X-ray

dete ABHRHSHRQURTES S Femavaliy ix (!}&ﬂ)&?a@l@ flotote HhEerYsteRbre axes

as claimed in claim 3, wherein the second track is removably fixed at
for ff@a@ﬂﬁ@%&ﬁtgff@ﬁfﬁ&ﬂﬁf@'%@%H@W@éﬁ@ﬂf‘%@%ﬁ%ﬁe@“% system as
claimed in claim 3, or 4, wherein the second track is segmented. 6. The
system as claimed in any one of the preceding claims, wherein the first _
10. traEPep%%?%@ tRF GRS fing8'R e NaRieHatIE SHERNE M YR Rmepmprises
telesebpheafyetdnattdore forsniaga seachneiiwtcknnsitietheduaiiaaked. Hoether by a

| ﬁ?ﬁﬁ m as céﬁimed in an%one of the preceding claims, wherein the first
s (1 (R Eag '%?éd“?i The system as claimed in any one of the

preceding claims, wherein the X-ray source comprises a first manipulator

re”i‘Rée%QﬁB%r%Q'Eié QY UL MUIEPIG, RxER Marfine:Rasy E%EHHQ RIHRE comprises

X-ray source aroun e Joint segment. 9. The system as claimed in any
a supprytobtan M@éd’ﬂgcé%ﬁi%t&/vﬁ@réwm arjital roppbifcie SR @bm%@ggatlonal
axesd Second manipulator remotely operable to move in one or more axes

12. The system as claimed in any one of the preceding claims, wherein said X-ray
source and said digital X-ray detector each comprise a sensor coupled to the control unit

for remotely identifying the locations of the X-ray source and digital X-ray detector.

13. The system as claimed in any one of the preceding claims, further comprising a
processor for executing an algorithm for processing the captured X-ray images to identify

cracks in the joint.

14, The system as claimed in claim 13, wherein the algorithm comprises an edge

detection aigorithm.

15. A method for inspecting a joint between components of an aircraft, the method
comprising the steps of:

providing a conveyable X-ray source,

providing a conveyable digital X-ray detector;

remotely controlling movement of the X-ray source and the digital dstector such that
the X-ray detector and the X-ray source are aligned across a segment of the joint; and

capturing an X-ray image of the joint segment for identifying defects in the joint,



for fine-positioning of the digital X-ray detector around the joint segment.

10. The system as claimed in claim 9, wherein the second manipulator
comprises telescopically retractable'first and second platforms that are
connected together by a plurality of connecting members. 11. The system
aswhai@adre Xaky ddswbereimdinatsacand platfesmdigithescaraprisescia (ROV)

support for an X-ray detector, plate, the ort being moveable in one or . .
that i3 PROHRITL A 2 ?5Frfﬁ‘f’T‘ﬁg)eﬁg}eEﬁuea%uclgfﬁ%d'siln W)?‘f\)le}% o?‘é%len ed on tripod

strutppémedingsclaimsiehthekaintsaidinéraily source and said digital X-ray
detector each comprise a sensor coupled to the control unit for remotely
identifying the locations of the X-ray source and digital X-ray detector. 13.

18. ThErsystethcalsasladinmbih ianglaime G, tisigreioddimgloRinsoufgaHermounted on a

secoR@RRHFING: & HIOGRESYHQ2XERHTRG AN algorithm for processing the

captured X-ray images to identify cracks in the joint. 14. The system as
claimed in claim 13, wherein the algorithm comprises an edge detection

17. alogiithratey Asmgihed focinspaetinga-inthebuesiiGraBReseHs eééhd ROV
aircraft, the method. comprising the steps of: providing a conyeyable X-ray

to whigh B XgRR ARG RIS BIRVEYEDIE EREIEYPRLY A\ e flonsre énBtéRPEontrolling
movement of the X-ray source and the digital detector such that the X-ray
detector and the X-ray source are_aligned across a segment.of the joint; ..

16, g BT RS TG Br e TBE CobmaRe 0 ERhging WarRleed o

existingheijaintydfixingerssartber Xemly detectorasinounted on a first remotely
operated vehicle (ROV) that is mounted on a first track, wherein the first

track is removably mounted on tripod struts placed inside a fuel tank of Y
18. theTagorsihabad seimethiodany ensimedainddimors Swiversaintbieeegegnd track is

Segﬁgw&ge_ is mounted on a

20, The method as ciaimed in any one of claims 15 to 18, wherein the first track is
passed through openings in fuel tank baffles between compariments of the fuel tank for

forming a track network inside the fuel {ank.

21 The meathod as claimed in any one of ciaims 15 to 20, wherein the first track is

segmented.

22. The method as claimed in any one of claims 15 to 21, further comprising remoteiy
manipuiating the X-ray source in multipte axes for fine-positioning of the X-ray source

around the joint segment.

23. The method as claimed in any one of ¢laims 15 to 22, further comprising remotely
manipulating the digital X-ray detector to move in one or more axes for fine-positioning of

the digital X-ray detector around the joint segment.

24, The method as claimed in claim 23, further comprising remotely moving a support

for an X-ray detector plate in one or more rotationai axes.



second ROV that is mounted on a second track. 17. The method as
claimed in claim 16, wherein the second track for the second ROV to
which the X-ray source is mounted iééremovably fixed along a cabin floor.
18. The method as claimed in claim 17, wherein the second track is
25. remayaidshtisessafiagxisding Poinisd ot fodng passengerseaisiobiie X-ray source
q airgr%ﬂ..tl?. The etthqd as claimed in an%;one of clain}%glz 0{h18 wherlein it 5
and 381 AEERL LR TSR MBAELUBP e TS oot Rliiel i Sny ane of ™ or
remotadinasifiod eiberingioé thesktragls tsirpa seedithitei§haypinands in fuel
tank baffles between compartments of the fuel tank for forming a track
network inside the fuel tank. 21. The method as claimed in any one of
26. cldihtsmsthoRes wiadresih ithanirong aficiaimedmimidd fatheT somsipiog executing
an alGEHMRCR FBYQRe Ok lalms ok 21y THABES COTRRASH gL EHe g’oint.
manipulating the X-ray source in multiple axes for fine-positioning of the
X-ray source around the joint segment. 23. The method as claimed in any
27. onerQf glatmni 1&steiddndurinesisPMpPESNELRIMOIRY JMaRipkaliigoites an edge
digital X-ray detector to move in one or more axes for fine-positioning of
deteqlan ARt ay detector around the joint segment. 24. The method as
claimed in claim 23, further comprising remotely moving a support for an
X-ray detector plate in one or more rotational axes. 16 25. The method as
claimed in any one of claims 15 to 24, wherein said X-ray source and said
digital X-ray detector each comprise a sensor coupled to the control unit
for remotely identifying the locations of the X-ray source and digital X-ray
detector. 26. The method as claimed in any one of claims 15 to 25, further
comprising executing an algorithm for processing the captured X-ray
images to identify cracks in the joint. 27. The method as claimed in claim
26, wherein the algorithm comprises an edge
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detection algorithm. A System And Method For Inspecting A Joint
Between Components Of An Aircraft ABSTRACT A system and method
for inspecting a joint between componefis of an aircraft. The system
comprises a conveyable X-ray source; a conveyable digital X-ray detector;
a control unit for remotely controlling movement of the X-ray source and

Ay drnafnsbMetbed e tnapassingrdy gt Breiwaan thempeiesss fRbAdAircraft
aligned across a segment of the joint and for remotely controlling
capturing of an X-ray image of the joint for .identifying defects in the joint.
Figpure 19 y imag M fying j

A system and method for inspecting a joint between components of an aircraft. The
system comprises a conveyable X-ray source; a conveyable digital X-ray detector; a
controf unit for remotely controlling movement of the X-ray source and the digital
detector such that the X-ray detector and the X-ray source are aligned across a segment
of the joint and for remotely controlling capturing of an X-ray image of the joint for

identifying defects in the joint.

Figure 1



