WORKPIECE-ASSEMBLY AND ADDITIVE MANUFACTURING SYSTBMS
AND METHODS OF ADDITIVELY PRINTING ON WORKPIECES

FIELD
[0001] The present disclosure generally pertains to wexdgyiassemblies for
additively printing on workpieces and additive miawiuring systems and methods of
additively printing on workpieces, including worlepge-assemblies configured to
position and hold a plurality of workpieces at ancoon build plane for additively

printing on the workpieces.

BACKGROUND
[0002] According to the present disclosure, it would bsitddle to utilize an
additive manufacturing machine or system to adeliyiyprint onto pre-exiting
workpieces, including additively printing onto aiplity of pre-existing workpieces
as part of a single build. When additively prigtionto such workpieces, it would be
desirable for additive manufacturing machines,syst and methods to additively
print onto pre-existing workpieces with sufficigarecision and accuracy so as to
provide near net shape components. Accordingéretbxists a need for improved
additive manufacturing machines and systems, artdads of additively printing on
workpieces.
[0003] The workpieces contemplated by the present discasclude originally
fabricated workpieces, as well as workpieces irngertd be repaired, rebuilt,
upgraded, and so forth, such as machine or devitgonents that may experience
damage, wear, and/or degradation throughout teence life. It would be desirable
to additively print on workpieces such as machindavice components so as to
repair, rebuild, or upgrade such components. lild/also be desirable to additively
print on workpieces so as to produce new comporsmis as components that may
exhibit an enhanced performance or service life.
[0004] One example of a machine or device component ieslaadh air foil, such
as a compressor blade or a turbine blade usetlilbamachine. These air foils
frequently experience damage, wear, and/or degosdiroughout their service life.

For example, serviced air foils, such as comprésisales of a gas turbine engine



show erosion, defects, and/or cracks after long tese. Specifically, for example,
such blades are subject to significant high steeasd temperatures which inevitably
cause blades to wear over time, particularly neatip of the blade. For example,
blade tips are susceptible to wear or damage fratioih or rubbing between the
blade tips and turbomachine shrouds, from chendiegiadation or oxidation from
hot gasses, from fatigue caused by cyclic loadmijunloading, from diffusion creep
of crystalline lattices, and so forth.

[0005] Notably, worn or damaged blades may result in nmecfailure or
performance degradation if not corrected. Spalficsuch blades may cause a
turbomachine to exhibit reduced operating efficieas gaps between blade tips and
turbomachine shrouds may allow gasses to leak ghrthe turbomachine stages
without being converted to mechanical energy. Wéféniency drops below
specified levels, the turbomachine is typically oe%d from service for overhaul and
repair. Moreover, weakened blades may result ipdete fractures and catastrophic
failure of the engine.

[0006] As aresult, compressor blades for a turbomachméyaically the target
of frequent inspections, repairs, or replacemelitis typically expensive to replace
such blades altogether, however, some can be eelpfair extended lifetime at
relatively low cost (as compared to replacement wittirely new blades).
Nevertheless, traditional repair processes teite t@abor intensive and time
consuming.

[0007] For example, a traditional repair process usesldingécladding

technigue whereby repair material may be suppbesiepair surface in either
powder or wire form, and the repair material mayr®dted and bonded to the repair
surface using a focused power source such asraéabeam, plasma arc, or the like.
However, blades repaired with such a welding/clagdechnique also undergo
tedious post-processing to achieve the target gegraed surface finish.
Specifically, due to the bulky feature size of Wnelding/cladding repair material
bonded to the repair surface, the repaired blagtpsine heavy machining to remove
extra material followed by polishing to achieveagget surface finish. Notably, such
machining and polishing processes are performea single blade at a time, are labor
intensive and tedious, and result in large ovéahlbr costs for a single repair.



[0008]  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 thaiothders deform and deposit on
the base component. However, none of these DEBadstare suitable for batch
processing or for repairing a large number of congnds in a time-efficient manner,
thus providing little or no business value.

[0009]  Accordingly, there exists a need for improved appeses, systems, and
methods for additively manufacturing near net shapaponents that include an
extension segment additively printed on a workpieududing apparatuses, systems,

and methods of repairing workpieces such as comsprdégades and turbine blades.

BRIEF DESCRIPTION
[0010] Aspects and advantages will be set forth in patténfollowing
description, or may be obvious from the descriptmmmay be learned through
practicing the presently disclosed subject matter.
[0011] In one aspect, the present disclosure embracegwecscassemblies
configured to align a plurality of workpieces walbuild plane. An exemplary
workpiece assembly may include a build plate tlzest do plurality of workpiece docks,
a plurality of workpiece shoes that have a slofigoined to receive a portion of one
or more workpieces respectively inserted or ingdetanto the plurality of workpiece
docks, a plurality of biasing members respectiagtiyated or situatable between the
build plate and the plurality of workpiece shoessdo exert a biasing force upon the
workpiece shoes, and one or more clamping mechargsampled or couplable to the
build plate and operable to secure the pluralitwofkpiece shoes within the
respective workpiece docks.
[0012] In another aspect, the present disclosure embsystsms for aligning a
plurality of workpiece with a build plane. An explary system may include an
alignment plate, one or more elevating blocks, amibrkpiece-assembly. The
workpiece-assembly may include a build plate tlzet 4 plurality of workpiece docks,
a plurality of workpiece shoes that have a sloffigoimed to receive a portion of one
or more workpieces respectively inserted or ingdetanto the plurality of workpiece
docks, a plurality of biasing members respectistiyated or situatable between the



build plate and the plurality of workpiece shoessdo exert a biasing force upon the
workpiece shoes, and one or more clamping mecharisupled or couplable to the
build plate and operable to secure the pluralitwofkpiece shoes within the
respective workpiece docks.

[0013] In yet another aspect, the present disclosure erabraethods of aligning
a plurality of workpieces. An exemplary method nragiude placing an alignment
plate on top of one or more elevating blocks seédatdjacent to a plurality of
workpieces loaded into respective workpiece dodkshuuild plate, and pushing the
plurality of workpieces against the alignment plaseng biasing members
respectively situated between the build plate &edpturality of workpieces such that
respective workpiece-interfaces of the workpiedgmavith one another when in
contact with the alignment plate.

[0014]  Further, another aspect of the present disclosutegaces methods of
additively printing on a plurality of workpiece#&\n exemplary method may include
mounting a plurality of workpieces in a workpieces@mbly, and additively printing
on the workpieces, such as on the workpiece-integfaf the workpieces.

[0015] These and other features, aspects and advantaljpsaame better
understood with reference to the following desaipand appended claims. The
accompanying drawings, which are incorporated oh@mstitute a part of this
specification, illustrate exemplary embodiments,dadether with the description,

serve to explain certain principles of the preseditclosed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] A full and enabling disclosure, including the beside thereof, directed to
one of ordinary skill in the art, is set forth letspecification, which makes reference
to the appended Figures, in which:
[0017] FIG. 1. schematically depicts a cross-sectioraof an exemplary
additive manufacturing system;
[0018] FIGs. 2A and 2B respectively show a plurality ofrimeces misaligned
with a build plane and a recoater consequentlinfailo successfully apply a uniform

layer of powder across the build plane;



[0019] FIGs. 3A and 3B respectively show a plurality ofrimeces aligned with
a build plane and a recoater successfully applgingiform layer of powder across
the build plane;

[0020] FIG. 4 shows an exemplary workpiece alignment systeluding an
exemplary workpiece-assembly with a plurality ofrimeces mounted therein with
the top of the workpieces aligned with one another;

[0021] FIGs. 5A and 5B respectively show perspective viefns workpiece and
of a workpiece shoe holding a workpiece;

[0022] FIG. 5C shows a perspective view of build platehvein enlarged view of
an exemplary workpiece dock and an enlarged viethefvorkpiece shoe of FIG. 5B
inserted into a workpiece dock while holding a woeke;

[0023] FIG. 6A shows a perspective view of an exemplarykpiece-assembly
positioned on a baseplate and a plurality of elagdilocks positioned adjacent to the
workpiece-assembly;

[0024] FIG. 6B shows a perspective view of an exemplagnatent plate
positioned above the workpiece-assembly of FIG. 6A;

[0025] FIGs. 6C and 6D schematically show aligning a pityraf workpieces
with a build plane according to one embodiment wioakpiece-assembly;

[0026] FIGs. 6E and 6F schematically show aligning a pilyraf workpieces
with a build plane according to another embodinuérat workpiece-assembly;
[0027] FIG. 7 is a flowchart depicting an exemplary metbbdounting one or
more workpieces in a workpiece-assembly; and

[0028] FIG. 8 is a flowchart depicting an exemplary metbbddditively printing
on a plurality of workpieces.

[0029] Repeat use of reference characters in the pregedifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present disclosure.

DETAILED DESCRIPTION
[0030] Reference now will be made in detail to exemplanpediments of the
presently disclosed subject matter, one or morenpies of which are illustrated in

the drawings. Each example is provided by wayxpfanation and should not be



interpreted as limiting the present disclosurefalrt, it will be apparent to those
skilled in the art that various modifications aratiations can be made in the present
disclosure without departing from the scope orispfrthe present disclosure. For
instance, features illustrated or described asgfame embodiment can be used with
another embodiment to yield a still further emboelima Thus, it is intended that the
present disclosure covers such modifications andti@ns as come within the scope
of the appended claims and their equivalents.

[0031] It is understood that terms such as “top”, “bottofoutward”, “inward”,
and the like are words of convenience and arembétconstrued as limiting terms.
As used herein, the terms “first”, “second”, anklifd” may be used interchangeably
to distinguish one component from another and atentended to signify location or
importance of the individual components. The tefaisand “an” do not denote a
limitation of quantity, but rather denote the preseof at least one of the referenced
item.

[0032] Here and throughout the specification and claigsge limitations are
combined and interchanged, and such ranges artfielé@and include all the sub-
ranges contained therein unless context or langimaljeates otherwise. For example,
all ranges disclosed herein are inclusive of tha#pemts, and the endpoints are
independently combinable with each other.

[0033]  Approximating language, as used herein throughwuspecification and
claims, is applied to modify any quantitative reggetation that could permissibly
vary without resulting in a change in the basicction to which it is related.
Accordingly, a value modified by a term or terms;ls as “about”, “approximately”,
and “substantially”, are not to be limited to thegse value specified. In at least
some instances, the approximating language magsgmond to the precision of an
instrument for measuring the value, or the prenisibthe methods or machines for
constructing or manufacturing the components arsi/stems.

[0034]  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 matufiag 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.

[0035] As used herein, the term “near net shape” refeantadditively printed
feature that has an as-printed shape that is Vesg ¢o the final “net” shape. A near
net shape component may undergo surface finishioly as polishing, buffing, and
the like, but does not require heaving machiningsto achieve a final “net” shape.
By way of example, a near net shape may differ feofimal net shape by about 1,500
microns or less, such as about 1,000 um or lesh,asabout 500 um or less, or such
as about 100 um or less or such as about 50 pes®ot such as about 25 um or less.
[0036]  Although additive manufacturing technology is déssd herein as
enabling fabrication of complex objects by buildwigjects 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 mantifeing technology. For
example, embodiments of the present invention nsaylayer-additive processes,
layer-subtractive processes, or hybrid processes.

[0037] Suitable additive manufacturing techniques in edaoce with the present
disclosure include, for example, Fused Depositimd®ling (FDM), Selective Laser
Sintering (SLS), 3D printing such as by inkjets #mkrjets, 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), Seliee Laser Melting (SLM),
Direct Metal Laser Melting (DMLM), and other knovpnocesses.

[0038] In addition to using a direct metal laser sinteiByILS) 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 manufactupirigcess 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 tdigelg 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. Otheratlé additive manufacturing
methods and variants are intended to be withirstiope of the present subject matter.
[0039] 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 manufactaemedponents 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, aluminuoyslliron, 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 addihanufacturing processes
described herein and may be generally referred tadditive materials.”

[0040] In addition, one skilled in the art will apprecidbat 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 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 pracigddthose methods.

[0041] In addition, the additive manufacturing procesgldsed herein allows a

single component to be formed from multiple matsri@hus, the components



described herein may be formed from any suitabléures 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, componiatg be constructed which have
different materials and material properties for timgethe demands of any particular
application. In addition, although the componemsatibed herein are constructed
entirely by additive manufacturing processes, audth be appreciated that in alternate
embodiments, all or a portion of these componeratg lbe formed via casting,
machining, and/or any other suitable manufactupiragess. Indeed, any suitable
combination of materials and manufacturing methuody be used to form these
components.

[0042] An exemplary additive manufacturing process wilvime 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 modepatotype of the component may be
scanned to determine the three-dimensional infoomaif the component. As another
example, a model of the component may be consttwding a suitable computer
aided design (CAD) program to define the three-disnenal design model of the
component.

[0043] The design model may include 3D numeric coordinatéke entire
configuration of the component including both ertdrand 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., vertaoad) 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 componentdas thuilt-up” slice-by-slice, or
layer-by-layer, until finished.

[0044] In this manner, the components described hereinbradgbricated 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 ofitaddmanufacturing process may
use an energy beam, for example, an electron beatearomagnetic radiation such
as a laser beam, to sinter or melt a powder matémg suitable laser and laser
parameters may be used, including consideratiotisrespect to power, laser beam
spot size, and scanning velocity. The build makteniay be formed by any suitable
powder or material selected for enhanced stremgitability, and useful life,
particularly at high temperatures.

[0045]  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 alternatmbagiments. Therefore, utilizing

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

[0046] In addition, utilizing an additive process, thefaae finish and features of
the components may vary as need depending on ghieatpon. For example, the
surface finish may be adjusted (e.g., made smoeotheugher) by selecting
appropriate laser scan parameters (e.g., laserrpsean speed, laser focal spot size,
etc.) during the additive process, especially angbriphery of a cross-sectional layer
which corresponds to the part surface. For exanapleugher finish may be achieved
by increasing laser scan speed or decreasingzé@tthe melt pool formed, and a
smoother finish may be achieved by decreasing kser 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.

[0047]  After fabrication of the component is complete,ioas post-processing
procedures may be applied to the component. Fanpbea post processing
procedures may include removal of excess powdefobgxample, blowing or
vacuuming. Other post processing procedures mayda@ stress relief process.
Additionally, thermal, mechanical, and/or chemigaét processing procedures can be
used to finish the part to achieve a desired sthersgirface finish, and other

component properties or features.
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[0048] 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 vasioamponents and the method of
additively manufacturing such components. Whileghesent disclosure is not
limited to the use of additive manufacturing tonfiothese components generally,
additive manufacturing does provide a variety ohofacturing advantages, including
ease of manufacturing, reduced cost, greater aoget.

[0049]  Also, the additive manufacturing methods descrifi@olve enable much
more complex and intricate shapes and contoutseof@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 suett thfferent portions of the
component may exhibit different performance chanastics. The successive,
additive nature of the manufacturing process esdble construction of these novel
features. As a result, components formed usingriéthods described herein may
exhibit improved performance and reliability.

[0050] The present disclosure generally provides additie@ufacturing
machines, systems, and methods configured to aelifprint on pre-existing
workpieces. The pre-existing workpieces may inelndw workpieces as well as
workpieces being repaired, rebuilt, or upgradedorie aspect, workpiece-assemblies
are provided that may be configured to hold a piyraf workpieces with a
workpiece-interface such as a top portion of thekweces respectively aligned with
one another. The presently disclosed workpieceralsbes may include biasing
members that self-align the workpiece-interfaceg. (¢éhe top portions) of the
workpieces with a build plane. The workpiece-adders, systems, and methods
described herein allow for additively printing dretworkpiece-interfaces of a
plurality of workpieces simultaneously or concuthgias part of the same build.
Among other advantages, such workpiece-assembhagspnovide for improved
productivity and reduced labor and time consumedniebuilding workpieces.
Additionally, with the workpiece-interfaces of wgikces aligned with one another,

11



recoater failures may be minimized or eliminatéeéréby reducing or eliminating the
tendency for recoater failures when rebuilding ipldtworkpieces concurrently or
simultaneously.

[0051] Exemplary embodiments of the present disclosurenailv be described in
further detail. FIG. 1 shows an exemplary addith@nufacturing system 100. The
exemplary additive manufacturing system 100 majuge a powder bed fusion
(PBF) system, such as a direct metal laser melbMgLM) system, an electron beam
melting (EBM) system, a selective laser meltingBlsystem, a directed metal laser
sintering (DMLS) system, or a selective laser sintg(SLS) system. The additive
manufacturing system 100 may be utilized to adeligiyprint on workpieces in a
layer-by-layer manner by melting or fusing sequedritiyers of a powder material to
one another. An exemplary additive manufacturygjesm 100 includes a powder
supply chamber 102 that contains a supply of pow6ér and a build chamber 106.
A workpiece-assembly 108 including a build plat® tiay be positioned in the build
chamber 106, where the one or more workpieces ddied to the build plate 110 of
the workpiece-assembly 108 may be additively reéluih layer-by-layer manner.
The one or more workpieces 112 may be securecetbutd plate 110 with a
workpiece-interface (e.g. a top surface) 114 ofrdspective workpieces 112 aligned
to a build plane 116. The powder supply chamberiafludes a powder piston 118
which elevates a powder floor 120 during operatibthe system 100. As the powder
floor 120 elevates, a portion of the powder 10#ised out of the powder supply
chamber 102.

[0052]  Arecoater 122 such as a roller or a blade pustree &f the powder 104
across a work surface 124 and onto a build platft2é The build plate 110 may be
secured to the build platform 126 with a chuck eysfi28 in a manner configured to
position the build plate 110 on the build platfot@6 and/or within the build chamber
106 with sufficiently high accuracy and precisiofhe workpieces 112 may be
secured to the build plate 110 prior to securirgylibild plate 110 to the build
platform 126. The recoater 122 fills the build eter 106 with powder 104 and then
sequentially distributes thin layers of powder Ha#oss the build plane 116 and
across the workpiece-interfaces (e.g., the tomsad) 114 of the workpieces 112 to
additively print sequential layers on the workpieaterfaces 114 of the workpieces
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112. For example, the thin layers of powder 104 beabout 10 to 100 micrometers
thick, such as about 20 to g8 thick, such as about 40 to gt thick, or such as
about 20 to 5@m thick, or such as about 10 to 3® thick. With the workpiece-
interfaces 114 aligned to the build plane 116 n@rface between the build plane 116
and the workpiece-interfaces 114 may represerdrgeptorresponding to a next layer
of powder 104 to be additively printed on the waeke-interfaces 114 of the
workpieces 112.

[0053] To additively print a layer on the workpiece-intarés 114 of the
workpieces 112, an energy source 130 directs amggiheam 132 such as a laser or
an electron beam onto the thin layer of powderdl@ag the build plane 116 to melt
or fuse the powder 104 to the workpiece-interfacks of the workpieces 112. A
scanner 134 controls the path of the beam so melioor fuse only the portions of the
powder 104 layer that are to become melted or ftsdlce workpieces 112.

Typically, with a DMLM, EBM, or SLM system, the paler 104 is fully melted, with
respective layers being melted or re-melted wiipeetive passes of the energy beam
132. Conversely, with DMLS, or SLS systems, laysrgpowder 104 are sintered,
fusing particles of powder 104 with one anotheregalty without reaching the
melting point of the powder 104. After a layerpaiwder 104 is melted or fused to
the workpieces 112, a build piston 136 graduahydis the build platform 126 by an
increment, defining a next build plane 116 for atrayer of powder 104 and the
recoater 122 to distributes the next layer of pawld& across the build plane 116.
Sequential layers of powder 104 may be melted seduo the workpieces 112 in this
manner until the additive printing process is castel

[0054]  Generally, the productivity of a rebuilding procesay be enhanced by
rebuilding multiple workpieces 112 concurrentlyowever, as shown in FIGs. 2A
and 2B, misalignment of workpieces 112 from thddpiane 116 may introduce
additive printing failures. FIG. 2A shows a plutybf workpieces 112, including a
first workpiece 200 situated in alignment with theld plane 116, a second
workpiece 202 situated below the build plane 116, @athird workpiece 204 situated
above the build plane 116. When the recoater 1stfiltlites powder 104 across the
build plane 116 at the beginning of a rebuild pesgéhe first workpiece 200 would
generally be expected to receive an appropriabétk tayer of powder 104 across the
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top portion thereof. By contrast, the second wa&e 202 and the third workpiece
204 illustrate misalignments from the build plardi® ivhich may likely cause rebuild
failures. For example, the second workpiece 20 exaibit rebuild failures
attributable to an overly thick layer 206 of powdé#, such as insufficient bonding
of the powder 104 layer to the second workpiece 282ch insufficient bonding may
be caused by incomplete melting of the powder IGémlayer of the second
workpiece 202, as well as voids formed from gassggped within the layer that with
adequate melting generally would be eliminated.aAsther example, the third
workpiece 204 may exhibit rebuild failures attridlolie to the surface 208 of the third
workpiece 204 protruding above the build plane ELgh the recoater 122 skipping
over the protruding surface 208 or the recoaterja2ining as being unable to move
past the protruding surface 208.

[0055] In some embodiments, mis-alignments between th&piere-interfaces
114 of workpieces 112 may cause additive printaityfes. Even if a mis-aligned
workpiece does not cause a total printing failwehsas jamming the recoater 122,
the misalignment may cause variations in meltimgethsional inaccuracy,
microhardness, tensile properties, and/or matdaastity. These variations may
propagate as sequential layers are added to tHeoigoes 112. Additionally,
components formed by additively printing on worlgas 112 with such variations
may fail during operation if returned to servicetgntially causing damage to other
equipment including catastrophic failures. Forregke, if a rebuilt compressor blade
or turbine blade fails, the failure may damage offwetions of the turbomachine
potentially rendering the turbomachine immediatebperable.

[0056] However, as shown in FIGs. 3A and 3B, the presiatakure provides a
workpiece-assembly 108 configured to align the \pa&e-interfaces 114 (e.g., the
top portions) of a plurality of workpieces 112 walbuild plane 116. Such
workpiece-interface 114 may include a surfaceaa|a tip, or the like generally
corresponding to the highest or tallest portiothefworkpiece 112 when loaded into
the workpiece-assembly 108. With the workpieceriiaices 114 aligned, a plurality
of components may be additively manufactured bytaedtly printing on the
workpiece-interfaces 114 of a plurality of workpescl12, while assuring that the
recoater 122 may apply uniformly thin layers of pew104 across each of the
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workpieces 112. In some embodiments, the presdrtyosed workpiece alignment
systems 400 and workpiece-assemblies 108 may lableapf aligning a plurality of
workpiece-interfaces 114 to a build plane 116 withitolerance of 100 micrometers
or less, such as §0n or less, such as @n or less, such as 40n or less, such as 20
um or less, or such as 1én or less.

[0057] FIG. 4 shows an exemplary workpiece alignment syst@0. The system
includes a workpiece-assembly 108, an alignmené @lé2, and one or more
elevating blocks 404. In some embodiments, tlgnalent plate 402 and the one or
more elevating blocks 404 may be separate compsnétiternatively, the alignment
plate 402 and the one or more elevating blocksmMay define portions of as a single,
integral component. For example, the alignmentepl®2 and the one or more
elevating blocks 404 may be formed as a singlenkss component, or the
alignment plate 402 and the one or more elevatiogks 404 may be coupled to one
another such as via fasteners, welds, or the like.

[0058] The workpiece-assembly 108 may hold any numberarkpieces 112.

For example, as shown, a workpiece-assembly 108holalyup to 20 workpieces
112. As another example, a workpiece-assemblyri®gbe configured to hold from
2 to 100 workpieces 112, or more, such as fromZ0tavorkpieces 112, such as from
10 to 20 workpieces 112, such as from 20 to 60 piedes 112, such as from 25 to
75 workpieces 112, such as from 40 to 50 workpi@d&s such as from 50 to 100
workpieces 112, such as from 5 to 75 workpieces 4déh as from 75 to 100
workpieces 112, such as at least 2 workpiecessiid, as at least 10 workpieces 112,
such as at least 20 workpieces 112, such as adleagorkpieces 112, such as at least
60 workpieces 112, or such as at least 80 workpi2t2.

[0059] In some embodiments, for example, when the worlgsidd 2 are
compressor blades or turbine blades of a turbomachhie workpiece-assembly 108
may be configured to hold a number of blades thatesponds to the number of
blades in one or more stages of the compressooiatulbine, as applicable. In this
way, all of the blades of a given one or more stagjea turbine and/or compressor
may be kept together for additive printing in omegke build. It will be appreciated
that the workpiece-assembly 108 and the build datereflect one exemplary

embodiment, which is provided by way of example aatlto be limiting. Various

15



other embodiments of a workpiece-assembly 108 amditd plate 110 are
contemplated which may also allow for the workpget&?2 to be secured with
suitable positioning and alignment, all of whicle arithin the spirit and scope of the
present disclosure.

[0060] The alignment plate 402 and the one or more eleydtiocks 404 are used
to align the plurality of workpieces 112 in the piece-assembly 108 to a build
plane 116. Optionally, the workpiece alignmentays400 may include a base plate
406. Alternatively, in some embodiments the bdaeepl06 shown in FIG. 4 may
represent a build platform 126 of an additive mantufring system 100. The
workpiece-assembly 108 includes a build plate 1B ane or more workpiece bays
408 disposed therein. Each of the one or more pweck bays 408 may include one
or more workpiece docks 410. In some embodiméimspne or more elevating
blocks 404 may be an integral part of the buildglEL0. For example, the build
plate 110 and the one or more elevating blocksmMay define portions of as a single,
integral component. For example, the build pldi@ and the one or more elevating
blocks 404 may be formed as a single, seamlessmuenp, or the build plate 110 and
the one or more elevating blocks 404 may be coupl@he another such as via
fasteners, welds, or the like. Alternatively, tree or more elevating blocks 404 may
be a separate component of the workpiece alignsystém 400. In some
embodiments, the one or more workpiece bays 408addiionally include one or
more clamping mechanisms 412 which operate to semg or more workpieces 112
to the build plate 110. The one or more workpidoeks 410 may be configured to
receive a workpiece shoe 414, which workpiece glidemay be configured to
receive a workpiece 112. The one or more clampiaghanisms 412 may be
configured to clamp the workpiece shoes 414 intmoswithin the corresponding
workpiece docks 410.

[0061] As shown in FIG. 4, two elevating blocks 404 arevpted. However, it
will be appreciated that one or more elevating kéo#04 may be provided, and that
the elevating blocks 404 may be configured in aggirdd manner so as to position an
alignment plate 402 at a suitable position so adigm the plurality of workpieces

112 in the workpiece-assembly 108 to a build plab@, all of which are within the
spirit and scope of the present disclosure. Ashmmexample, an elevating block 404
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may take the form of a ring, such as a rectanguigr that surrounds the workpieces.
As yet another example, the base plate 406 andrth®r more elevating blocks 404
may define portions of as a single, integral congmin For example, the base plate
406 and the one or more elevating blocks 404 mdgimeed as a single, seamless
component, or the base plate 406 and the one ar etevating blocks 404 may be
coupled to one another such as via fasteners, waidse like.

[0062] Now referring to FIGs. 5A and 5B, further aspedtsmounting of one or
more workpieces 112 in a workpiece-assembly 10Bb&ildescribed. In an
exemplary embodiment, to mount one or more worlgsekl 2 in a workpiece-
assembly 108, each of one or more workpieces 12 §A) may be coupled to a
workpiece shoe 414 (FIG. 5B). The workpiece shbémay have a size and shape
complementary to a workpiece dock 410 and/or a piede bay 408 of the build
plate 110. The workpiece block 414 may includeas06 configured to securely
hold a workpiece 112 and allow the workpiece t@aligned to a build plane 116. The
slot 506 may have any desired shape complememtaypobrtion of the workpiece
112. A workpiece 112 may slidably engage and lot&rwith the slot 506, providing
a sufficiently snug fit minimizing or preventingghvorkpiece 112 from moving or
wiggling relative to the workpiece shoe 414 ottt from the sliding insertion or
removal. The workpiece 112 may be laterally iresgihto or removed from the slot
506, such as in a Y-direction. However, it will &ya@preciated that a slot 506 may be
oriented vertically so as to allow the workpiec 14 be slidably inserted in a Z-
direction. In fact, any insertion angle may bewvied, all of which are within the
spirit and scope of the present disclosure. Inesembodiments, a set-screw (not
shown) may be provided through a recess 508 taa¢ica workpiece 112 within the
dovetail slot 506 of the workpiece shoe 414.

[0063] In an exemplary embodiment, the workpiece 112 melude an airfoil
such as a compressor blade 500. The compresstw B0® may have a conventional
dovetail 502, which may have any suitable formudahg laterally opposed tangs 504
that engage a complementary dovetail slot in a gk of a turbomachine for
radially retaining the compressor blade 500 todis& as it rotates during operation.
While a compressor blade 500 is shown in the exam@mbodiment, it will be
appreciated that the present disclosure also emb@ber airfoils that may be
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utilized in a turbomachine, including turbine bladas well as any other workpiece
112 that may be additively rebuilt, all of whickeawithin the spirit and scope of the
present disclosure. As shown in FIG. 5B, an examphorkpiece shoe 414 may
include a dovetail slot 506 complementary to theetial 502 and/or tangs 504 of the
compressor blade 500. The dovetail 502 of the cesgor blade 500 may be laterally
inserted into or removed from the dovetail slot, 5é&h as in a Y-direction. The
dovetail 502 and the dovetail slot 506 may slidadslgage and interlock with one
another, providing a sufficiently snug fit mininmg or preventing the compressor
blade 500 from moving or wiggling relative to thenkpiece shoe 414 other than
from the sliding insertion or removal.

[0064] A workpiece shoe 414 may include any number o606, and a given
slot 506 may be of any desired length, so as td &l number of workpieces 112.
The exemplary workpiece shoe 414 shown in FIG. &Bdslot 506 with a length
sufficient to hold a single workpiece 112, but itllwe appreciated that a workpiece
shoe 414 may also be configured with additionaksi®6 and/or longer slots 506 so
as to hold a plurality of workpieces 112. Howewemrxemplary embodiments
generally it may be desirable for each individuarkpiece 112 to be inserted in a
separate workpiece shoe 414 so as to allow eachdodl workpiece 112 to be
separately alignable to a build plane 116. Whitempressor blade 500 is shown as
an exemplary workpiece 112, it will be appreciateat the presently disclosed 400
workpiece alignment system 400 and/or workpiecerabsy 108 may be configured
for use with any other workpiece 112. In fact, mwaus other workpieces 112 are
contemplated, all of which are within the spiritdastope of the present disclosure.
[0065] As shown in FIG. 5B, the workpiece shoe 414 inctuaelovetail slot 506
that engages and interlocks with a dovetail 502 cdmpressor blade 500. It will be
appreciated that a workpiece shoe 414 may similadiyde a dovetail slot 506 that
engages and interlocks with a dovetail 502 portibather workpieces 112.
Alternatively, a workpiece shoe 414 may include ather complementary slot,
recess, groove, or the like corresponding to aifeatf any such other workpiece 112
such that the feature engages and interlocks wiwborkpiece shoe 414.
Additionally, or the alternative, a workpiece shdel may include one or more set
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screws, clamps, or the like configured to secumdikpiece 112 to the workpiece
shoe 414.

[0066] Exemplary workpiece shoes 414 have a shape comptamgdo a
workpiece dock 410 in a build plate 110 of a woddga-assembly 108. FIG. 5C
shows an enlarged view V1 of an exemplary workpgkek 410 and an enlarged
view V2 of the workpiece shoe 414 of FIG. 5B inedrinto a workpiece dock 410
while holding a workpiece 112. As shown in theaegéd view V1, a workpiece dock
410 includes a recess in the build plate 110 haaipgrimeter defined in part by a
plurality of lateral walls 510. The perimeter bétlateral walls 510 defining the
workpiece dock 410 corresponds to at least a podidhe perimeter of one or more
workpiece shoes 414, such that the one or morepigr& shoes 414 may fit within
the workpiece dock 410. A workpiece shoe 414 ntidglsly engage with workpiece
dock 410. For example, the workpiece shoe 414ide sertically (e.g., along a Z-
axis), while minimizing or preventing lateral movem (e.g., along the X-axis and/or
Y-axis).

[0067] In some embodiments, a workpiece shoe 414 maydedudovetail key
512 (FIG. 5B), and the workpiece dock 410 may idela docking-dovetail slot 514
complementary to the dovetail key 512 of the woekpishoe 414. The dovetail key
512 of the workpiece shoe 414 may slidably engaglraterlock with the docking-
dovetail slot 514 of the workpiece dock 410. Faaraple, the workpiece shoe 414
may be inserted vertically (e.g., along the Z-aiif) a complementary docking-
dovetail slot 514 of a workpiece dock 410. Howevtewill be appreciated that a
dovetail key 512 of a workpiece shoe 414 and cpmeding docking-dovetail slot
514 may be oriented horizontally so as to allowwoekpiece shoe 414 to be slidably
inserted laterally into the workpiece dock 410.yAmsertion angle may be provided,
all of which are within the spirit and scope of firesent disclosure. The docking-
dovetail slot 514 of the workpiece dock 410 snugglgages and interlocks with the
dovetail key 512 of the workpiece shoe 414, miningzor preventing the workpiece
shoe 414 from moving or wiggling relative to therymece dock 410 apart from
movement in the vertical direction.

[0068] The workpiece dock 410 and/or the workpiece shakeiddlude one or
more biasing members 516 which exert a biasingef@eay., an upward or vertical
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biasing force) between the workpiece shoe 414 la@dbuild plate 110 such as the
bottom of the workpiece dock 410. The biasing merstb16 may include one or
more springs, one or more magnet pairs (e.g. pegntanagnets or electromagnets),
one or more piezoelectric actuator, or the likerapke to exert such a biasing force.
The biasing force exerted by the biasing membexrsdsi 516 on the workpiece shoe
414 so as to allow the workpiece-interface 11efworkpiece 112 to be aligned
with the alignment plate 402. The biasing memBd& may also include one or
more pistons, lever arms, or other linkages coméduo translate and/or amplify the
biasing motion thereof. In some embodiments, amaare biasing members 516
may be located outside of the workpiece dock 4Xaroutside of the workpiece
bay 408, and a translation and/or amplificatiom&at may interact with the
workpiece shoe 414 so as to exert a biasing fogb@den the workpiece shoe 414
and the build plate 110. Additionally, or altelimaty, biasing members 516 may be
coupled to the build plate 110 (e.g., at a bottanfiese of the workpiece docks 410)
and/or to the workpiece shoes 414.

[0069] As shown in FIG. 5B, a workpiece shoe 414 may aunttadly or
alternatively include a first biasing recess 518fgured to receive a portion of the
biasing member 516. Additionally, or in the altsime, as shown in the enlarged
view V1 of FIG. 5C, a second biasing recess 520 bealpcated at a bottom surface
of a workpiece dock 410 so as to receive a podidhe biasing member 516. A
biasing member 516 may be secured within the lfiesting recess 518 and/or the
second biasing recess 520, for example, with anference fit, such as a press fit, a
friction fit, a snap-fit, or the like. In some eothments, a first portion of a biasing
member 516 may be situated or secured within teelfiasing recesses 518 of a
workpiece shoe 414, and a second portion of th@riganember may be situated
within the second biasing recess 520 of a workpikek 410. A workpiece shoe 414
may be generally secured to the build plate 118rbinterference fit between
respective ends of one or members 516 and theafidssecond biasing recesses 518,
520. Alternatively, a workpiece shoe 414 may k&lgaemovable from a workpiece
dock 410. For example, when a biasing recess®ABprovides a relatively loose

interference fit.
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[0070] In some embodiments, a plurality of workpieces &/ be coupled to a
corresponding plurality of workpiece shoes 414, tnedworkpiece shoes 414 may be
inserted into a corresponding plurality of workmetocks 410. Alternatively, when
the workpiece shoes 414 are secured to the buate pll0, a workpiece 112 may still
be coupled to a workpiece shoe 414 without remothiegvorkpiece shoe 414 from
the build plate 110. For example, as shown iretilarged view V2 of FIG. 5C, the
biasing members 516 may be fit within correspondiiaging recesses 518, 520 so as
to position the workpiece shoes 414 at a vertioaltpn that leaves the dovetail slot
506 of the workpiece shoe 414 accessible, suchatbavetail 502 of a workpiece 112
may be inserted laterally into the dovetail sloé 80 the workpiece shoe 414 as
indicated by arrow 522.

[0071]  Still referring to FIG. 5C, in some embodimentgugd plate 110 may
include one or more clamping mechanisms 412. Aplag mechanism 412 may
movably engage with one or more workpiece shoesrEetted within corresponding
workpiece docks 410, exerting a clamping force ughenone or more workpiece
shoes 414 so as to lock the one or more workpiesess414 in position within the
respective workpiece docks 410. In some embodisnantlamping force exerted
upon a workpiece shoe 414 by a clamping mechanigm#ay translate at least in
part to a workpiece 112 within the workpiece shbé,4hereby securing the
workpiece 112 in position within the workpiece skdd. Additionally, or in the
alternative, a workpiece 112 may be secured intipasivithin the workpiece shoe
414 by a separate clamping mechanism, such assarsst (not shown) or other
movably engagable mechanism which may be accesfblexample, through a
recess 508 in the workpiece shoe 414.

[0072]  As shown in the enlarged view V2 of FIG. 5C, anregkary clamping
mechanism 412 may include one or more edge cla4ps Gther clamping
mechanisms 412 are also contemplated, all of wémielwithin the spirit and scope of
the present disclosure. An exemplary edge clardprxdudes a wedge segment 526
and one or more jaw segments 528, and a loadinganexn 530 such as a threaded
bolt or the like. The wedge segment 526 may ireladly wedge-type shape,
including a wedge, a pyramid, a cupola, a frustamhombohedron, and so forth.
The wedge segment 526 and the loading mechanisrm&8be separate components
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or part of one integrated component. In some erntents, an edge clamp 524 may
engage directly with a workpiece shoe 414. Altévedy, a clamping mechanism 412
may include one or more clamping rails 532 locditetiveen one or more edge
clamps 524 on one side and one or more workpieckesd#l0 on another. A
clamping rail 532 may be fixedly coupled to onenmre edge clamps 524.
Alternatively, or in addition, a clamping rail 582ay float freely between one or
more edge clamps 524 and one or more workpiecesdabi

[0073] Now turning to FIGs. 6A-6F, alignment of workpiede2 with an
alignment plate 402 will be described in furthetadle As mentioned, exemplary
workpiece alignment systems 400 include an alignmkate 402 and one or more
elevating blocks 404. A plurality of workpieces2lrhay be aligned with the
alignment plate 402 using one or more elevatingkdal04 to position the alignment
plate 402 at a suitable elevation above a builte@a0 holding the workpieces 112.
As shown in FIG. 6A, a plurality of workpiece sha@dst are situated within
respective workpiece docks 410 of a build plate, Wiith each workpiece shoe 414
holding a corresponding workpiece 112. A clampimechanism 412 may be in a
loosened position, such that the workpiece shodsifreely move downwards
and/or upwards, such as under downward force ekbsteéhe alignment plate 402
and/or by upwards force exerted by one or moreesponding biasing members 516
(FIG. 6C-6E).

[0074] The one or more elevating blocks 404 may be paosticadjacent to the
plurality of workpieces 112, such as adjacent &lhild plate 110, on top of the
build plate 110, adjacent to the base plate 406ndop of the base plate 406. The
one or more elevating blocks 404 have a heighthithvcorresponds to a desired
elevation of the alignment plate 402. When aligrtime workpieces 112 with the
alignment plate 402, the alignment plate 402 shbeldt such as height that a
workpiece-interface 114 (e.g., a top surface) aheaorkpiece 112 contacts the
alignment plate 402. Preferably, a bottom surfzsfdée alignment plate 402 partially
compresses the biasing member(s) 516 correspotalgach respective workpiece
112, such that a counteracting force of the p&yt@mpressed biasing member(s)
516 respectively align the workpiece-interface .(dlge top surface) 114 of the
respective workpiece 112 with the bottom surfacthefalignment plate 402.
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[0075]  The height, H of the one or more elevating blodB4 rhay be selected so
as to correspond to the elevation of the build @lah6. In some embodiments, the
height, H of the one or more elevating blocks 40d/ar the elevation of the build
plane 116 may be slightly less than the heighhefworkpieces 112 when situated in
the build plate 110. For example, the height, iy m@respond to slightly less than
the minimum height of the workpieces 112 when s#&dan the build plate 110. In
this way, the biasing member(s) 516 correspondirgpth respective workpiece 112
may be partially compressed when the alignmenepl@® is positioned on top of the
one or more elevating blocks 404. In some emboulishe variety of elevating
blocks 404 with different heights, H may be prodd® as to accommodate different
workpieces 112, or workpieces 112 that have diffesezes. Elevation blocks 404
that have an appropriate height, H may be selat#pdnding on the height of the
workpieces 112 situated in the build plate 110.

[0076] Once the alignment plate 402 has been positionexh@ppropriately-
sized one or more elevating blocks 404, the wodesiaterfaces 114 (e.g., the top
portions) of the workpieces 112 may self-alignite bottom surface of the alignment
plate 402 under force of the biasing members Sl& clamping mechanism 412
may be tightened while the alignment plate 402 iemsituated on the one or more
elevating blocks 404, thereby securing the worlgsetl?2 to the build plate 110 with
the workpiece-interfaces 114 of the workpieces dlighed with one another. As
shown in FIG. 6B, an alignment plate 402 may inelode or more passages 600 that
allow access to the loading mechanism 530 of theping mechanism 412. For
example, a passage 600 may be situated aboveiagaadchanism 530, and the
passage 600 may provide a pathway for a tool tagagvith the loading mechanism
530. The loading mechanism 530 may include al®dd and/or a socket such as a
hexagonal socked, a slotted socket, or the like aatool such as a socket wrench, a
hex-key, or other driver may be passed througlpéssage 600 so as to tighten or
loosen the loading mechanism 530. The alignmextepl02, the one or more
elevating blocks 404, the base plate 406, andébthid plate 110 include coupling
elements 602, such as holes configured to recénge Ipolts, or the like. Such

coupling elements 602 may be utilized to coupleréspective parts of a workpiece
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alignment system 400 together, such as for tranfetween workstations and so
forth.

[0077]  As shown in FIGs. 6C and 6D, in some embodimerg$tasing members
516 may include one or more springs 604, such apoEssion springs. As shown in
FIGs. 6E and 6F, in some embodiments the biasinglees 516 may include one or
more magnet pairs 606 with like charge facing amatlzer. The magnet pairs 606
may be permanent magnets or electromagnets. Regsuaf the type of biasing
member 516, with the alignment plate 402 situatethe one or more elevating
blocks 404, the biasing members 516 exert a fonc® workpiece shoes 414, which
force pushes the workpiece-interfaces 114 of thekpreces 112 against the bottom
surface 608 of the alignment pate 402, therebyaligthe workpiece-interfaces 114
of the workpieces 112 with the build plane 116.

[0078]  Now turning to FIG. 7, exemplary methods of mougtamd/or aligning
workpieces 112 in a workpiece-assembly 108 wiltlbscribed. Exemplary methods
may be performed with one or more workpieces 1iduding mounting and/or
aligning a plurality of workpieces 112 using a wadce alignment system 400 and/or
a workpiece-assembly 108. As shown in FIG. 7,»@&m®lary method 700 includes,
at step 702, placing an alignment plate 402 orofame or more elevating blocks
404 situated adjacent to a plurality of workpiet&8 loaded into respective
workpiece docks 410 of a build plate 110, andtegt 04, pushing the plurality of
workpieces 112 against the alignment plate 402gusiasing members 516
respectively situated between the build plate IidDthe plurality of workpieces 112
such that respective workpiece-interfaces 114 eftbrkpieces 112 align with one
another when in contact with the alignment plat2.40he workpieces 112 may be
loaded into workpiece shoes 414, and the workmseoes 414 may be loaded into the
respective workpiece docks 410. The workpiece shddsnay have a slot configured
to receive a portion of the workpiece 112.

[0079] In some embodiments, an exemplary method 700 mdia@ahally

include, at step 706, for each of the pluralitywairkpieces 112, coupling a workpiece
112 to a workpiece shoe 414 corresponding to thé&piece 112, and, at step 808,
inserting the workpiece shoe 414 into one of tispeetive workpiece docks 410 of
the build plate 110. The coupling and insertirepst706, 708 may be repeated at step
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710 such that each of the plurality of workpiec&2 &re loaded into respective
workpiece docks 410 of the build plate 110. Anregiary method 700 may further
include, at step 712, clamping the plurality of Wmece shoes 414 in the respective
workpiece docks 410 removing the alignment platenfon top of one or more
elevating blocks 404. An exemplary method 700 edag optionally include, at step
714, additively printing on the workpieces 112,Isas on the workpiece-interfaces
114 of the workpieces 112.

[0080] Now turning to FIG. 8, an exemplary method 800dxdiavely printing on
a plurality of workpieces 112 will be discussedeTexemplary method 800 includes,
at step 802, mounting a plurality of workpieces ir13a workpiece-assembly 108, and
at step 804, additively printing on the workpie&42, such as on the workpiece-
interfaces 114 of the workpieces 112. The workgsell2 may be mounted in the
workpiece-assembly 108 as described with referemé&dG. 7.

[0081] The exemplary methods 700, 800 described hereinbmgerformed
using any additive manufacturing system, includaingowder bed fusion (PBF)
system such as a direct metal laser melting (DMElgtem, an electron beam
melting (EBM) system, a selective laser meltingBlsystem, a directed metal laser
sintering (DMLS) system, or a selective laser sintg(SLS) system. The
workpieces 112 may be formed of any type of matexiad an additive
manufacturing system 100 may be selected thatsmorels to the type of material
from which the workpieces 112 are formed and/ortype of material to be utilized
in rebuilding the workpieces 112. As examplesoakpiece 112 and/or a rebuild
material for a workpiece 112 may include a metahetal alloy, a plastic, a ceramic,
and/or a composite. As examples, a metal or méital may include tungsten,
aluminum, chromium, copper, cobalt, molybdenumtaium, titanium, nickel, and
steel, and combinations thereof, as well as supgglsuch as austenitic nickel-
chromium-based superalloys.

[0082]  This written description uses exemplary embodimentiescribe the
presently disclosed subject matter, including tbstlnode, and also to enable any
person skilled in the art to practice such subjeatter, including making and using
any devices or systems and performing any incotpdnaethods. The patentable
scope of the presently disclosed subject matt@efimed by the claims, and may
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include other examples that occur to those skiletthe art. Such other examples are
intended to be within the scope of the claimsdiytinclude structural elements that
do not differ from the literal language of the otai, or if they include equivalent
structural elements with insubstantial differenitem the literal languages of the

claims.
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WHAT ISCLAIMED IS:

1. A workpiece-assembly (108), comprising:

abuild plate (110) comprising a plurality of workpiece docks (410);

aplurality of workpiece shoes (414) respectively inserted or insertable into the
plurality of workpiece docks (410); the workpiece shoes (414) respectively
comprising aslot (506) configured to receive a portion of one or more workpieces
(112);

aplurality of biasing members (516) respectively situated or situatable
between the build plate (110) and the plurality of workpiece shoes (414) so as to exert
abiasing force upon the workpiece shoes (414);

one or more clamping mechanisms (412) coupled or couplable to the build
plate (110) and operable to secure the plurality of workpiece shoes (414) within the
respective workpiece docks (410).

2. The apparatus of clam 1, wherein the workpieces (112) comprise

compressor blades or turbine blades.

3. The apparatus of any preceding claim, wherein the slot (506)
corresponding to the workpiece shoes (414) comprises adovetail slot (506)
configured to receive adovetail (502) of a compressor blade or a dovetail (502) of a
turbine blade.

4, The apparatus of any preceding claim, wherein the plurality of
workpiece docks (410) respectively comprise dovetail slots (506) and the workpiece
shoes (414) respectively comprise dovetail keys (512), the dovetail slots (506)
configured to receive the dovetail keys (512).

5. The apparatus of any preceding claim, wherein the biasing members

(516) comprise one or more springs (604), one or more magnet pairs (606), and/or one

or more piezoel ectric actuators.
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6. The apparatus of any preceding claim, wherein the one or more

clamping mechanisms (412) comprise one or more edge clamps (524).

7. The apparatus of claim 6, wherein the one or more edge clamps (524)
comprise:

one or more wedge segments (526);

one or more jaw segments (528); and

one or more loading mechanisms (530).

8. The apparatus of claim 7, wherein the one or more edge clamps (524)

comprise one or more clamping rails (532).

0. A system for aligning a plurality of workpieces (112) with a build
plane (116), the system comprising:
an alignment plate (402);
one or more elevating blocks (404); and
aworkpiece-assembly (108), the workpiece-assembly (108) comprising:
abuild plate (110) comprising a plurality of workpiece docks (410);
aplurality of workpiece shoes (414) respectively inserted or insertable
into the plurality of workpiece docks (410); the workpiece shoes (414)
respectively comprising aslot (506) configured to receive a portion of one or
more workpieces (112);
aplurality of biasing members (516) respectively situated or situatable
between the build plate (110) and the plurality of workpiece shoes (414) so as
to exert a biasing force upon the workpiece shoes (414);
one or more clamping mechanisms (412) coupled or couplable to the
build plate (110) and operable to secure the plurality of workpiece shoes (414)
within the respective workpiece docks (410).

10.  Thesystem of claim 9, wherein the one or more elevating blocks (404)

have a height corresponding to a desired elevation of the build plane (116).
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11.  Thesystem of claim 9 or 10, wherein with the workpieces (112) |oaded
in the workpiece-assembly (108), the one or more elevating blocks (404) situated
adjacent to the workpieces (112), and the alignment plate (402) applied situated on the
one or more elevating blocks (404), the biasing members (516) exert aforce on the
workpiece shoes (414), thereby pushing respective workpiece-interfaces (114) of the
workpieces (112) against a bottom surface (608) of the alignment plate (402).

12.  Thesystem of any of claims 9-11, comprising a variety of elevating
blocks (404) with different heights so as to accommodate different workpieces (112)

and/or workpieces (112) that have different sizes.

13. A method of aligning a plurality of workpieces (112), the method
comprising:

placing an alignment plate (402) on top of one or more elevating blocks (404)
situated adjacent to a plurality of workpieces (112) loaded into respective workpiece
docks (410) of abuild plate (110); and

pushing the plurality of workpieces (112) against the alignment plate (402)
using biasing members (516) respectively situated between the build plate (110) and
the plurality of workpieces (112) such that respective workpiece-interfaces (114) of
the workpieces (112) align with one another when in contact with the alignment plate
(402).

14.  Themethod of claim 13, wherein the workpieces (112) are loaded into
workpiece shoes (414), and the workpiece shoes (414) are loaded into the respective
workpiece docks (410).

15.  Themethod of claim 13 or 14, comprising:

for each of the plurality of workpieces (112), coupling aworkpieceto a
workpiece shoe (414) corresponding to the workpiece (112), the workpiece shoe (414)
having a slot (506) configured to receive a portion of the workpiece (112);

inserting the workpiece shoe (414) into one of the respective workpiece docks
(410) of the build plate (110); and
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repeating the coupling and inserting steps such that each of the plurality of
workpieces (112) are loaded into respective workpiece docks (410) of the build plate
(110).
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