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FRAVES BACKGROUND COF THE | NVENTI ON Thi s invention

rel ates generally to aircraft fuselage franes, and
nore particularly to nmethods and systens for
non-destructive inspection of aircraft fusel age .
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fusel age; operating the detector to inspect the
aircraft fusel age; coupling a collision avoidance -
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operating the detector to inspect thie aircraft fuselage; coupling a collision avoidance

system to the detector, the collision avoidance system comprising at least one proximity

sensor, wherein said coupling comprises coupling the proximity sensor to the detector
such that the collision avoidance system receives a plurality of signals from the proximity
sensor during said operation of the detector; monitoring the collision avoidance system
during said operation of the detector; generating an imminent collision signal in response
to the signals from the proximity sensor; and controlling said movement of the detector

with the collision avoidance system, including moving the detector away from the

- fuselage in response to the imminent collision signal.



According to a second aspect of the present
invention, there is provided a nethod for inspecting
an aircraft conprising: noving a detector along the
aircraft; operating the detector to inspect the
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and a collision avoi dance system coupled to said
noveabl e detector and said at | east one proximty
sensor for controlling said noveabl e detector during
the inspection of the aircraft in response to a
signal fromsaid proximty sensor, wherein said
proximty sensor generates an imm nent collision
signal and transmits the signal to said collision
avoi dance system and wherein said collision
avoi dance system noves sai d novabl e detector away
fromthe aircraft in response to the i nm nent
collision signal. Herein disclosed is a nethod for
i nspecting an aircraft fus@l age using an inspection
system that includes a noveable detector is provided.
The met hod may include coupling a collision avoi dance
systemto the inspection systemdetector, nonitoring
the collision avoi dance system duri ng operation of
t he i nspection system and controlling operation of



Al so disclosed is an apparatus for inspecting an
aircraft fusel age. The apparatus may include a
noveabl e detector, and a collision avoi dance system
in electrical communication with the noveabl e
detector to control the noveable detector for
Ac&(ﬂﬁﬁgc&)' J‘%ﬁlhh‘% &t g8 ordstsehageion, thélesi ibeidéd ardnspsction
spection yst em for_ jnspecti ng [ rcrlaf% roximity
systams &lrdgspectifigeansastadhsomnyisingcf pycad ‘?f@qﬁf & st @R B

ser}s%] J:oﬁ@?eﬁ tg @gldgé%aﬂ]etdéte%ﬁﬁsﬁﬁ £bahion ewlidance @yqﬂimedoﬂpi)ed to

tector a col lisi.on avoi dance lino said
said ysoemblendastotart aridc &3id o5 ki RS PO I He OF0R%Rge

dehgch Insp&adh 0PI MR 1ﬂ1r§s§po§@r’t6®rs@ﬂk from said
mov%rlljter Ctan‘gﬂﬁg%rr%vggb e 3et ector duri nq

Proxinsive c¢nsain, vsdnﬁerq;rh gaidh ipFQirg Ry sqlﬁgreg%@tes BB @f;nment collision signal
ancPE%%%lf T%x E"E PRAMGNCS diiigHee @yslem Sandnwherein said collision

an aircraft fusel a and Fi.gure onsestothe
awadebice Skstain agwam%(i RN v b L BfFsP
1m1%9n% (?mtxc?n Inspectl on systemfor use with an

alrcra ]t us age DETAI LED DESCRI PTI ON OF THE

INVENTION Figure 1 is an illustration of an aircraft
Hésmediaged & ofmeth@h s dnepestinigean airraft fuselags Ysigy Gayinspection

svgﬂ'e?raiwé‘tﬂ“ac?édeégn&&é& S BB EY et b itk bycouning
I%Lg ealvbldér?l%ps?us hf(@ the/ ﬁr%ﬁ‘éﬁtlaaﬂ s detbetot, nebaftertigsthe polfision

Tera el age, such as cracks, corrosion,
avdiala.aw §yetel0MBing dipetation of thetmspepfwg ssiemoAnd ganipllipg speration
al so be used with ot her t % aircraft
0fth93@$@gf@e§l SY@?’F‘[Y&?‘GF%F"'WR y% G materials that
include these types of defects. l\/bre specifically,
i nspection system 12 includes a noveabl e detector 14
Alémgigg@gj,d ii6) 2 WpEATELS dorsinsyecting aniatdafhfiselngs. ghnesppagls may

(not shown). In one enbodi ne I nspection t
indlglea murmvestpleedeteﬁgf-t and r%dPg'Eﬁ‘%{'p gg r??’é é’ﬁc Ednaéi@cmca!
the D) .%,?&La 1 OGRS @ntrbll Bl irioveable detector for.
0gy,

°°1“H§15'é% ‘?“oﬁ" nci nnatl Chi 0. However, as

msgb Qﬁeé&ﬂﬁﬂqﬁé&égﬁd by those in t he art, other
yst rrs can be used within the scope of the present
i nventi on.



In operation, inspection system 12 rapidly passes

close to and along fuselage 10. A collision

avoi dance system (CAS) 20 is coupled to inspection

system 12 in order to prevent contact between

i nspection system 12 and fusel age 10 during the

i nspection . process. CAS 20 includes at |east one
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The above-descri bed col lision avoi dance system 22 for

an aircraft fusel age i nspection system 12 is both
cost-effective and highly reliable. The inspection
systemreceives input fromat |east one proximty

sensor coupled to the collision avoidance systemto
facilitate the prevention of contact between the
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can be practiced with nodification within the spirit

and scope of the clains. 7 Wuat is clained is: 1. A

nmet hod for inspecting an aircraft fusel age

conpri si ng:



noving a detector along the aircraft fusel age;
operating the detector to inspect the aircraft

fusel age; coupling a collision avoi dance systemto
the detector, the collision avoidance system
conprising at |east one proxinity sensor, wherein
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In operation, proximity sensor 22 generates signals during the opemtioﬁ of detector 14
and transmits those signals to collision mdnitor 26. If during the inspection process
proximity sensor 22 detects an imminent collision, then a signal is transmitted to
collision monitor 26. Monitor 26 is configured to send an imminent collision signal
to an inspection sysiem stopping mechanism 28, Stopping mechanism 28 is
configured to ixﬁ_xhediately hait the motion of detector 14 and facilitate preventing a
collision between detector 14 and fuselage 10. In one embodiment, stopping
mechanism 28 is a manipulator that moves detector 14 away from fuselage 10.

A protection device 24 is 6oupled to inspection system 12. In one embodiment,
protection device 24 includes, but is not limited to, one or a combination of at least an
air-filled bladder, a balloon, of an airbag system. In another embodiment, protection
device 24 includes other devices capable of protecting detector 14 as described herein.

Protection device 24 is in electiical communication with stopping mechanism 28 such
that during operation, when stopping mechanism 28 receives an imminent collision
signal from monitor 26, protection device 24 is deployed. Accordingly, detector 14
does not contact fuselage 10. In an alternative embodiment, protection device 24 is in

- electrical communication with proximity sensor 22 such that when proximity sensor
22 detects an imminent collision, protection device 24 is deployed and prevents
contact between detector 14 and fuselage 10.

The above-described collision avoidance systan 22 for an aircraft fuselage inspection
system 12 is both cost-effective and highly refiable. The inspection system receives -
input from at least one proximity sensor couple& to the collision avoidance system to
facilitate the prevention of contact between the movable detector and the aircraft
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controlling said novement of the detector with the
col l'i si on avoi dance system i ncluding noving the
detector away fromthe fuselage in response to the

i mm nent collision signal. 2. A nethod for inspecting
an aircraft conprising noving a detector along the
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operation of t ector controlling said
novenent of the detector with the collision avoidance
system 3. A nethod in accordance wth claim 2,

wherein the collision avoidance system further
conprises a proximty sensor, wherein said nethod
further conprises generating an inmmnent collision
signal in response to a signal fromthe proximty
sensor, wherein said controlling step includes

depl oying the protection device in response to the

i mm nent collision signal.




4. An apparatus for inspecting an aircraft fusel age
conprising: a novable detector; a collision

avoi dance systemin electrical comunication with

sai d novabl e detector to control novenment of said
novabl e detector; and at |east one proximty sensor
JBupF dmedissai d novabl e detector, wherein said
proximty sensor is coupled to said collision

avoi dance system such that said collision avoi dance
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collision signal.

2. A method for inspecting an aircraft comprising:

* moving a detector along the ajrcraft;

» operating the detector to inspect the aircrafi;

* coupling a collision avoidance system to the detector, the collision avoidance system
comprising at least one protection device, wherein said coupling comprises coupling
the protection device to the detector to prevent contact between the detector and the
aircraft, an_d wherein the protection device comprises at least one of an air-filled
biadder sensor, a balloon, and an airbag system;

*  monitoring the collision avoidance system during said operation of the detector; and

+ controlling said movement of the detector with the collision avoidance system.

3. A method in accordance with claim 2, wherein the collision avoidance system further
comprises a proximity sensor, wherein said method further comprises gencrating an imminent
collision signal in response to a signal from the proximity sensor, wherein said controlling
step includes deploying the protection device in response to the imminent collision signal.



7. A nmethod in accordance with claim®6, wherein said

st oppi ng nmechani sm conpri ses a mani pul ator for noving

sai d novabl e detector away fromthe aircraft fusel age

in response to the immnent collision signal. 8. An

appar atus in accordance with claim4, wherein said
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9. AN, AR atUs,-for inspecting an aircraft fusel age

conprising: a noveabl e detector; a collision
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noveabl e detector, said collision avoi dance system
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%@r. i nspecti nt%man aircraft conmprising: a nopveable
Fienvg ance sys receives a signal from said proximity sensor during operation of

said moveable detector, wherein said proximity sensor generates an imrninent collision signal

and transmits the signal to said collision avoidance system, and wherein said collision
avoidance system controls the movement of said moveable detector based on the signal
received from said proximity sensor, including moving said movable detector away from the

atrcraft fuselage in response to the imminent collision signal.

5. An apparatus in accordance with claim 4, wherein said at least one proximity sensor

comprises at least one of an infrared sensor, an air-filled bladder sensor, and an

accelerometer.

6. An apparatus in accordance with claim 4, wherein said collision avoidance system further
comprises a stopping mechanism coupledﬂ to said moveable detector and configured to receive

the imminent collision signal and to stop the motion of said moveable detector.

7. A method in accordance with claim 6, wherein said stopping mechanism comprises a
manipulator for moving said movable detector away from the aircraft fuselage in response to

the immineat collision signal.

8. An apparatus in accordance with claim 4, wherein said moveable detector comprises a

digital x-ray detector.

9. An apparatus for inspecting an aircraft fuselage comprising:

s amoveable detector;



at | east one proximty sensor coupled to said

noveabl e detector; and a collision avoi dance system

coupl ed to said noveabl e detector and said at | east

one proximty sensor for controlling said noveable
“detector.during the inspection of the aircraft in
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with claim210, wherein said at |east one proximty
sensor conprises at |east one of an infrared sensor,
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12, é\m% sélggn itn accordance with claim 10, wherein

sai dEOIFT &f SR Evoi dance system further conprises at

| 6as it IQRSnPrekiBity {flbr BRYLES shif moRLAY GlilotdiGng ONt act
bet ween sai d noveabl e detector and the aircraft in

r es pbrdlisiop gvaidance system eenpled b $aidsiaypablsi dgteetbr and k&id atlleast one
system.in accordance. wth, cl ai 2 wherein said at
I eas“ti one Bret é’éﬁ’%ﬁm&%%‘%@o‘é"&% %?‘%’8’5 S'éff“gl s, wpreglion offhe
an aditeraft in rkspohsbcANEAL frod PRIk @iy s@Reh, an ai rbag
system

wherein said proximity sensor generates an imminent collision signal and transmits the signal

to said collision avoidance system, and wherein said collision avoidance sysiem moves said

movable detector away from the aircraft in response to the imminent collision signal.

11. A system in accordance with claim 10, wherein said at least one proximity sensor
comprises at least one of an infrared semsor, an air-filled bladder semsor, and an

accelerometer.
12. A system in accordance with claim 10, wherein said collision avoidance system further
comprises at least one protection device for preventing contact between said moveable

detecior and the aircraft in response to the imminent collision signal.

13. A system in accordance with claim 12 wherein said at least one protection device

comprises at least one of an air-filled bladder, a balloon, and an airbag system.

14. A system in accordance with claim 10, wherein said moveable detector comprises 2 digital
x-ray detector. |
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14. A systemin accordance wth claim 10, wherein
sai d noveabl e detector conprises a digital x-ray
det ect or. 15. A systemin accordance with claim 10,
wherein said collision avoi dance system conprises: a
nmonitor for receiving the signal fromsaid proximty
sensor, wherein said nonitor is configured to
OE nersadtén ik @cdofiiEhda &th @Qﬂn{_ Q) YRersih 403! 6onRRY avBidance system
mani pul ator for noving said novabl e detector away
forgRfehe aircraft in response to the inmm nent
collisjon sianal .  ABSTRACT Methods And Systens. For. .
Inspé%%?ng%k;rgfgﬁymﬁﬁggpgﬁgm.P?ﬁ@gwsm“msah“m“““dnmm““”
configured to generate the imminent collision signal; and -
* amanipulator for moving said movable detector away from the aircraft in response to

the imminent collision signal.
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A nmethod for inspecting an aircraft fusel age using an
i nspection systemincluding a noveabl e detector,
wherein the nmethod includes coupling a collision

avoi dance systemto the inspection system detector,
nmoni toring the collision avoidance system during
operation of the inspection system and controlling
operation of the inspectiAf#s flemw th the collision
avoi dance system Fig. 1

Methods And Systems For Inspecting Aircraft Fuselage Frames

A method for inspecting an aircraft fuselage using an inspection system
including a moveable detector, wherein the method includes coupling a collision
avoidance system to the inspection system detector, mdnitoring the collision
avoidance system during operation of the inspection system, and co'nfrolling

operation of the inspection system with the collision avoidance system.

Fig. 1
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