(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
18 July 2019 (18.07.2019)

(10) International Publication Number

WO 2019/139742 Al

WIPO I PCT

(51) International Patent Classification:
B29C 64/393 (2017.01) B29C 64/255 (2017.01)
B29C 64/153 (2017.01) B29C 64/268 (2017.01)
B22F 3/105 (2006.01)

(21) International Application Number:
PCT/US2018/066112

(22) International Filing Date:
18 December 2018 (18.12.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
15/866,223 09 January 2018 (09.01.2018) UsS

(71) Applicant: GENERAL ELECTRIC COMPANY
[US/US], 1 River Road, Schenectady, New York 12345
Us).

(72) Inventors: WEAVER, Scott Andrew,; GENERAL ELEC-
TRIC COMPANY, General Electric Company Global Re-
search, One Research Circle, Bldg. K1-3A59, Niskayu-
na, New York 12309 (US). VINCIQUERRA, Antho-

ny Joseph; GENERAL ELECTRIC COMPANY, General
Electric Company Global Research, One Research Circle,
Bldg. K1-3A59, Niskayuna, New York 12309 (US).

Agent: MARSHALL, Alan, R. et al.; Dority & Manning,
P.A., P.O. Box 1449, Greenville, SC 29602 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(54) Title: SYSTEMS AND METHODS FOR ADDITIVE MANUFACTURING POWDER ASSESSMENT

10
80 24 26 /
82
; / )
40 18 36 34
[ 19
€ [
}\ T
8 == S a0 J
32| 28 12
,,,,,,,,,,,,,,,,, Y
[ e R e
FIG. 1

wO 20197139742 A1 |0 0000 00000 0 0 0

(57) Abstract: A powder quality control system includes a powder container, a piston, and at least one sensor. The powder container
is configured to contain a powder sample. The piston is configured to compact the powder sample in the powder container. The at least
one sensor is configured to measure at least one parameter when the piston compacts the powder sample to facilitate determining a
powder quality measurement for the powder sample.

[Continued on next page]



WO 2019/139742 A [IN 0000000 00O O

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2019/139742 PCT/US2018/066112

SYSTEMS AND METHODS FOR ADDITIVE MANUFACTURING POWDER
ASSESSMENT

BACKGROUND

[0001] The field of the disclosure relates generally to additive
manufacturing systems, and more particularly, to systems and methods for assessing powder
used in additive manufacturing systems.

[0002] At least some additive manufacturing systems involve the buildup
of a powder material to make a component. This method can produce complex components
from expensive materials at a reduced cost and with improved manufacturing efficiency. At
least some known additive manufacturing systems, such as Direct Metal Laser Melting
(DMLM) systems, fabricate components using a laser device, a build plate, and a powder
material, such as, without limitation, a metal powder. The laser device generates a laser beam
that melts the powder material on the build plate in and around the area where the laser beam
is incident on the powder material, resulting in a melt pool. The powder material is typically
stored in barrels. If the barrel is stored for too long or in an environment that is adverse to the
powder, some of the powder may degrade and sift to the bottom of the barrel. As the powder
within the barrel is depleted through use in a DMLM system, the quality of the powder at the
bottom of the barrel degrades. Accordingly, test mechanisms are needed to assess the quality

of stored powder for use in additive manufacturing systems.
BRIEF DESCRIPTION

[0003] In one aspect, a powder quality control system is provided. The
powder quality control system includes a powder container, a piston, and at least one sensor.
The powder container is configured to contain a powder sample. The piston is configured to
compact the powder sample in the powder container. The at least one sensor is configured to
measure at least one parameter when the piston compacts the powder sample to facilitate
determining a powder quality measurement for the powder sample.

[0004] In another aspect, an additive manufacturing system is provided.
The additive manufacturing system includes a laser device, a build plate, and a powder quality
control system. The laser device is configured to generate a laser beam. The build plate is
configured to contain a powdered build material. The laser beam is configured to generate a
melt pool from the powdered build material. The powder quality control system configured to

determine a powder quality measurement of the powdered build material prior to generating
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the melt pool.

[0005] In yet another aspect, a method of testing a powdered build material
for use in an additive manufacturing system is provided. The method includes loading a
powder sample of the powdered build material into a powder container of a powder quality
control system. The powder quality control system includes the powder container, a piston,
and at least one sensor. The method also includes compacting the powder sample using the
piston, the piston travelling a predetermined distance. The method further includes measuring,
once the piston has travelled the predetermined distance, at least one parameter using the at
least one sensor. The method also includes determining a powder quality measurement for the

powder sample based on the at least one parameter.
DRAWINGS

[0006] These and other features, aspects, and advantages of the present
disclosure will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts
throughout the drawings, wherein:

[0007] FIG. 1 is a schematic view of an exemplary additive manufacturing
system shown in the form of a direct metal laser melting (DMLM) system including a powder
quality control system,;

[0008] FIG. 2 is a schematic view of the exemplary powder quality control
system shown in FIG. 1 illustrated in an open, empty configuration;

[0009] FIG. 3 is a schematic view of the exemplary powder quality control
system shown in FIG. 1 illustrated in an open, filled configuration;

[0010] FIG. 4 is a schematic view of the exemplary powder quality control
system shown in FIG. 1 illustrated in a closed, filled configuration; and

[0011] FIG. 5 is a flow diagram of a method of testing a powder material
for use in the DMLM system shown in FIG. 1.

[0012] Unless otherwise indicated, the drawings provided herein are meant
to illustrate features of embodiments of this disclosure. These features are believed to be
applicable in a wide variety of systems comprising one or more embodiments of this disclosure.
As such, the drawings are not meant to include all conventional features known by those of

ordinary skill in the art to be required for the practice of the embodiments disclosed herein.

DETAILED DESCRIPTION
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[0013] In the following specification and the claims, reference will be made
to a number of terms, which shall be defined to have the following meanings.

[0014] The singular forms “a”, “an”, and “the” include plural references
unless the context clearly dictates otherwise.

[0015] “Optional” or “optionally” means that the subsequently described
event or circumstance may or may not occur, and that the description includes instances where
the event occurs and instances where it does not.

[0016] Approximating language, as used herein throughout the
specification and claims, may be applied to modify any quantitative representation that could
permissibly vary without resulting in a change in the basic function to which it is related.
Accordingly, a value modified by a term or terms, such as “about”, “approximately”, and
“substantially”, are not to be limited to the precise value specified. In at least some instances,
the approximating language may correspond to the precision of an instrument for measuring
the value. Here and throughout the specification and claims, range limitations may be
combined and/or interchanged, such ranges are identified and include all the sub-ranges
contained therein unless context or language indicates otherwise.

[0017] As used herein, the terms “processor” and “computer” and related
terms, e.g., “processing device” and “computing device”, are not limited to just those integrated
circuits referred to in the art as a computer, but broadly refers to a microcontroller, a
microcomputer, a programmable logic controller (PLC), an application specific integrated
circuit, and other programmable circuits, and these terms are used interchangeably herein. In
the embodiments described herein, memory may include, but is not limited to, a computer-
readable medium, such as a random access memory (RAM), and a computer-readable non-
volatile medium, such as flash memory. Alternatively, a floppy disk, a compact disc — read
only memory (CD-ROM), a magneto-optical disk (MOD), and/or a digital versatile disc (DVD)
may also be used. Also, in the embodiments described herein, additional input channels may
be, but are not limited to, computer peripherals associated with an operator interface such as a
mouse and a keyboard. Alternatively, other computer peripherals may also be used that may
include, for example, but not be limited to, a scanner. Furthermore, in the exemplary
embodiment, additional output channels may include, but not be limited to, an operator
interface monitor.

[0018] As used herein, the term “non-transitory computer-readable media”
is intended to be representative of any tangible computer-based device implemented in any

method or technology for short-term and long-term storage of information, such as, computer-
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readable instructions, data structures, program modules and sub-modules, or other data in any
device. Therefore, the methods described herein may be encoded as executable instructions
embodied in a tangible, non-transitory, computer readable medium, including, without
limitation, a storage device and/or a memory device. Such instructions, when executed by a
processor, cause the processor to perform at least a portion of the methods described herein.
Moreover, as used herein, the term “non-transitory computer-readable media” includes all
tangible, computer-readable media, including, without limitation, non-transitory computer
storage devices, including, without limitation, volatile and nonvolatile media, and removable
and non-removable media such as a firmware, physical and virtual storage, CD-ROMs, DVDs,
and any other digital source such as a network or the Internet, as well as yet to be developed
digital means, with the sole exception being a transitory, propagating signal.

[0019] Furthermore, as used herein, the term “real-time” refers to at least
one of the time of occurrence of the associated events, the time of measurement and collection
of predetermined data, the time to process the data, and the time of a system response to the
events and the environment. In the embodiments described herein, these activities and events
occur substantially instantaneously.

[0020] Additive manufacturing processes and systems include, for example,
and without limitation, vat photopolymerization, powder bed fusion, binder jetting, material
jetting, sheet lamination, material extrusion, directed energy deposition and hybrid systems.
These processes and systems include, for example, and without limitation, SLA -
Stereolithography Apparatus, DLP — Digital Light Processing, 3SP — Scan, Spin, and
Selectively Photocure, CLIP — Continuous Liquid Interface Production, SLS — Selective Laser
Sintering, DMLS — Direct Metal Laser Sintering, SLM - Selective Laser Melting, EBM —
Electron Beam Melting, SHS — Selective Heat Sintering, MJF — Multi-Jet Fusion, 3D Printing,
Voxeljet, Polyjet, SCP — Smooth Curvatures Printing, MJM — Multi-Jet Modeling Projet, LOM
— Laminated Object Manufacture, SDL — Selective Deposition Lamination, UAM — Ultrasonic
Additive Manufacturing, FFF — Fused Filament Fabrication, FDM — Fused Deposition
Modeling, LMD — Laser Metal Deposition, LENS — Laser Engineered Net Shaping, DMD —
Direct Metal Deposition, Hybrid Systems, and combinations of these processes and systems.
These processes and systems may employ, for example, and without limitation, all forms of
electromagnetic radiation, heating, sintering, melting, curing, binding, consolidating, pressing,
embedding, and combinations thereof.

[0021] Additive manufacturing processes and systems employ materials

including, for example, and without limitation, polymers, plastics, metals, ceramics, sand,
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glass, waxes, fibers, biological matter, composites, and hybrids of these materials. These
materials may be used in these processes and systems in a variety of forms as appropriate for a
given material and the process or system, including, for example, and without limitation, as
liquids, solids, powders, sheets, foils, tapes, filaments, pellets, liquids, slurries, wires,
atomized, pastes, and combinations of these forms.

[0022] Embodiments of additive manufacturing systems with a powder
quality control system are described herein. The additive manufacturing system includes a
powder quality control system including a powder container, a piston, a load cell, and a linear
variable displacement transducer. A powder sample is loaded into the powder container and
the piston compacts the powder sample. While the powder sample is being compacted, the
load cell measures the change in load and the linear variable displacement transducer measures
the change in distance travelled by the piston. A powder quality measurement is calculated
based on the change in load and the change in distance travelled by the linear varnable
displacement transducer. H the powder sample meets or exceeds a mimimum quality threshold,
the powder material is loaded into the additive manufacturing system to manufacture a part or
component. However, if the does not meet or exceed the miniroum guality threshold, the
manufacturing process is paused for further assessment.

[0023] FIG. 1 is a schematic view of an exemplary additive manufacturing
system 10 illustrated in the form of a direct metal laser melting (DMLM) system. Although
the embodiments herein are described with reference to a DMLM system, this disclosure may
also apply to other types of additive manufacturing systems, such as selective laser sintering
systems.

[0024] In the exemplary embodiment, DMLM system 10 includes a build
plate 12, a laser device 14 configured to generate a laser beam 16, a first scanning device 18
configured to selectively direct laser beam 16 across build plate 12, a powder quality control
system 40 configured to assess the quality of powder available for use in DMLM system 10,
and, optionally, a powder distribution system 80. The exemplary DMLM system 10 also
includes a computing device 24 and a controller 26 configured to control one or more
components of DMLM system 10, as described in more detail herein.

[0025] Build plate 12 includes a powdered build material that is melted and
re-solidified during the additive manufacturing process to build a solid component 28. The
powdered build material includes materials suitable for forming such components, including,
without limitation, gas atomized alloys of cobalt, iron, aluminum, titanium, nickel, and

combinations thereof. In other embodiments, the powdered build material may include any
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suitable type of powder metal material. In yet other embodiments, the powdered build material
may include any suitable build material that enables DMLM system 10 to function as described,
including, for example and without limitation, ceramic powders, metal-coated ceramic
powders, and thermoset or thermoplastic resins.

[0026] Laser device 14 is configured to generate a laser beam 16 of
sufficient energy to at least partially melt the build material of build plate 12. In the exemplary
embodiment, laser device 14 is a yttrium-based solid state laser configured to emit a laser beam
having a wavelength of about 1070 nanometers (nm). In other embodiments, laser device 14
may include any suitable type of laser that enables DMLM system 10 to function as described
herein, such as a COz laser. Further, although DMLM system 10 is shown and described as
including a single laser device 14, DMLM system 10 may include more than one laser device.
In one embodiment, for example, DMLM system 10 may include a first laser device having a
first power and a second laser device having a second power different from the first laser power,
or at least two laser devices having substantially the same power output. In yet other
embodiments, DMLM system 10 may include any combination of laser devices that enable
DMLM system 10 to function as described herein.

[0027] As shown in FIG. 1, laser device 14 is optically coupled to optical
elements 30 and 32 that facilitate focusing laser beam 16 on build plate 12. In the exemplary
embodiment, optical elements 30 and 32 include a beam collimator 30 disposed between the
laser device 14 and first scanning device 18, and an F-theta lens 32 disposed between the first
scanning device 18 and build plate 12. In other embodiments, DMLM system 10 may include
any suitable type and arrangement of optical elements that provide a collimated and/or focused
laser beam on build plate 12.

[0028] First scanning device 18 is configured to direct laser beam 16 across
selective portions of build plate 12 to create solid component 28. In the exemplary
embodiment, first scanning device 18 is a galvanometer scanning device including a mirror 34
operatively coupled to a galvanometer-controlled motor 36 (broadly, an actuator). Motor 36 is
configured to move (specifically, rotate) mirror 34 in response to signals received from
controller 26, and thereby deflect laser beam 16 across selective portions of build plate 12.
Mirror 34 may have any suitable configuration that enables mirror 34 to deflect laser beam 16
towards build plate 12. In some embodiments, mirror 34 may include a reflective coating that
has a reflectance spectrum that corresponds to the wavelength of laser beam 16.

[0029] Although first scanning device 18 is illustrated with a single mirror

34 and a single motor 36, first scanning device 18 may include any suitable number of mirrors
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and motors that enable first scanning device 18 to function as described herein. In one
embodiment, for example, first scanning device 18 includes two mirrors and two galvanometer-
controlled motors, each operatively coupled to one of the two mirrors. In yet other
embodiments, first scanning device 18 may include any suitable scanning device that enables
DMLM system 10 to function as described herein, such as, for example, two-dimension (2D)
scan galvanometers, three-dimension (3D) scan galvanometers, and dynamic focusing
galvanometers.

[0030] Computing device 24 may be a computer system that includes at
least one processor (not shown in FIG. 1) that executes executable instructions to operate
DMLM system 10. Computing device 24 may include, for example, a calibration model of
DMLM system 10 and an electronic computer build file associated with a component, such as
component 28. The calibration model may include, without limitation, an expected or desired
melt pool size and temperature under a given set of operating conditions (e.g., a power of laser
device 14) of DMLM system 10. The build file may include build parameters that are used to
control one or more components of DMLM system 10. Build parameters may include, without
limitation, a power of laser device 14, a scan speed of first scanning device 18, and a position
and orientation of first scanning device 18 (specifically, mirror 34). In the exemplary
embodiment, computing device 24 and controller 26 are shown as separate devices. In other
embodiments, computing device 24 and controller 26 may be combined as a single device that
operates as both computing device 24 and controller 26 as each are described herein.

[0031] Controller 26 may include any suitable type of controller that
enables DMLM system 10 to function as described herein. In one embodiment, for example,
controller 26 is a computer system that includes at least one processor and at least one memory
device that executes executable instructions to control the operation of DMLM system 10 based
at least partially on instructions from human operators. Controller 26 may include, for
example, a 3D model of component 28 to be fabricated by DMLM system 10. Executable
instructions executed by controller 26 may include controlling the power output of laser device
14 and controlling a position and scan speed of first scanning device 18.

[0032] Controller 26 is configured to control one or more components of
DMLM system 10 based on build parameters associated with a build file stored, for example,
within computing device 24. In the exemplary embodiment, controller 26 is configured to
control first scanning device 18 based on a build file associated with a component to be
fabricated with DMLM system 10. More specifically, controller 26 is configured to control

the position, movement, and scan speed of mirror 34 using motor 36 based upon a

7



WO 2019/139742 PCT/US2018/066112

predetermined path defined by a build file associated with component 28.

[0033] Controller 26 may also be configured to control other components
of DMLM system 10, including, without limitation, laser device 14. In one embodiment, for
example, controller 26 controls the power output of laser device 14 based on build parameters
associated with a build file.

[0034] In the exemplary embodiment, a high quality powder material is
formed of a uniform material with approximately equally sized spherical particles. The high
quality material is free from contaminants and the spherical particles are substantially solid
such that the particles are not hollow inside. Conversely, a low quality powder material may
include contaminants, may be formed of particles with variable shapes and sizes, and/or may
include hollow particles capable of collapsing during the melting process.

[0035] In the illustrated embodiment, DMLM system 10 includes powder
quality control system 40 and powder distribution system 80. Powder quality control system
40 1s configured to measure the quality of powdered build material as discussed below. Powder
distribution system 80 is configured to provide powdered build material to powder quality
control system 40 and build plate 12. Powder distribution system 80 includes a powder storage
container 82 and a powder distribution device 84. In the exemplary embodiment, powder
storage container 82 includes a barrel. In other embodiments, powder storage container 82
includes any container that enables DMLM system 10 to operate as described herein. In the
exemplary embodiment, powder distribution device 84 includes an automated distribution
mechanism configured to provide powdered build material from powder storage container 82
to powder quality control system 40 and build plate 12. In other embodiments, powder
distribution device 84 is not an automated distribution mechanism, but rather a manual
mechanism for providing provide powdered build material from powder storage container 82
to powder quality control system 40 and build plate 12. In yet another embodiment, DMLM
system 10 does not include powder distribution device 84. Rather an operator manually
transfers powdered build material from powder storage container 82 to powder quality control
system 40 and build plate 12.

[0036] During operations, computing device 24 initiates the additive
manufacturing process by sending a signal to controller 26 to test the quality of the powdered
build material. Controller 26 sends a signal to powder distribution device 84 to transport
powdered build material from powder storage container 82 to powder quality control system
40. Powder distribution device 84 transports powdered build material to powder quality control

system 40 and powder quality control system 40 assesses the quality of the powdered build
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material as described in detail herein. Powder quality control system 40 reports the quality of
the powdered build material to computing device 24 and computing device 24 determines
whether the powdered build material is of high enough quality to proceed with the additive
manufacturing process. If the quality of powdered build material is too low, computing device
24 stops the additive manufacturing process. If the quality of powdered build material meets
or exceeds a threshold, computing device 24 continues the additive manufacturing process by
sending a signal to controller 26 to distribute the powdered build material to build plate 12.
Controller 26 sends a signal to powder distribution device 84 to transport powdered build
material from powder storage container 82 to build plate 12. Powder distribution device 84
transports powdered build material to build plate 12 and the additive manufacturing process
begins.

[0037] In the illustrated embodiment, each individual DMLM systems 10
includes its own powder quality control system 40 and powder distribution system 80. In other
embodiments, powder quality control system 40 and powder distribution system 80 are
centralized systems configured to service multiple DMLM systems 10 in a single facility or in
multiple adjacent facilities.

[0038] FIG. 2 is a schematic view of an exemplary powder quality control
system 40 illustrated in an open, empty configuration. FIG. 3 is a schematic view of exemplary
powder quality control system 40 illustrated in an open, filled configuration. FIG. 4 is a
schematic view of exemplary powder quality control system 40 illustrated in a closed, filled
configuration. Powder quality control system 40 shown in FIGS. 2-4 is a handheld manual
powder quality control system 40. Powder quality control system 40 may also be an automated
system integral to DMLM system 10 or integral to an additive manufacturing facility as
described above. Powder quality control system 40 includes a powder container 42, a load cell
44, a piston 46, and a linear variable displacement transducer (LVDT) 48 Powder container
42 partially defines a compression chamber 50 configured to contain a sample of powder 52
{shown in FIGS. 3 and 4) therein during the assessment process. In the exemplary embodiment,
powder container 42 is a metal, cylindrical container. In other embodiments, powder container
42 may include any shape and may be constructed of any material that enables powder quality
control system 40 to operate as described herein. In the exemplary embodiment, compression
chamber 50 has a cylindrical shape. In other embodiments, compression chamber 50 has any
shape that enables powder quality control system 40 to operate as described herein.

[0039] Piston 46 is positioned above powder container 42 and has a shape

that is complementary to the shape of coropression chamber 50, Piston 46 is contigured to
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slide into compression chamber 50 to compact powder sample 52 therein. In the exemplary
embodiment, piston 46 is contigured to slide into compression chamber S0 with a compaction
force 51 (shown in Fi(. 4). Powder quality control system 40 also includes a force producing
mechanism (not shown) which imparts a force to piston 40. In the exemplary embodiment,
force producing mechanism includes an electric motor, a hydraulic jack, or a screw jack.

{6040} Powder quality control system 40 includes at least one sensor
configured to measure at least one parameter. In the exemplary embodiment, powder quality
control system 40 includes two sensors: load cell 44 and LVDT 48, In other embodiments,
powder quality control system 40 may include any number of sensors that enable powder
quality control system 40 to operate as described herein. {.cad cell 44 is a load measuring
device positioned below powder container 42, Load cell 44 is configured to measure the
combined load on powder container 42, powder sample 52, and a second force on powder
container 42 and powder sample 52 resulting from piston 46 sliding into compression chamber
50, That is, load cell 44 measures the change 1o load on powder container 42 and powder
sample 52 as a result of piston 46 compacting powder sample 52

[0041] LVDT 48 is an electrical transducer configured to measure a
distance traveled by piston 46 as piston 46 shides into compression chamber 50 In the
exeraplary embodiment, piston 46 1s positioned a first, predetermined distance 54 (shown in
Fis. 3} above a botiom 56 of powder container 42, As piston 46 slides into compression
chamber 50, the distance between piston 46 and bottom 56 of powder container 42 decreases
to a second, predetermined distance 58 {(shown in FIG. 43 LVDT 48 is contigured to measure
the difference between first distance 54 and second distance S8,

[0042] FIG. 2 shows powder quality control system 40 in an open, empty
configuration ready to receive powder sample 52. During operations, powder sample 52 is
loaded into the empty compression chamber 50 shown in FIG. 2. Specifically, an operator
picks up the powder quality control system 40 and carries it to powder distribution system 80
(a barrel of powdered build material}. The operator loads a predetermined amount of powder
sample 52 into compression chamber 50.

[0043] FIG. 3 shows powder quality control system 40 in an open, filled
configuration ready to assess the quality of powder sample 52. Once loaded with powder
sample 52, piston 46 is placed on top of powder sample 52. In the exemplary embodiment,
load cell 44 and LVDT 48 are both set to zero. In an alternative embodiment, load cell 44
measures a first load that is the combined load of powder container 42 and powder sample 52

and LVDT 48 measures first distance 54. The operator records the first load and first distance
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54,

[0044] FIG. 4 shows powder quality control system 40 in a closed, filled
configuration compacting powder sample 52 and assessing the quality of powder sample 52.
Once load cell 44 has measured the combined load on powder container 42 and powder sample
52, piston 46 is slid into compression chamber 50 and powder sample 52 is compacted within
compression chamber 50. Force producing mechanism imparts compaction force 51 to piston
46. Piston 46 slides into compression chamber 50 with compaction force 51 and compacts
powder sample 52. Piston 46 slides into compression chamber 50 until piston 46 reaches
second predetermined distance 58. Second predetermined distance 58 is a known distance
based on guidelines and experimentation of known powdered build materials. Once piston 46
has reached second predetermined distance 58, LVDT 48 signals the force producing
mechanism to stop and load cell 44 records the load a second lcad that is the combined load on
powder container 42, powder sample 52, and compaction force S1. The operator then records
the second load from load cell 44 and compares the second load to a known load for a pedigree
powdered build material. If powder sample 52 includes high quality powder, powder sample
52 will only compact a relatively small amount. However, if powder sample 52 includes low
quality powder, powder sample 52 will compact a relatively large amount. LVET 48 measures
second distance 58 and load cell 44 measures a second load that is the combined load of powder
contatner 42, powder sample 52, and compaction force 51.

[0045] In the exemplary automated embodiment, load cell 44 reports the
first load and the second load to the operator or to computing device 24. Once the first and
second loads are received, a change in load (AP), which is the difference between the first load
and the second load, is calculated. Additionally, in the exemplary embodiment, L.VI¥T 48
reports first distance 54 and second distance 58 to a user or to computing device 24. Once first
and second distances 54 and 58 are received, a change in length (AL), which is the difference
between first distance 54 and second distance 58, is calculated. In another embodiment, load
cell 44 reports AP directly to a user or to computing device 24. Additionally, in another
embodiment, LVIXT 48 reports AL directly to a user or to computing device 24. Computing
device 24 then calculates a powder quality measurement based on AP and AL.

[0046] As explained above, a high quality powder sample 52 includes
substantially spherical powder metal particles which are substantially solid. That is, the
particles do not include voids or hollow regions. Conversely, a low quality powder sample 52
includes irregularly shaped powder metal particles with voids or hollow regions.

[0047] When powder quality control system 40 tests a high quality powder sample 52,
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the substantially solid, spherical particles of powder sample 52 remain intact and compact only
a small amount such the voids between particles are reduced. As such, most of compaction
force 51 is transferred to load cell 44 and first distance 54 is only slightly longer than second
distance 58. Conversely, when powder quality control system 40 a low quality powder sample
52, the irregular, hollow particles of powder sample 52 break and compact. As such, most of
compaction force 51 is transferred to compacting the particles of powder sample 52 rather than
to load cell 44. Additionally, first distance 54 is only significantly longer than second distance
58. Thus, AP of a high quality powder sample 52 is larger than AP of a low quality powder
sample 52 and AL of a high quality powder sample 52 is shorter than AL of a low quality
powder sample 52.

[0048] In one example, the powder quality measurement is the ratio of AP
to AL (AP/AL), or the load to length ratio. A high quality powder sample 52 has a load to
length ratio greater than the load to length ratio of a low quality powder sample 52. In a first
example, if the first load is zero, the second load is 1,000 pounds force (lbs), the first distance
is zero, and the second distance is 0.001”, then the powder quality measurement is 1,000,000,
indicating that the powder sample 52 is a higher quality powder because it is difficult to
compress. In a second example, if the first load is zero, the second load is 1,000 lby, the first
distance is zero, and the second distance is 0.01”, then the powder quality measurement is
100,000, indicating that the powder sample 52 is a lower quality powder because it is easier to
compress than the sample in the first example.

[0049] FIG. 5 is a flow diagram of a method 500 of testing powder sample
52 for use in DMLM system 10. Method 500 includes opening 502 powder quality control
system 40 by sliding piston 46 out of compression chamber 50. Method 500 further includes
loading 504 powder sample 52 into compression chamber 50. Method 500 also includes
measuring 506 first distance 54 with VYT 48. Method 500 further includes zeroing 508 the
load cell 44. Method 500 also includes compacting 510 powder sample 52 with piston 46.
Method 500 further includes measuring 512 second distance S8 with LVDT 48, Method 500
also includes measuring 514 a compaction force with load cell 44. Method 500 further includes
calculating 516 a change in load based on the first and second loads and a change in length
based on first distance 54 and second distance 58. Method 500 also includes calculating 518 a
powder quality measurement based on the change in load and the change in fength. Method
500 further includes loading 520 powder sample 52 onto build plate 12 based on the powder
quality measurement.

[0050] Embodiments of additive manufacturing systems with a powder
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quality control system are described herein. The additive manufacturing system includes a
powder quality control system including a powder container, a piston, a load cell, and a linear
variable displacement transducer. A powder sample is loaded into the powder container and
the piston compacts the powder sample. While the powder sample is being compacted, the
load cell measures the change in load and the linear variable displacement transducer measures
the change in distance travelled by the piston. A powder quality measurement is calculated
based on the change in load and the change in distavce travelled by the linear varable
displacement transducer. If the powder sample meets or exceeds a minimum quality threshold,
the powder material 1s loaded 1nto the additive manufacturing system to manufacture a part or
component. However, if the does not meet or exceed the minimum quality threshold, the
manufacturing process 18 paused for further assessment.

[0051] An exemplary technical effect of the methods and systems described
herein includes: (a) testing a powdered build material; (b) calculating a powder quality
measurement; and (c) loading a DMLM system with the powdered build material based on the
powder quality measurement.

[0052] Some embodiments involve the use of one or more electronic or
computing devices. Such devices typically include a processor, processing device, or
controller, such as a general purpose central processing unit (CPU), a graphics processing unit
(GPU), a microcontroller, a reduced instruction set computer (RISC) processor, an application
specific integrated circuit (ASIC), a programmable logic circuit (PLC), a field programmable
gate array (FPGA), a digital signal processing (DSP) device, and/or any other circuit or
processing device capable of executing the functions described herein. The methods described
herein may be encoded as executable instructions embodied in a computer readable medium,
including, without limitation, a storage device and/or a memory device. Such instructions,
when executed by a processing device, cause the processing device to perform at least a portion
of the methods described herein. The above examples are exemplary only, and thus are not
intended to limit in any way the definition and/or meaning of the term processor and processing
device.

[0053] Exemplary embodiments of additive manufacturing systems having
a powder quality control system are described above in detail. The apparatus, systems, and
methods are not limited to the specific embodiments described herein, but rather, operations of
the methods and components of the systems may be utilized independently and separately from
other operations or components described herein. For example, the systems, methods, and

apparatus described herein may have other industrial or consumer applications and are not
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limited to practice with additive manufacturing systems as described herein. Rather, one or
more embodiments may be implemented and utilized in connection with other industries.

[0054] Although specific features of various embodiments of the disclosure
may be shown in some drawings and not in others, this is for convenience only. In accordance
with the principles of the disclosure, any feature of a drawing may be referenced and/or claimed
in combination with any feature of any other drawing.

[0055] This written description uses examples to disclose the embodiments,
including the best mode, and also to enable any person skilled in the art to practice the
embodiments, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the disclosure 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 have 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.
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WHAT IS CLAIMED IS:

1. A powder quality control system comprising:

a powder container configured to contain a powder sample;

a piston configured to compact the powder sample in said powder container;
and

at least one sensor configured to measure at least one parameter when said
piston compacts the powder sample to facilitate determining a powder quality measurement for

the powder sample.

2. The powder quality control system in accordance with Claim 1, wherein said
at least one sensor comprises a load cell configured to measure a load on said powder container,

said piston, and the powder sample.

3. The powder quality control system in accordance with Claim 1, wherein said
at least one sensor comprises a linear variable displacement transducer configured to measure

a distance travelled by said piston when said piston compacts the powder sample.

4. The powder quality control system in accordance with Claim 1, wherein said

powder container has a cylindrical shape.

5. The powder quality control system in accordance with Claim 4, wherein said

piston has a cylindrical shape complementary to the cylindrical shape of said powder container.

6. The powder quality control system in accordance with Claim 1 further
comprising a computing device configured to calculate the powder quality measurement for

the powder sample based on the at least one measured parameter.

7. The powder quality control system in accordance with Claim 1, wherein said

load cell is disposed below said powder container.
8. An additive manufacturing system comprising:

a laser device configured to generate a laser beam;

a build plate configured to contain a powdered build material, wherein the laser
beam is configured to generate a melt pool from the powdered build material; and

a powder quality control system configured to determine a powder quality

measurement of the powdered build material prior to generating the melt pool.

9. The additive manufacturing system in accordance with Claim 8, wherein said

powder quality control system comprises:
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a powder container configured to contain a powder sample of the powdered
build material;

a piston configured to compact the powder sample in said powder container;
and

at least one sensor configured to measure at least one parameter when said

piston compacts the powder sample to facilitate determining the powder quality measurement.

10. The additive manufacturing system in accordance with Claim 9, wherein
said at least one sensor comprises a load cell configured to measure a load on said powder

container, said piston, and the powder sample.

11. The additive manufacturing system in accordance with Claim 8 further
comprising a powder storage container configured to store the powdered build material and a
powder distribution device configured to transport the powdered build material from said
powder storage container to at least one of said build plate and said powder quality control

system.

12. The additive manufacturing system in accordance with Claim 11, wherein

said powder storage container comprises a barrel.

13. The additive manufacturing system in accordance with Claim 11, wherein

said powder distribution device comprises an automated distribution mechanism.

14. The additive manufacturing system in accordance with Claim 11, wherein
said powder distribution device is configured to transport the powdered build material to said
build plate after said powder quality control system determines the powder quality

measurement.

15. A method of testing a powdered build material for use in an additive

manufacturing system, said method comprising:

loading a powder sample of the powdered build material into a powder container
of a powder quality control system, the powder quality control system including the powder
container, a piston, and at least one sensor;

compacting the powder sample with the piston, the piston travelling a
predetermined distance;

measuring, once the piston has travelled the predetermined distance, at least one
parameter using the at least one sensor; and

determining a powder quality measurement for the powder sample based on the
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at least one parameter.

16. The method in accordance with Claim 15, determining a powder quality

measurement for the powder sample based on the at least one parameter comprises:

measuring a second load with the load cell, the second load including a load on
the powder container, the piston, and the powder sample; and
comparing the second load to a known load for a pedigree powdered build

material.

17. The method in accordance with Claim 15, wherein the at least one sensor

includes at least one of a load cell and a linear variable displacement transducer.

18. The method in accordance with Claim 17, wherein measuring at least one
parameter with the at least one sensor comprises measuring a first load with the load cell, the

first load including a load on the powder container and the powder sample.

19. The method in accordance with Claim 18, wherein measuring at least one
parameter with the at least one sensor comprises measuring a second load with the load cell,

the second load including a load on the powder container, the piston, and the powder sample.

20. The method in accordance with Claim 16, wherein measuring at least one
parameter with the at least one sensor comprises measuring a first distance with the linear
variable displacement transducer, the first distance inchuding a distance travelled by the piston

during compacting.
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