TOOLING ASSEMBLY FOR MAGNETICALLY ALIGNING COMPONENTS
IN AN ADDITIVE MANUFACTURING MACHINE

FIELD
[0001] The present subject matter relates generally tdiaednanufacturing
machines, and more particularly to tooling asseashfior aligning a plurality of

components in a desired orientation for a powddrduiglitive manufacturing process.

BACKGROUND
[0002] Machine or device components frequently experielateage, wear,
and/or degradation throughout their service life. &ample, serviced compressor
blades of a gas turbine engine show erosion, defant/or cracks after long term
use. Specifically, for example, such blades argestibo significant stresses which
inevitably cause blades to wear over time, paridylnear the tip of the blade. For
example, blade tips are susceptible to wear or darfram friction or rubbing
between the blade tips and shrouds, from chemegiadiation or oxidation from hot
gasses, from fatigue caused by cyclic loading aridading, from diffusion creep of
crystalline lattices, etc.
[0003] Notably, worn or damaged blades may result in nmeecfailure or
performance degradation if not corrected. Spedificauch blades may cause a
turbomachine to exhibit reduced operating efficieas gaps between blade tips and
turbine shrouds may allow gasses to leak throughutbine stages without being
converted to mechanical energy. When efficiencysdtoelow specified levels, the
turbomachine is typically removed from service doerhaul and refurbishment.
Moreover, weakened blades may result in compleiedres and catastrophic failure
of the engine.
[0004] As aresult, compressor blades for a gas turbigaerare typically the
target of frequent inspections, repairs, or reptamas. It is frequently very expensive
to replace such blades altogether, however, sombe&aepaired for extended lifetime
at relatively low cost (as compared to replacemetit entirely new blades).

Nevertheless, existing repair processes tend taldme intensive and time consuming.



[0005] For example, a traditional compressor blade tigirggrocess uses a
welding/cladding technique where repair materia¢ssapplied, in either powder or
wire form, to the blade tips. The repair materais melted by focused power source
(e.q., laser, e-beam, plasma arc, etc.) and bawdeldde tips. However, blades
repaired with such welding/cladding technique niegllbus post-processing to
achieve the target geometry and surface finishcipally, due to the bulky feature
size of the welding/cladding repair joint, the riepd blades require heavy machining
to remove the extra materials on the tip, and &rrtequire a secondary polishing
process to achieve a target surface finish. Notaigh a process is performed on a
single blade at a time, is very labor intensive @tllous, and results in very large
overall labor costs for a single repair.

[0006]  Alternatively, other direct-energy-deposition (DEDgthods may be used
for blade repair, e.g., such as cold spray, whigkcts high-speed metal powders to
bombard the target or base component such thatthders deform and deposit on
the base component. However, none of these DEDaudstére suitable for batch
processing or for repairing a large number of congmds in a time efficient manner,
thus providing little or no business value.

[0007]  Accordingly, novel systems and methods have beeeloleed and are
presented herein for repairing or rebuilding woomeressor blades (or any other
components) using a powder bed additive manufagyprocess. Specifically, such a
repair process generally includes removing the vpomion of each of a plurality of
compressor blades, positioning the plurality of poassor blades on a build platform
of an additive manufacturing machine, determinhmgprecise location of each blade
tip, and printing repair segments directly onto bhede tips, layer by layer, until the
compressor blades reach their original dimensiorother suitable target size and
shape.

[0008] Notably, it may be desirable that each of the pityraf components is
mounted on the build platform at a known and figpdcing and orientation. In this
regard, a vision system which is used to deterrfiagrecise coordinates of each
blade tip may more accurately find such tips iftdéides are equally spaced and
oriented in the same direction. For example, tdifate the vision system imaging
process, the parts are preferably secured at saragdns with high repeatability.



Similarly, the recoating and print process mayrbproved if the blades are uniformly
spaced and the recoater passes over each bladerigpthe same direction.

[0009] Accordingly, a system and method for precisely aptatedly mounting
serviced components in an additive manufacturinghame would be useful. More
particularly, an additive manufacturing machinduding a tooling assembly for
quickly and effectively mounting a plurality of cpmessor blades with equal spacing

and uniform orientation would be particularly beoie.

BRIEF DESCRIPTION
[0010] Aspects and advantages of the invention will bda#t in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0011] In one exemplary embodiment of the present disciysutooling
assembly for mounting a component in a powder llglitigse manufacturing machine
is provided. The tooling assembly comprising inelsid component fixture
configured for receiving the component, a mounplege configured for receiving the
component fixture, and a magnet assembly operathlglong the mounting plate to
the component fixture for securing the componexitife to the mounting plate in a
desired orientation.
[0012] In another exemplary aspect of the present dissosumethod of
mounting a component in a powder bed additive matufing machine is provided.
The method includes mounting the component in apoorant fixture, positioning the
component fixture on a mounting plate, and secufiegcomponent in the desired
orientation on the mounting plate using a magnst@mbly.
[0013] These and other features, aspects, and advantatpespresent invention
will become better understood with reference tofttiewing description and
appended claims. The accompanying drawings, whielmaorporated in and
constitute a part of this specification, illustrambodiments of the invention and,

together with the description, serve to explaingheciples of the invention.



BRIEF DESCRIPTION OF THE DRAWINGS
[0014] A full and enabling disclosure of the present ii@n including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefideres.
[0015] FIG. 1 shows a schematic representation of aniaddipair system that
may be used for repairing or rebuilding componeaetording to an exemplary
embodiment of the present subject matter.
[0016] FIG. 2 depicts certain components of a controlbeoading to example
embodiments of the present subject matter.
[0017] FIG. 3 shows a schematic view of an additive mactufeng machine that
may be used as part of the exemplary additive naatufing system of FIG. 1
according to an exemplary embodiment of the presdboject matter.
[0018] FIG. 4 shows a close-up schematic view of a buadfgrm of the
exemplary additive manufacturing machine of FI@Gc8ording to an exemplary
embodiment of the present subject matter.
[0019] FIG. 5is a schematic cross sectional view of pha magnet assembly
mounted within a component fixture according teeaamplary embodiment of the
present subject matter.
[0020] FIG. 6 is a schematic cross sectional view of agbilty of component
fixtures mounted to a mounting plate using magssémblies in accordance with an
exemplary embodiment of the present subject matter.
[0021] FIG. 7 provides a schematic view of another magesémbly according
to an exemplary embodiment of the present subjattem
[0022] FIG. 8 is a schematic cross sectional view of pha magnet assembly
mounted within a component fixture according teeaamplary embodiment of the
present subject matter.
[0023] FIG. 9is a schematic view of the exemplary compofigture of FIG. 8
being mounted to a mounting plate using the exemphagnet assembly of FIG. 8.
[0024] FIG. 10 provides a schematic view of another magasémbly according

to an exemplary embodiment of the present subjattem



[0025] FIG. 11 is a method of mounting a plurality of campnts in a powder
bed additive manufacturing machine according texamplary embodiment of the
present subject matter.

[0026] Repeat use of reference characters in the preseaifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present invention.

DETAILED DESCRIPTION
[0027] Reference now will be made in detail to embodimeftse invention,
one or more examples of which are illustrated emahcompanying drawings. Each
example is provided by way of explanation of theamtion, not limitation of the
invention. In fact, it will be apparent to thosellgkl in the art that various
configurations, modifications, and variations camnbade in the present invention
without departing from the scope or spirit of theention. For instance, features
illustrated or described as part of one embodimmantbe used with another
embodiment to yield a still further embodiment. $hitiis intended that the present
invention covers such modifications and variatiaagome within the scope of the
appended claims and their equivalents.
[0028] As used herein, the terms “first,” “second,” anklifd” may be used
interchangeably to distinguish one component frowtlzer and are not intended to
signify location or importance of the individualmponents. In addition, the terms
“upstream” and “downstream” refer to the relativeedtion with respect to the
motion of an object or a flow of fluid. For examplapstream” refers to the direction
from which the object has moved or fluid has flowadd “downstream” refers to the
direction to which the object is moving or the @lus flowing. Furthermore, as used
herein, terms of approximation, such as “approxatydt “substantially,” or “about,”
refer to being within a ten percent margin of error
[0029]  Aspects of the present subject matter are dirdctadsystem and method
for repairing one or more components using an agdmanufacturing process. The
method includes securing the components in a t@a@gsembly such that a repair
surface of each component is positioned withimglsibuild plane, determining a
repair toolpath corresponding to the repair surfgfagach component using a vision



system, depositing a layer of additive powder dkierrepair surface of each
component using a powder dispensing assembly,eladtwely irradiating the layer
of additive powder along the repair toolpath toeftise layer of additive powder onto
the repair surface of each component.

[0030] Specifically, aspects of the present subject mattavide a tooling
assembly for mounting a plurality of componentghsas compressor blades, in a
powder bed additive manufacturing machine to feat#i such a repair process. The
tooling assembly includes component fixtures camngl for receiving each of the
compressor blades, a mounting plate for receiviiegcomponent fixtures, and a
magnet assembly operably coupling the componenuirés to the mounting plate in a
desired position and orientation to facilitate maproved printing process.

[0031] As described in detail below, exemplary embodimehtbe present
subject matter involve the use of additive manuwfiasty machines or methods. As
used herein, the terms “additively manufactured*aaiditive manufacturing
techniques or processes” refer generally to maturfiag processes wherein
successive layers of material(s) are provided ch eéher to “build-up,” layer-by-
layer, a three-dimensional component. The successyers generally fuse together
to form a monolithic component which may have aetgirof integral sub-
components.

[0032]  Although additive manufacturing technology is déssd herein as
enabling fabrication of complex objects by buildmigiects point-by-point, layer-by-
layer, typically in a vertical direction, other rhetls of fabrication are possible and
within the scope of the present subject matter.example, although the discussion
herein refers to the addition of material to fomeessive layers, one skilled in the
art will appreciate that the methods and structdreslosed herein may be practiced
with any additive manufacturing technique or mantufeing technology. For
example, embodiments of the present invention nsaylayer-additive processes,
layer-subtractive processes, or hybrid processes.

[0033] Suitable additive manufacturing techniques in edaonce with the present
disclosure include, for example, Fused Depositimd®ling (FDM), Selective Laser
Sintering (SLS), 3D printing such as by inkjets #merjets, Sterolithography (SLA),
Direct Selective Laser Sintering (DSLS), ElectrazaB Sintering (EBS), Electron



Beam Melting (EBM), Laser Engineered Net ShapingNIS), Laser Net Shape
Manufacturing (LNSM), Direct Metal Deposition (DMPDigital Light Processing
(DLP), Direct Selective Laser Melting (DSLM), Setiee Laser Melting (SLM),

Direct Metal Laser Melting (DMLM), and other knovpnocesses.

[0034] In addition to using a direct metal laser sinteibILS) or direct metal
laser melting (DMLM) process where an energy soigessed to selectively sinter or
melt portions of a layer of powder, it should b@@geiated that according to
alternative embodiments, the additive manufactupiricess may be a “binder
jetting” process. In this regard, binder jettingaives successively depositing layers
of additive powder in a similar manner as descridieove. However, instead of using
an energy source to generate an energy beam tiigele melt or fuse the additive
powders, binder jetting involves selectively depogia liquid binding agent onto
each layer of powder. The liquid binding agent rhayfor example, a photo-curable
polymer or another liquid bonding agent. Otheralé additive manufacturing
methods and variants are intended to be withirstlope of the present subject matter.
[0035] The additive manufacturing processes describedrheray be used for
forming components using any suitable material.és@mple, the material may be
plastic, metal, concrete, ceramic, polymer, epgkytopolymer resin, or any other
suitable material that may be in solid, liquid, gy, sheet material, wire, or any
other suitable form. More specifically, accordimgetkemplary embodiments of the
present subject matter, the additively manufactemdponents described herein may
be formed in part, in whole, or in some combinatidmaterials including but not
limited to pure metals, nickel alloys, chrome afipgtanium, titanium alloys,
magnesium, magnesium alloys, aluminum, aluminuoyalliron, iron alloys,
stainless steel, and nickel or cobalt based supgsale.g., those available under the
name Inconel® available from Special Metals Corpord. These materials are
examples of materials suitable for use in the addimanufacturing processes
described herein, and may be generally referred tadditive materials.”

[0036] In addition, one skilled in the art will apprecidlat a variety of materials
and methods for bonding those materials may be aisédre contemplated as within
the scope of the present disclosure. As used heedarences to “fusing” may refer to
any suitable process for creating a bonded layangfof the above materials. For



example, if an object is made from polymer, fugimay refer to creating a thermoset
bond between polymer materials. If the object sxgpthe bond may be formed by a
crosslinking process. If the material is cerantie, bond may be formed by a sintering
process. If the material is powdered metal, thedboay be formed by a melting or
sintering process. One skilled in the art will sgapate that other methods of fusing
materials to make a component by additive manufexgjare possible, and the
presently disclosed subject matter may be practiggdthose methods.

[0037] In addition, the additive manufacturing procesgldised herein allows a
single component to be formed from multiple matsri@thus, the components
described herein may be formed from any suitabl¢ures of the above materials.
For example, a component may include multiple lsysegments, or parts that are
formed using different materials, processes, amlatifferent additive
manufacturing machines. In this manner, componmiatg be constructed which have
different materials and material properties for timgethe demands of any particular
application. In addition, although the componemsaidibed herein are constructed
entirely by additive manufacturing processes, audth be appreciated that in alternate
embodiments, all or a portion of these componeratg e formed via casting,
machining, and/or any other suitable manufactupiragess. Indeed, any suitable
combination of materials and manufacturing methody be used to form these
components.

[0038] An exemplary additive manufacturing process willvitoe described.
Additive manufacturing processes fabricate comptsesing three-dimensional (3D)
information, for example a three-dimensional corepatodel, of the component.
Accordingly, a three-dimensional design model ef tomponent may be defined
prior to manufacturing. In this regard, a modepmtotype of the component may be
scanned to determine the three-dimensional infoomaif the component. As another
example, a model of the component may be consttutimg a suitable computer
aided design (CAD) program to define the three-disn@nal design model of the
component.

[0039] The design model may include 3D numeric coordinatéke entire
configuration of the component including both ergdrand internal surfaces of the
component. For example, the design model may défméody, the surface, and/or



internal passageways such as openings, suppatwsts, etc. In one exemplary
embodiment, the three-dimensional design modednserted into a plurality of slices
or segments, e.g., along a central (e.g., vertaoa$) of the component or any other
suitable axis. Each slice may define a thin crestien of the component for a
predetermined height of the slice. The pluralityso€cessive cross-sectional slices
together form the 3D component. The componentas thuilt-up” slice-by-slice, or
layer-by-layer, until finished.

[0040] In this manner, the components described hereinbradgbricated using
the additive process, or more specifically eaclkeiay successively formed, e.g., by
fusing or polymerizing a plastic using laser enesgfeat or by sintering or melting
metal powder. For example, a particular type ofitadedmanufacturing process may
use an energy beam, for example, an electron beatearomagnetic radiation such
as a laser beam, to sinter or melt a powder matémng suitable laser and laser
parameters may be used, including consideratiotisrespect to power, laser beam
spot size, and scanning velocity. The build makeniay be formed by any suitable
powder or material selected for enhanced stremgitability, and useful life,
particularly at high temperatures.

[0041] Each successive layer may be, for example, betakeunt 10um and 200
um, although the thickness may be selected basadynumber of parameters and
may be any suitable size according to alternatmbasiments. Therefore, utilizing
the additive formation methods described abovegctmeponents described herein
may have cross sections as thin as one thickness agsociated powder layer, e.g.,
10 um, utilized during the additive formation process.

[0042] In addition, utilizing an additive process, thefaae finish and features of
the components may vary as need depending on fhieatpn. For example, the
surface finish may be adjusted (e.g., made smoeotheugher) by selecting
appropriate laser scan parameters (e.g., laserrpsoan speed, laser focal spot size,
etc.) during the additive process, especially angbriphery of a cross-sectional layer
which corresponds to the part surface. For exanmapleyugher finish may be achieved
by increasing laser scan speed or decreasingzé@tthe melt pool formed, and a

smoother finish may be achieved by decreasing Es@T speed or increasing the size



of the melt pool formed. The scanning pattern ankd&er power can also be changed
to change the surface finish in a selected area.

[0043]  After fabrication of the component is complete,ieas post-processing
procedures may be applied to the component. Fangbea post processing
procedures may include removal of excess powdefobgxample, blowing or
vacuuming. Other post processing procedures maydaa@ stress relief process.
Additionally, thermal, mechanical, and/or chemigasét processing procedures can be
used to finish the part to achieve a desired sthersgirface finish, and other
component properties or features.

[0044]  Notably, in exemplary embodiments, several aspmuisfeatures of the
present subject matter were previously not possibéeto manufacturing restraints.
However, the present inventors have advantageotiked current advances in
additive manufacturing techniques to improve vagsioamponents and the method of
additively manufacturing such components. Whileghesent disclosure is not

limited to the use of additive manufacturing tonfothese components generally,
additive manufacturing does provide a variety ohofacturing advantages, including
ease of manufacturing, reduced cost, greater anguetc.

[0045]  Also, the additive manufacturing methods descrifi@olve enable much
more complex and intricate shapes and contoudseof@mponents described herein
to be formed with a very high level of precisiolr Example, such components may
include thin additively manufactured layers, cresstional features, and component
contours. In addition, the additive manufacturimggess enables the manufacture of a
single component having different materials sueh thfferent portions of the
component may exhibit different performance chanastics. The successive,
additive nature of the manufacturing process esabie construction of these novel
features. As a result, components formed usingrigthods described herein may
exhibit improved performance and reliability.

[0046] Referring now to FIG. 1, an exemplary additive iepgstem 50 will be
described according to an exemplary embodimertieptesent subject matter. As
illustrated, additive repair system 50 generalbfudes a tooling fixture or assembly
52, a material removal assembly 54, a vision sy&iéna user interface panel 58, and
an additive manufacturing machine or system 10@&hEumore, a system controller
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60 may be operably coupled with some or all paredditive repair system 50 for
facilitating system operation. For example, systemtroller 60 may be operably
coupled to user interface panel 58 to permit oper@@mmunication with additive
repair system 50, e.g., to input commands, uploedipg toolpaths or CAD models,
initiating operating cycles, etc. Controller 60 nfasther be in communication with
vision system 56 for receiving imaging data anchviM machine 100 for
performing a printing process.

[0047]  According to exemplary embodiments, tooling assgrbBlis generally
configured for supporting a plurality of componeints desired position and
orientation. According to exemplary embodiments)ity assembly 52 supports 20
high pressure compressor blades 70 during an additanufacturing repair process.
Specifically, the additive manufacturing procesyna a powder bed fusion process
(e.g., a DMLM or DMLS process as described abao&ihough the repaired
components are illustrated herein as compressde$dl@0 of a gas turbine engine, it
should be appreciated that any other suitable coentanay be repaired, such as
turbine blades, other airfoils, or components fimthrer machines. In order to achieve
proper recoating and to facilitate the printinggass, it may be desirable to position
all blades 70 in the same orientation and at theedaeight such that a repair surface
72 of each blade is in a single build plane. Taplssembly 52 is a fixture intended
to secure blades 70 in such desired position aedtation.

[0048]  Material removal assembly 54 may include a machimgevice

configured for grinding, machining, brushing, etaipolishing, wire electrical
discharge machining (EDM), cutting, or otherwisbestantively modifying a
component, e.g., by subtractive modification orenat removal. For example,
material removal assembly 54 may include a beftdgi, a disc grinder, or any other
grinding or abrasive mechanism. According to amgxary embodiment, material
removal assembly 54 may be configured for remowagerial from a tip of each
blade 70 to obtain a desirable repair surface @2ekample, as explained briefly
above, material removal assembly 54 may remowvesaat i portion of blades 70 that
have been worn or damaged, e.g., which may inatideocracks, pits, abrasions,
defects, foreign material, depositions, imperfetticand the like. According to an
exemplary embodiment, each blade 70 is prepared nsaterial removal assembly

11



54 to achieve the desired repair surface 72, aftéch the blades 70 are all mounted
in tooling assembly 52 and leveled appropriatelgwiver, according to alternative
embodiments, material removal assembly 54 may graath blade 70 as it is fixed in
position in tooling assembly 52.

[0049]  After the blades are prepared, vision system 56 Ieaysed to obtain an
image or digital representation of the precisefpmsiand coordinates of each blade
70 positioned in tooling assembly 52. In this relgaccording to exemplary
embodiments, vision system 56 may include any Blgéteamera or cameras 80,
scanners, imaging devices, or other machine videuice that may be operably
configured to obtain image data that includes #aligepresentation of one or more
fields of view. Such a digital representation magnstimes be referred to as a digital
image or an image; however, it will be apprecidtet the present disclosure may be
practiced without rendering such a digital représteon in human-visible form.
Nevertheless, in some embodiments, a human-visitdge corresponding to a field
of view may be displayed on the user interface &8 at least in part on such a
digital representation of one or more fields ofwie

[0050] Vision system 56 allows the additive repair systfho obtain

information pertaining to one or more blades 7®amhich one or more repair
segments 74 (see FIG. 4) may be respectively adtlitprinted. In particular, the
vision system 56 allows the one or more bladeHetlocated and defined so that
the additive manufacturing machine 100 may beuiestd to print one or more repair
segments 74 on a corresponding one or more bldesfr suitably high accuracy
and precision. According to an exemplary embodiriet one or more blades 70
may be secured to tooling assembly 52, a mountatg,pa build platform, or any
other fixture with repair surface 72 of the respecblades 70 aligned to a single
build plane 82.

[0051] The one or more cameras 80 of the vision system@®gBbe configured to
obtain two-dimensional or three-dimensional imagggdincluding a two-dimensional
digital representation of a field of view and/athaee-dimensional digital
representation of a field of view. Alignment of trepair surface 72 of the blades 70
with the build plane 82 allows the one or more ca®@&0 to obtain higher quality

images. For example, the one or more cameras 8hmagya focal length adjusted or
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adjustable to the build plane 82. With the repaiface 72 of one or more blades 70
aligned to the build plane 82, the one or more cammay readily obtain digital
images of the repair surface 72. The one or mareecas 80 may include a field of
view that encompasses all or a portion of the onmaare blades 70 secured to the
tooling assembly 52. For example, a single fieldiefv may be wide enough to
encompass a plurality of blades 70, such as eaalphirality of workpieces secured
to tooling assembly 52. Alternatively, a fieldvoéw may more narrowly focus on an
individual blade 70 such that digital representaiof respective blades 70 are
obtained separately. It will be appreciated thpbsately obtained digital images may
be stitched together to obtain a digital represemtaf a plurality of components or
blades 70. In some embodiments, the camera 80malde a collimated lens
configured to provide a flat focal plane, such thlatles 70 or portions thereof located
towards the periphery of the field of view are dwstorted. Additionally, or in the
alternative, the vision system 56 may utilize datiton correction algorithm to
address any such distortion.

[0052] Image data obtained by the vision system 56, inctud digital
representation of one or more blades 70 may beriréited to a control system, such
as controller 60. Controller 60 may be configuredétermine a repair surface 72 of
each of a plurality of blades 70 from one or maggtal representations of one or
more fields of view having been captured by théovisystem 56, and then determine
one or more coordinates of the repair surface t2ggective ones of the plurality of
blades 70. Based on the one or more digital reptagens, controller 60 may
generate one or more print commands (e.g., cornespg to one or more repair
toolpaths, e.g., the path of a laser focal poimblich may be transmitted to an
additive manufacturing machine 100 such that thbtisé manufacturing machine
100 may additively print a plurality of repair segnts 74 on respective ones of the
plurality of blades 70. The one or more print comdsmay be configured to
additively print a plurality of repair segmentsw#h each respective one of the
plurality of repair segments 74 being located anrépair surface 72 of a
corresponding blade 70.

[0053] Each of the components and subsystems of addépeirsystem 50 are
described herein in the context of an additive &laapair process. However, it should
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be appreciated that aspects of the present subpdtér may be used to repair or
rebuild any suitable components. The present subjatier is not intended to be
limited to the specific repair process describadaddition, FIG. 1 illustrates each of
the systems as being distinct or separate from ethen and implies the process steps
should be performed in a particular order, howeNehould be appreciated that these
subsystems may be integrated into a single macpionegss steps may be swapped,
and other changes to the build process may be mgsieed while remaining within
the scope of the present subject matter.

[0054]  For example, vision system 56 and additive manufagj machine 100
may be provided as a single, integrated unit egsrate stand-alone units. In
addition, controller 60 may include one or moretoarsystems. For example, a
single controller 60 may be operably configureddatrol operations of the vision
system 56 and the additive manufacturing machie dOseparate controllers 60
may be operably configured to respectively cortnelvision system 56 and the
additive manufacturing machine 100.

[0055]  Operation of additive repair system 50, vision eys66, and AM machine
100 may be controlled by electromechanical switdrdsy a processing device or
controller 60 (see, e.g., FIGS. 1 through 2). Adowg to exemplary embodiments,
controller 60 may be operatively coupled to userfiace panel 58 for user
manipulation, e.g., to control the operation ofi®as components of AM machine
100 or system 50. In this regard, controller 60 rmpgrably couple all systems and
subsystems within additive repair system 50 to tecommunication and data
transfer therebetween. In this manner, controllem@y be generally configured for
operating additive repair system 50 or performing or more of the methods
described herein.

[0056] FIG. 2 depicts certain components of controllea6ording to example
embodiments of the present disclosure. Controllecdh include one or more
computing device(s) 60A which may be used to imglehmethods as described
herein. Computing device(s) 60A can include onmore processor(s) 60B and one
or more memory device(s) 60C. The one or more ggmrés) 60B can include any
suitable processing device, such as a microprocessaocontroller, integrated
circuit, an application specific integrated circ{ASIC), a digital signal processor
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(DSP), a field-programmable gate array (FPGA),datgvice, one or more central
processing units (CPUSs), graphics processing (Gi&Js) (e.g., dedicated to
efficiently rendering images), processing unit§qening other specialized
calculations, etc. The memory device(s) 60C caludecone or more non-transitory
computer-readable storage medium(s), such as RADMREEPROM, EPROM,
flash memory devices, magnetic disks, etc., antborbinations thereof.

[0057] The memory device(s) 60C can include one or monepcer-readable
media and can store information accessible by tieeop more processor(s) 60B,
including instructions 60D that can be executedh@yone or more processor(s) 60B.
For instance, the memory device(s) 60C can stateuctions 60D for running one or
more software applications, displaying a user fata, receiving user input,
processing user input, etc. In some implementatitresinstructions 60D can be
executed by the one or more processor(s) 60B teectinie one or more processor(s)
60B to perform operations, e.g., such as one oerportions of methods described
herein. The instructions 60D can be software writteany suitable programming
language or can be implemented in hardware. Adtitlg, and/or alternatively, the
instructions 60D can be executed in logically anglidually separate threads on
processor(s) 60B.

[0058] The one or more memory device(s) 60C can also dttee60E that can be
retrieved, manipulated, created, or stored by titeea more processor(s) 60B. The
data 60E can include, for instance, data to fatdiperformance of methods described
herein. The data 60E can be stored in one or metedbdse(s). The one or more
database(s) can be connected to controller 60Hayrabandwidth LAN or WAN, or
can also be connected to controller through omaare network(s) (not shown). The
one or more database(s) can be split up so thatitedocated in multiple locales. In
some implementations, the data 60E can be rec&ioedanother device.

[0059] The computing device(s) 60A can also include a camoation module

or interface 60F used to communicate with one arenather component(s) of
controller 60 or additive manufacturing machine d@@r the network(s). The
communication interface 60F can include any suitabimponents for interfacing
with one or more network(s), including for exampgtansmitters, receivers, ports,

controllers, antennas, or other suitable components
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[0060] Referring now to FIG. 3, an exemplary laser powabst fusion system,
such as a DMLS or DMLM system 100, will be desdiilaecording to an exemplary
embodiment. Specifically, AM system 100 is desdliberein as being used to build
or repair blades 70. It should be appreciateditztes 70 are only an exemplary
component to be built or repaired and are usedapiiyrto facilitate description of the
operation of AM machine 100. The present subjedtens not intended to be
limited in this regard, but instead AM machine 108y be used for printing repair
segments on any suitable plurality of components.

[0061] As illustrated, AM system 100 generally definesedtical direction V or
Z-direction, a lateral direction L or X-directioand a transverse direction T or Y-
direction (see FIG. 1), each of which is mutuakypgendicular, such that an
orthogonal coordinate system is generally defikedillustrated, system 100 includes
a fixed enclosure or build area 102 which providesntaminant-free and controlled
environment for performing an additive manufactgnomocess. In this regard, for
example, enclosure 102 serves to isolate and pritteother components of the
system 100. In addition, enclosure 102 may be pgexviwith a flow of an appropriate
shielding gas, such as nitrogen, argon, or anathiggible gas or gas mixture. In this
regard, enclosure 102 may define a gas inlet @ttahd a gas outlet port 106 for
receiving a flow of gas to create a static pregsgrvolume or a dynamic flow of gas.
[0062] Enclosure 102 may generally contain some or allgmments of AM
system 100. According to an exemplary embodimeht,sstem 100 generally
includes a table 110, a powder supply 112, a sc@ap@coater mechanism 114, an
overflow container or reservoir 116, and a buildtfdrm 118 positioned within
enclosure 102. In addition, an energy source 12@rg¢es an energy beam 122 and a
beam steering apparatus 124 directs energy beano I2@ilitate the AM process as
described in more detail below. Each of these caorapts will be described in more
detail below.

[0063]  According to the illustrated embodiment, table <18 rigid structure
defining a planar build surface 130. In additiolanar build surface 130 defines a
build opening 132 through which build chamber 13&yrhe accessed. More
specifically, according to the illustrated embodnyduild chamber 134 is defined at
least in part by vertical walls 136 and build pdath 118. In addition, build surface
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130 defines a supply opening 140 through whichtagdpowder 142 may be
supplied from powder supply 112 and a reservoinomel44 through which excess
additive powder 142 may pass into overflow resertdb. Collected additive
powders may optionally be treated to sieve outdpagglomerated particles before
re-use.

[0064] Powder supply 112 generally includes an additiveg®y supply container
150 which generally contains a volume of additieevder 142 sufficient for some or
all of the additive manufacturing process for ac#pepart or parts. In addition,
powder supply 112 includes a supply platform 15Rictv is a plate-like structure that
is movable along the vertical direction within pavdupply container 150. More
specifically, a supply actuator 154 vertically sagp supply platform 152 and
selectively moves it up and down during the additivanufacturing process.

[0065] AM system 100 further includes recoater mechani& Which is a rigid,
laterally-elongated structure that lies proximatéddsurface 130. For example,
recoater mechanism 114 may be a hard scrapert sgeafegee, or a roller. Recoater
mechanism 114 is operably coupled to a recoataatmt 160 which is operable to
selectively move recoater mechanism 114 along lmuitthce 130. In addition, a
platform actuator 164 is operably coupled to bpitform 118 and is generally
operable for moving build platform 118 along thetsal direction during the build
process. Although actuators 154, 160, and 164lastrated as being hydraulic
actuators, it should be appreciated that any ayjper and configuration of actuators
may be used according to alternative embodimeunt$) as pneumatic actuators,
hydraulic actuators, ball screw linear electricuatdrs, or any other suitable vertical
support means. Other configurations are possildenathin the scope of the present
subject matter.

[0066] As used herein, “energy source” may be used teo tefany device or
system of devices configured for directing an epdrgam of suitable power and
other operating characteristics towards a layedalitive powder to sinter, melt, or
otherwise fuse a portion of that layer of addifpevder during the build process. For
example, energy source 120 may be a laser or &ey stitable irradiation emission

directing device or irradiation device. In this aegd, an irradiation or laser source may
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originate photons or laser beam irradiation whgcHirected by the irradiation
emission directing device or beam steering apparatu

[0067]  According to an exemplary embodiment, beam steepuaratus 124
includes one or more mirrors, prisms, lenses, areléztromagnets operably coupled
with suitable actuators and arranged to directfands energy beam 122. In this
regard, for example, beam steering apparatus 134ma galvanometer scanner that
moves or scans the focal point of the laser bea2rebditted by energy source 120
across the build surface 130 during the laser ngelind sintering processes. In this
regard, energy beam 122 can be focused to a degiotdize and steered to a desired
position in plane coincident with build surface 130e galvanometer scanner in
powder bed fusion technologies is typically of»ell position but the movable
mirrors/lenses contained therein allow various proes of the laser beam to be
controlled and adjusted. According to exemplary edimnents, beam steering
apparatus may further include one or more of theviang: optical lenses, deflectors,
mirrors, beam splitters, telecentric lenses, etc.

[0068] It should be appreciated that other types of ensogyces 120 may be
used which may use an alternative beam steeringrajys 124. For example, an
electron beam gun or other electron source maysed to originate a beam of
electrons (e.g., an “e-beam”). The e-beam may leetdid by any suitable irradiation
emission directing device preferably in a vacuunmeéwthe irradiation source is an
electron source, the irradiation emission directirgice may be, for example, an
electronic control unit which may include, for exale deflector coils, focusing coils,
or similar elements. According to still other emboents, energy source 120 may
include one or more of a laser, an electron begmgsma arc, an electric arc, etc.
[0069]  Prior to an additive manufacturing process, recaatuator 160 may be
lowered to provide a supply of powder 142 of a dstomposition (for example,
metallic, ceramic, and/or organic powder) into dymontainer 150. In addition,
platform actuator 164 may move build platform 1a&h initial high position, e.g.,
such that it substantially flush or coplanar withld surface 130. Build platform 118
is then lowered below build surface 130 by a sekbtdyer increment. The layer

increment affects the speed of the additive marufexg process and the resolution
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of a components or parts (e.g., blades 70) beingfaatured. As an example, the
layer increment may be about 10 to 100 microméte004 to 0.004 in.).

[0070]  Additive powder is then deposited over the buildtjorm 118 before
being fused by energy source 120. Specificallypsuactuator 154 may raise supply
platform 152 to push powder through supply opedi@, exposing it above build
surface 130. Recoater mechanism 114 may then bedrawmross build surface 130 by
recoater actuator 160 to spread the raised adgioweler 142 horizontally over build
platform 118 (e.qg., at the selected layer increnoetiickness). Any excess additive
powder 142 drops through the reservoir openingidtithe overflow reservoir 116
as recoater mechanism 114 passes from left to @ghghown in FIG. 3).
Subsequently, recoater mechanism 114 may be maadtb a starting position.
[0071] Therefore, as explained herein and illustratedi(. B, recoater
mechanism 114, recoater actuator 160, supply phatidb2, and supply actuator 154
may generally operate to successively deposit $agkadditive powder 142 or other
additive material to facilitate the print proce&s.such, these components may
collectively be referred to herein as powder disegmapparatus, system, or
assembly. The leveled additive powder 142 may fegrexl to as a “build layer” 172
(see FIG. 4) and the exposed upper surface therapbe referred to as build surface
130. When build platform 118 is lowered into butltamber 134 during a build
process, build chamber 134 and build platform 1diRctively surround and support
a mass of additive powder 142 along with any coreptsi(e.g., blades 70) being
built. This mass of powder is generally referredsaa “powder bed,” and this
specific category of additive manufacturing proaess be referred to as a “powder
bed process.”

[0072]  During the additive manufacturing process, theal@e energy source 120
is used to melt a two-dimensional cross-sectiolayer of the component (e.g., blades
70) being built. More specifically, energy beam 122mitted from energy source
120 and beam steering apparatus 124 is used tatiséeical point 174 of energy
beam 122 over the exposed powder surface in amppate pattern (referred to
herein as a “toolpath”). A small portion of exposager of the additive powder 142
surrounding focal point 174, referred to hereimé&weld pool” or “melt pool” or
“heat effected zone” 176 (best seen in FIG. 4e@téd by energy beam 122 to a
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temperature allowing it to sinter or melt, flow,daconsolidate. As an example, melt
pool 176 may be on the order of 100 micromete30@in.) wide. This step may be
referred to as fusing additive powder 142.

[0073] Build platform 118 is moved vertically downward the layer increment,
and another layer of additive powder 142 is appiea similar thickness. The
directed energy source 120 again emits energy i@2nand beam steering apparatus
124 is used to steer the focal point 174 of enbagm 122 over the exposed powder
surface in an appropriate pattern. The exposed &hyedditive powder 142 is heated
by energy beam 122 to a temperature allowing siriter or melt, flow, and
consolidate both within the top layer and with lineer, previously-solidified layer.
This cycle of moving build platform 118, applyindditive powder 142, and then
directed energy beam 122 to melt additive powd@rid4epeated until the entire
component (e.g., blades 70) is complete.

[0074]  Referring now generally to FIGS. 5 through 10, @ity assembly 200
that may be used with AM system 100 will be desdibccording to an exemplary
embodiment of the present subject matter. For el@rngmling assembly 200 may
replace tooling assembly 52 as described in reldatd-1G. 1. Due to the similarity
between tooling assembly 200, tooling assemblyabd,the AM system 100 in which
they are configured for operating, like referenaenerals will be used in FIGS. 5
through 10 to refer to like features described watspect to FIG. 1.

[0075]  Referring now specifically to FIGS. 5 and 6, toglassembly 200 will be
described according to an exemplary embodimertieptesent subject matter. As
explained above, tooling assembly 200 is genecalhfigured for receiving one or
more components, e.g., shown here as blades 7@eandely mounting such
components for a subsequent additive manufactyriogess. Specifically, tooling
assembly 200 may secure each of the pluralityaddxs 70 in a desired position and
orientation relative to AM machine 100.

[0076] Tooling assembly 200 generally includes a compofietuire 202
configured for receiving one or more blades 70.0kdmng to the illustrated
embodiment, each component fixture 202 is configuioe receiving a single blade
70. In this regard, blade 70 may define a doveé@dl which is configured for receipt
in a complementary slot 206 defined in componedtife 202. In this regard, once
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blade 70 is installed into complementary slot 206amponent fixture 202, blades 70
may not move or rotate relative to component figtk®2. Component fixture 202
may generally be a rectangular block with a flatdmo surface 208 which may sit
flush against another flat surface.

[0077] Tooling assembly 200 may further include a mounplege 210 that is
configured for receiving the plurality of compondintures 202. In this regard,
mounting plate 210 may be a rigid plate havingaairéceiving surface 212 upon
which component fixtures 202 may be seated. Notasyescribed briefly above, it
is desirable to fix the position and orientatiorbt#des 70 prior to an additive
manufacturing process. In this regard, as usedrhéhe “position” of a blade 70 may
refer to the coordinates of a centroid of bladen/he X-Y plane. In addition, the
“orientation” of a blade 70 may refer to an angydasition of blade 70 about the Z-
direction.

[0078]  More specifically, according to an exemplary embaelt, each blade 70
may define a chord line 214 which is a straight lextending from a leading edge to
a trailing edge of the airfoil (see FIG. 7). Acaoglto an exemplary embodiment, the
orientation of each blade 70 may be defined acogrth the angular position of chord
line 214. In this regard, for example, two bladésare said to have the same
“orientation” when chord lines 214 of those blad@sare parallel to each other.
Although the exemplary repaired components destiiieeein are blades 70, it
should be appreciated that other components sucthasairfoils or any other
machine component may be repaired according toalige embodiments, and the
orientation of such components may be redefinedrdaagly.

[0079]  According to the exemplary embodiment describeéihemounting plate
210 is configured for receiving a plurality of cooment fixtures 202 before being
positioned at a known location on build platforn81However, it should be
appreciated that according to alternative embodigieuild platform 118 may be
used directly as a mounting plate 210. In this rég@r example, mounting plate 210
may be removed altogether and component fixtur@sn28y be positioned, oriented,
and secured where desired directly on build platf@d8.

[0080] Component fixture 202 may generally be formed fiaong suitable

material and may have any suitable shape. Accortditige illustrated embodiment
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component fixture 202 is formed from metal suct thenay be reused for multiple
repair and rebuild processes. Specifically, one€ds 70 have been repaired using a
powder bed additive manufacturing process as desthelow, each blade 70 may be
removed from the corresponding component fixtur2 &0d component fixture 202
may be used to hold another blade 70 in a subseqgeair process.

[0081] Tooling assembly 200 may further include a magaesémbly 220 which

is used to operably couple each component fixtO&t8 mounting plate 210. More
specifically, according to the illustrated embodntienagnet assembly 220 both
secures each component fixture 202 and positiozts @@mponent fixture in the
desired orientation for a specific print procesen&ally speaking, magnet assembly
220 may include any suitable combination of permanggnets, electromagnets, or
other suitable magnetic materials or combinatitweseof which are configured for
operably coupling component fixtures 202 or blad@$o mounting plate 210 as
described herein. Several exemplary magnet asses#20 are described below to
facilitate discussion of operating principles o fhresent disclosure, but are not
intended to limit the scope of the present disales$n any manner.

[0082]  Referring now specifically to FIGS. 5 and 6, magmetembly 220
includes a fixture magnet 222 that is mounted themmponent fixture 202.
Similarly, tooling assembly 200 may include a plityaof plate magnets 224 that are
mounted to mounting plate 210 at the desired mystvhere blades 70 should be
secured. Fixture magnet 222 and plate magnet 23%bmanounted or secured to
component fixture 202 and mounting plate 210, retppay, in any suitable manner.
For example, component fixture 202 and mountintedd 0 may each define one or
more magnet recesses 226 which are configuredéweerespective magnets 222,
224. In this regard, for example, fixture magne2 ##ay be positioned within magnet
recess 226 defined in flat bottom surface 208 afiponent fixture 202. Magnets 222,
224 may be secured within magnet recesses 226 asiaghesive, a mechanical
fastener, a press fit interface, or in any othé@able manner. According to alternative
embodiments, fixture magnet 222 may be embeddddnagbmponent fixture 202
and plate magnets 224 may be embedded within mrauptate 210.

[0083] In order to secure component fixtures 202 to magnpilate 210, fixture
magnet 222 and plate magnet 224 may have opposaggetic poles such that
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component fixtures 202 are urged toward mountiagep210. In this regard, for
example, each fixture magnet 222 may be a southgfad permanent magnet. By
contrast, each plate magnet 224 may be a northgb@lgpermanent magnet. As a
result, fixture magnet 222 and plate magnet 224 gaoerate magnetic fields which
result in a magnetic attraction that urges compbfieture 202 toward mounting

plate 210. Although north and south are used génér@rein to characterize the
magnetic field generated by a particular magnetduld be appreciated that fixture
magnet 222 and plate magnet 224 may swap positioag generate magnetic fields
having any other suitable direction and magnitaahel may be any other suitable type
of device for generating a magnetic field.

[0084]  As best shown in FIG. 6, a plurality of blades 78ybe mounted at a
fixed position on mounting plate 210 by positionthg corresponding component
fixture 202 near mounting plate 210 such that phadégnet 224 attracts fixture
magnet 222 to position and secure component fix@0& After all blades 70 have
been mounted to mounting plate 210, the matemabx@l process may be performed
to remove material above repair surface 72 of &dathe 70. By contrast, according to
alternative embodiments, each blade 70 may be athaprepared by grinding or
removing the tip of that blade 70 prior to mountorgmounting plate 210.

[0085] Notably, the use of a single fixture magnet 222 pllate magnet 224 for
securing each blade 70 as shown in FIGS. 5 andyGeffectively position blades 70
at the desired coordinates in the X-Y plane, bug n@ position blades 70 in the
desired orientation. Referring now also to FIGfixture magnet 222 and plate
magnet 224 may have a non-circular geometry suattilie magnetic field generated
by fixture magnet 222 and plate magnet 224 haeadency to orient component
fixture 202 and thus blades 70 along a certairctdos. In this regard, the intensity of
the magnetic field at a sharp corner or other psadn 230 may be stronger than
along the rounded surfaces of magnets 222, 224.rAsult, magnets 222, 224 have a
tendency to align such that sharp corners or psmns 230 point towards the same
direction and such that magnets 222, 224 haveame slignment within the X-Y
plane. It should be appreciated that any suitabb@alanced geometry of magnets 222,
224 may be used to generate magnetic fields whaglk b tendency to align with each
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other. Although an exemplary geometry is describer@in, the present subject matter
is not intended to be limited to such a geometry.

[0086] Referring now to FIGS. 8 and 9, magnet assemblyr2@Q include a
plurality of magnets positioned in each of compdrietures 202 and mounting plate
210 in order to position component fixtures 20thatdesired positions and orient
blades 70 along the desired direction. In this régar example, magnet assembly
220 may include a first fixture magnet 240 and@osd fixture magnet 242 mounted
to each component fixture 202. More specificaligstffixture magnet 240 and second
fixture magnet 242 may be spaced apart along aréxnagnetic axis 244 and may
have opposing magnetic poles (e.g., north and qual#s). Similarly, each blade
position 248 defined on mounting plate 210 mayudela first plate magnet 250 and
a second plate magnet 252 mounted to mounting pl&ieMore specifically, first
plate magnet 250 and second plate magnet 252 mgyyaoed apart along a plate
magnetic axis 254 and may have opposing magneli&s f§e.g., north and south
poles). Notably, positioning component fixture 20@se to blade position 248 on
mounting plate 210 will urge component fixture 20@&ard mounting plate 210 such
that fixture magnetic axis 244 is substantiallygblet to plate magnetic axis 254. In
this manner, each component fixture 202 is seciregounting plate 210 at the
desired position and in the desired orientatioth@ugh component fixture 202 and
mounting plate 210 are illustrated herein as inclgdeparate magnets having
opposite magnetic poles, it should be apprecidtata single bar magnet or any other
magnetic coupling assembly may be used accordiafj¢gmative embodiments.
[0087] Referring now to FIG. 10, magnet assembly 220 cmdtead include an
electromagnet assembly 260 which is configuredéauring component fixtures 202
to mounting plate 210 when energized with electiccarent. As used herein, an
electromagnet 262 is intended to refer to a typmadnet in which the magnetic field
is produced by an electric current. In this regatd¢ctromagnets 262 usually consist
of wire wound into a coil which is electrically qoled to a power supply 264. Power
supply 264 selectively provides a current throughwire of electromagnet 262
which creates a magnetic field. Although an exenypdééectromagnet 262 is
described, it should be appreciated that any athigable type or configuration of
electromagnet may be used according to alternatiMeodiments.
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[0088]  According to the illustrated embodiment, comporfexttire 202 may
include an embedded magnet or may be formed framagnetic material, such that
electromagnet 262 attracts component fixture 202nndnergized. Notably,
according to exemplary embodiments, electromagd2ta2tracts component fixtures
202 toward mounting plate 210, but may not fad#itappropriate alignment or
orientation of such component fixtures 202. Thaspading to an exemplary
embodiment, mounting plate 210 may define a pliyrali recesses 266 which may be
configured for receiving component fixtures 202 anelventing rotation thereof. In
this manner, a plurality of blades 70 may be poséd in the desired alignment on
mounting plate 210 by positioning component fixauP®2 on mounting plate within
recesses 266 and energizing electromagnet 262 pewgr supply 264. Moreover,
when the additive manufacturing process is compédeetromagnet 262 may be de-
energized for easy removal of component fixturez 20

[0089] Now that the construction and configuration of aigidirepair system 50
has been described according to exemplary embotsnoéthe present subject
matter, an exemplary method 300 for mounting aghilyrof components for a repair
or rebuild process using an additive repair systglirbe described according to an
exemplary embodiment of the present subject maitethod 300 can be used to
repair blades 70 using additive repair system 9@,mMachine 100, and tooling
assembly 200, or to repair any other suitable carapbusing any other suitable
additive manufacturing machine or system. In taggard, for example, controller 60
may be configured for implementing some or all stepmethod 300. Further, it
should be appreciated that the exemplary methods3@8cussed herein only to
describe exemplary aspects of the present subgtémand is not intended to be
limiting.

[0090] Referring now to FIG. 11, method 300 includestep 810, mounting a
component in a component fixture. In this regarpluaality of blades 70 which need
to be repaired may be positioned in correspondomyponent fixtures 202, e.g., by
sliding dovetails 204 of each blade 70 in a comletary slot 206 of each
component fixture 202. Step 320 includes positigriire component fixture on a
mounting plate. For example, the mounting plate 28y be a flat plate configured
for receipt on build platform 118 of AM machine 1@0ternatively, mounting plate
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210 could instead replace build platform 118. Congmt fixtures 202 may be
positioned directly on mounting plate 210.

[0091]  Step 330 includes securing the component in thieedksrientation on the
mounting plate using a magnet assembly. As destribdetail above, the magnet
assembly 200 may include a fixture magnet 222 e pnagnet 224 which have
opposing polarities and are positioned within congot fixture 202 and mounting
plate 210, or vice versa, such that componentri@f02 is urged toward mounting
plate and secured thereto. Alternatively, compofightre 202 and mounting plate
210 may each include bar magnets having opposiles oo may each include two
separate magnets to create corresponding magretis flefining magnetic axes that
can be aligned to orient component fixture 202emsrdd. According still another
embodiment, component fixtures 202 may be secuwsied)electromagnet assembly
260 or any other suitable device for generatingagmetic field or attractive forces
between component fixture 202 and mounting plate 21

[0092]  Step 340 may include removing material above airepaface of the
component using a material removal assembly whdecbomponent is positioned in
the component fixture. In this regard, after aid#s 70 are positioned and oriented as
desired on mounting plate 210, material removaémbdy 54 may be operated to
remove the tip of each blade 70 down to repairaerf72. According to alternative
embodiments, each blade 70 may be prepared, g.grifaing, prior to mounting in
component fixture 202 and/or on to mounting pldt6.2

[0093] According to an exemplary embodiment, method 309 fudher include
additively printing repair segments onto repaiface 72 of each blade 70 using AM
machine 100. In this regard, step 350 includes siépg a layer of additive powder
over repair surface of the component using a powid@ensing assembly and step
360 includes selectively irradiating the layer dtlgive powder to fuse the layer of
additive powder onto the repair surface of the conemt. In this manner, an energy
source may fuse additive powder onto each bladeygr by layer until the
component is repaired to an original CAD modelmamother suitable geometry.
[0094] FIG. 11 depicts an exemplary control method hagtegs performed in a
particular order for purposes of illustration anslcdssion. Those of ordinary skill in
the art, using the disclosures provided hereirl,umtlerstand that the steps of any of
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the methods discussed herein can be adapted,rgad;eexpanded, omitted, or
modified in various ways without deviating from tbeope of the present disclosure.
Moreover, although aspects of the methods are equlaising additive repair system
50, AM machine 100, and tooling assembly 200 asxample, it should be
appreciated that these methods may be appliegh&rireg or rebuilding any other
number, type, and configuration of components uamgsuitable tooling fixture or
additive manufacturing machine or system.

[0095]  This written description uses examples to disctbeanvention, including
the best mode, and also to enable any persondskillidne art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ohtrention is defined by the claims,
and may include other examples that occur to te&sled in the art. Such other
examples are intended to be within the scope ofldiens if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiéécences from the literal languages

of the claims.

27



CLAIMS
WHAT IS CLAIMED IS:

1. A tooling assembly (200) for mounting a compdn(@&0) in a powder
bed additive manufacturing machine (100), the tmpissembly (200) comprising:

a component fixture (202) configured for receivihg component (70);

a mounting plate (210) configured for receiving toenponent fixture (202);
and

a magnet assembly (220) operably coupling the mogiplate (210) to the
component fixture (202) for securing the comporiemdre (202) to the mounting

plate (210) in a desired orientation.

2. The tooling assembly (200) of claim 1, wheréia magnet assembly
(220) comprises:

a fixture magnet (222) mounted to the componentifex(202); and

a plate magnet (224) mounted to the mounting [§i&8), the fixture magnet
(222) and the plate magnet (224) having opposingnetic poles such that the
component fixture (202) is urged toward the moupptate (210).

3. The tooling assembly (200) of claim 2, wheréie tixture magnet

(222) and the plate magnet (224) have a non-cirggdametry.

4. The tooling assembly (200) of claim 2, wheréie tixture magnet
(222) and the plate magnet (224) are substantattylar and have a single

protrusion (230) to create an unbalanced geometry.

5. The tooling assembly (200) of claim 1, wheréia magnet assembly
(220) comprises:

a first fixture magnet (240) and a second fixtugmet (242) mounted to the
component fixture (202) and being spaced aparigadofixture magnetic axis (244);

and
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a first plate magnet (224) and a second plate nmdg@ad) mounted to the
mounting plate (210) and being spaced apart algrigta magnetic axis (254), and
wherein the first fixture magnet (240) and thetfplate magnet (224) have opposing
magnetic poles and the second fixture magnet (2d@)the second plate magnet
(224) have opposing magnetic poles such that thgoaent fixture (202) is urged
toward the mounting plate (210) such that the fixtmagnetic axis (244) is
substantially parallel to the plate magnetic aRis4).

6. The tooling assembly (200) of claim 1, wheréi@ tcomponent fixture
(202) comprises a magnetic material and whereimthgnet assembly (220)
comprises:

an electromagnet (262) electrically coupled to wgrosupply (264) for
selectively generating a magnetic field that utipescomponent fixture (202) toward

the mounting plate (210).

7. The tooling assembly (200) of claim 6, wheré&ie mounting plate
(210) defines a recess (226) for receiving the aomept fixture (202).

8. The tooling assembly (200) of claim 1, furthemprising:
a material removal assembly (54) for removing malt@bove a repair surface
(72) of the component (70) while positioned in teeponent fixture (202).

9. The tooling assembly (200) of claim 1, wheréia tooling assembly
(200) is configured for supporting the compone®) @uring a subsequent additive
manufacturing repair process, the additive manufag repair process comprising:

depositing a layer of additive powder (172) oveejair surface (72) of the
component (70) using a powder dispensing assertbB)( and

selectively irradiating the layer of additive powd#72) to fuse the layer of

additive powder (172) onto the repair surface @fa2jhe component (70).

10.  The tooling assembly (200) of claim 1, wheté® component (70) is
one of a plurality of components and the compofighire (202) is one of a plurality

29



of component fixtures (202), each of the pluratifycomponent fixtures (202) being
configured for receiving one of a plurality of coomgnts (70), wherein the mounting
plate (210) is configured for receiving the plurabf component fixtures (202), and
wherein the magnet assembly (220) operably coub&mounting plate (210) to the
plurality of component fixtures (202) for securiting plurality of component fixtures
(202) to the mounting plate (210) in a desiredraagon.

11. The tooling assembly (200) of claim 10, whetéi plurality of

components (70) comprises at least one airfoil @) gas turbine engine.

12. The tooling assembly (200) of claim 10, wheesach of the plurality
of components (70) is an airfoil (70) of a gas taebengine having a chord line (214),
and wherein the plurality of components (70) arthandesired orientation when the

chord line (214) of each of the plurality of compats (70) are parallel.

13. A method (300) of mounting a component in a gembed additive
manufacturing machine, the method (300) comprising:

mounting the component in a component fixture (310)

positioning the component fixture on a mounting®I@20); and

securing the component in the desired orientatiothe mounting plate using

a magnet assembly (330).

14.  The method (300) of claim 13, wherein the magseembly
comprises:

a fixture magnet mounted to the component fixtare]

a plate magnet mounted to the mounting plate,ixteré magnet and the plate
magnet having opposing magnetic poles such thatdimponent fixture is urged
toward the mounting plate.

15.  The method (300) of claim 13, further compigsin

depositing a layer of additive powder over a repaiface of the component
using a powder dispensing assembly (350); and
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selectively irradiating the layer of additive powde fuse the layer of additive

powder onto the repair surface of the componer)(36
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TOOLING ASSEMBLY FOR MAGNETICALLY ALIGNING COMPONENTS
IN AN ADDITIVE MANUFACTURING MACHINE

ABSTRACT

A tooling assembly (200) for mounting a pluralitfycmmponents (70), such as
compressor blades (70), in a powder bed additiveufiaaturing machine (100) to
facilitate a repair process is provided. The taplssembly (200) includes component
fixtures (202) configured for receiving each of tteanpressor blades (70), a
mounting plate (210) for receiving the componexiuiies (202), and a magnet
assembly (220) operably coupling the componentifed (202) to the mounting plate
(210) in a desired position and orientation tolfeate an improved printing process.

[Fig. 6]
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