TOOLING ASSEMBLY AND METHOD FOR ALIGNING COMPONENTS
FOR A POWDER BED ADDITIVE MANUFACTURING REPAIR PROCESS

FIELD
[0001] The present subject matter relates generally tdiaednanufacturing
machines and processes, and more particularhyotmgpassemblies for aligning

multiple components for a powder bed additive maatufring repair 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 efficiencystoelow 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 bawdaldde tips. However, blades
repaired with such welding/cladding technique nieglilbus 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 conemds 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 manufagptocess. 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] One of the key challenges with such a novel adelitnanufacturing

DMLM repair procedures described herein relatesigming the blade tips at the
same vertical height to facilitate the powder dépuagand recoating processes.
Specifically, the recoating process generally @sescoater blade that scrapes or
spreads additive powder into a layer on the poweerprior to fusing a portion of
that layer. However, if a blade tip is too far ab@vdesired height, physical contact



with the recoater may occur, causing a failurenefriecoating process. By contrast, if
a blade tip is too far below the desired heighappr fusing of the layer of deposited
additive powder to the blade may not occur, e gcalise the melt pool is not deep
enough to form a proper bond with the blade tip.

[0009] Another challenge in such novel additive manufaoturepair procedures
relates to the loading, unloading, and handlingtaa@dpowder which is used to fill
the powder bed. In this regard, to perform a repaicess on the tip of a blade, the
powder bed must first be loaded with additive pomtdehe height of the blade tips.
Such a process generally includes manually loattiegdditive powder, which is
time-consuming and can also be costly, especiatlgdmponents with large
dimensions in the build orientation, e.g., the heigf the blades. Moreover, any
unpacked additive powder might collapse duringtpr@) resulting in failure of
recoating. In addition, filling the entire volumétbe powder bed which is not filled
by components to be repaired can require a lariygneof powder which must be
added prior to printing, removed after printingddiitered or screened prior to reuse
during a subsequent additive manufacturing process.

[0010]  Accordingly, an improved system and method for mapg components
using an additive manufacturing machine would kefuisMore particularly, an
additive manufacturing machine including toolingesblies for aligning multiple
components and for minimizing powder usage duripgwder bed additive

manufacturing process would be particularly bemafic

BRIEF DESCRIPTION
[0011] Aspects and advantages of the invention will bdaéh in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0012] In one exemplary embodiment of the present discigsumethod of
aligning a plurality of components for a repair gess is provided. The method
includes positioning the plurality of componentsisthat a repair surface of each of
the plurality of components contacts an alignméaiep surrounding the alignment
plate with containment walls to define a reservibie, plurality of components being
positioned at least partially within the reservaind dispensing a fill material into the



reservoir, the fill material being configured faxihg a relative position of the
plurality of components when the fill material m@idified.

[0013] In another exemplary aspect of the present disagsutooling assembly
for fixing a relative position of a plurality of ogoonents is provided. The tooling
assembly includes an alignment plate for receittigplurality of components such
that a repair surface of each of the plurality@hponents contacts the alignment
plate, a plurality of walls surrounding the alignmhelate to define a reservoir, and a
fill assembly for dispensing a fill material intioet reservoir, the fill material fixing a
relative position of the plurality of componentsemhsolidified.

[0014] These and other features, aspects, and advantatpespresent invention
will become better understood with reference toftilewing description and
appended claims. The accompanying drawings, whielmaorporated in and
constitute a part of this specification, illustrammbodiments of the invention and,

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] 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.
[0016] FIG. 1 shows a schematic representation of anigdd#pair system that
may be used for repairing or rebuilding componeawetording to an exemplary
embodiment of the present subject matter.
[0017] FIG. 2 depicts certain components of a controldeoading to example
embodiments of the present subject matter.
[0018] FIG. 3 shows a schematic view of an additive mactufeng machine that
may be used as part of the exemplary additive regyatem of FIG. 1 according to an
exemplary embodiment of the present subject matter.
[0019] FIG. 4 shows a close-up schematic view of a buadf@rm of the
exemplary additive manufacturing machine of FI@Gc8ording to an exemplary

embodiment of the present subject matter.



[0020] FIG. 5is a schematic cross sectional view of dingassembly that may
be used to align the repair surfaces of a pluralfityomponents according to an
exemplary embodiment of the present subject matter.

[0021] FIG. 6 is a schematic cross sectional view of ttengplary tooling
assembly of FIG. 5 filled with a fill material toxfthe relative position of the plurality
of components according to an exemplary embodimktite present subject matter.
[0022] FIG. 7 is a schematic cross sectional view of ttengplary tooling
assembly of FIG. 5 with a layer of additive powtlemg deposited according to an
exemplary embodiment of the present subject matter.

[0023] FIG. 8 is a schematic cross sectional view of dingassembly that may
be used to align the repair surfaces of a pluralfityomponents according to another
exemplary embodiment of the present subject matter.

[0024] FIG. 9 is a method of aligning a plurality of conmgnts in a powder bed
additive manufacturing machine according to an gtarg embodiment of the
present subject matter.

[0025] 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
[0026] Reference now will be made in detail to embodimenftse invention,
one or more examples of which are illustrated emabhcompanying drawings. Each
example is provided by way of explanation of thesmtion, not limitation of the
invention. In fact, it will be apparent to thosellgkl in the art that various
configurations, modifications, and variations camniade 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.
[0027]  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 relativeection 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 flowaad “downstream” refers to the
direction to which the object is moving or the élus flowing. Furthermore, as used
herein, terms of approximation, such as “approxatydt “substantially,” or “about,”
refer to being within a ten percent margin of error

[0028]  Aspects of the present subject matter are dirdctedsystem 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,eladtvely irradiating the layer
of additive powder along the repair toolpath toeftise layer of additive powder onto
the repair surface of each component.

[0029]  Specifically, aspects of the present subject mattavide a tooling
assembly and method of aligning a plurality of comgnts for a repair process in an
additive manufacturing machine. The method inclystestioning the plurality of
components such that a repair surface of eachegiltirality of components contacts
an alignment plate, e.g., under the force of gyamitusing biasing members. The
method further includes surrounding the alignmeatepwith containment walls to
define a reservoir around the plurality of compdeemnd dispensing a fill material,
such as wax or a potting material, into the resemwhich is configured for fixing a
relative position of the plurality of componentsemithe fill material is solidified. In
this manner, a tips of the plurality of componentsy be aligned for the repair
procedure and the amount of additive powder requodill the powder bed may be
reduced.

[0030] As described in detail below, exemplary embodimennthe 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 ether 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.

[0031] Although additive manufacturing technology is désea herein as
enabling fabrication of complex objects by buildimigiects 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 fonmecessive layers, one skilled in the
art will appreciate that the methods and structdreslosed herein may be practiced
with any additive manufacturing technique or mantifeing technology. For
example, embodiments of the present invention nsaylayer-additive processes,
layer-subtractive processes, or hybrid processes.

[0032] 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 #akrjets, Sterolithography (SLA),
Direct Selective Laser Sintering (DSLS), ElectrazaBh 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), Setise Laser Melting (SLM),
Direct Metal Laser Melting (DMLM), and other knovpnocesses.

[0033] 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 manufactupiregess may be a “binder
jetting” process. In this regard, binder jettingalves successively depositing layers
of additive powder in a similar manner as descridieove. However, instead of using
an energy source to generate an energy beam tigele melt or fuse the additive
powders, binder jetting involves selectively depingia liquid binding agent onto
each layer of powder. The liquid binding agent rhayfor example, a photo-curable
polymer or another liquid bonding agent. Otherahlé additive manufacturing
methods and variants are intended to be withirstlope of the present subject matter.



[0034] 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, epgkygtopolymer resin, or any other
suitable material that may be in solid, liquid, gy, sheet material, wire, or any
other suitable form. More specifically, accordimgeikemplary embodiments of the
present subject matter, the additively manufactemdponents described herein may
be formed in part, in whole, or in some combinatdmaterials 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 Corporg. These materials are
examples of materials suitable for use in the addimanufacturing processes
described herein, and may be generally referres tadditive materials.”

[0035] In addition, one skilled in the art will apprecidtat a variety of materials
and methods for bonding those materials may be aisécre 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 exgpthe 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, thedbmay 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 manufexgjuare possible, and the
presently disclosed subject matter may be practiggdthose methods.

[0036] In addition, the additive manufacturing proces€losed herein allows a
single component to be formed from multiple matsri@thus, the components
described herein may be formed from any suitabldures of the above materials.
For example, a component may include multiple lsysegments, or parts that are
formed using different materials, processes, anafiatifferent 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 componemsaiibed herein are constructed



entirely by additive manufacturing processes, st be appreciated that in alternate
embodiments, all or a portion of these componeratg lbe formed via casting,
machining, and/or any other suitable manufactupirogess. Indeed, any suitable
combination of materials and manufacturing methody be used to form these
components.

[0037] An exemplary additive manufacturing process willvitoe described.
Additive manufacturing processes fabricate comptmesing 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-disi@nal design model of the
component.

[0038] The design model may include 3D numeric coordinatdéke entire
configuration of the component including both ertdrand internal surfaces of the
component. For example, the design model may dé#fiméody, the surface, and/or
internal passageways such as openings, suppatwsts, etc. In one exemplary
embodiment, the three-dimensional design modadnserted 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 componentes thuilt-up” slice-by-slice, or
layer-by-layer, until finished.

[0039] In this manner, the components described hereinbedgbricated using
the additive process, or more specifically eackeiay 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 beahearomagnetic radiation such
as a laser beam, to sinter or melt a powder matémg suitable laser and laser
parameters may be used, including consideratiotisr@spect to power, laser beam
spot size, and scanning velocity. The build makeniay be formed by any suitable



powder or material selected for enhanced strenlgitability, and useful life,
particularly at high temperatures.

[0040] 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 alternatmbadiments. Therefore, utilizing

the additive formation methods described abovectimeponents described herein
may have cross sections as thin as one thicknesms agsociated powder layer, e.g.,
10 um, utilized during the additive formation process.

[0041] In addition, utilizing an additive process, thefaoe 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 enghriphery of a cross-sectional layer
which corresponds to the part surface. For examapleyugher finish may be achieved
by increasing laser scan speed or decreasingzbeftthe 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 ankder power can also be changed
to change the surface finish in a selected area.

[0042]  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.

[0043] 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 vagioamponents and the method of
additively manufacturing such components. Whileghesent disclosure is not

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

[0044]  Also, the additive manufacturing methods descrif@ove enable much
more complex and intricate shapes and contoufseofdmponents described herein
to be formed with a very high level of precisiorExample, such components may
include thin additively manufactured layers, cresstional features, and component
contours. In addition, the additive manufacturinggess 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 usingriinods described herein may
exhibit improved performance and reliability.

[0045]  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&thEumore, a system controller
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.

[0046]  According to exemplary embodiments, tooling assgrbBlis generally
configured for supporting a plurality of componeints desired position and
orientation. According to exemplary embodiments]itay assembly 52 supports
twenty (20) high pressure compressor blades 7Gigam additive manufacturing
repair process. Specifically, the additive manufanty process may be a powder bed
fusion process (e.g., a DMLM or DMLS process asdiesd above). Although the
repaired components are illustrated herein as cesspr blades 70 of a gas turbine
engine, it should be appreciated that any othealsiét component may be repaired,
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such as turbine blades, other airfoils, or comptn#om other machines. In order to
achieve proper recoating and to facilitate thetprgnprocess, it may be desirable to
position all blades 70 in the same orientation @nthe same height such that a repair
surface 72 of each blade is in a single build pldm®ling assembly 52 is a fixture
intended to secure blades 70 in such desired postid orientation.

[0047]  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 oremat removal. For example,
material removal assembly 54 may include a beftdgi, a disc grinder, or any other
grinding or abrasive mechanism. According to anmglary 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 remowveaat i portion of blades 70 that
has been worn or damaged, e.g., which may includearacks, pits, abrasions,
defects, foreign material, depositions, imperfetticand the like. According to an
exemplary embodiment, each blade 70 is prepared usaterial removal assembly
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.

[0048]  After the blades are prepared, vision system 56 Ieaysed to obtain an
image or digital representation of the precisetpwsiand coordinates of each blade
70 positioned in tooling assembly 52. In this relgaccording to exemplary
embodiments, vision system 56 may include any Bl@éteamera 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 appreciatet the present disclosure may be
practiced without rendering such a digital représton in human-visible form.

Nevertheless, in some embodiments, a human-visitdge corresponding to a field
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of view may be displayed on the user interface &8l at least in part on such a
digital representation of one or more fields ofwie

[0049]  Vision system 56 allows the additive repair systfhio obtain

information pertaining to one or more blades 7®amhich one or more repair
segments 74 (see FIG. 4) may be respectively adblitprinted. In particular, the
vision system 56 allows the one or more bladetetlocated 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 bl&de&lT 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.

[0050] The one or more cameras 80 of the vision system@®g6be configured to
obtain two-dimensional or three-dimensional imag&gdincluding a two-dimensional
digital representation of a field of view and/athaee-dimensional digital
representation of a field of view. Alignment of ttepair 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 8thenagya focal length adjusted or
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.

[0051] The one or more cameras 80 may include a fieldeaf that encompasses
all or a portion of the one or more blades 70 settw the tooling assembly 52. For
example, a single field of view may be wide enot@bncompass a plurality of
components, such as each of the plurality of bld@esecured to tooling assembly 52.
Alternatively, a field of view may more narrowlydas on an individual blade 70
such that digital representations of respectivddda’O are obtained separately. It will
be appreciated that separately obtained digitafjg@sanay be stitched together to
obtain a digital representation of a plurality ofrgponents or blades 70. In some
embodiments, the camera 80 may include a collimiatesiconfigured to provide a

flat focal plane, such that blades 70 or porti¢treseof located towards the periphery
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of the field of view are not distorted. Additionglbr in the alternative, the vision
system 56 may utilize a distortion correction aitjon to address any such distortion.
[0052] Image data obtained by the vision system 56, inctud digital
representation of one or more blades 70 may berrdied 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 poimbich may be transmitted to an
additive manufacturing machine 100 such that tletied 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 comadsgmay 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 addépesrsystem 50 are
described herein in the context of an additive &lagpair process. However, it should
be appreciated that aspects of the present subggteér 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 mgsiged while remaining within
the scope of the present subject matter.

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

14



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 and 2). Accordmgxemplary embodiments,
controller 60 may be operatively coupled to usegriace 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 tesommunication 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 microprocasstrocontroller, integrated
circuit, an application specific integrated circ{ASIC), a digital signal processor
(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 unitdqaning other specialized
calculations, etc. The memory device(s) 60C caludecone or more non-transitory
computer-readable storage medium(s), such as RAMMREEPROM, EPROM,
flash memory devices, magnetic disks, etc., antborbinations thereof.

[0057] The memory device(s) 60C can include one or momepcber-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 teectlne one or more processor(s)
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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 angidually separate threads on
processor(s) 60B.

[0058] The one or more memory device(s) 60C can also gaige60E 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 60Haytabandwidth LAN or WAN, or
can also be connected to controller through ormmaare network(s) (not shown). The
one or more database(s) can be split up so thattiedocated 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 d9@r the network(s). The
communication interface 60F can include any sugtabimponents for interfacing
with one or more network(s), including for examptansmitters, receivers, ports,
controllers, antennas, or other suitable components

[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 desdiberein 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] Asillustrated, AM system 100 generally definesedical 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 mutuakypendicular, such that an
orthogonal coordinate system is generally defikedillustrated, system 100 includes
a fixed enclosure or build area 102 which providesntaminant-free and controlled
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environment for performing an additive manufactgnomocess. In this regard, for
example, enclosure 102 serves to isolate and pritte©ther components of the
system 100. In addition, enclosure 102 may be pgexviwith a flow of an appropriate
shielding gas, such as nitrogen, argon, or anathi¢able 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 pregsdgrivolume or a dynamic flow of gas.
[0062] Enclosure 102 may generally contain some or allpmments of AM
system 100. According to an exemplary embodimeht,s&stem 100 generally
includes a table 110, a powder supply 112, a sc@p@coater mechanism 114, an
overflow container or reservoir 116, and a buildtfadrm 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 bearto 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 idl@ 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 emboditéuild chamber 134 is defined at
least in part by vertical walls 136 and build pdath 118. Notably, build platform 118
is movable along a build direction 138 relativédtold surface 130. More
specifically, build direction 138 may correspondhe vertical direction V, such that
moving build platform 118 down increases the hedjtthe part being printed and the
build chamber 134. In addition, build surface 18firtes a supply opening 140
through which additive powder 142 may be supplredifpowder supply 112 and a
reservoir opening 144 through which excess addgomder 142 may pass into
overflow reservoir 116. Collected additive powderay optionally be treated to sieve
out loose, agglomerated particles before re-use.

[0064] Powder supply 112 generally includes an additiveqer supply container
150 which generally contains a volume of additiegvder 142 sufficient for some or
all of the additive manufacturing process for acdpepart 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
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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$d Which is a rigid,
laterally-elongated structure that lies proximatéddsurface 130. For example,
recoater mechanism 114 may be a hard scrapert sggmfegee, or a roller. Recoater
mechanism 114 is operably coupled to a recoateatmt 160 which is operable to
selectively move recoater mechanism 114 along lmuitthce 130. In addition, a
platform actuator 164 is operably coupled to bpilatform 118 and is generally
operable for moving build platform 118 along thetial direction during the build
process. Although actuators 154, 160, and 164lastrated as being hydraulic
actuators, it should be appreciated that any ayfper and configuration of actuators
may be used according to alternative embodimeunt$) as pneumatic actuators,
hydraulic actuators, ball screw linear electriaciatbrs, or any other suitable vertical
support means. Other configurations are possitieaatinin the scope of the present
subject matter.

[0066] As used herein, “energy source” may be used to tefaeny 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 addifpavder during the build process. For
example, energy source 120 may be a laser or &y stiitable irradiation emission
directing device or irradiation device. In this aegd, an irradiation or laser source may
originate photons or laser beam irradiation whgcHirected by the irradiation
emission directing device or beam steering appsaratu

[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 1¥4ma 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 ngglind 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 13@e galvanometer scanner in
powder bed fusion technologies is typically of»aell position but the movable
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mirrors/lenses contained therein allow various props of the laser beam to be
controlled and adjusted. According to exemplary edimnents, beam steering
apparatus may further include one or more of tHewviing: 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 maysbd 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 vacuunmeWthe irradiation source is an
electron source, the irradiation emission directirgice may be, for example, an
electronic control unit which may include, for exaley 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 begnasana 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 gscomposition (for example,
metallic, ceramic, and/or organic powder) into dymontainer 150. In addition,
platform actuator 164 may move build platform 1a&m initial high position, e.g.,
such that it substantially flush or coplanar withlé surface 130. Build platform 118
is then lowered below build surface 130 by a selk&yer increment. The layer
increment affects the speed of the additive marufexg process and the resolution
of a components or parts (e.g., blades 70) beingfaatured. As an example, the
layer increment may be about 10 to 100 microméte@004 to 0.004 in.).

[0070]  Additive powder is then deposited over the buildtjolrm 118 before
being fused by energy source 120. Specificallypsuactuator 154 may raise supply
platform 152 to push powder through supply operdi@, exposing it above build
surface 130. Recoater mechanism 114 may then bedramross build surface 130 by
recoater actuator 160 to spread the raised adgioweler 142 horizontally over build
platform 118 (e.g., at the selected layer increnoetiickness). Any excess additive
powder 142 drops through the reservoir openingiatithe 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.
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[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 $ageadditive powder 142 or other
additive material to facilitate the print proce&s.such, these components may
collectively be referred to herein as powder disregmapparatus, system, or
assembly. The leveled additive powder 142 may fegrezl to as a “build layer” 172
(see FIG. 4) and the exposed upper surface therapie 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 referredsa “powder bed,” and this
specific category of additive manufacturing proaesy 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-sectioiaysr 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 tatlséei®cal 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. 4etéd by energy beam 122 to a
temperature allowing it to sinter or melt, flow,daconsolidate. As an example, melt
pool 176 may be on the order of 100 micrometei@@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 Ghyadditive 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 lin@er, previously-solidified layer.
This cycle of moving build platform 118, applyindditive powder 142, and then
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directed energy beam 122 to melt additive powd@rid4epeated until the entire
component (e.g., blades 70) is complete.

[0074] Referring again briefly to FIG 1, tooling assembR/is generally
configured for receiving one or more component, shown here as blades 70, and
securely mounting such components for a subse@aglitive manufacturing process.
Specifically, tooling assembly 52 may secure ed¢heplurality of blades 70 in a
desired position and orientation relative to AM imae 100. In this regard, as used
herein, the “position” of a blade 70 may refertie toordinates of a centroid of blade
70 in the X-Y plane. In addition, the “orientatioaf a blade 70 may refer to an
angular position of blade 70 about the Z-directiarthis regard, according to an
exemplary embodiment, the orientation of each biédlenay be defined according to
the angular position of its chord line (not shown)this regard, for example, two
blades 70 are said to have the same “orientatidr€natheir chord lines are parallel to
each other.

[0075]  As explained briefly above, it is desirable to sop@ plurality of
components, such as blades 70, such that the mepéace 72 of each blade 70 is
positioned within a build plane 82. In this manreelayer of additive powder (e.g.,
build layer 172) may be deposited over each repaface 72 at a desired thickness
for forming a first layer of repair segments 74GF#4) on the tip of each blade 70.
Notably, however, due to the height of each bla@lecTative to a height of repair
segments 74, conventional additive manufacturinggsses require a substantial
amount of additive powder 142. Specifically, a sabsal volume of additive powder
142 must typically be provided into build chamb84 1o form a powder bed that
supports the top layer of additive powder or bialger 172.

[0076] As explained above, the powder loading procesgisdlly a manual
process that takes a significant amount of timeaamdresult in recoating or print
errors when pockets or voids collapse within theitace powder 142. In addition,
additive manufacturing machine 100, or build platid 18 more specifically, is
typically configured for only supporting a specificlume or weight of additive
powder 142 during the build process, thus introggi@rocess limitations when
powder bed is filled with additive powder 142. Ripaeven to the extent some
unfused additive powder 142 may be reused duribgesjuent additive
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manufacturing processes, such used additive poivtEmust be carefully screened,
filtered, or otherwise reconditioned prior to reudspects of the present subject
matter are directed both to aligning the repaifasi@ of components and to
minimizing the amount of additive powder required &n additive repair process as
described herein.

[0077] Referring now generally to FIGS. 5 through 8, ditmpassembly 200 that
may be used with AM system 100 will be describetbading to an exemplary
embodiment of the present subject matter. For el@rngoling assembly 200 may be
a part of or used in conjunction with tooling asbgn®2 as described in relation to
FIG. 1. Because tooling assembly 200 can be uspdrasf additive repair system 50
or in AM system 100, like reference numerals mayded in FIGS. 5 through 8 to
refer to like features described with respect 8%l 1 through 4.

[0078]  As illustrated, tooling assembly 200 includes agrahent plate 202 which
is configured for receiving a plurality of compotgre.g., blades 70 such that a repair
surface 72 of each of the plurality of blades 76taots the alignment plate 202. In
this regard, alignment plate 202 is typically d,ftegid plate that serves to align repair
surfaces 72 of all blades 70 in a single build el&8. In this manner, each blade 70,
regardless of its height, may have a repair surf&cgositioned in the build plane 82
(e.g., when urged against the alignment plate 202).

[0079] Notably, in order to facilitate a powder bed regawcess, alignment plate
202 must be removed from repair surfaces 72 ofdsa® while blades 70 remain
fixed relative to each other. Therefore, accordmgn exemplary embodiment,
tooling assembly 200 further includes a fill assgn#10 which is configured for
dispensing a fill material 212 around blades 70mtiey are positioned against
alignment plate 202. As used herein, “fill matérialy be used to refer to any
material or composition which may be solidifiedfitothe position of blades 70. In
this regard, for example, fill material 212 mayvieax, a potting material, a
photopolymer resin, or molten glass. Alternativéilymaterial 212 may be any other
material that may be poured around blades 70 wiia become less viscous or
more rigid to secure the position of blades 70 wéaidified.

[0080] Notably, according to exemplary embodiments, fifltarial 212 is a fluid
material which flows around blades 70 to fill inpgaan ensure contact against all
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portions of blades 70, e.g., to provide firm supmpdren solidified. Therefore,
according to exemplary embodiments, tooling asse@®0 may further include a
plurality of walls 220 which surround alignment {@/&02 to define a reservoir 222.
In this regard, fill assembly 210 may dispensenfilterial 212 directly into reservoir
222 until the level of fill material 212 reachebeight is suitable to support blades 70
when the fill material 212 is solidified.

[0081] Notably, after fill material 212 has been pouret ireservoir 222 such
that it surrounds blades 70, fill material 212 muestsolidified or its composition must
be otherwise changed in order to rigidly couple fithe relative positions of blades
70. After fill material 212 is solidified, the sdlfied fill material 212 and the
components fixed therein (e.g., blades) are gdyeeferred to as a fixed component
assembly 230. It should be appreciated that fix@dponent assembly 230 may be
removed from alignment plate 202 and walls 220 staiadalone, rigid structure
having repair surfaces 72 of blades 70 positioneisingle plane, e.g., build plane
82. In this manner, as will be described belowgdixomponent assembly 230 may
then be positioned at a known location on buildfptan 118 of an additive
manufacturing machine 100 and an additive repaicgss may begin directly on the
repair surface 72 of each blade 70.

[0082] It should be appreciated that such a solidificaporcess may vary
depending on the type of fill material 212 used. &ample, if fill material 212 is
liquid wax, tooling assembly 200 may be left atmoemperature for an amount of
time sufficient for the wax to solidify. Alternagly, tooling assembly 200 may be
positioned in a refrigerated environment or mayeothse be cooled, e.g., by
attaching cooling coils to walls 220 and the aligminplate 202. By contrast, if fill
material 212 is a photopolymer resin, a light sewfficient for curing the
photopolymer resin may be directed toward fill nniade212 until it is solidified. It
should further be appreciated that other fill materare possible, other methods of
solidification may be used, and other variationd arodifications may be made to
tooling assembly 200 while remaining within the peof the present subject matter.
[0083] In addition, although the illustrated embodimersven in FIGS. 5
through 8 illustrate three blades 70 which havenldieed and are formed into fixed
component assembly 230 using tooling assemblyi28@puld be appreciated that
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tooling assembly 200 and the methods describedrheray be used to prepare any
other suitable number, type, position, and confgjon of components according to
alternative embodiments. The exemplary embodimgggsribed herein are not
intended to limit the scope of the present subjeatter in any manner.

[0084] Referring now specifically to FIGS. 5 through 7e@xemplary use of
tooling assembly 200 will be described accordingniexemplary embodiment of the
present subject matter. According to this embodinaades 70 are mounted against
the alignment plate 202 under the force of grayecifically, as shown in FIG. 5,
blades 70 are mounted against the alignment pGfesdch that repair surfaces 72 are
aligned against a top surface 240 of alignmene®8€. In other words, repair
surfaces 72 face down along the vertical direc¥idoward alignment plate 202.
Blade 70 may then be held in position in any slgaanner while walls 220 are
positioned to surround alignment plate 202 andnéefeservoir 222.

[0085]  After blades 70 are placed such that repair susf@@eare face down on
alignment plate 202, fill assembly 210 may supplyriaterial 212 into reservoir 222,
e.g., through a nozzle 242. According to the iHatgtd embodiment shown in FIG. 6,
fill material 212 is added until a top of the compat is covered, e.g., until dovetail
244 of each blade 70 is covered. However, it shbeldppreciated that according to
alternative embodiments, blades 70 need only hewaded by fill material 212
sufficiently to fix their relative position. Thuthe amount of fill material 212 needed
may depend, for example, on the rigidity of fill teaal 212 when solidified, on the
number and size of blades 70 in fixed componergrabl/ 230, and on the amount of
handling which might occur to fixed component adsig230 prior to the additive
repair process.

[0086]  Notably, after fixed component assembly 230 haiglifield, it may be
desirable to remove a top layer or top portion @bfill material 212 from fixed
component assembly 230. In this regard, for exanfifilenaterial 212 may
contaminate repair surface 72 of each blade 70,meyduring the additive printing
process and contaminate melt pool 176, or may wikercompromise the additive
printing process. Therefore, as illustrated in FIGtooling assembly 200 may further
include a cleaning device 252 which is generallyfigured for removing the top
portion 250 of fill material 212 from fixed comparteassembly 230. For example,
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cleaning device 252 may be a heat source 254 vgaskes along top portion 250 of
fixed component assembly 230 after it is removedhfalignment plate 202. In this
manner, heat source 254 may melt top portion 258hwmay can flow away from
blades 70 and off of fixed component assembly 288ording to alternative
embodiments, cleaning device 252 may include ahgratuitable material removal
device, such as a grinding wheel, sandpaper, ooty suitable machine or device
configured for grinding, machining, brushing, etahipolishing, or otherwise
substantively modifying a component, e.g., by saditve modification or material
removal.

[0087]  After fixed component assembly 230 is formed toitpms repair surfaces
72 in build plane 82, and after top portion 250@ilbmaterial 212 and fixed
component assembly 230 is removed and repair ®afa2 are suitably prepped,
fixed component assembly 230 may be positionedudd platform 118 of AM
machine 100 in preparation for the additive repaiicess. In this regard, recoater
mechanism 114 may then deposit a layer of addgoxeder 142 over fixed
component assembly 230 and the repair surface$ @&ch of the plurality of blades
70, as illustrated schematically in FIG. 7. In tmanner, build layer 172 may be
positioned at the top of each repair surface 72have substantially even thickness
and the additive printing process may proceed byntua portion of build layer 172
onto repair surfaces 72 of each blade 70.

[0088] Referring now specifically to FIG. 8, an alternatmethod of forming
fixed component assembly 230 will be described ating to an exemplary
embodiment of the present subject matter. Notahlg, to the similarity of
components described with respect to FIGS. 5 thraudike reference numerals may
be used to refer to the same or similar elemen@n 8. The primary difference
between these two embodiments is that the prewialistussed fixed component
assembly 230 is formed with repair surfaces 7tadown on alignment plate 202,
whereas the fixed component assembly 230 descwiitbdespect to FIG. 8 is formed
with repair surfaces 72 facing up toward the botturface 260 of alignment plate
202.

[0089] In order to ensure flush contact with repair swef@2 of each blade 70
against bottom surface 260 of alignment plate 283ljng assembly 200 may further
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include one or more biasing members 262 which anéigured for urging each of the
blades 70 upward against the alignment plate 20thi$ regard, biasing members
262 may be any suitable device or mechanism fortiegea biasing force on blades
70 upward along the vertical direction V. Biasingmbers 262 may be, for example,
one or more mechanical springs, magnet pairs f{gegnanent magnets or
electromagnets), linear actuators, piezoelecttigadors, etc. The biasing force
generated by biasing members 262 allows repaiasesf72 to seat flush against the
alignment plate 202 such that they are alignetiénsme build plane 82.

[0090] Notably, after the blades 70 are urged upward agéwe alignment plate
202, fill assembly 210 may dispense fill materidP 2nto reservoir 222 in the same
manner as described above. However, it should peeajated that by mounting
blades 70 with their repair surfaces 72 facingthe fill material 212 need only be
filled to a level suitable for forming a rigid fisecomponent assembly 230, but
preferably does not cover repair surfaces 72 theeseln this manner, potential
contamination of repair surfaces 72 may be avoateticleaning device 252 may not
be needed for removing top portion 250 of fill metk212 from fixed component
assembly 230.

[0091] Thus, tooling assembly 200 as described abovenisrghty configured for
forming a fixed component assembly 230 which inekid plurality of components,
e.g., blades 70, surrounded by a solidified filkeni@l 212 which fixes repair surfaces
72 of each blade 70 in a single horizontal plarg, ée build plane 82. Notably, in
addition to securing repair surfaces 72 and buéae 82 to facilitate improved
recoating and printing operations, performing repaocedures with fixed component
assembly 230 also requires much less additive powiein build chamber 134. In
this regard, solidified fill material 212 acts asagsed support surface for forming the
powder bed, such that the process for supplyirigaating additive powder 142 into
powder bed is simplified. For example, an operated only fill build chamber 134
above fill material 212. In this manner, the tireguired to prepare the additive
manufacturing machine 100 for the print procesedsiced, as is the amount of
additive powder 142 that must be used and the medjtime for post processing of
blades 70 and additive powder 142.
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[0092] 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 argheidg a plurality of
components for a repair or rebuild process usingadalitive repair system will be
described according to an exemplary embodimertieptesent subject matter.
Method 300 can be used to repair blades 70 usidigiaelrepair system 50, AM
machine 100, and tooling assembly 200, or to reggayrother suitable component
using any other suitable additive manufacturing mvae or system. In this regard, for
example, controller 60 may be configured for impéening some or all steps of
method 300. Further, it should be appreciatedttteexemplary method 300 is
discussed herein only to describe exemplary aspéthe present subject matter, and
is not intended to be limiting.

[0093] Referring now to FIG. 9, method 300 includes, apK10, positioning the
plurality of components such that a repair surfafoeach of the plurality of
components contacts an alignment plate. In thigrcegontinuing the example from
above, the plurality of blades 70 may be urgedreggahe alignment plate 202 under
the force of gravity (e.g., as shown in FIGS. ®tlgh 7) or by a biasing member 262
(e.g., as shown in FIG. 8). In this manner the irepaface 72 of each blade 70 is
positioned in a desired build plane 82.

[0094] Method 300 further includes, at step 320, surroougdine alignment plate
with containment walls to define a reservoir, therality of components being
positioned at least partially within the reservéiarthermore, step 330 includes
dispensing a fill material into the reservoir, flilematerial being configured for

fixing the relative position of the plurality of ogponents when the fill material is
solidified. Step 340 may further include solidifgithe fill material to form a fixed
component assembly comprising fill material andgheality of components fixed
therein. In this regard, for example, a pottingeniat, liquid wax, a photopolymer
resin, or molten glass may be poured into rese®2irrand solidified, e.g., by cooling
to room temperature. After the fill material isiddied, fixed component assembly
230 includes the plurality of components, e.g.dbta70, which are fixed in relative

position and have their repair surfaces 72 alignethe additive printing process.
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[0095] In the event fixed component assembly 230 was fdrwiteh the repair
surfaces 72 of blades 70 facing down, step 350foréyer include removing a top
layer of the fill material from the fixed componexgsembly proximate the repair
surface of each of the plurality of components. &ample, heat source 254 may be
used to melt wax, a grinding assembly may be useenhove potting material, etc.
After fixed components assembly 230 has been preapd repair surfaces 72 are
cleaned, fixed component assembly 230 may be poesiti on a build platform 118 of
an additive manufacturing machine 100 for prinfimgcess.

[0096] Thus, according to an exemplary embodiment, me8@@dmay further
include additively printing repair segments 74 omgpair surfaces 72 of each blade
70 using AM machine 100. In this regard, step 3&luides depositing a layer of
additive powder over the fixed component assemsiygia powder dispensing
assembly. Step 370 includes selectively irradiativeglayer of additive powder to
fuse the layer of additive powder onto the repaifaces of the components. In this
manner, an energy source may fuse additive powtereach blade tip layer by layer
until the component is repaired to an original C&bDdel or to another suitable
geometry.

[0097] FIG. 9 depicts an exemplary control method haviegs 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
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 assembly
or additive manufacturing machine or system.

[0098]  This written description uses examples to disctbeanvention, including
the best mode, and also to enable any persondskillidhe 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
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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.

[0099]  Further aspects of the invention are provided leysthbject matter of the
following clauses:

[00100] 1. A method of aligning a plurality of components & repair process,
the method comprising: positioning the pluralitycoimponents such that a repair
surface of each of the plurality of components aot®t an alignment plate;
surrounding the alignment plate with containmenitsma define a reservoir, the
plurality of components being positioned at leastiplly within the reservoir; and
dispensing a fill material into the reservoir, flilematerial being configured for

fixing a relative position of the plurality of cormpents when the fill material is
solidified.

[00101] 2. The method of any preceding clause, whereirtipagig the plurality

of components comprises: positioning the pluraitgomponents such that the repair
face of each of the plurality of components is posed face down on the alignment
plate, the alignment plate at least partially defyrthe reservoir.

[00102] 3. The method of any preceding clause, further caimg: solidifying

the fill material to form a fixed component asseyntmprising the fill material and
the plurality of components; and removing a togetayf the fill material from the
fixed component assembly proximate the repair sertd each of the plurality of
components.

[00103] 4. The method of any preceding clause, wherein vamydhe top layer

of the fill material comprises: melting the top éayof fill material using a heat source.
[00104] 5. The method of any preceding clause, whereirtipagig the plurality

of components comprises, for each of the pluralitpomponents: positioning the
component such that the repair surface faces uartbavbottom surface of the
alignment plate; and urging the component upwatt wibiasing member to ensure

contact between the repair surface and the alighplate.
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[00105] 6. The method of any preceding clause, whereimidEing member
comprises one or more springs, one or more magmet, @nd/or one or more
piezoelectric actuators.

[00106] 7. The method of any preceding clause, whereifilthmaaterial is
selected from a group consisting of a potting maltest wax, a photopolymer resin, or
molten glass.

[00107] 8. The method of any preceding clause, further camg: solidifying
the fill material to form a fixed component asseyntmprising the fill material and
the plurality of components; and mounting the fixedhnponent assembly on a build
platform, the build platform being movable alonggwld direction.

[00108] 9. The method of any preceding clause, further ¢cimg: depositing a
layer of additive powder over the fixed componesgeambly using a powder
dispensing assembly; and selectively irradiatirgglétyer of additive powder to fuse
the layer of additive powder onto the repair sugfateach of the plurality of
components.

[00109] 10. The method of any preceding clause, whereiplinality of
components comprise at least one airfoil of a gdsirie engine.

[00110] 11. The method of any preceding clause, whereimgpair surface is a
blade tip of a high pressure compressor bladegafsaurbine engine.

[00111] 12. Atooling assembly for fixing a relative positiof a plurality of
components, the tooling assembly comprising: amalient plate for receiving the
plurality of components such that a repair surfafoeach of the plurality of
components contacts the alignment plate; a plyrafitvalls surrounding the
alignment plate to define a reservoir; and a 88@mbly for dispensing a fill material
into the reservoir, the fill material fixing a rékge position of the plurality of
components when solidified.

[00112] 13. The tooling assembly of any preceding clauserein the plurality of
components are positioned such that the repairdaeach of the plurality of
components is face down on the alignment plate.

[00113] 14. The tooling assembly of any preceding clauserein the fill material
is solidified when the plurality of components agsitioned face down on the
alignment plate to form a fixed component assenthly tooling assembly further
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comprising: a cleaning device for removing a togefeof the fill material from the
fixed component assembly proximate the repair sertd each of the plurality of
components.

[00114] 15. The tooling assembly of any preceding clausesrein the cleaning
device comprises: a heat source for melting thdapgr of fill material.

[00115] 16. The tooling assembly of any preceding clauserein the plurality of
components are positioned such that the repairdaeach of the plurality of
components is face up toward a bottom surfaceeoélignment plate.

[00116] 17. The tooling assembly of any preceding clausghér comprising: one
or more biasing members for urging each of theghilyrof components upward to
ensure contact between the repair surface of edtie plurality of components and
the alignment plate.

[00117] 18. The tooling assembly of any preceding clauserein the one or more
biasing members comprise one or more springs, on®ee magnet pairs, and/or one
or more piezoelectric actuators.

[00118] 19. The tooling assembly of any preceding clauserein the fill material
is selected from a group consisting of a pottingemal, a wax, a photopolymer resin,
or molten glass.

[00119] 20. The tooling assembly of any preceding clauserein the plurality of
components comprise at least one airfoil of a gdsrie engine.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method (300) of aligning a plurality of compants for a repair
process, the method (300) comprising:

positioning the plurality of components such thag¢pair surface of each of
the plurality of components contacts an alignméaiep(310);

surrounding the alignment plate with containmeniissa define a reservoir,
the plurality of components being positioned astgzartially within the reservoir
(320); and

dispensing a fill material into the reservoir, flilematerial being configured
for fixing a relative position of the plurality @bmponents when the fill material is
solidified (330).

2. The method (300) of claim 1, wherein positionihg plurality of
components (310) comprises:

positioning the plurality of components such tleg tepair face of each of the
plurality of components is positioned face dowrtlom alignment plate, the alignment

plate at least partially defining the reservoir.

3. The method (300) of claim 2, further comprising:

solidifying the fill material to form a fixed compent assembly comprising
the fill material and the plurality of componen$gtQ); and

removing a top layer of the fill material from theed component assembly

proximate the repair surface of each of the pltyalf components (350).
4. The method (300) of claim 3, wherein removing tibp layer of the fill
material (350) comprises:

melting the top layer of fill material using a heaurce.

5. The method (300) of claim 1, wherein positioning plurality of
components (310) comprises, for each of the plyraficomponents:
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positioning the component such that the repairaserfaces up toward a
bottom surface of the alignment plate; and
urging the component upward with a biasing membenisure contact

between the repair surface and the alignment plate.

6. The method (300) of claim 5, wherein the biasimgmber comprises
one or more springs, one or more magnet pairspandé or more piezoelectric

actuators.

7. The method (300) of claim 1, wherein the fillteraal is selected from

a group consisting of a potting material, a waghatopolymer resin, or molten glass.

8. The method (300) of claim 1, further comprising:

solidifying the fill material to form a fixed compent assembly comprising
the fill material and the plurality of componen$gtQ); and

mounting the fixed component assembly on a bugdf@tm, the build

platform being movable along a build direction.

9. The method (300) of claim 8, further comprising:

depositing a layer of additive powder over the dix®mponent assembly
using a powder dispensing assembly (360); and

selectively irradiating the layer of additive powde fuse the layer of additive

powder onto the repair surface of each of the ptyraf components (370).

10.  The method (300) of claim 1, wherein the pltyaf components

comprise at least one airfoil of a gas turbine eagi

11.  The method (300) of claim 1, wherein the repaiface is a blade tip

of a high pressure compressor blade of a gas widngine.
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12.  Atooling assembly (200) for fixing a relatipesition of a plurality of
components (70), the tooling assembly (200) conmgis

an alignment plate (202) for receiving the pluyatit components (70) such
that a repair surface (72) of each of the pluralitgomponents (70) contacts the
alignment plate (202);

a plurality of walls (220) surrounding the alignneiate (202) to define a
reservoir (222); and

a fill assembly (210) for dispensing a fill maté212) into the reservoir
(222), the fill material (212) fixing a relative gition of the plurality of components
(70) when solidified.

13. The tooling assembly (200) of claim 12, whetéim plurality of
components (70) are positioned such that the repaiace (72) of each of the

plurality of components (70) is face down on thgrahent plate (202).

14. The tooling assembly (200) of claim 12, whetéi plurality of
components (70) are positioned such that the repaiace (72) of each of the
plurality of components (70) is face up toward &drm surface of the alignment plate
(202).

15.  The tooling assembly (200) of claim 14, furtbemprising:

one or more biasing members (262) for urging ed¢heoplurality of
components (70) upward to ensure contact betweserepair surface (72) of each of
the plurality of components (70) and the alignmaate (202).
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