SYSTEMS AND METHODS FOR AUTOMATED
WELDING

BACKGROUND

[0001] The subject matter disclosed herein eslagenerally to an
automated welding system and, more particularlyartcautomated welding system that
takes data of an object, such as one or more imafgds object, to generate control
instructions for welding the object.

[0002] At least some known welding systems arefigured to use a
welding tool, such as an arc welding tool, to wafdobject. In some of these systems,
the object is an airfoil, which is selected foragmfter the airfoil has been in operation
within an aircraft engine for some amount of timBuring operation, the airfoil may
sustain wear, which may adversely affect its penorce. For example, cracks or blade
tip abrasion may occur in the airfoil, which mayeat the cooling circuits of the blade
and/or the aerodynamic performance. A welding toal be used to repair these cracks
and to rebuild the blade tip.

[0003] Many known welding systems, particularfyrfoil welding
systems, are not fully automated. Such systemsprajuce an excess of process scrap
and are frequently inefficient, because welderstnigstrained and re-trained on the

welding equipment.
BRIEF DESCRIPTION

[0004] In one aspect, an automated welding syste provided. The
automated welding system includes a mounting piatfca welding tool, an imaging
device configured to acquire data associated withobject, and a controller. The
controller is configured to receive the acquirethdaetermine an area to be welded in
the acquired data, retrieve stored master model dasociated with the object, and
compare the acquired data to the stored masterlrdatieto identify a master model area

in the acquired data. The controller is also guried to mask the master model area in



the acquired data, such that the master modeliseealuded from the area to be welded,
and generate control instructions for controllindeast one of the mounting platform and

the welding tool to weld the area to be welded.

[0005] The controller may also be configured denerate control
instructions for controlling at least one of a piosi and an orientation of at least one of
the mounting platform and the welding tool. In #dd, the controller may be
configured to analyze at least one image pixehadcquired data to determine the area
to be welded. Further, in some embodiments, tharalber may be configured to
superimpose the master model data of the objecttbeeacquired data of the object such
that the master model area is excluded from the tarde welded. Further still, in some
embodiments, the automated welding system may decla structure configured to
receive and secure the object, where the struchaledes at least one of a heating
apparatus, an insulating material, a shielding madia viewing window, a temperature
sensor, and a lighting system. In addition, thetr@dler may be configured to generate a
control instruction for controlling a heating apgs, which may be operable to control
an internal temperature of the structure. In sembeodiments, the control instruction for
controlling the internal temperature of the struetunay include an instruction to

maintain the internal temperature of the structira predetermined temperature range.

[0006] In another aspect, an article of manufectis provided. The
article includes a non-transitory, tangible, congputeadable storage medium having
instructions stored thereon that, in response tecation by a controller, cause the
controller to perform operations including recetyithe acquired data, determining an
area to be welded in the acquired data, retriegioged master model data associated
with the object, and comparing the acquired datahto stored master model data to
identify a master model area in the acquired d&dthe controller is also configured to
perform operations including masking the master ehadea in the acquired data, such
that the master model area is excluded from the tarée welded, and generating control
instructions for controlling at least one of theunting platform and the welding tool to

weld the area to be welded.



[0007] In some embodiments, the article may atsbude a structure
configured to receive the object, and the contrathey perform operations including
generating a control instruction for controllindh@ating apparatus, which is operable to
control an internal temperature of the structure. some embodiments, the control
instruction for controlling the heating apparatdigh® structure may be an instruction to
maintain the internal temperature of the structtra predetermined temperature range.
In addition, in some embodiments, the controllerynperform operations including
generating control instructions for controllingledst one of a position and an orientation
of at least one of the mounting platform and thédmg tool. The controller may also
perform operations including superimposing the estomaster model data over the
acquired data, such that the master model areacigded from the area to be welded. In
some embodiments, the article may include a mogmgiatform for mounting the object,
where the mounting platform includes at least aviatjthat facilitates motion of the

mounting platform.

[0008] In yet another aspect, a method for dpayaa welding system is
provided. The method includes receiving the aeglinlata, determining an area to be
welded in the acquired data, retrieving stored erastodel data associated with the
object, and comparing the acquired data to theedtonaster model data to identify a
master model area in the acquired data. The dtetie also configured to perform
operations including masking the master model argae acquired data, such that the
master model area is excluded from the area to éeled, and generating control
instructions for controlling at least one of theunting platform and the welding tool to

weld the area to be welded..

[0009] The method may also include generatingtrod instructions for
controlling at least one of a position and an dagan of at least one of the mounting
platform and the welding tool. In some embodimgtite method may include receiving
the object within a structure, and generating, ey ¢ontroller, a control instruction for
controlling a heating apparatus operable to con&ol internal temperature of the

structure. In addition, the method may includeesupposing, by the controller, the



stored master model data over the acquired datdy that the master model area is

excluded from the area to be welded.
DRAWINGS

[0010] These and other features, aspects, anahtates of the present
disclosure will become better understood when thieiing detailed description is read
with reference to the accompanying drawings in Witike characters represent like parts

throughout the drawings, wherein:

[0011] FIG. 1 is a schematic view of an exemplantomated welding

system;

[0012] FIG. 2 is a flowchart illustrating an emplary process for

repairing an object using the automated weldingesyshown in FIG. 1; and

[0013] FIG. 3 is a schematic view of an exemplaaster model image
of an object, an exemplary acquired image of thjeatpand an exemplary superimposed
image of the object that is used for welding thgedbwithin the automated welding

system shown in FIG. 1.

[0014] Unless otherwise indicated, the drawimgevided herein are
meant to illustrate features of embodiments ofdiselosure. These features are believed
to be applicable in a wide variety of systems casipg one or more embodiments of the
disclosure. As such, the drawings are not mearnnhdtude all conventional features
known by those of ordinary skill in the art to bequired for the practice of the

embodiments disclosed herein.
DETAILED DESCRIPTION

[0015] In the following specification and theaiths, reference will be

made to a number of terms, which shall be defiodubt/e the following meanings.

” oo

[0016] The singular forms “a”, “an”, and “thefialude plural references

unless the context clearly dictates otherwise.



[0017] *“Optional” or “optionally” means that trseibsequently described
event or circumstance may or may not occur, andtbedescription includes instances

where the event occurs and instances where itmuntes

[0018] Approximating language, as used hereimoughout the
specification and claims, may be applied to moaifyy quantitative representation that
could permissibly vary without resulting in a charig the basic function to which it is
related. Accordingly, a value modified by a term terms, such as “about” and
“substantially”, are not to be limited to the pmeivalue specified. In at least some
instances, the approximating language may correspmithe precision of an instrument
for measuring the value. Here and throughout thecification and claims, range
limitations may be combined and/or interchangedhsanges are identified and include

all the sub-ranges contained therein unless cootdanguage indicates otherwise.

[0019] As used herein, the terms “processor” &ondmputer” and
related terms, e.g., “processing device” and “catngudevice”, are not limited to just
those integrated circuits referred to in the artaasomputer, but broadly refers to a
microcontroller, a microcomputer, a programmabtgdaontroller (PLC), an application
specific integrated circuit, and other programmaditeuits, and these terms are used
interchangeably herein. In the embodiments desdrherein, memory includes, but is
not limited to, a computer-readable medium, sucl asndom access memory (RAM),
and a computer-readable non-volatile medium, sigclHagh memory. Alternatively, a
floppy disk, a compact disc — read only memory (ROM), a magneto-optical disk
(MOD), and/or a digital versatile disc (DVD) maysal be used. Also, in the
embodiments described herein, additional input schEBnmay be, but are not limited to,
computer peripherals associated with a user irderfaich as a mouse and a keyboard.
Alternatively, other computer peripherals may als® used that may include, for
example, but not be limited to, a scanner. Funtioee, in the exemplary embodiment,

additional output channels may include, but nolimnéed to, a user interface monitor.



[0020] Further, as used herein, the terms “safévand “firmware” are
interchangeable, and include any computer progrtaned in memory for execution by

personal computers, workstations, clients and serve

[0021] As used herein, the terms “master modell “master part” are
interchangeable, and include any data used to geptéhe desired configuration of an
object 112.

[0022] As used herein, the term “non-transitagmputer-readable
media” is intended to be representative of any itdegcomputer-based device
implemented in any method or technology for shemrt and long-term storage of
information, such as, computer-readable instrustiaata structures, program modules
and sub-modules, or other data in any device. efbe¥, the methods described herein
may be encoded as executable instructions embadied tangible, non-transitory,
computer readable medium, including, without liida, a storage device and/or a
memory device. Such instructions, when executed psocessor, cause the processor to
perform at least a portion of the methods descrimdin. Moreover, as used herein, the
term “non-transitory computer-readable media” ides all tangible, computer-readable
media, including, without limitation, non-transiyocomputer storage devices, including,
without limitation, volatile and nonvolatile mediand removable and non-removable
media such as a firmware, physical and virtualagjer CD-ROMSs, DVDs, and any other
digital source such as a network or the Interngtyall as yet to be developed digital

means, with the sole exception being a transifamypagating signal.

[0023] Embodiments of the present disclosurateeto an automated
welding system. The system generally includesracttre, such as a welding box, a
welding tool, an imaging device, a controller, anthounting platform. In operation, an
object, such as an airfoil, is secured on the mognplatform and placed within the
structure. The object is rotated and/or translatedhe mounting platform through one
or more inspection positions. At each inspectiosifon, the imaging device acquires

data, such as image data, for the object and tigs#me acquired data to the controller.



[0024] The controller receives the acquired datel compares the
acquired data to master model data of the objéttvarious embodiments, the master
model data includes one or more images and electdaita representative of the object.
The controller identifies one or more areas to leéded based upon the comparison and
generates control instructions. One or more stahdaject features (e.g., cooling holes)
are masked by the controller, so that these femtare not identified as areas to be
welded. Finally, the object is heated within theucture, and the welding tool is
operated, by the controller and based upon ther@oimistructions, to repair the object.
The images may also be acquired and compared héating. Further, in some
embodiments, no comparison is performed. Rathercontroller identifies one or more

areas to be welded based solely upon an examingaitithe acquired data.

[0025] As used herein, an object, such as dnilaimay be associated
with “master model” data, such as master model datdor one or more master model
images of the object. Master model data and imagssbe stored individually and/or as
part of a data file. A master model image is amagm of the object taken prior to
installation of the object in an operational systeRor example, where the object is an
airfoil, a master model image of the airfoil is theminal dimensional definition of the
airfoil taken prior to installation of the airfaih an aircraft engine. A master model is the
engineering definition of the zero-defect nominaltp Master model data may also
include historical data, which may include one @mrenmaster model object images, one
or more electronic models associated with an opgedrdinate points associated with an
object, dimensional data, and the like. Master ehathta may be collected during
previous maintenance of an object, such as, fompla during an overhaul of the object
and/or during an overhaul of a system within whilcl object is configured to operate.
In various embodiments, master model data may ialdode one or more electronic
representations of an object, one or more textasttptions of an object, one or more

coordinate system points defining a shape of aeabpgind the like.

[0026] In addition, although the systems, metshodnd articles of
manufacture are described herein with referencaent@bject such as an airfoil, other

objects, such as marine propeller blades, compsr@nterrestrial vehicles, and/or any



other object which may be welded as part of a repaimanufacturing process, are

contemplated by and within the scope of the predisigtosure.

[0027] FIG. 1 is a schematic view of an exemplantomated welding
system 100. Automated welding system 100 incluaestructure 102, a mounting
platform 104, a welding tool 106, an imaging devi€8, and a controller 110.

[0028] Structure 102 is a container, such aslaiwg box, within which
an object 112, such as an airfoil, is placed, aittinvwhich object 112 is welded. As
shown, object 112 may include an area to be wel@&d such as a crack, and object 112
may be placed within structure 102, such that &wdae welded 126 may be welded by

automated welding system 100.

[0029] In the exemplary embodiment, structur@ kludes an internal
surface 114 that defines a welding compartment 1SBucture 102 may be insulated by
way of one or more insulating materials 101 andfo or more shielding media 109 and
may, in addition, include one or more heating appees 103, such as, but not limited to,
one or more electrical heating apparatuses, onaase gas burners, and the like. As
described below, heating apparatuses 103 may bégomd to raise an internal
temperature of structure 102 (within welding conpent 116) to a desired temperature,
such as a temperature at which object 112 becomnetie] malleable, semi-molten, or
otherwise workable. In addition, heating appardusd3 may be configured to maintain
an internal temperature of structure 102 withireaickd or predefined temperature range,
such as a temperature range within which objectldgd@mes ductile, malleable, semi-
molten, or otherwise workable. Structure 102 map ahclude a viewing window 105
and/or one or more temperature sensors 107. SteutD2 may also be filled with an
inert gas such as argon or helium. The gas maseleeted to be compatible with the

material of object 112.

[0030] Mounting platform 104 is a support andumiing structure. In
the exemplary embodiment, object 112 is securedaunted on mounting platform 104
for welding operations. Mounting platform 104 miaglude one or more clamps or

fasteners for mounting and securing object 112umiog platform 104 may also include



one or more electromechanical actuators 118 amhleror more joints 120, which may
facilitate motion of mounting platform 104. Forample, mounting platform 104 may be
configured to rotate about the x, y, and/or z axBmunting platform 104 may also be

configured to translate along the x, y, and/or @sax

[0031] Welding tool 106 is any tool capable cdkimg a weld, such as,
for example, a laser welding tool, an arc weldiogl,ta gas welding tool, a gas metal arc
welding tool, and the like. Welding tool 106 maysa include one or more
electromechanical actuators 122 and/or one or rfungs 124, which may facilitate
motion of welding tool 106. For example, each {di24 of welding tool 106 may be
rotatable about the x, y, and/or z axes. Weldog 106 may also be configured to

translate along the x, y, and/or z axes.

[0032] Imaging device 108 is configured to acguiata associated with
object 112, such as one or more images and/or dtter of object 112. For example,
imaging device 108 is a camera, such as a digit@lGD camera. Imaging device 108 is
mounted within structure 102 and is disposed nedatd object 112 at a position and
angle suitable to acquire one or more images ofabhl12. In other embodiments,
imaging device 108 is positioned outside of strreetl02 in a position from which object
112 is viewable by imaging device 108. For examiptaging device 108 may, in some
embodiments, be positioned outside of structure ¢0éh that imaging device 108 looks

through viewing window 105.

[0033] Controller 110 coordinates the acquisitad data, such as one or
more images, of object 112. In the exemplary entbedt, controller 110 includes one
or more processors communicatively coupled to onenore tangible, non-transitory,
memories. In some embodiments, controller 110h&rtcoordinates the motion of
mounting platform 104 and/or the motion of weldiogl 106. Controller 110 may also

coordinate the operation of welding tool 106.

[0034] Controller 110 acquires data about obje&@ and creates a path
for object 112. After controller 110 has identifiat least one area to be welded 126 in at

least one acquired image 304 (shown in FIG. 3)frobar 110 generates one or more



control instructions for controlling one or bothrmabunting platform 104 and/or welding
tool 106. For example, the one or more contrarucsions may control a position and/or
an orientation of mounting platform 104 and/or vuedd tool 106. The control

instructions may be transmitted to mounting platfat04 and/or welding tool 106 for

implementation.

[0035] FIG. 2 is a flowchart illustrating an ewplary process 200 for
repairing object 112 using automated welding systé@ (shown in FIG. 1). With
reference to FIGs. 1 and 2, in the exemplary embedi, object 112 is placed within
structure 102 for repair. For example, object Klthanually or robotically mounted on
mounting platform 104 within structure 102. Inliya master model or historical data
associated with object 112 is stored for retridyatontroller 110 (step 202)

[0036] Inside structure 102, imaging device He§uires data of object
112, such as one or more images of object 112 @&ddp. As used herein, “acquired
data” may refer to one or more images of object 4dQuired by imaging device 108 of
object 112 and/or any other data associated wifacbli12 that is acquired by imaging
device 108, such as, for example, one or morergdranages of object 112. In addition,
“acquired data” may include one or more “acquirgthges.” For example, imaging
device 108 scans or photographs object 112 to exatileast one image of object 112.
In the exemplary embodiment, imaging device 108umeg a plurality of images of
object 112. For example, object 112 is rotated@nulanslated on mounting platform
through one or more inspection positions. As dbjd@ is moved, imaging device 108
acquires a plurality of images of object 112 atheiaspection position. The images may
be of different portions of object 112 and may b#ated or collected into an image data

file.

[0037] The acquired data is transmitted by gimg device 108 to
controller 110. Controller 110 receives the aceglidata and compares the acquired data
to stored, master model or historical data, of cibjd 2 (step 206). As used herein, and
as described above, “master model data” may inotudeor more master model images

of object 112. Controller 110 may select a mastedel image that corresponds to an

10



acquired image. For example, if a particular aegliimage was taken from a particular
inspection position relative to imaging device 188naster model image taken from the
same inspection position may be used for the cosgrar In other embodiments, a
composite image or representation formed of twmore images or data representations
is used for comparison. To compare an acquiredgém@ a master model image,
controller 110 may compare each pixel in the aeglimage to a corresponding pixel in
the master model image, or controller 110 may campagroup of pixels in the acquired
image to a group of pixels in the master model imag

[0038] Based upon the comparison, controller 1lit@ntifies or
determines at least one master model area in tiperad data or acquired image (step
208). For example, if a master model image indudemaster model area, such as a
cooling hole, controller 110 may identify or flalget pixels associated with the cooling
hole in the acquired image. Controller 110 mayhierr mask the pixels associated with
the cooling hole in the acquired image, such thatgixels associated with the cooling
hole are excluded from area to be welded 126 (ssribed below). Master model areas
may also be flagged by comparison with features anaster part. However, in some
embodiments, no comparison is performed. Ratlugtraller 110 identifies at least one

area to be welded 126 based solely upon an exaomrat analysis of the acquired data.

[0039] FIG. 3 is a schematic view of object ddtat may be used to
identify master model areas and/or at least ona toebe welded 126, as described
herein. Accordingly, with reference to FIGs. 1aBd in some embodiments, controller
110 may superimpose a master model image of thecbbyer a corresponding acquired
image. For example, and as described above, d¢lentlid 0 may obtain a master model
image 302 of object 112, as well as acquired daiah as an acquired image 304 of
object 112. Controller 110 may superimpose mastedel image 302 over acquired
image 304 (or vice versa) to generate superimpasage 306. Controller 110 may
identify or determine one or more master modelsaB€8, such as a plurality of cooling
holes in acquired image 304. For example, if mastedel image 302 includes a
plurality of cooling holes, the pixels associateithveooling holes will overlap with the

same pixels in acquired image 304. These pixelsaaquired image 304 may be
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identified as master model areas 308 and maskeideatified as one or more masked
areas, such as masked areas 312, such that theyciwded from an area to be welded in

superimposed image 306 and/or in acquired image 304

[0040] In exemplary process 200, controller 21$b compares acquired
image 304 to master model image 302 to identifgetermine one or more areas to be
welded, such as area to be welded 126 (step 2@g to be welded 126 may be outside
of the master model areas 308 (as described abswedhat controller 110 does not
erroneously identify master model areas 308 astarba welded 126 in acquired image
304.

[0041] In the exemplary embodiment, area to leéded 126 may be an
area in which acquired image 304 differs from nrastedel image 302 in some way.
Differences between acquired image 304 and masbelelnmage 302 may occur, for
example, as a result of wear on object 112 duripgration. For example, area to be
welded 126 may correspond to a damaged or cradleadad object 112. Where object
112 is an airfoil, area to be welded 126 may atmwespond to a blade tip that has been

abraded or otherwise worn during service.

[0042] In some embodiments, controller 110 pidesi a control
instruction or control signal to structure 102 &ise an internal temperature of structure
102 to a designated or predetermined temperatura designated or predetermined
temperature range. For example, controller 110 prayide a control signal to one or
more heating apparatuses 103 that cause heatirayatpges 103 to raise the internal
temperature of structure 102 to a temperature athwbbject 112 becomes ductile,
malleable, semi-molten, or otherwise workable. Shine predetermined temperature
may depend upon the material composition of objg@ and may vary as different

objects are provided to automated welding systedfdOinspection and repair.

[0043] In exemplary process 200, after controll@0 has identified at
least one area to be welded 126 in at least ong@radgimage 304, and/or in at least one
superimposed image 306, controller 110 generatesoormore control instructions for

controlling welding operations, such as one or nmetrol instructions for controlling

12



one or both of mounting platform 104 and/or weldingl 106 (step 212). The control
instructions may be transmitted to mounting platfat04 and/or welding tool 106 for
implementation. For example, the control instrutsi may be provided to one or more
actuators 118 and/or joints 120. The control utdtons may be any suitable type of
control instruction, such as, for example, a compubumerical control (CNC)

instruction, and the like. In some embodimentg tontrol instructions are control

signals that are provided to control platform 1@d/ar welding tool 106.

[0044] The control instructions may specify adiugg path, which may
be defined with reference to one or more X, y, @nd/coordinates. Mounting platform
104 and/or welding tool 106 may rotate and/or tietes based upon the specified
welding path, such that object 112 is positionddtiree to welding tool 106 in a manner
that facilitates welding by welding tool 106 of areo be welded 126 on object 112.
Thus, controller 110 guides mounting platform 10wi/ar welding tool 106 along the
welding path, such that area to be welded 126 tenaatically welded by welding tool
106 along the welding path.

[0045] Embodiments of the automated welding esystas described
above, facilitate an automated welding processhithvan object is inspected to identify
areas to be welded, heated to a workable temperatund repaired by way of an
automated welding process. Accordingly, a corgrakceives acquired data, such as one
or more acquired images of an object mounted oo@ntng platform within a structure,
and compares the acquired data to master modelsiath as at least one master model
image of the object. The controller identifies mmanore areas to be welded based upon
the comparison and generates control instructi@rse or more master model areas (e.qg.,
cooling holes) are masked by the controller, sa thase master model areas are not
identified as areas to be welded. Finally, theeobis heated within the structure, and the
welding tool is operated, by the controller anddohsipon the control instructions, to

repair the object.

[0046] Exemplary technical effects of the auttedawelding system

described herein include, for example: (a) inspectof an object at a plurality of
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inspection positions; (b) identification of masteodel areas for exclusion from welding
operations; (c) identification of areas to be wdlde.g., cracks) for welding; and (d)
heating of the object to a temperature or temperatange at which the object is

workable.

[0047] Exemplary embodiments of an automateddingl system and
related components are described above in deffile system is not limited to the
specific embodiments described herein, but ratt@mponents of systems and/or steps of
the methods may be utilized independently and seglgrfrom other components and/or
steps described herein. For example, the configmraf components described herein
may also be used in combination with other prosessed is not limited to practice with
the systems and related methods as described hdRather, the exemplary embodiment
can be implemented and utilized in connection widny applications where automated

welding is desired.

[0048] Although specific features of various @diments of the present
disclosure may be shown in some drawings and nathers, this is for convenience
only. In accordance with the principles of the gem® disclosure, any feature of a
drawing may be referenced and/or claimed in conilginavith any feature of any other
drawing.

[0049] This written description uses examples disclose the
embodiments of the present disclosure, includirggliést mode, and also to enable any
person skilled in the art to practice the disclestuincluding making and using any
devices or systems and performing any incorporatethods. The patentable scope of
the embodiments described herein is defined bycthens, and may include other
examples that occur to those skilled in the amichSother examples are intended to be
within the scope of the claims if they have struatelements that do not differ from the
literal language of the claims, or if they includgquivalent structural elements with

insubstantial differences from the literal languagéhe claims.
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WHAT IS CLAIMED IS:
1. An automated welding system comprising:
a mounting platform;
a welding tool;

an imaging device configured to acquire data aasediwith an object;

and
a controller configured to:
receive the acquired data;
determine an area to be welded in the acquired data
retrieve stored master model data associated hatlobject;

compare the acquired data to the stored master Intzda to

identify a master model area in the acquired data;

mask the master model area in the acquired datd that the

master model area is excluded from the area todbded; and

generate control instructions for controlling ahde one of said

mounting platform and said welding tool to weld #rea to be welded.

2. The automated welding system of Claim 1, whesaid controller
is further configured to generate control instroies for controlling at least one of a
position and an orientation of at least one of saalnting platform and said welding

tool.

3. The automated welding system of Claim 1, whesaid controller
is further configured to analyze at least one imaigel in the acquired data to determine

the area to be welded.
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4. The automated welding system of Claim 1, whesaid controller
is further configured to superimpose the master ehathta of the object over the
acquired data of the object such that the masteteiarea is excluded from the area to

be welded.

5. The automated welding system of Claim 1, furttemprising a
structure configured to receive and secure thectlfjee structure comprising at least one
of a heating apparatus, an insulating materiahi@lding medium, a viewing window, a

temperature sensor, and a lighting system.

6. The automated welding system of Claim 5, whesaid controller
is further configured to generate a control ingtarcfor controlling a heating apparatus

operable to control an internal temperature of stdcture.

7. The automated welding system of Claim 6, whetbm control
instruction for controlling the internal temperauof said structure comprises an
instruction to maintain the internal temperaturesafd structure at a predetermined

temperature range.

8. The automated welding system of Claim 1, whesaid mounting

platform includes at least one joint that facismotion of said mounting platform.

9. An article of manufacture including a non-tramsi, tangible,
computer readable storage medium having instrustsbored thereon that, in response to
execution by a controller configured for providiogntrol instructions to at least one of a

mounting platform and a welding tool, cause saidt@dler to perform operations

comprising:
receiving, by said controller, acquired data obaject;
determining, by said controller, an area to be eeloh the acquired data;
retrieving by said controller, stored master mathth associated with the
object;
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comparing by said controller, the acquired datthéostored master model

data to identify a master model area in the acdudeda;

masking, by said controller, the master model amethe acquired data,
such that the master model area is excluded frenaitba to be welded; and

generating, by said controller, control instructidor controlling at least

one of said mounting platform and said welding toolveld the area to be welded.

10. The article of Claim 9, further comprising eusture configured to
receive the object and permit welding operationdéoconducted on the object at a

predetermined temperature range.

11.  The article of Claim 10, wherein the instrusdurther cause said
controller to perform operations comprising geriaggt by said controller, a control
instruction for controlling a heating apparatusrapé to control an internal temperature

of said structure.

12. The article of Claim 11, wherein the controktmction for
controlling the heating apparatus of said structigrean instruction to maintain the
internal temperature of said structure within adptermined temperature range.

13.  The article of Claim 9, wherein the instrucidnrther cause said
controller to perform operations comprising genarat control instructions for
controlling at least one of a position and an deagan of at least one of said mounting

platform and said welding tool.

14.  The article of Claim 9, wherein the instructidarther cause said
controller to perform operations comprising supg@agsing, by said controller, the stored
master model data over the acquired data, suchthibatnaster model area is excluded
from the area to be welded.

15.  The article of Claim 9, further comprising aunting platform for
mounting the object, wherein said mounting platfamoludes at least one joint that

facilitates motion of said mounting platform.
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16. A method for operating a welding system, saathod comprising:

receiving, by a controller configured to controleogtion of the welding

system, acquired data of an object;
determining, by said controller, an area to be eelioh the acquired data;

retrieving by said controller, stored master mathkih associated with the

object;

comparing by said controller, the acquired datthéostored master model

data to identify a master model area in the acdudeda;

masking, by said controller, the master model amethe acquired data,

such that the master model area is excluded frenatda to be welded; and

generating, by said controller, control instrucidor controlling at least

one of said mounting platform and said welding toolveld the area to be welded.

17.  The method of Claim 16, further comprising gatiag, by said
controller, control instructions for controlling ksast one of a position and an orientation

of at least one of said mounting platform and settling tool.

18.  The method of Claim 16, further comprising reiog the object

within a structure.

19. The method of Claim 18, further comprising gating, by the
controller, a control instruction for controllingheeating apparatus operable to control an

internal temperature of the structure.

20. The method of Claim 17, wherein the masking luithes
superimposing, by said controller, the stored nmastedel data over the acquired data,

such that the master model area is excluded frenaitda to be welded.
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