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1 A System And Met hod For Inspecting A Joint Between
Conponents O An Aircraft Field of the Invention The
invention relates broadly to a system and net hod for

i nspecting a joint between 5!conmponents of an
aircraft. Background Criti cal structures, such as the

AP A R iSbe e i S b5 A9 acrar

inspection (NDI) as specified by the 10 manuf acturer
rwort hi ness authority is used. NDI is

ai
Fﬁeiﬂﬁﬁhﬁr‘? M9 ntain the structural int egrity and
Thaliratptiof r@a“tealbrﬁd@f fo. a Rysteirbhed Mathddefinnhgpeeting BGbint Between

r adi ogr agh ray. An aircraft may utilise a

c 8{504?3%%?@#& ysuch as bolts oryrlvets to secure

the 15 fusel age to ri bs provided on the w ngs. These

f steners are subjected to high stress which may, in
—?ﬁ%‘ﬂ%ﬂ% run, lead to fatigue cracking of areas around
Ctifical fsaecttamlsngudsmbeShe wing-eefosaiegs gsintN\Bll amrefiroedt heed to undergo
detect t

PO RU R e RRTeo § RORCPRYGEYS fisompion IRy =g rpecied by the
mpn@actnsap ax tarno airwdthimgss pautiadritp s used) NIhElsam’(prnt to maintain the

SRR Bty oof Bb bRy Baewe Mifpiestriayes dnctuce

ratliograpbpsdriXscdyi on of wing-to-fuselage joint, in order
to inspect a wing structure around the faste‘ners, an
X-ray source is manually placed above a desi gnated
A atrtrefti mgy atitss, af mutbar N i fdstehdre, Bﬁtﬂﬁaﬂgﬁlts orbivets to secure the

OB 2B R BRCumGRY L sves
witicts ivfaly Oinithg lomig rifn,read foi fatigudi cfreclilrhg/hoﬁl!;'bMIbhﬁcll( the fzstemng holes.
d te rea, exit e fuel tan gai n,
A BRI BE N a8 BSER eB kigcke BshS eifie. need o
re-enter the fuel tank to retrieve the exposed f|Im
Sin h desi gnat ed, ar ea .ha reds of fa
PrER 5, R o ERAAE BEONS Wb RaBLATRS Ra el THEngle Thgpection
prepaplicet, eandhitel Aty dhspaatian @mﬂurei%af AsBiliE 19t X-ray inspection

. m§t§$ surgstrqaﬁrlgﬁsr@%( OregiPé il ﬁé}tgggt%[gbaﬁg g,ggtg.’%ﬁe?@%%joint, in

orderstocintpext aowin@gstﬂ!t:?uraldrﬁmtﬂf the ﬁsteﬁéi‘wlaﬁl Xhayreyurd€ asl manually
re than,one

d exit
PR ATRLE B EoRDReF o Pe B [oMiay oY e passonGet Aplgni toreatter,
ant KDt tathhielad drbwisi in®pg cohfivedoporddn of Becehistwding Ifselitankt BAd after

posf?‘gl%tﬁgr; aW)P %yfer?lldirtegﬂqykbelclen the designated fastening area, exit the fuel tank.

Again, after an X-ray exposure, the NDi technicians need to 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 several times to complete the inspection process.

As numerous exposures are required, the NDI technicians enter and exit the fuel tank
several times. For instance, to inspect a Boeing 747 aircraft, a technician 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 time is required to develop and interpret the films.
Furthermore, should any of the exposed film images prove unsatisfactory or show
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addi tion, considerable amount of tinme is required to
devel op and interpret the filnms. 35 Furthernore,
shoul d any of the exposed filminages prove
unsatisfactory or show 2 susp?cious details associ ated
mnth potentlal cracks, a re-exposure nust be nade,

i,n turn t he |ns$ect|on time.

VPSPl Aol R BT 0RSoes F r-ctoapis sl pa ace. whioh
inctent, #rcradseg tHelrdpekctiorktimé. an  aircraft which seeks to
address one or nore of the above problens. 5 Summary

Thtredf RreBd T8 PSR SoRet By e RE 6oy fang 1081 tank of an
a'mTSfDWUtChBerB fo@iddtesb eneeemocoofitbe aht\e mrbblamsai r cr af t

the system conprising: a conveyable X-ray source; 10 a
conveyabl e digital X-ray detector; a control unit for

gg;mg[ggjthmmvenhd) ng novenent of t he X-ray source and

nbfend 87 Bsy 805, & oy B TR A cr
afi ff lmtweemed srdf molaircrag, th iSg:

e e s ot Tttt

the joint: g S%J" éy source, the digital detector

or batbtnvemgble digitelitrataectorespecti ve renotel y

ot Sani GiEeE ol bondeifg e @it b Efiespres and the

digita! dletetctce s)ﬂe!n zhjat stiuxub(eray natectre ansl the Mg¢onw¢ aré@ah@md across a

fi frack
sdoPRY BPIng st Y By Pl BBty feosin ey K Foy gt the joit
fopﬂssﬁwggde@eatlstm#]oinhe aircraft. The first renovably
nounted track may be segnented. Preferably, a second
track for a second ROV to which the digital X-ray
TheeXaay eourcs, thgSigialdétediomay bbih maybe abbynisd pp oedpedtienremotely

o8 Septe o BN i b P eon open ngs
in fuel tank baffles between conpartnents of the fuel

Pr%.ﬁe'?gbl r{éﬂﬁ%@% %ﬂﬁ{ %@l@ tg e\n}hm%rt%e ')P rsa'y%(e)untcg%gyube is mounted may

_be removably fixed along a cabin floor. The first track may be removably fixed at existing

points for fixing passenger seats of the aircraft. The first removably mounted track may

be segmented.

Preferably, a second frack for a second ROV to which the digital X-ray detector is

- mounted may be removably supported on tripod struts placed inside a fuel tank of the

aircraft,

The second 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 second track may be

segmented.

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.
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30 segnented. The X-ray source may conprise a first
mani pul ator renotely operable to nove in nultiple
axes for fine-positioning of the X-ray source around
the joint segment. 3 The digi®al X-ray detector may
conprise a second mani pul ator renotely operable to

ve .l ne pr nore axes for fine-positiaqgning of, the -
THE dfiita] X8 PtesiiruBeg compina seront Bevipidtor fefiptehisSperable to
mbke irs enend nmaaigxes droinepositionimgrdf e WRjitebXapy daldetor around the
L tract@ble first and second platforns that are

1008 ¥Ry together by a plurality of connecting
menbers. The second platformmay further conprise a

upport.for .an X-ray detector plate, the s or ei
TR ARER S T ROE e campar ey e Bl Se S RRR G el g second
platiorrsethatnate chenedteg tbgétré(ratﬁyae/ pmﬁrlliwmbnl‘i@.}ﬁngmd?tnbers. The second
Cc rise.a.sensor .coupled t t control unit for .
PIBEOTRY ERY BT ERRPrG oL aHBPPD dof 71 550 Aelebior Ry hE syppert being
manehbdd g dnelor Xaor@yotatibeaeadesr . The system may further
conprise a processor for executing an algorithmfor
processing 15 the captured X-ray inages to identify
Ths Aakp sourced bm(jj e dggital N—r@ﬁl&k&in:ltl Qr,matyll;@ohl c@mp'rgb @1 sehyor coupled to
(oo} ,Se.an e etecti o rit According to a._.
thg gehirel Unit St srgeny Hiniiying dhe opklipan e by X-fayesaurgéand digital X-ray
dgdecton. ded a nmet hod for inspecting a joint between
conponents of an aircraft, the nmethod conprising the
steps 20 of: providing a conveyable X-ray source;
Thor Q}Sit&ﬂT n'gaya’unm?ciey@lﬁb@ aprocesadr f?ﬁr Efﬁgtudﬁg &g talyorithm for péocessing
[ ennt e controllin yenment of, the X- urce an
thp P XEPY Hatess Brogiib Cerka Prdont Fgrbedioreaim may
cdntipgisX-anaygs detectioragilgorithingned acr oss a segnent of the
joint; 25 capturing an X-ray inmage of the joint
segnent for identifying defects in the joint. In the
Acbalieg teed kedond hepeXt oBthegRbsat invehttordithéreds pewiideet ®method for

G T T L S - —
ofROVs may be track nmounted. 30

providing a conveyable X-ray source;

providing a conveyab!e digital X-ray detector;

remotely controiling 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;

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

- In the above method, the X-ray source, the digital detector or both may be mounted on

respective remotely operated vehicles (ROVs). In the above method, the ROVs may be

track mounted.

in the above method, a first track for a first ROV to which the X-ray source is mounted
may be removably fixed along a cabin floor. In the above method, the first track may be
removably fixed at existing points for fixing passenger seats of the aircraft. In the above
method, the first removably mounted track may be segmented.
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In the above nethod, a first track for a first ROV to

which the X-ray source is nounted nay be renovably

fixed along a cabin floor. In the above nethod, the

first track may be renovably4fixed at existing points

for fixing passenger seats of the aircraft. In the

above nethod, the first renovably nounted track

Irgfhes aHermethodas Seond ifesk JB Aeseren ROV soswtish dhe el X-ray
déteEtoR |§ﬁ69ﬂgd 'ﬁ@‘ﬁ b ré’iﬂd)\%balyt Qppdited Bﬁltnﬁ&f ﬁyuts %@c@@ﬁr%ﬁde a fuel

I's nounted may renovabl’y supported on tripod struts

tagk gk the gingeafig & taefa@@ve mether, e sepend-rackaay passihropgh openings in
fLRP R Wﬁé&ogetwbeﬁ c%%@ﬂ%eﬁfsa@‘thgﬁ‘ﬁelpt%ﬁﬁ HNFRHHY a trackfnetwork

openi n In fuel tank baftles between conEartman S
mﬁﬁe tH'Gug'Iel ‘gRik kN theralioye meipda ther seeRNG BaGloPRY DG spgrgpried.

the fuel tank. In the above nethod, the second track

may be segmented. The above nethod nmay further
T%@QPV%@ Rasb mavyfurthen prmefisengpmaiely xoanipulaling the Kray source in
millgble! é%b@ foPfR8-poSiiofihg 6f tREX. rtaﬂ(%Bhr'&g afunldfife {?lrﬁ %¥gr§@r’a‘tr ce

around the joint segnent. he above net

further conprise renotely rranl puI ating the digi taI

ThE 4B0edRERGA Riay f&%éﬂ‘éﬁl‘ﬁphé’é z‘%:ﬂ’fbtél&n’lﬁ'ﬁfp‘ﬁIa?iﬁ&%l'ua‘c &@bital X-ray detector
fine-positionihg of the digital detect or around

toteve nGngtordegRepes forifise e liening OhBY Jigi{al piiey tslstector around the

joﬁp%rhéﬁ renmotely noving a support for an X-ray 15
detector plate in one or nore rotational axes. In the
above nethod, the X-ray source and the digital X-ray

Tt%etaﬁﬁ\t/@rmé’[ﬁéld %‘f’éﬁhf&ff’ﬁprdoﬁﬁns@ rERBRA ity 8dsdfpokth®r an X-ray

control unit for renotely identifyi'ng the | ocations of

detedonplaigyn or® QT IBeredntptiangjiakes: x-ray detector. 20 The

above nmethod may further conprise executing an

algorithmfor processing the captured X-ray imges to
be ey Reutaiand the fotel & ey SrieckTTBCS R ROMPrise

a @érge%ﬁ'cbhﬂbm t %ﬁFoi‘Ql'nM fSrOFBPertél? [c?é?'ntl tHé%E‘&tFo'nQ rbf the X-ray

gorithm Brief description of rawi ngs T
SOUFREA] digital X-rpyideteetor.descri bed by vvay of non- | i mi t| ng
exanples, with reference to the acconpanying

draw ngs, in which:
The above method may further comprise executing an algorithm for processing the

captured X-ray images fo 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 to the

accompanying drawings, in which:-

Figure 1 is a cross-sectional view of an aircraft fuselage iliustrating 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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30 Figure 1 is a cross-sectional view of an aircraft
fuselage illustrating a systemfor inspecting a
center wing fuel tank; Figure 2 is a detailed
perspective view of a portionsof the aircraft fusel age
showi ng the 35 positioning of an X-ray source above
the center wing fuel tank; 5 Figure 3 is a detailed
Figereshisca detailed pevsperiive view, paglydn sestionoef thaeeptenwing fuel tank of
i "J-nﬂ% if G i t he
thgﬂgg? Ea?%ﬁlbvr‘{g@gt‘% gssolltllgl ta?%éé'gdzlkdrégg%\fteg@;r' Figure 4 is a
detailed view of a portion of a w ng-to-fusel age j oint
Figﬁret‘bﬁ aa{iét'%ﬁé?f \trie\Wg? ) 5p‘oﬂﬁan ol d \Uiﬁ?—?&—?ds@fé?)f&ﬁteéf‘tﬁ’é aircraft with the
_Frgure 1, |?ure I's a perspeclive viéw of a renotely
ingiprotion sybtemaier Elogreslii t abl e for nounting the digital
X-ray detector; 10 Figure 6A is an exanple of a raw
X-ray image fromthe digital detector of Figure 5; ‘
Flgurgﬁ/ is B Beispeetive adennpl @ remolglymperaied yeligle gusiahle jor megring the
digiftarlﬁi-rg Wetelfdr: and Figure 7 shows a flow chart
I'Tustfating a nmethod for inspecting a joint between
15 conponents of an aircraft. Detailed description The
F'?@%ﬁo %ggjy%é lrgfgéprrf)at\ﬂ}e>lQ t)'/’%g pe gff 'gg‘\ ﬁi"I\G/’e [tg f%eé’t@%‘l%gjslz):gugﬁ g ’
use an automatic defect recognition (ADR) algorithmin
i i i W t ' f ; i can
P op S R magy B U3l
Digital X-ray detectors elimnate the need for film
b8! Poshols! 8YIdHE drBRt AbiraRHG1 4 Hbthbd YoPfinspbbity bSjoint between
ile the automation processS significantly reduces the
compebentsof apaierafices a 25 technician needs to enter or
exit the center wing fuel tank, which, in turn, helps
in faster interpretation of results. The described
t assist in reducing the total inspection
. | .
Ty BscribR oploSinE icdr3fe IRF RGag Redlicfooy Vi frerRipy dperated

vehislesr{ ROMs) mad aige 2nrHuigmatic defee reepgnision 48BRY algeritAT Budentifying
! o A e ; . . _ !
potdHftial gg%ggs?eg}eg}é@bgﬁgiépg todn. ﬂieeé GF%he RARE WAL NEnk inspection

1 grt g the nunber of stances

precess.

Digital X-ray detectors eliminate the need for film thereby allowing instant 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 results.

The described embodiment may assist in reducing the total 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 fe-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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_raloso%ﬁ%l e and digialsdeipeter 1194 and

technician need to enter or exit the center w ng fuel
tank, for exanple, to just two. In addition, the
descri bed enbodi nent can elimnate the need to
re-inspect at a later stage. 6Any suspicious details
of images fromthe digital detector can be instantly
anal ysed by 35 the ADR algorithm If in doubt, the
technicians can instantly command the renotely

F@QRJ pligd rehigdesnd Qnelweoﬂ éﬁﬁﬁ%fttfﬁ%lég@ %@nhstﬁdﬁﬁé aNfAspection
confirmthe validit efect. 6 Figure 1 is a

Sﬁt%géogﬁb@qcewpcwﬁﬂﬁexampéﬁ ?@P%ﬁ'mer'bsel age 150

il ustratl ng an i nspection system 100 in accordance

with the exanpl e enbodi ment. 5 The inspection S}/ stem
Tﬁ%@‘sééﬂgﬁns‘t@teﬁf 196 W?'ﬁ? Cgtﬁh‘r%'éaylé%m% 182 digital detector 104, a

pEEMRRIgOEysidM fordthe D@det SRR 903 s tRMoff fof tahﬂ's%'éélélmounted ROV
source 102 in the fo of a first track-npunted

143 Positioninorsysiemigr Sy dighal Ksieciardn ieqpmalor GeBend faskmounted

Rbe1d506Ad fcompaRe g ﬁ]ﬁ%@%l‘@iﬁ%#ﬁﬁg tH%CMo]F@@Vs and s and the X-
comput er system 183 for controlllnfg;t e two ROVs 10

@X@atrtmae?%c@ts?m@@q defect

[f o f.@@céﬂ britBman lééHtWﬁ?d uefedRf etie é@mR@t@ngﬁtérhOﬂ% can be
gorit m|n i denti Tyl ng defect

C%ly@defﬁ] g R 188 105%:aH B8 XX FRUTPENG? £09, the @igtahgetector 104

thdUh Wire2onROMIORS, oFiiYa AdictEfacHioni tal detector 104
through wire connections, or in a wireless fashion. A

power supply 140 is prOV|ded and | ocated inside the
A @bfvélr ﬁfﬁplyf ﬂfO i§ Bﬂﬁﬁd@d%dﬂ@éﬁéd 8idk iR aifdratiayYSugfiing HEwer to the

nd t soyrce 102 and the digital detector 104
R@Hp o1l9§h 1@%@;1@ tae Ansytsogre 19hand igital sdetector 104 through cable

ccﬁihé@tﬁﬁ’&%' { IsABh)1Y N%ﬁb@ﬁélﬁ@k&!ﬁlﬁg' ﬁaeéﬁdﬂldrﬁ eﬂ;;vf Rf uliPBd for the

power/data cables 189 to prevent fouling
PoRridata @abiast 189 perRventiauling«r entanglerrmt '“Pldéf”'éﬁ’ sl {ank (1R
di spensi ng/routing mechani sm 187 nmay be a drumtype

mechani sm 20 | ocated outside the aircraft and the
Prefappily.1tbe Wﬁeﬁwg&pgtmqg@@h@wsmebﬁ'fem%b%\@dd@m-type mechanism

loS26€ BeliskS BB diloRurt é’rﬁ‘cﬂﬁieoéhb%f 18@%% éi@éens@ﬂecfr%éleh ¥m and out

power / data_cabl e by a trough

t he
de@ﬁ"@'ﬂ@t"“\ﬂm Icatien ?frtB@ IRq\iéo%f Pﬁf@ ag@cﬁ\ﬁ’opqﬁ@f/ 189 may

be §uilgEY ¥l BrougAWr fsldh KithPNa IBEIEH 18ibs theUWeBoRd RERT 1 ®Nand fined with
addition, restraints my be provided on the track

115
'OWﬁmﬁP@\F’éﬁ*?”Q'*ﬁy"B%I"@5'0'18'9 qdﬂﬁ'ﬁf‘p"@ﬁ}ﬁ?’ﬂ@ B b praviged on the track

1184b pescht PEGELIRS 184 fbm p?o'épﬂ@%u%(of ¥ ghidel %u%l@@r di6t. @
comrercially available X-ray tube e.’g. a

Commercial Of The Shelf (COTS) tube or any smtabl e
THeUR By BRI 902 RS ERRHEIRAlY BONRbIAR Ty RB8le.¢ ROully Commercial OFff

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 into confined recesses of an aircraft during inspection. The digital
detector 104 in the system 100 is repackaged in order to 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 to an area on
the digital detector 104 having scintillator material used in converting X-ray energy into

light energy.
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size (sensitivity). 30 The digital detector 104 is

al so a COTS-technol ogy detector, but custom zed and
repackaged so as to fit into confined recesses of an
aircraft during inspection. The digital detector 104

in the system 100 i s repackaged in order to reduce the
size of an active area from16 inches x 16 inches
Feridusdtion. tha passeogpr ¢abim 197 f5 wapnigdmébirassenges seaisrid(l only on
oﬁés@@%ﬁ’ freX¢dBH fdor 191! NGHRSSNer shdd Bpﬂﬁescasn%%laﬁqm 1% shown without

Active area refers to an area on

Pafsgnges| segist Bk o finsh rapla 145 reaionebly rﬁa@cbabﬁ&ﬁ@r loagltt{%‘@a axis of
th'elrbaBi‘ﬁrﬂé@F yo7 Qm%ofn?é’ pr%Ui@é@Yor'f&fh%lthé b%bn&éi%@gbé 11? Eﬁr)ﬁ-ray tube

l'ustration, assenger i'S nount ed

W t
1075 Jeqiiad %rasmesl“ r@ O¥APS: %mch B Iﬁ@%ﬂteﬂmﬂ tha firsh track 112. In
4d, 90 frdHov o8 rRivBgbuéi e naf rhdiergabi n f1oor 101 i's
shown wi thout passenger seats 111. A first track 112
is renovably fixed along the |ongitudinal axis of the
TR Bighaldefbor 4®4.i i %uﬁfé'drgrﬁthe rs@l‘!érﬁf—‘ﬁOWOSf WhicAZintth, is mounted

pasSenger seats An X-ray tube 5 I 'S _nounted on

on A geeqnddrackdis 1@@6 fwht%rrk 109 Ip e, the §e¢ﬁ519rﬁ%\ﬂ 18 mayes over the
sdcdoh8traty #pK 112. In use, the first ROV 103 noves over

the first track 112. The digital detector 104 is

mounted on the second ROV 105, which, in turn, is
THE HFkt Q:@bVOﬁBaha?seﬁoﬁlngr%Kloﬁ%é éaﬁbabﬁl@ {He'opéI%Bi‘é iboﬁrove in the

I'n use, the second noves over the 10 second

- dirgctiens afi250, 26 and .2Z9) me 1@30%%' the X-kaYi t4b9, 492 Pv@ragrea near

th@%%fo'—h&é’laééjoﬁt iPRE habddhgbPcdMy f97.n the directions
of 0, 260 and 270) so as to position the X-ray tube

102 over an area near the w ng-to-fuselage joint in
Fijte PRSS8EERd 5&%&@9?{@“}1& & 'pGHIE)ﬁ 2@)0'0? tike Hiedrat 1160 showmg the

per spect ive view of £Ortl on of the aircraft

pasiioningPf theeX-ranseuree P4 goeve the @e&ter winodfueiriaek 192 T&scﬁaém floor
1d1hi§ shERE &1 sé’&tleﬂ td Vigly thé“iHﬁeilQ@tansT Bethe M) "t‘arm . Thé@ii‘st'F&)V 103

shown I n section to view the inner details of the fuel
is fegyoteroan therrlongate firsRingek b8 locategdnpideetheraspenger cabin 107. The

fir§t t%w@ ,é irél_rﬁttéva%ﬁ%uﬂté@ oh%@t:&@ln nBSI o1 hediRasiss peRdilel to the

cabi n first track 112 is renovabl mount ed

loggitudingl @%2@0 of the passpnopreabin1 7 denesih fheraifcrafl windows 211.

| ongi tudi nal axis 260 of the passenger cabin 107,

beneath the aircraft wi ndows 211. The center w ndg
Thea gRNEO WG, figgl faple 1O s Figupre 2vhas Sideowally 03 and a plurahty of

compdiflentsy 295, A plurality of baffles 209 separate the compartments 215. The
baffles 209 limit the sloshing of fuel in the fuel 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 compariments 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 tank 109. The
second track 115 comprises a network of track 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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conpartnments 215. A plurality of baffles 209 separate

the conpartnents 215. The 25 baffles 209 [imt the

sl oshing of fuel in the fuel tank 109 when the

aircraft is in notion. Each & the baffles 209 has an
openi ng 213 through which the second track nounted

ROV 105 (not shovvn{w_ passes to nei ghbouri q fuel tank .
0%%5&%@@%@@1@% ‘PW@' whiply Heecse@ORd trask Filgurasses insfogming the
traad inh@d. perspective view of a portion 300 of the

center wing fuel tank 109 show ng the positioning of

the X-ray detector 104 nounted on the second ROV 105.

Intiafly, tRe SR RO 485 iTBRRNEA at Bk éﬁ& 896l ob &rﬂ@i‘ecbﬁé frack 115 and

inside the center wing fuel tank 10 The se
entprgcito) rﬁtstPleﬁwamrpe%m Hyough tfﬁeow 6137 "bfthet kaffle 209.

- Thet8hftdrahK sdBhd ROY 10%%%%\?4 1ﬁ@ﬂfe ﬂérﬁ:oﬁféﬁfﬁiéssm éhd 270 by being

network of track segnents e-determ ned

a0 i fEack Mgtwask ingids e fusl tﬁn5|1.09ylnﬁddttuonpfaa SSQT ROV 105 s

offtiraifié &t St QBtatid g aked. pod struts or  stanchi ons

305 rest on the base 317 of the fuel tank 300. Each of

the baffles 209 has 8 one or nore openings 213 through
DiHgthe bReinsESAiA séfuﬁctﬁcﬂrﬁéarﬁﬁéa‘-‘r%g' the f:i%bﬂééh%[é@@econd track 115

track network. Initiall he second

- angbigiped siRes or plapREoRs 8053 EEU“BI‘\“"? Rd 'r%té@mpaﬂfr\eah%ﬁﬁlq@wd of the

fudl BAk 209 ahﬂtp@oo%eﬁ'tb e Efdedost e&ag&&rﬁaﬁs 283 nlrsaughet Ia9mg the
openi n in the baffle 209 hereafter, the second

seRed H@g( 4%5(15"7130‘;5‘@0(? siryts @r paREHeNF 300 in cemporments #52 Apd g4, they
wﬁh%‘ré\»g arfiépEatARe bRRetd Make B8 \ﬁ@f{ti%ohgﬁhﬂ\%nis%fif s, 26@”564 and

09. In_addjtion, the secon er ab
2%%%%%'3& Rothe dlirgetiohal 265 c&e 5o rFiQI\é 110Eé5 the“ Placed on the
seRbRd IrAGPPE ArRithe fidvBmeh@ENE cohtrled B? EHe/édneputéle! 83 (Figure 1).

di sassenbl ed second track 115 and tripod struts or
stanchions 305, clinb into a first conpartnment 266 at

R&Oﬁlr@%cﬁfto Fl@)@re {,ugle ftrﬁﬂib\lQ% Wcﬁt&ﬁ%@@ wheelkd %lrl]]ac!e on which

-nost conpart ments ter |aying t
th% é%@bfd”'?‘? A8k 9 moupisd Oc"rfv‘ &o'w%trarm@'oaal eqs&mmgdﬁgmewstor that is

| oﬁe?am@fmﬂbﬁmtﬁra%&ab@m@z 8RAINg fsﬂﬁ&tura%sélﬂrcﬁahm ﬁr%p&%hlon the

the process in the ad acent conpart nents 258
X-paytube 302 gheyveran oige t% ﬁd‘éﬁ??tﬁﬂ nﬁ"e firpt tragk 16?@%?9”@#!“@# and of a

quiknaph e‘-’tﬁ&"lﬁ uRiNeidE%e ty?et(él@ﬁ‘ Pl GRsh fPQcIJsthesﬂPQQI‘%k 112 is

track 115 a e novenents are controll

reggMaRiY éttacirsg t ﬁloéﬁ rpé""i% thatgre fyricaly usae ko fr@umylaa Passenger seats

1110, the 68tin BEM 43 1s a custom sed wheel ed vehicle on
which the X-ray tube 102 is nounted on a 3-axis

transl ational positioning manipulator that is

- The second ROV 105 carrying the digital detector 104 is also a customised wheeled

vehicle having a 3-axis franslational and 2-axis rotational positioning capability and
operable to 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 to allow the second ROV 105 to be
dimensionally compact, and yet have the ability to access the entire area of the fuel tank
109.

The second track 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



10

15

20

. 25

30

35

| C‘?"E@f'?ﬁ? ey &g 05’8%%@“ ﬁ‘o‘foé'

20 operable to nove 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 segnmented and of9a quick snap-together
or quick rel ease type (akin to toy train tracks). The

first trac i S bl achedtothos oi n
disfingtively angr Fﬁﬁl Eh?fdﬁr trs Baele ﬁﬁ'a'mp acrmephyilain fos ?@E% 108. The
sécbhddrack hel 5qaksuppcfrteaowy febbcodd tripte ﬁ@@slﬂﬂlds@ﬁbhldr%%s (Figure 3)

SO a cust

in ital detector 104 is ed
whRB e §8uslio a8 U o $rsqido FHEAQ 1A TS gl and heights
wihiaxthesfuebiaak 1omal positioning capability and operable
to nove the digital detector 104 around structura
obstructions, and fine- position the detector 104

Bbel thwvfiest RV @03 ald aeaﬁld@koa 0519 mepeiam;ﬁé @%oﬂmem ard®emotely
second ggsses #éﬂ} di rren3| onal

I2rj_)gmo e B%{'f'?tl' eSS 1%3 is operable
tof @ntfongndesuh @natamrea sperafish b0thalX-ewy s‘ohﬁ:ﬁswt d o%?gél lli@ftéctor 104
to be NSi c act V. ave e ability
a3 P{QEE% BE@QF'FFE @ﬁ?ﬁ%ﬁ’h‘f 88?0'}‘@@81‘/&3?5- tank 109. 35
The second track 115 is renovably fixed inside the
fu t ank co art pent econd track 115 i
I o AP S st i L ep i oneraned B gomputer
syisyme 188 tirons the cbingbl ek V&l z;ermmayeﬂmnﬁar@edﬁé MW®ROVs 103, 105 to
ui ck acenenf Wthin t

s 1 ‘
bR towai s g Sohden S Pt [RsrRtahs t BF insp@ee The Xeray tube

102 amgigfﬁalrwt@ctoﬂm mqhe@rpa\ga&'a drFl?M{aed@t?l s@ﬁhﬁév Riye of the
sto or eas carri e . an re 0 exten
SRR GRS SR AN COTRPBER. THRoaIBior faRogiRss the X-

raBaibe 10readd détectROOALGI an 6p§|ﬁ@|ﬂﬂﬂ13@é diiSinéd Tthe&scanned images
e.enbodi nent  are regg&g@ controll

exa by an .
o SEPSE 1 A PSRN SISPSS L P8 COPFRUGTG1AGL T B Pecrefashimages are
anbs,&ed Sbyoéﬁéoﬁlbhgi ant gutéMati¢ dkfean deca;@ﬁmdn 512 dlg{tﬁlthm stored in the
GHEL A0, 151 i Rl oty 188 amtlen GontiOh o Temotely
cdﬂﬁn’arid)ﬁme ROVErider 103 tP@bie bitb mﬁ@ﬁéiti iﬁgpe@fort Besaf Wil all relevant
tank 109, operator operating the conputer system

arg%%arprua%elc ‘control room 180 renptely commands the
two ROVs 103, 105 to nove toward a designhated area

aroudfaste er hat i to be inspected, The X-ray, .

FISHIBE Sha%s andeidios VAW ofet SOHBR 6 Dhfe HinGHORRAdE oIt of the
aileraft 8100 cRsé W@ti’b&d{[néqe@nﬁfé X-FeB0be 02 Rfbunted 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 tube 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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15 designated area appears on an operator consol e 185.
The operator fine-positions the X- ray tube 102 and
detector 104 until an optinmuminmage i s obtained. The
scanned i mages are recorded 1h a nenory storage unit
of the conmputer 180. The recorded i mages are analysed
by executing an automatic defect recogn|t|on

Fighrgo? it Aracstneeid® vigwtaidhe eimplatyerrergded rvehicled2RYi 147 sigtable for

mseﬁtﬁ@tth@'d §If @éiécﬁar 1d2e TRE m\v @05 P@é‘bbé’iéﬁrﬁ&e& QehigRYfkable to be
conmman 103 nove on t he ne

Xt
mﬁﬂ@\é‘é’@ﬂl iﬂrﬁhrﬁﬁ‘ éranﬁﬁﬁt*qnal axgs ?@ @\‘?Qn?m a‘FQaBI%O &t@onal axes 557, 559

m'dﬁ@&% hﬁﬁre thd G d@te‘éf!:‘?%tl%r&l%fﬁtﬂu@l@ré{ 'oﬁﬂrtf&loﬁs I%ﬂﬂ tih&position
of the w ng-to-fusel age joi nt of aircra

thqwtefécpro&% beoti dﬁﬁlﬁ@at%@rearﬁé bsx. 'msajeciedbés 102 S%fenﬂ B§V 105

pdBe& B P hRhebndlifFeitficiéd ResdstdreAeHh BB i Rarfk 1@1mclud|ng the
area around the fasteners 471. These fasteners 47

baffies209, 3%“@]"%'%@%@?’@5@7@ P¥Yidede fusel age 475 of
the aircraft 150. In use, an X-ray beam 477 fromthe

X—r%é tube 102 nounted in the. cabin 107 inpinges
Therfeldableanaipsiafar #heconsiply eifefirst Rlatiormi(s, angp sgfond platform 509.

Tlﬂﬁi\ﬁ& tp%l'tfoilrﬂé’f 5@‘35 '5b9 05\?8 dcd?ﬂ@@t@& hobétReC BRI N pfdréﬂﬁ’f 01Qélescop|caity

from ‘inside the fuel tank 109 iS operable to
refraglalie (CRPnecier§ 95 apsrable fp pge dn K‘PQd'%’t'% 6b ?5%3“?%0@ platform
heAehdefC4d 1l th @ingBle idvRNRKE HARE 8e¥irid ROV 06 ORIKE Sdcohd 3ia@RM 15. A
183 (Figure 1 The positions of the X-ray tube 102
bagh b1 Iﬁémwng? an threserond platfmaRA9. TBRdasE P 13 opslablegto move
reréiﬁv@fb PRSebY plaﬁgﬁrh 5@@91 %erdl’t‘écﬁdﬂpﬁ WA%Wndrl%ﬁl structure 511 is

ital detecto nount ed th sensors
edae H\%@afﬁﬁ@h Té\eéilgl@hﬁ?féptyr &%moaé%ﬁ EQAXIAYY %\ﬁ&ﬂtﬂ flindrical
stﬁ’ﬁéﬁﬁ‘@ﬁ‘l 1§32 dir&dtidH™280 Lih: adbRRACtHERINGER 8et@éBr 164 8an be move in two
facilitate in identifying the respective |ocations of
rotafignal 3xesd$Lgnd B 102 and the digital detector 104.
10 Figure 5 is a perspective view of the rem)tely

operated vehicle ROV 105 suitable for nounting
Fighirgi6Aals aflepX@stidg of @ Jaw ¥yay iingog 680 frgmathem!@hﬂ%t@ator 104. In the

ex‘é%léér%\nﬁupﬁfa%@ 64d 91 tH@ wn?ﬂb'—iﬂb’élééé@reb%s%ﬁl[% fastentnF holes 603,
transl ati onal axes 0 and two rotationa

608,08 yarimss dimgrsionsarg rvasela"st PeRRsdMages igithe pagratps cergaly 185.
104 around structural obstructions, and fi ne p03| tion
5 the detector 104 bel ow a designated area

- Figyis $Ecie @@ exagplenef & preoprgceesrd i@@y imgge 630 oh FtsugﬁnﬁA showing the

cré’dk%@' PR&kdw X[r%y?tlrh!a(jése@b@ﬁﬁﬁstﬁe 4 fﬁﬁﬁdété‘ctérhﬁotf 4R prediécessed

9 including t

bym%'ﬂﬂpgrth% shplf %—r@f BreiaTa gontmi sofwira alegetdhe FRIY Xtrgp images

ar@ %@bj@&'}é 'c%ﬁﬁas‘?fadﬁsfnhérﬁs; aRd 8HES EAMREBmeADSroBe st Pfe-processing

'atform 5
of an X-ray |mages 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, debending 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 fo the presence of cracks under the bolt heads. Where cracks are present in the
structure, more X-rays passes through the structure and impinge on the detector 104.
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10 The two platfornms 503, 509 are connected together

by a plurality of telescopically retractable

connectors 505 operable to nove in the direction of

250. The first platform has Wheels 501 to enable

anenent of the second ROV 105 on the second track

A  base 513 is nounted on the second at f orm )

T%gomw\tsr pistem 483 (Figuegy br omverts @eﬁ%wgwmgta gigital gmage having
ligHRSTely $dabd Aginst aQRrit Padkgudlr ection of 270. A

cylindrical structure 511 is 15 nounted on the base

513. The digital detector 104 noves co-axially over
Ubbre deteliidifl bf & defecs ! tht WpefstorSddrmkh relélahe alithBfty 36 Qakd Borrective

addltlon the digital detector 104 can be nobve in two
ati@Pat i onal axes 557 and 559. Figure 6A is an exanpl e

of a raw X-ray i nage 600 fron1the digital detector

103 I% the 20 exa %C s 640 in

g ADRi2loqrtie exgrted @ ﬂaescqmqtera@% 5@9%1wt%w&§'%e@a'yses the

re@6iledf invyel 0860, d65E NFHHO endficd WheS atdrtials @BfocRS BYTREESBting the
t.he operator consol e_185. Flrgure 6B i s an exanpl e

teﬁgn'%la'b%'@"a?%%@%lé%s ¥g APR glggyithvg supestites:ths ingpaghon process.
showi ng the cracks 640. The raw X-ray i nmages 600 from
det ect or 4 are pr rocessed 25 b

: hﬁg%! %@g’%{“?‘ Y59€ 18 fag f”%Re‘Ft‘&? %’9’2‘%‘&% RasRE ) e’%%?ﬂ\ﬁ&ﬂ@‘detec"'on

: al@&ﬂhrﬂb)ﬂh&h @ah am’e%fy AebNBAIRS o€ diyitBl e4diodrapls AMab@strhe pre-

tgnt s and @F enhancenent Sroce Si Tg
= SE9 deigydages 690 fram (e clgial feigtier 144 sisndiher Repgseed by the
AbRexldpfthra) lgqrget tHB ADRNAYEitEmia@hesodhiRNE®s Rientify the dlfference in
detectin ects in the aircraft structure.
o éCB'Pe‘"%'IQSE é%,fs"é{QeF ROGEEP BN o disFrdioHities) arﬁmgh@ﬂf(afr pRtential
chéksGBl@fa’#w'tﬁﬁtaéf% boTBgsad WM iR@IF. FEH BkabipRl ¥RE ADH algbit@Sdetects
endi n onthe ca ab|I|t of the di gi tal

thﬂtetf‘gr@t'gﬁlu@ n the aYﬁ%?éee re TS R A e et ver H}eﬁ)@ggfﬁg‘ew image
pskmg hit Inmt ﬁagt th%sﬁs fae&,hygs&ﬁec("l defédiearfdaw9h|igmg@e e06bctt ftlge in a

ave g? gt eed%fe)ofabot41 i
d'ﬁir@ﬁ‘@n |39y35| A catclythe Operator'sadientiry g deuit Bﬁ%‘é’é‘f?@é‘ canre
in§fect ﬂ@céifspékﬁd@ raréehﬁlﬂb @i’éatélﬁﬁgénlf ééh@rﬁ Q)rcffcﬂﬁ %ﬁgfﬁI&Qilfferent angles,

resent |n tructure, rays
arf I the el o ottt THRp ARG ITRIER e e for the

tedhhiciAiRs 16 VRl crRMTetsVehBandIEigbsLad s theRYES With tRESAsting film-
i mge having lighter grey scale

es into a digita
baéggg'l%ri‘)dé dark background. Upon detection of a defect,
the operator vvarns a relevant authority to take
corrective action. The ADR al gorithm executed on

As e feipperedp tfieasrqaﬁfameem&eecéﬁﬂ ool PiEall YNifQHA 1 $i8. fngtalled in

geometrically similar locations, and the nature of the defects to be detfected 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 controlled 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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recorded i mages 600, 650 and identifies the potentia
defects. By assisting the technicians in inage
anal ysis, the ADR al gorithm expedites the inspection
process. 10 The ADR al gorithmaised in the inspection
systemis based on existing edge-detection algorithns
that can identify irregularities of a digital
radi ograph i mage. The pre- processed X-ray inages 650
tkaﬁ%t@ %l&b& dly 8 8JePSInOLkillkd nafhﬁ errtﬁaﬁq{un%r&‘}se%ﬁr‘?éiloﬁé’ and/for
orithm™ I n use, the al gorithm can
mpdi§eafiens ema db¢ daade fip thee brsent r'@‘fﬂf‘éon nasL shgway ins dag especific
g6k %Rf PeisR8pd 6 tH FveRidn Y4 Brb&dly described.
e@?@%ﬁ%ggod?go nE ?ﬂf grg%ks 640 and that of ya
boIt head 471 |tself For exanple, if the ADR
éJﬁQHp;eh W\ﬂﬁ%ﬁ;ﬁr éiateEI I?I"i’ét tﬁé‘@é&nbéd ﬁshéﬁ'fﬁn s?stbﬁear@rrﬁé(thod can be

rom dar hter over t an of

adamﬁ;bto Fivxairosait thh mlsvort ra@dlfurﬁtlgn & I@gt@ﬂ%& eaihedéﬁcts%ﬁnd fine

tuﬁmg o trRMAHR Blgotithea R Bb@ﬁ£| PelBAfarc8, @ distinctive -
colour so as to catch e operator's attention. If in
doubt, a‘technician can re 20 inspect the suspected
area with greater magnification, or fromslightly
different angles, and confirmthe validity of the
defect. The ADR algorithmelimnates the need for the
technicians to closely scrutinise every single inmge
as is the case with the existing film based nethods.
25 As the fasteners in the areas to be inspected are
typically uniformin size, installed in geonetrically
simlar locations, and the nature of the defects to be
detected is typically consistent:-(e.g. radial cracks
640 emanating fromthe fastening holes) the inspection
nmet hod using the ADR al gorithm has a hi gher
probability of detection (POD) of defects thereby
providing a reliable inspection system 30 Figure 7
-shows a flow chart 700 illustrating a nethod for

i nspecting a joint. between conponents 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, novenent of the X-ray source
and the digital detector is renotely controlled such
that the X-ray detector and the 35 X-ray source are

al i gned across a segnent of the joint. At step 708, an
X-ray image of the joint segment is captured for
identifying defects in the joint. 12
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It will be appreciated by a person skilled in the art
t hat nunmerous variations and/or nodifications nay be
made to the present invention as shown in the specific
enbodi nents wit hout departing!¥romthe scope of the
invention as broadly described. 5 For exanple, it wll
eciated that the described inspection system and
C d can be adapted to any aircraft with mnor
nodi fication to | engths/ heights of the tracks and fine
t uni of the ADR al gorithmfor optinmal perforpmance.
110 1 %@ﬁt riqspgc@&gng daink %%W%%ﬁ&@??fﬁ?@@ﬁ gh rﬂrcra?t, the system
cdn@irishgn conponents of an aircraft, the system
conpri Si ng: 5.,a conveyabl e X-ray source; a conveyable
di gi § 8PNVRYFRIG XY 88Y'SF: a control unit for remotely
cont4 edriviepgblEERABRFaydetddis; X-ray source and the
digital tector such t e X-ray detect and

d hat th [ t he
% P o8 Coniil 105 raMPiBife Aol g SMaverSerty Rl e g Ty purce and the
dipidl Aeterivd stiet tHae s Rlrily aefitioplaht Nige XaBY Wolime pé afidhed across a

X-ray | e of e joint 10 for identifyi def ects .
Sﬁ‘gﬂ‘eﬂ“ﬁ 8% Fﬁ%ﬁ?ﬁﬂ_ HTE’F ‘%”rﬁ%"%t%t‘:@mr Qing:FapiyRg ?f@ﬂ??-aqvm,ge of the joint
fomlaentfiing ubfectS-ii e jeiatr ce, the digital detector or

both are nounted on respective renotely operated
vehicles (ROvVs). 15 3. The systemas clainmed in claim

2.2, VRS Qistent B cRVEd &Y Saill f0KhérBMthe X-raf solite, S¥Sdigital detector

s. clained ip claim3, wherein a first track for a

or BRI EarS A G oPeivh et phepr ihige AR vag | &
renmovably fixed along a cabin floor. 20 5. The system
as aimed in clai irst trac

laim4, wherejn the kK is
-r ero\PEB1Y§ M d%elaigted ip claup ﬁnﬂh%mﬁbg 3¢ ¥PRgmounted.
passenger seats of the aircraft. 6. The system as
clained in claim4, or 5, erein the first repovabl .
4 rountedSYSIeRE RS cF%me%MﬂmﬁTwE@ew. a iR tf@ﬁ'é%%rﬁ g’gt ROV'to which
th€ Xaragresurc® isthaiintedlisi ramatablpieeddiond cain 8odér0 6,
wherei n a second

3

5. The system as claimed in claim 4, wherein the first track is removably fixed at

existing points for fixing passenger seats of the aircraft.

6. The system as claimed in claim 4, or 5, wherein the first removably mounted track

is segmented.

7. The system as claimed in claimed in any one of claims 3 to 6, wherein a second

~track for a second ROV to which the digital X-ray detector is mounted is removably

supported on tripod struts placed inside a fuel tank of the aircraft.

8. The system as claimed in claim 7, wherein the second track passes through
openings in fuel tank baffles between compartments of the fuel tank for forming a track
network inside the fuel tank.

S. The system as claiméd in claim 7, or 8, wherein the second track is segmented.
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track for a second ROV to which the digital X-ray

detector is nounted is renovably supported on tripod
struts placed inside a fuel tank of the aircraft. 30

8. The systemas clainmed in ctdim7, wherein the

second track passes through openings in fuel tank

&affles bet ween conpartnents of the fuel tank for

1¢-or nfy SYSIEP ASkClaimadirany ong eletherriesasding elaimes. vdereindhe X-ray
SEUEd ot ladiré@flanipulgionidMotely @Eel%blthB RhideNn Wiftiphesador fine-
track is segnented. 35 14 10. The systemas clained in
POSIPNEIRET e KRRy suscsRrHRd thedpiRkseamfdtei n the X-ray

source conprises a first mani pul ator renotely operable

&9 ve in nmultjple axes for fine- positjoning of the .
T g@“%@(ﬂ%’% ag CMed RNy, e g gisereing slaims, wheraly hegigital X-

reYefdcldr Bhptifes? ¥e €M AAniblIStoP FRRRENY BB efbRti 13EmoWAIdRedr more
n

ths§ '%i tal, X- r detector conprises a_second
e PR RAGToPBR S ey S KaBY €eleboRBoEnd fhegpiel ommite
axes for fine-positioning of the digital X-ray
detector around the joint segnment. 12. The system as ]
121 ai TRSSYSIF'E 1251 GRITed Ivq@ni Tl whered MsrnrpcRBf MARNRIEIPr comprises
teROBAi¢AP Fetrddlali|@ e ol Saohd plfofras ttiadll fe fdohRéctéddogether by a
seﬁt?n? | atforns that are connected together by a
Plyally oFf FORNSSHNG BAMBELS: ng mermbers. 13. The system as
claimed in claim12, wherein the second platform
further conprises a support for an X-ray detector
131 at e sHIeRyBPOTRIMSE: Ky Clalpy dabmerain dhe tscond splpfgran further
coniprigbs @nNsUppenk &5t- anlR-rayl BEtesiHB prite, afe GLyGHIFESihG N V¥aSIBEN one or
of tgﬁ Igérecedl ng clains, wherein said X-ray source
margol@leRpl @xei-t al X-ray detector each conprise a sensor
coupled to the control unit for renotely identifying
t he _tn%cati ons of the X-ray source and digital X-ray .
14et deotystepp ag slaimpd i pay BRe £§ the pieseng FlalRg: Whrrebrsaid X-ray
solR® dhderRIidigial K-l Hetectotehbe tomBiiaY 4 S&M@r BouglPRARE @bntrotl unit
for executin rocessi ng the captured

g an al gorithm for .
forgemafely W&a@‘g'%s &4 Iae%tqnfsyf thepGEksaUrcerans Jigiahi-rap deteglor.
The systemas clainmed in claim15, wherein the

al garithm congri ses an edge detection algorithm .
15.. 7 The system as claimed in any 6he 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.

16. The system as claimed in claim 15, wherein the algorithm comprises an edge

detection algorithm.

17. 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 detecior;

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;

capturing an X-ray image of the joint segment for ident_ifying defects in the joint.
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17. A nmethod for inspecting a joint between conponents
of an aircraft, the nethod conprising the steps of:
30 providing a conveyable X-ray source; providing a
conveyable digital X-ray detetdor; renotely
controlling novenent of the X-ray source and the
gital detector such that_the X-ray detector and the
1§< r a? SEgHod agrcainmpd ghelaimtr aderen ek sy, e digital detector
o KYtMbre mE@EAbh ARG paBAIVE TERYBtely GHEPated véﬁ'l@let gwt/s egment |
for identifying defects in thhe joint.
nmet hod as clainmed in claim17, wherein the X—ray
1$0Ur Tifs mbitdd Gs difbd MedIRm 1, wh@fe.rb@.bm@veaﬂ@q%k%tmtbd
respective renmotely operated vehicles (ROVs). 19.
method as clained in claim18, wherein the ROVs are

20 r aC‘khé‘ﬁtléﬂfo@Cbs chiri@d il BRinBY hpskrap £1idt 1B foPa GikrRIRBYV to which
wherein a first track for a first ROV to which

th?ﬂ%raxspavegwpeeteﬁts 1PpPv Ry fixad @Iem)@&eb'yﬂpprxed al ong a
cabin floor. 21. The nmethod as clainmed in clali m 20
wherein the first track is renpvably fixed at

2hxi sthegepedssciqimedin glaig Z,Qa%erﬁgb%esf@%&tgactsf's f%ovablv fixed at

exating pants fo?ﬁxrn%ﬁ@ss@ﬁéé}%aﬁﬁof%@éf@éh' n any one of
clarnms 20 1, wherein the first renovably nounted
track is segnented. 15 23. The nethod as clained in

2| ai TR nidihdiN¥s 0Aginkd @l thg/nbgott Qlafds 200&drep ) @herein the first
second track for a second to which the digital

remoyvaRly giepBieddrack s spomentsd- i s renovably supported on
tripod struts placed inside a fuel tank of the
aircraft. 24. The nethod as clained in claim?2

2 s HienTeHioTsas SRIMEY o Raiaedh OaBoDR 06 dims 29 fo 22, wherein

seRORNItRAGR b af g&tonaanbvbet fuhesn et &@F’t‘él RQESE%E%&W i8 :%unted is
the fuel tank orm"ﬁ)%atrac net wo i nsi de the

repguably giipported Ont'l'f@drf%'tu aged ipside Adee! ftankaf Miasineaft. or
24, wherein the second track is segnented. 25 26. The

thod as clainmed in_any one of clains 17 to 25,
24f ur t ermetbas as Gaiged énglaigr 93, wherein the second track i is passed through

openings in fuel tank baffles between compartments of the fuel tank for forming a track

network inside the fuel tank.

25. The method as claimed in . claim 23, or 24, wherein the second track is

segmented.

26. The method as claimed in any one of claims 17 to 25, further comprising remotely
manipulating the X-ray source in multiple axes for fine-positioning of the X-ray source

around the joint segment.

27 The method as claimed in any one of claims 17 to 26, 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.

- 28. The method as claimed in claim 27, further comprising remotely moving a support

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




10

mani pul ating the X-ray source in nmultiple axes for
fine-positioning of the X-ray source around the joint
segnent. 30 27 The nethod as cl ainmed in any one of
clainms 17 to 26, further conptdsing renotely
nanipulating the digital X-ray detector to nove in one
r es for fine-positioning of. the digital
2§< r ay #s claiggd dn gwéonq)pfnqlaa gWEtﬁtzB whereygaid X-ray source

arﬁﬂ?tsﬁiﬂchtgfliél o@ay rgRebctdt édcﬁldiﬂ@sls? %:Jéégr%ei;( chgjmg tefteh??cgrntml unit for

r enot e a su
et HefBG 6 ofeis o eyt Gtouedd g R T fgiectr.
met hod as claimed in any one of clains 17 to 28,
erein sajd X-r source and s id digital X-ra .
i eorm%é% a@oﬂ%!megemaa%?@sr cshped e ?ﬂef'ﬁ%‘ﬁf [CQMPrising
e)w&uﬂnd A1 algbethet Bt proteldivg th¥ icAgtutdtex racintdges o i@&nﬁfi?‘ @racks in the
X-ray source and digital X-ray detector. 5 30. The
JoItt hod as claimed in any one of clains 17 to 29
further conprising executing an algorithmfor
roc S|n the captured X-r i mges. to identif .
rac s F@‘O inggfal %@ WhaerRBthg 2lgqr @?mﬁpﬁses an edge
daéabﬁ@@bﬂmmereln the al gorithm conpri ses an edge 10
detection algorithm




