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Title: BUILD MATERIAL DISTRIBUTING CYLINDERS

(57) Abstract: A three-dimensional (3D) printing device includes a first
cylinder. The first cylinder may include a first plurality of holes defined
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therein. The 3D printing device may include a second cylinder interior and
coaxial to the first cylinder that includes a second plurality of holes open to
an interior of the first cylinder. The 3D printing device may also include a
third cylinder interior to the first cylinder and exterior to the second cylinder,
the third cylinder including a longitudinal cutout open to the first cylinder.
‘ i The 3D printing device may include a supply tube open to the second cylin-
der, the supply tube to provide an amount of build material to an interior
portion of the second cylinder.
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BUILD MATERIAL DISTRIBUTING CYLINDERS

BACKGROUND

(60011 Additive manufacturing systems produce three-dimensional (3D)
objects by building up lavers of material and combining those layers using
adhesives, heat, chemical reactions, and other coupling processes. Some
additive manufaciuring systems may be referred 0 as "3D printers.” 3D printers
and other additive manufacturing systems make it possible {0 convert a
computer aided design (CAD) model or other digital representation of an object
into a physical object. Digital data is processed into slices each defining that

part of a layer or layers of build material to be formed into the object.

BRIEF DESCRIPTION OF THE DRAWINGS

FG002] The accompanying drawings ilustrate various examples of the
principles described herein and are part of the specification. The illustrated
examples are given merely for illustration, and do not limit the scope of the
claims.

iG003] Fig. 1 is a block diagram of a three-dimensional (3D) printing
device according to an example of the principles described hergin.

[6004] Fig. 2 is a block diagram of an additive manufacturing system
according to an exampie presented herein.

[GO05] Fig 3 is a block diagram of a roller according to an example of the

principles described herein.
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[GO06] Fig. 4 is an isometric view of a roller used in an additive
manufacturing system according to an example of the principles described
herein.

(G007 Fig. 5 is a side, cutout view of a roller shown in Fig. 4 according 1o
an example of the principles described herein.

[G008] Fig. © is a side, cutout view of a rolier shown in Fig. 4 according to
an example of the principles described herein

[G008] Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elemenis. The figures are not necessarily
to scale, and the size of some parts may be exaggerated to more clearly
fliustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[0010] Some additive manufacturing systems such as three-dimensional
(3D) printing systems use build material that have a powdered or granuiar form.
In these examples, the build material may include a semi-crysialline
thermoplastic material, metals, plastics, ceramics, glass, composites, resins,
graphene-embedded plastics, polymers, photopolymers, thermopiastics, other
build materials, and combinations thereof. Different build materials may have
different characteristics, such as different average particle sizes, different
minimum and maximum particle sizes, different coefficients of friction, different
angles of repose, other mechanical and physical properties, and combinations
thereof. In other examples non-powdered build materials may be used such as,
for example, gels, pastes, and slurries.

(60117 Some additive manufacturing systems may provide, from a
hopper, a quantity of build material to be spread over the build platform to form
a thin layer of build material on the build platform and/or a previously deposited
layer of build material. The quantity of build material may be referred to herein

as a "dose” of build material. Portions of the layer of build material may then be
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solidified, using any suitable scolidification technigue, such as a fusing agent
deposition and heating systems, binder agent deposition systems, laser
sintering systems, and other binding processes and technigues.

iG012] During an additive manufacturing operation, an initial layer of build
material may be spread directly on the surface of a build platform, and
subsequent layers of build material may be formed on a number of previously
deposited and formed layers of build material. Herein, reference o forming a
layer of build material on the build platform may refer, depending on the context,
either to forming a layer of build material directly on the surface of the build
platform, or to forming a layer of build material on a previously formed layer of
build material.

[6013] In some additive manufacturing systems, some of the build
material may not be uniformly distributed about the build platform. This non-
uniformity may lead to poor-guaiity finished products or parts due to the density
of the build material not being uniform throughout a spread layer of the build
material. The non-uniformity may be from a front side o a back side and/or side
to side of a build zone of the build platform and may be non-uniform as between
successive layers of the build material. This may result, in an example, in the
temperature of the deposited build material being non-uniform. This is because
the build material may impart certain insulating characteristics to the
solidification of the build material. In some examples, too much build material
surrounding portions of the build material that is to be solidified may result in
exira heat being imparted to those portions. Additionally, in some examples a
non-flat surface of build material may lead to additional difficulties with
spreading a subseaquent layer thersover.

[0014] Further, in some additive manufacturing systems, excessive
amounts of build material may be spread across the build platform. This may
result in excessive cooling of both the spread material and the 3D object being
formed. Cooling of the build material and the 3D object being formed on the
build platform may cause successive layers of the 3D object from completely
binding with one another. Consequently, even distribution and spreading of the

build material will result in best formed and strongest 3D objects.
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[6015] Stilt further, inconsistencies in the thickness of a layer of build
material laid down onto a build platform may result in inconsistent or low 3D
obiect density. Here, portions of the laver of build material formed on the build
piatform, when fused, will result in a low part density leading to printed 3D
objects that have an inferior mechanical property than expected.

[0016] Still further, as the build material becomes more difficult {o spread
based uporn the properties of the build material, the density of the build material
at any given location on the build platform may be more inconsistent. Properties
of build material that are relatively more difficult to spread include avalanche
angles greater than 45 degrees and relatively larger granular sizes within the
build material. These types of relatively more difficult builld materials may be
used since relatively smaller particle sizes of build material may fuse quicker
than desired and the micronization methods used to make smaller particies may
he cheaper but result in poor flow gualities. In some examples, the properties of
the build material may be so difficult {0 spread with a blade or other type of
spreading device that the build material may form patches or clumps on the
surface of the build platform.

(G017} in another exampile, some additive manufacturing systems define
a layer of buiid material by pushing a pile of build material across the build
platform with a blade orroller. Distribution of build material in this manner
produces a variable pile size along the path of the powder spreader which, in
fum, may alter build material spreading characteristics. In addition, build
material may be segregated by size as it is spread across the build plaiform
from a singie pile of build material. Variability in build material spreading can
adversely affect consistency in properties of the 3D objects formed.

[6018] The present specification describes a roller that concurrently
deposiis and spreads build powder over a surface of a build platform. In an
example, the roller may provide precise build material metering to the surface of
the build platform as well as mixing and aeration of the powder prior to
deposition of the build material.

[6019] The present specification describes a three-dimensional (3D}

printing device that includes a first cylinder. The first cylinder may include a first
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plurality of holes defined therein. The 2D printing device may include a second
cylinder interior and coaxial to the first cylinder that includes a second plurality
of holes open {0 an interior of the first cylinder. The 3D printing device may also
inciude a third cylinder interior 1o the first cylinder and exterior {o the second
cylinder, the third cylinder including a longitudinal cutout open {o the first
cylinder. The 3D printing device may include a supply tube open to the second
cylinder, the supply tube o provide an amount of build material o an interior
portion of the second cylinder.

[6020] The present specification aiso describes an additive manufacturing
sysiem that includes a build platform; a build material supply system; and a
rolier that includes a first cylinder including a first plurality of holes defined
therein; a second cylinder interior and coaxial to the first cylinder including a
second plurality of holes open {0 an interior of the first cylinder; and a third
cylinder interior o the first cylinder and exterior {0 the second cylinder, the third
cvlinder including a longitudinal cutout open to the first cylinder, whersin the
build material supply system delivers build material into an interior cavity of the
second cylinder via a supply tube

(G021} The present specification further describes a roller for a three-
dimensional additive manufaciuring system, that inciudes a replaceable first
cylinder including a first plurality of holes defined therein; a second cylinder
interior and coaxial to the first cylinder that includes a second plurality of holes
open 1o an interior of the first cylinder; a third cylinder interior to the first cylinder
and exterior to the second cylinder, the third cylinder including a longitudinai
cutout open to the first cvlinder wherein an edge of the longitudinal cutout is
placed in a second quarter relative to the first cylinder; and a fourth cylinder
comprising a fourth plurality of holes defined therein wherein the fourth cylinder
is interior 10 and coaxial with the first cylinder and exterior 1o the third cylinder,;
wherein the build material supply system delivers build material into an interior
cavity of the second cylinder via a supply tube.

[6022] Turning now to the figures, Fig. 1 is a block diagram of a three-
dimensional (30) printing device (100) according to an example of the principles

described herein. The 3D printing device (100) may include a first cylinder
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(105}, During use, the first cylinder (105} may be allowed 10 rotate along a
longitudinal axis in either direction based on the direction the first cylinder (105)
is fraversing across a build platform onto which the build material is to be
deposited and spread by the first cylinder (105). In any example presented
herein, the first cylinder (105} may include a first plurality of holes (110} formed
through the wall of the first cylinder (105) through which an amount of build
material may be deposited onto a build platform. The number, the shape, and
the area of the openings of first plurality of holes (110} may vary depending on
the type of build material deposiied by the first cylinder {105) during operation.
Certain characteristics of the build material that may be taken into consideration
may include the average particle sizes, the minimum and maximum particie
sizes, the coefficients of friction, and the angles of repose, among other
mechanical and physical properties, and combinations thereof.

[6023] in any example presented herein, the first cylinder (105) may be
replaceable. In this example, & plurality of replacement first cvlinders (105) may
be selected and installed prior 1o operation of the 3D printing device (100).
Replacement of the first cylinder {105) may be done based on those
characteristics of the build material to be used with the 3D printing device (100)
during the manufacture of a 3D object. The replacement first cylinders (105)
may vary amongst themselves by the number, the shape, and the area of the
openings of first plurality of holes (110) of sach repiacement first cylinder (105).
Agsain, certain characteristics of the build material may be taken into
consideration when selecting a replacement first cylinder (105) including the
average particle sizes, the minimum and maximum particle sizes, the
coefficients of friction, and the angles of repose, among other mechanical and
physical properties, and combinations thereof.

[6024] The 3D printing device (100) may, in any example presented
herein, include a second cylinder (115). The second cylinder (115) may include
a second plurality of holes (120). During use, the second cylinder (115) may be
allowed to rotate along a longitudinal axis in either direction. in an example, the
second cylinder {115) may rotate in the same or different direction as the

rotation of the first cylinder (105). In an example, the speed of rotation of the
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second cylinder {(115) may be faster, slower, or similar to the speed of rotation
of the first cylinder (105). In an example, the second cylinder {(115) may not
rotate.

iGOZE] The second plurality of holes (120) may be similar in area of
opening, shape, and number of holes as the first plurality of holes (110). Inany
example presented herein, the shape of the second plurality of holes (120) may
be different from the shape of the first plurality of holes (110}, In any example
presented herein, the area of the opening of the second plurality of holes (120}
may be different from the first plurality of holes (110). In any exampie presented
herein, the number of holes of the second plurality of holes (120) may be
different from the first plurality of holes (110},

[0028] The second cylinder {115) may be placed interior and coaxial to
the first cvlinder (105). The second plurality of holes (120) may be open to an
interior of the first cylinder (105) thereby allowing a build material to pass
through the second plurality of holes (120}, to the first plurality of holes (110) on
the first cylinder (105) and through the first plurality of holes (110).

(60271 i any example presenied herein, the 3D priniing device (100)
may include a third cylinder (125). The third cylinder (125) may be interior to the
first cylinder (105) and exterior to the second cvlinder (115). The third cylinder
(125} may run coaxial to the first cylinder (105) and second cylinder {(115).
During use, the third cylinder (125) may be preventad from rotating along a
longitudinal axis when the first cylinder (105} is depositing an amount of build
material onio the build platform. In an exampile, the third cylinder (125} is
allowed to seleclively rotaied in either a clockwise or counter-clockwise direction
based on the direction the first cylinder {(105), second cylinder (115), and third
cylinder (125) travel across the surface of the build platform. Details of the
amount of the seleclive rotation or repositioning of the third cylinder (125) may
be discussed in more detail in connection with Figs. 4-6.

[6028] i any example presented herein, the third cylinder (125) may
include a longitudinal cutout (130). In an example, the longitudinal cutout {(130)
may run the entire length of the third cylinder (125). In an exampie, the

ongitudinal cutout (130) may run a distance shorter than the entire length of the
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third cylinder {(125). During operation, a build material may pass from an interior
of the second cylinder (115) to an interior to the third cylinder (125) via the
second plurality of holes (120). The build material may then be allowed to
accurmnulate within the interior of the third cylinder (125). A portion of the build
material may pass from the interior of the third cylinder (125} to an interior
surface of the first cylinder (105) via the longitudinal cutout (130) formed in the
third cylinder (125). Deposition of the build material on a build platform may
then cccur when the build material passes through the first plurality of holes
(110} of the first cylinder (105).

(60291 in any example presenied herein, the 3D printing device (100}
may further include a supply tube (135). The supply tube (135} may be coupled
and open to the interior of the second cylinder (115} via, for example, an end of
the second cylinder (115). In an example, the supply tube {(135) provides an
amount of build material to the inferior of the second cylinder (115).

[6030] As described herein, the build material may move from the interior
of the second cylinder {(115) 1o the interior of the third cylinder (125), and
through the first plurality of holes (110) defined in the first cylinder (105) via the
longitudinal cutout (130). To assist the movement of the build material through
these cylinders (105, 115, 125), the 3D printing device (100) may include a
vibrating device that vibrates the cylinders (105, 115, 125). As the cyiinders
{105, 115, 125) vibrate, the build material may be kept from being compacied as
it passes from one cylinder {105, 115, 125) to ancther. Additionally, the
vibration device may be used {0 mix the build material before it is deposited onio
the build platform by the first cylinder (105).

(G031} in any example presented herein, the 3D printing device (100)
may include a blower coupled o the supply tube (135). The blower may blow
an amount of build material though the supply tube {(135) and into the second
cylinder (115} in order to facilitate the transfer of build material into the interior of
the second cylinder (115). Additionally, the flow of air through the supply tube
(135} and into the cylinders (105, 115, 125) may help to agitate the buiid
material 80 as 1o prevent the build material from being packed inside the
cylinders (105, 115, 125).
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[6032] As described herein, the three cylinders (105, 115, 125) of the 3D
printing device {(100) work fogether to deliver the build material 1o the surface of
the build platform. During operation, a number of gears, motors, and/or rails
may be used to pass the cylinders (105, 115, 125) in their configuration across
the surface of the build platform. The cylinders (105, 118, 125) may be allowed
to pass a certain distance above the build platform and/or a previousiy-laid layer
of build material. As the cylinders (105, 115, 125), and specifically the first
cvlinder (105}, deposits an amount of builld material onto the surface of the build
platform and/or a previously-laid layer of buiid material, the first cylinder (105)
may also spread the build material evenly so as to form a new laver of build
material. To accomplish this, the first cylinder (105) may rotate in a direction
counter to the movement of the cylinders (105, 115, 125) across the build
platform. By way of an example, if the cylinders (105, 115, 125) pass across the
build platform from right to left, the first evlinder (105) may be rotated in a
counter-clockwise motion. Such as rotation allows the build material to pass
through the first plurality of holes {110). Additionally, the outer surface of the
first cylinder (105) that does nof have a hole defined therein may serve to
spread the build material across the layer. In an example, the patiem of the first
plurality of holes (110) defined in the first cylinder (105) may include an offset
pattern. That is, a row of holes formed in a line longitudinally down the outer
surface may be offset by a second row of holes also formed in a line
longitudinally down the outer surface of the first cylinder (108). This creatss a
patiern where each of the first plurality of holes {110) are followed by a portion
of the outer surface of the first cylinder (105) that does not include a hole. This
allows for spreading of the build material by the first cylinder (105) afier a hole of
the first plurality of holes (110) deposits the build material. Conseguently, the
cylinders (105, 115, 125) described herein act as both a depositor of build
material as well as a spreader of the build material. Such an arrangement
allows for less complexity in design of the 3D printing device (100) as well as
less moving parts. Still further, the arrangement as described may reduce the
time used to form a 3D object in the 3D printing device (100). Indeed, by

concurrently {i.e., in a single pass of the cylinders (105, 115, 125)) depositing

9



WO 2019/236102 PCT/US2018/036670

and spreading the build material, the speed is significantly increased compared
{0 implementing a separaie spreader and build material depositor. Even still
further, the combination of the spreader and depositor into a single unit as
described herein allows for less parts used within the 3D printing device (100)
reducing the cost of manufacturing and complexity of the 3D printing device
(100). Additionally, by combining the spreader and depositor into a single unit,
physical area within the 3D printing device (100) may be freed up aliowing
additional devices 1o be placed within the housing of the 3D printing device
(100}). In an example, the cylinders (105, 115, 125) may be followed by a blade
or other build material spreading device in order {0 improve the uniformity of the
deposited layer.

[0033] Fig. 2 is a block diagram of an additive manufacturing system
{200} according 10 an example presented herein. In any example presented
herein, the additive manufacturing system (200} includes a build platform (205),
a build material supply system (210), a supply fube (215), and a roller (220).
[G034] The additive manufacturing system (200} may, in any example
presented herein, receive digital data describing a 3D obiect and cause that 3D
object to be formed. Formation of the 3D object may be accomplished by
digitaily rendering the 3D object into a number of layers. The data associated
with the individual layers may be used to direct the additive manufaciuring
system (200) where o deposit build materials and other agents used in the 3D
object formation process. By way of example, the agents deposited along with
the build maiterial may inciude light reflective agenis, light absorbing agenis,
fusing agents, binding agenis, coloring agents and/or a build material
suspension agent, among other types of agents. With the build material placed
on the build platform (208), the additive manufacturing system (200) may
implement any device to fuse or otherwise coalesce the build material to form
the 3D object. Such devices include healing sources as electromagnetic
radiation sources. Additionally, the agents described above may be used {o
induce chemical reactions that coalesce the build material fogether. By

successively building the 3D object laver-by-layer, the additive manufaciuring
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system (200) may form the 3D object over time. Any non-coalesced build
material may be removed {0 reveal the 3D chject formed.

[G035] The build platform (205) may be any type of surface that may
receive an amount of build material from the roller (220) as described herein. In
an exampile, the build platform (205) may move in & vertical direction relative to
the roller {220} so as {0 receive successive layers of build material thereon.
[6036] in any example presented herein, the additive manufacturing
system (200) may include a builld material supply system (210). The build
material supply system (210) may supply, via the supply tube {215), an amount
of build material to the roller (220). The build material supply system (210} may
inciude a device such as a blower to send the build material through the supply
tube (215) and into an interior of the roller (220). In this example, the blower
may also be used o agitate the build material within the roller (220) as air
passes into and through the interior of the roller (220).

[6037] in any example presented herein, the additive manufacturing
system (200) may include a roller (220). As described herein, the roller may
include a first cylinder (225), a second cylinder {(235), and a third cylinder (245).
The third cylinder (245) may be placed coaxially and interior to the first cylinder
(225). Additionally, the second cylinder (235) may be placed coaxially and
interior 1o both the first cylinder (225) and third cviinder (245).

[6038] The second cylinder {(235) may include a first plurality of holes
{230} to allow a build material to pass from an interior of the second cylinder
(235} to an interior of the third cylinder (245). The transfer of build material from
the interior of the second cylinder (235) to the interior of the third cylinder (245}
may be accomplished through the rotation of the second cylinder (235} and/or
the passing of air, via the blower, into the interior of the second cylinder (235).
[6039] The third cylinder (245) may include a longitudinal cutout (250).
The longitudinal cutout (250) may selectively allow an amount of build material
{0 pass from the interior of the third cylinder (245), via gravity and/or air
pressure, to the interior surface of the first cylinder (225).

(60401 The first cylinder (225) may include a first plurality of holes (230}
defined therein. As described herein, the placement of the first plurality of holes
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{230} on the surface of the first cylinder (225) may provide for the concurrent
deposition of the build material and spreading of the build material.

(60411 i any example presenied heregin, the additive manufacturing
system (200) may include a vibration device. The vibration device may be
mechanically coupled o the roller (220} s0 as to impart a vibrating force against
or on the roller (220). The vibration device may facilitate the movement and
agitation of the build material throughout and within any of the first cylinder
{225}, second cylinder (235}, and third cylinder (245).

[6042] in any example presented herein, the additive manufacturing
system (200) may include a conirolier. The conirolier may process “controf build
material supply” data, and in response cause the build material 1o be
appropriately positioned on the build platform (205).

[6043] The controlier may also process manufacturing data that is based
on a 3D object model of the 3D object/part to be generated. In response to data
processing, the coniroller may control the operations of the build platform (205),
and the roller (220). As an example, the conirolier may control actuators (not
shown) to control various operations of the componenis of the additive
manufacturing system (200). The controller may be a computing device, a
semiconducior-based microprocessor, a central processing unit (CPU), an
application spedific iniegrated circuii (ASIC), and/or ancther hardware device.
The controlier may be conneclied {o the components of the additive
manufacturing system (200} via hardware communication lines, or wirelessly via
radio or photonic communication.

(60441 The controller may manipulate and transform data, which may be
represented as physical {(electronic) quantities within the additive manufacturing
system (200) registers and memories, in order {o control the physical elements
to create the 3D object. As such, the controller may be in communication with a
data siorage device. The data siorage device may also be referred to as a
computer memory. The data storage device may include data pertaining o a
3D object to be manufactured by the additive manufacturing system {(200). The
data for the selective delivery of the build material, efc. may be derived from a

modei of the 3D object to be formed. The data storage device may also include
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machine readable instructions {stored on a non-transitory computer readable
medium) that are {0 cause the controiler to control the amount of build material
that is supplied by the rolier (220) and the movement of the buiid platform (205),
etc.

[0045] The additive manufacturing system (200} may be ulilized in any
data processing scenario including, stand-alone hardware, mobile applications,
through a compuling network, or combinations thereof. Further, the additive
manufacturing system (200} may be used in a computing network, a public
cloud network, a private cloud networle, a hybrid cloud network, other forms of
networks, or combinations thereof. In one example, the methods provided by
the additive manufacturing system (200) are provided as a service over a
network by, for example, a third party. The present systems may be
implemented on one or multiple hardware platforms, in which the moduies in the
system can be executed on one or across muitiple platforms. Such modules
can run on various forms of cloud technologies and hybiid cloud technologies or
offered as a SaaS (Software as a service) that can be implemented on or off the
cloud. In ancther example, the methods provided by the additive manufacturing
system (200) are executed by a local administrator.

[6048] Fig 3 is a block diagram of a rolier (300) according to an example
of the principles described herein. The roller (300} may be similar to the roller
{Fig. 2, 220) described in connection with Fig. 2. In this example, the roller
(300} may include a first cylinder (305), a second cylinder (315}, and a third
cylinder (325). The second cylinder (315) may include a first plurality of holes
(310} to allow a build material to pass from an interior of the second cylinder
(315} to an interior of the third cylinder (325). The transfer of build material from
the interior of the second cylinder (315) {0 the interior of the third cylinder (325}
may be accomplished through the rotation of the second cylinder (315) and/or
the passing of air, via the blower, into the interior of the second cylinder (315).
[6047] The third cylinder (325) may include a longitudinal cutout (330).
The longitudinal cutout (330) may selectively allow an amount of build material
to pass from the interior of the third cvlinder (325), via gravity and/or air

pressure, to the interior surface of the first cylinder (305},
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[6043] The first cylinder (305} may include a first plurality of holes (310}
defined therein. As described herein, the placement of the first plurality of holes
(310} on the surface of the first cvlinder (305) may provide for the concurrent
deposition of the builld material and spreading of the build material.

[0049] in addition to the first cylinder (305}, second cylinder (315), and
third cylinder (325), the roller (300) may include a fourth cylinder (335)
interposed coaxially between the first cylinder (305) and the third cylinder (325).
Like the first cylinder (308), the fourth cylinder {335) may include a third plurality
of holes (340). The build material may pass from the second cylinder (315) {0
the third cylinder (325) as described herein. The build material may aiso move
from the interior of the third cylinder {325) to an interior surface of the fourth
cylinder (335). In this example, the first plurality of holes (310) and third plurality
of holes (340) defined in the first cylinder {305} and fourih cylinder (335)
respectively, may be used to adjust the amount of build material that is
deposited onto the build platform. This adjustment is accomplished by offsetling
the openings to the third plurality of holes (340) and first plurality of holes (310)
relative to each other. In an example the pattern and placement of the first
pilurality of holes (310) relative 1o the third plurality of holes (340) allows build
material {0 pass from the interior of the third cylinder (325) through these seis of
holes (first plurality of holes (310) and third piurality of holes (340)) and onto the
build platform when the first plurality of holes (310} and third plurality of holes
{340} are aligned. However, the amount of build material deposited may be
reduced by turning slightly the fourth cylinder (335) relative to the first cylinder
(305} s0 that the sum of the area between the first plurality of holes (310) and
third plurality of holes (340) is reduced, thereby creating a relatively smaller hole
through which the build material may pass. In an example, the rotation of the
first cvlinder (305) relative to the fourth cylinder (335) may be accomplished by
actuating a motor (o finely adjust the alignment of the first plurality of holes {(310)
and third plurality of holes (340} relative to each other. As such, the amount of
build material deposiied by the rolier (300) may be adjusted. Adjustment of the
amount of build material may be done based on a number of considerations

including, but not imited {o, the average particle sizes of the build material, the
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minimum and maximum particle sizes of the build material, the coefficients of
friction of the build material, the angles of repose of the build material, other
mechanical and physical properties of the build material, and the data
describing the thickness of the layer of build material to be deposited. All of
these factors may be used to determine the final hole size of the combination of
the third plurality of holes {(340) and first plurality of holes (310).

[G050) Fig. 4 is an isometric view of a roller (400) used in an additive
manufacturing system according to an example described herein. The roller
(400} may include, similar to that described in connection with Fig. 2, a first
cylinder (405), a second cylinder (415}, and a third cylinder (410}, In this
example, the roller (400) may also include a supply tube (420) coupled o an
interior of the second cylindar (415).

[6051] The first cylinder (405) may include a first plurality of holes (430},
The first plurality of holes {(430) may include any number of holes arranged o
deposit, relatively roughly, to the surface of a build platform and/or a
subsequently deposited layer of build material. In the example shown in Fig. 4,
the first plurality of holes (430} may be arranged in rows parallel to an axis (440)
of the first cylinder (405}, second cylinder (415), and/or third cylinder (410). Any
number of rows of first plurality of holes (430) may be formed. in the example in
Fig. 4, the plurality of rows of first plurality of holes (430) may be offset. In this
example, each hole defined in the first cylinder (405) may be circularly matched
with a solid surface area of the first cylinder (405). The solid surface area
circularly maiched with each hole of the first plurality of holes (430) may be used
to spread the build material after the maiching hole has deposited an amount of
build material on the build platform. In an example, the rotation (arrow A) of the
first cylinder (405) may rotate against the direction of the roller {400) across the
huild platform {arrow B). In a direction of the roller (400) across the build
platform opposite arrow B, the rotation of the first cylinder (405) may also have a
rotational direction opposite that of arrow A

[6052] The roller (400) may include a second cylinder (415). As
described herein, the second cylinder (415) may include a second plurality of

holes (425) defined therein. The second plurality of holes (425} may provide for

15



WO 2019/236102 PCT/US2018/036670

the transfer of the build material from an interior of the second cylinder (415) to
an interior of the third cylinder (410). Additionally, a supply tube (420) may be
coupled to one or both ends of the second cylinder (415) so that a build material
may pass through the supply tube (420) and into the interior of the second
cylinder (415}, In an example, the density of the second plurality of holes (425)
may increase from each end of the second cylinder (415) towards the
longitudinally center of the second cylinder (415). As described, a biower may
pass an amount of build material into the second cylinder {(415) and the
relatively lower density of the second plurality of holes (425) in the ends of the
second cylinder {(415) may reduce the passage of the build material from the
second cylinder {415} to the third cylinder (410} where relatively higher air
pressures are formed.

[6053] The roller (400) may include a third cylinder {(410). The third
cylinder {(410) may also include a longitudinal cutout (435}, As described herein,
the longitudinal cutout (435) may allow an amount of build material to pass from
an interior of the third cylinder (410} toc access a number of first plurality of holes
(430} defined in the first cylinder (405) for deposition of the build material. As
shown in Fig. 4, a trailing edge (445) formed by the longitudinal cutout (435)
may be directly above the surface of the build piatform as the roller (400)
traverses the surface of the build platform in the first shown by arrow B. In an
example, where the roller (400) traverses across the build platform in a direction
opposite of the direction of arrow B, a leading edge (450) formed by the
longitudinal cutout (435) may become the leading edge via rotation of the third
cylinder (410} in a rotational direction opposite that of arrow A,

iG0E4] in any example presented herein, the roller (400) may include a
sensor to detect the level of build material within any of the cylinders (405, 4170,
415). This sensor (not shown) may be used to conirol, via a confrolier, how
rruch additional bulld material to pass through the supply tube (420) and into
the second cylinder (415) s0 that additional build material may pass, eventually,
into the third cylinder (410) and out of the first plurality of holes (430) of the first
cylinder (405). Examples of a sensor used to monitor the amount of build

material in any of the cylinders (405, 410, 415) may include a seismic sensor, a
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light sensor, an acoustic sensor, a temperature sensor, a conductive sensor,
and a motion sensor, among other types of sensors that may leverage the
properties of the build material so that detection of the level! of build material
may be accomplished. In an example, the sensor may be placed within any of
the cylinder (405, 410, 415) and may communicate with the controller via either
a wired or wireless connection. n an exampie, the sensors may be placed
outside of the cylinders and detect the ievel of build material therein via, for
example, acoustic and light properties of the build material.

[G055] Fig. 5 is a side, cutout view of a roller (400) shown in Fig. 4
according to an example presented herein. As shown in Fig. 5, the second
cylinder (415) may also include a number of agitators (515) extending from the
exterior surface of the second cylinder (415). The agitators (515} may be used
to agitaie and add air into an amount of build material (520} built up within the
interior of the third cylinder {(410). The agitators (515) may take any form such
as an auger, a number of flaps, a number of rods, among other shapes and
forms. The agitators (515) may prevent the build maierial (520) from being
packed within the third cylinder (410) so that the build material (520) may pass
form the interior of the third cylinder (410) and through the first plurality of holes
{430} and onio the build platform (505).

[6058] In an example, a space between the first cylinder (405) and the
third cylinder (410} may inciude a number of gaskets (510). Any type of gasket
may be used. The gaskets (510) may prevent the build material from moving in
between the first cylinder (405) and the third cylinder (410). These gaskets
(510} may move with the third cylinder (410) when the third cylinder (410) is
rotated as described herein.

[B0ET] in the view as shown in Fig. 5, the trailing edge {445) formed by
the fongitudinal cutout (435) is placed directly above the buiid platform (505). In
this orientation, the longitudinal cutout (435) may be within a second guarter
{525} of the circle formed by a side of the first cylinder (408). As such, an area
defining a first quarter (530) of the circle formed by the side of the first cylinder
(405} is a position between a 12 ¢’ clock position and a 3 ¢’ clock position. Also,

an area defining the second quarter (5§25} of the circle formed by the side of the
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first cylinder (405) is a position between a 3 ¢ clock position and a 6 ¢’ clock
position. Further, an area defining the third quarter (535) of the circle formed by
the side of the first cylinder (405) is a position between a 6 ¢ clock position and
a 9 o clock position. Also, an area defining a fourth guarter (540) of the circle
formed by the side of the first cylinder (405) is a position between a ¢ ¢’ clock
position and the 12 ¢ clock position. In an exampie, the length of the
longitudinal cutout (435) may be egqual to the length of the second quarier. In
an example, the length of the longitudinal cuiout {(435) may be less than the
length of the second quarter.

[G058] Fig. 8 is a side, cutout view of a roller (400) shown in Fig. 4
according to an example presenied herein. Fig. 6 shows the roller (400) except
that the roller (400) is passing in an opposite direction across the build platform
(505} as that show in Fig. 5 according to arrow C. As can be seen the third
cylinder {(410) may be rotated such that the leading edge (450) is now the
frailing edge of the longitudinal cutout (435). Fig. 6 alsc shows that the direction
of rotation of the first cylinder (405) is opposite that shown in Fig. 5 as indicaled
by arrow D. In this configuration, the longitudinal cutout (435) may be placed
within the third quarter of the circle formed by the side of the first cylinder (405).
In this example, the third cylinder (410) is rotated info the third quarter of the
circle formed by the side of the first cylinder (405) prior {0 depositing and
spreading the build material onto the surface of the build platform {505) and/or a
previously laid layer of build material.

[6059] Aspects of the present system and method are described herein
with reference to flowchart fllustrations and/or block diagrams of methods,
apparatus (systems) and compuler program products according to exampiles of
the principles described herein. Each block of the flowchart iliustrations and
block diagrams, and combinations of blocks in the flowchart illustrations and
block diagrams, may be implementad by computer usable program code. The
computer usable program code may be provided o a processor of a general-
purpose computer, special purpose computer, or other programmable data
processing apparatus {0 produce a machine, such that the computer usable

program code, when executed via, for example, the controlier of the printing
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device or other programmable data processing apparatus, implement the
functions or acts specified in the flowchart and/or biock diagram block or biocks.
In one example, the computer usable program code may be embodied within a
computer readable storage medium; the computer readable storage medium
being part of the computer program product. In one example, the computer
readable siorage medium is a non-transitory computer readable medium.
FG060] The specification and figures describe a number of cylinders that
concurrently spread and distribute an amount of build material onto the surface
of a build platform. Such an arrangement of the cylinders as described allows
for less complexity in design of the 3D printing device as well as less moving
parts. Still further, the arrangement as described may reduce the time used to
form a 3D object in the 3D printing device. Indeed, by concurrently (f.e., in a
single pass of the cylinders) depositing and spreading the build material, the
speed is significantly increased compared to implementing a separaie spreader
and build material depositor. Even still further, the combination of the spreader
and depositor into a single unit as described herein allows for less parts used
within the 3D printing device thereby reducing the cost of manufacturing and
complexity of the 3D printing device itself. Additionally, by combining the
spreader and depositor info a single unit, physical area within the 3D printing
device may be freed up allowing additional devices to be placed within the
housing of the 3D printing device.

[G061] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT 1S5 CLAIMED 1S:

1. A three-dimensional (3D) printing device, comprising:

a first cylinder comprising a first plurality of holes defined therein;

a second cylinder interior and coaxdal to the first cylinder comprising a
second plurality of holes open o an interior of the first cylinder;

a third cylinder interior to the first cylinder and exterior {0 the second
cylinder, the third cvlinder comprising a longitudinal cutout open o the first
cylinder, and

a supply tube open 1o the second cylinder, the supply tube to provide an

amount of build material to an interior portion of the second cylinder.

2. The 3D printing device of claim 1, comprising a number of seals {0 seal a
space formed befween the first cylinder and the third cylinder except via the

longitudinal cutout.

3. The 3D printing device of claim 1, wherein the first plurality of holes
defined in the first cylinder comprise a plurality of rows of holes with each row of
holes having holes offset from holes of another row to prevent a non-uniform

distribution of pbuild material on a surface of a build platform.

4, The 3D printing device of claim 1, wherein the second plurality of holes of
the second cylinder vary in diameter based on location along a longitudinal

position on the second cylinder.
5. The 3D printing device of claim 4, whersin the diameter of the plurality of

holes of the second cylinder increase along a longitudinal axis from a proximal
end of the second cylinder to a distal end of the cylinder.
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8. The 3D printing device of claim 1, wherein the second cylinder comprises
at least one stirring device formed on an exterior surface of the second cylinder.
7. The 3D printing device of claim 6, wherein the at least one stiming device

is in the form of an auger.

8. The 3D printing device of claim 1, wherein the third cylinder rotates

based on the direction of movement of the third cylinder across a build platform.

9. An additive manufaciuring system, comprising:
a huild platform;
a huild material supply system; and
a rolier, comprising:

a first cylinder comprising a first plurality of holes defined therein;

a second cylinder interior and coaxial to the first cylinder
comprising a second plurality of holes open o an interior of the first
cylinder,

a third cylinder interior to the first cylinder and exterior {o the
second cylinder, the third cylinder comprising a longitudinal cutout open
{0 the first cylinder,;
wherein the build material supply system delivers build material info an

interior cavity of the second cylinder via a supply tube.

10. The additive manufacturing system of claim 9, comprising a fourth
cylinder comprising a fourth plurality of holes defined therein wherein the fourth
cylinder is interior to and coaxial with the first cylinder and exterior to the third

cylinder.
11.  The additive manufacturing system of claim 10, wherein the fourth

plurality of holes and the first plurality of holes interface with each other to adjust

the amount of build material exiting the first cylinder.
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12.  The additive manufacturing system of claim 8, wherein the first cylinder

rotates counter {o the direction of movement across the build platform.

13.  The additive manufacturing system of claim €, comprising a vibrator {0

vibrate one of the first, second, and or third cylinders.

14. The additive manufacturing system of claim 9, comprising a thermal
sensor and heater {0 detect a temperature of build material on the build platform
and adjust the temperature of at least the first cylinder to match the temperature

of the build material on the build platform.

15, Aroller for a three-dimensional additive manufacturing system,
comprising:

a replaceable first cylinder comprising a first plurality of holes defined
therein;

a second cylinder interior and coaxial o the first cylinder comprising a
second plurality of holes open to an interior of the first cylinder;

a third cylinder interior to the first cylinder and exterior to the second
cylinder, the third cylinder compriging a first longitudinal cutout open to the first
cylinder wherein an edge of the longitudinal cutout is placed in a second quarter
relative 1o the first cylinder; and

a fourth cylinder comprising a fourth plurality of holes defined therein
wherein the fourth cylinder is interior {0 and coaxial with the first cylinder and
exterior to the third cylinder, the fourth cylinder comprising a third plurality of
holes;

wherein the build material supply system delivers build material into an

interior cavity of the second cylinder via a supply tube.
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