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ADDITIVE MANUFACTURING SYSTEM AND METHOD
OF FORMING AN OBJECT IN A POWDER BED

BACKGROUND

[B801] The present disclosure relates generally to additive manufacturing systems and,
more specifically, to a system and method of collecting weld spatter and other contaminants

during a build operation.

[6602] Additive manufacturing is a technology that enables “3D-printing” of components
from various materials, such as metallic material. In additive manufacturing processes such
as direct metal laser melting (BMLM), an object 1s built layer-by-layer by leveling a powder
bed and selectivelv fusing predetermined portions of the powder bed using a high-powered
laser. After cach laver is fused, additional powder is leveled and the laser fuses the next
layer, thereby fusing it to the pror fayers to fabricate a complete object buried in the powder

bed.

[0803] In at least some known additive manufacturing processes, weld spatter and smoke
may result from fusing portions of the powder bed with the ligh-powered laser. Weld spatter
appears as sparks that discharge from the powder bed, and is formed from molten metallic
particles, for example. The weld spatter sometimes lands on the powder bed and becomes
fused within the object, thereby forming potential metalhurgical defects in the obiect. Atleast
some known manufacturing systems include a gas diffuser positioned on one side of the
powder bed and a gas collection plenum posttioned on another side of the powder bed. The
gas diffuser discharges inert gas across the powder bed, such that contaminants entrained in
the mert gas are channeled towards, and collected by, the gas collection plenum. However,
the gas supply velocity and pressure for the mert gas 1s imited to ensure the powder bed
remains undisturbed when fusing lavers of the object.

BRIEF DESCRIPTION

[0604] In one aspect, an additive manufacturing system 1s provided. The system includes a
housing configured to coutain a powder bed of material and an array of laser emitiers having
a ficld of view. The array is configured to melt at least a portion of the powder bed within

the field of view as the array translates relative o the powder bed. The system further
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includes a spatier collection device including a diffuser configured to discharge a stream of
gas across the powder bed, and a collector configured to recetve the stream of gas and
contaminants entrained in the stream of gas. The collector is spaced from the diffuser such
that a collection zone is defined therebetween, and the spatter collection device is configured
to translate relative to the powder bed such that the collection zone overlaps with the field of

view of the array.

[B805] In another aspect, a method forming an object in a powder bed is provided. The
method meludes emitting a plurality laser beams towards the powder bed from an array of
laser enitters having a field of view, transiating the array of laser emitters relative the powder
bed such that the plurality of laser beams melt at least a portion of the powder bed within the
field of view as the array translates relative to the powder bed, and defining a collection zone
spaced between a diffuser and a collector of a spatter collection device. The diffuser is
configured to discharge a stream of gas acrogs the powder bed, and the collector 1s configured
to receive the stream of gas and contaminants endrained in the stream of gas. The method
further includes translating the spatter collection device relative to the powder bed such that

the collection zone overlaps with the field of view of the array.
DRAWINGS

[6806] 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 accompanving drawings in which like characters represent like parts throughout the

drawings, whergin:

[6607] FIG. 1 is a perspective illustration of an exemplary additive manufacturing system;

and
[6608] FIG. 2 is a perspective illustration of an alternative additive manufacturing system.

[3609] Unless otherwise mdicated, the drawings provided herein are meant to illustrate
features of embodiments of the disclosure. These features are belicved to be applicable ina
wide variety of systems comprising one or more embodiments of the 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.
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DETAILED DESCRIPTION

{3618} 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.

{0811} The singular forms “a”, “an”, and “the” mclude plural references unless the context

clearly dictates otherwise.

[B812] “Optional™ or “optionally”™ means that the subsequently described event or
circumstance may or may not cecur, and that the description mchudes instances where the

event occurs and 1nstances where it does not.

16013} Approximating langoage, 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 1t 1s 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
miterchanged. Such ranges are identified and mehude all the sub-ranges contained therein

unless context or language mdicates otherwise.

[B814] FEmbodiments of the present disclosure relate to a system and method of collecting
weld spatter and other contaminants during a build operation. More specifically, the svstem
includes an array of laser enitiers that melts a portion of a powder bed, and a spatter
collection device that facilitates the removal of contaminants from the system as the powder
bed 1s melted. For example, the array includes of a ficld of view, and the spatter collection
device includes a diffuser and collector spaced from each other such that a collection zone is
defined therebetween. The ficld of view of the array and the coliection zone both cover an
arca less than an area of the powder bed. As such, in operation, the array and the spatter
collection device translate relative to the powder bed inn a coordinated motion during a build
operation. Moreover, translating the array and the spatter collection device in a coordinated
motion enables a concentrated and precise stream of inert gas 1o be provided across the
collection zone. As such, the system and method described herein facilitate the removal of

contaminants, such as spatier particles and smoke particles, fron: the build operation in an

3
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efficient manner, thereby reducing the likelithood of manufacturing defects m a formed

object.

16015] FIG. 1 is a perspective illustration of an exemplary additive manufacturing systern
100. In the exemplary embodiment, additive manufacturing system 100 mcludes a housing
102 that contains a powder bed 104 of material. Additive mansfacturing system 100 further
includes an array 106 of laser emitters that selectively melts at least a portion of powder bed
104 to form an object (not shown). In one embodiment, housing 102 mncludes a transparent
top wall 108, and array 106 1s positioned exterior of housing 102 and emits one or more laser
beams (not shown) through transparent top wall 108 towards powder bed 104, In addition,
exeraplary powder bed material includes, but is not limited to, a metallic powder having a
diameter defined within a range between about 10 microns and about 80 microns, and a

polvmeric material.

[3016] FEach laser emitter {not shown) m array 106 selectively operates independent of cach
other during a build operation. For example, arrav 106 has a field of view 110 having an area
less than an area of powder bed 104, As such, to form the object within powder bed 104,
array 106 translates relative to powder bed 104 as laser emitters 1 array 106 melt at least a
portion of powder bed 104 within field of view 110, Laser emitters in array 106 are
selectively activated based on a build configuration of the obiect as array 106 translates
relative to powder bed 104, As such, array 106 need only be positioned generally in a build
position over powder bed 104, and cach laser emitter 1n array 106 1s oriented for melting a
predeternuined area within field of view 110, Put another way, each laser emitter in array 106
ig fixedly oniented, and the combination of the predetermined areas for the plurality of laser

cmitters is equal to the area of ficld of view 110.

16017}  In the exemplary embodiment, laser emitters in array 106 are low power laser
cmitters having a power output of less than about 60 watts. As such, the formation of weld
spatter and other contaminants is reduced when melting powder bed 104, However, reducing
the power output of the laser emutters also reduces the build rate for additive manufacturing
system 100, As such, array 106 meludes a plurality of low power laser emitters such that the
build rate of additive manufacturing system 100 1s maintained relative to a system ncluding a
single laser emitter having a greater power output. o addition, reducing the power output of

the laser emtters facihitates reducing the translation rate for array 106 relative to powder bed
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104 to enhance melting of powder bed 104, In one embodiment, array 106 translates relative

to powder bed 104 at a rate of less than about 0.1 meters/second.

16018]  Additive manufacturing system 100 further includes a spatter collection device 112
positioned within housing 102, Spatter collection device 112 meludes ablower 113 and a
diffuser 114 that work in conjunction to discharge a stream 116 of inert gas across powder
bed 104, and a collector 118 that receives stream 116 of inert gas and contaminants (not
shown) entrained in stream 116 of inert gas. Collector 118 1s spaced from diffuser 114 such
that a collection zone 120 1s defined therebetween. Similar to field of view 110, collection
zone 120 also has an arca less than the arca of powder bed 164, More specifically, diffuser
114 and collector 118 are spaced from each other by a distance D less than a first width W1
of powder bed 104, and diffuser 114 inciudes a discharge outlet 122 having a width W less
than a second width W2 of powder bed 104, In addition, diffuser 114 1s spaced from powder

bed 104 at 3 height such that stream 116 of inert gas does not disturb powder bed 104,

[3618] Moreover, redacing the translation rate of array 106 enables spatter collection
device 112 to be translated relative to powder bed 104 in a coordinated motion with arcay
106. More specifically, array 106 of laser emitters and spatter collection device 112 translate
relative to powder bed 104 such that field of view 110 of array 106 and collection zone 120
traverse powder bed 104 in a coordinated motion, and such that collection zone 120
continuously overlaps with field of view 110 duning a build operation. In addition, spatier
collection device 112 is translated at a rate that substantially matches the translation rate of
array 106, In one embodiment, array 106 of laser emitters and spatter collection device 112
translate relative to powder bed 104 along more than one axds, such as x-axis and y-axis {both
shown in FIG. 1), based on the build parameters of the object. As such, a concentrated and

precise siream 116 of mert gas is provided across collection zone 120,

[6828] Inthe excmplary embodiment, additive manufacturing system 100 further inclades a
conduit 124 coupled between collector 118 and diffuser 114, and a filter 126 coupled within
conduit 124, Conduit 124 channels stream 116 of inert gas received at collector 118 for
recircudation towards diffuser 114, In addition, filier 126 removes contaminanis, such as
spatter particles and smoke particles (both not shown), from stream 116 of inest gas before

heing recirculated towards diffuser 114, As such, at least a portion of stream 116 of inert gas
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provided across collection zone 120 is recyeled. Altematively, at least a portion of stream

116 is provided from an inert gas source (not shown).

16021} In onc embodunent, additive manufacturing system 100 includes a controller 128
that controls the coordinated motion and translation of array 106 of laser emitters and spatier
collection device 112 relative to powder bed 104, For example, array 106 and spatter
collection device 112 are translatable independent of cach other with a translation mechanism
(not shown}, and controller 128 individually controls translation of array 106 and spatter
collection device 112 to facilitate continuous overlap of field of view 110 and collection zone
120, Any translation mechanism is associated with array 106 and spatter collection device
112 that enables additive manufacturing system 100 to function as descrbed berein. An

example franslation mechanism includes, but 1s not limited to, a track system.

16822} FIG. 2 is a perspective illustration of an alternative additive manufacturing system
130, As described above, array 106 of laser enutters and spatter collection device 112
translate relative to powder bed 104 in a coordinated motion. In the exemplary embodiment,
additive manufacturing systerm 130 includes a translating assembly 132 coupled to array 106
of laser emitters and spatter collection device 112, As such, array 106 and spatter collection
device 112 are coupled o a common assembly, and translating assembly 132 1s movable for

defining the coordinated motion.

[6623] In onc embodiment, translating assembly 132 includes a recoater arm 134 coupled
to array 106 of laser emitters and spatter collection device 112, Recoater arm 134 is
translatable across powder bed 104, and 1s actuated one of during or after a melt sequence is
performed for cach laver such that matenial 1s redistribuied cvenly across powder bed 104 for
subseguent layvering during a build operation. In the exemplary embodiment, when not
redistributing material within powder bed 104, recoater arm 134 is translatable for defining

the coordinated motion of array 106 and spatter collection device 112.

[3824] The system and method described herein facilitate the removal of contaminants
from the housing of an additive manufacturing system formed during melting of material in a
powder bed. Rather than providing generalized removal across an entire build area of the
powder bed, a spatter collection device of the additive manufacturning sysiem provides a
concentrated and precise stream of inert gas for collecting contamminants formed during a

build operation. The stream of mert gas is provided across an arca less than an area of the
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powder bed. such that contaminants are collected n a manner that facilitates mamtaining the
integrity of the powder bed. Moreover, an array of laser emitters and the spatter collection

device translate 1 a coordinated motion factlitate enhanced contaminant removal.

[6028]  An cxemplary technical effect of the systern and method descrbed herein includes
at feast one of: {a) removing contaminants from a build arca in an additive manufacturing
gystem; (b} enabling the use of increased powder bed areas in additive manufacturing build
operations; and {¢) reducing the likelihood of manufacturing defects in an object formed o an

additive manufacturing process.

16026] Exemplary embodiments of a system and method of forming an object i a powder
bed. The system 15 not imited to the specific embodiments described herein, but rather,
components of svstems and/or steps of the methods may be vtilized independently and
separately from other compongents and/or steps described herein, For example, the
configuration of components described herein may also be used 1 combination with other
processes, and 18 not linvited to practice with only metallic additive manufacturing systems
and refated methods as described herein. Rather, the exemplary embodiment can be
mmplemented and utilized in connection with many applications where precise and efficient

contamuinant removal 1s desired.

6827} Although specific features of various embodiments of the present disclosure may be
shown in some drawings and not 1n others, this is for convenience only. In accordance with
the principles of embodiments of the present disclosure, any feature of a drawing may be

referenced and/or claimed in combination with any feature of any other drawing.

[6628] This wrnitten description uses examples to disclose the embodiments of the present
disclosure, including the best mode, and also to enable any person skilled in the art to practice
embodiments of the present disclosure, including making and using any devices or systems
and performing any incorporated methods. The patentable scope of the embodiments
described herem 1s defined by the claims, and may mclude 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 clements that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences trom the literal

languages of the clamms.
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WHAT IS CLAIMED IS

I. An additive manufacturing system comprising:
a housing configured to contain a powder bed of material;

an array of laser emitters having a field of view, said array configured 1o melt at least
a portion of the powder bed within the field of view as said array translates relative to the

powder bed; and
a spatter collection device comprising;

a diffuser configured to discharge a stream of inert gas across the powder bed;

and

a collector configured to receive the stream of inert gas and contaminants
entrained in the stream of inert gas, wherein said collector s spaced from said ditfuser
such that a collection zone 1s defined therebetween, at least one of said diffuser or said
collector configured to translate relative to the powder bed such that the collection

zone overlaps with the field of view of said arrayv.

2. The system in accordance with Claim 1, wherein cach laser emitter 1n said

array has a power output of less than aboat 60 watts.

3. The system in accordance with Claim 1, wherein said array 1s configured fo

translate relative to the powder bed at a rate of less than about 0.1 meters/second.

4. The system in accordance with Claim 1, wheremn said diffuser and said

collector are spaced from cach other by a distance less than a width of the powder bed.

3. The system 1o accordance with Claim 1, wherein said diffuser comprises a

discharge outlet having a width less than a width of the powder bed.

6. The system in accordance with Claim 1, wherein said array of laser emitters
and said spatter collection device are configured to translate relative to the powder bed such
that the field of view of said array and the collection zone traverse the powder bed m a

coordinated motion.
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7. The system in accordance with Claim 6 further comprising a controller
configared to control translation of said array of laser emitters and said spatter collection

device relative to the powder bed.

& The system in accordance with Claim 6 further comprising a translating
assembly coupled {o said array of laser emitters and said spatter collection device, wherein
said translating assembly is movable to define the coordinated motion.

9. The system in accordance with Claim 1, wherein cach laser emitter in said

array is oriented for melting a predetermined arca within the field of view.
10. The system in accordance with Claim 1 further comprising:
a conduit coupled between said collector and said diffuser; and

a filter coupled within said conduit, said filier configured to remove the contaminants
from the stream of inert gas before the stream of inert gas is recirculated towards said

diffuser.
1. A method forming an object in a powder bed, said method comprising:

emitting a plurality laser beams towards the powder bed from an array of laser
emitters having a tield of view;

transiating the array of laser emitters relative the powder bed such that the phlurality of
laser beams melt at least a portion of the powder bed within the ficld of view as the array

translates relative to the powder bed;

defining a collection zone spaced between a diffuser and a collector of a spatter
collection device, wherein the diffuser 1s configured to discharge a stream of gas across the
powder bed, and the collector 1s configured to receive the stream of inert gas and
contanunants entrained i the stream of inert gas; and

translating at least one of the diffuser or the collector relative to the powder bed such
that the collection zone overlaps with the field of view of the array of laser enutiers.

2. The method 1n accordance with Claim 11, wherein emitting a plurality of faser
beams comprises emitting each laser beam of the plurality of laser beams at a power of less

than about 60 watts.
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3. The method 1n accordance with Claim 11, wherein translating the array of

laser enntters comprises translating the array at a rate of less than about 0.1 meters/second.

14, 'The method in accordance with Claim 13, wherein translating the spatter
collection device comprises translating the spatier collection device at a rate that substantially

matches the rate of the array.

15, The method 10 accordance with Claim 11 further comprising translating the
array of laser emitters and the spatter collection device relative to the powder bed such that
the field of view of the array and the collection zone traverse the powder bed in a coordinated

motion.

16. The method in accordance with Claim 15, wherein translating the array of
laser emitters and the spatter collection device comprises translating the array of laser

cmitters and the spatter collection device along more than one axis.

17. The method 1n accordance with Claim 135, wherein translating the array of
laser emitters and the spatter collection device comprises individually controlling translation

of the array of laser emitters and the spatter collection device relative to the powder bed.

I8. The method in accordance with Claim 15, wherein the array of laser emitters
and the spatter collection device are coupled to a translating assembly, said method further
compnising controlling movement of the translating assembly to define the coordnated

motion.

19. The method in accordance with Claim 18, wherem the translating assembly
ncludes a recoater arm coupled to the array of laser emitters and the spatter collection device,
said method further comprising controlling movement of the recoater arm to define the

coordinated motion.
24. The method in accordance with Claim 11 further comprising:

filtering the stream of mert gas received at the collector such that the contaminants are

removed therefrom; and

recirculating the stream of inert gas towards the diffuser.

10
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