BUILD PLATE CLAMPING-ASSEMBLY AND ADDITIVE MANUFACT URING
SYSTEMS AND METHODS OF ADDITIVELY PRINTING ON WORKIECES

FIELD
[0001] The present disclosure generally pertains to additianufacturing
systems and methods of additively printing on wagkes, and more particularly to
build plate-clamping assemblies configured to algvuild plate with coordinates of

an additive manufacturing system, as well as syst&mid methods related thereto.

BACKGROUND
[0002]  According to the present disclosure, it would bsitdédle 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 diseasclude originally
fabricated workpieces, as well as workpieces irngertd be repaired, rebuilt,
upgraded, and so forth, such as machine or devimganents 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 comporserais as components that may
exhibit an enhanced performance or service life.
[0004] One example of a machine or device component ieslaa air foil, such
as a compressor blade or a turbine blade usetlilbamachine. These air foils
frequently experience damage, wear, and/or degoadidaroughout their service life.
For example, serviced air foils, such as compresisales 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 chendiegtadation 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. Spedlficsuch blades may cause a
turbomachine to exhibit reduced operating efficieas gaps between blade tips and
turbomachine shrouds may allow gasses to leak giwthe turbomachine stages
without being converted to mechanical energy. Wéféniency drops below
specified levels, the turbomachine is typically ocaed from service for overhaul and
repair. Moreover, weakened blades may result inpdete fractures and catastrophic
failure of the engine.

[0006] As aresult, compressor blades for a turbomachméyaically the target
of frequent inspections, repairs, or replacemelts 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

technique whereby repair material may be suppbealriepair 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 asradéabeam, 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 performeal gingle 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 embraces fiatle-clamping
assemblies. An exemplary build plate-clamping mdg may include a work station
having a build plate-receiving surface and a lookgxtending from the build plate-
receiving surface of the work station. The lock-piay include a hollow pin body, a
piston disposed within the hollow pin body, witle thiston axially movable from a
retracted position to an actuated position, anllieajity of detents, with the plurality
of detents radially extensible through respectinesoof a plurality of detent-apertures
in the hollow pin body responsive to the pistonihgween axially moved to the
actuated position.
[0012] In another aspect, the present disclosure embraedsods working on
workpieces at multiple work stations. An exemplargthod may include lockingly
engaging a build plate at a first work station fpening a first work-step on a
plurality of workpieces secured to the build platdeasing the build plate from the
first work station, lockingly engaging the builcape at a second work station, and
performing a second work-step on the plurality ofkpieces secured to the build
plate. The first work station may have a firstkdgun extending from a first build
plate-receiving surface, and the build plate ma&jude a socket configured to



lockingly engage with the first lock-pin. The sadowvork station may have a second
lock-pin extending from a second build plate-recejwsurface, and the socket of the
build plate may also be configured to lockingly agg with the second lock-pin.
[0013] In yet another aspect, the present disclosure exebradditive
manufacturing systems. An exemplary additive mactwiring system may include a
vision system and an additive manufacturing machifige vision system may
include a first work station having a first builthge-receiving surface and a first lock-
pin extending from the first build plate-receivisgrface, with the first lock-pin
configured to lockingly engage a build plate. Tingt lock-pin may have a first
plurality of radially extensible detents, and theldb plate may have a socket with an
inside surface defining an engagement surfaceniofitst plurality of radially
extensible detents. The additive manufacturinghmmacmay include a second work
station having a second build plate-receiving sagfand a second lock-pin extending
from the second build plate-receiving surface. 3$beond lock-pin may be
configured to also lockingly engage the build plated the second lock-pin may have
a second plurality of radially extensible deteni$e inside surface of the socket of
the build plate may define an engagement surfacthnésecond plurality of radially
extensible detents.

[0014] These and other features, aspects and advantafjbssame better
understood with reference to the following desaoiptand appended claims. The
accompanying drawings, which are incorporated th@mstitute a part of this
specification, illustrate exemplary embodiments,dadether with the description,

serve to explain certain principles of the presedisclosed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] 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:
[0016] FIG. 1 schematically depicts an exemplary addimnanufacturing system;
[0017] FIG. 2 schematically depicts an exemplary workiciat
[0018] FIG. 3 schematically depicts an exemplary buildeptaorresponding to the
work station depicted in FIG. 2;



[0019] FIG. 4 schematically depicts an exemplary lock-pihich may be
included with the work station depicted in FIG. 2;

[0020] FIGs. 5A-5C schematically depict aspects of a bpliéde-clamping
assembly, which may include the work station degich FIG. 2 and the build plate
depicted in FIG. 3;

[0021] FIG. 6A schematically depicts an exemplary workpiassembly that
includes a plurality of workpieces secured to ddopiate;

[0022] FIG. 6B schematically depicts the exemplary workpiassembly of FIG.
6A, with a plurality of components by additivelyiqting extension segments the
plurality of workpieces secured to the build plate;

[0023] FIG. 7A shows a flowchart depicting an exemplaryhrod of aligning a
build plate to coordinates of an additive manufantusystem;

[0024] FIG. 7B shows a flowchart depicting an exemplaryhod of working on
workpieces at multiple work stations;

[0025] FIG. 7C shows a flowchart depicting an exemplaryhoe of additively
printing extension segments on a plurality of woekps; and

[0026] FIG. 8 shows a block diagram depicting an exemptantrol system of an
additive manufacturing system.

[0027] Repeat use of reference characters in the pregeaifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present disclosure.

DETAILED DESCRIPTION
[0028] Reference now will be made in detail to exemplanpediments of the
presently disclosed subject matter, one or morenples 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 aratigtions 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.

[0029] Itis understood that terms such as “top”, “bottohwutward”, “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 atemtended 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.

[0030] Here and throughout the specification and claisge limitations are
combined and interchanged, and such ranges artfielé@and include all the sub-
ranges contained therein unless context or langinalgeates otherwise. For example,
all ranges disclosed herein are inclusive of th#pemts, and the endpoints are
independently combinable with each other.

[0031] Approximating language, as used herein throughwuspecification and
claims, is applied to modify any quantitative regmetation 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 termsgts as “about”, “approximately”,
and “substantially”, are not to be limited to thegse value specified. In at least
some instances, the approximating language magsqmond to the precision of an
instrument for measuring the value, or the prenisibthe methods or machines for
constructing or manufacturing the components arsi/stems.

[0032] As described in detail below, exemplary embodimehtbe present
subject matter involve the use of additive manuwfiaeyy machines or methods. As
used herein, the terms “additively manufactured*aaiditive manufacturing
techniques or processes” refer generally to matwfiag processes wherein
successive layers of material(s) are provided ch eéher to “build-up,” layer-by-
layer, a three-dimensional component. The succes$ayers generally fuse together
to form a monolithic component which may have aetgirof integral sub-
components.

[0033] 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,asiabout 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.
[0034]  Although additive manufacturing technology is désea 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 fonmecessive layers, one skilled in the
art will appreciate that the methods and structdreslosed herein may be practiced
with any additive manufacturing technique or maotifeing technology. For
example, embodiments of the present invention nsaylayer-additive processes,
layer-subtractive processes, or hybrid processes.

[0035] 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), 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), Seliee Laser Melting (SLM),

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

[0036] 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 manufactupiregess may be a “binder
jetting” process. In this regard, binder jettingalves successively depositing layers
of additive powder in a similar manner as descridieave. However, instead of using
an energy source to generate an energy beam tdigelg 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. Otheratlé additive manufacturing
methods and variants are intended to be withirstiope of the present subject matter.
[0037] 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, 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.”

[0038] In addition, one skilled in the art will apprecidkat a variety of materials
and methods for bonding those materials may be aisédre contemplated as within
the scope of the present disclosure. As used heedarences to “fusing” may refer to
any suitable process for creating a bonded layangfof the above materials. For
example, if an object is made from polymer, fugimay refer to creating a thermoset
bond between polymer materials. If the object sxgpthe bond may be formed by a
crosslinking process. If the material is cerantie, bond may be formed by a sintering
process. If the material is powdered metal, thedboay be formed by a melting or
sintering process. One skilled in the art will sgapate that other methods of fusing
materials to make a component by additive manufexgjare possible, and the
presently disclosed subject matter may be pracigddthose methods.

[0039] In addition, the additive manufacturing procesgldsed herein allows a
single component to be formed from multiple materi@dhus, 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, amliatifferent 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.

[0040] An exemplary additive manufacturing process wilvime described.
Additive manufacturing processes fabricate comptsesing three-dimensional (3D)
information, for example a three-dimensional corepuatodel, 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-disn@nal design model of the
component.

[0041] 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 componentas thuilt-up” slice-by-slice, or
layer-by-layer, until finished.

[0042] 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 enevgfeat 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 maktenay be formed by any suitable
powder or material selected for enhanced stremgitability, and useful life,
particularly at high temperatures.

[0043] Each successive layer may be, for example, betakeunt 10um and 200
um, although the thickness may be selected basadynumber of parameters and
may be any suitable size according to alternatmbasiments. Therefore, utilizing
the additive formation methods described abovectmeponents described herein
may have cross sections as thin as one thicknesms agsociated powder layer, e.g.,
10 um, utilized during the additive formation process.

[0044] In addition, utilizing an additive process, thefaae finish and features of
the components may vary as need depending on ghlieatpon. 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 agbriphery of a cross-sectional layer
which corresponds to the part surface. For exanapleugher finish may be achieved
by increasing laser scan speed or decreasingzéetthe 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 ankder power can also be changed
to change the surface finish in a selected area.

[0045]  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.

[0046] Notably, in exemplary embodiments, several aspeudsfeatures of the
present subject matter were previously not possibéeto manufacturing restraints.
However, the present inventors have advantageotised current advances in
additive manufacturing techniques to improve vasioamponents and the method of
additively manufacturing such components. Whileghesent disclosure is not
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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 aogetc.

[0047]  Also, the additive manufacturing methods descrifi@ove enable much
more complex and intricate shapes and contoutseof@mponents 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 suett thifferent 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 usingriinods described herein may
exhibit improved performance and reliability.

[0048] The present disclosure generally provides additiaaufacturing
machines, systems, and methods configured to adlifprint on pre-existing
workpieces. The pre-existing workpieces may inelndw workpieces as well as
workpieces being repaired, rebuilt, or upgradadorie aspect, build plate clamping-
assemblies are provided that may be configuretigo a build plate with coordinates
of an additive manufacturing system with a highrédegf precision and accuracy.
The presently disclosed build plates may includksts configured to fit within a
socket-receiving recess with a tolerance selectediaw for thermal expansion
during an additive manufacturing process, whilk gtoviding a highly precise and
accurate locking engagement. For example, usm@itésently disclosed build plate-
clamping assemblies, a build plate may be lockireglgaged with a work station
within a tolerance of from about 10 micrometergabout 50 micrometers, such as
from about 20 um to about 30 um, such as abouind@mnless, such as about 35 pm
or less, such as about 25 um or less, or suchcag &b pum or less.

[0049] Exemplary build plate-clamping assemblies may idelane or more lock-
pins extending from a build plate-receiving surfata work station. The one or
more lock-pins may include one or more detents ssatletent balls, which may be
radially extensible so as to lockingly engage witte or more sockets of a build plate.
The lock-pins may be pneumatically actuated s@ atidw for quickly engaging and
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disengaging the build plate with the build plateeiging surface. Alternatively, the
lock-pins can be actuated using any desirable mdtixce, including an electrical
actuator such as a piezoelectric switch, or a maauataator such as a set screw.
[0050] The lock-pins may lockingly engage with the coragging sockets of the
build plate with sufficient accuracy and precisgmas to align the build plate and/or
one or more workpieces secured to the build ptatoordinates of the additive
manufacturing system, including coordinates ofsaowi system and/or coordinates of
an additive manufacturing machine. With the bpilate and/or the one or more
workpieces aligned to such coordinates, a visiagtesy and an additive
manufacturing machine may work in concert with anether, using the vision
system to obtain digital representations of thekpimces, and using the additive
manufacturing machine to additively print extenss@gments on the workpieces
according to print commands generated based odigftal representations of the
workpieces obtained from the vision system. Faneple, the digital representations
may include the respective workpiece-interfacethefworkpieces, and the print
commands may be configured to cause the additiveifaaeturing machine to
additively print extension segments on the workgigterfaces so as to provide near
net shape components.

[0051] The presently disclosed lock-pins may include fiaglchannels
configured to allow a fluid to flush debris suchpmsvder from the lock-pin, such as
through one or more lock-pin apertures and/or amaare flushing apertures. The
flushing channel provide for self-cleaning of thek-pins so as to avoid powder from
the additive manufacturing system from interfenwith the operation of the lock-pins
or prematurely wearing or damaging the various camepts that make up the build
plate-clamping assembly.

[0052] The presently disclosed build plate-clamping assesitsystems, and
methods described herein allow for additively pnigton the workpiece-interfaces of
a plurality of workpieces simultaneously or coneutty as part of the same build.
Among other advantages, such build plate-clampssgmblies may provide for
improved productivity and reduced labor and timestomed when rebuilding
workpieces. Additionally, alignment of the builthfg and/or the one or more
workpieces to additive manufacturing system coatdis facilitates production of
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near net shape components when additively prirgkignsion segments on a plurality
of workpieces.

[0053] Exemplary embodiments of an additive manufactusysjem 100 are
shown in FIG. 1. An exemplary additive manufactgrsystem 100 includes a vision
system 102, an additive manufacturing machine &0d,a control system 106
operably configured to control the vision syster@ a@id/or the additive
manufacturing machine 104. The vision system I@Pthe additive manufacturing
machine 104 may be provided as a single, integratécr as separate stand-alone
units. The vision system 102 and the additive ufesturing machine 104 may be
operably coupled with one another via a commurocaiiterface utilizing wired or
wireless communication lines, which may providdaraa connection between the
vision system 102 and the additive manufacturinghime 104. The control system
106 may include one or more control systems 10a#.ekample, a single control
system 106 may be operably configured to contrefajons of the vision system 102
and the additive manufacturing machine 104, orrsgpaontrol systems 106 may be
operably configured to respectively control thaomssystem 102 and the additive
manufacturing machine 104. A control system 10§ bwrealized as part of the
vision system 102, as part of the additive manufang machine 104, and/or as a
stand-alone unit provided separately from the visigstem 102 and/or the additive
manufacturing machine 104. A control system 10§ beoperably coupled with the
vision system 102 and/or the additive manufactunvaghine 104 via a
communication interface utilizing wired or wirelessmmunication lines, which may
provide a direct connection between the contralesysl06 and the vision system 102
and/or between the control system 106 and theiaddrtanufacturing machine 104.
An exemplary additive manufacturing system 100 wyiyonally include a user
interface 108 and/or a management system 110.

[0054] In some embodiments, a first control system 106 gemerate one or
more print commands and/or transmit the one or rporg commands to a second
control system 106, and the second control systé#niay cause the additive
manufacturing machine 104 to additively print tikée@sion segments based at least
in part on the print commands. The first contgdtem 106 may be realized as part of
a vision system 102, and/or the second controesydi06 may be realized as part of
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the additive manufacturing machine 104. Alterrgiryor in addition, the first
control system 106 and/or the second control sydif@dmay be realized stand-alone
units separate from the vision system 102 andmatditive manufacturing machine
104.

[0055]  The vision system 102 may include any suitable caroecameras 112 or
other machine vision device that may be operabhfigored to obtain image data
that includes a digital representation of one oreri®lds of view 114. Such a digital
representation may sometimes be referred to agitaldmage or an image; however,
it will be appreciated that the present disclosney be practiced without rendering
such a digital representation in human-visible foltevertheless, in some
embodiments, a human-visible image correspondiragfteld of view 114 may be
displayed on the user interface 108 based atileg@strt on such a digital
representation of one or more fields of view 114.

[0056] The vision system 102 allows the additive manufi@atusystem 100 to
obtain information pertaining to one or more wodgqas 116 onto which one or more
extension segments may be respectively additivehtqa. In particular, the vision
system 102 allows the one or more workpieces 1@ timcated and defined so that
the additive manufacturing machine 104 may beuiesd to print one or more
extension segments on a corresponding one or mankgeces 116 with suitably
high accuracy and precision. The one or more wedgs 116 may be secured to a
build plate 118 with a workpiece-interface (e.gop surface) 120 of the respective
workpieces 116 aligned to a build plane 122. Tinédiplate 118 may be secured to a
vision system-work station 124 with one or moreonssystem-lock-pins 126. The
one or more vision system-lock-pins 126 may beigonéd according to the present
disclosure so as to position the build plate 118wenvision system-work station 124
with sufficiently high accuracy and precision.

[0057] The one or more cameras 112 of the vision syste2nidy be configured
to obtain two-dimensional or three-dimensional imdgta, including a two-
dimensional digital representation of a field acdwi114 and/or a three-dimensional
digital representation of a field of view 114. dgdiment of the workpiece-interfaces
120 with the build plane 122 allows the one or neameras 112 to obtain higher
guality images. For example, the one or more cam&i2 may have a focal length
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adjusted or adjustable to the build plane 122.hwie workpiece-interface 120 of
one or more workpieces 116 aligned to the built@ld22, the one or more cameras
may readily obtain digital images of the workpiecterfaces 120. The one or more
cameras 112 may include a field of view 114 that #éhcompasses all or a portion of
the one or more workpieces 116 secured to the blakeg 118. For example, a single
field of view 114 may be wide enough to encompaghuelity of workpieces 116,
such as each of a plurality of workpieces secusealliuild plate 118. Alternatively, a
field of view 114 may more narrowly focus on aniundual workpiece 116 such that
digital representations of respective workpiece® drk obtained separately. It will
be appreciated that separately obtained digitajgsanay be stitched together to
obtain a digital representation of a plurality adnkpieces 116. In some
embodiments, the camera 112 may include a collidnlates configured to provide a
flat focal plane, such that workpieces or portitvereof located towards the
periphery of the field of view 114 are not distorteAdditionally, or in the alternative,
the vision system 102 may utilize a distortion eotion algorithm to address any
such distortion.

[0058] Image data obtained by the vision system 102, dwstya digital
representation of one or more workpieces 116 mayansmitted to the control
system 106. The control system 106 may be corddjto determine a workpiece-
interface 120 of each of a plurality of workpiedd$ from one or more digital
representations of one or more fields of view 1adimg been captured by the vision
system 102, and then determine one or more codeditd the workpiece-interface
120 of respective ones of the plurality of workged 16. Based on the one or more
digital representations, the control system 106 gexerate one or more print
commands, which may be transmitted to an additimaufacturing machine 104 such
that the additive manufacturing machine 104 mayteedy print a plurality of
extension segments on respective ones of the pljuohlvorkpieces 116. The one or
more print commands may be configured to additipeigt a plurality of extension
segments with each respective one of the plurafigxtension segments being
located on the workpiece-interface 120 of a cowagdmg workpiece 116.

[0059] The additive manufacturing machine 104 may utiéing desired additive

manufacturing technology. In an exemplary embodinthe additive manufacturing
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machine may utilize a powder bed fusion (PBF) tetbay, such as direct metal laser
melting (DMLM), electron beam melting (EBM), seliet laser melting (SLM),
directed metal laser sintering (DMLS), or selectager sintering (SLS). The
additive manufacturing machine 104 may include sugh additive manufacturing
technology, or any other suitable additive manufiacg technology may also be
used. By way of example, using a powder bed fusgohnology, respective ones of a
plurality of extension segments may be additivelpted on corresponding respective
ones of a plurality of workpieces 116 in a layerlayer manner by melting or fusing
a layer of powder material to the workpiece-integf420. In some embodiments, a
component may be additively printed by meltingusing a single layer of powered
material to the workpiece-interface 120. Addititbypeor in the alternative,
subsequent layers of powder material may be seigligmhelted or fused to one
another.

[0060]  Still referring to FIG. 1, an exemplary additive midacturing machine

104 includes a powder supply chamber 128 that assasupply of powder 130, and
a build chamber 132. A build plate 118 having onenore workpieces 116 secured
thereto may be positioned in the build chamber $8#&re the workpieces 116 may
be additively printed in a layer-by-layer mann&he powder supply chamber 128
includes a powder piston 134 which elevates a poWoler 136 during operation of
the system 100. As the powder floor 136 elevatgmrtion of the powder 130 is
forced out of the powder supply chamber 128.

[0061] Arecoater 138, such as a roller or a blade, pustve® of the powder 130
across a work surface 140 and onto an additive faatwring-work station 142. The
build plate 118 may be secured to the additive rfaturing-work station 142 with
one or more additive manufacturing machine-locksgdid4. The one or more
additive manufacturing machine-lock-pins 144 maybefigured according to the
present disclosure so as to position the buildedlda8 on the additive manufacturing-
work station 142 and/or within the build chambe® 18th sufficiently high accuracy
and precision. The workpieces 116 may be secworétktbuild plate 118 prior to
securing the build plate 118 to the additive maciwfiang-work station 142. The
recoater 138 fills the build chamber 132 with ponti@0 and then sequentially
distributes thin layers of powder 130 across adopliane 122 near the top of the
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workpieces 116 to additively print sequential Iayef the workpieces 116. For
example, the thin layers of powder 130 may be ah6ub 100 microns thick, such as
about 20 to 8@um thick, such as about 40 to pfh thick, or such as about 20 to 50
um thick, or such as about 10 to 3@ thick. The build plane 122 represents a plane
corresponding to a next layer of the workpiecestblie formed from the powder
130.

[0062] To form a layer of an extension segment on the piede 116 (e.g., an
interface layer or a subsequent layer), an energsce 146 directs an energy beam
148 such as a laser or an electron beam onto ith&tfer of powder 130 along the
build plane 122 to melt or fuse the powder 13thwotbp of the workpieces 116 (e.g.,
to melt or fuse a layer to the workpiece-interfat28 and/or melt or fuse subsequent
layers thereto). A scanner 150 controls the patheobeam so as to melt or fuse only
the portions of the powder 130 layer that are twohe melted or fused to the
workpieces 116. Typically, with a DMLM, EBM, or $8Lsystem, the powder 130 is
fully melted, with respective layers being meltedemelted with respective passes
of the energy beam 148. Conversely, with DMLSSbE systems, layers of powder
130 are sintered, fusing particles of powder 13 wne another generally without
reaching the melting point of the powder 130. A#dayer of powder 130 is melted
or fused to the workpieces 116, a build piston g&lually lowers the additive
manufacturing-work station 142 by an incrementirde§ a next build plane 122 for
a next layer of powder 130 and the recoater 13Bstoibutes the next layer of powder
130 across the build plane 122. Sequential layep®wder 130 may be melted or
fused to the workpieces 116 in this manner unéiladditive printing process is
complete.

[0063] Now referring to FIGs. 2 and 3, an exemplary bpite-clamping
assembly will be described. An exemplary buildgldamping assembly includes a
work station 200, such as the work station showrI@®. 2. An exemplary build
plate-clamping assembly may additionally includeudd plate 118 corresponding to
the work station, such as shown in FIG. 3. Thekvatation 200 shown in FIG. 2 may
depict a vision system-work station 124 and/or @dditeve manufacturing-work

station 142. As shown in FIG. 2, an exemplary waigktion 200 includes a build

plate-receiving surface 202, and one or more lank-p04 extending from the build
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plate-receiving surface 202 of the work station.20@e one or more lock-pins 204
include one or more detents 206 such as deterst tmatither locking elements
extensible radially from the respective lock-pim20rhe use of one or more lock-
pins 204 that include detents 206 advantageoukly d&br the build plate 118 to be
secured to the build-plate receiving surface 20#lenalso allowing for the build
plate 118 to be aligned laterally, vertically, anthtionally with respect to the build-
plate-receiving surface 202.

[0064]  While two lock-pins 204 are shown in FIG. 2, it Mde appreciated that
the depicted embodiment is provided by way of edarapd not to be limiting. In
fact, any desired number of lock-pins 204 may lmwided without departing from
the spirit and scope of the present disclosurd) ascfor example, at least one lock-
pin 204, at least two lock-pins 204, at least thoe&-pins 204, or at least four lock-
pins 204. Additionally, while the lock-pins demdtin FIG. 2 include a plurality of
detents 206, it will be appreciated that the nunabetetents 206 depicted is provided
by way of example and not to be limiting. Varimmbodiments of a lock-pin 204
may include any desired number of detents 206 witdeparting from the spirit and
scope of the present disclosure, including, fomgxla, at least one detent 206, at least
two detents 206, at least three detents 206, least four detents 206.

[0065] The number of lock-pins 204 and/or the number ¢érks 206 may be
selected, for example, to increase the hold-dowseourity with which the build plate
118 is secured to the build-plate. In additiotht® lock-pins 204, the build plate-
receiving surface 202 may include other featurasmimay help align a build plate 118
with the build plate-receiving surface 202, sucly@mves, notches, ridges, pins,
recesses, and so forth which may be configuredati® mvith corresponding features
of the build plate 118. Such other features magdrdigured to provide vertical,
lateral, and/or rotational alignment of the buildtp 118 with the build plate-
receiving surface 202.

[0066] Now referring to FIG. 3, various aspects of an eglany build plate 118
will be described. A build plate 118 may includeemr more features corresponding
to the build plate-receiving surface 202 of the kvgtation 200, so as to allow the
build plate 118 to be clamped to the work statid@ at least in part by one or more
lock-pins 204. As shown in FIG. 3, an exemplarijdoplate 118 includes one or
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more sockets 300 configured and arranged abouife plate 118 so as to
correspond to one or more lock-pins 204 of the vatation 200. A socket 300 may
define an integral, seamless portion of the buiddep118. Alternatively, as shown, a
socket 300 may installed in a socket-receivingsse@92 in the build plate, such as
with an interference fit. The interference fit mag/ sized so as to allow the socket
300 to float within the socket-receiving recess @ a tolerance selected to allow
for thermal expansion during an additive manufaotuprocess. In an alternative
embodiment, the socket 300 may be fixed to thedipldte 118 and the lock-pins 204
may be allowed to float, for example, so as to lsirtyi allow for thermal expansion
during an additive manufacturing process.

[0067] Regardless of whether a socket 300 defines anraltesgamless portion of
the build plate 118 or is installed in a socketereing recess 302, the socket 300 may
include an inside surface 304 defining an engagémerface configured to allow the
lock-pin to lockingly engage with the socket 30the engagement surface may
extend across all or a portion of the inside s@f3@2 of the socket 300, and through
a portion of the build plate 118 or entirely througe build plate 118.

[0068] In some embodiments, the engagement surface miaygleone or more
recesses corresponding to respective ones of teatd206, so as to provide
rotational alignment of the build plate 118 witte thuild plate-receiving surface 202.
In this way, a single lock-pin 204 may provide biateral alignment and rotational
alignment of the build plate 118 with the buildtplaeceiving surface 202.

[0069] In some embodiments, a variety differently confeglisockets 300 may be
interchangeably installed in a socket-receivingessc302. For example, differently
configured sockets 300 may be provided so as tonacmdate differently configured
lock-pins 204. While two sockets 300 are showRIi@. 3, it will be appreciated that
the depicted embodiment is provided by way of edarapd not to be limiting. In
fact, any desired number of sockets 300 may beigeedwvithout departing from the
spirit and scope of the present disclosure, sucfoaexample, at least one socket
300, at least two sockets 300, at least three s08K®, or at least four sockets 300.
The number of sockets 300, however, will typicaidyrespond in number to at least
the number of lock-pins 204 provided on a buildgleeceiving surface 202 of a work
station 200. However, in some embodiments, thelbeuraf sockets 300 may exceed
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the number of lock-pins 204 provided on a buildgl@eceiving surface 202 of a work
station 200. In some embodiments, a pluralitywfdoplate-receiving surfaces 202
may be defined on a work station 200, such thaibrk station 200 may receive
may receive a plurality of build plates 118, andoch that the work station 200 may
receive a variety of different build plates 118Isas build plates 118 that differ in
respect of the number and/or configuration of stecRE0.

[0070]  Still referring to FIG. 3, in some embodiments, wiilee sockets 300 are
installed in a socket-receiving recess 302, thidlplate 118 may additionally include
one or more socket bolt-receiving bores 306 intdnsg a socket-receiving recess
302. The one or more socket bolt-receiving bof#sBay be configured to receive a
socket locking-bolt 308, and such as socket lockioly 308 may be insertable therein
such as by a threaded fit and/or an interferericeltie socket 300 may be lockingly
engageable with the build plate 118 (e.g., withdbeket-receiving recess 302) at
least in part by one or more socket bolts 308 hgpben inserted into corresponding
socket bolt-receiving bores 306. For exampleywside surface of a socket 300
may include a socket bolt-engaging channel 310odisg about at least a portion of
the outer surface of the socket 300. The locaifdhe socket bolt-engaging channel
310 may be selected to align with the socket kedeiving bore 306 intersecting the
socket-receiving recess 302, such that the sookkirig-bolt 308 may lockingly
engage with the socket bolt-engaging channel 310.

[0071] In an exemplary embodiment, a build plate 118 majude a first a

socket bolt-receiving bore 306 intersecting a fide of a socket-receiving recess 302
and a second a socket bolt-receiving bore 306getting a second side of the socket-
receiving recess 302. The first socket bolt-reogivore 306 may be configured to
receive a first socket locking-bolt 308 insertatblerein, and the second socket bolt-
receiving bore 306 may be configured to receiveasd socket locking-bolt 308
insertable therein. The first socket bolt-recegviiore 306 and the second socket
bolt-receiving bore 306 may align with a sockett4asigaging channel 310 on the
outside surface of the socket 300. The sockein3®pbe lockingly engageable with
the build plate 118 at least in part by the fimtlset locking-bolt 308 having been
inserted into the first socket bolt-receiving b866 and engaging with the socket
bolt-engaging channel 310 and/or the second sda&leihg-bolt 308 having been

20



inserted into the second socket bolt-receiving 3®@ and engaging with the socket
bolt-engaging channel 310.

[0072] Now referring to FIG. 4, further aspects of an egkary lock-pin 204 will
be described. As shown, an exemplary lock-pinr2@% include a hollow pin body
400 a piston 402 disposed within the hollow pinypd@0, such as within an axial
piston pathway 404 configured and arranged to vedie piston 402. The piston
402 may be axially movable so as to actuate amdatebtne or more detents 206. The
piston 402 may be axially movable from a retragiesition located axially distal
from the one or more detents 206 to an actuateitiggofocated axially proximal to
the one or more detents 206. The one or more @286 may be extensible radially
from the respective lock-pin 204 through correspogdetent-apertures 406 in the
hollow pin body 400 responsive to the piston 40@i@gbeen axially moved to the
actuated position. The piston 402 may be actuapkny desired means, including a
mechanical piston 402 actuable by a mechanicat levihe like, a pneumatic piston
402 actuable by a pneumatic fluid, a hydraulicqnst02 actuable by a hydraulic
fluid, a magnetic piston 402 actuable by a magrssiigce such as an electromagnet,
and so forth.

[0073] In some embodiments, a lock-pin 204 may includeedging element 408
disposed within the hollow pin body 400 betweenpiston 402 and the one or more
detents 206. The one or more wedging elements#3Bhave a sloped or curved
surface that slidably translates an axial movem&@tof the piston 402 to a radial
movement (e.g., a radial extension and/or a radiedction) 412 of the one or more
detents 206. For example, the one or more wedgemgents 408 may radially extend
the one or more detents 206 responsive to therp#a having been axially moved
to the actuated position.

[0074] The one or more detents 206 may have any desiegzesuitable for
extending radially from the detent-apertures 406ugh radial movement 412
responsive to slidably translating movement of dgieg element 408. The one or
more wedging elements 408 may have any desireceghapprovides a suitably
sloped or curved surface that slidably translateaxaal movement 410 of the piston
402 to a radial movement 412 of the one or morerdet206. As shown in FIG. 4,
the detents 206 and the wedging element 408 bath dapherical shape. However,
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it will be appreciated that a detent 206 and/oreaging element 408 may be
configured according to other suitable shapesudinlf frustoconical shapes and
polyhedral shapes. In some embodiments, the wgdgement 408 may be an
integral part of the piston 402, or the wedgingredat 408 may be omitted and the
piston 402 may slidably translate axial movemelft thla radial movement 412 of
the one or more detents 206. The spherical shagiedts 206 and the spherical
shaped wedging element 408 may be desirable, hoysvas to reduce friction
between and allow the one or more detents 206 attt¥mne or more wedging
elements 408 to rotate freely within the hollow pody 400, against the detent-
apertures 406, and/or against the engagement swfdbe socket 300.

[0075] A detent-aperture 406 may provide an opening dieit size to allow a
detent 206 to radially extend partially therethrdosgch that the detent 206 may
lockingly engage with the engagement surface. ossisectional width of a detent-
aperture 406 may be less than a cross-sectiongh wich detent 206 so as to prevent
the detent 206 from falling out of the detent-apext406.

[0076] Referring now to FIGs. 5A-5C, further aspects bldd plate-clamping
assembly 500 will be described. As shown in FE#s5C, an exemplary build-plate
clamping assembly 500 may include a work statioh tz8ving a build plate-receiving
surface 202, and one or more lock-pins 204 extgnilom the build plate-receiving
surface 202 of the work station 200. The one arenhack-pins 204 may include a
hollow pin body 400, a piston 402 disposed witlia hollow pin body 400. The
piston is axially movable from a retracted positi@® to an actuated position 504,
such that the piston 402 may actuate one or mdentde206 of respective ones of the
one or more lock-pins 204. The one or more det2dBsmay be radially extensible
through respective ones of a plurality of detergrapes 406 in the hollow pin body
400 responsive to the piston 402 having been gatlved to the actuated position
504.

[0077]  The build-plate clamping assembly 500 may additignaclude a build
plate 118 configured to be clamped to the work@ta200 at least in part by the one
or more lock-pins 204. The build plate 118 mayude one or more sockets 300 that
have an inside surface 304 defining an engagemeiaice 506 for the one or more
detents 206 to lockingly engage the respectiveobmiee one or more lock-pins 204
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with the corresponding one of the one or more $3c&@0. In some embodiments,
the engagement surface 506 may include an undewataet), groove, chamfer, or the
like configured to lockingly engage the one or maegents 206.

[0078] To lockingly engage a build plate 118 with a bualdte-receiving surface
202 of a work station 200, the build plate 118 rhbaypositioned onto the build plate-
receiving surface 202, with the one or more loaksi204 fitting into a corresponding
socket 300. The build plate-clamping assembly @ include a fluid system 508
configured to actuate the one or more lock-pins ZDde fluid system may include a
fluid source 510, which may include a fluid reseryva pump, and/or a compressor.
The fluid source 510 may contain a fluid 512, sasta pneumatic fluid or a hydraulic
fluid. A piston 402 of a lock-pin 204 may be adileaby the fluid 512, which may be
supplied to a distal end of the piston 402, whicyre in fluid communication with
the fluid source 510 via one or more piston fluip@ly lines 514. In some
embodiments, a fluid supply valve 516 may be poséd at the one or more fluid
supply lines. The fluid supply valve 516 may bevaide to an open position to
actuate the piston 402, moving the piston to theaded position 504, and the fluid
supply valve 516 may be movable to a closed pasttaetract the piston, moving
the piston to the retracted position 502.

[0079]  The fluid source 510 may also supply fluid 512he tlushing channel
414, such as via one or more flushing fluid supiplgs 518. Optionally, a flushing
fluid supply valve 520 may be positioned at the oneore fluid supply lines 518 so
as to activate and deactivate a flow of fluid 54 2hte flushing channel 414. In some
embodiments, at least a portion of the one or rflosking fluid supply lines 518 may
define a pathway through a hollow pin body 400 @dck-pin 204. The flushing
channel 414 and the pathway of the flushing fluidy line 518 through the hollow
pin body 400 may be configured to align and therflgglly communicate with one
another when the piston 402 moves to a retractsii@o 502 and/or when the piston
402 moves to an actuated position 504. In someodimients, fluid communication
between the flushing channel 414 and the flushung supply line 518 may be
established when the piston 402 moves to a rettgusition 502, such that debris
may be flushed from the lock-pin 204 when the pist62 moves to the retracted
position 502. For example, fluid 512 flow throutie flushing channel 414 may be
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activated when removing a build plate 118 from akngtation 200. In this way, the
fluid 512 flowing through the flushing channel 4itvay prevent debris such as
powder 130 from falling into the lock-pin 204 whesmoving the build plate 118
and/or the fluid 512 may flush any such debris fitbmnlock-pin 204 that may
otherwise accumulate in and/or around the lock20i.

[0080] FIG. 5B shows a build plate 118 lockingly engagéith\& build plate-
receiving surface 202 of a work station 200. Thalfsupply valve 516 is in an open
position allowing fluid 512 to move a plurality pistons 402 to an actuated position
504. The pistons 402 move a respective wedgingezie 408 disposed within the
hollow pin body 400 of the lock-pin 204 between pieton and the plurality of
detents 206. The wedging element 408 includesgedlor curved surface
configured to allow the wedging element 408 toaligt translates an axial movement
410 of the piston 402 to a radial extension ofuaglity of detents 206 responsive to
the piston 402 having been axially moved to theated position 504. The plurality
of detents 206 extend radially from correspondiaetgdt-apertures 406, thereby
lockingly engaging with the engagement surface &Q6e sockets 300
corresponding to the respective lock-pins 204. smyable piston 402 may be
utilized, including a spring acting piston 402 paisg return piston 402, and/or a
spring extend piston 402. In an exemplary embodintge piston 402 may be a
spring extend piston 402, which advantageouslygesvthe piston 402 from
retracting in the event of a loss in air pressure.

[0081] FIG. 5C shows a build plate 118 situated on thé&iplate-receiving
surface 202 of a work station 200, with fluid sypphlve 516 in a closed position
allowing the plurality of pistons 402 to move toedracted position 502. With the
pistons 402 moved to the retracted position 502wadging element 408 and the
detents 206 may retract into the hollow body ofpston 402, thereby disengaging
the detents 206 from the engagement surface 586ctets 300 corresponding to the
respective lock-pins 204. With the detents 20émimged from the engagement
surface 506, the build plate 118 may be removea tfee build plate-receiving
surface 202.

[0082] Referring again to FIG. 4, in some embodimentscl-pin 204 may
include a flushing channel 414 defining a pathwayef fluid 512 to flow from a fluid

24



source 510 and discharge from the hollow pin bdaly €b as to flush debris from the
lock-pin 204. The flushing channel 414 may be fednwithin the piston 402 and/or
the hollow pin body 400 of the lock-pin 204. Ims®embodiments, the flushing
channel 414 may traverse helically along the pigta# and/or the flushing channel
414 may traverse helically along the inner surfaicie hollow piston body 400.
While a single flushing channel 414 is shown, il & appreciated that any number
of flushing channels 414 may be provided, such ¢saat one flushing channel, at
least two flushing channels, and so forth, withdeparting from the spirit and scope
of the present disclosure.

[0083] One or more flushing channels 414 may be in fl@ichmunication with

the plurality of detent-apertures 406 so as tonattee fluid 512 to flush debris such as
powder 130 from the lock-pin 204 through the plitlyadf detent-apertures 406.
Additionally, or in the alternative, a lock-pin 2@4ay include one or more flushing
apertures 416 disposed about the hollow pin body 4the one or more flushing
apertures 416 may be in fluid communication with ¢ime or more flushing channels
414 so as to allow the fluid 512 to flush debristsas powder 130 from the lock-pin
204. An exemplary flushing pathway 418 may disghahrough one or more
flushing apertures 416 disposed at a proximal &tdof the hollow pin body 400.
Another exemplary flushing pathway 422 may addaibynor alternatively discharge
through a plurality of flushing apertures 416 dispd about at least one of the
plurality of detent-apertures 406. The flushingmhels 414 may be utilized before,
during, and/or after lockingly engaging a buildtpla18 at a work station 200 (e.g.,
before, during, and/or after the plurality of deteR06 have lockingly engaged the
lock-pin 204 with the socket 300).

[0084] Referring now to FIGs. 6A and 6B, an exemplary vpieke-assembly 600
that includes a plurality of workpieces 116 secured build plate 118 is shown. The
build plate 118 may be configured to align the vpoekes 116 to respective
registration points 602. The registration poird® Ghay be mapped to a coordinate
system, and the build plate-clamping assembly 589 Ine configured to lockingly
engage a build plate 118 to a build plate-receigingace 202 of a work station such
as a vision system-work station 124 or an addithaufacturing-work station 142, so
as to align the build plate 118 to the coordingttesn such that the workpieces 116
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may be aligned to the respective registration 2. FIG. 6A shows a workpiece-
assembly 600 that includes a plurality of workpget&6 secured to a build plate 118.
[0085] A build plate-clamping assembly 500 may be usdddiitate additively
printing an extension segment 606 on a workpie& ihtluding additively printing
respective ones of a plurality of extension segs6A6 on respective ones of a
plurality of workpieces 116 as part of a singlelthuiln some embodiments, a build
plate-clamping assembly 500 may be configuredigmahe workpieces 116 to
respective registration points 602 so as to fatdiimage capture by the vision
system 102, so as to facilitate alignment of CADdeds with the workpieces 116
(e.g., so that extension segments 606 as defined@D model may be properly
additively printed on the workpieces 116), andfmas to facilitate operability of the
additive manufacturing machine 104.

[0086] The arrangement depicted in FIG. 6A reflects atpaitime prior to
additively printing extension segments onto thekpace-interfaces 120. A build
plate-clamping assembly 500 may be configured ¢kitmly engage a build plate 118
on a vision system-work station 124 with one or @nasion system-lock-pins 126, so
as to align the build plate 118 to vision systerordmates. The plurality of
workpieces 116 may be secured to the build pla8 44 shown in FIG. 6A, either
before or after the build plate 118 is lockinglygaged with the build plate-receiving
surface 202 of the vision system-work station 1Z¢he vision system 102 may
obtain one or more digital representations of akg@ce-interface 120 of each of a
plurality of workpieces 116 secured to the buildtel118, with the workpieces 116
may be aligned to the respective registration gddi®2. The digital representations
may be obtained using one or more cameras 112ofison system 102. The one or
more cameras may be configured to provide one oefinelds of view 114 that
include the workpiece-interface 120 of each ofgheality of workpieces 116
secured to the build plate 118.

[0087] The arrangement depicted in FIG. 6B shows the wedepassembly 600
of FIG. 6A but reflecting a point in time after additive printing process. The build
plate-clamping assembly 500 may be configured dkitaly engage the build plate
118 on an additive manufacturing-work station 14thwne or more additive

manufacturing machine-lock-pins 144, so as to algnbuild plate 118 to
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manufacturing machine-coordinates. As shown in.Blg the additive
manufacturing machine 104 may form a plurality @finponents 604 by performing
an additive printing process configured to addIyiy@int respective ones of a
plurality of extension segments 606 onto respeaives of the plurality of
workpieces 116.

[0088] In addition to the build plate-clamping assembl® Se build plate 118
and/or workpiece-assembly 600 shown in FIGs. 6A@&®adnay include additional
features that facilitate additively printing an@xsion segment 606 on a workpiece
116, including additively printing respective oradsa plurality of extension segments
606 on respective ones of a plurality of workpiet#6 as part of a single build. In
some embodiments, such additional features malyduelign the workpieces 116 to
respective registration points 602 so as to fatdiimage capture by the vision
system 102, so as to facilitate alignment of CADdeds with the workpieces 116
(e.g., so that extension segments 606 as defined@AD model may be properly
additively printed on the workpieces 116), andfmas to facilitate operability of the
additive manufacturing machine 104.

[0089] By way of example, as shown in FIGs. 6A and 6Bhsatditional features
of an exemplary workpiece-assembly 600 and/or kpléte 118 may include one or
more workpiece bays 608. Each of the one or markpiece bays 608 may include
one or more workpiece docks 610. The one or markpiece bays 608 may
additionally include one or more clamping mechasig€h2 which operate to secure
one or more workpieces 116 to the build plate 1T8e one or more workpiece
docks 610 may be configured to receive one or mar&piece shoes 614, and the
one or more workpiece shoes 614 may be respecivesiffgured to receive a
workpiece 116. The one or more clamping mechan&t®2smay be configured to
clamp the workpiece shoes 614 in position withie¢brresponding workpiece docks
610.

[0090] A workpiece dock 610 and/or a workpiece shoe 614 imaude one or
more biasing members (not shown) configured totexerasing force (e.g., an
upward or vertical biasing force) between the wagkp shoe 614 and the build plate
118 such as the bottom of the workpiece dock 6llite biasing members may

include one or more springs, one or more magnes faig. permanent magnets or
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electromagnets), one or more piezoelectric actyatdhe like operable to exert such
a biasing force. The biasing force exerted bybilasing members biases the
workpiece shoe 614 so as to allow the workpiecerdates 120 (e.g., the top surfaces
of the workpieces 116) to be aligned with one aeotBy way of example, an
alignment plate (not shown) may be placed on tah@fvorkpieces 116 so as to
partially compress the biasing members and briegibrkpiece-interfaces 120 (e.g.,
the top surfaces of the workpieces 116) into aligntwith one another. In some
embodiments, elevating blocks (not shown) may beqa between the build plate
118 and the alignment plate (not shown) to assipbsitioning the alignment plate on
top of the workpieces 116 at a desired height.hWie workpiece-interfaces 120
aligned with one another, the clamping mechanisghréay be tightened so as to
secure the workpieces 116 to the build plate 118.

[0091] The workpiece-assembly 600 shown in FIGs. 6A andan@® hold any
number of workpieces 116. As one example, the piede-assembly 600 shown
may hold up to 20 workpieces 116. As another exapgWorkpiece-assembly 600
may be configured to hold from 2 to 100 workpiet&6, or more, such as from 2 to
20 workpieces 116, such as from 10 to 20 workpiéd&s such as from 20 to 60
workpieces 116, such as from 25 to 75 workpiec&s 4dch as from 40 to 50
workpieces 116, such as from 50 to 100 workpied®s duch as from 5 to 75
workpieces 116, such as from 75 to 100 workpied#&s duch as at least 2 workpieces
116, such as at least 10 workpieces 116, suchleastt20 workpieces 116, such as at
least 40 workpieces 116, such as at least 60 weeckpill6, or such as at least 80
workpieces 116.

[0092] In some embodiments, for example, when the worlgsidd 6 are airfoils
such as compressor blades or turbine blades esbarhachine, the workpiece-
assembly 600 may be configured to hold a numbeétaafes that corresponds to the
number of blades in one or more stages of the cesspr and/or turbine, as
applicable. In this way, all of the blades of aegi one or more stages of a turbine
and/or compressor may be kept together and extessgments 606 may be
additively printed thereon in one single build.witl be appreciated that the
workpiece-assembly 600 and build plate 118 retbeet exemplary embodiment,
which is provided by way of example and not toibeting. Various other
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embodiments of a workpiece-assembly 600 and/od lpliéte 118 are contemplated
which may also allow for the workpieces 116 to éeused with suitable positioning
and alignment, all of which are within the spintdescope of the present disclosure.
[0093] Now turning to FIGs. 7A-7C, exemplary methods afrihg a build plate
118 to coordinates of an additive manufacturindesys100 (FIG. 7A), exemplary
methods of working on workpieces at multiple watdtions (FIG. 7B), and
exemplary methods of additively printing extenssegments 606 on a plurality of
workpieces 116 (FIG. 7C) will be described.

[0094] As shown in FIG. 7A, an exemplary method 700 ajrdhg a build plate
118 to coordinates of an additive manufacturindesysl00 may include, at step 702,
placing a build plate 118 on a work station 200ihgwa build plate-receiving surface
202 and a lock-pin 204 extending from the buildgleeceiving surface 202. The
lock-pin 204 may include a hollow pin body 400,ist@n 402 disposed within the
hollow pin body 400 such that the piston 402 isaliximovable from a retracted
position 502 to an actuated position 504, and eapty of detents 206 that are
radially extensible through respective ones ofuagity of detent-apertures 406 in the
hollow pin body 400 responsive to the piston 402 been axially moved to the
actuated position 504. The build plate 118 majuste a socket 300 having an inside
surface 304 defining an engagement surface 50égplurality of detents 206 to
lockingly engage the lock-pin 204 with the sock@d.3 The exemplary method 700
may further include, at step 704, actuating theopig02 so as to lockingly engage
the lock-pin 204 with the socket 300. In some edients, the lock-pin 204 may
include a flushing channel 414 configured to fldgiris from the lock-pin 204, and
the exemplary method 700 may optionally includestep 706, flushing debris from
the lock-pin 204. The step 706 of flushing delndsn the lock-pin 204 may be
performed before, during, and/or after, step 7A@ditionally, or alternatively, step
706 may be performed before, during, and/or aftep 704.

[0095] Now referring to FIG. 7B, an exemplary method 72@Working on
workpieces at multiple work stations will be debed. As shown in FIG. 7B, an
exemplary method 720 may include, at step 722 gtk engaging a build plate 118
at a first work station 200; at step 724, perfomgranfirst work-step on a plurality of
workpieces 116 secured to the build plate 118tegt 826, releasing the build plate
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118 from the first work station 200; at step 728kingly engaging the build plate
118 at a second work station 200; and at stepp&@rming a second work-step on
the plurality of workpieces 116 secured to thedpikate 118. The first work station
200 may include a first lock-pin 204 extending frarfirst build plate-receiving
surface 202, and the build plate 118 may includecket 300 configured to lockingly
engage with the first lock-pin 204. The secondinsiation 200 may include a
second lock-pin 204 extending from a second bua¢epreceiving surface 202, and
the socket 300 of the build plate 118 may be caméd to lockingly engage with the
second lock-pin 204.

[0096] In some embodiments, at step 724, the first woek-stay include
obtaining with a vision system 102, one or moretdigepresentations of a
workpiece-interface 120 of each of the pluralitynafrkpieces 116. Additionally, or
in the alternative, at step 730, the second waeg-stay include additively printing
on the workpiece-interfaces 120 of the pluralitywairkpieces 116.

[0097] In other embodiments, at step 724, the first waepsnay include
preparing a workpiece-interface 120 on the pluyaftworkpieces 116. Additionally,
or in the alternative, at step 730, the second gtek may include obtaining with a
vision system 102, one or more digital represemtatof the workpiece-interfaces 120
of the plurality of workpieces 116. Preparing akpiece-interface 120 on the
plurality of workpieces 116 may include subjectimgrkpieces 116 to a subtractive
modification so as to provide a workpiece-interfa2@ thereon. This may include
cutting, grinding, machining, electrical-dischargachining, brushing, etching,
polishing, or otherwise substantively modifying artipiece 116 so as to provide a
workpiece-interface 120 thereon. The subtractieglification may include removing
a subtraction portion (not shown) so as to pro@aeorkpiece-interface 120. The
subtractive modification may include removing atdea portion of a surface of the
workpiece 116 that has been worn or damaged. »&mple, the workpiece 116 may
include artifacts (not shown), such as microcrapkts, abrasions, defects, foreign
material, depositions, imperfections, and the lieich artifacts may commonly
appear on the top surface of a compressor or witilade as a result of the extreme

conditions to which such blades are subjected. sTiractive modification may
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additionally or alternatively be performed so agtiprove bonding between the
workpiece 116 and an extension segment 606 adiifivented thereon.

[0098] In still further embodiments, an exemplary meth@0 may optionally
include, at step 732, releasing the build plateftd® the second work station 200; at
step 734, lockingly engaging the build plate 118 #tird work station 200; and at
step 736, performing a third work-step on the gityraf workpieces 116 secured to
the build plate 118. The third work station 200ymeclude a third lock-pin 204
extending from a third build plate-receiving sud&02, and the socket 300 of the
build plate 118 may be configured to lockingly eggavith the third lock-pin 204.

By way of example, the third work-step may incladiglitively printing on the
workpiece-interfaces 120 of the plurality of workpes 116.

[0099] Referring still to FIG. 7B, in some embodiments finst lock-pin 204

may include a first flushing channel 414 configutedlush debris from the first lock-
pin 204, and an exemplary method 720 may optioniatijide, at step 738, flushing
debris from the first lock-pin 204 before, duriapd/or after lockingly engaging the
build plate 118 at the first work station 200 &ps722. Additionally, or in the
alternative, the second lock-pin 204 may inclugeeond flushing channel 414
configured to flush debris from the second lock-pi4, and an exemplary method
720 may optionally include, at step 740, flushirdpds from the second lock-pin 204
before, during, and/or after lockingly engaging luidd plate 118 at the second work
station 200 at step 728. Further additionallyindhe alternative, the third lock-pin
204 may include a third flushing channel 414 camfegl to flush debris from the third
lock-pin 204, and an exemplary method 720 may optlg include, at step 742,
flushing debris from the third lock-pin 204 befodeiring, and/or after lockingly
engaging the build plate 118 at the third workista00 at step 734.

[0100] Now referring to FIG. 7C, an exemplary method 76@dditively printing
extension segments 606 on a plurality of workpiddegswill be described. As shown
in FIG. 7C, an exemplary method 750 may includstep 752, lockingly engaging a
build plate 118 on a first work station 200 assialavith a vision system 102, such
as a vision system-work station 124. The firstkngtation 200 may have a first build
plate-receiving surface 202 and a first lock-pid 2@tending from the first build
plate-receiving surface 202. The first lock-pirt2fiay have a first plurality of
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radially extensible detents 206. The build plat8 fnay have a socket 300 with an
inside surface 304 defining an engagement surf@6dds the first plurality of

radially extensible detents 206 to lockingly engtugefirst lock-pin 204 with the
socket 300.

[0101] The exemplary method 750 may further include, gqp 54, obtaining
with a vision system 102, one or more digital reprgations of a workpiece-interface
120 of each of a plurality of workpieces 116 sedurethe build plate 118. The
digital representations may be obtained usingiawisystem 102 that has one or
more cameras 112 providing one or more fields edwl 14 that include the
workpiece-interface 120 of each of the pluralitywadrkpieces 116 secured to the
build plate118. The one or more cameras 112 mayde a field of view 114 that
includes all of the workpiece interfaces 120, @ ¢ime or more cameras 112 may be
moved, adjusted, articulates, or the like so dwittg various workpiece interfaces
120 into the field of view 114.

[0102]  Still referring to FIG. 7C, an exemplary method 768y further include,
at step 756, releasing the build plate 118 fronfitsework station 200, and at step
758, lockingly engaging the build plate 118 on eosel work station 200 associated
with an additive manufacturing machine 104, suchraadditive manufacturing-work
station 142. The second work station 200 may laasecond build plate-receiving
surface 202 and a second lock-pin 204 extending tree second build plate-
receiving surface 202, such as an additive manufiagt machine-lock-pin 144. The
second lock-pin 204 may have a second pluralitadfally extensible detents 206.
The inside surface 304 of the socket 300 of th&lplate 118 may similarly define
an engagement surface 506 for the second pluddlitgdially extensible detents 206
to lockingly engage the second lock-pin 204 with slocket 300.

[0103] For example, a vision system-work station 124 iditig one or more
vision system-lock-pins 126 may be coordinatediyfigured with an additive
manufacturing-work station 142 having one or mal@itave manufacturing machine-
lock-pins 144. In this way, a build plate 118 mayltckingly engaged with the build
plate-receiving surface 202 of the vision systemkvgbation 124 for purposes of
obtaining with one or more digital representatioha workpiece-interface 120 of
each of a plurality of workpieces 116 secured elthild plate 118, and then the
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build plate 118 may be lockingly engaged with théddoplate-receiving surface 202
of the additive manufacturing-work station 142 porposes of additively printing
extension segments 606 on the workpiece-interfa28sf the plurality of

workpieces 116. In some embodiments, the first-uok204 may align the build

plate 118 to vision system-coordinates when tts iirck-pin 204 lockingly engages
the engagement surface 506 of the build plate KRlitionally, or in the alternative,
the second lock-pin 204 may align the build plat8 fo additive manufacturing
machine-coordinates when the second lock-pin 26Kingly engages the
engagement surface 506 of the build plate 118.

[0104]  Further to the exemplary method 750 of additiveingng extension
segments 606 on a plurality of workpieces 116tegi 60, the method 750 may
include transmitting to the additive manufacturmgchine 104, one or more print
commands configured to additively print the plusabf extension segments 606, and
at step 762, the method 750 may include additigalyting the plurality of extension
segments 606 on the workpiece-interfaces 120 gplinality of workpieces 116.

The one or more print commands may be generatextilzddeast in part on the one or
more digital representations obtained using thewrisystem 102, and the plurality of
extension segments 606 may be additively printed @ach respective one of the
plurality of extension segments 606 being locatedhe workpiece-interface 120 of a
corresponding respective one of the plurality ofkpeeces 116.

[0001] Now referring to FIG. 8, further features of an éigld manufacturing
system 100 will be described. As shown in FlIGar8exemplary additive
manufacturing system 100 may include a controlesyst06. An exemplary control
system 106 includes a controller 800 communicatieeupled with a vision system
102 and/or an additive manufacturing machine IDde controller 800 may also be
communicatively coupled with a user interface 168/ar a management system 110.
[0105]  The controller 800 may include one or more commutiavices 802,

which may be located locally or remotely relatiodlte additive vision system 102
and/or the additive manufacturing machine 104. dmeor more computing devices
802 may include one or more processors 804 anadomore memory devices 806.
The one or more processors 804 may include angldaiprocessing device, such as a
microprocessor, microcontroller, integrated circlagic device, and/or other suitable
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processing device. The one or more memory de@@6snay include one or more
computer-readable media, including but not limti@ehon-transitory computer-
readable media, RAM, ROM, hard drives, flash drj\aesl/or other memory devices.
[0106] The one or more memory devices 806 may store irdbom accessible by
the one or more processors 804, including machueetgable instructions 808 that
can be executed by the one or more processorsB@linstructions 808 may include
any set of instructions which when executed byt or more processors 804 cause
the one or more processors 804 to perform opemationsome embodiments, the
instructions 808 may be configured to cause theaomeore processors 804 to
perform operations for which the controller 800 /andhe one or more computing
devices 802 are configured. Such operations nayde controlling the vision
system 102 and/or the additive manufacturing machd¥, including, for example,
causing the vision system 102 to capture a digi@alesentation of a field of view 114
that includes a workpiece-interface 120 of one orenworkpieces 116, generating
one or more print commands based at least in patte@one or more digital
representations of the one or more fields of vid#, land causing the additive
manufacturing machine 104 to additively print regpe ones of the plurality of
extension segments 606 on corresponding respemie® of the plurality of
workpieces 116. For example, such instructionsr@8@g include one or more print
commands, which, when executed by an additive naatwfing machine 104, cause
an additive-manufacturing tool to be oriented wéhpect to a toolpath that includes a
plurality of toolpath coordinates and to additivplynt at certain portions of the
toolpath so as to additively print a layer of therality of extension segments 606.
The layer of the plurality of extension segment8 6tay correspond to a slice of an
extension segment-CAD model. Such operations rdditianally or alternatively
include calibrating an additive manufacturing sgstE00.

[0107]  Such operations may further additionally or altéxedy include receiving
inputs from the vision system 102, the additive ofacturing machine 104, the user
interface 108, and/or the management system 1u6h &erations may additionally
or alternatively include controlling the vision gy 102 and/or the additive
manufacturing machine 104 based at least in pattt@mputs. Such operations may
be carried out according to control commands prexvidy a control model 810. As
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examples, exemplary control models 810 may inctutor more control models
810 configured to determine a workpiece-interfa2@ af each of a plurality of
workpieces 116 from one or more digital represematof one or more fields of view
114; one or more control models 810 configuredei@idnine and/or generate an
extension segment-CAD model based at least ingpettie one or more digital
representations of the one or more fields of viéw; land/or one or more control
models 810 configured to slice an extension segi@&m model into a plurality of
slices and/or to determine or generate a toolpadhaa additive printing area for each
of the plurality of slices. The machine-executabktructions 808 can be software
written in any suitable programming language or lwaimmplemented in hardware.
Additionally, and/or alternatively, the instruct®B808 can be executed in logically
and/or virtually separate threads on processors 804

[0108] The memory devices 806 may store data 812 accedsilihe one or more
processors 804. The data 812 can include curraebtime data, past data, or a
combination thereof. The data 812 may be storeddata library 814. As examples,
the data 812 may include data associated with mergéed by additive manufacturing
system 100, including data 812 associated witheaegated by a controller 800, the
vision system 102, the additive manufacturing maelio4, the user interface 108,
the management system 110, and/or a computingal802. The data 812 may also
include other data sets, parameters, outputs,nr@on, associated with an additive
manufacturing system 100, such as those assoaigtethe vision system 102, the
additive manufacturing machine 104, the user iate&xfL08, and/or the management
system 110.

[0109] The one or more computing devices 802 may alsoidlech
communication interface 816, which may be usec¢émnmunications with a
communications network 818 via wired or wirelessiaaunication lines 820. The
communication interface 816 may include any sugadamponents for interfacing
with one or more network(s), including for exampgtansmitters, receivers, ports,
controllers, antennas, and/or other suitable coraptsn The communication interface
816 may allow the computing device 802 to commueigath the vision system 102,
the additive manufacturing machine 104. The comoasion network 818 may
include, for example, a local area network (LANjyide area network (WAN),
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SATCOM network, VHF network, a HF network, a Wi+tétwork, a WiMAX
network, a gatelink network, and/or any other saldaommunications network for
transmitting messages to and/or from the contr8I0€) across the communication
lines 820. The communication lines 820 of commaitidn network 818 may include
a data bus or a combination of wired and/or wielBEMmMunication links.

[0110] The communication interface 816 may additionallakernatively allow
the computing device 802 to communicate with a urgerface 108 and/or a
management system 110. The management systerwhith, may include a server
822 and/or a data warehouse 824. As an exampbgsita portion of the data 812
may be stored in the data warehouse 824, and ther22 may be configured to
transmit data 812 from the data warehouse 824etadmputing device 802, and/or to
receive data 812 from the computing device 802tarstiore the received data 812 in
the data warehouse 824 for further purposes. &hes822 and/or the data
warehouse 824 may be implemented as part of aat@ystem 106.

[0111]  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 incotpdnamethods. The patentable
scope of the presently disclosed subject matefimed by the claims, and may
include other examples that occur to those skiletthe art. Such other examples are
intended to be within the scope of the claimsdytinclude 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 build plate-clamping assembly 500, comprising:
awork station 200 having a build plate-receiving surface 202; and
alock-pin 204 extending from the build plate-receiving surface 202 of the
work station 200, the lock-pin 204 comprising:
ahollow pin body 400;
apiston 402 disposed within the hollow pin body 400, the piston 402
axially movable from aretracted position 502 to an actuated position 504; and
aplurality of detents 206, the plurality of detents 206 radially
extensible through respective ones of a plurality of detent-apertures 406 in the
hollow pin body 400 responsive to the piston 402 having been axially moved
to the actuated position 504.

2. The build plate-clamping assembly 500 of claim 1, comprising:

awedging element 408 disposed within the hollow pin body 400 between the
piston 402 and the plurality of detents 206, the wedging element 408 comprising a
sloped or curved surface that slidably translates an axial movement of the piston 402
to aradial extension of the plurality of detents 206 responsive to the piston 402
having been axially moved to the actuated position 504.

3. The build plate-clamping assembly 500 of claim 1, wherein the detents
206 have a spherical shape; and/or wherein the wedging element 408 has a spherical
shape.

4, The build plate-clamping assembly 500 of claim 1, wherein the piston
402 comprises a pneumatic piston 402 actuable by a pneumatic fluid 512.

5. The build plate-clamping assembly 500 of claim 1, wherein the lock-
pin 204 comprises a flushing channel 414 defining a pathway for afluid 512 to flow
from afluid source 510 and discharge from the hollow pin body 400 so asto flush
debris from the lock-pin 204.

37



6. The build plate-clamping assembly 500 of claim 5, wherein the
plurality of detent-apertures 406 are in fluid communication with the flushing channel
414 so asto alow the fluid 512 to flush debris from the lock-pin 204 through the
plurality of detent-apertures 406.

7. The build plate-clamping assembly 500 of claim 5, comprising:

one or more flushing apertures 416 disposed about the hollow pin body
400, the one or more flushing apertures 416 in fluid communication with the
flushing channel 414 so asto allow the fluid 512 to flush debris from the lock-
pin 204 through the one or more flushing apertures 416.

8. The build plate-clamping assembly 500 of claim 1, comprising:

abuild plate 118 configured to be clamped to the work station 200 at least in
part by the lock-pin 204, the build plate 118 comprising a socket 300 having an inside
surface 304 defining an engagement surface 506 for the plurality of detents 206 to
lockingly engage the lock-pin 204 with the socket 300.

0. The build plate-clamping assembly 500 of claim 8, wherein the build
plate 118 comprises a socket-receiving recess 302 configured to receive the socket
300, the socket 300 comprising an outside surface corresponding to the socket-

receiving recess 302.

10.  Thebuild plate-clamping assembly 500 of claim 9, wherein the build
plate 118 comprises a socket bolt-receiving bore 306 intersecting the socket-receiving
recess 302, the socket bolt-receiving bore 306 configured to receive a socket locking-
bolt 308 insertable therein, wherein the outside surface of the socket 300 comprises a
socket bolt-engaging channel 310 aligning with the intersecting socket bolt-receiving
bore 306, the socket 300 being lockingly engageable with the build plate 118 at least
in part by the socket locking-bolt 308 having been inserted into the socket bolt-
receiving bore 306 and engaging with the socket bolt-engaging channel 310.
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11. A method working on workpieces 116 at multiple work stations 200,
the method comprising:

lockingly engaging a build plate 118 at afirst work station 200, the first work
station 200 having a first lock-pin 204 extending from afirst build plate-receiving
surface 202, and the build plate 118 comprising a socket 300 configured to lockingly
engage with the first lock-pin 204;

performing afirst work-step on a plurality of workpieces 116 secured to the
build plate 118;

releasing the build plate 118 from the first work station 200;

lockingly engaging the build plate 118 at a second work station 200, the
second work station 200 having a second lock-pin 204 extending from a second build
plate-receiving surface 202, and the socket 300 of the build plate 118 configured to
lockingly engage with the second lock-pin 204; and

performing a second work-step on the plurality of workpieces 116 secured to
the build plate 118.

12. Themethod of claim 11, wherein:

the first work-step comprises obtaining with a vision system 102, one or more
digital representations of a workpiece-interface 120 of each of the pluraity of
workpieces 116; and/or

the second work-step comprises additively printing on the workpiece-

interfaces 120 of the plurality of workpieces 116.

13. The method of claim 11, wherein:

the first work-step comprises preparing a workpiece-interface 120 on the
plurality of workpieces 116; and/or

the second work-step comprises obtaining with avision system 102, one or
more digital representations of the workpiece-interfaces 120 of the plurality of

workpieces 116.

14. The method of claim 13, comprising:
releasing the build plate 118 from the second work station 200;
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lockingly engaging the build plate 118 at a third work station 200, the third
work station 200 having athird lock-pin 204 extending from athird build plate-
receiving surface 202, and the socket 300 of the build plate 118 configured to
lockingly engage with the third lock-pin 204; and

performing athird work-step on the plurality of workpieces 116 secured to the
build plate 118, wherein the third work-step comprises additively printing on the

workpiece-interfaces 120 of the plurality of workpieces 116.

15.  Anadditive manufacturing system, comprising:

avision system 102, the vision system 102 comprising afirst work station 200
having afirst build plate-receiving surface 202 and afirst lock-pin 204 extending
from the first build plate-receiving surface 202, the first lock-pin 204 configured to
lockingly engage a build plate 118, the first lock-pin 204 having afirst plurality of
radially extensible detents 206, and the build plate 118 comprising a socket 300
having an inside surface 304 defining an engagement surface 506 for the first plurality
of radially extensible detents 206; and

an additive manufacturing machine 104, the additive manufacturing machine
104 comprising a second work station 200 having a second build plate-receiving
surface 202 and a second lock-pin 204 extending from the second build plate-
receiving surface 202, the second lock-pin 204 configured to lockingly engage the
build plate 118, the second lock-pin 204 having a second plurality of radially
extensible detents 206, and the inside surface 304 of the socket 300 of the build plate
118 defining an engagement surface 506 for the second plurality of radially extensible
detents 206.
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