METHODS AND SYSTEMS FOR INSPECTING AIRCRAFT FUSELAGE
FRAMES BACKGROUND OF THE INVENTION This invention relates
generally to aircraft fuselage frames, and more particularly to methods
and systems for non-destructive inspection of aircraft fuselage frames. In
order to facilitate performing high-speed digital radiography for defect
detectidR 6P PRssEn§EE ARG A BIRRERAMS ARBRART el agcost

~efficient manner, speed of data qg&g%’;g@ Is primary. Speed can be
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aircraft fuselage increases the potential for collision and damage to both
the aircraft and the inspection system. To facilitate preventing collision
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The proximity of the inspection system to the aircraft fuselage increases the potential for
collision and damage to both the aircraft and the inspection system. To facilitate
preventing coliision and damage, at least some method of avoidance and protection is

required.

BRIEF DESCRIPTION OF THE INVENTION

According to a first aspect of the present invention, there is provided a method for
inspecting an aircraft fuselage comprising: moving a detector along the aircraft fuselage:
operafing the detector to inspect the 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 piurality of signals from the
proximity sensor during said operation of the detector; monitoring the collision
avoidance systemn during said operation of the detector; generaling an imminent
collision signal in response io the signals from the proximity sensor; and controlling said
movement of the detector with the collision avoidance system, inciuding moving the

detector away from the fuselage in response to the imminent collision signal.



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
detective witheroco Histent af/thidarce systemidnciueging moevng Neethod for
feleeinr awayfrom the fuselage in response to the imminent collision
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aspect of the present invention, there is provided an apparatus for
inspecting an aircraft fuselage comprising: a movable detector; a collision
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Sisieoupledtuisaicboutisivatavoitaneeisysi@Me detector to control movement of
said movable detector; and at least one proximity sensor coupled to said movable
detector, wherein said proximity sensor is coupled to said collision avoidance system
such that said collision avoidance system receives a signal from said proximity sensor
during operation of said moveable detector, wherein said proximity sensor generates an
imminent 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 aircraft fuselage in response {o the imminent collision

signal.

According to a fourth aspect of the present invention, there is provided an apparatus for
inspecting an aircraft fuselage comprising: a moveable detecior; a collision avoidance
system for controlling movement of said moveable detector, said collision avoidance
system comprising at least one protection device for preventing contact between said
moveable detector and the aircraft fuselage, wherein said protection device comprises

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



such that said collision avoidance system receives a signal from said
proximity sensor during operation of said moveable detector, wherein
said proximity sensor generates an imminent collision signal and
transmits the signal to said collision avoidance system, and wherein said
collision avoidance system controls the movement of said moveable
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one proximity sensor for controlling said moveable detector during the
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avoidance system during operation of the inspection system, and controlling operation

of the inspection system with the collision avoidance system.

Also disclosed is an apparatus for inspecting an aircraft fuselage. The apparatus may
include a moveable detector, and a collision avoidance system in electrical
communication with the moveable detector to control the moveable detector for

inspecting the aircraft fuselage.



avoidance system moves said movable detector away from the aircraft in
response to the imminent collision signal. Herein disclosed is a method
for inspecting an aircraft fuselage using an inspection system that
includes a moveable detector is provided. The method may include
coupling a collision avoidance system to the inspection system detector,
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for inspecting an aircraft fuse age sys em may 7#iclude a moveable
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aircraft fuselage. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is

an illustration of an aircraft fuselage; and Figure 2 is a block diagram of a
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DETAILED DESCRIFPTION OF THE INVENTION

Figure 1 is an illustration of an aircraft fuselage 10 of a passenger jet. Figure 2 is block
diagram of an inspection system 12 for use with an aircraft fuselage, such as, aircraft
fuselage 10 in Figure1. Inspection system 12 can detect defects in the aircraft fuselage,
such as cracks, corrosion, delaminations, disbaonds, etc. Inspection system 12 may aiso
be used with other types of aircraft fuselages, structural components, and materials that
include these types of defects. More specifically, inspection system 12 includes a
moveable detector 14 coupled in synchronous motion with an energy source (not
shown). In one embodiment, inspection system 12 is a high-speed digital radiography
system, such as the DXR-500 available from General Electric inspection Technology,
Cincinnati, Chio. However, as will be appreciated by those in the art, other systems can

be used within the scope of the present invention.

In operation, inspection system 12 rapidly passes close io and along fuselage 10. A



DETAILED DESCRIPTION OF THE INVENTION Figure 1 is an illustration
of an aircraft fuselage 10 of a passenger jet. Figure 2 is block diagram of

an inspection system 12 for use with an aircraft fuselage, such as, aircraft
fuselage 10 in Figurel. Inspection system 12 can detect defects in the
aircraft fuselage, such as cracks, corrosion, delaminations, disbonds, etc.
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passes close to and along fuselage 10. A 4 collision avoidance system
(CAS) 20 is coupled to inspection system 12 in order to prevent contact
between inspection system 12 and fuselage 10 during the inspection
process. CAS 20 includes at least one proximity sensor 22, at least one
protection device 24, and a collision monitor 26. Proximity sensor 22 is
electrically coupled to detector 14. In one embodiment, proximity sensor

22 is remotely coupled to detector 14. In one embodiment, proximity

sensor 22 is a single sensor that includes at least an 5



infrared sensor, an air-filled bladder sensor, or an accelerometer. In
another embodiment, proximity sensor 22 is a group of sensors that
includes a combination of at least an infrared sensor, an air-filled bladder
sensor, or an accelerometer. An infrared sensor allows for measuring
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the inspection process proximity sensor 22 detects an imminent colliSion,
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receives an imminent collision signal from monitor 26, protection device

24 is depjeyesionaeatdingly, SaHRAeS Itpection system 12. In one embodiment,
proteciion device 24 includes, buf is not limited to, one or a combination of at least an
air-tilled bladder, a balloon, or an airbag system. In another embodiment, protection

device 24 inciudes other devices capable of protecting detector 14 as described herein.

Protection device 24 is in electricai communication with stopping mechanism 28 such
that during operation, when stopping mechanism 28 receives an imminent coilision
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 system 22 for an aircraft fuselage inspection
system 12 is both cost-effective and highly reliable. The inspection system receives
input from at least one proximity sensor coupled to the collision avoidance system to

facilitate the prevention of contact between the movable detector and the aircraft

6.



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
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aircraft fusela%e inspection system 12 is both cost-effective and hig
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the fus@ratiEBHIB 5% theapiE! qudiigpantilledaeninvention has been
described in terms of various specific embodiments, those skilled in the
art will recognize that the invention can be practiced with modification
within the spirit and scope of the claims. 7 What is claimed is: 1. A method
for inspecting an aircraft fuselage comprising: moving a detector along
the aircraft fuselage; operating the detector to inspect the 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
proximitisisedsor 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
Préximibyd $ensorcanctnconird ling saicmeuampent of the detector with the

coIILsionavoidance sy§te inclu igl? moving the detector away from the
n
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with claim 2, wherein the collision avoidance system further
sensor; and
» controlling said movement of the detector with the collision avoidance systemn,
including moving the detector away from the fuselage in response to the imminent

collision signal.

2. A method for inspecting an aircraft comprising:

* moving a detector along the aircraft;

» operating the detector to inspect the aircraft;

» 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
aircrafl, and wherein the protection device comprises at least one of an air-filled
bladder 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 generating 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,



comprises a proximity sensor, wherein said method further comprises
generating 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. 8 4. An
&pparerestfofinspectinguaniaintr aft-fuselagerzamprising:  a movable
detector; O@.ag%llésgecmavmdance system in electrical communication with
said movable detector to control movement of said movable detector; and
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proximity sensor generates an imminent collision signal and transmits the
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accelerometer. 6. An apparatus In accordance with claim erein SHid’
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5. An apparatus in accordance with claim 4, wherein said at least one proximily sensor
comprises at least one of an infrared sensor, an awu-filled bladder semsor, and an

accelerometer.

6. An apparatus in accordance with claim 4, wherein said collision avoidance system further
comprises a stopping mechanism coupled 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
manipulator for moving said movable detector away from the aircrafl fuselage in response to

the imminent 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:

¢ amoveable detector;



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 imminent collision
sighal 2agelificapparknes Fyseededanusiimthotainel whergimeaitble detector,
moveable deiecloncamRLises.a,digiial xiay detedtar, 9. An. apparats for
inspecting an aircraft fuselage comprising.” a moveable'detector: 8 a
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protection device for preventing contact between said movéable detécior
and théreigcraRuselage, wherein said protection device comprises at

least one of an air-filled bladder, a balloon, and an airbag system. 10. An

m_smgg%t%%g{gg%rig,gp&ﬁﬂ %ﬂ&iﬁ?@rﬁp%%m rising:  a moveable

detector; at least one proximity sensor coupledto said moveable
defectoroysificddetitsion avoidance system coupled to said moveable

detectorand:aid:ahleashone RRXFl: sensonior.contralling said

moveable detector during the inspection of the aircraft in response to a
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aircraft in response to a signal from said proximity sensor,

wherein said proximity sensor generates an imminent collision signal and transmits the signal
to said collision avoidance system, and wherein said collision avoidance system moves said

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

il. A system in accordance with claim 10, wherein said at least one proximity sensor

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

detector and the aircraft in response to the imminent collision si gnal.

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 a digital

x-ray detector.
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to said collision avoidance system, and wherein said collision avoidance
system 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 sensor, an air-filled bladder sensor, and an accelerometer. 12.
Assystendn accRidARLS Wit Caim 16, wherein said.gelision ayRidanse e
system further comprises at least one protection device for preventing
cOMEEbetween said moveable detector and the aircraft in response to
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wherein said at least one protection device comprises at least one of an
air-fill W HIBUEES sssiotis iamiren wivies Sesmbmodid. A system in
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digital x-ray detector, 10 15. A system in accordance with claim 10,
wherelh$3BRsHRGH®RB@nce system comprises: (r) a monitor for
receiving the signal from said proximity sensor, wherein said monitor is
configured to generate the imminent collision signal; and (r) a manipulator
for moving said movable detector away from the aircraft in response to
the imminent collision signal. 11
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