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SYSTEM AND METHOD FOR ADDITIVELY PRINTING EXTENSION 
SEGMENTS ON WORKPIECES  

 

FIELD 

[0001]     The present disclosure generally pertains to systems and methods for 

additively manufacturing workpieces and, more specifically, to systems and methods 

for additively printing extension segments on workpieces using an additive 

manufacturing machine. 

 

BACKGROUND 

[0002]     Turbomachines, such as gas turbine engines, include various components 

that incur wear during operation.  For example, a gas turbine engine typically includes 

numerous compressor blades and turbine blades, which operate in a high-temperature 

and high-stress environment.  As such, the tips of the blades incur wear from rubbing 

against shrouds, chemical degradation or oxidation from hot gases, fatigue from 

cyclic loading and unloading, diffusion creep of crystalline lattices, and so forth.  

Worn blades may, in turn, degrade the performance of the gas turbine engine.   

[0003]     Since it is typically expensive to replace the compressor and turbine blades 

of a gas turbine engine with new blades, systems and methods for repairing worn 

blades have been developed.  For example, the worn or damaged tip of a blade may be 

removed, and a new tip may be additively printed on the blade in its place.  While 

such systems and methods work well, improvements are needed.      

[0004]     Accordingly, an improved system and method for additively printing 

extension segments on workpieces would be welcomed in the technology. 

 

BRIEF DESCRIPTION 

[0005]     Aspects and advantages of the invention will be set forth in part in the 

following description, or may be obvious from the description, or may be learned 

through practice of the invention. 

[0006]     In one aspect, the present subject matter is directed to a method for 

additively printing extension segments on workpieces using an additive 

manufacturing machine.  The method includes controlling, with a computing system, 
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an operation of a print head of the additive manufacturing machine such that a region 

of interest of a build plate of the additive manufacturing machine is scanned with an 

electromagnetic radiation beam.  The build plate, in turn, includes a workpiece 

coupled thereto.  Additionally, the method includes receiving, with the computing 

system, data associated with reflections of the electromagnetic radiation beam off of 

the build plate as the region interest is scanned.  Furthermore, the method includes 

receiving, with the computing system, data associated with a location of the 

electromagnetic radiation beam relative to the build plate.  Moreover, the method 

includes determining, with the computing system, a location of a workpiece interface 

of the workpiece based on the received data associated with the reflections of the 

electromagnetic radiation beam and the received data associated with the location of 

the electromagnetic radiation beam.  In addition, the method includes controlling, 

with the computing system, the operation of the print head such that an extension 

segment is additively printed on the determined workpiece interface. 

[0007]     In another aspect, the present subject matter is directed to a system for 

additively printing extension segments on workpieces.  The system includes an 

additive manufacturing machine having a build plate and a print head.  Additionally, 

the system includes a computing system communicatively coupled to one or more 

components of the additive manufacturing machine.  The computing system, in turn, 

is configured to control an operation of the print head such that a region of interest of 

the build plate is scanned with an electromagnetic radiation beam, with the build plate 

having a workpiece coupled thereto.  Furthermore, the computing system is 

configured to receive data associated with reflections of the electromagnetic radiation 

beam off of the build plate as the region of interest is scanned.  Moreover, the 

computing system is configured to receive data associated with a location of the 

electromagnetic radiation beam relative to the build plate.  In addition, the computing 

system is configured to determine a location of a workpiece interface of the 

workpiece based on the received data associated with the reflections of the 

electromagnetic radiation beam and the received data associated with the location of 

the electromagnetic radiation beam.  Further, the computing system is configured to 

control the operation of the print head such that an extension segment is additively 

printed on the determined workpiece interface. 
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[0008]     These and other features, aspects and advantages of the present invention 

will become better understood with reference to the following description and 

appended claims.  The accompanying drawings, which are incorporated in and 

constitute a part of this specification, illustrate embodiments of the invention and, 

together with the description, serve to explain the principles of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009]     A full and enabling disclosure of the present invention, including the best 

mode thereof, directed to one of ordinary skill in the art, is set forth in the 

specification, which makes reference to the appended figures, in which: 

[0010]     FIG. 1 is a side view of one embodiment of an additive manufacturing 

machine; 

[0011]     FIG. 2 is a schematic view of one embodiment of a system for additively 

printing extension segments on workpieces; 

[0012]     FIG. 3 is a flow diagram of one embodiment of a method for additively 

printing extension segments on workpieces; 

[0013]     FIG. 4 is a top view of one embodiment of a build plate of an additive 

manufacturing machine, particularly illustrating the build plate having a single region 

of interest; and  

[0014]     FIG. 5 is a top view of another embodiment of a build plate of an additive 

manufacturing machine, particularly illustrating the build plate having first and 

second regions of interest. 

[0015]     Repeat use of reference characters in the present specification and 

drawings is intended to represent the same or analogous features or elements of the 

present invention. 

 

DETAILED DESCRIPTION 

[0016]     Reference now will be made in detail to exemplary embodiments of the 

presently disclosed subject matter, one or more examples of which are illustrated in 

the drawings.  Each example is provided by way of explanation and should not be 

interpreted as limiting the present disclosure.  In fact, it will be apparent to those 

skilled in the art that various modifications and variations can be made in the present 
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disclosure without departing from the scope or spirit of the present disclosure.  For 

instance, features illustrated or described as part of one embodiment can be used with 

another embodiment to yield a still further embodiment.  Thus, it is intended that the 

present disclosure covers such modifications and variations as come within the scope 

of the appended claims and their equivalents.   

[0017]     It is understood that terms such as “top”, “bottom”, “outward”, “inward”, 

and the like are words of convenience and are not to be construed as limiting terms. 

As used herein, the terms “first”, “second”, and “third” may be used interchangeably 

to distinguish one component from another and are not intended to signify location or 

importance of the individual components.  The terms “a” and “an” do not denote a 

limitation of quantity, but rather denote the presence of at least one of the referenced 

items.   

[0018]     In general, the present subject matter is directed to a system and method 

for additively printing extension segments on workpieces.  More specifically, in the 

disclosed method, a worn or damaged portion(s) of a workpiece is removed and an 

extension segment(s) is additively printed in place of the removed portion(s) using an 

additive manufacturing machine.  For example, as described above, the tip of a gas 

turbine engine blade may become worn or damaged during operation of the engine.  

As such, in accordance with aspects of the present subject matter, the tip of the blade 

may be removed (e.g., cut off) and a new tip may be additively printed in its place.    

[0019]     In several embodiments, the additive manufacturing machine includes a 

build plate, a print head, and a detection module.  More specifically, the workpiece is 

coupled to or otherwise positioned on the build plate after the worn/damaged 

portion(s) is removed.  Furthermore, the print head may include a beam emitter that 

emits an electromagnetic radiation beam (e.g., a laser beam), a focusing lens that 

focuses the emitted beam, and a galvanometer that directs the emitted and focused 

beam onto the build plate.  Additionally, the detection module includes an imaging 

device (e.g., a photodiode) that receives the reflections of the electromagnetic 

radiation beam off of the build plate as the beam is scanned across the build plate.  

[0020]     The print head is used to scan a workpiece interface of the work piece on 

which the extension segment will be printed and additively print the extension 

segment.  Specifically, a computing system is configured to control the operation of 
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the print head such that a region of interest of the build plate (e.g., the region where 

the workpiece is located) is scanned with the electromagnetic radiation beam.  As the 

region of interest is scanned, the computing system is configured to receive data 

associated with the reflections of the beam from the imaging device and data 

associated with the location of the beam relative to the build plate from the 

galvanometer.  Moreover, the computing system is configured to determine the 

location of the workpiece interface based on the received data from the imaging 

device and the received data from the galvanometer.  For example, in some 

embodiments, the computing system generates an image of region of interest based on 

the received data, with the generated image illustrating the differences in the signal 

strength/level of the beam reflections.  In such embodiments, the computing system 

then determines the location of the workpiece interface based on the depicted signal 

strength/level differences.  Thereafter, the computing system is configured to control 

the operation of the print head such that the extension segment is additively printed on 

the workpiece interface. 

[0021]     Using the print head to scan the workpiece interface and additively print 

the extension segment provides one or more technical advantages.  Specifically, 

conventional systems and methods of additively printing extension segments 

determine the location of the workpiece interface using a measuring system that is 

separate from the additive manufacturing machine.  Thereafter, the workpiece is 

moved from the measuring system and placed in the additive manufacturing machine 

for printing.  However, it is difficult to locate the workpiece within the additive 

manufacturing machine exactly as it was located within the measuring system.  When 

not properly positioned within the additive manufacturing machine, the position of the 

workpiece interface as determined by the measuring system is offset from the actual 

position of the workpiece interface.  As such, the extension segment(s) may be 

misaligned relative to the remainder of the workpiece, resulting in extensive rework to 

or scrapping of the workpiece.  By using the print head to scan the workpiece 

interface and additively print the extension segment, the location of the workpiece 

interface within the additive manufacturing machine relative to the print head always 

corresponds to the determined/scanned location of the workpiece interface as because 
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the workpiece does not move relative to the additive manufacturing machine between 

scanning and printing. 

[0022]     Referring now to the drawings, FIG. 1 is a side view of one embodiment of 

an additive manufacturing machine 10.  As will be described below, the additive 

manufacturing machine 10 is used to scan a workpiece interface(s) 12 of one or more 

workpieces 14 positioned within the machine 10 with one or more electromagnetic 

radiation beams 16 (e.g., a laser beam(s)).  Moreover, the additive manufacturing 

machine 10 is used to additively print (i.e., using an additive manufacturing 

technique(s)) one or more extension segments on each scanned workpiece 12. 

[0023]     As used herein, the terms “additively manufacturing” or “additive 

manufacturing techniques or processes” refer to manufacturing processes in which 

successive layers of material are deposited on top of each other to build-up, layer-by-

layer, a three-dimensional component.  The successive layers are melted or fused 

together to form a monolithic or integral component. 

[0024]     In several embodiments, the additive manufacturing machine 10 uses a 

powder bed fusion (PBF) technique, as direct metal laser melting (DMLM) or 

directed metal laser sintering (DMLS).  In such embodiments, the extension 

segment(s) are additively printed on the workpiece(s) 14 by melting or fusing a first 

layer of powder to the workpiece interface(s) 12, melting or fusing a second layer of 

powder on top of the first layer, and so on.  However, in some embodiments, 

extension segment(s) may be additively printed by melting or fusing a single layer of 

powder to the workpiece interface(s) 12.  Furthermore, in alternative embodiments, 

the additive manufacturing machine 10 may use any other suitable additive 

manufacturing techniques or processes. 

[0025]     Additionally, the workpiece(s) 14 may correspond to any suitable 

component(s) having a surface or other interface on which the extension segment(s) 

can be additively printed.  For example, in the illustrated embodiment, the 

workpiece(s) 14 correspond to a blade(s) of a turbomachine (e.g., a gas turbine 

engine), such as a compressor blade or a turbine blade.  As described above, the tip(s) 

of the blade(s) may become worn or damaged during operation of the gas turbine 

engine.  In such an embodiment, the tip(s) may be removed (e.g., via cutting, 

machine, grinding, etc.) from the remainder of the blade(s), leaving a surface(s) or an 
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interface(s) on which new tip(s) can be additively printed.  However, in alternative 

embodiments, the workpiece(s) 14 may correspond to any suitable component(s), 

such as other component(s) of a turbomachine (e.g., a shroud block(s), a fuel 

nozzle(s), etc.) or component(s) of any other machine. 

[0026]     As shown, the additive manufacturing machine 10 includes a powder 

supply assembly 18 and a build chamber 20.  In general, the powder supply assembly 

18 provides a supply of powder 22 to the build chamber 20 for use in additively 

printing the extension segment(s) on the workpiece(s) 14.  Specifically, in several 

embodiments, the powder supply assembly 18 includes a powder piston 24 positioned 

within a powder supply chamber 26 containing the powder 22.  In this respect, the 

powder piston 24 may be raised (e.g., as indicated by arrow 28) within the powder 

supply chamber 26, thereby forcing a portion of the powder 22 out of the powder 

supply chamber 26.  Moreover, the powder supply assembly 18 includes a recoater 

30, such as a roller or a blade/wiper, that pushes the powder 22 expelled from the 

powder supply chamber 26 across a work surface 32 and into the build chamber 20 

(e.g., as indicated by arrow 34). 

[0027]     Moreover, the additive manufacturing machine 10 includes a build 

platform 36 and a build plate 38 positioned within the build chamber 20.  More 

specifically, as shown, the build plate 38 is positioned on the build platform 36 and 

secured thereto via a suitable chuck system (not shown).  The workpiece(s) 14 is, in 

turn, coupled to or otherwise positioned on the build plate 38 such that the extension 

segment(s) can be additively printed thereon.  During printing of the extension 

segment(s), the recoater 30 fills the build chamber 20 with the powder 22 until the 

powder 22 forms a build plane (indicated by dashed line 40) at the same vertical 

position as the workpiece interface(s) 12.  Next, the recoater 30 spreads a layer of the 

powder 22 across the build plane 40.  The layer of powder 22 is then melted or fused 

to the workpiece interface(s) 12 using the electromagnetic radiation beam(s) 16 to 

form a first layer(s) of the extension segment(s).  Thereafter, the build platform 36 is 

lowered (e.g., as indicated by arrow 42) before the recoater 30 spreads another layer 

of the powder 22 across the build plane 40.  This layer may then be melted or fused to 

the first layer(s) using the radiation beam(s) 16 to form a second layer(s) of the 

extension segment(s) and so on. 
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[0028]     Additionally, the additive manufacturing machine 10 includes one or more 

print heads 44.  In general, the print head(s) 44 generate and direct the 

electromagnetic radiation beam(s) 16 at the build plane 40, thereby allowing the 

powder 22 spread across the build plane 40 to be melted/fused.  As shown, in several 

embodiments, each print head 44 includes a beam emitter 46 (e.g., a laser diode), a 

mirror 48, and a galvanometer 50.  More specifically, the beam emitter 46 emits an 

electromagnetic radiation beam 16 (e.g., a laser beam) at the mirror 48.  The mirror 

48, in turn, directs the emitted beam 16 at the galvanometer 50, and the galvanometer 

50 directs the beam 16 at a specific location on the build plane 40.  In this respect, 

when additively printing the extension segment(s), the galvanometer 50 scans the 

beam 16 over the portion of the build plane 40 at which it desired to melt or fuse the 

powder 22 to form a layer(s) of the extension segment(s).  Moreover, in one 

embodiment, each print head 44 may include a first lens 52 positioned between the 

beam emitter 46 and the mirror 48 to collimate the emitted beam 16 and a second or 

focusing lens 54 positioned between the mirror 48 and the galvanometer 50 to focus 

the beam 16.  However, in alternative embodiments, the print head(s) 44 may have 

any other suitable configuration. 

[0029]     The additive manufacturing machine 10 may include any suitable number 

of print heads 44.  For example, in the illustrated embodiment, the additive 

manufacturing machine 10 includes two print heads 44.  However, in alternative 

embodiments, the additive manufacturing machine 10 may include a single print head 

44 or three or more print heads 44. 

[0030]     Furthermore, the additive manufacturing machine 10 includes one or more 

detection modules 102.  Each detection module 102 is, in turn, operatively associated 

with one of the print heads 44.  More specifically, as described above, during 

operation of the additive manufacturing machine 10, the galvanometer(s) 50 scans the 

electromagnetic radiation beam(s) 16 across the build plane 40.  The beam(s) 16 then 

reflect or scatter off of the build plane 40 (i.e., either off of the powder 22 or the 

workpiece interface(s) 12) as reflections 58.  In this respect, each detection module 

102 includes an imaging device 104, such as photodiode or a camera, that receives the 

reflections 58 of the beam 16 emitted by the associated print head 44.  For example, in 

the illustrated embodiment, the reflections 58 are directed by the galvanometer(s) 50 
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and the mirror(s) 48 to the imaging device(s) 104.  Additionally, in one embodiment, 

each detection module 102 may include a lens 106 and/or a filter 108 positioned 

between the corresponding mirror 48 and the corresponding imaging device 104.  

However, in alternative embodiments, the detection module(s) 102 may have any 

other suitable configuration.     

[0031]     The configuration of the additive manufacturing machine 10 described 

above and shown in FIG. 1 is provided only to place the present subject matter in an 

exemplary field of use.  Thus, the present subject matter may be readily adaptable to 

any manner of additive manufacturing machine, including additive manufacturing 

machines that use different additive manufacturing techniques. 

[0032]     FIG. 2 is a schematic view of one embodiment of a system 100 for system 

for additively printing extension segments on workpieces.  In general, the system 100 

will be discussed in the context of the additive manufacturing machine 10 described 

above and shown in FIG. 1.  However, the disclosed system 100 may be implemented 

with any additive manufacturing machine having any other suitable configuration.  

[0033]     As shown in FIG. 2, the system 100 may include a computing system 110 

communicatively coupled to one or more components of the additive manufacturing 

machine 10 to allow the computing system 110 to electronically or automatically 

control the operation of such components.  For instance, the computing system 110 

may be communicatively coupled to the beam emitter(s) 46, the focusing lens(es) 54, 

and the galvanometer(s) 50 of the print head(s) 44 via a communicative link 112.  As 

such, the computing system 110 may be configured to control the operation of the 

beam emitter(s) 46, the focusing lens(es) 54, and the galvanometer(s) 50 such that an 

electromagnetic radiation beam(s) 16 is generated, focused, and scanned across the 

build plane 40.  The computing system 110 also receives data associated with the 

location(s) of the beam(s) 16 relative to the build plate 38 from the galvanometer(s) 

50 as the beam(s) 16 are scanned across the build plane 40.  Moreover, the computing 

system 110 may be communicatively coupled to the imaging device(s) 104 of the 

detection module(s) 102 via the communicative link 112.  In this respect, the 

computing system 110 may be configured to receive data associated with the 

reflections 58 of the electromagnetic radiation beam(s) 16 off of the build plane 40.  

Furthermore, the computing system 110 may be communicatively coupled to an 
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actuator(s) 114 (e.g., a solenoid(s) or an electric motor(s)) of the recoater 30 via the 

communicative link 112.  Thus, the computing system 110 may be configured to 

control the operation of the recoater 30 such that the powder 22 is transferred from the 

powder supply chamber 26 to the build chamber 20.  Additionally, the computing 

system 110 may be communicatively coupled to any other suitable components of the 

additive manufacturing machine 10 via the communicative link 112.     

[0034]     In general, the computing system 110 may comprise one or more 

processor-based devices, such as a given controller or computing device or any 

suitable combination of controllers or computing devices.  Thus, in several 

embodiments, the computing system 110 may include one or more processor(s) 116 

and associated memory device(s) 118 configured to perform a variety of computer-

implemented functions.  As used herein, the term “processor” refers not only to 

integrated circuits referred to in the art as being included in a computer, but also refers 

to a controller, a microcontroller, a microcomputer, a programmable logic circuit 

(PLC), an application specific integrated circuit, and other programmable circuits.  

Additionally, the memory device(s) 118 of the computing system 110 may generally 

comprise memory element(s) including, but not limited to, a computer readable 

medium (e.g., random access memory RAM)), a computer readable non-volatile 

medium (e.g., a flash memory), a floppy disk, a compact disk-read only memory (CD-

ROM), a magneto-optical disk (MOD), a digital versatile disk (DVD) and/or other 

suitable memory elements.  Such memory device(s) 118 may generally be configured 

to store suitable computer-readable instructions that, when implemented by the 

processor(s) 116, configure the computing system 110 to perform various computer-

implemented functions, such as one or more aspects of the methods and algorithms 

that will be described herein.  In addition, the computing system 110 may also include 

various other suitable components, such as a communications circuit or module, one 

or more input/output channels, a data/control bus and/or the like. 

[0035]     The various functions of the computing system 110 may be performed by a 

single processor-based device or may be distributed across any number of processor-

based devices.  In such instances, such processor-based devices may form part of the 

computing system 110.  For instance, the functions of the computing system 110 may 

be distributed across multiple application-specific controllers, such an additive 
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manufacturing device controller, a controller(s)/computing device(s) of a remote 

device(s) (e.g., a laptop, a desktop, a server, etc.), and/or the like. 

[0036]     FIG. 3 is a flow diagram of one embodiment of a method 200 for 

additively printing extension segments on workpieces.  In general, the method 200 

will be discussed in the context of the additive manufacturing machine 10 and the 

system 100 described above and shown in FIGS. 1 and 2.  However, the disclosed 

method 200 may be implemented with any additive manufacturing machine having 

any suitable configuration and/or within any system having any suitable 

configuration.  In addition, although FIG. 3 depicts steps performed in a particular 

order, the disclosed methods are not limited to any particular order or arrangement.  

As such, the various steps of the disclosed methods can be omitted, rearranged, 

combined, and/or adapted in various ways without deviating from the scope of the 

present disclosure. 

[0037]     As shown, at (202), the method 200 may include controlling, with a 

computing system, the operation of a recoater of an additive manufacturing machine 

such that a layer of powder is added to a build plate of the additive manufacturing 

machine.  More specifically, one or more workpieces 14 (e.g. a turbomachine 

blade(s)) are coupled to or otherwise positioned on a build plate 38.  The build plate 

38 is, in turn, coupled to a build platform 36 (e.g., via a chuck system) positioned 

within a build chamber 20 of an additive manufacturing machine 10.  Thereafter, the 

computing system 110 may be configured to control the operation of a recoater 30 

such that powder 22 is spread across the build plate 38.  For example, in one 

embodiment, the computing system 110 is configured to transmit control signals to 

the actuator(s) 114 of the recoater 30 via the communicative link 112.  The control 

signals, in turn, instruct the actuator(s) 114 to move the recoater 30 (e.g., as indicated 

by the arrow 34 in FIG. 1) such that a layer of the powder 22 is spread across the 

build plate 38.  As will be described below, the layer of the powder 22 may help the 

computing system 110 determine the location of the workpiece interface(s) 12 on 

which the extension segment(s) will be additively printed. 

[0038]     At (202), any suitable thickness of powder 22 may be spread across the 

build plate 38.  In general, each time the recoater 30 moves in the direction 34, a thin 

layer of powder is spread across the build plate 38.  In some embodiments, it may be 
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desired to spread only a single layer of the powder 22 across the build plate 38.  In 

such embodiments, the computing system 110 may control the actuator(s) 114 such 

that the recoater 30 makes a single pass across the work surface 32.  However, in 

other embodiments, it may be desired to provide a thicker layer of powder 22 across 

the build plate 38.  In such embodiments, the computing system 110 may control the 

actuator(s) 114 such that the recoater 30 makes multiple passes across the work 

surface 32.  For example, in one embodiment, the recoater 30 may fill the build 

chamber 20 with the powder 22 such that the powder 22 reaches the build plane 40.  

However, in alternative embodiments, any suitable thickness of powder 22 may be 

spread across the build plate 38 so long as the entire build plate 38 is covered with the 

powder 22, but the workpiece interface(s) 12 is not covered with the powder 22. 

[0039]     Furthermore, at (204), the method 200 includes controlling, with the 

computing system, the operation of a print head of the additive manufacturing 

machine such that a region of interest of the build plate is scanned with an 

electromagnetic radiation beam.  Specifically, in several embodiments, the computing 

system 110 is configured to control the operation of the print head(s) 44 such that one 

or more regions of interest of the build plate 38 are scanned with an electromagnetic 

radiation beam(s) 16.  For example, the computing system 110 may be configured to 

transmit control signals to the beam emitter(s) 46, the focusing lens(es) 54, and the 

galvanometer(s) 50 of the print head(s) 44 via the communicative link 112.  The 

control signals, in turn, instruct the beam emitter(s) 46 to emit the electromagnetic 

radiation beam(s) 16, the focusing lens(es) 54 to focus the emitted beam(s) 16, and the 

galvanometer(s) 50 to scan the emitted and focused beam(s) 16 across the region(s) of 

interest.  As will be described below, such scanning of the region(s) of interest allows 

the computing system 110 to determine the location(s) of the workpiece interface(s) 

12 on which the extension segment(s) will be additively printed.  Additionally, the 

energy of the emitted beam(s) 16 is less when scanning the region of interest(s) than 

when additively printing the extension segment(s). 

[0040]     Moreover, as shown, at (206), the method 200 includes receiving, with the 

computing system, data associated with reflections of the electromagnetic radiation 

beam off of the build plate as the region of interest is scanned.  In general, the 

additive manufacturing machine 10 includes a detection module 102 operatively 
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associated with each print head 44.  In this respect, as the region(s) of interest is 

scanned by the electromagnetic radiation beam(s) 16, the powder 22 and the 

workpiece interface(s) 12 reflect the beam(s) 16 as reflections 58.  These reflections 

58 are then directed by the galvanometer(s) 50 and the mirror(s) 48 onto the imaging 

device(s) 104 of the detection module(s) 102.  The imaging device(s) 104, in turn, 

convert the detected reflections 58 into data and transmit such data to computing 

system 110 via the communicative link 112.  Moreover, the computing system 110 

also receives data from the galvanometer(s) 50 indicative of the location on the build 

plane 40 at which the emitted beam(s) 16 are directed.  

[0041]     Additionally, as shown, at (208), the method 200 includes receiving, with 

the computing system, data associated with the location of the electromagnetic 

radiation beam relative to the build plate.  In this respect, as the region(s) of interest is 

scanned by the electromagnetic radiation beam(s) 16, the galvanometer(s) 50 

transmits data to computing system 110 via the communicative link 112.  Such data 

is, in turn, indicative of the location (e.g., the location in the horizontal or X-Y plane) 

on the build plate 38 at which the emitted beam(s) 16 is currently directed. 

[0042]     In several embodiments, the data received from the imaging device(s) 104 

is synchronized or otherwise correlated with the data received from the 

galvanometer(s) 50.  As such, the synchronized data may include a plurality of data 

points, with each data point being indicative of the signal level or strength of the 

reflection 58 at a specific location within a region of interest on the build plate 38.  

That is, each synchronized data point includes a signal level/strength component 

based on the data received from the corresponding imaging device 104 and an 

associated location component based on the data received from the corresponding 

galvanometer 50.  The signal level/strength of each synchronized data point is, in turn, 

indicative of what the beam 16 was reflected off of (i.e., the powder 22 or the 

workpiece interface(s) 12) at the corresponding location.  For example, data points 

corresponding to the powder 22 may have a first signal level/strength and data points 

corresponding to the workpiece interface(s) 12 may have a different second signal 

level/strength.  However, in alternative embodiments, the data received by the 

computing system 100 may be indicative of any other suitable parameter associated 

with the detected reflections 58. 
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[0043]     Furthermore, in several embodiments, the computing system 110 may be 

configured to adjust the resolution of the captured data.  For example, the computing 

system 110 may adjust the operation of the galvanometer(s) 50 to vary the speed at 

which the emitted beam(s) 116 scan the region(s) of interest, thereby changing the 

resolution of the data.  Additionally, or as an alternative, the computing system 110 

may adjust the operation of the imaging device(s) 104 to vary its sampling rate as the 

emitted beam(s) 116 scan the region(s) of interest, thereby changing the resolution of 

the data.  

[0044]     As mentioned above, in some embodiments, the additive manufacturing 

machine 10 includes only a single print head 44 and associated detection module 102.  

In such embodiments, a single electromagnetic radiation beam 16 emitted by the print 

head 44 scans all of the regions of interest on the build plate 38.  For example, in one 

embodiment, the build plate 38 includes a single region of interest corresponding to 

the entirety of the build plate 38.  In another embodiment, as shown in FIG. 4, the 

build plate 38 includes a single region of interest (indicated by dashed lines 120) 

corresponding to the portion of the build plate 38 in which the workpiece(s) 14 are 

positioned.  In a further embodiment, the build plate 38 includes a plurality of regions 

of interest, with each region of interest corresponding to a portion of the build plate 38 

in which one or more workpiece(s) 14 are present (e.g., a region of interest may be 

positioned around each workpiece 14). 

[0045]     Moreover, as mentioned above, in some embodiments, the additive 

manufacturing machine 10 includes two print heads 44 and associated detection 

modules 102.  For example, as shown in FIG. 5, in one embodiment, the build plate 

38 includes a first region of interest (indicated by dashed lines 122) corresponding to 

a portion of the build plate 38 in which one or more workpieces 14 are positioned and 

a second region of interest (indicated by dashed lines 124) corresponding to another 

portion of the build plate 38 in which one or more other workpieces 14 are positioned.  

In such an embodiment, a first beam 16 emitted by a first print head 44 scans the first 

region of interest 122 and second beam 16 emitted by a second print head 44 scans the 

second region of interest 124. 

[0046]     Additionally, in another embodiment in which the additive manufacturing 

machine 10 includes two print heads 44 and associated detection modules 102, the 
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region(s) of interest is scanned simultaneously by the first and second beams 16.  

More specifically, in such an embodiment, both print heads 44 are controlled such 

that the first and second beams 16 are simultaneously directed at the same location on 

the build plate 38 as the beams 16 scan the build plate 38.  The reflections 58 from the 

first beam 16 emitted by the first print head 44 are detected by an imaging device 104 

of a first detection module 102 associated with the first print head 44.  Similarly, the 

reflections 58 from the second beam 16 emitted by the second print head 44 are 

detected by an imaging device 104 of a second detection module 102 associated with 

the second print head 44.  The computing system 110 then uses the data from the 

imaging device 104 that detects the reflections 58 from the most favorable position 

(e.g., beam angle). 

[0047]     Furthermore, as shown in FIG. 3, at (210), the method 200 includes 

determining, with the computing system, the location of a workpiece interface of a 

workpiece positioned on the build plate based on the received data associated with the 

reflections of the electromagnetic radiation beam and the received data associated 

with the location of the electromagnetic radiation beam.  Specifically, in several 

embodiments, the computing system 110 may be configured to generate an image of 

each region of interest based on the data received from the print head(s) 44 (i.e., the 

galvanometer(s) 50) and the detection module(s) 102 (i.e., the imaging device(s) 104).  

As described above, the computing device 110 synchronizes the received data such 

that each synchronized data point has a signal level/strength component based on the 

data received from the imaging device(s) 104 and an associated location component 

based on the data received from the galvanometer(s) 50.  For example, in one 

embodiment, each generated image includes a plurality of pixels, with each pixel 

corresponding to a captured and synchronized sample of the received data.  In such an 

embodiment, the location of each pixel corresponds to an actual location (e.g., the 

location in a horizontal plane) on the build plate 38 from which data indicative of a 

reflection/scattering of an emitted beam 16 was captured.  Thus, the intensity value of 

each pixel is indicative of whether powder 22 or a workpiece interface 12 is present at 

that location.  That is, the intensity value of each pixel is indicative of the signal 

level/strength of the reflections 58 occurring at that the location.  Thereafter, the 

computing system 110 may be configured to use any suitable image processing 
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techniques, such as an edge-finding technique, to identify the location of the 

workpiece interface(s) 12 within the generated image(s).  

[0048]     In addition, at (212), the method 200 includes controlling, with the 

computing system, the operation of the print head such that an extension segment is 

additively printed on the determined workpiece interface.  More specifically, after 

determining the location(s) of the workpiece interface(s) 12 on which the extension 

segment(s) will be printed, the computing system 110 may create a build file/model 

for the extension segment(s).  For example, as part of creating the build file/model, 

the computing system 110 may modify 14 (e.g., by rotating, twisting, and/or 

translating) a computer-aided design (CAD) model of the workpiece(s) 14 such that 

the workpiece interface(s) 12 of the CAD model corresponds to the workpiece 

interface(s) 12 as determined at (210).  Thereafter, the computing system 110 may be 

configured to control the operation of beam emitter(s) 46 and the galvanometer(s) 50 

of the print head(s) 44 such that the extension segment(s) is additively printed on the 

workpiece interface(s) 12 of the workpiece(s) 14.  During such additive printing, the 

energy of the electromagnetic radiation beam(s) 16 emitted by the print head(s) 44 is 

greater than the when scanning the region(s) of interest at (204).  The scan speed of 

galvanometer(s) 50 during the additive printing at (210) may be different from when 

scanning the region(s) of interest at (204). 

[0049]     This written description uses examples to disclose the invention, including 

the best mode, and also to enable any person skilled in the art to practice the 

invention, including making and using any devices or systems and performing any 

incorporated methods.  The patentable scope of the invention is defined by the claims, 

and may include other examples that occur to those skilled in the art.  Such other 

examples are intended to be within the scope of the claims if they include structural 

elements that do not differ from the literal language of the claims, or if they include 

equivalent structural elements with insubstantial differences from the literal language 

of the claims.   

[0050]     Further aspects of the invention are provided by the subject matter of the 

following clauses:   

[0051]     A method for additively printing extension segments on workpieces using 

an additive manufacturing machine, the method comprising: controlling, with a 
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computing system, an operation of a print head of the additive manufacturing machine 

such that a region of interest of a build plate of the additive manufacturing machine is 

scanned with an electromagnetic radiation beam, the build plate including a 

workpiece coupled thereto; receiving, with the computing system, data associated 

with reflections of the electromagnetic radiation beam off of the build plate as the 

region interest is scanned; receiving, with the computing system, data associated with 

a location of the electromagnetic radiation beam relative to the build plate; 

determining, with the computing system, a location of a workpiece interface of the 

workpiece based on the received data associated with the reflections of the 

electromagnetic radiation beam and the received data associated with the location of 

the electromagnetic radiation beam; and controlling, with the computing system, the 

operation of the print head such that an extension segment is additively printed on the 

determined workpiece interface. 

[0052]     The method of one or more of these clauses, wherein receiving data 

associated with the reflections of the electromagnetic radiation beam comprises 

receiving, with the computing system, data indicative of a signal strength of the 

reflections of the electromagnetic radiation beam off of the build plate. 

[0053]     The method of one or more of these clauses, wherein determining the 

location of the workpiece interface comprises generating, with the computing system, 

an image of the build plate based on the received data associated with the reflections 

of the electromagnetic radiation beam and the received data associated with the 

location of the electromagnetic radiation beam, the image including a plurality of 

pixels, each pixel corresponding to one sample of the received data. 

[0054]     The method of one or more of these clauses, wherein determining the 

location of the workpiece interface comprises analyzing, with the computing system, 

the generated image to determine the location of the workpiece interface. 

[0055]     The method of one or more of these clauses, further comprising: 

controlling, with the computing system, an operation of a recoater of the additive 

manufacturing machine such that a layer of powder is added to the build plate before 

scanning the region of interest with the electromagnetic radiation beam. 

[0056]     The method of one or more of these clauses, wherein the region of interest 

corresponds to a portion of the build plate. 
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[0057]     The method of one or more of these clauses, wherein the region of interest 

corresponds to an entirety of the build plate. 

[0058]     The method of one or more of these clauses, wherein controlling the 

operation of the print head such that the region of interest is scanned comprises: 

controlling, with the computing system, the operation of a first print head of the 

additive manufacturing machine such that a first region of interest of the build plate is 

scanned with a first electromagnetic radiation beam; and controlling, with the 

computing system, the operation of a second print head of the additive manufacturing 

machine such that a second region of interest of the build plate is scanned with a 

second electromagnetic radiation beam. 

[0059]     The method of one or more of these clauses, wherein controlling the 

operation of the print head such that the region of interest is scanned comprises 

controlling, with the computing system, the operation of first and second print heads 

of the additive manufacturing machine such that the region of interest of the build 

plate is scanned with first and second electromagnetic radiation beams. 

[0060]     The method of one or more of these clauses, wherein controlling the 

operation of the print head such that the region of interest is scanned comprises 

adjusting at least one of a scan speed of a galvanometer of the additive manufacturing 

machine or a sampling rate of an imaging device of the additive manufacturing 

machine. 

[0061]     The method of one or more of these clauses, wherein an energy of the 

electromagnetic radiation beam is less when the region of interest of the build plate is 

scanned than when the extension segment is additively printed on the determined 

workpiece interface. 

[0062]     The method of one or more of these clauses, wherein the workpiece 

comprises a compressor blade or a turbine blade of a turbomachine. 

[0063]     A system for additively printing extension segments on workpieces, the 

system comprising: an additive manufacturing machine including a build plate and a 

print head; and a computing system communicatively coupled to one or more 

components of the additive manufacturing machine, the computing system configured 

to: control an operation of the print head such that a region of interest of the build 

plate is scanned with an electromagnetic radiation beam, the build plate having a 
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workpiece coupled thereto; receive data associated with reflections of the 

electromagnetic radiation beam off of the build plate as the region of interest is 

scanned; receive data associated with a location of the electromagnetic radiation beam 

relative to the build plate; determine a location of a workpiece interface of the 

workpiece based on the received data associated with the reflections of the 

electromagnetic radiation beam and the received data associated with the location of 

the electromagnetic radiation beam; and control the operation of the print head such 

that an extension segment is additively printed on the determined workpiece interface. 

[0064]     The system of one or more of these clauses, wherein, when receiving data 

associated with reflections of the electromagnetic radiation beam, the computing 

system is configured to receive data indicative of a signal strength of the reflections of 

the electromagnetic radiation beam off of the build plate. 

[0065]     The system of one or more of these clauses, wherein, when determining 

the location of the workpiece interface, the computing system is further configured to: 

generate an image of the build plate based on the received data associated with the 

reflections of the electromagnetic radiation beam and the received data associated 

with the location of the electromagnetic radiation beam, the image including a 

plurality of pixels, each pixel corresponding to one sample of the received data; and 

analyze the generated image to determine the location of the workpiece interface. 

[0066]     The system of one or more of these clauses, wherein the additive 

manufacturing machine further includes a recoater, the computing system further 

configured to: control an operation of the recoater such that a layer of powder is 

added to the build plate before the region of interest is scanned with the 

electromagnetic radiation beam. 

[0067]     The system of one or more of these clauses, wherein the region of interest 

corresponds to a portion of the build plate. 

[0068]     The system of one or more of these clauses, wherein the region of interest 

corresponds to an entirety of the build plate. 

[0069]     The system of one or more of these clauses, wherein, when controlling the 

operation of the print head such that the region of interest is scanned, the computing 

system is further configured to: control the operation of a first print head of the 

additive manufacturing machine such that a first region of interest of the build plate is 
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scanned with a first electromagnetic radiation beam; and control the operation of a 

second print head of the additive manufacturing machine such that a second region of 

interest of the build plate is scanned with a second electromagnetic radiation beam. 

[0070]     The system of one or more of these clauses, wherein, when controlling the 

operation of the print head such that the region of interest is scanned, the computing 

system is further configured to control the operation of first and second print heads of 

the additive manufacturing machine such that the region of interest of the build plate 

is scanned with first and second electromagnetic radiation beams. 
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WHAT IS CLAIMED IS: 

 

1. A method for additively printing extension segments on workpieces using an 

additive manufacturing machine, the method comprising: 

controlling, with a computing system, an operation of a print head of the additive 

manufacturing machine such that a region of interest of a build plate of the additive 

manufacturing machine is scanned with an electromagnetic radiation beam, the build plate 

including a workpiece coupled thereto; 

receiving, with the computing system, data associated with reflections of the 

electromagnetic radiation beam off of the build plate as the region interest is scanned; 

receiving, with the computing system, data associated with a location of the 

electromagnetic radiation beam relative to the build plate;  

determining, with the computing system, a location of a workpiece interface of the 

workpiece based on the received data associated with the reflections of the electromagnetic 

radiation beam and the received data associated with the location of the electromagnetic 

radiation beam; and 

controlling, with the computing system, the operation of the print head such that an 

extension segment is additively printed on the determined workpiece interface. 

2. The method of claim 1, wherein receiving data associated with the reflections of 

the electromagnetic radiation beam comprises receiving, with the computing system, data 

indicative of a signal strength of the reflections of the electromagnetic radiation beam off of the 

build plate. 

3. The method of claim 2, wherein determining the location of the workpiece 

interface comprises generating, with the computing system, an image of the build plate based on 

the received data associated with the reflections of the electromagnetic radiation beam and the 

received data associated with the location of the electromagnetic radiation beam, the image 

including a plurality of pixels, each pixel corresponding to one sample of the received data. 

4. The method of claim 3, wherein determining the location of the workpiece 

interface comprises analyzing, with the computing system, the generated image to determine the 

location of the workpiece interface. 

5. The method of claim 1, further comprising: 
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controlling, with the computing system, an operation of a recoater of the additive 

manufacturing machine such that a layer of powder is added to the build plate before scanning 

the region of interest with the electromagnetic radiation beam. 

 

6. The method of claim 1, wherein controlling the operation of the print head such 

that the region of interest is scanned comprises: 

  controlling, with the computing system, the operation of a first print head of the additive 

manufacturing machine such that a first region of interest of the build plate is scanned with a first 

electromagnetic radiation beam; and  

controlling, with the computing system, the operation of a second print head of the 

additive manufacturing machine such that a second region of interest of the build plate is 

scanned with a second electromagnetic radiation beam. 

7. The method of claim 1, wherein controlling the operation of the print head such 

that the region of interest is scanned comprises controlling, with the computing system, the 

operation of first and second print heads of the additive manufacturing machine such that the 

region of interest of the build plate is scanned with first and second electromagnetic radiation 

beams. 

8. The method of claim 1, wherein controlling the operation of the print head such 

that the region of interest is scanned comprises adjusting at least one of a scan speed of a 

galvanometer of the additive manufacturing machine or a sampling rate of an imaging device of 

the additive manufacturing machine. 

9. The method of claim 1, wherein an energy of the electromagnetic radiation beam 

is less when the region of interest of the build plate is scanned than when the extension segment 

is additively printed on the determined workpiece interface. 

10. A system for additively printing extension segments on workpieces, the system 

comprising: 

an additive manufacturing machine including a build plate and a print head; and  

a computing system communicatively coupled to one or more components of the additive 

manufacturing machine, the computing system configured to: 
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control an operation of the print head such that a region of interest of the build 

plate is scanned with an electromagnetic radiation beam, the build plate having a 

workpiece coupled thereto; 

receive data associated with reflections of the electromagnetic radiation beam off 

of the build plate as the region of interest is scanned; 

receive data associated with a location of the electromagnetic radiation beam 

relative to the build plate; 

determine a location of a workpiece interface of the workpiece based on the 

received data associated with the reflections of the electromagnetic radiation beam and 

the received data associated with the location of the electromagnetic radiation beam; and 

control the operation of the print head such that an extension segment is 

additively printed on the determined workpiece interface. 


