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OPERATION OF THREE-DIMENSIONAL PRINTER COMPONENTS

CROSS REFERENCE TO RELATED APPLICATIONS
(00811 This application claims bencfit of priov-filed U.S. Provisional Patent Application Serial No.
62/411.252, filed on October 21, 2016, titled "SECLUSION OF PRINTER COMPONENTS DURING
THREE-DIMENSIONAL PRINTING,” and U.S. Provisional Patent Application Serial No. 62/471,222,
filed on March 14, 2017, titled “OPERATION OF THREE-DIMENSIONAL PRINTER
COMPONENTS,” cach of which is entirely incorporated herein by reference.
BACKGROUND
[8082] Three-dimensional (3D) printing (e.g., additive manufacturing) is a process for making a three-
dimensional object of any shape from a design. The design may be in the form of a data source such as an
electronic data source, or may be in the form of a bard copy. The hard copy may be a two-dimensional
representation of a 3D object. The data source may be an electronic 3D model. 3D printing may be
accomplished through an additive process in which successive layers of material are laid down one on top
of another. This process mayv be controlied (c.g., computer controlled, manually controlled, or both). A 3D
printer can be an industrial robot.
(60631 3D printing can generate custom parts. A variety of materials can be used in a 3D printing process
including clemental metal, metal alloy, ceramie, elermental carbon, or polymeric material. In some 3D
printing processes {¢.g., additive mamufacturing), a first layer of hardened matenal is formed (e.g., by
welding powder), and thereafier successive lavers of hardened material are added one by ong, wherein
cach pew layer of hardened material is added on a pre-formed layer of hardened material, until the entire
designed thrce-dimensional structure 3D object) is laver-wise materialized.
[6684] 3D models may be created with a computer aided design package, via 3D scanner, or manually.
The manual modeling process of preparing geometnc data for 3D computer graphics may be similar to
plastic arts, such as sculpting or animating. 3D scanning is a process of analyzing and collecting digital
data on the shape and appearance of a real object (e.g., real-life object). Based on this data, 3D models of
¢ scanned object can be produced.
(00831 A number of 3D printing processes are currently available. They may differ in the manner layers
arc deposited to create the materialized 3D structure {(e.g., bardened 3D structure). They may vary in the
material or materials that are used to materialize the designed 3D object. Some methods melt, sinter, or
soften mateaal to produce the layers that form the 3D object. Examples for 3D printing methods inchade
selective laser melting (SLM), selective laser sintering (SLS), direct metal laser sintering (DMLS) or
fused deposition modeling (FDM). Other methods cure liguid materials using different technologies such
as stereo lithography (SLA). In the method of laminated object manufactodog (LOM}, thia layers (inade
inter alia of paper, polymer, or melal) are cul to shape and joined together.
(80861 At umes, during the process of 3D printing, a portion of the malerial bed mayv part from the
material bed (e.g. due to heating). The parted portion may form debris (e.g., floating in an atmosphere of

the 3D printing processing chamber). The debris may accwmulate on one or more components in the 3D
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printer {¢.g., of the processing chamber). The debris may alter a function of at least one (¢.g., mechanical)
component in the 3D printer {e.g., the layer dispensing mechanism). For example, the debris may absorb,
obstract, and/or reflect a portion of the energy beam radiation. The component may not be required in the
processing chamber during the entire span of the 3D printing process (¢.g. when the energy beam is
projected on the matenial bed). At times, #t may be desirable to reduce (¢.z., avoid) a generation of debris
on various components of the 3D printer {e.g.. a layer dispensing mechamisoy). At times, it may be
desirable to {¢.g., peniodically) clean the component frony the debris. At times, it may be desirable to clean
and/or recondition a portion of the debris. The reconditionad debris may be used by the laver dispensing
mechanism (e.g., layer dispenser) during the 3D printing.
[BOB7] At umes, during the process of dispensing pre-transformed (¢.g., particulate) material as part of
the 3D printing, the pre-transformed material may flow in a discontimious manner, or ceasc to flow. For
example, the pre-transformed material may clump up. For example, particles in the particulate material
may adhere to each other. For example, the pre-transformed material may adhere to one or more surfaces
of the laver dispenser {e.g., matenal dispenser therein). For example, the pre-transformed material may
block an exit opening of the layer dispenser (e.g., material dispenser thercing. At times, i may be desirable
o introduce energy to the pre-transformed material before and/or during its deposition to facilitaic
movement (¢.g., flow) of the pre-transformed material (¢.g., to allow non-interrupted and/or smooth
deposition). At times, it may be desirable to have the one or more surfaces of the layer dispenser {¢.g..
matcrial dispenser thercin) (e.g., which surface(s) contact the pre-transformed material) exert a3 low
amount of friction on the pre-transformed material. At times, it may be desirable to have the one or more
surfaces of the layer dispenser {¢.g.. matenal dispenser therein) (e.g., which surface(s) contact the pre-
transformed material) that are smooth {c.g., with a low Ra value). At times, it may be desirable to have the
oue or more surfaces of the layer dispenser (¢.g., material dispenser therein) (¢.g., which surface(s)
contact the pre-transformed material) coated with a material that alters {(¢.g., reduces the hkelihood of) the
(1) adhesion of the pre~transformed material to the surface(s) and/or (11) friction of the pre-transformed
material on the surface(s).

SUMMARY
8008} In an aspect, the present disclosure comprises a protection (e.g., sechision) of the component
(c.g., laver dispensing mechanism or laver dispenser) during a portion of the 3D printing process. The
protection can be, for exanple, from debris. The protection may comprise a physical separation.
[0669] Another aspect, the present disclosure comprises cleaning the coraponent {(e.g., a layer
dispensing mechanism) during at least a portion of the 3D printing process. The cleaning can be, for
example, from the debris. The cleaning may comprise active or passive cleaning.
(0618} Inanother aspect, an apparatus for three-dirnensional printing of at least one three-dimensiconal
object comprising: a layer dispenser configured to translate and dispense a material bed, whercin the layer
dispenser cornprises a pott (€.8., an opening port); a frame that comprises an opening and is disposed
adjacent to the platform, wherein the opening the provides a passage from a first side to a second side

{e.g.. the opening separates a first side from a second side npon a closing of the opening), wherein the
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second side comprises the material bed, which layer dispenser translates through the opening; a closure
that closes the opening, which closure is operatively coupled to the layer dispenser; and an energy source
configured to generate an energy beam directed towards the material bed and transform at least a portion
of the material bed to the at least one three-dimensional object.

(8011} Insome embodiments, the apparatus further compnses ap ancillary chamber configured to house
the layer dispenser. In some embodiments, the laver dispenser is removably housed within the ancillary
chamber. 1o some embodinents, the ancillary chamber is configured to be coupled with a recycling
systeimn that recycles material from the layer dispenser. In some ¢mbodiments, the ancillary chamber
mchudes a funnel portion that is configured to direct the material to the recycling system. In some
embodiments, the ancillary chamber includes an opening port that is configured to direct the material to
the recveling syster. In some embodiments, the opening port of the ancillary chamber is within an
opening port region of the ancillary chamber. In some embodiments, the opening port region of the
anciflary chamber comprises walls that converge toward the opening port. In some embodiments, the
opening port region of the ancillary chamber comprises a port flushing component that is configured to
facilitate flushing the opening port region of the excess material using a flow of gas. In some
embodiments, the port flushing component comprises an inlet configured to accept the flow of gas from a
gas source and an outlet configured to direct the flow of gas out of the opening pott region. In some
cribodiments, the outlet is coupled to the recycling system via at least one coupling member. In some
cmbodiments, the port flushing component is coupled to the ancillary chamber via a connector. In some
cmbodiments, the apparatus farther comprises an ancillary chamber configured to direct excess material
from the layer dispenser toward a recycling system. In some embodiments, the apparatus fucther
comprises at least one detector that is configured to detect the excess material transported from the
ancillary chamber to the recycling system. In some embodiments, the at least once detector is configured to
detect an amouvnt of the matenial, FLS of one or more particles of the material, a velocity of the flow of
material, and/or a chemical natire of the material. In some embodiments, the at least one detector device
comprises a detector that is configured to detect electromagnetic radiation or acoustic signal. In some
embodiments, the at least one detector device comprises an emitter that is configured to emit the
clectromagnetic radiation or the acoustic signal. Tn somne embodiments, the at least one detector device is
configured to provide information related to an efficicncy of one or more filters of the recycling svstem.
(0012} Inanother aspect, a system for forming a three-dimensional object comprising: a laver dispenser
configured to dispense a material for a material bed; a platforo disposed in a first side of the system, the
platform configored to supportt the material bed, whercin the layer dispenser is configured to translate
through a frame compusing an opening that facilitates passage from (¢.g., and is positioned between) the
first side and a second side of the systemy a closure that closes the opening, whercin the closure is
operatively coupled to the layer dispenser, an encrgy source that generates an energy beam configured to
transform at least a portion of the matenal bed; and at Icast one controllier that is operatively coupled to
one or more of the laver dispenser, the closure, and the energy source, wherein the at least one controller

1s programmed to direct performance of the following operations: operation (i) convey the fayer dispenser

(43
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through the opemng from the first side to the second side. operation (1) direct the laver dispenser to
dispense the material to form the material bed, opeoration (i) retract the laver disponser from the sccond
side to the first side, operation (iv) direct the closure to close the opening, and operation (v) direct the
cnergy source to direct the energy beam to at least the portion of the material bed to form at least a portion
of the thiee-dimensional ohiect.

0613} Inanother aspect, a computer software product for three-dimensional printing of at least one
three-dimensional object, comprising a non-transitory computer-readable medivm in which program
mstructions are stored, which instructions, when read by a computer, cause the computer to perform
operations comprising: operation (a) directing a layver dispenser to convey throogh an opening from a first
side of the opening to a sceond side of the opening, wherein the layer dispenser comprises an internal
cavity; operation (b} directing the layer dispenser to dispense a material to form a material bed; operation
(c) directing the layer dispenser to retract from the second side to the first side; operation (d) directing a
closure to close the opening; and operation () directing an cnergy beam to transform at least a portion of
the material bed to form at least a portion of the at least one three~dimensional object.

(60141 In another aspect. an apparatus for three-dimensional printing of at least one three-dimensional
object comprising at least one controller that is programmed to perform the following operations:
operation (a) convey a layver dispenser through an opening from a first side of the opening 1o a second side
of the opening, wherein the layer dispenser comprises an 1oternal cavity or an epening port; operation (b)
direct the layer dispenser to dispense a material to form a material bed; operation (C) retract the layer
dispenser from the second side to the first side; operation () direct a closure to close the opening; and
operation {¢) direct an ¢nergy beam to trassform at least a portion of the material bed to form at least a
portion of the three-dimensional object, wherein the controller ts operatively coupled to the layer
dispenser, opening, closure and the encrgy beam.

{6615} In some cmbodiments, the at least one controller is a multiplicity of controllers. In some
cmbodiments, at least two of operation (a), operation (b), operation (¢), operation (d) and operation (¢} are
directed by the same comtroller. In some embodiments, at lcast two of operation (a), operation (b},
operation (¢}, operation (d) and operation (¢) are directed by different controllers.

(00161 Inanother aspect, a method for gencrating a three-dimensional object comprising: (a) conveving
a layer dispenser throngh an opening from a first side of the opening to a second side of the opening,
wherein the first side is separated from the second side upon a closing of the opening, wherein the layer
dispenser comprises an opening pott or an interpal cavity; (b) (optiopally) retracting the layer dispenser
from the second side of the opening to the first side of the opening and closing the openiag; and ()
forming at least a portion of the three-dimensional object at the second side of the opening; and optionally
(d) closing the opening during the 3D printing.

[B¢17] Insome embodirnents, the conveying forther comprises moving from a first position to a sccond
position. In some cmbodiments, the first position is on the first side of the opening. In some embodiments,
the second position is on the second side of the opening. In some embodiments, the first position is within

an ancillary chamber. In some embodiments, the second position is within a processing chamber. In some
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embodiments, the second position 1s adjacent to a platform. In some embodiments, conveying further
comprises vtilizing a shaft. In some embodiments, retracting further comprises utilizing a shaft. In some
cmbodiments, the method further comprises sensing a need to dispense a laver of material. In some
embodiments, the method farther comprises detecting a corpletion of dispensing a layer of material (e.g.,
at the second side of the opening). In soowe embodirsents, the closing of the opening further comprises a
sliding a door. In some embodiments, the closing of the opening further comprises a rolling door. In some
embadiments, the closing of the opening further comprises a moving shield. In some embodiments, the
moving shield is connecled to the laver dispenser. In some embodiments, the conveying further cormprises
exposing the opening. In some crabodiments, the opening further comprises a window. In some
embodimernts, the opening has a2 minimuwn opening. In some embodiments, the minirmm opening
corresponds (o an amount of exposurc that is equal to a height of the layer dispenser. In some
embodiments, the opening has a minimum opening. In some embodiments, the minimum opening
corresponds 1o an amount of exposure that is equal to a FLS (e.g., width) of the fayer dispenser.

(8018} I[n another aspect, an apparatus for three-dimensional printing of at least one three~-dimensional
object comprising: a frame comprising an opening that provides a passage from a first side o a sccond
side (c.g., an opening that scparates a first side and a second side upon closure); a movable layer dispenser
configured to shape a material bed, wherein the layer dispenser comprises an opending pott, wherein the
second side 1s configured to support the matenal bed; a shaft coupled to a layer dispenser, which shaft is
ptilized to move the laver dispenser from the first side to the second side; a channel] disposed in the shaft,
which channel is configured 1o transit a material {¢ or from the layer dispenser; and an onergy sGuIce
configured to generate an energy beam directed towards the material bed and transform at least a portion
of the material bed to the at least one three-dimensional object.

{6619} In ancther aspect. an apparatos for three-dimensional printing of at Icast one three-dimensional
object comprising: a frame comprising an opening that provides a passage from a first side o a second
side {e.g., an opening that separates a first side and a second side upon closure), the sccond side
configured to accommodate a material bed; a laver dispenser configured to form the material bed, wherein
the layer dispenser comprises an opemng port; a shatt coupled to the laver dispenser and configured to
move the layer dispenser from the first side to the second side; a bearing disposed adjacent to shaft, which
beaning facilitates a movement of the shaft; an optional cleaning mechanism encurcling the shaft and
disposed between the laver dispenser and the bearing, wherein the cleaning mechanism is configured to
clean the shaft; and an ¢nergy source configured io generate an encrgy beam that is directed towards the
material bed and transform at least a portion of the material bed to the at least one three-dimensional
object.

(0628} Inanother aspect, a system for forming a multi layered object comprising: a frame around an
opening that facilitates passage from a first side to a sccond side {(¢.g.. an opening that separates a first
side and a sccond side upon closure); a layer dispenser that forms a matenal bed, wherein the layer
dispenser comprises a port (€.g., an opening port), wherein the second side comprises the matenal bed; a

shaft connected to a laver dispenser, which shaft is utilized to move the layer dispenser from the first side
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to the second side {e.g., through the opening); a channel disposed in the shaft which channel is fluidiy
comnected to the laver dispenser; an encrgy source that is configured to generate an energy beam, which
encrgy bear transforns at least a portion of the material bed to the it layered object; and at least one
controller that is operatively coupled to one or more of the layer dispenser, frame, opening, shaft, and the
energy source, which at least one controller is programmed to direct performance of the following
operations: operation (i) traosit a material through the channel to or from the layer dispenser; operation (3t)
direct the shaft to convey the laver dispenser through the apening froo a first side to the second side,
operation (i) direct the laver dispenser to dispense a material to form a material bed, operation (iv) direct
the shaft to retract the laver dispenser from the second side to the first side, operation (v} close the
opening, and operation (vi) direct the encrgy beam to transform at least a portion of the matenal bed to
form at least a portion of the mmulti lavered object.

(8021} Inanother aspect, a svstem for forming a multi Jayered object comprising: a frame around an
opening that provides a passage from a first side to a second side (e.g., that separates a first side and a
second side on closure); a movable layer dispenser that forms a material bed, which layer dispenser
comprises an opening port or an internal cavity, wherein the second side comprises the material bed; a
shaft connected to the layer dispenser, which shaft is utilized to move the layer dispenser from the first
side to the second side; a bearing disposed adiacent to the shaft, which bearing facilitates a movement of
the shaft; a cleaniog mechanism encircling at least a portion of the shaft and disposed between the layer
dispenser and the bearing, wherein the cleaning mechanism cleans the shaft; an energy sowrce that
generates an encrgy beam that transforms at least a portion of the material bed to the multt layered object;
and at least one controller that is operatively coupled to the layer dispenser, wherein the at least one
controller 1s programmed to direct performance of the following operations: operation (1) direct the layer
dispenser to dispense a material to form a matenal bed, operation (it) direct moving the shaft to retract the
layer dispenser from the second side to the first side close the opening, and operation (i) direct the
cnergy beam to transform at least a portion of the material bed to form at least portion of the multi layered
object.

(8022} Inanother aspect, an apparatus for three-dimensional printing of at least one three-dimensional
object comprising at least one controller that is programmed to perform the following operations:
operation (a) transit a material through a channel disposed in a shaft, to or from a layer dispenser, wherein
the laver dispenser comprises an opening port or an indernal cavity, operation (b) divect the shaft to
convey the layver dispenser through an opening from a first side of the opening to the second side of the
opening; operation {c) direct the Jayer dispenser to dispense a matenal to foom a material bed; operation
(& direct the shaft to retract the layer dispenser from the second side to the first side and close the
opening; and operation (¢) direct an energy beam to teansform at least a portion of the material bed to
form at least a portion of the at least one three-dimensional object, wherein the at least one controller is
operatively coupled {o one or more of the layer dispenser, channel, shaft, opening and the energy beam.
[B023] Insome embodiments, the at least one controller is a multiplicity of controllers. In some

embodiments, at least two of operation (a), operation (b), operation (¢). operation (d), and operation (¢)
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are directed by the same controller. In some embodiments, at Ieast two of operation (a), operation (b),
operation (c), operation (d), and operation {¢) are directed by different controllers.

(00241 Inanother aspect, an apparatus for threc-dimensional printing of at least one three-dimensional
object comprising at least one controller that is programmed to perform the following operations:
operation (a) direct a layer dispenser to dispense a material to form a material bed, wherein the laver
dispenser comprises an ioternal cavity or an epening port; operation (b) direct moviog a shaft to retract the
layer dispenser from a second side of an opening o a first side of the opening and close the opening;
operation () direct a cleaning mechanism encircling the shaft (o clean the shaft; and operation (d) direct
an energy bearn to transform at least a portion of the material bed to form at least portion of the at least
one three-dimensional object, and wherein the at least one controller is operatively coupled to one or more
of the laver dispenser, shaft, opening and the energy beam.

[B025] Insome embodiments, the at least one controller is a multiplicity of controllers. In some
embodiments, at least two of operation (a), operation {b), operation {¢), and operation (d) are directed by
the same controlier. In some embodiments, at least two of operation (a), operation (b}, operation (¢), and
operation (d) are directed by different controllers.

(60261 In another aspect. a computer software product for three-dimensional printing of at least one
threc-~dimensional object, comprising a non-transttory computer-readable medium in which program
instructions are stored, which instructions, whea read by a computer, cause the computer {o pedorm
operations comprsing, operation {a) direct iransiting a material through a channel disposed in a shaft, to
or from a layer dispenser, wherein the laver dispenser comprises an opening port; operation (b) directing
the shaft to convey the layer dispenser through an opening from a first side of the opening to the second
side of the opening; operation () directing the layer dispenser to dispense a material to form a material
bed; operation (&) directing the shafl to retract the layer dispenser from the sccond side to the first side
and close the opening; and operation (¢) directing an energy beam to transform at least a portion of the
material bed to form at least a portion of the at least one three~dimensional object.

(6027} Inanother aspect, a computer software product for three-dimensional printing of at least one
three-dimensional object, comprising a non-transitory computer-readable medivm in which program
instructions are stored, which instructions, when read by a computer, cause the computer to perform
operations comprising: operation (a) directing a laver dispenser to dispense a material to form a material
bed, wherein the layer dispenser corprises an internal cavity; operation (b) directing moving a shaft to
retract the layer dispenser fron a second side of an opening to a fiest side of the opening and close the
opening operation {¢) directing a cleaning mechanisia encircling the shaft to clean the shaft; and operation
() directing an energy beam to transform at least a portion of the material bed to form at least portion of
the at least one three-dimnensional object.

[B028] Inanother aspect, a method for generating a three-dirnensional object corprising: (a) transiting a
material through a channel disposed in a shatl that is coupled to a laver dispenser, which transiting is to or

from the layer dispenser, which laver dispenser comprises an opening port; and (b) utilizing the shaft to
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move the layer dispenser, which laver dispenser forms a material bed for generating the three-dimensional
object.

(00291 Insome embodiments, the channel further comprises an internal portion. In some embodiments,
the channel further comprises an external portion. In some embodiments, the internal portion of the
chaonel is disposed within the shaft. In some embodiments, the external portion of the channel s disposed
exterpal to the shaft. In some embodiments, the material is gas. Io some embodiments, the gas bas a
pressuce that is different from arnbient pressore. In some embodiments, the different is above. In some
embodiments, the different 15 below. In some embodiments, the material is 2 powder material. In some
embodiments, the method further comprises recetving the material from a bulk reservoir. In some
embodiments, the method further comprises transiting gas through the changel. In some embodiments, the
utthizing the shaft further comprises using an actuator coupled to the shaft to move the shaft

(8030} In another aspect, a method for generating a three-dimensional object comprises: (a) moving a
shaft comprising a beaning, which shaft is operatively coupled to a laver dispenser that comprises an
opening port, which layer dispenser forms a material bed for generating the three~-dimensional obiect; and
{b) cleaning the shaft of debris using a cleaning mechanism encircling the shaft.

(60311 In some embodiments, the bearing is a mechanical bearing. In some embodiments, the bearing is a
gas bearing. In some embodiments, the bearing is an clement that facilitates directional motion of the
shaft. In some embodiments, the bearing is charged with at least one compressed gas. In some
cmbodiments, the at least o1¢ compressed gas is inert. In some embodiments, the beanng blows the at
least one compressed gas to the shaft. In some embodiments, the bearing is disposed adjacent to the shaft,
In some emabodiments, the cleaning mechanism encircles the shaft. In some embodiments, the bearing
comprises balls that contact the shaft at onc or more points. In some embodiments, the clecaning
mechanism is disposed laterally between the layer dispenser and the shaft. In some embodiments, the
cleaning mechanism is passive. In some ermbodiments, the cleaning mechanisi is active. In some
embodiments, the cleaning mechanism contacts the shaft. In some embodiments, the cleaning mechanism
contacting the shaft seals the shaft from the debnis. In some embodiments, the cleaning mechanism
contacting the shaft comprises using a bellow. In some embodiments, the cleaning mechanisim is
integrated in the bearing. In some cmbodiments, the cleaning mechanism is separate from the bearing. In
some embodiments, the debris comprises soot. In some cmbodiments, the debris comprises pre-
transformed material. Tn some embodiments, the debris compriscs powder. In some embodiments, the
moving the shaft comprises retracting the shaft from a second side of an opening to a fust side of the
opening. 1o some emsbodiments, the retracting further comprises depasiting debunis on the first side of the
opening. 1n some emmbodiments, the cleaning mechanism further comprises blowing gas. In some
embadiments, the blowing is continuous. 1o some erebodiments, the blowing is continuous during a three-
dimnensional printing operation. In some embodiments, the blowing comprises blowing using variable gas
pressure. In some embodiments, the blowing using variable gas pressurc is during a thece-dimensional
printing operation. In some embodiments, the cleaning mechanism farther comprises transiting

compressed gas. In some embodiments, the cleaning mechanism is disposed in a first position and the
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bearing is disposed in a second position that is farther from the layer dispenser as compared to the first
position.

(0032} Inanother aspect, an apparatus for threc-dimensional printing of at least one three-dimensional
object comprising at least one condroller that is collectively or separately programmed to perform the
following operations: operation (a) direct a layer dispenser to trapslaic in a trajectory above a platform to
form a matenial bed, which laver dispenser comprises an exit opening through which a pre-transformed
material exits to form the material bed, which translate comprises: (1) direct moving a shaft that is
operatively coupled to the layer dispenser to facititate the translation of the layer dispenser, which shaft
transiates through a hole in a partition; (1t} direct reducing the amouont of pre-transformed material that
mugrates through the hole; and operation (b} direct generating of at least a portion of the at least one thice-
dimensional object from at least a portion of the material bed.

[B033] Insome embodiments, the at least one controller is operatively coupled to an energy beam and is
programmed to direct the energy beam to transform the at least a portion of the material bed to form the at
least a portion of the three-dimensional object.

[6034] In another aspect. a computer software product for three-dimensional printing of at lcast one
threc-~dimensional object, comprising a non-transttory computer-readable medium in which program
instructions are stored, which instructions, when read by a computer, cause the computer to pedorm
operations comprsing, operation {(a) directing a layer dispenser 10 translate in a trajectory above a
platform to form a material bed, which layer dispenser comprises an exit opening theough which a pre-
transformed matenal exits to forn the material bed. which translate comprises: (i) directing moving a
shaft that is operatively coupled to the laver dispenser to facilitaie the translation of the laver dispenser,
which shaft transiates throvgh an opening in a partition; (i) directing reducing an amount of pre-
transformed material that migrates throogh the opening; and operation (b} directing generating at lcast a
portion of the at least one three-dimensional object from at Ieast a portion of the material bed.

(6035} Insome embodiments, the computer software where the operations further comprise directing an
cnergy beam to transform the at least a portion of the material bed to form the at least a portion of the
three-dimensional object. In some embodiments, the encrgy beam is operatively coupled to the material
bed.

(00361 Inanother aspect, a method for gencrating a three-dimensional object, comprising: (a) translating
a layer dispenser in a trajectory adjacent to (¢.g., above) a platform to form a material bed, which layer
dispenser comprises an exit opening through which a pre-transformed material exits to form the material
bed, which translating comprising. (1) moving a shaft that is operatively coupled to the layer dispenser to
facilitate translation of the laver dispenser, which shaft translates through an Gpening in a partition; (i)
reducing an amount of pre-transformed material that migrates through the opening; and (b) gencrating at
Ieast a portion of the three-dimensional object from at least a portion of the material bed.

[B637) Insome embodirents, the method further comprises using a scal to redoce the amount of pre-
transformed material that migrates through the partition. In some embodiments, the seal comprises a

bellow, a bearing, or an air flow. In some embodiments, the moving the shaft comprises using an actuator.
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In some ecmbodiments, the actuator comprises a drive mechanism, In some embodiments, the actuator
comprises a lincar motor. In some cmbodiments, the actuator comprises a timing belt. Insome
cmbodiments, the actuator comprises a lead screw. In some embodiments, the actuator comprises a rack
and a pinion. To some cmbodiments, the actuator comprises a mechanism that exhibits linear motion. In
some crmbodiments, the method further comprises vibrating at least one component of the layer dispenser
during the translating. In some embodiments, the translation is theough an obstruction that reversibly
opens. In some embodiments, the obstruction comprises a shiding mechanisma. 1o some embodiments, the
obstruction comprises a flap door. In some embodiments, the obstruction comprises a plurality of flap
doors. In some embedients, the vibrating 1s performed donng a first portion of a transiation cycle that
mcludes {ranstating the layer dispenser from a first end of the material bed fo a second end of the malerial
bed that opposes the first exd. In some embodiments, the vibrating is performed {or a section of the first
portion of the translation cycle. In some embodiments, the vibrating comprises moving back and forth
along a trajectory. In some embodiments, the movement cycle comprises the moving back and forth. In
some embodiments, the movement cvele repeats at least twice during the vibrating. In some embodiments,
the vibrating comprises moving and stopping along a trajectory. In some embodiments, the movement
cycle comprises the moving stopping. In some embodiments, the movement cycle repeats at least twice
during the vibrating. In some embodiments, the vibrating comprises a moving while varying a velocity of
the moving along a trajectory. In some embodiments, the movement cycle comprises the varyiag the
velocity. In some embodunents, the movement cycle repeats at least twice during the vibrating. Ta sorge
crabodiments, the vibrating comprises a moving while varying an acceleration of the moving along a
trajectoty. In some embodinents, the movement cycle comprises the varying the acceleration. In some
embodiments, the movement cycle repeats at least twice during the vibrating. In some embodiments, the
vibrating comprises a moving while varying an acceleration of the moving along a trajectory. In some
crabodiments, the vibrating comprises a stuttered movement along a trajectory. In some embodiments, the
transiation cycle comprises a sccond portion which comprises transiating the layer dispenser from the
second end of the material bed to the first end of the material bed.

{6038} Inanother aspect, an apparatus for three-dimensional printing of at least one three-dimensional
object, comprising: a platform configured to accommodate a material bed corprising a pre-transformed
material; a laver dispenser that is configured to translate in a frajectory above the platform to dispense the
pre-transformed material to form the material bed, which laver dispenser comprises an exit opening port; a
partiion comprising 3 hole, which partition is operatively coupled to the layer dispenser; a shaft
operatively coupled to the partition, which shaft 1s configured to travel theough the hole; and a seal
disposed adjacent to or in the hole, which scal is operatively coupled to the shaft, which seal is configured
o reduce an amount of pre-transformed material that travels from one side of the hole to a second side of
the hole that opposes the one side of the hole.

[B03%] Insome embodirnents, the seal engulfs a cross section of the shaft. In some embodiments, the
hole has a gas leak rate of at most about 0.01 liters per minute. In some embodiments, the seal is

expandable on translation of the shaft. In some embodiments, the seal is contractible on translation of the
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shaft. In some embodiments, the seal comprises a bellow. In some embodiments, the bellow is operative
for at least one million cycles. In some erbodiments, the bellow is operative for at least one million
cvcles while keeping a gas leak rate of at most about 0.01 fiters per minute. In some embodiments, the
bellow is operative at a pressure of 0.5 PRI above an atmospheric pressure. In some embodiments, the
bellow extends to an end of the shaft. 1o some embodinents, the end of the shaft opposes the laver
dispenser.

(80481 Inanother aspect, a system for forming at least ove three-dimensional object, comprising: a
platform configured to accommodate a material bed comprising a pre-transformed material; a laver
dispenser that is configured to translates in a trajectory adjacent to (e.g.. above) the platform to form the
material bed, wiich layer dispenser comprises an exit opening port; a partition comprising a hole, which
partition is operatively coupled to the layer dispenser; a shaft operatively, coupled to the pastition, which
shaft is configured to travel through the hole; a seal disposed adjacent to the hole, which scal is
operatively coupled to the shaft, which seal is configured to reduce an amount of pre-transformed material
that travels from one side of the hole to a second side of the hele that opposes the one side; and at least
one controller that is operatively coupled to the laver dispenser, and the shaft, which at least one controller
is programmed to direct performance of the following operations: operation (i) direct moving the shaft to
move in at least a first direction; operation (i) direct the layer dispenser to dispense the pre-transformed
material to form the material bed, and operation (i) direct generating at least a portion of the at least one
three-dimensional object from at least a portion of the material bed.

(6041} In some cmbodiments, the shaft is operatively coupled to the layer dispenser. In some
crabodiments, the system further comprises an encrgy source that is configured to generate an energy
beam that transforms at least a portion of the material bed to form the three-dimensional object. In some
crabodiments, the at least ong controller is operatively coupled to the encrgy beam and is programmed to
direct the encrgy beam to transform the at least a portion of the material bed to form the at least a portion
of the at least one three-dimensional object. In some embodiments, the at least two of operations (i), (i)
of controflers. In some embodiments, the at least two of operations (i), (1) and (iii) are directed by
different controliers.

(00421 Inanother aspect, an apparatus for threc-dimensional printing of at least one three-dimensional
object comprises: an enclosure configured to accommedate a platform (c.g., and a material bed
corprising a pre-transformed material); a layer dispenser comprising at least one component configored
o pedform one or mare operations comprising (1) provide the pre-transformed material towards the
platform (2.2, to form the material bed), or (i) planarize an exposed surface of a material bed that
cormprises the pre-transformed material, which at least one component of the layer dispenser is operatively
coupled to the platform {e.g., and/or to the matenial bed): and at least one actoator operatively coupled to
the at least one component (e.g.. and to the layer dispenser), which at least ong actuator is configured to
statter {e.g., vibrate) the at least one component by moving the at least one component {e.g., and the layer

dispenser) in a repetitive cycle along a trajectory to facilitate an operation of the at least one component
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(c.g., facilitate formation of the material bed), and wherein the at least one component (e.g., and laver
dispenser) progresses in a direction along the trajectory.

(00431 Insome embodiments, the apparatus further comprises an energy source configured to gencrate an
encrgy bearn that transforms at lcast a portion of the maierial bed to form at least a section of the three-
dimepsional object. In some embodiments, the layer dispenser comprises an opening. Insome
embodiments, the at least one conponent comprises a material dispenser. Insome embodiments, the
repetitive cycle comprises at least two repetitions of a movement mode. Io some embodiments, the
movement mode comprises (1) a varyving acceleration (3) a varying velocity, (Iff) a varving direction of
the moving, or V) moving and halting. In some cmbodiments, the varving direction of the moving is
along the trajectory. In some cmbodiments, the varying direction of the moving coraprises a back and
forth movement along the trajectory. In some cmbodiments, the layer dispenser comprises an exit opening
port through which the pre-transformed material exits towards the platform (e.g., to form the material
bed). In some embodiments, the at least one component commprises a leveler. In some embodiments, the
leveler comprises a blade. In some embodiments, a shaft is operatively coupled fo the actuator and the at
least one component, which shaft facilitates translation of the layer dispenser. In some embodiments, the
laver dispenser is configured to progress in a direction. In some embodiments, the at least one component
of the laver dispenser comprises a bottom portion that is configured to retain the pre-transformed material
thercin {¢.g., in the at least one component). In sone embodiments, the bottom portion comprises a lip that
projects therefrom. In some embodiments, the lip at least partially defines an opening through which the
pre-transformed material 1s configured to exit the layer dispenser. In some embodiments, the at least one
actuator is configured to vibrate such that pre-transformed material exits the opening upon vibrating. In
some cmbodiments, the vibrating causes the at least one component of the layer dispenser to start and stop
muliiple times. In some embodiments, vibrate the at least one component it configured to facilitate
formation of a planar exposed surface that deviates from average planarnty by at most 200 micrometers,
20 micrometers, or 5 micrometers. In some embodiments, the at least one component comprises a material
dispenser, and wherein the vibrate the at least one component it configured to facilitate a uniformity of at
most about 20%, which uniformity percentage s calculated as a percentage of (1) dividing a deviationof a
volume of pre-transformed material per unit arca dispensed by the material dispenser, over (ii) an average
volume per unit arca that is dispensed by the material dispenser. In some embodiments, vibrating the at
least one component it configured to facilitate a planar exposed surface having a standard deviationof a
thicknoess of at most 250 micrometers. In sonx embodiments, the at least one component is a materiat
dispenser. In some embodiments, the vibrating the at least one cormaponent it configured to facilitate a
planar exposed surface having a standard deviation of a thickness of at most 30 micrometers. Insome
embodiments, the at least one conpanent is a leveler. In some embodiments, configured to facilitate
cornprises using deposition. In some embodiments, configured to facilitate comprises using planarization.
In some embodiments, the at least one component 1s devoid of moving parts (¢.g., that move during the
operation of the at least one component, and/or during the printing). In some embodiments, the at least

one component is configured to facilitate homogenous distribution of the pre-transformed material above
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the platform (¢.g., during its operation, ¢.g., during a cycle of material dispersion above the platform). In
some embodiments, the apparatus further comprises a lincar encoder or a lincar actuator, wherein the at
least one component is operatively coupled to the linear encoder and/or a lincar actuator, and wherein the
linear encoder or a lincar actuator are configured to facilitate translation of the at least one component.
(D044} Inanother aspect, a system for forming at least one theee-dimensional object comprises: an
enclosure confignred to accommodate a platform (e.g., and a material bed coraprising a pre-transformed
material}; at least oge component of a laver dispenser confignred to perform one or more operations
comprising (1) provide the pre-transformed material (e.g.. 1o form the material bed), or (1) planarize an
exposed sarface of a material bed comprising the pre-transformed material, which layer dispenser 1s
operatively coupled {o the platform (e.g., and/or to the material bed); an actuator operatively coupled to
the (¢.g., and to the layer dispenser), which actuator is configured (o transiate the at keast one component
in a forward and backward direction along a trajectory; and at least one controller that is operatively
coupled to the layer dispenser, which at least one controller is programmed to perform of the following
operations: operation (1) direct the at least one component (¢.g., and the layer dispenser) to (a) provide the
pre-transformed material (¢.g., 1o form the material bed), and/or (b) planarize an exposed surface of a
material bed comprising the pre-transformed material, (i) direct the actuator to translate the at least one
component along a trajectory to vibrate the at least one component by moving it in a repetitive cycle, and
(U1} direct gencrating at least a section of the threc-dimeusional object from the pre-transformed matedal
(¢.z., from at least 3 portion of the material bed).

[6045) In some cmbodiments, the systern further comprises an encrgy sowrce that is configured 1o
generate an energy beam that transforms at least a portion of the material bed to form the three-
dimensional object. In some embodiments, the at least one controller is operatively conpled to the encrgy
beam and 15 programned to direct the energy beam to transform the at least a portion of the material bed
to form the at least a portion of the thice-dimensional object. In some embodiments, the repetitive cycle
comprises at least two repetitions of a movement mode. In some embodiments, the movement mode
comprises (I} a varving acceleration (1) a varving velocity, (11T} a varying direction of the moving, or (IV)
moving and haiting. In some embodiments, the varyving direction of the moving is along the trajectory. In
some embodiments, the varving direction of the moving comprises a back and forth movement along the
trajectory. In some embodiments, the at least two of (1), (it), and (ii1) are directed bv the same controller.
In some embodiments, the at least one controller is a plurality of controllers. In some ermbodiments, the at
least two of (i), (11), and (i) are directed by different controllers. In some embodiments, using the at least
one component facilitates forming a planarc exposed surface that deviates from average planarity by at
maost about 200 micrometers, 20 micrometers, or 5 micrometers. In some embodirnents, using the at least
one component facilitates homogenous distribotion of the pre-transformed material above the platform
{¢.g.. doring operation of a material dispenser). In some embodiments, the at least one component
comprises a matenal dispenscer, a leveler, or a material remover.

(8046} In another aspect, an apparatus for three-dimensional printing of at least one three~-dimensional

obicct comprising at least one controller that is programmed to perform the following operations:
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operation (a) direct at least one component of a layer dispenser to (1) provide the pre-transformed material
towards the platform (c.g., to form a material bed), and/or (i1) planarize an exposed surface of a material
bed that comprises the pre-transformed material; operation (b) direct vibrating the at least one component
by moving it in a repetitive cycle along a trajectory (wherein layver dispenser progresses in a direction
along the trajectory); and operation (¢) direct generating at least a section of the three-dimensional object
from the pre-transformed material (e.g., from at least a portion of the material bed).

(80471 Insome cmbodiments, the at least two of operation (a), operation (b), and operation (C) arg
directed by the same controller. In some cmbodiments, the at least one controller is a phurality of
controflers. In some embodiments, at keast two of operation (a), operation (). and operation (C) arc
directed by different controllers. In some embodirents, the repetitive cycle comprises at feast two
repetitions of 2 movement mode. [n some crabodiments, the movement mode comprises (1) a varving
acceleration (II) a varving velocity, (IID) a varying direction of the moving, or V) moving and halting. In
some embodiments, the varying direction of the moving is along the trajectory. In some embodiments, the
varving direction of the moving comprises a back and forth movement along the trajectory. Insome
embodiments, using the at least one component facilitates forming a planar exposed surface that deviates
from average planarity by at most about 200 micrometers, 20 micrometers, or 5 micrometers. In some
embodiments, using the at least one component facilitates homogenous distribution of the pre-transformed
material above the platform (c.g., during operation of a matenal dispenser). In some embodiments, the at
Ieast one component corprises a matenal dispenser, a leveler, or a material cemover.

(60481 In ancther aspect, a computer software product for three-dimensional printing of at least one
three-dirnensional object, comprising a non-transitory computer-readable medivm in which program
instructions are stored, which instructions, when read by a computer, cause the computer to perform
operations compnsing: opcration {(ay directing using at least onc component of a layer dispenser to
provide a pre-transformed material towards a platform (¢.g., to form a material bed); operation (b)
directing transiation of the at least one component to vibrate along a trajectory by moving it in a repetitive
cycle, wherein laver dispenser progresses in a direction along the frajectory; and operation {(c) directing
generation of at least a portion of the three~-dimensional object from the pre-transformed material (e.g.,
from at least a portion of the material bed).

(00491 Inanother aspect, a method for three~dimensional printing of at least one three-dimensional objoct
comprises: (a) using at least one component of a laver dispenser to (i) provide the pre-transformed
material towards the platform, and/or (i) planarize an exposed surface of a material bed that comprises
the pre-transforoed material; (b) vibrating the at least one component by moving it in a repetitive cycle
along a trajectory; and (c) generating at Jeast a section of the three-dimensional abject from the pre-
transformed material.

[B056] Insome embodiments, the repetitive cvcle comprises at least two repetitions of a movement
mode. In some embediments, the movement mode comprises (1) a varving acceleration (I6) a varying
veloeity, (1) a varying direction of the moving, or (IV) moving and halting. In some embodiments, the

varying direction of the moving is along the trajectory. In some embodiments, the varying direction of the
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moving comprises a back and forth movement along the trajectory. In some embodiments, the laver
dispenser progresses in a direction along the trajectory. In some embodiments, the repetitive cycle
comprises at least two repetitions of a movement mode. In some embodiments, using the at least one
component facilitates formation of a planar exposed surface that deviates from average planarity by at
mast about 200 micrometers, 20 micrometers, or 5 micrometers. In some embodirents, using the at least
one component facilitates homogenous distribution of the pre-transformed material above the platform
{c.g.. doring operation of the material dispenser). In some embodiments, the at least one component
comprises a material dispenser, and wherein vibrating the at least one component facilitates a uniformity
of at most about 20%, which uniformity percentage is calculated as a percentage of (1) dividing a
deviation of a volume of pre-transformed material per unit area dispensed by the matenial dispenser, over
{(i1) an average volume per ouit area that is dispensed by the material dispenser. [n some embodiments,
vibrating the at lcast one component it facilitates a planar exposed surface having a standard deviation of a
thickness of at most 250 micrometers. In some embodiments, the at least one component is a material
dispenser. In some embodiments, vibrating the at least one component it facilitates a planar exposed
surface having a standard deviation of a thickness of at most 30 micrometers. In some embodiments, the
at least one component is a leveler.

(60511 In another aspect. a method for gencrating a three-dimensional object conprises: {a) aligning at
Ieast a portion of a first opening cnd of a channel with at least a porticn of an exit opening of a bulk
reservoit comprising a pre-transformed material; (b) aligniog at least a portion of a second opening end of
the channel with at least a portion of an entrv openiog of a matenal dispenser, which chaanel facilitates
flow of the pre-transformed material towards the material dispenser; (¢) conveying the pre-transformed
material from the bolk reservoir to the material dispenser through the channel; and (d) dispensing a
portion of the pre-transfornmed malerial from the matenal dispenser to form at least a portion of the three-
dimensional object.

(6052} Insome embodiments, the method further comprises irradiating a portion of the matenial bed with
an energy beam to form at least a section of the three~-dimensional object. In some embodiments,
facilitates flow comprises being slanted with respect to a planar exposed surface of the material bed, a
platform on which the material bed rests, and/or a normal to the gravitational field vector. In some
cmbodiments, factlitates flow comprises having an internal surface that has a reduced friction with the
pre-transformed material. In some embodiments, the reduced friction comprises a polished, a non-
attractive, or a repulsive surface. In some embodiments, the non-atiractive or repulsive is relative to the
pre-transformed matenial. In some embodiments, facilitates flow comprises expands towards the material
dispenser. In some embodiments, expands comprises expands ig volume. Io sere erabodiments, the
chanonel is a perforation in a plate. Ta some ermbodiments, the chaanel is a Jateral gap between two or mare
plates. In some embodiments, the changel comprises a unifornm shape. In some embodiments, the channet
corpprises a non-uniform shape. In some crmbodiments, the conveying continues patil the channel
becomes congested with pre-transformed material. In some embodiments, the channel comprises at least

two diverging surfaces. In some embodiments, the channel comprises at least two parallel surfaces. In



WO 2018/075741 PCT/US2017/057340

some embodiments, a first cross-section of the first opening end of the channel is different than a second

ross-section of the second opening end of the channel. In some embodiments, the first cross section is

(¢

smaller than the second cross section. In some embodiments, the first cross section and/or the second
cross section is a horizontal cross section. In some embodiments, conveying the pre~transformed material
fooms a mound of the pre-transformed material in the material dispenser. In some embodiments, the at
least one void is formed adjacent to the mound of matenal in the material dispenser. In some
embodiments, the void is free of pre-transformed material. In some embodiments, the veid is formed
according to an angle of repose of the pre-transformed material. In some embodirnents, the method forther
comprises translating the channel to at least partially align with the at least one void to crapty the channel.
In some embodiments, the method further comprises {ranslating the channel to at least partially align with
the at least one void. 1o some crabodiments, the pre-transformed material congested in the channel at least
partially fills up the at least one void. In some embodiments, the translating facilitates closure of the exit
opening of the bulk reservoir. In some embodiments, during the dispensing, the channel is empty of pre-
transformed material. In some embodiments, a wall of the channel facilitates flow of the pre-transtormed
material. In some embodiments, the wall of the channel ig coated with a polished material. In some
embodiments, the platc translates to a third position. In some embodiments, the third position facilitates
closure of an exit opening of a bulk reservoir and closure of an entrance opening of a material dispensing
mechanism. In sone embodunents, the sccond position of the plate facilitates closure of an exit opening
of a bulk rescrvoir. In some embodiments, the method further coraprises moving the chanoel to form the
aligning in operation (a) and/or in operation (b). In some embodiments, the moving comprises moving a
perforated plate. In some embaodiments, the channel comprises a perforation in the perforated plate. In
some embodiments, the moving comprises moving a plurality of plates. In some embodiments, the
channel comprises a lateral gap between at least two of the phurality of plates.

{6653} In ancther aspect. an apparatos for three-dimensional printing of at Icast one three-dimensional
object compriscs: a channel comprising a first opening end and a second opening end, the channcel
configured to convey a pre~transformed maternial from the first opening end to the second opening end,
which channel facilitates flow of the pre-transformed material from the first opening end to the second
opening end, wherein the first opening end opposes the second oponing ond; a material dispenser that is
configured to dispensc the pre-transformed material to form a material bed, which material dispenser
comprises an entry opening, wherein a portion of the entry opening is configured to at least partially align
with a portion of the second opening ¢nd of the channel 10 facilitate flow of the pre-transformed material
from the channel {o the material dispenser, wherein the material dispenser is operatively coupled to the
chaonel; and a bulk reservoir comprising an exit opening, which bulk reservoir comprises the pre-
transformed material, wherein a portion of the exat opening is configured to at least partially align with a
portion of the first opening end of the channel to facililate flow of the pre-transformed matenial from the
bulk reservorr to the channel, which bulk reservoir 1s operatively coupled to the channel

[B054] In some embodiments, the apparatus further comprises an energy source configured to generate an

energy beam that transforms at least a portion of the material bed to form at least a section of the three-
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dimensional object. In some embodiments, the encrgy beam is operatively coupled to the material bed. In
some embodiments, the channel facilitates flow of pre-transformed material from the bulk reservoir to the
material dispenser. In some embodiments, the material dispenser dispenses a portion of the pre-
transformed material to form a material bed.

(D635} Inanother aspect, a system for forming at least one theee-dumensional object comprises: an
enclosure confignred to acconumodate a material bed comprising a pre-transforoed material; a material
dispenser that is configured to translate and dispense the pre-iransformed material to form the material
bed, which matenial dispenser comprises an entry opening, wherein the matenal dispenser is operatively
coupled to the enclosure; a channel comprising a first opening end and a second opening end that opposcs
the first opening end, which channel is operatively coupled to the material dispenser; a bulk reservoir
comprising an exit opening, which bulk reservoir is confignred to accommodate the pre-transformed
material, which bulk reservoir is operatively coupled to the channel; and at least one controller that is
operatively coupled to the layer dispenser, which at least one controller is programmed to direct
performance of the following operations: operation (i) direct aligning at least a portion of the first
opening cnd of the channel with at least a portion of the exit opening of the bulk reservoir to facilitate
flow of the pre-transformed material from the bulk reservoir to the channel, (i1) direct aligning at least a
portion of the second opening end of the channel with at least a portion of the entry opening of the
material dispenser to facilitate flow of the pre-transformed material from the chasnel to the material
dispenser, and (i) direct dispensing a portion of the pre-transformed material from the matenal dispenser
to faciitate formation of at least a portion of the three-dirnensional object.

[60836] In somc embodiments, the system further coraprises an energy sowrce that is configured to
generate an cnergy beam that transforms at least a portion of the material bed (o form the three-
dimensional object. In some embodiments, the at least one controller is operatively conpled to the encrgy
beam and 15 programned to direct the energy beam to transform the at least a portion of the material bed
to form the at least a portion of the three-dimensional object. In some embodiments, the at least two of
operations (1), (it), and (111} are directed by the same controller. In some cmbodiments, the at least one
controller is a plurality of controliers. In some embodiments, the at least two {e.g., two or more) of
operations (i), (it), and (ii1) are directed by different controllers,

(80571 Inanother aspect, an apparatus for threc-dimensional printing of at least one three-dimensional
object comprises at least onc controller that is programmed to perform the following operations:
operation () direct aligning at Jeast a portion of a first opening end of a chanoel with at least a portion of
an ¢xit opening of a bulk reserveir to facilitate flow of a pre-transformed material from the bulk reservoir
1o the chaonel, whereia the channel and the bulk reservoir are operatively coupled to the controlier;
operation (b) direct aligning at least a portion of a second opening cnd of the channel with at least
apportion of an ¢ntry opening of a material dispenser to facilitate flow of the pre-transformed material
from the channel o the material dispenser, wherein the second opening end of the channel opposes the

first opeming end of the channel, wherein the material dispenser is operatively coupled to the controller;
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and operation {¢) direct dispensing a portion of the pre-transformed material from the material dispenser
to facilitate the printing of at least a section of the three-dimensional object.

[0058] Insome embodiments, the at least one controller is programed to direct an encrgy beam to
transform at least a portion of the matenal bed to form the at least a section of the three-dimensional
object. In soime embodiments, the energy beam s operatively coupled to the controller. In some
embodiments, the controller is operatively coupled to the material bed. 1o some erabodiments, the at least
two of operation (&), operation (b), and operation (¢) are directed by the same controller. In some
embodiments, the at least one controlier 15 a plurality of controllers. In some crubodiments, the at least
two of operation (a), operation (b), and operation (¢) arc directed by different controliers.

[B058] Inanother aspect, a computer software product for three-dimensional printing of at least ong
three-dimensional object comprises a non-transitory computer-readable mediom in which program
instructions are stored, which instractions, when read by a computer, cause the computer to perform
operations comprising: operation (a) directing aligning of at least a portion of a first opening end of a
channel with at least a portion of an exit opening of a bulk reservoir comprising a pre~transformed
material to facilitate flow of a pre-transformed material from the bulk reservoir to the channel; operation
(b) directing aligning of at least a portion of a second opening end of the channel with at least apportion of
an entry oponing of a material dispenser to facilitate flow of the pre-transformed material from the
channel to the matenial dispenser, operation {¢) directing dispensing of a portion of the pre-transformed
material from the matenal dispenser to print at least a section of the threc-dimensional object.

[6068] In some cmbodiments, to print at least a section of the three-dimensional object comprises
directing an energy beam to transform at least a portion of the material bed to form the at least a section of
the three-dimensional object. Tn ancther aspect, a method for generating a three-dimensional object
comprises: (a) forming a channel adjacent to a matenial dispenser, which channel has a first opening at a
first channel end and a second opening at a second channel end, which channel is configured to facilitate
conveyance of a pre~transformed material; (b) conveving the pre~transformed material to the material
dispenser through the channel; (¢) disrupting the channel; and (d) dispensing a portion of the pre~
transformed maternial from the material dispenser to form at least a portion of the three-dimensional object.
(00611 Insome embodiments, the method further conprises forming the channel from a bulk reservoir to
the material dispenser. Ton some embodiments, from the bulk reservoir to the material dispenser comprises
from an exit opening of the bulk reservoir to an entrance opening of the material dispenser. In some
embodiments, conveying the pre-transformed material is from the bulk reservoir 1o the material dispenser
through the chamnel. In some embodiments, the method forther comprises irradiating a portion of the pre-
transformed material with an energy beam to form the at least the portion of the theee-dimensional ohiect.
In some embaodiments, the channel at least in part operatively couples to (¢.z., merges with) an entrance
opening of the material dispenser. In some erbodiments, the channel is a continuation of the entrance
opening of the material dispenser. In some embodiments, the disrupting the channel comprises climinating
the channel. In some embodiments, the disrupting the channel comprises moving the channel. In some

embodiments, the disrapting the channel compriscs altering an internal volume and/or shape of the
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channel. In some embodiments, the method further comprises shutting the exit opening of the bulk
reservolr. In some embodiments, the method further comprises transiating the material dispenser. Insome
cmbodiments, the disrupting the channel is during and/or after translating the material dispenser. In some
cmbodiments, translating the material dispenser is coordinated with shutting of the exit opening of the
bulk reservoir. In some embodiments, translating the material dispenser is while shutting of the exit
opening of the bulk eservoir. To some embodiments, disrupting the channel is dunng and/or after shutting
the exit opening of the bulk reservoir. In some cmbodiments, conveying the pre-transformed material is
during asd/or after disropling the channel. In some embodiments, conveying the pre-transformed material
relates to {e.g., causes, or results in) disruption of the chanuel in {¢). In some cmbodiments, the bulk
reservolr is stationary during the dispensing. [n some crobodiments, the method further compnising
translating the matenal dispenser during the dispensing. In some cmbodiments, translating comprises
laterally translating. In some embodiments, the method further comprises aligning at least a portion of the
first opening of the channel with at jeast a portion of the exit opening of the bulk reservoir. In some
embodiments, the method further comprises aligning at least a portion of the second opening of the
channel with at least a portion of an entry opening of the material dispenser. In some embodiments,
forming the channel comprises translating a plate that comprises one side of the channel. In some
embodiments, transkating the plate comprises laterally translating the plate. In some embodiments,
translating the plate is towards the material dispenser. In some embodiments, trarslating the plate 18
towards a side of the matenal dispenser. In some embaodirments, translating the plate is towards an
entrance opening of the matenal dispenser. In some embodiments, a second side of the chanoel comprises
at least a portion of the entrance opening of the material dispenser. In some emmbodiments, the method
further comprises aligning at least a portion of the second opening of the second channel end with at least
a portion of an entry opening of the material dispenser. In some embodiments, the aligning is before the
conveying. In some embodiments, facilitate the flow of the pre-transformed material comprises being
slanted with respect to (i) a planar exposed surface of the material bed, (1) a platform on which the
material bed rests, and/or (i11) a normal to the gravitational field vector. In some embodiments, facilitate
the flow comprises having an internal surface that has a reduced friction with the pre-transtormed
material. In some embodiments, the reduced friction comprises a polished, a non-atfractive, or a repulsive
surface. In some embodiments, the non-attractive or repulsive is relative to the pre-transformed material.
In some embodiments, facilitate the flow comprises and expands towards the material dispenser. In some
embodiments, expands comprises expands in volume, In some embodiments, the method further
cormprises shutting the cxit opening of the bulk reservoir upon disengagement of the first opening of the
chaonel from the exit opening of the bulk reservoir. In some embodiments, the shutting i1s with at least a
portion of the plate. To some embodiments, the channel comprises a uniform shape. In some embodiments,
the channel comprises a non-uniform shape. In some embodimerts, the conveying continpes until the
chaanel becomes clogged with pre-transformed material. In some embodiments, the channel comprises at
least two diverging surfaces. In some embodiments, the channel has no rotational symmetry axis (¢.g. that

comprises its entry and exit). In some embodiments, the channel comprises at least two parallel surfaces.
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In some embodiments, a first cross~-section of the first opening of the first channel end is different than a
second cross-section of the second opening of the second channel end. In some embodiments, the first
cross section 1s smaltler than the second cross section. In some embaodiments, the first cross section and/or
the second cross section is a horizontal cross section. In some embodiments, conveving the pre-
transformed material comprises forming a mound of the pre-transformed material i the material
dispenser. In some embodiments, the method further comprises forming at least one void adjacest to the
mouad of material in the material dispenser. In soow enbodiments, the void is free of the pre-transformed
material. In some embodiments, the void is formed according to an angle of repose of the pre-transformed
material. In ancther aspect, an apparatus for three-dimensional printing of at least one three-dimensional
object comprises: a matenal dispenser that is configured to dispense the pre-transformed matenal to form
a material bed, which material dispenser has a side comprising an entrance opening; and a plate
configured to translate with respect to the material dispenser, which plate comprises a plate opening that is
configured to at least partially align to form a channel that facilitates a flow of the pre~transformed
material to the material dispenser.

(60621 In some cmbodiments, the apparatus further comprises a bulk reservoir comprising an exit
opening. In some embodiments, the bulk reservoir is configured to enclose a pre-transformed material. In
some cmbodiments, the plate is configured to translate with respect to the bulk reservoir. In some
cribodiments, the plate opening is configured to at Jeast partially align with the exit opening of the bulk
reservoit to form a channel that facilitates a flow of the pre-transfonmed material from the bulk reservoir
to the material dispenser. In some embodiments, further comprising at least one auxiiary member
adjacent the bulk reservoir that is configured to close the exit opening of the bulk reservoir or the entrance
opening of the material dispenser upon movement of the at least one auxiliary member with respect to the
plate. In some embodiments, the entrance opentng 1s defined by a wall of the matenial dispenser. In some
embodiments, the at least a portion of an internal surface of the wall is configured to facilitate flow of the
pre-transformed material. In some embodiments, at least a portion of the internal surface of is coated with
a polished matenal. In some embodiments, at least a portion of the internal surface 1s polished. In some
embodiments, at least a portion of the internal surface has a Ra (arithmetic average of the roughness
profile) value of at most 50 micrometers (umy, 10 pm, 5 wim, or 1 um. In some embodiments, the plate is
configured to disrupt the channel upon movement of the plate with respect 1o the bulk reservoir and/or the
material dispenser. In some embodiments, disrupting the chanoel comprises disrupting a position, a £ross
sectional shape, a cross sectional area, a volure, and/or an existence of the channel. Insone
erabodiments, the channel facilitates the flow of the pre-transformed maicrial from a first end of the plate
opening to a second end of the plate opening. In some embodiments, the first end opposes the second end.
In some crabodiments, the first end of the plate opening and at least part of the exit opening of the bulk
reservoir form at least part of the channel. In some embodiments, the second end of the plate opening and
at least part of the entrance opening of the material dispenser form at least part of the channel. In some
embodiments, a first cross-section of the first end of the plate opening is different than a second cross-

section of the second end of the plate opening. Tn some embodiments, the first cross section is smaltler
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than the second cross section. In some embodiments, the first cross section and/or the second cross section
is a horizontal cross section. In some embodiments, the plate includes a first portion and a second portion.
In some embodiments, the first or second portion is configured to close the exit opening of the bulk
reservoir when the plate opening is not at least partially aligned with the exit and entrance openings. In
some ermbodiments, the side is configured not to (@) face an exposed surface of the material bed or (b)
face away from the exposed surface of the material bed. Tn some embodiments, the side is configured to
be normal to an exposed surface of the material bed. In sone embodiments, the side is configured to be
non-paralle] to an exposed surface of the material bed. In some embodiments, the channel comprises a
uniform shape. In some embodiments, the channel comprises a non-oputform shape. In some cmbodiments,
the channel is at least partially defined by at least two diverging surfaces. In some embodiments, the
chaanel has no rotational sy punetry aas (¢.g. that comprises its entry and exil). In some embodiments, the
channel is at least partially defined by at least two parallel surfaces. In some embodiments, the at Jeast one
wall of the channel facilitates flow of the pre-transformed material. In some embodiments, the at least one
wall of the channel is coated with a polished material. In some embodiments, the at least one wall of the
channel is polished. In some embodiments, the at least one wall of the channel has a Ra value of at most
50 micrometers (um), 10 wm, 5 pwm, or 1 pm. In some embodiments, the first or second portion is at least
partially supported by a support member adjacent the material dispenser. In some embodimenis, an
internal surface of the angled slot is coated with a polished material. In some embodiments, an internal
surface of the angled slot i1s polished. In some embodiments, an internal surface of the angled slot has a Ra
valtue of at most 30 micrometers (pmy), 10 um, 5 um, or | pm. . To some cmbodiments, the at least one
wall and/or internal surface has a Ra value of a simooth surface as disclosed herein. In some embodiments,
the apparatus further comprises an energy source configured to generate an energy beam that transforms
at least a portion of the pre-transformed material to form at least a section of the at least one three-
dimensional object. In some embodiments, each of the exit and entrance openings have a slot shape. In
some embodiments, the entrance and oxit openings have the same cross-section shape. In some
cmbodiments, the plate opening is an angled slot. In some embodiments, the plate is fixedly coupled with
the material dispenser. Tn some cmbodiments, the plate and the material dispenser are transiatable with
respect to the bulk reservolr,

[B063] Inanother aspect, a system for forming at east one three-dimensional object comprises: a
material dispenser that is configured to dispense the pre-transformed matenal to form the at least one
three-dimensional object, which material dispenser has a side coraprising an entrance opening; a plate
configured to translate with respect to the material dispenser, which plate comprises a plate opening that is
configured to at least partially align with the exit and entrance openings to form a channel that facilitates a
flow of the pre-transtormed material to the material dispenser; and at least one controller that is
operatively coupled to the plate, which the at least one controller is collectively or individually
programmed to direct the following operations: operation (a) moving the plate to form a channel to the
material dispenser to facilitate conveying the pre-transformed material to the material dispenser through

the channel; and operation (b) moving the plate to disrupt the channel
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[0064] Insome embodiments, the system farther comprises a bulk reservoir comprising an exit opening,
which bulk reservoir is configured to enclose a pre~transformed material. In some embodiments, the plate
is configured to translate with respect to the bulk reservoir. In some embodiments, the plate opening that
is corfigured to at least partially align with the exit and entrance openings to form a channel that
facilitates a flow of the pre-transformed material from the bulk reservoir to the material dispenser. In
some ernbodiments, moving the plate to form a channel is from the bulk reservoir to the material
dispenser to facilitate conveving the pre-transformed material from the bulk reservoir to the material
dispenser through the channel. In some cmbodiments, the system Turther comprises an energy source that
18 configured to generate an encrgy beam that transforms at least a pottion of the pre-transformed material
to form the at least one thice-dimensional object. In some embodiments, the at least one controller is
operatively coupled o the encrgy beam and 15 programined (o direct the energy beam to transform the at
least a portion of the pre-transformed material to form the at Jeast one three-dimensional object. In some
embodiments, the at least one controller is programmed to direct dispensing a portion of the pre-
transformed material from the material dispenser to form at least the portion of the three-dimensional
object. In some embodiments, the at least one controller is further programmed to direct shutting the exit
opening of the bulk reservoir. In some cmbodiments, shutting the exit opening of the bulk weservoir
comprises moving the plate. In some cmbodiments, shutting the exit opening of the bulk reservoir is
during and/or after (b). In some embodiments, the at least one controlier is programmed to direct {¢.2.,
laterally) translating the material dispenser. 1o some embodiments, translating the material dispenser is
coordinated with moving the plate. In some embodiments, the system further comprises a sensor
configured to sense the position of the plate. In some embodiments, the at least one controller is
programmed to direct moving the plate in accordance with a corrent and/or a requested position of the
plate considering an input from the sensor. In some embodiments, the at least two of the operations are
directed by the same controlicr. In some embodiments, the at least two of the operations arc directed by
the different controllers. In some embodiments, moving the movable plate in operation (a) comprises
moving the material dispenser with the plate with respect to the bulk reservoir.

[8065} In another aspect, an apparatus for three-dimensional printing of at least one three-dimensional
object comprises at least one controller that is collectively or mdividually programmed to perform the
following operations: operation () moving a plate that includes a plate opening to form a channel that
facilitates conveyance of a pre-transformed material to an entrance opening (e.g., on a side of) a material
dispenser, which the at least one three-dimensional object is printed from the pre-transformed material;
and operation (b) moving the plate to disrapt the channel

(80661 In some e¢mbodiments, moving the plate comprses laterally moving the plate. In some
embodiments, moving the plate is between a material dispenser and a bulk reservoir. In some
embodiments, the plate opeming at least partially forms the channel that facilitates conveyance of a pre-
transformed material from an exit opening of the bulk reservoir to the entrance opening of the material
dispenser. In some embodiments, moving the plate comprises laterally moving the plate. In some

embodiments, moving the plate comprises at least partially aligning the plate opening with respect to the

22



WO 2018/075741 PCT/US2017/057340

exit opening of the bulk reservoir. In some embodiments, the at least one controller is programmed to
direct an energy beam to transform at least a portion of the pre-transformed material to forn the at least
one three-dimensional objoct. In some embodiments, the at least one controller is programmed to direct
dispensing a portion of the pre-transformed material from the material dispenser to form at least a layer of
a material bed. In some embodiments, the dispensing is during and/or after operation (b). In some
embodiments, moving the plate is coordinated with moving the material dispenser. In some embodiments,
the at least one controller is further programmed to direct shutting the exit opening of the bulk reservoir.
In some embodiments, shutting the exit opening of the bulk reservoir comprises translating the plate. In
some eribodiments, shutting the exat opening of the bulk reservoir is during and/or after operation (b). In
some eribodiments, the at keast one controlier is programmed to direct moving the plate in accordance
with a current and/or a requested position of the plate {e.g., considering an input from a sensor). In some
embodiments, (b) comprises occluding the exit opening of the bulk reservoir using the plate. In some
embodiments, the at least one controller is programed to direct an energy beam to transform at least a
portion of the material bed to form the at least one three-dimensional object. In some embodiments, the
energy beam is operatively coupled to the controller. In some embodiments, the operations (a) and (b) are
directed by the same controller. In some embodiments, the operations (a) and (b) are directed by the
different controllers.

(8867} In ancther aspect, a computer software product for three-dimensional prirding of at least one
three-dimensional object comprises a non-transitoty computer-readable medium 1n which program
instructions are stored, which instructions, whean read by a computer, cause the computer (o pedorm
operations comprnsing: operation (a) moving a plate towards a material dispenser, wherein the plaie
includes a plate opening that forms a channel that facilitates conveyance of a pre-transformed material to
an entratce opening {¢.£., on a side of) the material dispenser, which the at least one thice-dirnensional
object is printed from the pre-transformed material; and operation (b) moving the plate to distupt the
channel.

[0068] 1n some embodiments, moving the plate is between the material dispenser and a bulk reservoir. In
some embodiments, the plate opening forms a channel that facilitates convevance of a pre-transformed
material from an exit opening of the bulk reservoir to an entrance opening of the material dispenser. Tn
some erbodiments, the non-transitoty computcer-readable medium causes a computer to direct operations
(a) and (b). In some embodiments, a non-~transitory computer-readable causes a first computer to direct
operation (a), and a second computer to direct operation (b). In some embodiments, the non-transitory
computer-readable causes a first computer 1o direct operation (a), and a second computer to divect
operation (b). In some embodiments, the non-transitory computer-readable mediom comprises a first non-
transitory computer-readable medium and a second non-transitory computer-readable medinm. Insome
embodiments, the first nop-transitory computer-readable medivm causes a computer to direct operation
{a), and the second non-transitory computer-readable medium canses the computer (o direct operation (b).

In some embodiments, a first non-transitory computer-readable medinm cause a first computer to direct
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operation (a), and a seccond non-transitory computer-readable medium causes a second computer to direct
operation (b).

(00691 Inanother aspect, an apparatus for threc-dimensional printing of at least one three-dimensional
object, the apparatus comprises: a processing chamber configured to enclose the at least one three-
dimensional object; a mechanism configured to perform at least ong operation in the processing chamber
{c.g.. doring the punting); and an anciflary chamber configared to house the mechanisay, wherein the
mechanism is configured to translate between the processing charaber and the ancillary chamber through
an opening {e.g., during the printing).

[B¢76] Insome embodirnents, the mechanism configured to (1) perform at least one operation in the
processing charnber dunng the panting, and/or (i) translate between the processing chamber and the
ancillary chamber through the opening, during at least part of the printing process. In some embodiments,
during at least part of the printing process comprises when the at least one three-dimensional object is not
being formed. In some embodiments, during at least part of the printing process comprises when an
energy beam is not printing the at least one three-dimensional object. In some embodiments, during at
Ieast part of the printing process comprises when an energy beam is not operational in printing the at least
one three~dimensional object. In some cmbodiments, during at least part of the printing process comprises
when an energy beam is not transforming a pre-transformed material to a transformed material during
prnting of the at least one three-dimpensional object. In some embodiments, the mechanism is a laver
forming device configured to form at least one laver of material of a material bed. In some embodiments,
the mechanisio cooiprises ag opening or a blade. 1o some embodiments, the mechanism is a dispenser that
is configured to dispense a pre-transformed material to form the at least one three-dimensional object. In
some embodiments, the processing chamber is configared to enclose the at least one three-dimensional
object during printing of the at lcast one three-dimensional object. [n some embodiments, the mechanism
is confignred to translate between the processing chamber and the ancillary chamber through the opening
during printing of the at least one three-dimensional object. In some embodiments, the ancillary chamber
is configured to house the mechanism when the apparatus is not performing the at least one operation. In
some embodiments, the ancillary chamber and the processing chamber are integrated. In some
cmbodiments, the ancillary chamber and the processing chamber engage and/or disengage (¢.g., reversibly
configured to close the opening. Tn some embodiments, the closure reduces an exposure of the mechanism
housed in the ancillary chamber frony: a debris, a gas flow, a plasma, radiation, gas pressure, and/or a
reactive agent that is present in the processing chamber. In some erabodiments, the closure comprises a
flapping, rolling, sliding door, or revolving door. In some embodiments, the closure is gas tight. Insome
embadiments, the closure is gas permeable. In some erabodiments, the closure is a physical barrier. In
some embodiments, the closure comprises a first closnre portion of the processing chamber, and a second
closure portion of the anciltary chamber. In some embodiments, the anciflary chamber 1s configured to
disengage from the processing chamber during printing of the at least one three-dimensional object (e.g.,

upon closure of the first closure and/or the second closure). In some embodiments, the ancillary chamber
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is configured to disengage from the processing chamber during printing of the at least one three-
dimensional object without (e.g., substantially) disrupting the printing. In some embodiments, the printing
is in a non-reactive atmosphere. In some embodiments, the printing is under positive pressure. Tn some
cmbodiments, the closure is operatively coupled to the mechanism. In some embodiments, the apparatus
further comprises a platform configured to support the at least one three-dimensional object. 1o some
embodiments, the apparatus farther comprises a build module. In some embodiments, the platform s
transiatable within the buld module. In some embodiments, the build module 1s reversibly engaged with
the processing chamber, In some embodimments, the apparatus further comprises an encrgy source
configured 10 generate an energy beam that transforms at Ieast a portion of the pre-transformed material to
print the at least one three-dimensional object. In some cmbodiments, the apparatus further comprises a
recycling system that is configured to recycle a portion of the pre-transformed material. In some
embodiments, the recycling system is configared to recycle a portion of the pre-transformed material for
printing a subsequent three-dimensional object. In some embodiments, the ancillary chamber comprises
an opening port that provides access for the portion of the pre-transformed material from the ancillary
chamber {o the recvcling system. In some embodiments, the opening port is within an opening port region
of the ancillary chamber. In some embodiments, the ancillary chamber includes a funnel portion that is
configured to direct the portion of the pre-transformed material to the opening port. In some
crabodiments, the fuoncl portion comprises one or more walls that converge toward the opeping port. In
some embodiments, a region comprising the opening port compuses a port flushing componeat that is
configured to provide a flow of at least one gas that fhushes the portion of the pre-transformed material
through the region. In some embodiments, the port flushing component comprises an inlet configured to
accept the tlow of the at least onc gas from a gas source into the region, and an ovtlet configored fo direct
the flow of gas out of the region. In some embodiments, the outlet is coupled to the recyching svstem via
al least one couphing member. In some embodiments, the port flushing component is coupled to the
ancillary chamber via a connector. In some embodiments, the port flushing component is directly coupled
to the ancillary chamber. In some embodiments, the apparatus further comprises at least one detector that
is configured to detect a portion of pre-transformed material transported from the anciflary chamberto a
recycling system. In some embodiments, the at least one detector is configured to detect an amount of the
portion of the pre-transformed material, sizes of particles of the portion of the pre-transformed material, a
velocity of the flow of the portion of the pre-transformed material, and/or a chemical nature of the portion
of the pre-transformed material. In some embodiments, the at least one detector is configured o detoct
electromagnetic radiation and/or acoustic signal. In some embodiments, the apparatus further comprises
an emitter that is configured to emit the electromageetic radiation and/or the acoustic signal. In some
embodiments, the at least one detector is configured to provide information related to an efficiency of one
or more filters of the recycling system. In some embodiments, the mechanisi is configured to translate in
a direction over the material bed. 1o some embodiments, the mechanism is configared to vibrate, stutter,
oscillate, jitter, fluctuate, pulsate, and/or flutter during the translating. In some embodiments, the

mechanism is configured to perform an uneven movement during the translating. In some embodiments,
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the uncven movement s repeated twice or more during the translating. In some embodiments, the uneven
movement is repeated during a translating cycle. In some emboduments, the mechanism comprises at least
one of a material dispenser, a material remover, or a leveler. In some embodiments, the mechanism
comprises a material dispenser having a bottom portion that is configured to retain a portion of a pre~
transformed material therein. In some embodiments, the mechanism is configured to translate ina manoer
that imparts kinetic encrgy to a pre-transformed material that (i) comes into contact with the mechanism,
and/or (i1} is carried by the mechanism. In some embodiments, the material dispenser comprises a lip and
an exit opening. In some embodiments, the Iip extends from the bottom portion and ends at the exat
opening. In some crabodiments, the material dispenser is configured to move in a motion that canses the
portion of the pre-transformed material within the bottom portion to exit the exit opening. In some
embodiments, the motion comprises a modulated motion. In some embodiments, the modulated motion s
repetitive. In some embodiments, the modulated motion compriscs a vibrating, stuttering, oscillating,
Jittering, fluctuating, pulsating, and/or flutiering motion. In some embodiments, the apparatus further
comprises one or more actuators that are configured fo cause the modulated motion. In some
embodiments, the ancillary chamber includes a partition that scparates the mechanism from the one or
more actuators. In some embodiments, the one or more actuators are external to the ancillary chamber. In
some cmbodiments, the partition is configured to reduce an amount of a pre-transformed material that
contacts the one or mere actuators. In some embodiments, the processing chamber is configured to have a
first atmasphere and the ancillaty chamber is configored to bave a second atruosphere. In some
cmbodiments, during the printing of the at least one three-dimensional object, the first atmosphere is the
same as the secound atmosphere.

{871} Inanother aspect. a2 method for printing at least one three-dimensional object, the method
comprises: (a) using a mechanism to perform at least one operation in a processing chamber (¢.8., as part
of printing the at Icast one three-dirnensional object); (b) translating the mechamsm o an ancillary
chamber through an opening disposed between the processing chamber and the ancillary chamber; and (c)
closing the opening using a closure when {e.g., after) the mechanism is positioned within the ancillary
chamber.

(0072} Insome embodiments, the at least one three-dimensional object is printed in the processing
chamber during the printing. In some embodiments, the closure separates the processing chamber from the
anciliary chamber. In some embodiments, the mechandsm comprises an opening or a biade. In some
embaodiments, the closure separates an atmosphere of the processing chamber from an atmosphere of the
ancillary chamber. In some crabodiments, the mechanism comprises a material dispenser. In some
embadiments, using the mechanism comprises dispensing a pre-transformed material {e.g., using the
material dispenser). In some cmbodiments, using the mechanism comprises planarizing an exposed
surface of a material bed (e.g.. using a material rernover and/or a leveler). In some embodiments, the
mechanism corprises a laver dispenser. In some embodiments, using the mechanism corprises
dispensing a laver of pre~transformed material {e.g., using the layer dispenser). In some embodiments, the

layer dispenser comprises a material dispenser, a material remover, or a leveler. In some embodiments,
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the pre~transformed material is used to form the at least one three-dimensional object. In some
embodiments, dispensing the pre-transformed material forms a Jayer of a matenial bed. In some
embodiments, the at least one three-dimensional object is formed from at least a portion of the material
bed. In some embediments, the method further comprises transforming a portion of the pre-transformed
material to 3 transformed matenal to form the at least one three-dinensional object. In some
embodiments, the closing the opening is at least during the transforming. In some embodiments, the
method further comprises engaging and/or disengaging the processing chamber and the ancillaty chamber.
In some embodiments, closing the opening comprises reducing an exposure of the mechanism housed in
the ancillary chamber from: a debris, gas flow, plasma, radiation, gas pressure, and/or a reactive agent
that is present in the processing chamber. In some embodiments, closing the opening comprises {lapping,
rolling, shiding, or revolving the closure. In some embodiments, closing the opening comprises separating
the ancillary chamber from the processing chamber. In some embodiments, the closure is gas tight. In
some cmbodiments, the closure is gas permeable. In some embodiments, closing the opening comprises
closing the ancillary chamber and closing the processing chamber. In some embodiments, closing the
opening comprises closing the ancillary chamber and closing the processing chamber simultancously. In
some cmbodiments, closing the opening comprises closing the ancillary chamber and closing the
processing chamber sequentially. Tn some embodiments, closing the opening comprises coordinating (1)
closing the ancillary chamber and (i) closing of the processing chamber sequentially. Insome
cribodiments, the closore comprises a first closure portion of the processing chamber, and a second
closure portion of the ancillary chamber. In some embodiments, the method further comprises
disengaging the ancillary chamber from the processiag chamber. In some embodiments, the disengaging
is before, after, or during printing of the at least one three-dimensional object. In some embodimenis, the
disengaging is during printing of the at least one three-dimensional object {e.g., without disropting the
printing). In some embodiments, the printing 1s in a non-reactive atrnosphere. In some embodiments, the
printing is under positive pressure. In some embodiments, the method further comprises transforming at
feast a portion of the pre-transformed material to a transformed material using an energy beam. In some
cmbodiments, the transforming is at or above a platform. Above the platform comprises (i) in a material
bed, or (i) in an atmosphere, In some embodiments, dispensing the pre-transformed material is towards a
platform, wherein the at least one three-dimensional object is formed from the pre-transformed material.
In some enmbodiments, dispensing comprises streaming. 1o some erabodiments, the forming layer of the
material bed comprises forming the material bed adjacent and/or on the platform. In some cmbodiments,
the 3D object is anchared to the platform, ¢.g., during the pristing. In some embodiments, the 3D abject is
not anchored to the platform, e.g., during the printing. In some embodiments, the layer is formed on a
previously dispensed material bed oo a platform. o some embodiments, the method further comprises
transiating a platform within a build modide. In some embodiments, the build modude is reversibly
engaged with the processing chamber. In some embodiments, the method further comprises recycling at
least a portion of the pre-transformed material using a recveling system. In some embodiments, the

method further comprises facilitating conveyance of the at least a portion of the pre~transformed maternial
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to the recycling system through an opening port of the ancillary chamber. In some embodiments, the
conveyance is through a funnel portion that is coupled to the ancillary chamber, which funnel portion
facilitates directing the recycled portion of the pre-transformed material to the opening port. Insome
cmbodiments, the method further comprises flushing the opening port with a flow of at least one gas that
flushes a recyvcled portion of the pre-transforoied material throngh a region comprising the opening port.
In soow eobodiments, the region includes an enclosed region In some embodunents, the region includes
in a channel In sonc embodiments, an inlet of the port flushing component accepts the flow of the at least
one gas from a gas source (¢.g., in the region). In some crbodiments, an cutlet of the port fhishing
component directs the flow of the at least one gas out of the region. In some crmbodiments, the method
further comprises detecting the recycled portion of the pre-transformed material transporied from the
ancillary chamber to a recycling system vsing at least one detector. In some embodiments, the at feast one
detector detects an amount of the recycled portion of the pre-transformed material, sizes of particles of the
recycled portion of the pre-transformed matenial, a velocity of the flow of the recvcled portion of the pre-
transformed material, and/or a chemical nature of the recycled portion of the pre-transformed material. In
some embodiments, dispensing the pre-transformed material comprises translating a material dispenser in
a dircction that is substantially parallel to a platform surface. In some embodiments, the platform is
disposed in the processing chamber, or in a build module coupled to the processing chamber. In some
crabodiments, using the mechanism comprises modulating at least a component of the mechanism. 1o
some cmbodiments, the modulating compuses a repetitive modulation. In some embodiments, the
modulating is during vsage of the mechanism to perform the at least one operation in the processing
charmaber as part of panting of the three-dimensional object. Tn sorme ermbodiments, the at least one
operation comprises transiating the mechanism. In some cmbodiments, the at least one operation
comprises dispensing a pre-transformed material. In some embodiments, the at Ieast one operation
comprises planarizing an exposed surface of a material bed. In some embodiments, the at least one
operation comprises using a blade. In some embodiments, the modulating comprises vibrating, stuttering,
oscillating, jittering, fluctuating, pulsating, and/or fluttering the at least the component of the mechanism.
In some embodiments, the modulating results in performing an uneven movement of the mechanism
during its translation. In some embodiments, the uneven movement 15 ropeated at least twice during the
translation of the mechanism. In some embodiments, the unoven movement is repeated during a
transiating cycle of the mechanism. o some embodiments, the mechanism s configured to translate ina
manner that impatts kinetic energy to a pre-transfonmed material that (i) contacts the mechanisor, and/or
(1) is carried by the mechanism. In some embodiments, the material dispenser comprises a lip and ap exit
opening. 1o some erabodiments, the lip extends from the bottom portion and ends at the exit opening. In
some erabodiments, the method focther comprises moving the matenial dispenser in a motion that causes
the portion of the pre-transformed material within the bottom portion to exit the exit opening (¢.g., {all
from the bottom portion}. In some embodiments, the motion comprises a modulated motion. In some

embodiments, the modulated motion 1s repetitive. In some embodiments, the modulated motion comprises
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vibrating, stuttering, oscillating, jittering, fluctuating, pulsating, and/or fluttering motion. In some
cmbodiments, the method further comprises using one or more actuators to impart a modulated motion
(00731 Inanother aspect, a system for forming a three-dimensional object, the system comprises: onc or
maore controllers that are collectively or separately configured to direct: (a) using a mechanism fo perform
at least one operation 10 a processing chamber as part of printing the three-dumensional object; (b)
translating the mechanism to an ancillary chamsber through an opening disposed between the processing
chamber and the ancillary chamber; and {c) closing the opening vsing a closure after the mechanism is
positioned within the ancillary chamber.

[B074] Insome embodirents, the mechamsin includes a material dispenser. [n some embodirpents, the
one or more controlers is configured to direct moving the material dispenser in a motion that causes a
pre-transformed matenal to exit the material dispenser. In some embodiments, the one or more controllers
is configured to direct using one or more actuators to impart a modulated motion to the material dispenser.
In some embodiments, the one or more controllers is configured to direct the one or more actuators to
impart a translation motion to the material dispenser. In some embodiments, the at least two of the one or
more controllers directing (a) to (¢) are different controllers. In some cmbodiments, the at least two of the
one or more controllers directing (a) to (¢) are the same controller. In some embodiments, the one or more
controllers is further configured to direct at least one encrgy source to generate and direct at least one
energy beam at a pre-transformed material in the processing chamber. In some embodiments, the ong or
more controllers is further configured to direct movement of a platform supporting the three~-dimensional
obiect. In sonme embodiments, the one or more controllers is configured to direct the platform to vertically
translate.

{6675} In ancther aspect, a computer software product compriscs at least ong non-transitory computer-
readable medium in which program instructions arc stored, which program instructions, when read by at
least onie computer, cause the at least one computer to direct (a) using a mechanism to perform at least ong
operation in a processing chamber as part of printing the three-dimensional object; (b) translating the
mechanism to an ancillary chamber through an opening disposed between the processing chamber and the
ancillary chamber; and (¢) closing the opening using a closure after the mechanisim is positioned within
the ancillary chamber.

(80761 Insome embodiments, a non-transitory computer-readable medinm causes a computor to direct
operations (a) to (¢). In some embodiments, a non-transitory computer-readable causes a first computer to
direct at least one of operations (a) to (¢}, and a second computer to direct another at least one of
operations (a) to (¢). In sone embodiments, a pon-transitory computer-readable canses a first computer to
direct operation {a), a second computer to direct operation (b), and a third computer to direct operation (¢}
In some embodiments, a first non-transitory computer-readable medinm causes a computer to direct at
Ieast one of operations (a) to (¢), and a second non-transitory computer-readable medium canses the
computer to direct another at least one of operations (a) to (¢). In some crubodiments, a first non-transitory
computer-readable medium causes a computer to direct operation (a), a second non-transitory compufer-

readable medium canses the computer to direct operation (b), and a third non-transitory computer-
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readable modium causes the computer to direct operation (¢). In some embodiments, a first non-transitory
computer-readable medium causes a first computer to direct at least one of operations (a) to (¢}, and a
second non-transitory compuicr-readable medinm causes a second compnter to direct another at least one
of operations (a) to (). In some embodiments, a first non-transitory computer-readable medium causes a
first computer to direct operation (a), a second non-transitory computer-readable mediom causes a second
computer to direct operation (b}, and a third non-transttory computer-readable medium causes a third
computer to direct operation (C).

[B¢77) Inanother aspect, a method of printing a three-dimensional object, the method comprises: (@)
transforming at least a portion of a material bed to a transformed material that forms at Ieast a portion of
the three-dirnensional object, wherein the transforming cavises debris to form (1) on the exposed surface of
the material bed, (i3t} 10 the matenal bed, and/or (i11) on the exposed surface of the material bed and in the
material bed; and (b) mixing a portion of the material bed that comprises: (1) a portion of the exposed
surface of the material bed, and (1) the debris.

[6678] Insome embodiments, the mixing comprises a chaotic movement. In some embodiments, the
chaotic movement comprises circular, swirling, agitated, rough, trregular, disordered, disorganized,
cyclonic, spiraling, vortex, or agitated movement. In some embodiments, the mixing comprises lanynar,
vertical, horizontal, or angular movement. In some embodiments, the mixing comprises a predictable
movement. In some embodiments, the mixing comprises a movernent that is complex. Insome
crabodiments, the method further comprises forming the matenal bed by dispensing a second layer of pre-
transformed mateaal on a first layer of pre-transformed matenal. In some embodiments, the method
further comprises removing at least a portion of the debris during and/or after the miang. In some
erabodiments, the method further comprises removing at least a portion of the matenal bed during and/or
after the mixning. In some embodiments, the method further comprises dispensing a pre-transformed
material bed after the transforming and/or before the mixing. In some embodiments, the method forther
comprises removing a percentage of the debris after and/or during the mixing. In some embodiments, the
percentage is at least 90 percent of the debris. In some embodiments, the percentage is at least 95 percent
of the debrnis. In some embodiments, the percentage 15 at least 99 percent of the debris. In some
embodiments, the removing comprises attracting. In some embodiments, the removing is without
contacting the exposed surface of the material bed. In some cmbodiments, the removing comprises using
gas flow, electrostatic force, or magnetic force for the removing. Tn some embodiments, the gas flow
corprises vacuuim. In some embodiments, the method further coraprises planarizing an exposed surface
of the material bed after and/or during the mixing. In some erobodiments, the remaving the at least a
portion of the debas further conprises remaving at least a podtion of a pre-transformed material from the
material bed. In some embodiments, the debris comprises a debris particle having an irregular shape. In
some enibodiments, the debris comprises agglomerated, sintered and/or fused pre-transformed particles.
In some embodiments, the debris comprises debris particles having larger cross-sectional widths than
particles of pre-transformed material, which larger is by at least two times a fundamental length scale of

the pre-transformed material. In some embodimenis, the mixing is caused by the attracting. In some
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cmbodiments, the mixing causcs at least a portion of the debnis to move within a fraction of the material
bed that is affected by the attractive force. In some cmbodiments, the atiracting is to and/or through an
internal compariment of a material remover. In some embodiments, the attracting comprising forming a
chaotic {e.g., comprising turbulent) movement. In some embodiments, the mixing compriscs using a
chaotic flow on and/or withio the material bed. In some cmbodiments, the chaotic flow is within a portion
of the material bed that comprises the exposed sutrface of the material bed. In some embediments, the
mixing comprises a chaotic flow within an atmosphere above the material bed. In some crmbodiments, the
chaotic flow contacts the portion of the caposed surface of the material bed. In some embodiments, the
transforming and/or mixing is at a pressure above an ambient pressure.

[B07%] Inanother aspect, an apparatus for three-dimensional printing of at least one three-dimensional
object, the apparatus comprises: an energy source configured (o gencrate an encrgy beam that transforms
at least a portion of a material bed to a transformed material as part of the at least one three-dimensional
obicct during a transformation operation, wherein the transformation operation causes debris to form (i)
the material bed and in the material bed; and a mechanism configured to mix at least a portion of a
material bed that comprises: (1) a portion of the exposed surface of the material bed and (I1) the debris,
which mechanism comprises an opening that is configured to facilitate transit of the debris into and/or
through the mechanism.

(60861 In some cmbodiments, the mechanism s configurad to operate at a positive pressure that is above
ambient pressure, ¢.g., during the prnting and/or mixing of the at least a portion of the matenial bed. In
some embodiments, the apparatus fortber comprises a material dispenser configured to dispense at least
o layer of pre-transformed material as part of the material bed. In sere embodiments, the mechanism
comprises an opening or a blade. In some embodiments, the mechanism is confignred o planarnize the
exposed surface of the material bed. In some embodiments, configured to mix comprises configured o
cause a chaotic movement (¢.g., comprising turbulence) in a volume that comprises the at least a portion
of the exposed surface of the material bed. In some embodiments, the volume comprises a gas. Insome
embodiments, the volume comprises a pre-transformed material of the material bed. In some
cmbodiments, the mechanism comprises a material remover that is configured to recirculate a portion of
the material bed. In some embodiments, the portion of the material bed comprises an exposed surface of
the material bed. In some embodiments, the material remover is configured to remove at least a portion of
the debus from the matenal bed. To some embodiments, the at least a portion of the debus is at least 90
percent of the debris (the percentage can be calculated weight by weight, or volume per volume). In some
embodiments, the apparatus further comprises (a) a lincar encoder or (b) a lincar actuator, that is
configured to facilitate transiation of the mechanism. In some embodiments, the materal remover 1s
configured to remove at least a portion of a pre-transformed material from the material bed. In some
embodiments, the material bed comprises a pre-transformed matenal. In some embodiments, the
mechanism comprises a material remover is configured to reduce a thickness of the material bed. In some

embodiments, the mechanism comprises a material remover 15 confignred to remove at least a portion of
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pre-transformed material from the material bed. In some embodiments, the mechanism comprises a
material remover is configured to provide an attractive force that attracts the at least a portion of the debris
into the material remover. In some embodiments, the attractive force is a suction force. In somg
cmbodiments, the attractive force comprises a gas flow, a magnetic field, or an electrostatic field. In some
embodiments, the material remover is operationally coupled to an attractive force source that provides the
attractive force. In some embodiments, the material remover 1s coupled to the attractive force source via a
tube or wire. In son embodiments, the material remover comprises a reservoir configured 1o at least
temporarily retain a removed portion of the debris. In some embodiments, the matenal remover comprises
a nozzle having at least onc opening {e.g., the opening) configured to allow a removed portion of the
debris to pass therethrough. In some embodiments, a diameter of the at least one opening is changeable,
2.g., before, after, and/or dunng a dispensing and/or the printing operation. In some embodiments, the
energy source is a laser and the energy beam s a laser energy beam. In some embodiments, the energy
source 18 an electron beam source and the energy beam is an electron beam. In some embodiments, the
apparatus further comprises a platform configured to support the material bed. In some embodiments, the
platform is configured to vertically translate during the printing. In some embodiments, the apparatus
further comprises a processing chamber configured to enclose the material bed. In some embodiments, the
apparatus further comprises a material dispenser configured dispense a pre~transformed material to form
the material bed. In some embodiments, the material dispenser 1s configured {o laterally translate.

(60811 In ancther aspect, a system for forming a three-dimensional object, the system comprises: one or
more controllers that are collectively or separately configured to direct: {a) transforming at least a portion
of a material bed to a transformed material that forms at least a portion of the three-dimensional object,
wherein the transforming causes debnis to form (1) on the exposed surface of the material bed, (i) within
the material bed, or (iii) on the exposed surface of the material bed and within the material bed, and (b)
mixing a portion of the matenal bed that comprises (1) a portion of the exposed surface of the material bed
and (1T the debris.

{6082} Insome embodiments, the mechanism comprises a material remover. In some embodiments, the
one or more controllers is configured to direct the matenal remover to remove at least a portion of pre-
transformed material from the material bed. In some enbodiments, the at least two of the one or more
controllers directing operations (a) and (b) arc different controliers. In some embodiments, the at least two
of the onc or more controllers directing operations (a) and (b) are the same controller, In some
embodiments, the one or more controllers is further configured to direct at keast one cnergy source to
generate and direct at least one energy beam at a pre-transformed matenal to form at keast a portion of the
three-dimensional object. In some embodiments, the one or more controllers is further configured to direct
movement of a platform supporting the three-dimensional object. In some embadirments, the ope or more
controflers is configured to direct the platform to vertically translate.

[B083] Inanother aspect, a computer software product coraprises at least one non-transitory computer-
readable medium in which program instructions are stored, which program instructions, when read by at

least one computer, causce the at least one computer to direct (a) transforming at least a portion of a
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material bed to a transformed material that forms at least a portion of the three~dimensional object,
wherein the transforming causes debris to form (i) on the exposed surface of the material bed, (i) within
the material bed, or (i1i) on the exposed surface of the material bed and within the material bed; and (b)
mixing a portion of the material bed that comprises (T) a portion of the exposed surface of the material bed
and (I} the debris.

(80841 Insome embodiments, a non-transitory computer-readable medinm causes a computer to direct
operations (a) and (b). In some embodiments, a pon-transitory computer-readable causes a fust computer
to direct operation (a), and a second compuicr to direct operation (b). In some embodirments, a non-
transitory computer-readable canses a first compuier to direct operation (@), and a second computer to
direct operation (b). In some embodiments, a {irst non-transitory computer-readable medium causes a
computer to direct operation (a), and a second non-transitory computer-readable medinm causes the
computer to direct operation (b). In some embodiments, a first non-transitory computer-readable medium
cause a first computer to direct operation (a), and a second non-transitory computer-readable medium
causes a second computer to direct operation (b).

(60851 In another aspect. an apparatus for printing at least one three-dimensional objoct, the apparatus
comprises: a first enclosure side that is separated from a second enclosure side by a partition, which
partition includes an opening that is closable and openable by the partition; a platform configured to
support the at least one three-dimensional object during its paoting from a pre-transforored material,
which platform is disposed in the first enclosure side; at least one shaft configured to at least partially
move between the first enclosure side and second enclosurc side through the opening (e.g.. wherein
between in inclustve to include the second enclosure side and the first enclosure side); and at least one
channel disposed in the at keast one shaft, the channel configured to guide the pre-transformed matenial (1)
embodiments, at least partially move between the first enclosare side and second enclosure side comprises
moving at least a fraction of the at least one shaft between the first enclosure side and the second
enclosure side. In some embodiments, at least partially move between the first enclosure side and second
enclosure side excludes moving the entirety of the at least one shaft between the first enclosure side and
the second enclosure side. In some embodiments, at least partially move between the first enclosure side
and second enclosure side includes moving the entirety of the at least one shaft between the first enclosure
side and the second enclosure side. Tn some embodiments, the at least one shaft comprises a first shaft and
a second shaft. In some embodiments, the at least one channel conprises a fust chanoel {¢.g., disposed
within the first shaft), and a sccond channel {e.g., disposed within the second shaft). Insome
embodiments, the fust channel is configured to guide the pre-transformed material towards the platform
{c.g.. through at lcast one mechanism). In some embodiments, the sccond channel is configured to guide
the pre-transformed material away from the platform. In some crmbodiments, the first shaft and the second
shafl arc the same shaft. In some embodiments, the first channel and second channel are configured within
the same shaft. In some embodiments, the first channel and second channel are configured in different

shafts. In some embodiments, the at least one mechanism is a layer forming device. In some
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embodiments, the first channel and second channel are configured to guide the pre-transformed material
from and/or to the layer forming device (c.g., separately or collectively, e.g., simultancously or
sequentiallv). In some embodiments, the at least one mechanism further comprises a (¢.g., lincar) actuator
ora {c.g.. lincar) encoder, that separately or collectively are configured to facilitate movement of one or
more of the at least one shaft. In some embodimnents, the encoder and/or actuator facilitates the movement
of a shaft. In some embodiments, the encoder and/or actuator facilitates the movement of two or more
shafts. In some embodiments, the first channel and second chanoel are configured within the same shaft.
In some embodiments, the at least one shaft 1s a plorality of shafts. In some embodiments, the first
chaanel and second channel are cach configured within different shafts. Tn some erabodiments, the at least
one shaft further comprises at least one channel that is configured to facilitate movement of at least onc
gas towatds or away from the platform. In some embodiments, the at least one shaft 1s operatively conpled
to at least one mechanism that is used during the printing. In some embodiments, the at least one channel
is operatively coupled to the at least one mechanism and is configured to guide the pre-transformed
material 1o and/or from the at least one mechanism. In some embodiments, the at least one mechanism
comprises a layer forming device. In some cmbodiments, the at least one channel is configured to gnide
the pre~transformed material to at least one component of the layer forming device. In some embodiments,
the at least one component comprises a laver dispenser, a material remover, or a loveler. In some
crabodiments, the at least one channel comprises a first chanoel and a second chanoel. In some
crabodiments, the first channel is configured to guide the pre-transformed material to the material
dispenser. In some embodiments, a second channel is configured to guide the pre-transformed material
from the material remover. In some embodiments, the apparatus further compriscs an onergy SCUICe
configured to gencrate an cnergy bear that ransforms the pre-transformed material bed to a transformed
material 1o print the at least onc three-dimensional object. In some cmbodiments, the cnergy source is
configured to generate the encrgy beam that inchides radiation comprising at least one of electromagnetic,
clectron, positron, proton, plasma, or ionic radiation. In some embodiments, the layer forming device
comprises a material dispenser, a material remover, or a leveler. In some embodiments, the material
dispenser is configured dispense the pre-transformed material. In some embodiments, the material
remaver is configured to remove a portion of the pre-transformed. In some embodiments, the leveler is
configured to planarize a material bed formed on dispensing the pre~transformed material towards the
platform. In some cmbodiments, the first chamber side and the sccond chamber side arc configured to
have the same atmosphere during the pringing. In some embodiments, the first chamber side and the
second chamber side are configured to have different atmospheres on closure of the partition. In some
embadiments, the partition is gas tight. In some embodunents, the partition is gas permeable. In some
embodiments, the partition forms a physical separation between the first enclosure side and the second
enclosure side. In some embodiments, the partiton reduces an amount of debris, pre-transformed material,
radiation, plasma, reactive agend, and/or gas to travel from the first enclosure side to the sccond enclosore
side upon closure of the partition. In some embodiments, the closure is configured to close the opening

when (a) the at least one mechanism is positioned within the second enclosure side, (b) the pre-
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transformed material is being transformed, and/or (¢) the at least one mechamsim is positioned within the
second enclosure side and the pre-tmansformed material is being transformed. In some embodiments, the
closure 15 configured to closc the opening when the at Ieast one mechanism is in a parked mode. In some
cmbodiments, the first chamber side s an ancillary chamber. In some embodiments, the second chamber
side is a processing chamber. 1o seme ermbodinents, the at least onc shafi is operatively coupled 1o an
actator. In some erabodiments, the actuator is a linear actuator. In some ernbodiments, the actuator is
configured to linearly translate the at least onc shaft jo a direction that is substantially parallel to a sudface
of the platform. In some embodiments, during the prating, the platform is configured to vertically
translate in a divection that is substantially perpendicular to a direction of translation of the at least one
shaft. In some embodiments, the apparatus farther comprises at Ieast one controller that is operatively
coupled to the at least one shaft. In some embodiments, the at least one controller 1s configured to
translate the at least one shaft. In some embodiments, the apparatas further comprises at least one
controller operatively coupled to at least one component of the at least one mechanism. In some
embodiments, the at least one controller 1s configured to operate at least one component of the at least one
mechanism, which at least one component of the at least mechanism is operatively coupled to the at least
one shaft. In some embodiments, the at least one mechanism comprises an opening or a blade. Insome
embodiments, the first chamber side is operatively coupled to a recycling system that recycles an excess
of pre-transformed during and/or after the prunting. 1o some embodiments, the second chamber side
comprises a funnel portion that 1s configured to direct the excess of the pre-teansformed material to the
recycling system. In some ermbodiments, the second chamber side includes an opening port that is
configured to dircct the excess the pre-transformed material to the recycling system. In some
crabodiments, the opening port 15 disposed within a region comprising the opening port of the second
chamber side. In some embodiments, the region comprises a port flushing component that is configured to
flush the region from the excess of pre-transformed material using a flow of at least one gas. In some
embodiments, the port flushing component conmprises an inlet configured to accept the flow of the at least
omne gas from a gas source and an outlet configured to direct the flow of the at least one gas out of the
region. In some embodiments, the outlet is coupled to the recycling system via at least one coupling
member. In some embodiments, the port flushing component is coupled to the second chamber side via a
comnector. In some embodiments, the apparatus further comprises at least one detector that is configured
to detect the excess of pre-transformed material transported from the second chamber side to the recycling
system. In sone embodirents, the at least one detecior is configured to detect an amount of the pre-
transformed material, sizes of particles of the pre-transformed matenal. a velocity of the flow of the pre-
transformed material, and/or a chemical nature of the pre-transformed material. o some embodiments, the
at least one detector is configured to detect an amount of a debris, sizes of particles of the debuns, a
velocity of the flow of the debris, and/or a chernical nature of the debris. In some embodiments, the at
least one detector comprises a detector that is confignred to detect electromagnetic radiation or an acoustic
signal. In some embodiments, the at least one detector comprises an emutter that is configured to emit the

electromagnetic radiation or the acoustic signal. In some embodiments, the at least one detector is
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configured to provide information related to an cificiency of one or more filters of the recycling system.
In some embodiments, the port flushing component is configured to direct a flow of at lcast one gas in a
direction that is non-paralie] relative to a direction of a flow of pre-transformed material and/or debris
from the second chamber side toward the port flushing component. In some cmbodiments, the port
flushing component 1s configured to direct a flow of at least one gas in a direction that is substantially
orthogoual relative to a direction of a flow of pre-transformed material and/or debris from the first
chamber side toward the port flushing coraponent. In some embodiments, the apparatus forther comprises
a bulk rescervoir configored to supply the pre-transformed material to a matenal dispenser that is
operatively coupled to the at Ieast one shaft.

[B086] Inanother aspect, a method for printing at least one three-dimensional object comprises: (a)
moving at least a fraction of at least one shaft from a first enclosure side to second enclosure side and/or
vice versa through an opening, which first enclosure side comprises a platform supporting the at least one
three~dimensional object during its printing from a pre-transformed material, which first enclosure side is
separated from a second enclosure side by a partition, which partition mclades the opening that is closable
and openable by the partition; and (b) guiding a pre~-transformed material (i) towards a platform, (i) away
from the platform, or (ili) towards and awav from the platform, which guiding is through at least one
channel disposed in the at least one shaft.

(60871 In some cmbodiments, the fraction of at least one shaft excludes the entirety of the at least one
shaft. In some embodiments, at least onc channel comprises a first channel and a second channel. In some
crbodiments, guiding the pre-teansformed material towards the platform in the first channel, guiding the
pre-transformed material away from the platform in the second chaanel. In some embodiments, first
channel and the second channel are disposed in a shaft. In some crubodiments, at least one shaft is a
plurality of shafis. In some embodiments, the first channel and the second channel are each disposed ina
different shaft of the plurality of shafts. In some embodiments, guiding is to and/or away from a layer
forming device. In some embodiments, further comprising guiding at least one gas towards or away from
the platform through the at least one channel. In some embodiments, the method further comprises using
at least one mechanism coupled to the at least one shaft and/or at least one channel, which using is during
the printing. In some cobodiments, the method further comprises guiding the pre-transformed material to
and/or from the at least one mechanism (e.g., on its way to the platform). In some embodiments, the at
jeast one mechanism is a layer forming device. Tn some embodiments, the at least one channel is
configured to guide the pre-transformed matenal to at least one cornponent of the laver forming device. In
some crmbodiments, the at least one component conmprises a laver dispenser, a material remover, ora
leveler. In some embodiments, the at least onc channel coraprises a first channel and a second channel. In
some crabodiments, guiding is through the first chanoel to the mateaal dispenser, and from the mateaal
remover through the second channel In some embodiments, using an energy beam to transform the pre-
transformed material bed to a trapsformed material to print the at least one three-dimensional object. In
some embodiments, the laver forming dovice includes at least one of a material dispenser, a material

remover, or 4 leveler. In some embodiments, the method further comprises dispensing the pre-transformed
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material towards the platform using the material dispenser. In some embodiments, the method further
comprises removing a portion of the pre~transformed using the material remover. In some embodiments,
the method farther comprises planarizing a material bed using the leveler is. In some embodiments, the
material bed is formed bv dispensing the pre~transformed material towards the platform. In some
embadiments, the method farther comprises closing the opening using a closure, when (a) the apparatus is
positioned within the second enclosure side, (b) the pre-transformed matenial is being transformed, or (¢)
the apparatus i positioned within the second enclosure side and the pre-transformed matenal is being
transformed. In some embodiments, the method further comprises closing the opening when the af least
one mechanism is ig a parked mode. In some embodiments, the first chamber side is an ancillary chamber.
In some embodiments, the second chamber side is a processing charnber. In some crubodiments, the
method forther comprises translating (¢.g., inearly) the at least one shaft in a direction (c.g., that is
substantially parallel)} to an exposed surface of the platform. In some embodiments, the method further
comprises translating the platform (e.g., vertically), ¢.g., during the printing. In some embodiments,
translating is in a direction that is substantially perpendicular to a direction of translation of the at least
one shaft. In some embodiments, the method further comprises controlling translation of the at least one
shaft (¢.g., manually and/or automatically, before, during, and/or after the printing). In some
embodiments, the method further comprises controlling the operation of at least one component of the at
Ieast one mechanism. In some embodiments, the method further corprises recycling an excess of pre-
transformed duang and/or after the pristing, ¢.g., using a recycling mechanism. In some erabodiments, the
metbod further comprises flushing an opening of recvching mechanism, e.g., by flowing a gas through a
volume that comprises the opening of the recycling mechanism. In some embodiments, the method further
comprises detecting an excess of pre-transformed material transported from the second chamber side to
the recyching system. In some embodiments, detecting compriscs detocting: an amnoont of the pre-
transformed matenial, sizes of particles of the pre-transformed material, a velocily of the flow of the pre-
transformed material, or a chemical nature of the pre-transformed material. In some embodiments,
detecting comprises detecting an amount of a debris, sizes of particles of the debris, a velocity of the flow
of the debris, or a chemical nature of the debris. In some embodiments, detecting comprises detecting an
clectromagnetic radiation or an acoustic signal. In some embodiments, the method further comprises
cmitting the electromagnetic radiation or the acoustic signal, ¢.g., using the detector. In some
embodiments, the method farther comprises providing information related to an efficiency of one or more
filters of the recycling systen. In some embodiments, the method further comprises durecting a flow of at
least one gas 1o the port flushing component 1o a direction that is non-paralie] relative to a direction of a
flow of pre-transformed material and/or debris from the second chamber side toward the port flashing
corpogent. In some embodiments, the method further comprises flowing of at least one gas in the port
fhushing component in a direction that is substaniially orthogonal relative to a direction of a flow of pre-
transformed material and/or debris from the first chamber side toward the port flushing compornent. In
some embodiments, the method further comprises supplying the pre-transformed material from a bulk

reservolr to a material dispenser that is operatively coupled to the at least one shaft.
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{6088} Inanother aspect, an apparatus for three-dimensional printing of at least one three-dimensional
object, the apparatus comprises: an enclosure configured to enclose the at least one three~-dimensional
object during its printing; a mechanism configured to perform at least one operation in the enclosure (e.g.,
during the printing), which mechanism is disposed in the enclosure (e.g., and comprises an opening, a
roller, a plate, or a blade); and an actuator configured to translate the mechandsm and that is operatively
coupled to the mechanism, which actuator is disposed externally to the enclosure.

(80891 Insome embodiments, the mechanisin coraprises a matenal dispenser configured to dispense a
pre-transformed matenal that is used to print the at least one thice-dirensional object. In sone
embodiments, the apparatus forther comprises at least one controller operatively coupled to at least one of
the actuator and the mechanism. In some embodiments, the controller is programmed to collectively or
separately perform one or more of (i) direct the mechanismn to perform the at least one operation, and (if)
direct the actuator to translate the mechanism. In some embodiments, the mechanism comprises an
opening or a blade. In some embodiments, the mechanism comprises a layer dispensing mechanism
configured to dispense a planar layer of pre-transformed material to form a material bed that is used to
print the at least one three-dimensional object. In some embodiments, the actuator comprises 3 lincar
actuator. In some embodiments, the shaft is operatively coupled to a linear encoder. Insome
crabodiments, the apparatus farther comprises at Ieast one shaft. In some embodiments, the actuator is
coupled to the mochanism through the at least onc shaft. In some cmbodiments, the actuator is configured
to translate the mechanism by translatiog the at least one shaft. In some embodiments, the at least one
shaft comprises at least one chansel configured to transpert the pre-transformed matenal therethrough. In
some embodiments, the at keast one shaft comprises at least bellow. In some embodiments, the at least one
bellow 1s configured to allow a gas leak rate from the enclosure of at most 0.61 liters per minute. In some
crabodiments, the at least one bellow prescrves its operative conditions for at least onc million cycles. In
some embodiments, the at least one bellow 15 configured o operate at a pressure above an ambient
pressure. In some embodiments, a first fraction of the at least one shait is disposed in the enclosure and a
second fraction of the at least one shaft is disposed out of the enclosure (e.g., before, after, and/or during
operation of the at Icast one shaft). In some embodiments, the at lcast one shaft is configured to translate
through an opening in the enclosure. In some embodiments, the opening is configured to facilitate a gas
leak rate from the enclosurce of at most 0.01 liters per ndnute. In some embodiments, the opening is
configured to facilitate the gas leak rate for at least one million cvcles {e.g., of operations of any of the
components of the apparatus). In some embodiments, the seal is configured to facilitate the gas leak rate
for at least one million cycles. . The cycles may comprise back and forh translation of: the at Jeast ope
shaft, the encoder, the mechanism, or any combination thereof. The back and forth transiation may be
with respect to a platform disposed in the enclosure. In some embodiments, the mechanism and/or at least
one shaft is configured to operate at a pressure above an ambicnt pressure. In some embodiments, the
pressure above arnbient is at least 8.5 pounds per square inch (PS1) above the ambient pressure. In some
embodiments, the at least one bellow is disposed in the enclosure and/or outside of the enclosure. In some

embodiments, the at least one shaft is operatively coupled to an opening in a wall of the enclosure. In
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some embodiments, the opening is configured to prescrve and/or facilitate a gas leak rate of at most about
0.01 liters per minute. In some embodiments, the opening comprises a seal. In some embodiments, the
seal is a passive seal or a dynamic seal. In some cmbodiments, the dynanuc seal comprises a gas flow. In
some embodiments, the opening comprises a guiding mechanism and/or a gas flow. In some
embodiments, the guidiog mechanism comprises a bearing {e.g., ball bearing or air bearing).

(80981 Inanother aspect, a method for prnting at least one three-dimensional object comprises: (a)
transiating a mechanisr to perform at least one operation as part of the printing in an enclosure, which
mechanism 1s disposed in the enclosure (e.g.. which mechanisin comprises an opening, a roller, a plate, or
a blade}; and (b) nsing an actoator for translating the mechanism (e g., during the printing), which actuator
1s disposed external to the enclosure.

[B091] Insome embodiments, the mechamsm comprises a matenal dispenser. In some embodiments, the
method further comprises dispensing a pre-transformed material that is used to print the at least one three-
dimensional object. In some embodiments, the dispensing comprises using the material dispenser. In some
embodiments, the mechanism comprises an opening or a blade. In some embodiments, the mechanism
comprises a material dispenser. In some embodiments, the method further comprises dispensing a planar
layer of pre-transformed material to form a material bed that is used to print the at least one three-
dimensional object. In some embodiments, the actuator comprises a linear actuator. In sorme
cribodiments, the translating the mechanism is at least in part by using a lxear encoder. In some
crmbodiments, the translating the mechanism comprises translating at least one shaft that is operatively
coupled to the actuator and/or to the mechanism. In some embodiments, the operatively coupled is
physically connected. In some embodinents, operatively coupled is electronically connected. In some
cmbodiments, operatively coupled comprises connected to allow communication. In some embodimernts,
operatively coupled comprises connected to allow signal transmission. In seme crmbodiments, the method
further comprises using an encrgy beam {o translate a pre-transformed material to a transformed material
to print the at least one three-dimensional object. In some embodiments, the method further comprises
vertically translating a platform to support the at least one three-~dimensional object during its printing. In
some embodiments, the method further comprises controlling the actuator by at least one controller that is
operatively coupled to the actuator and is programmed to diroct using the actnator. In some embodiments,
the at least onc controller is programmed to direct using at least one component of the mechanism. In
some emmbodiments, using the actuator comprises transkating the at least one shaft for translating the
mechanism. 1o sorse crobodiments, translating the at least one shaft is through an opening in the
enclosure. In some embodiments, the method further corprises sealing the opening vsing a seal. In some
embodiments, sealing comprises passively sealing. In some embodiments, the method further comprises
facilitating a gas leak rate theough the opening (e.g., out of the enclosure), which rate is at most 0.01 liters
per mumite. In some embodiments, using the seal is for at least ong mullion cycles (c.g., of any of the
method operations). In some embodirents, translating the (1) at least one shaft and/or (1) mechanism, is at
a pressure above an ambient pressure residing in the enclosure (e.g., dunng printing). In some

embodiments, the pressurc above ambient is at least 0.5 pounds per square inch (PSI) above the ambient
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pressure. The cycles may comprise back and forth translation of: the at least one shaft, the encoder, the
mechanism, or any combination thereof. The back and forth translation may be with regpect to a platform
disposed in the enclosure.

(00921 Inanother aspect, an apparatus for threc-dimensional printing of at least one three-dimensional
object, the apparatus comprises: a platform configured to support the at feast one three-dimensional
object duning its printing; a shaft that is configured {o translate towards and/or away from the platform,
which shaft is disposed adjacent to the platform; and a bellow that is configured io operate at a positive
pressure above an atmospheric pressure, which bellow is operatively coupled to the shaft,

[B093] Insome embodirents, the shaft is operatively coupled to a mechanism used doring the ponting,
which mechanmism comprises an opening. In some crmbodiments, the apparatos further comprises at least
one controller operatively coupled to at least one of the platform, shaft, and the belfow. In some
embodiments, the controller is programmed to collectively or separately perform one or more of (3) direct
the platiorm to vertically translate during the printing, and (11) direct the shaft to translate during the
printing. In some embodiments, the apparatus further comprises a laver dispensing mechanism configured
to dispense a planar layer of pre-transformed material to form a material bed that is used to print the at
Icast one three-dimensional object. In some embodiments, the layer dispensing mechandsm is operatively
coupled to the shaft. In some embodiments, the apparatus further comprises a lincar actuator or a linear
encoder configured to translate the shaft. In some embodiments, the shaft is configured to translate using a
lingar actuator. In some embodiments, the shaft is configured to translate using a lincar encoder. In some
crabodiments, the shaft compuses at least one chaonel configured to transport a pre-transforoied material
thercthrough, which pre-transformed matenal is used in prnting the at least one three-dimensional object.
In some crabodiments, the pressure above ambient is at least 0.5 pounds per square inch (PSI) above the
ambient pressure. In some embodiments, the shaft is configured to translate during the printing. In some
crabodiments, the platform is disposed tn an enclosure. In some embodiments, donpg the printing, the
pressure in the enclosure is above an ambient pressure. In some embodiments, above ambient is at least
0.5 pounds per square inch (PSI) above the ambient pressure. [n some embodiments, the bellow is
disposed in the enclosure and/or outside of the enclosure. In some embodiments, the bellow is configured
to allow a gas leak rate from the enclosure of at most 0.01 liters per minute. In some embodiments, the
leak is to an environment external to the enclosure. In some embodiments, the bellow preserves its
operative conditions for at least one million cycles. In some embodiments, the shaft is disposed in the
enclosure and/or outside of the enclosure. In some cmbodiments, the at least one shaft is operatively
coupled 16 an opening in a wall of the enclosure. In some embodiments, the opening has a gas leak rate of
at most about 0.01 lters per mimute. In some embodiments, the opening comprises a seal. In some
embodiments, the seal is a passive seal or a dynamic seal. In some embodiments, the dynamic seal
comprises a gas flow. In some embodiments, the opening comprisces a guiding mechanism and/or a gas
flow. In some embodirents, the guiding mechanism comprises a bearing (¢.z., ball bearing or air
beanng). In some embodiments, the beliow is a metal bellow. In some embodiments, the metal comprises

an clemental metal or a metal alloy. In some embodiments, the shaft is translated using an actuator that is
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operatively coupled fo the shaft, which actuator is disposed outside of the enclosure. In some
cmbodiments, the bellow facilitates translation of the shaft while scparating an internal atmosphere of the
encloswre, from an atmosphere exicrnal to the enclosure where the actuator is located in the atmosphere
external to the enclosure. In some embodiments, during the printing a pressure of the intemal atmosphere
is above ambicnt pressure. In some embodiments, during the printing, a pressure of the external
atmosphere is an ambieat pressore.

(80941 Inanother aspect, a method for three-dirnensional printing of at least one theee-dimensional
object, the apparatus comprises: (a) using a platform to facilitate panting of the at least one three-
dimensional object; (b) translating a shaft towards and/or away from the platform; and {¢) contracting
and/or stretching a bellow that is configured to operate at a positive pressure above an atmospheric
pressure.

[B095] In some embodiments, the method further comprises using the shaft to translate a mechanism
used during the prnting, which shaft is operatively coupled to the mechanism, which mechanism
comprises an opening. In some embodiments, the method further comprises flowing the pre-transformed
material through the shaft. In some embodiments, the method further comprises dispensing pre~
transformed material towards the platform, which pre-transformed material is used to print the at least one
three-dimensional object. In some embodiments, dispensing the pre~-transformed material comprises
flowing the pre-transformed materal through the shaft. In some embodiments, the method further
comprises using a lioear actuator for translating the shaft. In some embaodirents, further comprising vsing
a linear encoder for translating the shaft. 1o some embodiments, the shaft comprises at least one chaonel.
In sore embodiments, the method further comprises transparting a pre-transformed material through the
al least one channel, which pre-transformed malerial is vsed in printing the at least one thiee-dimensional
object. In some embodiments, the pressure above ambient is at least 0.5 pounds per square inch (PSE)
above an ambient pressare. In some embodiments, translating the shaft is dusing the printing. In some
cmbodiments, the platform is disposed in an enclosure. In some embodiments, the bellow is disposed in
the enclosure and/or outside of the enclosure. In some embodiments, the bellow is leaking gas in a rate of
at most 0.01 liters per minute. In some embodiments, the gas is leaking from an internal atmosphere of the
enclosure to an environment external to the enclosure. In some embodiments, wherein contracting and/or
stretching the bellow is while preserving its operative conditions for at feast one million cycles. Insome
embodiments, the shaft is disposed in the enclosure and/or outside of the enclosure. Insome
embadiments, the at least one shaft 1s operatively coupled to an opening in a wall of the enclosure. In
some erabodiments, the opening comprises a seal. In some embodiments, the seal 1s a passive scal or a
dvoamic seal. In some embodinents, the dynamic seal comprises a gas flow. In some embodiments, the
opening comprises a guiding mechaoism and/or a gas flow. In some embodiments, the guiding mechanism
comprises a bearing {e.g., ball bearing or air bearing). In some embodiments, the bellow 1s a metal bellow.
In some embodiments, the metal comprises an clemental metal or a metal alloy. In some embodiments,
the method further comprises irradiating an energy beam towards a platform to transform a pre-

transformed material to a transformed material to form the at least one three-dimensional object. In some
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embodiments, facilitate printing comprises supporting the three-dimensional object during the printing. In
some embodiments, facilitate printing comprises during the printing supporting a pre-transformed material
from which the three-dimensional object is printed. In some embodiments, facilitate printing comprises
during the printing supporting a material bed from which the three-dimensional object is printed. Insome
embadiments, using the platform to facilitate papting comprises translating the platform during the
printing. In some embodiments, translating comprises vertically translating. In some embodiments, the
method further comprises controlling the actuator by at least one controlier that is operatively coupled to
the actoator and is programmed (o direct using the actuator. In some embodiments, the at least one
controfler is programmed to direct using at keast one component of the apparatus.

[B096] Inanother aspect, an apparatus for thrce-dimensional printing of at least one three-dimensional
object, comprises: a bulk reservoir comprising an exit opening, which bulk reservoir is configured to
enclose a pre-transformed material; a matenal dispenser that 1s configured to dispense the pre-transformed
material to form a material bed, which material dispenser has a side comprising an entrance opening; and
a plate having a plate opening that is at least partially configured to form a channel configured to facilitate
a flow of the pre-transformed material from the bulk reservoir to the material dispenser, wherein (i) the
plate is transiatable with respect to the bulk rescrvoir and/or the material dispenser, (ii) a first portion of
the plate is configured to close the exit opening of the bulk reservoir, (iii) a second portion of the plate is
configured to close the enirance opening of the material dispenser, or (iv) a combination of at least two of
(1), (it) and (id).

{997} 1o some embodiments, the plate is configured to shut and/or open the exit opening of the bulk
reserveir upon movement of the plate with respect to the bulk reservoir and/or the material dispenser. In
some embodiments, the entrance opening is defined by a wall of the malerial dispenser. In some
crabodiments, at least a portion of an internal surface of the wall is configured (o facilitate flow of the pre-
transformed matenial. In some embodiments, at least a portion of the internal surface of is coated with a
polished material. In some embodiments, at least a portion of the internal surface is polished. In some
embodiments, at keast a portion of the intermal surface has a Ra valoe of at most 50 micrometers (),

10 pm, 5 pwm, or 1 pm. . In some embodiments, the internal surface has a Ra value of a smooth surface as
disclosed herein. In some embodiments, the plate is configured to disrupt the chanoel upon movement of
the plate with respect to the bulk reservoir and/or the material dispenser. In some embodiments, disrupting
the channel comprises disrupting a position, a cross sectional shape, a cross sectional arca, a vohume,
and/or an existence of the channel. In some embodirsents, the channel facilitates the flow of the pre-
transformed material from a first end of the plate opening to a second end of the plate opening. In some
embodiments, the first end opposes the second end. In some embodiments, the first end of the plate
opening and at least part of the exit opening of the bulk reservoir form at least part of the channel. In some
embodiments, the second end of the plate opening and at least part of the entrance opening of the material
dispenser form at least part of the channel. In some embodiments, a first cross-section of the first end of
the plate opening is different than a second cross-section of the second end of the plate opening. In some

embodiments, the first cross section is smaller than the second cross section. In some embodiments, the
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first cross section and/or the second cross section 18 a horizontal cross section. In some cmbodiments, the
entrance opening is disposed at a side of the material dispenser. In some embodiments, the side is
configured not to (a2} face an exposed surface of the materal bed or (b) face away from the exposed
surface of the material bed. In some embodiments, the side is configured to be normal to an exposed
surface of the material bed. Tn some crabodiments, the side is configured to be nop-parallel to an exposed
surface of the material bed. In some crobodiments, the chaonel comprises a uniform shape. 1o some
embodiments, the chanoel comprises a pon-uniform shape. 1o some embodiments, the channel 1s at least
partially defined by at least two diverging surfaces. In some ermbodiments, the channel has no rotational
symmetry axis (e.g. that comprises ifs entry and exit}. In some embodiments, the channel 1s at least
partially defined by at least two parallel sarfaces. In some crubodirnents, at least one wall of the channel
facilitates flow of the pre-transformed matenal. In some embodiments, the at least one wall of the channel
is coated with a polished maternial. In some embodiments, the at least one wall of the channel is polished.
In sorme crabodiments, the at feast onc wall of the channel has a Ra value of at most 50 micrometers (jum),
10 pm, 5 pm, or 1 wm. In some embodiments, the apparatus further comprises a channel member between
the plate and the material dispenser. In some embodimeants, the channel member compeises an angled slot
that partially forms the channel. In some embodiments, an intcrnal surface of the angled slot 1s coated
with a polished material. In some embodiments, an internal surface of the angled slot is polished. In some
embadiments, an internal surface of the angled slot bas a Ra value of at most 30 micrometers (um),

10 pwm, 3 pum, or | wm. . In some embodiments, the at least one wall and/or interpal surface has a Ra value
of a smooth surface as disclosed herein. In some embeodiments, the apparatus forther comprises an encrgy
source configured to generate an energy beam that transfores at least a portion of the pre-transformed
material to form at least a section of the at least one theee-dimensional object. In some embadiments, each
of the exit and entrance openings have a siot shape. In some embodiments, the entrance and exit openings
have the same cross-section shape. In some embodiments, the apparatus further comprises a chagnel
membet between the plate and the matenal dispenser. In some embodiments, the chanoel member
comprises an angled slot that partially forms the channel. In some embodiments, the entrance opening,
exit opening and angled slot have the same cross-section shape. In some embodiments, the plate is fixedly
coupled with the material dispenser. In some embodiments, the plate and the material dispenser are
translatable with respect to the bulk reservoir.

(8098} In another aspect, a svstem for three-dimensional printing of at least onc three-dimensional object
comprises: an enclosure configured o enclose the at least one three-dimensional object during the
printing, the at least one three-dimensional object printed from a first portion of a pre~-transformed
material, the enclosure comprises: a funncl portion configured to facilitate a flow of a second portion of
the pre-~transformed material in a first direction towards an ¢xit opening of the funnel portion, which exit
opening is configured to provide access out of the enclosure; a port flushing component coupled with the
funoel portion and at least partially defining a channel that intersects with the exit opening; and at least
oue pump configured to direct a flow of gas (i) through the chanuel of the port flushing component and

{ii) past the exit openmng, which channel 1s configured to (1) direct the flow of gas in a second direction
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substantially non-paraliel to the first direction and ([1) facilitate displacement of the second portion of the
pre-transformed material out of the exit opening through the channel

(00991 Insome embodiments, the channel is at least partially defined by a tube. In some embodiments,
the flow of gas facilitates displacement of the second portion of the pre-transformed material out of the
exit opening through the channel In some embodiments, the enclosure is configured to acconunodatc a
positive pressure. In some embodimenis, the positive pressure is of at least 0.5 pounds per square inch
(PSI) above an ambient atmosphere. In some embodiments, the system further conprises a recycling
sysiein configured to recycle the sccond portion of the pre-transformed material during the printing. In
some entbodiments, the exit opening of the fannel portion provides access to the to the recyching system,
In some embodiments, the recveling syster comprises at least one filter configurad to reduce an amount
of debnis within the second portion of the pre-transformed material. In some embodiments, the system
further compriscs a layer dispenser configured to provide a laver of the pre-transformed material within
the enclosure. In some embodiments, the laver dispenser conmprises at least one component configured to
perform one or more operations comprise; (1) providing the pre-transformed material towards a platform,
or (1) planarizing an cxposed surface of a material bed that comprises the pre-transformed materal. In
some embodiments, the systera further comprises a linear encoder or a lincar actuator, wherein the at least
one component is operatively coupled to the linear encoder and/or the lincar actuator, and wherein the
lingar encoder or the lincar actuator is configured to facilitate translation of the at least one component
within the enclosure. In some embodiments, the system further comprises a platform configured to
support the first portion of the pre-transformed material within the enclosure. In some embodiments, the at
least one pump is configured to provide a pressure to the second portion of the pre-transformed material
within the funnel portion, wherein the pressurc i1s provided in a divection that is substantially paralle] to
the first divection. In some embodirments. the pressare compriscs a second {low of gas. In some
embodiments, the funnel portion is integrally formed with the enclosare. In some embodiments, the funnel
portion conprises a piece that is coupled with the enclosure. In some embodiments, the funnel portion is
coupled with the enclosure via a connector. 1n some embodiments, the first direction is substantially
orthogonal to the second direction. In some embodiments, the funnel portion is part of an ancillary
chamber of the enclosure. In some embodiments, the system further comprises one or more detector
devices configured 1o detect the sccond portion of the pre-transformed material that exits the exit opening
and/or flows in the channel. In some embeodiments, the one or more detector devices is coupled with the
fuonel portion, the port flushing component, or one or mote connectors coupling the fuonel portion with
the port flushing corponent, and/or one more connector chaneels coupling the port flushing component
with a recyching svstem. In some embodiments, the one or more detector devices is configured to detect
(a) an amount of the pre-transformed material, (b) fundamental length scale of one or more particles of the
pre-transformed matenal, (¢) a velocity of a flow of pre-transformed material, and/or (d) a chemical
nature of the pre-transformed material exiting the exit opening. In some embodiments, the second pottion
is a remainder of the pre-transformed material that did not form the at least one three-dimensional object

or is not part of a material bed. In some embodiments, the second portion is used at least in part o print
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the at least one three~dimensional object. In some embodiments, the system used is after recycling the
second portion.

(00106} In another aspect, a method of printing of at least one three~-dimensional object, the method
comprises: (a) using a funnel portion to guide a first portion of a pre-transformed material from an
enclosure by directing the first portion of the pre-transformed maternial (1) in a first direction through a
fuonel portion comprising an exit opening and (i1} through a chanoel operatively coupled to the exit
opening, wherein the at least one three-dimensional object is printed in the enclosure from a second
portion of a three-transformed material; and (b) flowing a gas in the chanoel past the exit openingina
second direction that is non-paratlel to the first direction, and (¢} displacing the first portion of the pre-
transformed material from the extl opening of the fuanel portion.

(86161} In some embodirents, cansing the first portion of the pre-transformed material to transit from the
enclosure to the funnel portion comprises causing a material dispenser within the enclosure to dispense
material, wherein the first portion of the pre-transtormed material that transits to the funnel portion
comprises an excess of the pre-transformed material from the printing. In some embodiments, operatively
coupled comprises fluidly connected to allow flow of gas and/or the first portion of the pre-transformed
material. In some embodiments, displacing the second portion is during (b). In some embodiments,
displacing the sccond portion is by flowing the gas past the exit opening. In some embodiments, the first
portion is a remainder of the pre-transformed material that did not form the at least one three-dimensional
object. In some embodiments, the method further comprises at least in part using the first portion to print
the at least one three-dimensional object. In some embodiments, using is after recycling the first portion
In some embodiments, the first direction is substantially orthogonal to the second direction. In some
crabodiments, the method further comprises providing a pressure to the first portion of the pre-
transformed matenial within the foonel portion, wherein the pressure 1s provided in a direction that 1s
substantially parallel to the first direction. In some crubodiments, providing the pressare comprisces
applying a second flow of gas through the funnel portion toward the exit opening. In some embodiments,
the method further comprises directing the first portion of the pre-transformed material to a recyching
systern using the flow of gas. In some embodiments, the method further comprises filtering the first
portion of the pre-transformed material using one or more filters of the recycling systern. In some
cmbodiments, the method further comprises using a recycled portion of the pre-transformed material from
the recycling systern during the printing operation or a subsequent printing. In some embodiments,
method further compuises applying a positive pressure within the enclosure before, afier, and/or during the
printing. In some embaodiments, the positive pressure is at least 0.3 pounds per square inch (PSI). Io some
embodiments, flowing a gas in the chanoel past the exit opening cornprises flowing the gas through a head
space within the changel, the head space corresponding to a space that is oot occopied by the first portion
of the pre-transformed material within the channel. In some cmbodiments, the method forther comprises
detecting an amouvnt of the pre-transformed material, a fundamerntal length scale of onc or more particles
of the pre-transformed material, a velocity of a flow of the pre-transformed material, and/or a chemical

nature of the pre-transformed material exiting the exit opening using one or more detector devices.
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{80102} In another aspect, an apparatus for three-dimensional printing of at least one three-dimensional
object comprises at least onc controller that is programmed to perform the following operations:

operation (a); direct flowing a gas in a channel past an exit opening of a funnel portion, whercin the exit
opening is operationally coupled to the channel, wherein a flow of the gas is in a sccond direction that is
noun-paralle] to a first direction of a flow of a first portion of a pre-transformed material within the funnel
portion, wherein the funnel portion facditates flow of a first portion of a pre-transformed material through
the exit opening to the chasnel, which flow of gas expels the furst portion from the exit opening through
the channel; operation (b): direct detecting at Ieast one characteristic of the first portion of the pre-
transformed material in the channel, and operation (¢) adjusting at Ieast one characteristic of the gas based
on the detecting.

(80183} In some embodiments, the at least one controller is programed to direct operation (b) prior to,
during, or after operation (a). In some embodiments, the at least one characteristic of the gas comprises
flow velocity, pressure, flow resistivity, oxygen content, or humidity content. In some embodiments, the
at Ieast one characteristic of the first portion of the pre~transformed matenal comprises (1) an amount of
the pre~transformed material, (i) a fundamental length scale of one or more particles of the pre-
transformed material, (i) a velocity of a flow of pre-transformed material, and/or (iv) a chemical nature
of the pre-transformed material. In some embodiments, the chemical natare coraprises humidity or oxygen
content. 1a some ersbodiments, the at least one controller is programed to perform operation (c): directing
a matenal dispenser within an enclosure to dispense the first portion of the pre-transformed material. In
some embodiments, the first portion of the pre-transformed matenal that transits to the funwel portion
comprises excess pre-transformed matenal from a panting operation. In some embodunents, the at least
ouc controlier is programed 1o perform operation (¢} directing at least one encrgy beam at a target
surface within an enclosure, wherein the at least one encrgy beam is configored to transform a second pre-
transformed matenal to a transformed matenial as part of the at least one three-dimensionat object. In
some embodiments, operation (a) and operation (b) are directed by the same controller. In some
cmbodiments, operation (a) and operation (b) are directed by different controllers. In some embodiments,
the adjusting comprises using closed Ioop control scheme.

(00104} In another aspect, a computer software product for three-dimensional printing of at least one
three-dimensional object, comprising a non-transitory computer-readable medium in which program
instructions are stored, which program instructions, when read by at least one computer, cause the at least
one computer to pedorm operations comprises: operation (a): direct flowiag a gas in a channel past ap
exit opening of a funnel portion, wherein the exit opening is operationally coupled to the chaonel, wherein
a flow of the gas is in a second dircction that is non-paralle] to a furst direction of a flow of a first portion
of a pre-transformed material within the funnel portion, wherein the funnel portion faciiitates flow of a
first portion of a pre-transformed material through the exit opening to the channel, which flow of gas
expels the first portion from the exit opening through the chanuel; and operation (b): direct detecting at

least one characteristic of the first portion of the pre-transformed maternial in the channel.



WO 2018/075741 PCT/US2017/057340

{80103} In some embodiments, the program instructions cause the at least one computer to further perform
operation (¢); causing a material dispenser within an enclosure to dispense material, wherein the first
portion of the pre-transformed material that transits 1o the funncl portion comprises excess pre-
transformed material from a printing operation. In some embodiments, the program instructions cause the
at least one computer to further perform operation (d): causing one or more detectors to detect pre-
transformed material exsting the oxit opening. In some embodiments, the program instructions cause the at
least one computer to receive data from the one or more detectors related to an amount of pre-transformed
material, size of particles of the pre-transformed material, a velocity of a flow of pre-transformed matenal,
and/or a chemical nature of the pre-transformed material exiting the exit opening. In some embodirments,
the program instructions cause the at least one compater to perform operation (€} Causing ong Of Mo
energy sources direct at least one encrgy beam at a target surface within an enclosore, whercin the at least
one energy beam is configured to transform the pre-transformed material to a transformed material as pant
of the at feast one three~dimensional object. In some embodiments, program instructions cause the at least
one computer to perform operation (b) prior to, during, or afier operation {a). In some embodiments,
computer software product causes a first computer to perform operation (2) and a sccond computer to
perform operation (b), wherein the first computer is different than the second computer. Tn some
embodiments, computor software product causes a computer to perform operation (a) and operation (b). In
some embodiments, the program instructions further cause the at least one computer to perform operation
(¢} adjusting at least one characteristic of the gas based on the detecting. In some embodiments, operation
(b further comprises divect detecting at least ong characteristic of a gas in the channel, the at least one
characteristic of the gas comprises flow velocity, pressure, flow resistivity, oxygen content, or humidity
content. In some cmbodiments, the at least ong characteristic of the first portion of the pre-transformed
material comprises (1) an amount of the pre-transformed material, (31} a fundamental length scale of one or
more particles of the pre-transformed matenal, (111) a velocity of a flow of pre-transformed material,
and/or (iv} a chemical nature of the pre-transformed material. | In some embodiments, the chemical nature
comprises humidity or oxvgen content. In some embodiments, the program instructions further the at least
one computer to perform operation (¢): directing a material dispenser within an enclosure 1o dispense a
second portion of the pre-transformed material.

[B0106] To print at least a section of the three-dimensional object may comprise divecting an energy
beam to transform at least a portion of the material bed to form the at least a section of the three-
dimensional object.

(BG167} Anacther aspect of the present disclesure provides systerms, apparatuses (2.g., controllers),
and/or non-transitory computer-readable medium (e.g., software) that implersent any of the methods
disclosed hercin.

[BO168] In another aspect, an apparatus {or printing on¢ or more 3D objects comprises a controller that
18 programimed to direct a mechanism used 1n a 3D printing methodology to implement (¢.g., effectuaie)

any of the method disclosed herein, wherein the coniroller is operatively coupled to the mechanism.
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{60109} Another aspect of the present disclosure provides systems, apparatuses, controllers, and/or non-
transitory computer-readable medinm (e.g., software) that implement any of the methods disclosed herein
(00118} In another aspect, an apparatus for printing one or more 3D objects comprises one or more
controllers that is progranmmed to direct a mochanism used in a printing methodology to imploment (2.g.,
effectuate) anv of the method disclosed hercin, wherein the one or more controllers is operatively coupled
1o the mechanism,

(80111} In another aspect, the one or more controllers disclosed hercin comprise a computer software
prodact, €.g., as disclosed herein.

(80112} In another aspect, a computer software product for printing at least one 3D object, comprising at
least ope non-transitory computer-readable medinm in which program instractions are stored, which
mstructions, when read by at least one compuier, cause the at least one computer to perform any of the
methods disclosed herein,

(80113} In another aspect, a computer software product, comprising a non-transitory computer-
readable medium in which program instructions are stored, which instructions, when read by a computer,
cause the computer o direct a mechanism used in the 3D printing process to implement (e.g., effectuate)
any of the (¢.g., operations of the) method disclosed herein, wherein the non-transitory compuicr-readable
medinm is operatively coupled to the mechanism.

(60114} Another aspect of the present disclosure provides a non-transitory computer-readable mediom
comprising machine-cxecutable code that, upon execution by onc Gr mOre COrMpuicr Processors,
imaplements any of the (e.g., operations of the) methads disclosed herein.

(608115} In ancther aspect, a computer software product comprises a non-transitory computer-readable
medium that cavses a computer to direct one or more of the (¢.g., operations of the) methods described
herein, or one or more operation of these methods.

{68116} In ancther aspect. a computer software product comprises a non-transitory computer-readable
medium that causes a first computer to direct one or more (€.g., operations of the) methods described
herein and a sccond computer o direct another one or more (¢.g., operations of the) methods described
herein.

(80117} In another aspect, a computer software product comprises a first non-transitory computer-readable
medium that causes a computer to direct one or more (e.g., operations of the) methods described herein
and a second non~transitory computer-readable medium that cause the computer to direct another one or
maore (€.8., operations of the) methods described herein.

(80118} In another aspect, a computer software product comprises a first non-transitory computer-readable
medium cause a first computer to direct one or more {2.g., operations of the) methods described hercin
and a second pon-transitory computer-readable medium cause a second coraputer to direct another one ot
more {e.g., operations of the) methods described hercin.

[B8¢1 19} In another aspect, a computer software product comprises a non-transitory computer-recadable
medinm that causes a pharality of computers to direct one or more {(¢.g., operations of the) methods

described herein.
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[60126] In another aspect, a computer software product comprises a plurality of non-transitory computer-
readable modiums cause a computer to direct one or more {¢.g., operations of the) methods described
herein,

(00121} In another aspect, a computer software product comprises a plurality of non-transitory corputer-
readable medium cause a plurality of computers 1o direct one or more (2.8, operations of the) methods
described herein,

(80122} In some embodiments, the term “3D object” may refer io one or more 3D objects.

(80123} Another aspect of the present disclosure provides a compulier Systern Comprising one or morg
compoter processors and a non-transitory compoter-readable medium coupled thereto. The non-transitory
computer-readable medium corprises machine-executable code that, upon exccution by the one or more
computer processors, implements any of the (¢.g., operations of the) methods disclosed hercin.

(80124} Additional aspects and advantages of the present disclosure will become readily apparent to those
skilled in this art from the following detailed description, wherein only illustrative embodiments of the
present disclosure are shown and described. As will be realized, the present disclosure is capable of other
and different embodiments, and its several details are capable of modifications in various obvious
respects, all without departing from the disclosure. Accordingly, the drawings and description are 1o be

regarded as illustrative in nature, and not as restrictive.

INCORPORATION BY REFERENCE
[B0125] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if cach individual publication, patent, or patent application

was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF DRAWINGS
(6126} The novel features of the tnvention are set forth with particularity in the appended claims. A
better understanding of the {catares and advantages of the present invention will be obtained by reference
to the following detailed description that seis forth iltustrative embodiments, in which the principles of the
invention are utilized, and the accompanying drawings or figures (also “Fig.,” “FIG.,” “FIGs.” and “Figs.”
herein), of which:
(80127} FI1G. 1 schematically illustrates a side view of a throe-dimensional (3D) printing system and
its components;
[60128] FIG. 2 schematically llustrates a side view of a 3D printing system and its components;
(6031297  FiGs. 3A and 3B schematically illustrate side views of a 3D printing svstems and their
CONPOTCnis;
[60136] FIG. 4 schematically lustrates a side view of components in a 3D printing systeny,
(60131} FIG. 5 schematically (lustrates a computer condrol system that is programmed or otherwise
configured to facilitate the formation of one or more 3D objects;
j60132] FIG. 6 schematically illpstrates a processor and 3D printer architecturc that facilitates the

formation of onc or more 3D objects;
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100133}
100134]
100135}
100136}
(00137}
[00138]
(00139}
(00140}
sysiemn,
(00141}
(00142}
[00143]
[00144]
system;

[00145]

FIG. 7 shows a horizontal view of a 3D object;

FI(5. 8 schematically illustrates a 3D object;

FI(3. 9 illustrates a path;

FIG. 10 dlustrates various paths;

FIG. 11 schematically illustrates a side view of a 3D printing system and its coraponents;
FIG. 12 schematically illustrates a side view of a 3D printing system and its coraponents;
FIG. 13 schematically illustrates a side view of components in a 3D printing systeny,

FiGs. 14A and 148 schematically llustraie various views of components of a 3D printing

FIG. 15 schematically illustrates a lop view of componenis of a 3D prnting system;
FIG. 16 schematically iltustrates various views of components in a 3D printing systeny;
FI1G. 17 schematically illustrates a side view of various components of a 3D printing system;

Fi1Gs. 18A — 18C schematically illustrate various side views of a component of a 3D printing

FiGs. 194 — 19C schematically illustrates a side view of a component in various

configurations, of a 3D printing system;

100146}

FlGs. 20A - 20C schematically illustrate a movement of a component of a 3D printing

system, and FIGs. 2013 — 20E schematically illusteates various graphs associated with a movement of a

component of a 3D printing system;

{60147}
system,
{63148}
{68148}
{68156}
{60151}
sysiernm;
{60152}
(06153}
(00154}
[00155]
{00156}
systemn
(06157}
(LR
{60139}
{00160}

FlGs. 21A — 21C schematically illustrate a movement of a component of a 3D printing

FiGs. 22A - 22C schematically illustrate a component of a 3D prnting sy stem;
FiGs. 23A - 23D schematically iltustrate various components of a 3D printing systenn,
FIG. 24 schematically ilfustrates a side view of components in a 3D printing syster;

FiGs. 25A — 25C schematically illustrate a movement of a component of a 3D printing

FiGs. 26A - 26C schematically illustrate various components of a 3D printing system;
Fis. 27A - 27C schematically illustrate various components of a 3D printing system;
F1(3. 28 schematically illustrates a component of a 3D printing svstem;

Fi1Gs. 29A — 29E schematically illustrate operations in forming a 3D object;

F1Gs. 30A — 30C are schematic grapbs relating to motions of a component of a 3D printing

FI1G. 31 schematically illustrates a side view of a 3D printing systeny,
F1Gs. 32A - 32C schematically Hlustrate coraponenis of a 3D printing system; and
FIG. 33 schematically ilfustrates components of a 3D printing sy stem.

The figures and components therein may not be drawn to scale. Varions componernts of the

figures described herein may not be drawn to scale.
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DETAILED DESCRIPTION

[B0161] While various embodiments of the invention have been shown, and described herein, it will
be obvious to those skilled in the art that such embediments are provided by way of cxample only.
Numerous variations, changes, and substitutions may occur to those skilled in the art without departing
from the invention. It should be understood that various alternatives to the embodiments of the invention
descrbed berein might be eraploved.
B0162} Terms such as a7, “an” and “the” arc not intended to refer to only a singular entity, but
mclude the general class of which a specific example may be used for illustration. The termnology herein
18 nsed to describe specific embodiments of the tnvention(s), but their usage does not delimit the
mveniion{s).
[BG163] When ranges are mentioned, the ranges are meant to be inclusive, anless otherwise specified.
For example, a range between value 1 and value 2 is meant to be inclusive and include value 1 and value
2. The inclusive range will span any value from about value 1 to about value 2. The term “adjacent” or
“adjacent to,” as used herein, inclhudes ‘next to”, “adjoining’, “in contact with’, and “in proximity to.
[60164] The term “operatively coupled” or “operatively connected” refers to a first mechanism that is
coupled {o7 connected) to a second mechandsm to allow the intended operation of the second and/or first
mechanism.
[60165] Asused herein, the terms “object,” “3D object” and “threc-dimensional object” may be used
interchangeably, unless otherwise indicated.

[60166] Fundamental length scale (abbreviated herein as “FLS”) can be refer herein as to any suitable

cale {e.g., dimension) of an object. For exanmple, a FLS of an object may comprise a length, a width, a
height, a diameter, a spherical equivalent diameter, or a diameter of a bounding sphere. In some cases,
FLS may refer to an area, a voloime, a shape, or a density.

[68167] The present disclosure provides thiee-dimensional (3D) printing apparatuses, systems, software,
and methods for forming a 3D object. For example, a 3D object may be formed by sequential addition of
material or joining of pre-transformed material to form a structure in a controlled manner (¢.g., undor
manual or automated control). Pre-transformed material, as understood herein, is a material before it has
been transformed during the 3D printing process. The transformation can be effectuated by utilizing an
encrgy beam and/or finx. The pre-transformed material may be a material that was, or was not,
transformed prior 1o its use in a 3D printing process. The pre~transformed material may be a starting
material for the 3D printing process.

(80168} In some embodiments of a 3D printing process, the deposited pre-transformed maternial is fused,
{¢.g.. stntered or melted), bound or otherwise connected to form at least a portion of the desired 3D object.
Fusing, binding or otherwise connecting the matertal is collectively referred to herein as “transforming”
the material. Fusing the material may refer o melting, smelting, or sintering a pre-transformed material.
(80169} At umes, melung comprises hquefying the matenial (i.¢., transforming to a liqueficed state). A
liquefied state refers to a state in which at feast a portion of a transformed material is in a liquid state.

Melting may comprise liguidizing the material (e, transforming to a liguidus state). A liguidus state
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refers to a state in which an entire transformed material is in a liquid state. The apparatuses, methods,
software, and/or systems provided hercin are not limited to the gencration of a single 3D object, but are
mayv be utilized to generate one or more 3D objects simultancously (e.g., in parallel) or separately (c.g.,
sequentially). The multiplicity of 3D object may be formed in one or more material beds (¢.g., powder
bed). In some cabodiments, a plurality of 3D objects is formed in one material bed. The FLS (e.g., width,
depth, and/or height) of the material bed can be at least abowt 50 millimeters (mm), 60 mm, 70 mum, 80
o, 90 ;o 100 moy, 200 mm, 230 mm, 280 mm, 400 mm, 300 mm, 800 mm, 900 mr, 1 meter (M), 2 m
or 3 m The FLS (e.g.. width, depth, and/or height) of the material bed can be at most about 30 millimeters
(), 60 mum, 70 mm, 80 mim, 90 mm, 100 mm, 200 s, 250 mum, 280 m, 400 mun, 500 mim, 800 min,
900 mum, | meter (my, 2 mor 5 m. The FLS of the matenal bed can be between any of the afore-
mentioned valoes (e.g.. from abowt 50 mm to about 5m, from aboul 250 i to about 500 mum, from about
280 mm to about Imj).

(80176} In some embodiments, 3D printing methodologies comprises extrusion, wire, granular,
laminated, light polymerization, or power bed and inkjet head 3D printing. Extrusion 3D printing can
comprise robo-casting, fused deposition modeling (FDM) or fused filament fabrication (FFF). Wire 3D
printing can comprise electron bearn frecform fabrication (EBF3). Granular 3D printing can comprise
direct metal laser sintering (DMLS), electron beam melting (EBM), selective laser melting (SLM),
selective heat sintering (SHS), or selective laser sintering (SLS). Power bed and inkget bead 3D pristing
can comprise plaster-based 3D printing (PP). Laminated 3D printing can coraprise laminated object
manuofacturing (LOM). Light polymernzed 3D prutiog can compuise sterco-lithogeaphy (SLA), digital
light processing (BLP), or laminated object masufacturing (LOM). 3D printing methodologics can
comprise Direct Material Deposition (BMD). The Brirect Material Deposition may comprise, Laser Meatal
Beposition (LMD, also known as, Laser deposition welding). 3D printing methodologies can comprise
powder feed, or wire deposition.

[60171] In some embodiments, the 3D printing methodologies differ from methods traditionally used
in semiconductor device fabrication (e.g., vapor deposition, etching, annealing, masking, or molecular
beam epitaxy ). In some instances, 3D printing may further comprise one or more printing methodologies
that are traditionally used in semiconductor device fabrication. 3D printing methodeologics can differ from
vapor deposition methods such as chenyical vapor deposition, physical vapor deposition, or
clectrochemical deposition. In some instances, 3D printing may further include vapor deposition methods.
B0172} In some embodiments, the deposited pre-transformed material within the enclosure comprises
a hquid matenial, semi-solid matenal (¢.2., gel). or a solid matenal {¢.g., powder). The deposited pre-
transformed material within the enclosure can be in the form of a powder, wires, sheets, or droplets. The
material (e.g., pre-transformed, transformed, and/or hardened) may comprise clemental metal, metal alloy,
ceramics, or an allotrope of elemental carbon. The allotrope of clemental carbon may coraprise
amorphous carbon, graphite, grapbene, diamond. or fullerene. The fullerenic may be selected from the
group consisting of a spherical, elliptical, linear, and tubular fullerene. The fullerene may comprise a

buckyball, or a carbon nanotube. The ceramic material may comprise cement. The ceramic material may
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comprise aluming, 7ircomnia, or carbide (e.g., silicon carbide. or tungsten carbide). The ceramic material
may include high performance material (HPM). The ceramic material may include a nitride (¢.g., boron
nitride or aluminum nitride). The material mav comprise sand, glass, or stone. In some embodiments, the
material may comprise an organic material, for example, a polvmer or a resin {e.g., 114 W resin). The
organic matenal may corprise a hydrocarbon. The polymer may comprise styrene or aylon {e.g., nylon
11}. The polymer may comprise a thermoplast. The argamc matenal may comprise carbon and hydrogen
atons. The organic material may comprise carbon and oxygen atoms. The organic material may compuise
carbon and nitrogen atoms. The organic material may comprise carbon and selfur atoms. In some
embodimernts, the material may exclude ag organic material. The material may comprise a solidora
liquid. In some embodiments, the material may comprise a silicon-based material, for exarmple. silicon
based polymer or a resin. The material may comprise an organosilicon-based material. The material may
comprise stlicon and hydrogen atoms. The material may comprise silicon and carbon atoms. In some
embodiments, the material may exchide a silicon-based material. The powder material may be coated by a
coating (c.g.. orgamc coating such as the organic material {e.g., plastic coating)). The material may be
devoid of organic material. The liquid material may be compartmentalized into reactors, vesicles, or
droplets. The compartmentalized material may be compartmentalized in one or more lavers. The material
may be a composite material comprising a secondary material. The secondary material canbe a
reinforcing matenial (¢.g., a matenial that formos a fiber). The reinforcing material may comprise a carbon
fiber, Kevlar®, Twaron®, vlta-high-molecular-weight polyethylene, or glass fiber. The material can
comprise powder (e.g., granular material) and/or wires. The bound material can comprse chemical
bonding. Transforouing can comprise chemical bending. Chemical bonding can comprise covalent
bonding. The pre-transformed material may be pulverous. The prnted 3D object can be made of a single
material (e.g.. single material type) or muldtiple materials (e.g., multiple material types). Somctimes one
portion of the 3D object and/or of the material bed may corprise one material, and another portion may
comprise a second material different from the first material. The material may be a single material type
{c.g., a single alloy or a single elemental metal). The material may comprise one or more material types.
For example, the material may comprise two alloys, an alloy and an elemental metal, an alloy and a
ceramic, or an alloy and an clemental carbon. The material may comprise an allov and alloving clements
(c.g., for inoculation). The material may comprise blends of material tvpes. The material may comprise
blends with clemental metal or with metal alloy. The material may comprise blends excluding {c.g.,
without) elemental metal or including (e.g., with) metal alloy. The material may comprise a stainless steel.
The material may comprise a titaniwm alloy, aluminum alloy, asd/or nickel alloy.

[BG173] In some cases, a layer within the 3D object comprises a single type of matenal. In some
examples, a layer of the 31D object may comprise a single elemental metal type, or a single alloy type. In
some examples, a laver within the 3D object may comprise several types of material (¢.g., an elemental
metal asd an alloy, an alloy and a ceramic, an alloy, and an clemental carbon). In certain embodiments,
each type of material comprises only a single member of that type. For example: a single member of

elemental metal (c.g., iron), a single member of metal allov (c.g.. stainfess steel), a single member of
X > o g fd
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ceramic material (e.g., silicon carbide or tungsten carbide), or a single member of elemental carbon (e.g.,
graphite). In some cases, a layer of the 3D object comprises more than one type of material. In some
cases, a layer of the 3D object comprises more than member of a type of material.

[B0174] In some examples the material bed, platform, or both material bed and platform comprise a
material type which constituents (e.g., atoms) readily lose their outer shell electrons, resulting in a free-
flowing cloud of electrons within their otherwise solid arrangement. In some examples the powder, the
base, or both the powder and the base comprise a maicrial characterized in having high clectrical
conductivity, low electrical resistivity, high thermal conductivity, or high density. The high electrical
conductivity can be at least about 1¥10° Siemens per meter (8/m), 3%10° 5/m, 1¥10° S/m, 3%10° S/m,
1*107 S/m, 3% 107 S/m, or 1¥10° 5/m. The symbol “*” designates the mathematical operation “times.” The
high electrical conductivity can be batween any of the afore-mentioned clectrical conductivity values
(e.g.. from about 1¥10° $/m to about 1*10® 8/m). The thermal conductivity, electrical resistivity, electrical
conductivity, and/or density can be measured at ambient temperature (e.g., at R.T., o1 20°C). The low
electrical resistivity may be at most about 1%107 ohm times meter ({Fm), 5%10° Q%m, 1%¥10° Q*m, 5*10°
TO*m, 1F107 fm, 5¥107% or 1410 Q%m. The low electrical resistivity can be between any of the afore-
mentioned values {e.g., from about 1X107 Q%m to about 1X10% Q*m). The high thermal conductivity
may be at least about 10 Watts per meter times degrees Kelvin (W/mK), 15 W/mK, 20 W/mkK, 35 W/mK,
30 W/, 100 W/mK, 150 W/mK, 200 W/mK, 203 W/mK, 300 W/maK, 330 W/mK, 400 W/mK, 430
Wik, 500 W/mK, 550 W/mK, 600 W/mK, 700 W/mkK, 800 W/mK, 900 W/mK, or 1000 W/mK. The
bigh thermal conductivity can be between any of the afore-mentioned thermeal conductivity values (e.g.,
from about 20 W/mK to about 1000 W/mK). The high density may be at least about 1.5 grams per cubic
centimeter (g/om’), 1.7 glom’, 2 gilom’, 2.5 glom®, 2.7 glom’®, 3 giom’, 4 glem’, 5 glowd, 6 g/em’, 7 glony’,
8 g/lent, 9 glom’, 10 glom’, 11 g/ony’, 12 glom’, 13 glem’, 14 g/lomy’, 15 glom®, 16 g/emy’, 17 g/om’, 18
g/ent’, 19 g/om’, 20 glemd, or 25 g/om’. The high density can be any value between the afore mentioned
values (e.g., from about 1 g/ent’ to about 25 g/om’).

{00 175] In some embodiments, the elemental metal comprises an alkali metal, an alkaline earth metal,
4 fransition metal, a rare-carth element metal, or another metal. The alkali metal can be Lithium, Sodinm,
Potasstum, Rubidium, Cesium, or Francium. The alkali earth metal can be Bervilium, Maguoesium,
Calcium, Strontium, Bartum, or Radium. The transition metal can be Scandiuny, Titaniuoy, Vanadium,
Chromium, Manganese, fron, Cobalt, Nickel, Copper, Zinc, Yttrum, Zirconium, Platinum, Gold,
Rutherfordinm, Dubninm, Seaborgium, Bohrium, Hassium, Meiinerium, Ununbium, Niobium, Iridium,
Molybdenum, Technetium, Ruthenivim, Rhodivm, Palladivm, Silver, Cadmiom, Hafnium, Tantalom,
Tungsten, Rhepium or Osmium. The transition metal can be mercuey. The rare earth metal canbe a
lanthanide or an actinide. The antinode metal can be Laothaoum, Cerium, Prascodymium, Neodymium,
Promethivrm, Samarium, Evropium, Gadohinium, Terbiur, Dysprosiam, Holmir, Erbiom, Tholivm,
Yiterbinm, or Lutetiurn. The actinide metal can be Actiniym, Thorium, Protactiniom, Uranigm,
Neptunium, Plotonum, Americium, Curtum, Berkelivm, Californtum, Finsteinium, Ferminm,

Mendelevium, Nobelium, or Lawrencium. The other metal can be Aluminum, Gallium, Indinm, Tin,
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Thallium, Lead, or Bismuth. The material may comprise a precious metal. The precious metal may
comprise gold, silver, palladium, ruthenium, rhodiom, osminm, iridium, or platinum. The material may
comprise at least about 40%, 50%, 60%, 70%, 80%, 90%, 93%, 97%, 98%, 99%, 99.5% or more precious
metal. The material may comprise at most about 40%, 50%, 60%, 70%, 80%, 90%, 95%, 97%, 98%, 99%,
99.5% or less precions metal. The material reay comprise precious metal with any value 1o between the
afore-mentioned values. The material mav comprise at least a minimal percentage of precious metal
according to the laws 1o the particular jurisdiction.

[BG176] In some embodiments, the metal alloy comprises iron based alloy, nickel based alloy, cobakt
based alloy, chrome based alloy, cobalt chrome based alloy, titanium based alloy, magnesinm based alloy,
scandiurn alloy or copper based alloy. The alloy may comprise an oxidation or corrosion resistant atloy.
The alloy may comprise a saper alloy {e.g., Inconel). The super alloy may comprise Inconel 600, 617,
025, 690, 718 or X~750. The allov may comprise an alloy used for acrospace applications, automotive
application, surgical application, or implant applications. The metal may include a metal used for
acrospace applications, automotive application, surgical application, or implamt applications. The super
allov mav comprise IN 738 LC, TN 939, Rene 80, IN 6203 (c.g.. IN 6203 DS), PWA 1483 {c.g., PWA
1483 SX), or Alloy 247,

[60177] In some embediments, the metal alloyvs comprise Refractory Allovs. The refractory metals
and allovs mav be used for heat coils, heat exchangers, furnace components, or welding clectrodes. The
Refractory Alloys may comprise a high melting point, low coefficient of expansion, mechanically strong,
low vapor pressure at clevated temperatures, high thermal conductivity, or bigh electrical conductivity.
D178} At times, the material {e.g., alloy or elemental) comprises a material used for applications in
industiics comprising acrospace (¢.8.. acrospace super alloys), jet engine, missile, automotive, maring,
locomotive, satellite, defense, oil & gas, energy generation, scriconductor, fashion, constroction,
agriculture, printing, or medical. The material may comprise an alloy vsed for products comprising,
devices, medical devices (human & veterinary), machinery, cell phones, semiconductor equipment,
generators, engines, pistons, electronics {e.g., circuits), electronic equipment, agriculture equipment,
motor, gear, fransmission, communication equipment, computing equipment (e.g., laptop, cell phone,
tablet, i-pad), air conditioning, generators, furniture, musical equipment, art, jewelry, cooking equipment,
or sport gear. The material may comprise an alloy nsed for products for human or veterinary applications
comprising implants, or prosthetics. The metal alloy may comprise an alloy used for applications in the
fields comprising human or veterinary surgery, implants {¢.g., dental), or prosthetics.

[8G6179] At times, the alloy includes a high-performance alloy. The alloy may include an alloy
exhibiting at least one of excellent mechanical strength, resistance to thermal creep deformation, good
surface stability, resistance 1o corrosion, and esistance to oxidation. The allov may include a face-
centered cubic austenitic crystal structure. The alloy may coraprise Hastelloy, Inconel, Waspaloy, Rerc
alloy {c.g., Rene-80, Rene-77, Rene-220, or Rene-41), Haynes alloy, Incoloy, MP93T, TMS alloy, MTEK
{e.g.. MTEK grade MAR-M-247 MAR-M-509, MAR-M-R41, or MAR-M-X-45) or CMSX {e.g,,
CMBSX-3, or CMSX-4). The alloy can be a single crystal alioy.
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{00186 In some instances, the iron-based alloy comprises Elinvar, Fermco, Ferroalloys, Invar, lron
hydride, Kovar, Spiegeleisen, Staballov (stainless steel), or Steel. In some instances, the metal allov is
steel The Ferroalloy mav comprise Ferroboron, Ferrocerium, Ferrochrome, Forromagnesinm,
Ferromanganese, Ferromolybdenum, Ferronickel, Ferrophosphorus, Ferrosilicon, Ferrotitanium,
Ferrouranium, or Ferrovanadium. The iron-based alloy may include cast iron or pig iron. The steel may
wnchude Bulat steel, Chromely, Cricible steel, Damascus steel, Hadfield steel, High speed steel, HSLA
steel, Maragiog steel, Maragiog steel (M300), Revnolds 5331, Silicon steel, Spring steel, Stainless steel,
Tool steel, Weathering steel, or Wootz stech. The high-speed steel may include Mushet steel. The stainless
steel may include AL-6XN, Alloy 20, celestrium, marine grade stainless, Martensitic stainless steel,
surgical staindess steel, or Zeron 100, The tool steel may inchide Sitver steel. The steel may comprise
stainless steel, Nickel steel, Nickel-chromium steel, Molybdenum steel, Chromium steel, Chrominm-
vanadinm steel, Tungsten steel, Nickel-clromiom-molybdenum steel, or Silicon-manganese steel. The
steel may be comprised of any Socicty of Automotive Engincers {SAE) grade such as 440F, 410, 312,
430 440A, 4408, 440C, 304, 305, 3041, 3041, 301, 304LN, 301LN, 2304, 316, 3161, 316LN, 3171,
2203, 409, 9041, 321, 2548SMO, 31671, 321H, 17-4, 15-5, 420 or 304H. The steel may comprise stainless
stoel of at least one crystalline structure sclected from the group consisting of austenitic, supcraustenitic,
ferritic, martensitic, duplex and precipitation~hardening martensitic. Duplex stainless steel mav be lean
duplex, standard duplex, super duplex or byper duplex. The staindess steel may comprise surgical grade
staindess stee] (¢.g., austenitic 316, martensitic 420 or martensitic 440). The austenitic 316 stainless steel
may include 3161 or 316L. VM. The steel may include 17-4 Precipitation Hardening steel (also known as
type 630 1s a chrominm-copper precipitation hardening stainless steel, 17-4PH steel). The stainless steel
may comprise 360L stainless stecl

j60181] At times, the titanium-based allovs inclode alpha allovs, near alpha allovs, alpha and beta
alloys, or beta alloys. The titaninm alloy may comprise grade 1, 2, 2H, 3.4, 5,6, 7, TH. 8, 9, 10, 11, 12,
13, 14, 15, 16, I16H, 17,18, 19, 20, 21, 2, 23, 2425 26, 26H, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38
or higher. In some instances, the titanium base alloy includes TiAlVy or TiALNDy.

{00 I82] At times, the Nickel based alloy include Alnico, Alumel, Chromel, Cupronickel, Ferronickel,
German sitver, Hastelloy, Inconel, Monel metal, Nichrome, Mickel-carbon, Nicrosil, Nisil, Nitinol,
Hastelloy X, Cobalt-Chromium or Magnetically "soft” alloys. The magnetically “soft” allovs may
comprise Mu-metal, Permallov, Supermalioy, or Brass. The Brass may inchide nickel hvdride, stainless or
coin silver. The cobalt alloy may inchide Megallium, Stelliie (e, g. Talounite), Ultimet, or Vitallinm, The
chrominm alloy may inchude chromiom bydeoxide, or Nichrome.

(BG183} At tines, the aluminum-based alloy inchide AA-8000, Al-Li (aluminum- lithium), Alnice,
Duratumin, Hiduminium, Kivron Magnalivm, Nambe, Scandium-alumisum, or, Y alloy. The magnesium
alloy may be Elektron, Magnox or T-Mg-Al-Za (Bergman phase) alloy. At times, the material exchudes
at Ieast one aluminum-based alloy (c.g., AlS1cMg).

(60184} At times, the copper based alloy comprise Arsenical copper, Berviiium copper, Billon, Brass,

Bronze, Constantan, Copper hydride, Copper—tungsten, Corinthian bronze, Cunife, Copronickel, Cymbal
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alloys, Devarda's alloy, Electrum, Hepatizon, Heusler allov, Manganin, Melybdechalkes, Nickel silver,
Nordic gold, Shakudo or Tumbaga. The Brass mav include Calamine brass, Chinese sitver, Dutch metal,
Gilding metal, Muntz metal, Pinchbeck, Prince's metal, or Tombac. The Bronze may include Aluminun:
bronze, Arsenical bronze, Bell metal, Florentine bronze, Guanin, Gunmetal, Glucvdur, Phosphor bronze,
Ormolu or Speculum metal. The copper allov may be a high-temperature copper alloy (¢.z., GRCop-84).
The elemental carbon may comprise graphite, Graphene, diamond, amorphous carbon, catbon fiber,
carbon panotube, or fullerene.

[BG 185} In some cmbodiments, the pre-transformed maicrial (¢.g., particulate material, such as powder
material, {also referred to herein as a “pulverous material”} comprises a solid. The particelate material
may comprise fine particles. The pre-transformed matenal may be a gramuddar material. The pre-
transformed material (e.g., powder) can be composed of individual particies. At least some of the particles
can be spherical, oval, prismatic, cubic, or irregularly shaped. At least some of the particles can have a
fundamental length scale (¢.g., diameter, spherical equivalent diameter, length, width, or diameter of a
bounding sphere). The fundamental length scale {(abbreviated herein as “FLS”) of at least some of the
particles can be from about 1 nanomcters (nm) to about 1000 micrometers (microns), 500 microns, 400
microns, 300 microns, 200 microns, 100 microns, 50 microng, 40 microns, 30 microns, 20 microns, 10
microns, 1 micron, 500 nm, 400 nm, 300 nm, 200 nm, 100 nm, 530 am, 40 am, 30 nm, 20 nm, 10 nm, or
Snm. At least some of the particles can have a FLS of at least about 1000 micrometers (microas), 500
micrans, 460 microns, 300 microns, 200 microns, 100 microns, 50 microns, 40 microns, 30 microns, 20
microns, 10 microns, 1 micron, 500 nm, 400 nm, 300 pm, 200 nm, 100 nm, 30 nm, 40 am, 30 nm, 20 nm,
10 nm, S nanometers (pm) or more. At least some of the particles can have a FLS of at most about 1000
micrometers {ncrons)y, 500 microns, 400 microns, 300 microns, 200 microns, 100 microns, S0 microns,
40 microns, 30 microns, 20 mwicrons, 10 microns, 1 micron, 500 nm, 400 nm, 300 am, 200 nm, 100 nm, 30
pn, 40 orn, 30 mm, 20 e, 10 nm, St or less. In some cases, at least some of the pre-transformed
material particles may have a FLS in between any of the afore-mentioned FLSs.

[60186] In some embodiments, the pre-transformed (¢.g.. particulate) material is composed of a
homogenously shaped particle mixture such that all of the particles have substantially the same shape and
FLS magnitude within at most about 1%, 5%, 8%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 30%, 60%,
T0%, or less distribution of FLS. In some cases, the powder can be a heterogencous nuxture such that the
particles have vanable shape and/or FLS magnitude. In some examples, at least about 30%, 40%, 50%,
60%, or 70% (by weight) of the particles within the powder material have a largest FLS that is smaller
than the median largest FLS of the powder material. In some examples, at least about 30%, 40%, 50%,
60%, or 70% (by weight) of the particles within the powder material have a largest FLS that is smaller
thao the mean largest FLS of the powder material.

[BG187] In some exarples, the size of the largest FLS of the transformed material (¢.g., height) is
greater than the (¢.g., average) largest FLS of the powder material by at least about 1.1 tires, 1.2 times,
1.4 times, 1.6 times, 1.8 times, 2 times, 4 times, 6 times, 8 times, or 10 times. In some examples, the size

of the largest FLS of the transformed material is greater than the (e.g., median) largest FLS of the powder
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material by at most about 1.1 times, 1.2 times, 1.4 ames, 1.6 times, 1.8 times, 2 times, 4 times, 6 times, 8
timaes, or 10 times. The powder material can have a (¢.g., median) largest FLS that is at least about 1jum,
Spm, 10pm, 20pm, 30um, 40pm, 50 wm, 100 pum, or 206 pm. The powder material can bave a (e.g.,
median) largest FLS that is at most about 1 pwm, Speoy 10pey, 20u0y 30pm, 40pm. 50 pm, 100 pow, or 200
wrn. In some cases, the powder particles may have a FLS in between any of the FLS histed above (e.g.,
from about 1um to about 2004um, from about 1pum to about 30Lm, or from about Sum to about 40um).
(80188} In another aspect provided herein is a system for generating a 3D object comprising. an enclosure
for accommodating at least onc layer of pre-transformed material (e.g., powder), an energy (€.8., energy
beam) capable of transforming the pre-transformed material to form a transformed material; and a
controller that dirccts the energy to at least a portion of the layer of pre-transformed material according to
a path (¢.g., as described herein). The transformed material may be capable of hardening to form at least a
portion of a 30 object. The system may comprise an energy sonrce, an optical sysiem, a femperature
control svstem, a matenal delivery mechanism {(e.g., a recoater), a pressure control systeni, an atmosphere
control svstem, an atmosphere, a pump, a nozzle, a valve, a sensor, a central processing unit, a display. a
chamber, or an instruction {¢.g., algorithm). The chamber may comprise a building platform. The system
for generating a 3D object and its components may be any 3D printing svstem such as, for example, the
omne described in Patent Application serial number PCT/US15/36802 filed on June 19, 20135, titled
“APPARATUSES, SYSTEMS AND METHODS FOR THREE-DIMENSIONAL PRINTING” orin
Provisional Patent Applicaiion serial number 62/317,070 filed April 1, 2016, titled “APPARATUSES,
SYSTEMS AND METHODS FOR EFFICIENT THREE-DIMENSIONAL PRINTING”, both of which
arc entirely incorporated herein by references.

{60189} In some cmbodiments, the 3D printing system {(¢.g., FIG. 1, 100) comprises a chamber {¢.g., FIG.
1, 126; FIG. 2, 216). The chamber may be referred herein as the “processing chamber.” The processing
chamber can include chamber walls (e.g.. FIG. 1, 107). The processing chamber may comprise an energy
beam {e.g., FIG. 1, 101; FIG. 2, 204). The energy beam can be generated by an encrgy source (e.g., FIG,
1, 121). The encrgy beam may be at least partially controlled by (e.g., pass through) an optical system
(c.g., FIG. 1, 120, or FIG. 4). The optical system may include optical components comprising a mirror, a
lens {e.g., concave or convex), a fiber, a beam guide, a rotating polygon, a prism, or any suitable
combination thereof. The energy beam can travel through a window (e.g., FIG. 1, 115) of the processing
chamber. The encrgy beam mayv be directed towards a platform (e.g., FIG. 1, comprising 109 and/or 102).
The energy beam may be divected towards an exposed surface of a material bed (c.g., FIG. 1, 119}, he
energy beam can traonsform at keast a portion of a pre-transformed material to a transformed matedal {(e.g.,
106). The transformed material may be directed (¢.g., streanwed) towards the platform. The pre-
transformed material may form a material bed (¢.g.. above the platform). The encrgy beam can transform
at least a portion {¢.g., a layer) of the material bed (c.g., of pre-transformed material (e g, powder)itoa
transformed material (e.g., 106} (¢.g., a layer of transformed material). The 3D printing system may
comprise one or more modules (e.g., FIG. 2, 201, 202, and 203). The one or more modules may be

referred herein as the “build modules.” At times, at least one build module {e.g., FIG. 1, 130) mav be
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situated in the enclosure comprising the processing chamber (e.g., FIG. 1, 126). At times, at least one
build module may engage with the processing chamber (¢.g., FIG. 1), At times, at Icast one build module
may not engage with the processing chamber (e.g., FIG. 2). At times, a plurality of build modules (c.g.,
FIG. 2, 201, 202, and 203) may be situated in an enclosure (¢.g., FIG. 2, 200) comprising the processing
chamber {e.g., FIG. 2, 210). At times, the build moduke may be connectad fo, or may comprise an
autonomeous guided vehicle (AGV). The AGV may have at least one of the following: a movement
mechamsm (2.g., wheels), positional (¢.g.. optical) sensor, and controller. The controller may cnable self-
docking {(e.g., to a docking station) and/or self-driving of the AGV. The sclf-docketing and/or self-driving
may be to and from the processing chamber. The build module may reversibly engage with {¢.g., couple
10} the processing chamber. The engagement of the build module with the processing chamber may be
controfled (e.g., by a controller). The control may be automatic and/or manual. The engagement of the
build module with the processing chamber may be reversible. In some embodiments, the engagement of
the build module with the processing chamber may be permanent.

(80196} In some embodiments, at least one of the build modules has at least one controlier. The controller
may be ifs own controller. The controller may be different than the controlier controlling the 3D printing
process and/or the processing chamber. The translation facilitator (e.g., build module delivery system)
may comprise a controller (e.g., ts own controlier). The controller of the translation facilitator may be
different than the controller controlling the 3D printing process and/or the processing chamber. The
controller of the translation facilitator may be different than the controller of the build module. The build
module controller and/or the translation facilitator controller may be a microcontroller. At times, the
controller of the 3D printing process and/or the processing chamber may not 1oteract with the controller of
the build module and/or translation facilitator. At tires. the controller of the build modude and/or
translation facilitator may not interact with the controller of the 3D printing process and/or the processing
chamber. For exarple, the controller of the build module may got interact with the controller of the
processing chamber. For example, the controller of the translation facilitator may not interact with the
controller of the processing chamber. The controller of the 3D printing process and/or the processing
chamber may be able to interpret one or more signals emitted from (e.g., by) the build module and/or
transiation facilitator. The controller of the build module and/or translation facilitator may be able to
interpret one or more signals cmitted from (¢.g., by) the processing chamber. The one or more signals may
be electromagnetic, electronic, magnetic, pressure, or sound signals. The clectromagnetic signals may
cormprise visible light, infrared, ultraviolet, or radio frequency signals. The electromagaetic signals may
comprise a radic frequency identification signal (RFIDY). The RFID may be specific for a build module,
user, entity, 3} object model, processor, matenal type, printing instraction, 3D print job, or any
combination thereof.

(80181} In some embodirnents, the build module controlier controls the translation of the build module,
sealing status of the build module, atmosphere of the build module, engagement of the build module with
the processing chamber, exat of the build module from the enclosure, entry of the build module into the

enclosure, or any combination thereof, Controlling the scaling status of the build module may comprise
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opening or closing of the build module shutter. The build module controller may be able to interpret
signals from the 3D printing controlier and/or processing chamber controlier. The processing chamber
controller may be the 3D printing controller. For example, the build module controller may be able to
interpret and/or respond to a signal regarding the atmospheric conditions in the load lock. For example,
the build module controlier may be able to interpret and/or respond to a signal regarding the completion of
a 3D printing process (¢.g.. when the printing of a 3D object is complete). The build module may be
connected to an actuator. The actuator may be translating or stationary. The controller of the build module
may direct the transiation facilitator {e.g., actuator) to translate the build module from one positon to
another (e.g., arrows 221-224 in FIG. 2), when transiation is possible. The translation facilitator may be a
build module delivery systern. The translation facilitator may be autonomous. The translation facilitator
may operate independently of the 3D prinder (e.g., mechanisms directed by the 3D printing controller).
The transiation facilitator (¢.g., build module delivery system) may comprise a controflor and/or a motor.
The transiation facilitator may comprise a machine or a human. The translation is possible, for exampie,
when the destination position of the build module is empty. The controller of the 3D printing and/or the
processing chamber may be able to sense signals emitted from the controller of the build module. For
example, the controller of the 3D printing and/or the processing chamber may be able to sense a signal
processing chamber. The sigoal from the build module may comprise reaching a certain position b space,
reaching a certain atruospheric characteristic theeshold, opening, or shutting the build platform closing, or
engaging or disengaging (e.g., docking or undocking) from the processing chamber. The build module
may comprise one or o sensors, For exaraple, the build module may comprise a proxinuily, movement,
fight, sounds, or touch sensor.

{66192} In some cmbodiments, the build module {s inchuded as part of the 3D printing system. In some
crabodiments, the build module 1s separate from the 3D prianting system. The build modulc may be
independent (e.g., operate independently) from the 3D printing system. For example, build module may
comprise their own controlier, motor, clevator, build platform, valve, channel, or shutter. In some
cmbodiments, one or more conditions differ between the build medule and the processing chamber, and/or
among the different build modules. The difference may comprise different pre-transformed materials,
atmospheres, platforms, tenperatures, pressures, mmidity levels, oxvgen levels, gas (e.g., inert), traveling
speed, traveling method, acceleration speed, or post processing treatment. For example, the relative
velocity of the various build modules with respect to the processing chamber may be different, similar, or
substantially similar. The build platforon mayv undergo different, sirailar, or substantially similar post
processing treatment (e.g., further processing of the 3D object and/or material bed after the generation of
the 3D object in the material bed 1s complete).

(80183} In some cxamples, a build modale translates relative to the processing chamber. The translation
may be parallcl or substantially paraliel to the bottom surface of the build module (e.g., build chamber).
The bottom surface of the build module is the one closest to the gravitational center. The translation may

be at an angle (e.g., planar or compound) relative to the bottom surface of the build module. The
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transiation may use any device that facilitates transiation (¢.g., an actuator). For example, the translation
facilitator may comprise a robotic arm, convever (¢.g., convevor belt), rotating screw, or a moving surface
(c.g., platform). The translation facilitator may comprise a chain, rail, motor, or an actuator. The
transiation facilitator may comprise a conmponent that can move another. The movement may be
controlled {e.z., using a controller). The movement may comprise using a control signal and source of
energy (¢.£., electricity ). The translation facilitator may use electricity, pneumatic pressure, hydraulic
pressure, or human power,

(80184} In some embodirnents, the 3D printing syster comprises at least £, 2,3, 4, 5,6, 7,8, 9, or 10
build modales. FIG. 2 shows an example of three build modudes (¢.g., 201, 202, and 203) and ong
processing charaber 210, At least one build module may ¢ngage with the processing chamber to expand
the interior vohime of the processing chamber. During at least a portion of the 3D printing process, the
atmospheres of the chamber and enclosure may merge. At times, during at least a portion of the 3D
printing process, the atmospheres of the chamber and enclosure may remain separate. During at least a
portion of the 3D printing process, the atmospheres of the build module and processing chamber may be
separate. The build module may be mobile or stationary. The build module may comprisc an clevator. The
clevator may be operatively coupled with {¢.g., connected to) a platform (¢.g., building platform). The
clevator may be reversibly connected to at least a portion of the platform (e.g., to the base). The elevator
may be irreversibly connected to at least a portion of the platform (2.2, to the substrate). The platform
may be separated from one or more walls (e.z., side walls) of the build module by a seal {e.z., FIG. 2,
211 FIG. 1, 103). The seal may be imperowable or substantially timpermeable 1o gas. The seal may be
permeable to gas. The seal may be flexible. The seal may be elastic. The seal may be bendable. The seal
may be compressible. The seal may comprise rubber {e.g.. latex), Teflon, plastic, or silicon. The scal may
comprise a mesh, membrane, sicve, paper {¢.g., filter paper), cloth (¢.g., felt), or brush. The mesh,
membrane, paper and/or cloth may comprise randomly and/or non-randomly arranged fibers. The paper
may comprise a HEPA filter. The seal may be permeable to at least one gas, and impermeable to the pre-
transformed (e.g., and to the transformed) material. The scal may not allow a pre-transtformed (e.g., and to
the transformed) material to pass through.

[80195] In some examples, the build module and/or processing chamber compriscs an openable shutter,
For example, the build module and processing chamber may each comprise a separate openable shutter.
The shutter may be a seal, door, blockade, stopple, stopper, plug, piston, cover, roof, hood, block, stopple,
obstruction, lid, closure, or a cap. The shutter mav be opened upon ¢ngagement of the buidd module with
the processing chamber. FIG. 3A shows an example of a processing chamber (e.g.. FI(5. 3A. 310) and a
build module (e.g.. FIG. 3A. 320). The processing chamber comprises the energy beam {e.g., FIG. 3A,
311). The build module comprises a build platform comprising a substrate (e.g., FIG. 3A, 321), a base
{e.g.. FIG. 3A, 322), and an ¢levator shaft (e.g.. FIG. 3A, 323) that allows the platform o move vertically
up and down. The build module (e.g., FIG. 3A, 320} may comprisc a shutter (e.g., FIG. 3A, 324). The
processing chamber (e.g., FIG. 3A, 310) may comprise a shutter (e.g., FIG. 3A, 312). The shutter may be

openable. The shutter may be removable. The removal of the shutter may comprise manual or automatic
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removal. The build module shutter may be opened while being connected to the build module. The
processing chamber shutier may be opened whilc being connected to the processing chamber (e.g.,
through connector). The shutter connector may comprise a hinge, chain, or a rail. In an example, the
shutter may be opened in a manner similar to opening a door or a window. The shuttcr may be opened by
swiveling {¢.z., similar to opening a door or a window held on a hinge). The shutter may be opened by its
remaval from the opening which it blocks. The removal may be goided (e.g., by a rail, arm, pulley. crane,
or conveyor). The guiding mav be using a robot. The guiding may be using at least one motor and/or gear.
The shutter may be opened while being disconnected from the build module. For example, the shutter may
be openced similar to opening a id. The shutter may be opened by shifting or shiding (e.g.. to a side). FIG.
3B shows an example where the shotter (FIG. 3B, 374) of the build module (FI1G. 3B, 370¢) isopennin g
way that 1s disconnected from the build module. FIG. 3B shows an example where the shutter (FIG. 3B,
354) of the processing chamber (FIG. 3B, 350 is open in a way that is disconnected from the processing
chamber.

(80196} In some embodiments, the build module, processing chamber, and/or enclosure comprises ong or
more scals. The seal may be a sliding scal or a top seal. For example, the build module and/or processing
chamber may comprise a sliding scal that meets with the exterior of the build module upon engagement of
the build module with the processing chamber. For example, the processing chamber may comprisc a top
seal that faces the build module and is pushed upon engagement of the processing chamber with the build
module. For example, the build module may coraprise a top seal that faces the processing chamber and is
pushed vpon engagement of the processing chamber with the build module. The seal may be a face seal,
or compression seal. The seal may comprise an O-ning.

{66197} In some examples, the build module, processing chamber, and/or enclosure are scaled, scalable, or
open. The atmosphere of the build module, processing charber, and/or enclosure may be regulated. The
build modude may be sealed, sealable, or open. The processing chamber may be sealed, sealable, or open.
The enclosure may be sealed, scalable, or open. The build module, processing chamber, and/or enclosure
may comprise a valve and/or a gas opening port. The valve and/or a gas opening port may be below, or
above the building platform. The valve and/or a gas opening port may be disposed at the horizontal plane
of the build platform. The valve and/or a gas opening port may be disposed at the adjacent to the build
platform. The valve and/or a gas opening port may be disposed between the processing chamber and the
build module. FIG. 3A shows an example of a channel 315 that allows a gas to pass through, which
chaonel has an opening port 317 disposed between the processing chamber 310 and the build module 320.
FIG. 3A shows an example of a valve 316 that is disposed along the channel 315, The valve may allow at
lcast ong gas to travel through. The gas may enter or exit through the valve. For example, the gas may
enter or exit the build module, processing chamber, and/or enclosure through the valve. Tn some
embodiments, the atmosphere of the build modaule, processing chamber, and/or enclosure may be
ndividually controlied. In some erbodiments, the atmosphere of at least two of the build module,
processing chamber, and enclosure may be separately controlled. In some embodiments, the atmosphere

of at least two of the build module, processing chamber, and enclosure mayv be controlied in concert (e.g.,
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simultaneously). In some embodiments, the atmosphere of at least one of the build module, processing
chamber, or enclosure may be controlled by controlling the atmosphere of at least one of the build
maodule, processing chamber, or enclosure in any combination or permutation. In some examples, the
atmosphere in the build module is not controllable by controlling the atmosphere in the processing
chamber,

(D0 198] In some examples, the 3D printiog systen: coraprises a load lock. The load lock may be disposed
between the processing chamber and the buidd medele. The load lock may be formed by engaging the
build modale with the processing chamber. The load lock may be scalable. For example, the load lock
may be sealed by engaging the build module with the processing chamber (e.g., directly, or indirectly).
FIG. 3A shows an example of a foad lock 314 that is formed when the build module 320 is engaged with
the processing chamber 310. An exchange of atmosphere may take place in the load lock by evacuating
gas from the load lock {e.g., through channel 315) and/or by inserting gas {e.g., through channel 315). In
some cmbodiments, the load lock may comprise one or more gas opening ports. At times, the load lock
may comprise one or more gas transport channels. At times, the load lock may conprise one or more
valves. A gas transport channel may comprise a valve. The opening and/or closing of a first valve of the
3D printing system may or may not be coordinated with the opening and/or closing of a second valve of
the 3D printing system. The valve may be controlied automatically (¢.g., by a controiler) and/or marmally.
The load lock may comprise a gas entry opening port and a gas exit opening port. In some cmbodiments, a
pressure below ambient pressure (e.g., of | atmosphere) is formed in the load lock. In scime embodiments,
a pressuie exceeding ambient pressure {e.g., of 1 atmosphere) 1s formed in the load lock. At times, doning
the exchange of load lock atmosphere, a pressure below and/or above ambient pressure if foomed in the
load lock. At times, a pressure cqual or sobstantially cqual to arabient pressare is maintained (¢.g.,
automatically, and/or manually) 1o the load lock. The load lock, building module, processing chamber,
and/or enclosure may comprise a valve. The valve may comprise a pressure relief, pressure release,
pressure safety, safety relief, pilot~operated relief, low pressure safety, vacoum pressure safety, low and
vacuum pressure safety, pressure vacuum release, snap acting, or modulating valve. The valve may
comply with the legal industry standards presiding the jurisdiction. The volume of the load lock may be
smalier than the volume within the build module and/or processing chamber. The total volume within the
load lock may be at most about 0.1%, 0.5%, 1%, 5%, 10%, 20%, 30%, or 80% of the iotal volume
encorapassed by the build module and/or processing chamber, The total volume within the oad lock may
be between any of the aforc-mentioned percentage values (e.g., from about 0.1% to about 80%, from
about 0.1% to about 3%, from about 3% to about 20%, from about 20% to about 30%, or from about 50%
1o about 80%). The percentage may be vohime per volume percentage.

(80199} In some embodiments, the atmosphere of the build module and/or the processing chamber is
fhidly connected to the atmosphere of the load lock. At times, conditioning the atmosphere of the load
lock will condition the atmosphere of the build modele and/or the processing charnber that is fhuidly

comnected to the load lock. The fhind connection may comprise gas flow. The fluid connection may be
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through a gas permeable seal and/or through a channel (e.g., a pipe). The chamnel may be a scalable
chaonel (e.g., using a valve).

(00206} In some embodiments, the shutter of the build module engages with the shutier of the processing
is within a certain gap distance from the processing chamber shutter, the build module shutier engages
with the processing chamber shutter. The gap distance may trigger an engagement mechanisor. The gap
trigger may be sufficient to allow sensing of at least one of the shutters. The engagement mechanism may
comprise magnetic, clectrostatic, clectne, hydraulic, poneurmatic, or physical force. The physical force may
comprise manual force. In some embodiments, a build modale shutter may be attracted upwards toward
the processing chamber shutter and a processing chamber shutter may be attracted upwards toward the
build module shutter. A single unit may be formed from the processing chamber shutter and the baild
module shutter, that is transferred away from the energy beam. In the single unit, the processing chamber
shutter and the build module shutter may be held together by an engagement mechanism. Subsequent to
the engagement, the single unit may transfer (e.g., relocate, or move) away from the encrgy beam. For
cxample, the engagement may trigger the transferring (c.g., relocating) of the build module shutter and the
processing chamber shutter as a single unit.

(602011 In some cxamples, removal of the shutter {e.g., of the build module and/or processing chamber)
depends on an atmospheric characteristic {¢.g., within the build module or the processing chamber). At
times, removal of the shutter (¢.g., of the build module and/or processing chamber) may depend on
reaching a certain (e.g., predeterniined) level of an atmospheric characteristics coraprising a gas content
(¢.z., relative gas content), gas pressure, oxygen level, humidity, argon level, or nitrogen level For
example, the cerain level may be an equilibrium between an atmosphenc characteristic in the build
modunle and that atmospheric characteristics in the processing charaber.

{66262} In some cmbodiments, the 3D printing process imtiates after merging of the build module with the
processing chamber. At the beginning of the 3D printing process, the build platform may be at an elevated
position (¢.g., FIG. 3B, 371). At the end of the 3D printing process, the build platform may be ata
vertically reduced position (¢.g., FI1G. 2, 213). The bulding module may translate between three positions
during a 3D printing mn. The build module may enter to the enclosure from a position awayv from the
toward the processing chamber (e.g., FIG. 2, 202), and engage with the processing chamber (¢.g., as
descrbed berein, for example. 1o FIG. 3B} The layer dispensing mechanism and energy beam can
transiate and form the 31 object adjacent to the platform, while the platform gradually lowers its vertical
position to facilitate layer-wise forpation of the 3D object. The layer dispensing mechanism and encrgy
beam can translate and form the 3D object within the material bed (e.g.. as described herein), while the
platfornm gradually lowers its vertical position to facilitate layer-wise formation of the 3D object. The
layer dispensing mechanism (also referred to herein as a material bandling device or layer forming device)
can be used to form a portion of the material bed. The layer forming device can dispense material, remove

material, and/or shape the material bed (¢.g., a laver of material of the material bed). The material can
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comprise a pre-transformed material or a debris. Shaping the matenal bed may comprise altering a shape
of the exposed surface of the material bed, e.g., planarizing the exposed surface of the material bed. The
laver forming device can be in a layer forming mode when dispensing the material and/or shaping the
material bed. The layer forming device can be in a parked mode when the laver forming device isina
parked position. The laver dispensing mechanism can dispense matenal at a dispensing rate of at least
about at 50 grams/second (g/s). 55 g/s, 60 g/s, 70 gfs, 80 g/s, 84 g/s, 90 g/s, 100 g/s, 120 g/s, 150 g/s, 200
#/s, or 500 g/s. The dispensing rate can be between any of the afore-mentioned dispensing rates (e.g., from
about 50 g/s to about 100 g/s, from about 80 g/s to about 120 g/s, from about 84 g/s to about 500 g/s, from
about 535 g/s to about 500 g/s or from about 60 g/s to about 200 g/s). The laver dispenser mecharism can
dispense a layer of a height of at Jeast about 100 microns (um), 150 pow, 200 pm, 230 wm, 300 wm, 350
prn, 400 prn, 450 pm, 300 um, 550 pm, 600 pm, 630 wm, 700 um, 730 pun, 800 pun, 850 up, 900 wm or
950 um. The height of material dispensed in a laver of material can be between any of the afore-
mentioned amounts (¢.g., from about 100 pm 10 about 650 pm, from about 200 wm to about 950 um, from
about 350 pum to about 800 pum, from about 100 pm o about 930 um). The time taken to dispense a layer
of material can be at Icast about 0.1 seconds (sec), 0.2 sec, 0.3 sec, 0.5 see, 1 sec, 2 sec, 3 sec, 4 sec, 5 seg,
8 sec, 9 sec, 10 sec, 15 sec or 20 sec. The time taken to dispense a laver of material can be between any of
the afore-mentioned times (¢.g., from about 0.1 seconds 1o about 20 seconds, from about 0.2 seconds to
about I second, from about 3 seconds o about 5 scconds, from about 0.5 seconds to about 20 seconds).
(60283} In some cmbodiments, once and/or after the 31 object printing is complete (e.g., FIG. 2, 214), the
build module disengages from the processing chamber and translate away from the processing chamber
engagement position {e.g., FIG. 2, 203). Disengagement of the build madule from the processing chaoiber
may inclade closing the processing chamber with its shutter, closing the build modude with its shutter, or
both closing the processing chamber shutter and closing the build module shutter. Disengagement of the
build module from the processing charber may include maintaining the processing chamber atrmosphere
to be separate from the enclosure atmosphere, maintaining the build module atroosphere to be separate
from the enclosure atmosphere, or maintaining both the processing chamber atmosphere and the build
atmosphere separate from the enclosure atmosphere. Disengagement of the build module from the
processing chamber may include maintaining the processing chamber atmosphere to be separate from the
ambient atmosphere, maintaining the build module atmosphere to be separate from the ambient
atmosphere, or maintaining both the processing chamber atmosphere and the build atmosphere separate
from the ambient atmosphere. The building platform that is disposed within the build module before
engagerment with the processing chamber, may be at its top most position, bottom most postiion, or
anywhere between its top most position and bottom most positios within the build module.

[D0284] At times, the usage of sealable build modules, processing chamber, and/or unpacking chamber
allows a small degree of operator intervention, low degree of operator exposure 10 the pre-transformed
material, and/or low down (¢.g., shut down) time of the 3D printer. The 3D printing system may operate
most of the time withouot an interniission. The 3D panting system may be uttlized for 3D printing most of

the time. Most of the time mayv be at least about 50%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% of
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the time. Most of the time may be botween any of the afore~mentioned values (¢.g., from about 50% to
about 99%, from about 80% to about 99%, from about 90% to about 99%., or from about 93% to about
99%0 of the time. The entire time includes the time during which the 3D printing system prings a 3D
object, and time during which it does not print a 3D object. Most of the time mayv include operation during
seven days a week and/or 24 hours during a day.

(00285} In some embodiments, the 3D printing requires assistance by one or maore operators. At times, the
3D panting system requites operation of maxiroum a single standard daily work shift. The 3D priating
sysiein may require operation by a human operator working at most of about 8 howrs (h), 7h, 6h, Sh, 4h,
3h, 2h, 1h, or 0.5h a day. The 3D pripting system may reguire operation by a human opertator working
between any of the afore-mentioned time frames (e.g., from aboul 8k to abowt 0.5k, from about 8h to
about 4h, from about 6h t¢ about 3h, from abowt 3hto about 0.5k, or from about 2h o about 8.5h a day).
The 3D printing system may require operation of maximum a single standard work week shift. The 3D
printing system may require operation by a human operator working at most of about 50h, 40 h, 30h, 20h,
10h, 5h, or 1h a weck. The 3D printing system may require operation by a human operator working
between any of the aforc-mentioned time frames (e.g., from about 40h to about 1h, from about 40h to
about 20h, from about 30h to about 10h, from about 20h to about 1h, o1 from about 10h to about tha
week). A single operator may support dudng his daily and/or weeklv shiftatleast 1, 2,3, 4,5, 6,7, 8, 9,
or 10 3D printers (i.e., 3D printing systems).

(60286} In some cmbodiments, the enclosure and/or processing chamber of the 3D printing syster s
openied to the ambient envitonment sparioagly (¢.g., during, before, and/or after the 3D printing). In some
cribodiments, the enclosure and/or processing chamber of the 3D printing svstem may be opened by an
operator {2.g., human) sparingly. Sparing ¢pening may be at most once inat most every £, 2,3, 4, 01 5
weeks. The weeks may comprise weeks of standard operation of the 3D printer.

{66287} In sorme cmbodiments, the 3D printer has a capacity of 1, 2, 3, 4, or 5 full prints in terms of pre-
transformed material (¢.g., powder) reservoir capacity. The 3D printer may have the capacity to print a
plurality of 3D objects in parallel. For example, the 3D printer may be able to printatleast 2, 3,4, 5,6, 7,
8.9, or 10 3D objects in parallel.

[80208] In some embodiments, the printed 3D object 15 wetricved soon after torminating the last
transformation operation of at least a portion of the material bed. Soon after terminating may be at most
about 1 day, 12 hours, 6 hours, 3 hours, 2 hours, 1 hour, 30 minutes, 15 minutes, 5 minutes, 240 seconds
{sec}), 220 sec, 200 sec, 180 sec, 160 sec, 140 sec, 120 sec, 100 sec, 80 sec, 60 sec, 40 sec, 20 sec, 10 sec,
9 sec, 8sec, 7 sec, 6 sec, S sec, 4 sec, 3 sec, 2 see, or 1 sec. Soon afier terminating may be between any of
the afore-mentioned time values (e.g., from about 1s to about 1day, from about ks to about Thowr, from
about 30 minutes to about tdav, or from about 20s to about 240s).

(06289} In some embodiments, the 3D printer has a capacity of 1, 2, 3, 4, or 5 {ull prints before requiring
homan intervention. Human intervention may be required for refitling the pre-transformed (¢.g., powder)
material, unloading the build modules, unpacking the 3D object, or any combination thercof. The 3D

printer operator may condition the 3D printer at any time during operation of the 3D printing system {¢.g.,
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during the 3D printing process). Conditioning of the 3D printer may comprise refilling the pre-
transformed material that is used by the 3D printer, replacing gas source, or replacing filters. The
conditioning may be with or without interrupting the 3D printing system. For example, refilling and
unioading from the 3D printer can be done at any tune during the 3D printing process without interrapting
the 3D priating process. Conditioning may coraprise refreshing the 3D printer.

(80218} In some embodiments, the 3D printer comprises at least one filicr, The filter may be a ventilation
filter. The ventilation filter may capture fine powder from the 3D printing system. The filter may comprise
a paper filter such as a high-cfficiency particolate arrestance (HEPA) filter (aka., high-efficiency
particulate arresting or high-efficiency particulate air filter). The ventilation filier may captore spatter. The
spatter may result from the 3D printing process. The ventilator may direct the spatter in a desired direction
{c.g.. by using posilive or negative gas pressure). For example, the ventilaior may use vacuum. For
example, the venttlator may usc gas blow.

(80211} In some embodiments, the time lapse between the end of printing in a first matenal bed, and the
beginning of printing in a second material bed 1s at most about 60minutes (min), 40min, 30min, 20min,
15min, 10min, or 5 min. The time lapse between the end of printing in a first material bed, and the
beginning of printing in a second material bed may be between any of the afore-mentioned times (e.g.,
from about 60min to abo Smin, from about 60min to about 30min, from about 30min to about Smin, from
about 20min to about 5 ouin, from about 20min to about 10 min, or from about 15 min to about Smin). The
speed during which the 3D printing process proceeds is disclosed in Patent Application serial oumber
PCT/US15/36802 that is incorporated herein in its entirety.

(606212} In some cmbodiments, the 3D object is removed from the material bed after the completion of the
3D printing process. For example, the 3D object may be removed from the material bed when the
transformed material that formed the 3D object hardens. For example, the 3D object may be removed
from the material bed when the transformed matenal that formed the 3D object is no longer susceptible to
deformation under standard handling operation {¢.g., human and/or machine handling).

(60213} At times, the generated 3D object requires very little or no further processing after its retnieval.
Further processing may be post printing processing. Further processing may comprise tnimning, as
disclosed herein. Further processing may comprise polishing (e.g., sanding). In some cases, the generated
3D object can be retrieved and finalized without removal of transformed material and/or auxiliary support
features.

(B0214} In some examples, the generated 3D object adheres (¢.g., substantially) to a requested model
of the 3D object. The 3D object (¢.g., solidificd material) that is generated can have an average deviation
vahie from the intended dimensions (e.g., of a desired 3D obiject) of at most about 0.5 aricrons (um), 1
pm, 3w, 10 wm, 30 um, 100 pwm, 300 pm or less from a requested model of the 3D object. The
deviation can be any value between the afore-mentioned values. The average deviation can be from about
0.5 pm to about 300 wm, from about 10 pum to about 30 um, from about 15 wum to about 85 um, from
about 3 pm to about 435 um, or from about 15 um to about 35 pm. The 3D object can have a deviation

from the inlended dimensions in a specific direction, according to the formula Dv +L/Kq,, wherein Dv is a
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deviation value, L is the length of the 3D object in a specific direction, and K, is a constant. Dv can have
a value of at most abowt 300 um, 200 um, 100 pm, 36 um, 40 tom, 30 wm, 20 pm, 106 pm, 5 pm, 1 wm, or
0.5 wm. Dv can have a value of at least about 0.5 um, 1 pm, 3 wm, 5 um, 10 pm, 20um, 30 pm, 50 pm,
T0ur, 100 wm, 300 pmoor less. Dv can bave any value between the afore-mentioned vahies. For exanple,
Dv can have a value that is from abont 0.5 wm to about 300 pum, from about 10 um to abowt 50 wum, from
about 15 pum to about 85 um, from about 5 wm to about 45 pm, or from about 15 pun o about 35 um. Ky
can bave a value of at most about 3000, 2500, 2000, 1500, 1000, or 300. K4 can have a value of at least
about 500, 1000, 1500, 2000, 2500, or 3000, K4, can have any vahic between the afore-mentioned values.
For cxample, Kgy can have a value that is from about 3000 to about 500, from about 1000 to about 2500,
from abowt 300 to about 2000, from abowt 1000 o about 3000, or from about 1000 to about 2500,

[BO215} At umes, the generated 3D object (ic., the printed 3D object) docs not require further processing
following its gencration by a method described herein. The printed 3D object may require reduced amoont
of processing after its generation by a method described herein. For example, the printed 3D object may
not require removal of auxiliary support (e.g., since the printed 3D object was generated as a 3D object
devoid of auxiliary support). The printod 3D object may not require smoothing, flattening, polishing, or
leveling. The printed 3D object may not require further machining. In some examples, the printed 3D
object may reguire one or more ireatment opeorations following its generation (€.g., post gencration
treatment, or post printing treatrment). The further treatment step(s) may comprise surface scraping,
machining, polishing, grinding, blasting (¢.g., sand blasting, bead blasting, shot blasting, or div ice
blasting), anoealing, or chemical treatment. The further treatment may comprise physical or chemical
treatment. The further treatment step(s) may comprise ¢lectrochemical treatment, ablating, polishing {¢.g.,
clectro polishing}, pickling, grinding, homng, or lapping. In some examples, the printed 3D object may
requite a single operation {e.g., of sand blasting) following its formation. The printed 3D object may
require an operation of sand blasting following its formation. Polishing may comprise electro polishing
{¢.g., clectrocherical polishing or clectrolytic polishing). The further treatment may comprise the vse of
abrasive(s). The blasting mav comprise sand blasting or soda blasting, The chemical treatment may
comprise use or an agent. The agoent may comprise an acid, a base, or an organic compound. The further
treatment step(s) may comprise adding at least one added laver (¢.g.. cover layer). The added layer may
comprise lanunation. The added laver may be of an organic or inorganic material. The added laver may
comprise clemental metal, metal alloy, ceramiic, or elemental carbon. The added layer may comprise at
least one material that compaoses the printed 3D object. When the printed 3D object undergocs further
treatment, the bottern most sueface layer of the treated object may be different thas the original bottom
maost surface layer that was formed by the 3D pasting (e.z., the bottom skin laver).

(B0216} At times, the methods described bherein are performed in the enclosure (e.g., container,
processing chamber, and/or build module). One or more 3D objects can be formed {(e.g., gencrated, and/or
printed) in the enclosure {e.g., simpltancousty, and/or sequentially). The enclosure may have a

predetermined and/or controlled pressure. The enclosure may have a predetermined and/or controlled
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atmosphere. The control may be mamual or via a control system. The atmosphere may comprise at least
One gas.

(80217} In some examples, the enclosure compriscs ambient pressure (¢.g., | atmosphere), negative
pressure (i.e., vacuum) or positive prossure. Different portions of the enclosure may have different
atmospheres. The differcat atoxospheres may comprise different gas compositions. The different
atmospheres may comprise different atmosphere teraperatures. The different atoospheres may cooprise
ambient pressure (€.g., | atmosphere), negative pressure (1.¢., vacuum) or positive pressure. The different
portions of the enclosure may comprise the processing charnber, build modele, or enclosure volume
excluding the processing chamber and/or build module. The vacoum may compnse pressure below 1 bar,
or below | atmosphere. The positively pressanzed environment maay comprise pressure above 1 bar or
above 1 atmosphere. The pressure in the enclosure can be at least about 107 Torr, 10 Torr, 107 Torr, 107
Torr, 107 Torr, 107 Torr, 107 Torr, 1 Torr, 10 Torr, 100 Torr, 1 bar, 2 bar, 3 bar, 4 bar, 5 bar, 10 bar, 20
bar, 30 bar, 40 bar, 50 bar, 100 bar, 200 bar, 300 bar, 400 bar, 300 bar, 1000 bar, or 1100 bar. The
pressure in the enclosure can be at least about 100 Torr, 200 Torr, 300 Torr, 400 Torr, 500 Torr, 600 Torr,
700 Torr, 720 Torr, 740 Torr, 730 Torr, 760 Torr, 900 Torr, 1000 Torr, 1100 Torr, or 1200 Torr, The
pressure in the enclosure can be between any of the afore-mentioned enclosure pressure values {e.g., from
about 107 Torr to about 1200 Torr, from about 107 Torr to about 1 Torr, from about 1 Torr to about 1200
Torr, or from about 107 Torr to about 10 Torr). The charaber can be pressurized to a pressure of at least
107 Tore, 10° Torr, 107 Torr, 107 Tory, 107 Tort, 107 Torr, 107 Torr, 1 Torr, 10 Torr, 100 Torr, 1 bar, 2
bar, 3 bar, 4 bar, 5 bar, 10 bar, 20 bar, 30 bar, 40 bar, 50 bar, 100 bar, 200 bar, 300 bar, 400 bar, 300 bar,
or 1000 bar. The chamber can be pressurized to a pressure of at most 107 Torr, 10 Torr, 167 Torr, 107
Torr, 107 Torr, 107 Torr, 10 Torr, 1 Torr, 10 Torr, 100 Tory, 1 bar, 2 bar, 3 bar, 4 bar, 3 bar, 10 bar, 20
bar, 30 bar, 40 bar, 50 bar, 100 bar, 200 bar, 300 bar, 400 bar, 500 bar, or 1000 bar. The pressure in the
chamber can be at a range between any of the afore-mentioned pressure values (e.g., from about 107 Torr
to about 1000 bar, from about 107 Torr to about 1 Torr, from about 1 Torr to about 100 Barr, from about 1
bar to about 10 bar, from about 1 bar to about 100 bar, or from about 100 bar to about 1000 bar). In some
cases, the chamber prossure can be standard atmospheric pressure. The pressure may be measured at an
ambient temperature (e.g., room femperature, 20°C, or 25°C).

(80218} In some embodiments, the enclosure includes an atmosphere. The enclosure may comprisc a {c.g.,
substantially) inert atmosphere. The atmosphere in the enclosure may be (c.g., substantially) depleted by
one or mote gases preseat in the ambient atmosphere. The atmospbere in the enclosure may include a
reduced level of one or more gases relative to the ambient atmosphere. For exanmple, the atmosphere may
be substantially depleted, or have reduced levels of water (i.¢.. humidity), oxyges, nitrogen, carbon
dioxide, hydrogen sulfide, or agy combination thereof. The level of the depleted or reduoced level gas may
be at most about | ppro, 10 ppim, 56 ppm, 100 ppo, 500 ppm, 1000 ppm, 5000 ppm, 10000 ppra, 25000
ppm, 50000 ppmy, or 70000 ppm volume by volurse (viv). The level of the depleted or reduced level gas
may be at least about 1 ppm, 10 ppm, 50 ppm, 100 ppm, 500 ppm, 1000 ppm, 5000 ppm, 10000 ppm,

23000 ppm, 50000 ppm, or 70000 ppm (v/v). The level of the oxvgen gas may be at most about 1 ppm, 10
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ppm, 30 ppm, 100 ppm, 500 ppm, 1000 ppm, 5000 ppm, 10000 ppim, 25000 ppm, 50000 ppm, or 70000
ppm (v/v). The level of the water vapor mayv be at most about 1 ppoy, 10 ppm, 50 ppm, 100 ppoy, 500
ppm, 1000 ppm, 5600 ppm, 10000 ppm, 23000 ppm, 50000 ppm, or 70600 ppm (vA). The level of the gas
(c.g., depleted or reduced level gas, oxygen, or water) mav be between any of the afore-mentioned levels
of gas. The atmospherc may comprise air. The atmosphere may be inert. The atmosphere rmay be non-
reactive. The atmosphere may be non-reactive with the material (e.g., the pre-transformed material
deposited in the laver of material (2.2., powder), or the material comprising the 3D object). The
atmosphere may prevent oxadation of the generated 3D object. The atmosphere may prevent oxidation of
the pre-transformed material within the layer of pre-transformed matenal before ils transformation, donng
its transformation, after its transformation, before its hardening, after its hardening, or any combigation
thereof. The atmosphere may comprise argon or nitrogen gas. The atmosphere may comprise a Nobel gas.
The atmosphere can comprise a gas selected from the group consisting of argon, nitrogen, helium, neon,
krypton, xenon, hydrogen, carhon monoxide, and carbon dioxide. The atmosphere may comprise
hydrogen gas. The atmosphere may comprise a safe amount of hydrogen gas. The atmosphere may
comprise a v/v percent of hvdrogen gas of at least about 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%,
0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 4%, or 5%, at ambient pressure (¢.g., and ambient temperature). The
atmosphere may comprise a v/v percent of hydrogen gas of at most about 0.05%, 0.1%, 0.2%, 0.3%,
0.4%, 0.5%, 0.6%, 0.7%, 0.8%. 0.9%, 1%, 2%, 3%, 4%, or 5%, at ambicnt pressure {¢.2., and ambicnt
temperature). The atmasphere may comprise any percent of hydrogen between the afore~-mentioned
percentages of hydrogen gas. The atmospbere mav comprise a v/v hydrogen gas percent that is at least
able to react with the material (e.g., at ambicnt temperature and/or at arnbient pressure), and at most
adhere to the prevalent work-safety standards in the junsdiction {e.g., hydrogen codes and standards). The
material ray be the material within the layer of pre-transformed material (e.g., powder), the transformed
material, the hardencd material, or the material within the 3D object. Ambient refers to a condition to
which people are generally accustomed. For example, ambient pressure may be 1 atmosphere. Ambient
temperature may be a typical temperature to which humans are generally accustomed. For example, from
about 15°C to about 30°C, from about ~30°C to about 60°C, from about -20°C to about 50°C, from 16°C to
about 26°C, from about 20°C to about 25°C. “Room temperature” may be measured in a confined orina
non-confined space. For example, “room teraperature” can be measured in a room, an office, a factory. a
vehicle, a container, or outdoors. The vehicle may be a car, a track, a bus, an atrplane, a space shuttle, a
space ship, a ship, a boat, or any other vehicle. Room teraperature may represent the small range of
teraperatures at which the atmosphere feels neither hot nor cold, for example, approximately 24 °C, 20 °C,
25 °C, or any value from about 20 °C to about 25 °C.

(B6219} At times, the pre-transformed material is deposited in an enclosure {¢.g., a container). FIG. |
shows an example of a container 123, The container can contain the pre<transformed material (e.g.,
without spillage; FIG. 1, 104). The material may be placed in, or inserted to the container. The malerial
may be deposited in, pushed to, sucked into, or lifted to the container. The material may be lavered (e.g.,

spread) in the container. The container may comprise a substrate (¢.g., FI1G. 1, 109). The substrate may be
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situated adjacent to the bottom of the container (e.g., FIG. 1, 111). Botiom may be relative to the
gravitational ficld, or relative to the position of the footprint of the energy beam (e.g., FIG. 1, 101 onthe
laver of pre-transformed material as part of a material bed. The footprint of the energy beam may follow a
Gaussian bell shape. In some embodiments, the footprint of the energy beam does not follow a Gaussian
bell shape. The container may comprise a platform coraprising a base {¢.g., FIG. 1, 102). The platform
may conmprise a substrate {¢.g., FIG. 1, 109). The base mayv reside adjacent to the substraic, The pre-
transformed material may be layered adjacont to a side of the container (e.g., on the bottom of the
container). The pre-transformed matcrial may be layvered adjacent to the substrate and/or adjacent to the
base. Adjacent to may be above. Adjacent to may be directly above, or directly on. The substrate may
have onc or more seals (e.g., FIG. 1, 103) that enclose the malerial tn a selected area within the container.
The one or more seals may be flexible or non-flexibke. The one or more scals may comprise a polymer or
a resin. The one or more seals may comprise a round edge or a flat edge. The one or more scals may be
bendable or non-bendable. The scals may be stiff. The container may comprise the base. The base may be
sttuated within the container. The container may comprise the platform, which may be situated within the
container. The enclosure, container, processing chamber, and/or building modnle may comprise an optical
window. An cxample of an optical window can be seenin FIG. 1, 115, FIG. 11, 1182, FIG. 12, 1215 The
optical window mav allow the encrgy beam (¢.g., FIG. 1, 101; FIG. 12, 1201) to pass through without
(¢.z., substantial) energetic loss. A ventilator may prevent spatter from accunmlating on the surface
optical window that is disposed within the enclosure (¢.z., within the processing chamber) during the 3D
printing. Ap opening of the ventilator may be situated within the enclosure {(e.g., FIG.1, 126).

D228} At times, the pre-transformed material is deposited in the enclosure by a matedal dispepsing
mechanism (e.g., FIG. 1, 116, 117 and 118) to form a layer of pre-transformed maicrial within the
enclosure. The deposited material may be leveled by a leveling operation. The leveling operation may
comprise using a material {¢.g., powder) removal mechanisi that docs not contact the exposed surface of
the material bed (e.g., FIG. 1, 118). The leveling operation may comprise using a leveling mechanism that
contacts the exposed surface of the material bed (e.g., FIG. 1, 117). The material (¢.g., powder) dispensing
mechanism may comprise one or more dispensers {e.g., FIG. 1, 116). The material dispensing system may
comprise at least one material (¢.g., bulk) reservoir. The material may be deposited by a layver dispensing
mechanism (¢.g., a layer dispenser) (e.g., recoater). The layer dispensing mechanism (e.2., a leveler and/or
material remover of the layer dispensing mechanism) may level the dispensed material without contacting
the material bed (e.g., the top surface of the powder bed). The laver dispensing mechanism may nclude
any laver dispensing mechanism and/or a matedal (¢.g., powder) dispenser used in 3D printing such as,
for example, the ones disclosed in application number PCT/US15/36802, or in Provisional Patent
Application serial rarnber 62/317.070, both of which are entirely incaorporated berein by references.
(36223} FIG. 31 schematically illustrates a cross-section (or side) view of a 3D printing system 3100, in
accordance with some embodimenis. In some cascs, the 3D printing sy stem includes a first chamber side
{e.g.. comprising an ancillary chamber, ¢.g., 3102} and a second chamber side (e.g., comprising a

processing chamber, ¢.g., 3104). One or more components in the first chamber side can be reversibly
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coupled or (e.g., substantially) irreversibly coupled (e.g., integrally coupled) with one or more
components of the second chamber side. For example, the ancillary chamber in the first chamber side can
be reversibly coupled or (¢.g.. substantially) irreversibly coupled (e.g., integrally coupled) to the
processing chamber. In some embodiments, an interior volume of the second chamber side is larger than
an interior volume of first chamber side. For example, the processing chamber may be larger than the
ancillary chamber. The second chamber side can be configuued to house a matenal (¢. g, pre-transformed
material (e.g., powder)) and/or one or more 3D objects (e.g.. duang one or more printing operations for
forming the one or more 3D objects). The first charmaber side can be configured to house one or more
apparatuses (alsc referred to as device(s)) used in the one or more printing operations. In some
embodiments, the one or more apparatuses includes a laver forming device. The layer forming device can
be used to dispense (€.g., project, or stream) pre-transformed material towards a platform. The layer
forming device can be used to form one or more lavers of material (e.g., of pre~transformed matenal). In
some embodiments, the one or more layvers of material are part of a material bed formed within the second
chamber side. The 3D printing system can optionally inchude a partition (also referred to as a first
pattition) (¢.g., 3106). In some cmbodiments, the first partition separates a first atmosphere in the first
chamber side from a second atmosphere in the second chamber side. In some embodiments, the first
atmosphere is different than the sccond atmosphere. In some embodiments, the first atmosphere is the
same as the second atmosphere. The first partition can include one or more openings (also referred to as
window(s), doot(s), hole(s), aperturc(s)) that arc configured to allow the one or more apparatuses to transit
between the first and second chamber sides, ¢.g., through the one or more openings. For example, the one
or more apparatuses can be positioned within the second chamber side during the one or mote processes
{¢.g., laver forming processes), and transition {o the first chamber side after the one or MOIC Processes ac
complete. For example, the one or more apparatuses can be positioned within the second charnber side
when the energy bean(s) is idle (e.g., shut), and transition to the {irst chamber side when the energy
beam(s) is operational. At times, a plurality of energy beams may facilitate formation of one or more 3D
objects. The one or more apparatuses can remain within the first chamber side during another one or more
processes (e.g., transformation operations (e.g., energy beam operations)). In some embodiments, the one
or more openings of the first partition allow a first atmosphere within the first chamber side to mix with a
second atmosphere in the second chamber side {¢.g. the one or more openings is not sealed). In some
cmbodiments, the one or more openings of the first partition are sealed (¢.g., using one or more seals).
The seal(s) may isclate the first atmosphere from (i) the second atimosphere, (it) pre-transformed material,
and/or (1) products of a 3D printing process, during onc or mwore printing operations. The products of a
3D pasting process may comprise debris, or plasma. The debris may coraprise pre-transformed matertial,
transforaring material, or transformed material. In some embodiments, the one or more openings of the
first partition can be scaled during some operations, and vnsealed during other operations. The operations
may be associated with the prnting. The first chamber side can optionally be reversibly coupled or (¢.g.,
substantially) irreversibly coupled (e.g., integrally coupled) with a shaft system (¢.g., 3108). The shaft

svstem can inchude one or more shafts and/or one or more channels, ¢.2., as described herein. In some
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embodiments, the one or more shafts and/or channels can facilitate movement (e.g., translation) of the one
or more apparatuses and/or provide vacuum and/or gas pressure o the one or apparatuses, ¢.g., as
described herein. An optional partition (also referred to as a second padtition or shaft partition) (e.g., 3110)
can scparate the first chamber side from the shaft svstem. In some embodiments, the second partition
separates the first atmosphere in the first chamber side from a third atmosphere in the shaft system. In
some erabodiments, the first atmosphere is different than the third atmosphere. In some embodiments, the
first atmosphere is the same as the third atmosphere. In some embodiments, the thicd atmosphere is an
ambient atmosphere. The second partition can inclade one or more openings (also referred (o as
window(s), door(s}, hole(s), aperture(s)) that are configured to allow the one or more shafis and/or
channels to pass therethrough. In some embodiments, the shaft system can be configured to house one or
more controf devices (e.g., actuators and/or motors) that control operation of the one or more shafts and/or
channels. The one or more control devices (e.g., actuator) can be disposed external or internal to the
enclosure. The one or more control devices (€.g., actuator) can be disposed external to the first and/or
second chamber side portion. The one or more control devices (e.g., actuator) can be disposed in the first
and/or second chamber side portion. The one or more control devices (¢.g., actuator) can be disposed
external to the processing chamber (e.g., enclosure that encloses a 3D object during printing). In some
embodiments, the one or more control devices (¢.g., actators or motors) control movement {¢.g.,
transiation) of the one or more apparatuses in the processing chamber. The one or more control devices
{¢.2., actuator) can be disposed external to the ancillary chamber (¢.g., enclosure that encloses a 3D object
during priating). In some erabodiments, the one or more control devices (e.g., actuators or motors) conten]
movement {¢.g., translation) of the one o1 more apparatuses in the ancillary chamber. In some
cerabodiments, the onc or more actuators are vsed to control movernent of the one or more apparatuses
{¢.g., layer forming device} housed within the first chamber side. In some embodiments, the second
pattition includes one or more openings (also referred to as partition holes, shaft holes, or channel holes).
In some embodiments, the one or more openings within the sccond partition are sealed (¢.g., to reduce an
amount of {e.g., prevent) material (e.g., pre-transformed material) from reaching the one or more control
devices (e.g., actuators or motors) within the shaft system. In some embodiments, the first chamber side
portion engages with the sccond chamber side portion to form the enclosure. For example, the processing
chamber can engage with the ancillary chamber to form the enclosure. Tn some embodiments, the first
chamber side portion disengages with the second chamber side portion. For example, the processing
chamber can disengage from the ancillary chamber to form the enclosure. The first and/or second opening
my «<lose prior to a discngagement of the first chamber side portion from the first chamber side portion.
Closure of the first and/or second openings may facilitate maiotainiog an inert atmosphere in the first
chamber side portion and/or second chamber side portion, 2.g., upon disengagement. Closure of the first
and/or second openings may facilitate continnation of a printing operation one chamber side portion while
the second side portion is being removed. The removal may be for replacement (2.2, by another chamber
side portion), maintenance, repair, replenishment, or any combination thoreof. For example, the

processing chamber opening can close prior to disengagement from the ancillary chamber (e.g., to
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maintain its atmosphere and/or continue the printing process). For example, the ancillary chamber
opening can close prior to disengagement from the processing chamber (e.g., to maintain its atmosphere).
For example, the ancillary chamber can disengage in order to be replaced by another ancillary chamber, to
maintain one of its components, or to replace one of its components. Maintain comprises fix, upgrade,
adjust, or any combination thereof, Closure of at least the processing chamber opening, may facilitate
performing one or more operations relating to the ancilary chamber, ¢.g., during the printing and/or
without disturbing the prioting.

(86222} In some embodirents, the layer dispensing mechanism inchudes components comprising a
material dispensing mechanism, material leveling mechanism, material removal mechanism, or any
combination or permuiation thereof. In some configurations, the material dispensing mechanism may
comprise a matenal dispenser. The material dispenser may be operatively coupled to a mechanism that
causes at least a portion of the pre-transformed material within the material dispenser to vibrate (also
referred to herein as a “vibration mechanism™). Vibrate may comprise pulsate, throb, resonate, shiver,
tremble, flutter or shake. For example, the vibration mechanism may cause onc or more sides of the
intornal reservoir of the matenial dispenser to vibrate. For example, the vibration mechanism may causc at
Ieast a portion of the exit opening of the material dispenser to vibrate. For example, the vibration
mechanism may cause one or more components of the material dispenser to vibrate. For example, the
vibration mechanism may cause the matenial dispenser to vibrate. The vibration mechanism roay be any
vibration mechanism described herein. The material dispenser may comprise a container {e.g., an internal
reservoit of pre-transformed matenal). The pre-transfonmed material may reside within the container. The
coptainer may have a oniform or a non-uniforon shape. The container may corprise at least one portion of
a wall that is slanted towards an exit opening port. The slanted portion may facilitate flow of material
through the exit opening pott (¢.g., during the dispensing the pre-transformed maternial). The container
may comprise an internal cavity. The taternal cavity may facilitate directional flow of the material. The
container may comprise an exit opening. The exit opening may be on a bottom surface, and/or at a wall
surface of the container. The wall may be a side wall. The exit opening may facilitate (¢.g., allow)
dispensing of pre-transformed material towards the platform and/or gravitational center. At least one wall
of the container may be translatable (c.g., adjustable). The at least one wall of the container may be
controlled to adjust the exit opening of the container (¢.g.. adjust the gap of the exit opening). For
cxample, the lateral distance between a first wall and a second wall opposing the first wall, may be
adjusted to facilitate a desired exit opening (2.g., narrow, or wide). The lateral distance between the walls
of the container that form the exit opening mayv be at most abount 0.1 mullireeter (ram), 0.2 mm, 0.5 ram, 1
min, 2 mm, 3 mun, 4 mm, 5 g, 6 mun, 7 o, & mim, 9 nun, or 10 nun. The lateral distance may be a
range of distance between any of the afore-mentioned values (e.g., from about 0.1 mm to about 10 o,
from abowt 0.1 mm (o about 1 mm, from abowt 1 mm to about 4 rm, from about 4 mm 1o about 7 mun, o
from about 7 mum to about 10 mumy. The container may be operatively coupled to at least one controller.
The at least one controller may facilitate adjustment of the distance between a first wall and a second wall

of the container. The adjustment may be done before, after or during at least a portion of the 3D printing

74



WO 2018/075741 PCT/US2017/057340

{(c.g., the entire 3D printing}. For example, the adpustment may be before, after, and/or durning dispensing
a layer of pre-transformed material. The control may be manual and/or antomatic (¢.g., using a controlier).
The one or more walls of the container may comprise a smooth internal swrface (e.g., that comes into
direct contact with at least a portion of the pre-transformed material within the material dispenser).
Steooth sutface may be of an Ra value of at most about 3 pm, 4 wm, 5w, 6 poy, 7 pm, 8 wm, 9 poy, 10
wm, 30 g, 40 pm, 50 pm, 75 pup, or 100 pm. Smooth surface oway be of an Ra valoe that is between any
of the afore-rmentioned values (e.g.. from about 3 pm to about 100 pm, from about 3 po to about 40 pm,
or from about 3 pun to about 10 pm). The smooth internal surface may exhibit a small, negligible, and/or
msubstantial arnovnt of friction with the pre-transformed material {e.g.. relative to the intended purpose of
dispensing the pre-transformed malerial from the exit opening port of the material dispenser). The small,
neghigible, and/or insubstantial amount of friction may facilitate {(¢.g., casy, uninterrupted, and/or
continpous) dispensing of the pre-transtormed material in a desired manner. The one or more smooth
walls of the container may be formed by a polishing process (¢.g., soda-blasting, vapor pelishing, flame
polishing, paste polishing, or chemical-mechanical polishing). The one or more smooth walls of the
container may be formed by coating a wall with a coating (e.g., a polished material). Examples of
polished material inchade mirror, or, polished stainless stecl. The coating may alter the surface propertics.
For example, the coating may alter the adbesion, atiraction and/or repulsion of the pre-transformed
material to the internal surface. For cxample, the coating may reduce the adhesion and/or attraction of the
pre-transformed material to the internal surface. For example, the coating may cause the pre-transformed
material 1o repel from the internal surface. The surface stracture of the internal surdface may comprise 3
low attachment surface {(e.g., a Lilly pad, or shatk skin type surfaces). The container may comprise an
entry opening port. The entiy opening may be located on a top surface of the container. Top may beina
direction opposite to the platform and/or gravitational center. The material may reside i the container
anti] the exit opening may be opened to allow dispensing of the material. In some embodiments, the entry
opening may have an arca (e.g., or FLS) that is different than that of the exit opening. For example, the
entry opening may have a wider opening than the exit opening. At times, the entry opening may be of
{c.g., substantially) the same area (¢.g., or FLS) as the exit opening. The exit opening may be operatively
coupled 1o an opening-obstruction. Examples of an opening-obstruction include one or more sectional
doors, a sliding door (¢.g.. FIG. 18C, 1870}, a folding door, a swing-out (¢.g., FIG. 18A, 1830) ora roll-up
door. The opening-obstruction may be physically and/or operatively coupled at a position adjacent to the
exit opening. Physically coupled may comprise a hinge and/or a motor. The position adjacent to the exit
opeming may comprise a position at the external surface of the material dispenser. Adjacent may be ona
{c.g.. external) bottom surface of the container. Adjacent may be below the exit opening. The opening
obstruction may be physically and/or operatively coupled via a mechanical coanector, a controlled sensor,
a magnetic connector, an clectro-magnetic connector, or an clectnical connector. The opening obstruction
may be operatively couplad to at least one controller. The controller may actuate the opening of the
opening obstruction (e.g., at a desired and/or predetermined time). The controllier may receive a feedback

from at feast one sensor. The opening and/or closing of the opening obstruction may be controlied based
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on the feedback from the sensor. For example, a height (e.g., optical) sensor may detect the height of a
dispensed layer. The controller may receive a detocted height input. The controfler may adjust the amount
of pre-transformed material to be dispensed based on the detected height. To adjust the amount of material
to be dispensed, the controller may adjust the lateral distance of the exit opening and/or the position of the
opening obstruction. The detected height may be at least about 200 microns {um), 250 wm, 300 wm, 350
prn, 400 pra, 450 wm, 506 um, 550 pp, 600 pm, 630 poy, 700 um, 750 wm, 800 pm, 850 um, 909 wm or
950 pm. The detected height can be between any of the aforc-mentioned amounts {¢.g., from about 200
pn to about 950 pm, from about 200 wm to about 500 um, from about 500 pm to about 700 um, or from
about 700 pm to about 950 um). At times, the material within the container may actuate (c.g., push) the
opening-obstruction {(¢.g., to open the exat opening port and allow pre-transformed maternial o exit the
material dispenser). An actuator may facilitate shding, swinging-out, or rolling the opening-obstruction to
facilitate dispensing of the material from the exit opening of the matenal dispenser. A controlier may
control the actuator (e.g., in real-time during at least a portion of the 3D printing). The opening-
obstruction may at least partially (e.g., fully) open when dispensing the material from the exit opening
(e.z., before, after, and/or during the 3D printing). The degree to which the opening-obstruction obstructs
the exit opening port may be controlled (c.g., in real time during the dispensing). The degree to which the
opening-obstruction obstructs the exit opening port may reguiate (e.g., inreal time during the dispensing)
the amount of pre-transformed material that exits the material dispenser. The opening obstruction may be
closed once a sufficient amount of pre-transformed material has been dispensed at a position. For
cxample, the opening obstruction may be closed at times during a portion of a deposition ¢ycle of a pre-
transformed mateaal layer. For example, the opening obstruction may be closed ooce a layer of material
has been dispensed. At times, the opening obstruction may be closed when the maternial leveling
mechanism and/or the matenal removal mechanism are in operation. F1Gs. 18A — 18C show examples of
a side view of a material dispensing mechanism that comprise vartous opening obstructions. FIG. 18A
shows an example of a material dispensing mechanism that dispenses material (e.g., 1820) to form a layer
of material (¢.g.. 1843) on a platform (¢.g., 1841). The matenial may comprise a pre-transformed material.
The material dispensing mechanism translates in a lateral direction (¢.g., 1840). The material dispensing
mechanism may not be in contact with the target surface {e.g., exposed surface of a material bed). The
target surface can include any suitable surface used for one or more transformation operations. In some
cmbodiments, the target surface includes a surface at which an energy beam (e.g., laser beam, clectron
beam, and/or ion beam) is directed. For example, the target surface can correspond 1o an exposed swiface
of a material bed used in a selective sintering operation. In some ¢mbodiments, the target surface includes
surfaces of a pre-transformed material that is oot in a material bed. The laver dispensing meechanism (e.g.,
corprisiog the material dispensing mechanism) may translate in a parallel manner (e.g., in a ditection that
is {e.g., substantially ) parallel) with respect 1o the platform (2.8, a surface {e.g., top swrface) of the
platform (2.2, base)), ¢.g., as it (ranslaies laterally. The layer dispensing mechamism may translate in a
manner that deviates from being parallel with respect (o the platform. For example, the tayer dispensing

mechanism may approach the platform, e.g., as it travels laterally. For example, the layer dispensing
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mechanism may sag towards the platform, ¢.g., as it translates laterally. The dispensed laver of material
mav form a material bed above the platform (e.g., base). The material dispensing mechanism comprises a
container {¢.g., having a side wall 1810) that contains the pre-transformed material (e.g., 1839). The
material dispensing mechanism may further comprise an opening-obstruction (e.g., 1830). The opening-
obstruction may swing-out (e.g., 1825) to allow material dispensing from the container through the exit
opening (e.g., 1832}, The swinging-cut may be about a rotational axis (¢.g., using a hinge). The opening-
obstruction may swivel. The opening obstruction may be physically coupled to an edge of a wall of the
container {€.g., 1834) and the exit opening. FIG. 13B shows an example of 2 material dispensing
mechanism that comprises multiple opening obstructions (e.g., 1850, and 1852). At least one of the
pharality of opening obstructions may swing out (e.g., 1855) to allow dispensing of material from the exit
opening. At least two of the plurality of opening obstructions may be synchronized. At least two of the
plurality of opening obstructions may not be synchronized. Synchronized may be according to the timing
and/or magnitude of their respective opening. At least two of the opening-obstructions may be operatively
coupled to the same controller. At feast two of the opening-obstiuctions may be operatively coupled to
different controliers. The opening obstructions may be independently controlled. For example, a first
opening obstruction (¢.2., 1830) may swing out to dispense material while the second opening obstruction
(c.g., 1852) mav be closed. FIG. 18C shows an example of a material dispensing mechanism that
comprises a sliding opening obstiuction {e.g., 1872). The opening obstruction may slide in a lateral
direction {e.g., along the X-axis, 1872). The opening-obstruction may be controlled. Controlling may
include stiding the opening obstruction at least in part, such that at least a portion of the ¢xii opening
allows dispensing of the pre-transformed material (e.g., while a portion of the exit openiog remains
closed). The amount of pre-transformed material dispensed may be controlled by controlling the opening
{¢.g., shiding) of the opening obstruction. The layer dispensing mechanism (layver forming device) and any
of its components may be any layer dispensing mechanism {(e.g., used 1n 3D printing) such as for example,
any of the ones described in Patent Application senial number PCT/US15/36802, or in Provisional Patent
Application serial number 62/317,070, both of which are entirely incorporated herein by references.
{00223} In some embodiments, the 3D printer comprises at least one ancillary chamber. The ancillary
chamber may be an integral part of the processing chamber. At times, the ancillary chamber mav be
scparate {e.g., separable) from the processing chamber. The ancillary chamber mav be mounted to the
processing chamber (e.g., before, after, or during the 3D printing). The mounting may be reversible
mouating. The mounting may be controlied (¢.g., manually or by a controller). The atmosphere of the
ancillary and processing chamber may be (e.g.. substaatially) the same atmosphere (¢.g.. doring a printing
operation). At times, the atmospbere of the ancillary chamber and the processing chamber may differ
{c.g., doring a printing operation). The atmaosphere of the ancillary chamber may be an inert atmosphere
{¢.g.. during a printing operation}. The atmosphere in the ancillary chamber may be deficient by one or
more reactive species {(e.g., water and/or oxygen) (¢.g., during a printing operation). The ancillary
chamber may be a garage. The garage may be used 1o house (e.g., park) one or more components of the

3D pnnter. The component may be a layer dispensing mechanism. The laver forming device may beina
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parked mode when the laver dispensing mechanism (or a portion thereof) is within the ancillary chamber
and is not forming (e.g., dispensing, removing and/or shaping) a laver of material (c.g., pre-transformed
material). The layer forming device may be in a parked mode when it is (e.g., substantially) stationary
(c.g., not translating and/or vibrating). The layer forming device may be in a layer forming mode when the
layer forming device is and is forming (e.g., dispensing, removing and/or shaping) a layer of matenial
(e.g.. pre-transformed matenal) (e.g.. in the processing chamber). One or more controllers can be
configured a mode of the layer forming device (e.g.. laver forming and/or parked mode). The ancillary
chamber {e.g., FIG. 11, 1105} may be coupled to one of the side walls of the processing chamber {e.g.,
FIG. 11, 1180). In some embodiments, the ancillary chamber may be incorporated in the processing
chamber. The processing chamber may be similar o the one described herein (e.g., FIG. 1, 126, FIG. 2,
216). At times, the ancillary chamber may be a part of the processing chamber (¢.g., FIG. 2, 216). Al
times, the anciflary chamber may be coupled to the processing chamber, At times, the ancillary chamber
may be coupled to one of the side walls of the processing chamber. The ancillary chamber may be
mounted to the processing chamber. The mounting may be reversible mounting. The mounting may be
controlled (c.g., manually or by a controller). The atmosphere of the ancillary chamber and processing
chamber mav be (¢.g., substantiallv) the same atmosphere. At times, the atmosphere of the ancillary
chamber and the processing chamber may differ.

(60224} In some cmbodiments, the layer dispensing mechanism is coupled to on¢ or more shafts (e.g. a
rod, a pole, a bar, a cvlinder, one or more spherical bearings coupled at a prodetermined distance) (¢.g.,
FiG. 11, 1116, FIG. 13, 1310, FIG. 12, 1236). The shaft may comprise a vertical (¢.g., small) ¢ross section
of a circle, triangle, square, pentagon, hexagon, octagon, or any other polygon. The vertical cross section
may be of an amorphous shape. The one or more shafts may be movable. For example. the shaft may be
movable to and from the ancillary chamber (e.g., before, during, and/or after the 3D printing). For
example, the shaft may be movable from the ancillary chamber to the processing chamber (e.g., for
deposition of a layer of material). For example, the shaft may be movable from the processing chamber to
the ancillary chamber {e.g., in preparation for transforming at least a portion of the material bed). FIG. 13
shows an example of a shaft, 1310. At times, at lcast a portion of the shaft may reside within the ancillary
chamber {c.g., FIG. 11, 1110). At times, at lcast a portion of the shaft may reside out of the ancillary
chamber {c.g., FI1G. 11, 1175). The atmosphere of the portion of the shaft residing within the ancillary
chamber may be (¢.g., substantially) the same atmosphere as the atmosphere of the ancillary chamber, The
atmosphere of the ancillary chamber may be an inert atmosphere. The atmosgphere in the ancillary
chamber may be deficient by onc or more reactive specics (e.g., water and/or oxygen). The atmosphere of
the portion of the shaft residing out of the ancillary chamber may differ from the atisosphere of the
ancillary charber. The atmosphere of the portion of the shaft residing out of the anciliary chamber may
not be an inent atmosphere. The atmosphere of the portion of the shaft residing oot of the ancillary
chamber may be open to one or more reactive species (¢.g., water and/or oxygen). The ancillary chamber
may accommodate at least a portion of the shaft. FIG. 11 shows an example where the ancillary chamber

1105 accommodates the entire shaft 1110, FIG. 13 shows an example where the ancillary chamber (e.g.,
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FiG. 12, 1246) accommodates a portion of the shaft {e.g., 1236). FIG. 13 shows an example of
components of an ancillary chamber (¢.g., 1300) including one or more shafts (e.g., 1310). The onc or
more shafts may comprise a conveving svstem. The one or more shafts may comprise a retracting system.
The shaft mav be (¢.g., operatively) coupled to the layer dispensing mechanism (laver forming device)
{e.g.. FIG. 13, 1303). Coupled may be physically attached 1o one of the components of the layer
dispensing mechanism (also referred to herein as “matenal handling device”, “layer forming device™
“layer dispensing system”). The attachment mayv be physical, magnetic, clectrical, or any combination
thereof. Coupled may comprise positional {¢.g., optical} sensors to one or more components of the layer
dispensing mechanmsm. The shaft may assist in moving the layer dispensing mechanism from the ancillary
chamber to a position adjacent to the material bed. The position adjacenti to the material bed may be
within the processing chamber. The position adjacent to the material bed may be within the build module.
The shaft may comprise an internal cavity. The internal cavity may be a chamnel. For example, the shaft
may comprise one or more channels (e.g., FIG. 13, 1355). In some embodiments, at least one of the one or
more channels is operationally coupled to one or more components of the layver forming device (e.g., FIG.
13, 1305) and/or the recvcling system (c.g., FIG. 13, 1315}, For example, at Icast one of the one or more
channels can be configured to transit material (¢.g., excess pre-transformed material) from the layer
forming device to the recycling system. A portion of the one or more channels (e.g., 1353) may be
enclosed within the shaft (c.g., 1310}, A portion of the one or more chanoels may be external to the shaft
{¢.z., 1310). The exiernal portion of the shaft may be coupled to a reduced pressure (¢.g. vacuum) system
{e.z., FIG. 13, 1320). The reduce pressute system may comprise a pomp (2.2, as disclosed herein). The
one or more chaonels may comprise a transit system. The vacoum system may insert positive pressure
through the channel to transit pre-transformed material. The vacuum system may inser pegative prassure
through the channel to remove pre-transformed material from the ancillary chamber. The vacoum system
may insert negative pressore through the channel to remove pre-transformed material from the layer
dispensing mechanism. The vacunm system may insert negative pressurc through the channel to remove
pre-transformed material from the shaft. The vacunm system may transit the collected pre~transformed
material to a recycling system (e.g., FIG. 13, 1315, FIG. 11, 1183). The recycling system may recvcle a
collected pre-transformed material back to the layer dispensing mechanism {¢.g., the pre-transformed
material may be transferred mannally to the bulk reservoir 1325). At times, the transfer of pre~-transformed
material {¢.g., conveying) back to the laver dispensing mechanism may be automated and/or controfled.
Controlling may be performed before, after, and/or dunng the 3D priating. The recycling system may
comprise a sieve. The recycling system may comprise a matenal re-conditioning system. The material re-
conditioning systen may recondition (2.8, romove any reactive speocies such as oxygen, water, ¢ic.) the
collected pre-transformed material. The reconditioned material may be recyeled and uvsed in the 3D
printing. Recycling may comprise transporiing the matenal to the laver dispensing mechanism. The
recycling may be continuons during the 3D printing. For example, the recycling may be continuons during

the time at which the layer dispensing mechanism is parked in the garage.
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[60225] The number and configuration of shafts and channcls can vary. For example, the system (e.g.,
printing systeoy can include at least one shaft. At least one channel can be within (¢.g., on) the at least one
shaft. In some embodiments, a first channel is in a first shaft, and a sccond channel is in a sccond shaft.
The first channel can configured to guide the material 1o the laver forming device (c.g., at least one
component thereof}. The second chaonel can be configured to guide the material from the layer forming
device. The first and/or second chaonels can be configured to guide the material to the layer fonming
device (e.g., at keast one component thereof). The first and/or second channels are configured to guide the
material from the layer forming device (¢.g., at least one component thereof). The apparatus can include at
least two channcls within {e.g., on} a shaft (c.g. a single shaft). A first channel can be configured to guide
the material to the laver forming device (2.2, at least one component thereof). A second channel can be
configured to guide the matenal from the layer forming device (¢.g., at least one component thereof).
(80226} In some cxamples, the shaft is (¢.g., operatively) coupled to an actuator (e.g., FIG. 13, 1350, FIG.
11, 1152, FIG. 12, 1252). The actuator may move the shaft. The actuator may comprise a linear actuator.
The shaft may be (¢.g., operatively) coupled to a (e.g., lincar) encoder. The actuator mayv be coupled to a
mechanism (e.g., laver forming device) through at least one shaft. The at lcast one shaft can inchude at
Ieast one channel configured to transport a (¢.g., pre-transformed) material therethrough. The actuator can
translate the mechanism by translating the at least one shaft. The at least one shaft can be operatively
coupled to (¢.g., can Unclude) at least one bellow. The at least one shaft can be operatively coupled to an
opering in a wall of the enclosure (¢.g., processing chamber). The opening can include a scal. The
actuator may move the shaft to convey the coupled layer dispensing mechanism adjacent to the budd
module. The actuator may move the shaft to retract the coupled layer dispensing mechanism (ayer
forming device) into the ancillary chamber. The laver forming device {(or a portion thereof) can be
removably housed within the ancillary chamber. For exaraple, the layer forming device (or a portion
thereof) can be housed within the ancillary chamber when the layer forming device 1s not being used to
form a layer of matenial (e.g., within the processing chamber). Examples of an actuator include a linear
motor, preumatic motors, electric motors, solar motors, hydraulic motors, thermal motors, magnetic
motors, or mechanical motors. The actuator may reside on a stage (e.g.. FIG. 13, 1370, FIG. 11, 1150,
FIG. 12, 1258). The stage mav be stationary. The stage may be movable (e.g., before, after, and/or during
the 3D printing). The stage may comprise a rail system. The stage may allow smooth movement of the
shaft. The shaft may be coupled to onc or more bearings. The bearing may be a machine element that
constrains relative motion to a desired motion. The bearing may be a machine element that reduces
friction between moviag components. For example, the bearing may allow a smooth moverent of the
shaft. The bearing may comprise elements that physically contact the shaft. For example, the bearing {e.g.,
ball bearing) mav conmprise balls that contact the shaft in one or more points. The bearing may not coniact
the shaft (¢.g., gas bearing, or magnetic beanng).

(80227} In some embodiments, the ancillary chamber is separable from the processing chamber. For
example, the ancillary chamber (e.g., FIG. 13, 1300) can includes one or more doors {e.g., 1360, 1380,

1335, or 1364) {also referred to as port(s), opening(s), or aperture(s)) that may be sealable (¢.g., include
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one or more seals). On closure, the one or more scalable doors can isolate an atmosphere within the
ancillary chamber (¢.g., load lock). When open, the one or more scalable doors can provide access to
chambers, channels, or systems. For example, one or more scalable doors (e.g., 1360) can provide access
1o a processing chamber. The one or more sealable doors may allow a laver dispensing device (e.g., 1303)
1o travel therethrough, ¢.g., between the ancillary chamber and adjacent processing chamber. The ong or
mare s¢alable doors (e.g.. 1380) can provide access o a recvcling system {e.g., 1313} {e.g., via onc or
more connectors (¢.g., tubes)). The oue or more scalable doors {e.g., 1380) to the recycling system can be
part of a fonncel portion, ¢.g., as described herein. The one or more scalable doors {(e.g., 1364) can provide
access (o a bulk reservoir {e.g., 1325} (¢.g., which can supply (¢.g., pre<transformed) maicrial to the layer
forming device). The one or more scalable doors can nclude any suitable scaling mechanisms (¢.g.,
valve(s) (e.g., gate valve(s)}, scals, or O-rings). In some embodirents, onc or more coupling members can
be used to couple the ancillary chamber to the processing chamber.

(80228} The processing chamber may include a scalable door for isolating an atmosphere therein (e.g., and
a Joad lock). [n some embodiments, both the processing chamber and the ancillary chamber inciude
sealable doors (e.g., comprising and/or forming a load lock). Tn some embodiments, onc or more coupling
members can be used to removably couple the ancillary chamber to the processing chamber. In some
crabodiments, the coupling members inchude the one or more seals. Any suitable coupling members
and/or seals can be used (¢.z., plate(s), fastener(s), clamp(s), bolt(s), latch{cs)). In some embodiments, the
ancillary chamber includes a door (e.g., 1380) {also referred o as port(s), opening(s), or aperture(s)) that
provide access to the recycling system (2.g., 1315),

(602291 FIG. 11 shows an example of a (front) bearing 1122, The (front) bearings may be coupled toa
{¢.g., side) of a wall of the enclosure (e.g., ancillary chamber) via one or more supports 1120, FIG. 13
shows an example of frornt bearings 1330 and rear bearings 1373, FIG. 17 shows an example of front
bearings 1730 and rear bearings 1775, The bearings may be stationary (e.g.. FIG. 13, 1330, 1375, FIG. 11,

g
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1122). The bearings may be movable (¢.g.. FIG. 17, 1775). The movable bearing may be coupled to the
movement of the shaft (c.g., 1710). The bearings may be disposed adjacent to the actuator {e.g., 1750).
Adjacent may be between the actuator and the laver dispensing mechanism {(e.g., as shown in the example
of F1(3, 17, bearings 1775). Adjacent may be a position after the actuator (¢.g., as shown in the example of
FIG. 13, bearings 13735}, such that the actuator is disposed between the bearing and the laver dispensing
mechanism (2.2, as shown in the example of FIG. 13, bearings 1330). The bearings may facilitate a
directional path for the shaft. The movable rear bearings may facilitate (¢.g., a directional) movement of
the shaft.

(062368} In some embodiments, the stage (¢.g., 1370) optionally coraprises a stopper. The stopper may be a
beanng, a valve, a plug, a pop-up stopper, a trip lever, or a phinger style stopper. The stopper may control
the movable distance of the shafl (e.g., maximum, and/or minimom movement span),

(86231} In some embodiments, the ancillary chamber compnses a vibration mechanismn. The vibration
mechanism may include a motor. The motor may be any motor described herein. The motor may be a

motor that exhibits lincar motion. The motor exhibiting the lincar motion may comprise a lincar motor, a
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rotary motor {(e.g., coupled to a conveyor or an escalator), an absolute encoder with motor, an incremental
encader with motor, or a stepper motor. The motor raay comprise an electric motor, oF a preumatic motor.
The motor may comprise an electro-mechanical motor. The vibration mechanism may include a
mechanism that exhibits lincar motion (e.g., a drive mechanism). The vibration mechanism may comprise
a shaft coupled to (1) a lead screw (e.g., with a nut coupled 1o the shafi), a (i) timing belt (e.g., coupled to
ong or more clectric motors), a (iil) a rack and pinion, or (iv) any combination thereof. The lead screw
may comprise a mit. The nut may be coupled to a shaft or guide rod. The interior of the shaft may be
hollow. The interior of the shaft may comprise onc or more cavities. The interior of the shafl may allow a
pre-transformed matenal and/or a gas to flow through the one or more shaft cavities. The shaft may
cornprise a guiding rod. A tumming of the lead screws and/or nut may allow the shaft (or guiding rod) to
travel (e.g., 10 a lateral direction). The Iead screw can be coupled to at least one actuator (¢.g., a motor).
The timing belt may be a toothed belt (i.c., a drive belt with teeth on the inside surface). The timing belt
may be coupled to one or more motors (¢.g., electrical motors), on the inside surface. The one or more
motors may rotate the timing belt. A component may be operatively coupled to the timing belt. The
rotation of the timing belt may allow the component to travel in a lateral direction. At times, the
component may be coupled to a gear (¢.g., a pinion) of a rack and pinion. The rack may comprise a linear
bar with teeth on its surface. The gear may be coupled to an actuator (¢.g., an electrical motor). The gear
may engage with the teeth on the rack, and a rotational motion may be pedormed. The rotational motion
may allow the gear and a component coupled to the gear to travel (e.g., in a lateral direction). At times,
optionally, a vibration mechanism may be coupled to at least one component {e.g., material dispenser
and/or material leveling mechanism) of the layer dispensing mechanism . For example, a vibration
mechanism (¢.g., a rotary encoder) may be connected (o a (e.g., side of a) material dispensing mechanism.
A vibration mechanism may be connected to a (e.g.. side of a) material levelling mechanism. At tires, at
least two components (e.g., the material dispensing mechanism and the material levelling mechanism) of
the layer dispensing mechanism may be connected to the same vibration mechanism. At times, at least
two components of the layer dispensing mechanism may be connected to a different vibration mechanism.
At timnes, at least two components of the laver dispensing mechanism may be vibrated simultaneously. At
timcs, at feast two components of the layer dispensing mechanism may be vibrated independent of cach
other. At times, the operation of at least two components of the layer dispensing mechanism may be
affected by the same vibration mechanism. At times, the operation of at least two components of the layer
dispensing mechanism may be affected by different vibration mechanism {e.g., respectively). The
vibration mechanisin may affect a single component of the laver dispensing mechamsm (e.g., dunpg its
operation). For example, the material levelliog mechanism and the material removal mechanisor may be
paused and/or shut off, when the material dispensiag mechanism is operational and/or vibrating. The
vibration mechanism may affect the operation of at least two components of the layer dispensing
mechanism. For example, the matenal removal mechanism may be pansed and/or shut off, when the

material dispensing mechanism and the material levelling mechanism are operational and/or vibrating.
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(60232} In some embodiments, the one or more components of the laver dispensing mechanism are
arranged in a specific configuration. The configuration mayv include coupling the one or more components
to at least one shafi. The configuration may include translating the one or more components {e.g., by
translating the shaft). The translation may be 1o the processing chamber from the ancillary chamber, or
from the processing chamber to the ancillary chamber. The shaft (¢.z., and the one or more components of
the layer dispensing mechanism) may translate (¢.g., laterally) on a trajectory. The trajectory may ron
parallel to the target surface and/or platforon. The trajectory may run from one side of the platform to the
opposite side of the platform and/or ¢xposed surface of the material bed. The rajectory may tun from ong
side of the material bed to an opposite side of the matenial bed. The shaft way translate in a direction
towards the processing chamber. The shaft may translate in a direction towards the ancillary charmber.
One or more componenis of the layer dispensing mechanisin may be (e.g., selectively, and/or
controllably) operational during translation. The configuration may comprise (i) a material dispensing
mechanism, (i1} a material levelling mechanism, or (iii) a material removal mechanism, at any
combination or permutation thereof. For example, the configuration may comprise placing (i) a material
dispensing mechanism at a first position on the shaft, coupled 1o {¢.g., followed by) (i) a material
levelling mechanism, coupled to (c.g., followed by) (iii) a material removal mechanism. At times, the
confignration mayv include placing a material dispensing mechanism between the material removal
mechanism and the material levelling mechanism. At times, the configuration may comprise placing (i) a
material removal mechanism at the first position on the shaft, coupled to (¢.g., followed by) (i) a material
levelling mechanisma that may be further coupled to {e.g., followed by} (11} a material dispensing
mechanism. FIGs, 19A — 19C show examples of various configurations of arranging the components
within a layer dispensing mechanism. FIG. 19A shows an example of a configuration wherein the material
leveling mechanism {e.g., leveler) {e.g.. comprising 1903 and 1908) is at a position between a matenial
removal mechanism (material remover) (¢.g., 1904) and the matenal dispensing mechanism {e.g., layer
dispenser) {e.g., 1906). In the example, FIG. 194, the material dispensing mechanism precedes the
material leveling mechanism relative to the direction of movement (e.g., 1939) of the layer dispensing
mechanism. The material dispensing mechanism may be conmected (¢.g., 1916, physically, operatively) to
the material leveling mechanism. The material leveling mechanism mayv be coupled (e.g., 1914,
physically, and/or operatively ) to the material removal mechanism. In some configurations, at feast one
component of the laver dispensing mechanism may be connected to at least one shaft (e.g., 1918). For
example, all the components of the layer dispensing mechanisie may be conbected to the at least one
shaft. The shaft may be operatively coupled (¢.g., connected) to an aciuator. The actuator may facilitate
lincar motion of the shaft (e.g., to and from the processing chamber). The linear motion may be i a
direction that is (¢.g., substantially) parallel (¢.g., 1939) to a surface of a platform (e.g., 1912}, c.g., that
supports the material bed. The lincar motion may be in a direction that is not {¢.g.. substantially) paratlel
to the surface of the platform. The lincar motion may comprise a component (¢.g., be in a} direction that is
{e.g., substantially) perpendicular to a direction of movement (e.g., FIG. 1, 112} of the platform (e.g., in

accordance with an elevator (e.g., FIG. 1, 105) a build module (c.g., FIG. 1, 130)). The linear motion may
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be in a direction that is not (¢.g.. substantially) perpendicular o a direction of movement of the platform.
The shaft mav be operatively coupled (¢.g., connected) to a translating component (e.g., 1922). The
translating component may comprise the actuator. The actuator may be a motor. For example, the
transiating component may be a motor that facilitates lincar motion (e.g., of the shaft and/or of at lcast one
component of the laver dispensing mechanism). The motor may be any motor described herein. FIG. 19A
shows an exaraple of a platform {¢.g., 1912) above which a layer of material may be dispensed (e.g.,
1907} to form a material bed {¢.g., 1909). The 3D object {¢.g., 1910} may be formed in the matenal bed.
At feast two of the material dispensing, material leveling and matenal removal may be performed
synchronously (e.g.. in the same transiation cycle). Synchronously may be within a single translation
cycle. A translation cycle may include translating the layer dispensing mechanisi laterally from a first
end of the material bed (¢.g., 1924) to a second end of the material bed (e.g., 1926). An end of a matenial
bed may be a position on the periphery of the material bed. At times, a (e.g., planar) layer of pre-
transformed material may be dispensed during the translation cycle. The material bed may be formed by
dispensing a plurality of {e.g., planar) layers of pre-transformed material. At times, the amount of pre-
transformed material dispensed to form at least two (e.g., planar) layers of the plurality of layers, may be
constant. At times, the amount of pre-transformed material dispensed 1o form at least two (e.g., planar)
lavers of the plurality of lavers, may be different. For example, a first amount of pre-transformed material
that is dispensed to form a first layer; aed a second amount of pre-transformed material is dispensed to
form a second layer. Occasionally, the first amount may be different from the second amount.
Occasionally, the first amount may be (¢.gz., substantially) equal to the second amount. At times, the
average height of at least two (e.g., planar) layers of pre-transformed material within the phurality of
layers may be constant. At times, the average height of at least two (e.g.. planar} layers of pre-transformed
material within the plurality of lavers may be different. For example, a first (¢.g., planar) layer of pro-
transformed material may have an average first height, and a second (¢.g., planar) layer of pre-
transformed material may have an average second height. At times, the second height may be different
than the first height. At times, the second height may be (e.g., substantially) the same as the first height. In
some instances, the amount of material dispensed to form a layver may vary across the laver. In some
instances, the beight of the layer may vary across the layer. In some instances, the amount of material
dispensed to form a layer be (e.g., substantially) constant across the laver. In some instances, the height of
the laver may be (c.g.. substantially) constant across the layer. Attimes, a layver of material may be
dispensed, leveled (e.z., planarized) by the leveler (2.2, blade), and a portion thereof may be removed
(e.g.. by the matenal remover) during the translation cycie of the layer dispensing mechanism. At times, a
single layer of material may be dispensed, and leveled {e.g.. planarized) during the transiation cyvele. The
transiation cycle may comprise moving from one side of the material bed to the opposing side. The
translation cycle may comprise moving from one side of the material bed. to the opposing side, and back
to the one side. FIG. 198 shows an example of a configuration wherein the material dispensing
mechanism {e.g., 1948) may be at a position between the material removal mechanism {e.g., 1946) and the

material leveling mechanism {e.g., comprising 1949 and 1930). In the example, FIG. 198, the material
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dispensing mechanism precedes the material leveling mechanism relative to the direction of movement
(c.g., 1940) of the laver dispensing mechanism. A laver of material mav be dispensed (e.g.. 1960) and
leveled (c.g., 1954) within a first portion of the transiation cvcle (e.g., in the direction 1940). The material
removal may be performed within a second portion of the translation cycle. The sccond portion of the
transiation cycle may be in a reverse direction relative to the first translation cycle. At times, the material
dispensing, material leveling, and material removal may be performed asynchronously. Asynchronously
may be withio more than one franslation cycle portion. FIG. 19C shows an example of a configuration
wherein the material leveling mechanism (¢.g., comprising 1974 and 1976} may be at a position between
the material dispensing rmechanism (e.g., 1972) and the matenal removal mechanism {e.g., 1976}, In the
example, FIG. 19C, the material dispensing mechanism precedes the material leveling mechanism, and
the material removal mechanism, relative to the direction of movement {e.g., 1970) of the layer dispensing
mechanism. In the example configuration of FIG. 19C, the material dispensing, material leveling and the
material removal may be performed in a single translation cycle. A (¢.g., substantially) planar laver (e.g.,
1984) may be formed during the single translation cycle.

(60233} In some embodiments, the vibration mechanism is operatively coupled to a first controller. In
some cmbodiments, the laver dispensing mechanism mav be operatively coupled to a second controlier.
At times, a component of the laver dispensing mechanism mayv be operatively coupled to a thind
controller. At times, the first controller, second controlier and the third controller may be the same
controller. At tires. the first controller, second controller and the third controller may be different
controllers. At times, at least two of the (1) vibration mechanism, (i) shaft, and (i) at least ong
component of the laver dispensiog mechamsm, may be controlled by the same controller. At times, at
feast two of the (3) vibration mechanism, (i) shaft, and (261} at least one component of the laver dispensing
mechanism, may be controlled by a different controlier. The controller may control the operation of one or
more components of the layer dispensing mechanisra. For example, the controller may tumon a
component of the layer dispensing mechanism {e.g., the material dispensing mechanism), for example,
when the ancillary chamber is open. The controller may control the operation of the vibration mechanism.
For example, the vibration mechanism may be turned on when the material dispensing system may be in
operation, or when the material levelling svstem may be in operation. In some embodiments, the vibration
mechanism is turned off when the material removal svstem mav be in operation.

(00234} In some embodiments, the vibration mechanism has various operational characteristic. In some
embodiments, the vibration mechanism is opematively coupled to at least one actuator that facilitates the
movement of the one or more shafis (e.g.. between the ancillaty chamber and the processing chamber). In
some ermbodiments, the vibration mechanism is operatively coupled to at least one actuator that facilitates
the movement of the layer dispensing mechanism (e.g.. between the ancillary chamber and the processing
chamber}. The vibration mechanism may be separate from the to at Ieast one actuator that facilitates the
movement of the one or more shafts and/or layer dispensing mechanism (or any of ils components). The
vibration mechanism may be integrated with the at least one actuator that facilitates the movement of the

one or more shafts and/or layer dispensing mechanism (or any of its components). For example, the
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vibration mechanmsm and the at least one actuator that facilitates the movement of the one or more shafts
and/or layer dispensing mechanism {or any of ifs components) may be the same {¢.g., the same actuator,
¢.g., the same motor). The operational characteristic may comprise (i) a frequency of vibration, (i1} an
overall forward and/or backwards velocity of the shaft and/or laver dispensing mechanism, (iif) a fravel
distance of the shaft and/or layer dispensing mechanism (¢.g., when vibration mechanison is in operation),
(iv) a dispensed amount of pre-transformed matenial, or (iv) a removed amount of pre-transformed
material. Any of the operational characteristics may pertain to an operating vibration mechanism. Forward
velocity pertains to the shaft and/or layer dispensing mechanism moving away from the ancillary chamber
and nto the processing chamber. Backward velocily pertains to the shaft and/or layver dispensing
mechanism moving away from the processing chamber and into the ancillary chamber. In some
embodiments, the forward and backwards velocity may be {¢.g.. substantially) strmilar. In some
embodiments, the forward and backwards velocity may be different. The frequency of vibration may be at
least about 20 Hertz (Hz), 25 Hz, 30 Hz, 35 Hx, 40 Hz, 45 Hz, 50 Hz, 85 Hz, 60 Hz, 65 Hez, 70 Hz, 75 Hz,
80 Hz, 85 Hz, 90 Hz, 95 Hz, 100 Hz, 105 Hz, 110 Hz 115 Hz, 120 Hz, 125 Hy, 130 Hz, 135 He, 140 He,
145 Hz, or 150 Hz. The frequency of vibration may be at most about 25 Hz, 30 Hz, 35 Hz, 40 Hz, 45 Hz,
30 Hz, 35 Hz, 60 Hz, 65 Hz, 70 Hz, 75 Hz, 80 Hz, 85 Hz, 90 Hz, 95 Hz, 100 Hz, 105 Hz, 110 Hz, 115 Hz,
120 Hz, 125 Hz, 130 Hz, 135 Hz, 140 Hz, 145 Hz, or 150 Hz. The frequoncy of vibration may be a range
of frequency between any of the afore-mentioned frequency values (e.g., from about 2¢ Hz to about 150
Hz, or from about 20 Hz to about 4G Hz, from about 40 Hz to about 100 Hz, or from about 100 Hz to
about 150 Hz). The translation velocity of at least one component of the layer dispensing mechanism, may
be at most 10 millimeter/second (am/sec), 20 mmw/sec, 30 pu/sec, 40 ram/sec, 30 mm/sec, 60 mm/sec, 70
min/sec, 80 mrn/sec, 90 mnysec, 100 mmy/sec, 110 mmy/sec, 120 mmy/sec, 125 mmy/sec, 1530 m/see, 140
miy/sec, 150 mum/sec, 160 man/sec, 170 mrn/sec, 180 mun/sec, 190 mm/sec, 200 mm/sec, 230 mm/sec, 300
min'sec, 400 mm/sec, or 500 mnvsec. The translation velocity of at keast one component of the layer
dispensing mechanism may be at least 10 millimeter/second (mm/sec), 20 mmy/sec, 30 mm/sec, 40
mm/sec, S0 mm/sec, 60 mmy/sec, 70 mrn/sec, 80 mmysec, 90 mm/sec, 100 mm/sec, 110 mm/sec, 120
mm/sec, 130 mn/sec, 140 mm/sec, 150 mmy/sec, 160 mm/sec, 170 mn/sec, 180 mn/sec, 190 mm/sec, 200
mim/sec, 250 mm/sec, 300 may/sec, 400 mmw/sec, or 500 mmy/sec. The transtation velocity of at least one
component of the laver dispensing mechanism may be a range of velocity between any of the afore-
mentioned velocity values (¢.g., from about 10mmy/sec to about 500 mm/sec, from about 10 mm/sec to
about 125 mm/sec, from about 130 mum/sec to about 300 mm/sec, or, from about 300 mov'sec to about 5060
min/sec). The travel distance of the layer dispensing mechanisim within the processing chamber may be at
least about 10 millimeter (oo, 20 num, 30 mm, 40 mm, 30 o, 60 mo, 70 mm, 75 oum, 30 mm, 90 mm,
100 mm, 110 mm, 120 mm, 130 mm, 140 mm, 150 mm, 160 mm, 170 mm, 180 mm, 190 mum, 200 mm,
220 wm, 240 min, 260 mm, 280 wmm, 300 mrn, 320 nym, 340 mm, 360 mm, 350 mm, 400 mm, 420 mm,
440 mm, 460 mm, 480 mm, 500 mim, 320 mun, 340 min, 360 mm, 575 mum, 380 mm, 590 mm, 600 mm,
620 mm, 650 mm, 670 mm, 690 mm or 700 mm. The travel distance of the layer dispensing mechanism

within the processing chamber may be at most about 20 mam, 30 mm, 40 mum, 50 mm, 60 mm, 70 mm, 75
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mm, 80 mom, 90 mm, 100 mm, 110 mm, 120 mm, 130 mm, 140 mm, 150 o, 160 mm, 170 nom, 180
mm, 190 mm, 200 mm, 220 mm, 240 mim, 260 mm, 280 mm, 300 mm, 320 mm, 340 num, 360 mm, 380
mm, 400 mm, 420 mm, 440 mm, 460 mim, 480 mm, 300 mm, 520 mm, 340 mm, 560 num, 575 mm, 580
mm, 390 mm, 500 mm, 620 mm, 630 mm, 670 mm, 690 am or 700 mm. The travel distance of the layer
dispensing mechanism rmay be a range of distance between any of the afore-mentioned distance valucs
{¢.g.. from about 10 mm to abowt 700 mm, from about 10 mun to about 300 mm, from about 10 oxm o
about 75 mum, from about 75 mion to about 575 mm, from about 106 mum to abowut 400 mum or from about
400 mm to about 700 mm).

(80235} In some embodiments, the vibration mechanism facilitates a vibrating motion of a portion of the
layer dispensing mechanism. Al times, the actuator that moves the shaft and/or layer dispensing
mechanism may additionally facilitate a vibrating motion (¢.g., of the shaft}. Vibrating motion may
incluade moving the shaft and/or layer dispensing mechanism in a back and forth manner. The vibrating
motion may inchude a dithering movement. The dithering movement may comprise a (e.g., small) back
and forth movement along the trajectory of the overall forward movement of the shaft and/or laver
dispensing mechanism. A ditheting movement may be a movement in an overall forward direction. A
dithering movement may include a movement in a direction reverse from the direction of a previous {e.g.,
forward) movement. The dithering movement mav be small (¢.g., shorter in length and time) as compared
to an overall movement of the shaft and/or the layer dispensing mechanism. The dithering movement may
have a length of at most about 0.1 mum, 0.2 sun, 0.3 mm, 0.4 mm, 0.5 ooy, 0.6 mm, 0.7 mm, 0.8 mm, 8.9
moy, J.Omm, Limm 120 13mm, L4 mm, 1350w, 1.6mm, 1.7 pum, 1.8 mm, 1.9 s, 2.0 num, 2.2

mm, 2.4 mm, 2.6 mm, 2.7 oun, 2.8 mm, 3.0 mum, 4.0 mun, 5.0 mm, 6.0 mm, 7.0 mm, 8.0 mm, 9.0 mm, or

9.9 mum. The dithering movement may have a length that may be a range between any of the afore-
mentioned values (¢.g., from aboot 0.1 mm to about 9.9 mm, from about 0.1 mum to abowt 1.0 mumn, from
about 1.0 mm {o about 5.0 mrn, or from about 5.0 mm to about 9.9 mm). Vibrating may include moving

¢ shaft in an overall forward direction. At times, the dithering movement may overlap (e.g.,
superimpose) with the overall forward movement of the shaft. F1Gs. 20A~ 20C show examples of a
vibrating motion of a component of the layer dispensing mechanism (e.g., leveling mechanism). FIGs.
21A - 21C show cxamples of a (¢.g., successive steps in a) vibrating motion of a component of the layer
dispensing mechanism (e.g., material dispensing mechanism). FIG. 20A illustrates an example of moving
a component of the layer dispensing mechanism (c.g., 2007, 2009, a leveling mechanism) in a forward
direction {¢.g., 2017} relative to a platform (¢.g., FIG. 20A, 2015) or an exposed surface (e.g., 2013y of a
material bed. FIG. 20B illustrates an example of moving the component (e.g., comprisiog 2027 and 2029)
in a backward direction {¢.g., 2037) relative to the platform {(¢.z., FIG. 20B, 2033}, relative 10 a previous
position (e.g., 2039,) of the component, and/or relative 1o an expased surface of the material bed. FIG.
20C and illustrate an example of moving the component (e.g., 2049) in the forward direction (¢.g., 2047),
relative to the platform, o a previous position {e.g., 2051), and/or relative to the exposed surface of the
material bed. When performing the vibration motion of the leveling mechanism (e.g., by translating a

shaft in a hinear manner), the operation illustrated in FIG. 20A is executed, followed by the operation
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itlastrated in FIG. 208, which is subsequently followed by the operation in FI1G. 20C. For example, the
operations in FIG. 20A — 20C arc performed successively. FIG. 21 A illustrates an example of moving a
component of the layer dispensing mechanism {e.g., 2138, a material dispenser) in a forward direction
(c.g., 2117} relative to a platform (c.g., 2130) and/or relative to the exposed surface (¢.g., 2131) of the
material bed, to a position X at time 4. FIG. 21B illustrates an exaraple of moving the component (¢.g.,
2144y in a backward direction (e.g., 2146} relative to the platform (¢.g., 2150), relative 1o a previous
position (e.g., 2145) of the component, and/or relative to the exposed sarface of the material bed, to a
position X at tirne b, FIG. 21C illustrates an example of moving the component {c.g., 2164) in the
forward direction {c.g., 2166), on the target surface, relative to a previcus position {g.g., 2165),to a
position X3 at a tme t;. Positions X, X and Xs are along the trajectory of the shalt and/or layer
dispensing mechanism. In some examples, the distance XX is greater than the distance X;-Xo. Insome
examples, the distance X,-X31s greater than the distance X,-X5. Time t; is before time t that is before time
t3. Positions X ~Xz and times £1-t may correspond to those in FIG. 20D. When performing the vibration
motion of the material dispensing mechanism (e.g., by translating a shaft in a linear manner), the
operation illustrated in FIG. 21 A is executed, followed by the operation illustrated in FIG, 21B, which is
subsequently followed by the operation in FIG. 21C. In some configurations, the example operations
shown in FIGs. 20A - 20C and/or FIGs. 214 — 21C may be performed by the same vibration mechanism.
At times, the example operations shown in FIGs. 20A - 20C and/or FIGs. 21A — 21C may be performed
simultancously. In some examples, the example operations showa in FIGs. 20A — 20C asd/or FIGs. 21A ~
21C may be the same operation respectively. The trajectory of the third operation may partially overlap
the trajectory of the second operation, which may partially overlap the trajectory of the first operation.
The partial overlapped operations may form an overall propagation (e.g., FIG. 204, 2005, followed by
2025 followed by 2043; or FIG. 21 A, 2140, followed by 2148, followed by 2168) of the component of the
fayer dispensing mechanism from the first operation by the third operation.

[80236] Vibrating one or more components of the layer dispensing mechanism may include one or more
moving operations selected from (i) moving in a forward direction to form a first forward path, (i)
moving in an opposie direction from the first forward path to at least partially overlap the first forward
path to form a backwards path, and (iti) moving in a forward direction from the backwards path to an
overall forward position from the first operation. Operations (1) to (iti) can be conducted sequentially. In
some ermbodiments, the backwards path overlaps the first forward path in part. In some embodiments, the
second forward path overlaps the backwards path in part. Moving the component of the layer dispensing
mechamsm and/or shaft may inclade overall moving in the forward divection {¢.z., two steps forward and
one step backward). For example, when the non-overlapping second forward path exceeds the first
forward path in the direction of forward movement. FIG. 20D ithustrates an example of a graphical
represertation of the movement of a component of the layer dispensing mechanism, wherein the graphical
representation iftustrates the position of the component in the X-axis divection (¢.g., 2060) as time (¢.g.,
2055) progresses. The component moves in an overall forward lateral position (e.g., 2057, ¢.g., in the X-

axis direction) during a period of time. The overall forward lateral movement may be superimposed by a
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dithering movement (e.g., 2039, a vibration movement). At timaes, the displacement of the component in a
forward movement may be greater than the displacement of the component in the backward movement
(c.g., accounting for an overall forward movement). At times, the displacement of the comporent ina
backward movement may be greater than the displacement of the cormponent in the forward movement
(e.g.. accounting for an overall backward movement). At times, the displacement of the component in the
forward movement may be (e.g., substantially ) the same as the displacement of the coraponent in the
backward movement. FIG. 20E dlustrates an exaople of a graphical representation of the acceleration of
movement of a component of the layer dispensing mechanism, wherein the graphical representation
itlustrates the change in velocity (e.g.. 2070} of movement of the component and/or shaft as time (e.g.,
2065) progresses. In the example shown, the velocity varies between Vs to Vo (e.g., 2077). The velocity
may aceclerate from Vs to Vy and drop back to Vs at a time interval between b to 1. The component
and/or shaft may move in a forward direction in this time period. In a second time period between 1 1o 1,
the component may move in a reverse direction from the previous forward motion. The variation in
veloeity, in the backward (e.g., reverse) direction may be same as the variation in velocity in the forward
direction {¢.g., a change of velocity from Vs to V> and a drop back to Vs during the second portion of time
between 4 to 11). In the example of FIG. 20E, the acceleration of the component in the forward direction
and the accelemtion of the component in the reverse direction is the same between cach time frame. At
times, the acceleration rate and/or frequency may be vaiform (e.g., constant) throughout the (e.g.,
vibration and/or overall forward) motion of the companent and/or shaft. At times, the acceleration rate
and /or frequency may be pop-uniform (e.g., rate of change of velocity and/or the magortude of velocity
may be higher in the forward direction motion thag the rate of change of velocity and/or the magnitude of
velocity in the backward direction motion). The motlion may be across the matenial bed and/or platform
{¢.g., from one side to the other).

{68237} At times, at least one component of the layer dispenser {¢.g.. the component may be a material
dispenser) comprises features that allow for the dispensing of (e.g., a pre~transformed) material without
the use of a moving mechanism (e.g., hinge, flap, gate, Iid, shutter, or joint) contacting the material. For
cxample, a particulate material {¢.g., particles of a powdered material) may become lodged in the moving
mechanisms such that the dispensing mechanism (or portions thercof) may require replacement and/or
maintenance (e.g., cleaning). In some embodiments, the at least one component of the layer dispenser
(c.g., the material dispenser) may not include (e.g.. be devoid of) the moving mechanism. Absence of the
moving mechanism may improve a functional reliability of the component and/or reduce the amount of
maintenance and/or replacement of the component. FIGs. 25A-25C illustrate an example of a laver
dispenser 2502 10 accordance with sone embodiments. FIGs. 25A and 258 dlostrate movement stages of
the layer dispenser, and FI1G. 23C illustrates an inset view 2501 showing a close-up of a portion of the
layer dispenser 2502, The layer dispenser can include a bottorn portion (¢.g., 2506) that can (e.g..
temporarily) retain at least a portion of the material (¢.g., 2503} within the layer dispenser. The material
{e.g., pre-transformed maternial) can temporarily accumulate at the bottom portion, supported by the walls

of the bottom portion and the force of gravity. The laver dispenser may have at least one slanted (¢.g.,
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side)y wall {e.g., 2505, or 2508), e.g., that converge towards the bottom portion, thus forming a converging
reservoir for the material to be dispensed (¢.g., the pre-transformed material). In some cases, the laver
dispenser has a funnel shape (¢.g., comprising side wall 2503) that converges at the bottom portion. The
bottom portion can inchade a lip {e.g.. 2504) (also referred to as a ledge) that extends from the bottom
portion. The lip can correspond to a projecting edge that ends at an exit opening (¢.g., 2507) where the
material can exit the layer dispenser. The lip may extend beyond a borizontal cross section of the
convergiag reservoir bottom. The extend of extension may coosider (e.g., correlate to) an angle of repose
of the material to be dispensed. The exit opening can be at least partially defined by the bp and a back
edge (e.g., 2517) of the bottom portion. The exit opening can be positioned in a back portion {e.g., 2508)
of the laver dispenser. The lip and back edge can facilitate temporary retention of the material within the
bottom portion, ¢.g., in accordance with an angle of reposc (e.g.. o) of the material. Tn some cascs, the
material can be retained within the bottom portion when the laver dispenser {e.g., in a stationary state, a

temporary stationary state, or a moving state) when conditions of the following equation 1 are niet:

12
tan oy = ==

El

where L is a lateral (e.g., honizontal) length from the back edge to the end of the lip; L, is a height (e.g.,
fongitudinal length) of the lip as measured from the back edge; and o, is the angle of repose of the
material. The angle of repose o can vary depending on factors such as the type of material (c.g.,
composition of the material) and the particles size of the material. In some embodiments, % ranges from

about 0.2 and about 1, from about 0.2 to about 0.3, from about 0.5 to about 1, from abowt 0.5 o about 0.8,
from about 0.3 {0 about 0.6, or from abowt 0.8 to about 1.

{66238} In sorme cmbodiments, the lip inchides a retaining member {¢.g., 2519). The retaimng member
may be an obstruction to the material fall. In some embodiments, the retaining member extends {(¢.g.,
upward) from an end of the lip at angle. The retaining member can facilitate retention of the material
within the bottom portion. Motion in a first direction {e.g., 2509) and/or a second direction {¢.g.. 2511) of
the layer dispenser can cause the material within the layer dispenser (e.g., temporarily retained within
bottom portion 2506) to exit the exit opening and drop (e.g., 2510) onto the platform {e.g., 251 1) and/or a
previously dispensed material (¢.g., 2512) to form a layver of material (e.g., 2513). The first and second
directions can be referred to as reverse and forward directions, respectively. In some instances, the layer
dispenser 1 operationally coupled with one or more actuators (2.g., that is/arc operationally coupled with
ong or more controllers) that provides the {e.g., forward and/or backward) motion. In some cases, the
motion inchides a stattering motion. For instance, the stutiering motion can include: mwliiple stops, a
change 10 velocity, a change in acceleration, or a change in trajectory. The change and/or stops may be
repetitive (¢.g., repeat at least once during the motion). For example, the layver dispenser can move (2.2,
2514) from a first position (¢.g., 2515) to a second position (2.g., 2516), which may define a repetition

cycle. For example, the position may be a stopped position. In some embodiments, the respective cycle
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involves the layer dispenser respectively moving in opposing direction (e.g., 2518) {e.g., with
corresponding first and second positions (¢.g., stopped positions}). In some cases, the stuttering motion
includes a vibrating motion. In some embodiments, the vibrating motion inchudes vibrations at a
frequency, ¢.g., an ultrasonic frequencies. The repetitive (¢.g., stuttering) motion (¢.g., stopping and
starting motion) can occur stepwise in the overall forward motion of the layer dispenser. The repetitive
mation can occur over any suitable time penod(s) and have any suitable repetition frequency. The
repetition frequency may faciliate a fallout of the material from the material dispenser at a rate. The rate
may facilitate a (¢.g., substantially) planar deposition of the material. The rate may facilitate a (c.g..
substaniially ) homogenouns deposition of the matenial, e.g., across the deposition arca. The deposition arca
may be at least a portion of a platform or an exposed surface of a material bed. In some cases, the
repetitive (¢.g., stuttering) rotion 1s accomplished by altering the forward motion (¢.g., 2569) of the one
or more actuators used to move the laver dispenser. For example, the one or more actuators that control
the forward motion can be tuned to articulate a rough motion of the at least one component of the layer
dispenser (e.g., the material dispenser) such that a repetitive (¢.g., and stuttering) motion is associated
with an overall forward motion.

(602391 FIGs. 30A-30C show cxamples of schematic graphs tllustrating example motion for at least one
component of a layer dispenser, in accordance with some embodiments. The at least one component of the
laver dispenser can move in a direction (¢.g., forward). The direction may be in accordance with an
exposed surface of the material bed and/or platform. The graph of FIG. 30A dlustrates a position of the at
Ieast one component of the layer dispenser as a function of time. The movement of the at lcast one
component of the laver dispenser across the sorface of the material bed (e.g., forward motion) may
include a modwlated motion. The moduolated motion can include vibrating, stultering, oscillating, jittering,
fluctuating, pulsating, and/or fluttering motion. The modulated motion can facilitate dispernsing of a (e.g.,
pre-transformed) material from the material dispenser. For example, the modulated motion can agitate the
material within the cavity (¢.g., reservoir) of the material dispenser such that at least a portion of the
material exits the exit opening {(e.g., at a bottom portion) of the material dispenser. The modulated motion
can be caused by adjusting a forward (and/or backward) motion of the layer dispenser. For example, the
one or more actuators that facilitate (e.g., cause) the forward and/or backward movement can be tuned
(c.g., roughencd) to emphasize the modulated motion. Tn some cases, one or more actaators dedicated to
facilitating (¢.g.. providing) the modulated motion is/are used. For example, the actuators may comprise
vibrators. FIG. 30A indicates a position of the layer dispenser can inchude an average rootion 3002 in
{c.g.. substantially) one direction {¢.g., forward or backward), and a modulated motion 3004, The
modulated motion can be penodic (e.g., repetitive, oscillatory (¢.g., harmonic)). The modulated motion
may average out to the average motion. The periodic maotion can be regular or frregunlar. The modulated
motion can cause the material to dispense the material periodically or constanily, e.g., along at lcasta
portion of its moverment trajectory. In some embodiments, the modulated motion is associated with
forward and/or backward motion (¢.g., 3003) of the at least onc component of the layer dispenser (e.g., the

material dispenser). In some cascs, the directional (¢.g., forward or backward) motion and/or the
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modulated motion contimies until the matenal dispenser reaches the end of the movement path (e.g., at an
cdge of the material bed). The movement path mayv be a trajectory.

[00240] F1G. 30B indicates a velocity of a at least one component of the layer dispenser (¢.g., material
dispenser) as a function of time, in accordance with some embodiments. An average velocity (e.g., 3007
of the at least onc component of the layer dispenser can be (¢.g.. substantially) constant. The modulated
motion may cause smaller velocity changes (e.g., 3008). In some embodiments, ap average velocity of the
at least one component of the laver dispenser is (¢.2., substantially) constant {(¢.g., 3007). In some
embodiments, an average velocity of the at least one component of the layer dispenser is non-constant
{e.g.. accelerates and/or decelerates). In some embodiments, a modulated velocity of the at least onc
component of the layer dispenser is non-constant (¢.g., comprises acceleration and/or deceleration, e g,
3008}, In some embodiments, the modulated motion 15 1o accordance with a wave motion (€.g., curve
{e.g.. sine wave) {¢.g., 3008), square wave (¢.g., 3010), triangle wave (e.g., 3012), sawtooth wave (¢.g.,
3014)). In some embodiments, a velocity amplitude (¢.g., 3116) of the modulated motion 15 at most a pre-
determined percentage of an average velocity (e.g., 3118), ¢.g., achicving a consistent dispense rate (¢.g.,
along the movement trajectory). The pre~determined percentage can depend on factors such as material
properties of the material being dispensed (e.g., comprising particle size, particie shape, cocfficient of
friction, or mass). In some embodiments, the modulated motion has a pre~determined amplitnde that is at
most about 40%, 30%, 20%, 10%, 8%, 5%, 3%, 2%, or 1% of the average velocity. The pre-determined
amplitude can be between any of the afore-mentioned values. For example, the pre-determined araplitude
can range from about 1%6 to about 40%, about 1% to about 10%,. or from about 10% to about 40% of the
average velocity. 1n sorme embodiments, the at least one component of the layer dispenser 1s a material
dispenser, a leveler, or a material remover. The vibrating material dispenser may dispense material with a
aniformily of at most about 5%, 10%, 15%, 20%, or 25%. The uniformity percentage may be calculated
by dividing a deviation of a volume of pre-transformed material per unit arca that is being dispensed, over
an average volume per unit area that is dispensed. The vibrating material dispenser may dispense material
with a gniformity between anv of the afore-mentioned percentages (¢.g., from about 5% to about 25%,
from about 5% to about 15%, or from about 10% to about 23%). The uniformity may be calculated per
dispensing cycle. The dispensing cycle may comprise a deposition of a laver of pre-transformed material
(c.g., to form a material bed). The frequency of vibration may be at least about 10Henz (Hz), 20 Hz, 25
Hz, 30 Hz, 35 Hz, 40 Hz, 45 Hz, 50 Hz, 55 Hz, 60 Hz, 65 Hz, 70 Hz, 75 Hz, 80 Hz, 85 Hz, 90 Hz, 95 Hz,
100 Hz, 105 Hz, 110 Hz, 115 Hz, 120 Hz, 125 Hz, 130 Hz, 135 Hz, 140 Hz, 145 Hz, 150 Hz, 10KHz, or
20KHz. The frequency of vibration may be a range of frequency between any of the afore-mentioned
frequency values (¢.g., from about 20 Hz to about 20 KHz, or from about 10 Hz {o about 40 He, from
about 40 Hz to about 100 Hz, or from about 100 Hz 16 about 20K Hz). The vibration may be at an
ultrasonic frequency. The standard deviation of the thickness of a planar and/or dispensed layer, along the
trajectory of the at least one component of the layer dispensing mechanism may be at most about 400
micrometers (pmy), 300 pam, 250 um, 150 pum, 100 wm, 75 wm, 56 pm, 30 pm, 25 pm, 20 pm, or 10 pm,

The standard deviation of the thickness (e.g. height) of a planar and/or dispensed laver, along the
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trajectory of the at least one component of the layver dispensing mechanmsm may be of any value between
the afore-mentioned values (e.g., from about 400 pm to about 10 wm, from about 250 pm to about 30 pum,
from abont 300 pm to about 25 pm, or from about 100 pm to about 10 uny). The planar laver may be one
that has been planarized with a vibrating leveler and/or material remover. The dispensed layer may be one
that has been formed using a malerial dispenser. The planar layer may be one that has been formed by the
material dispenser. Vibrating the at lcast one component facilitates a planar exposcd surface that deviates
from average planarity by at most about 400 mcrometers (pum), 300 umy, 250 pm, 150 pm, 100 um,

75 wm, 50 pm, 30 pam, 25 uwm, 20 wm, or 10 um. Vibrating the at least one component facilitates a planar
exposed surface that deviates from average planarity by any value between the afore-mentioned vahics
(c.g., from about 400 pum to about 10 pm, from about 250 pum to about 30 pm, from abowt 300 um fo
about 25 pwm, ot from about 100 pm to about 10 pm).

(60241} F1G. 30C indicates an acceleration of a material dispenser as a function of time, in accordance
with some embodiments. An average acceleration (e.g., 3120) of the material dispenser canbe (¢.g.,
substantially) zero, with the modulated motion causing {¢.g., small) acceleration changes (e.g., 3122). In
some cases, a (e.g., substantially) zero average acceleration can be associated with a consistent dispense
rate, ¢.g., along the movement trajectorv. In some embodiments, an average acceleration of the material
dispenser 1S non-zero (€.g., positive and/or negative).

(06242} In some embodiments, a portion of the material leveling mechanism (e.g., a blade portion)
collects the excess pre-transformed matenal, as it levels the dispensed material. FI1Gs. 23A-23D show
examples of planarizing an exposed surface of a matenial bed. FIG. 23A shows a leveling mechanism
{e.g.. keveler, 2311) comprising a blade 2313 that translate in a direction 2315, and shears the material bed
having an exposed surface 2316, to form a planar exposed surface 2312 In the example shown in FIG.

23 A, pre-transformed material from the material bed accumulates 2317 on the blade 2313 as it translates
2315, In some embodiments, as the leveling mechanism reaches the end of the material bed, the leveling
mechanism stops abruptly or reverses its direction of movement abruptly, resulting in a continued motion
(e.g., inertial movement) of the accumulated excess material forward. Tn some cmbodiments, as the
leveling mechanism reaches the end of the material bed, the leveling mechanism accelerates and stops
abruptly or reverses s direction of movement abruptly, resulting in a continned motion (e.g., inertial
movement) of the accumulated excess material forward. The forward moving excess pre~transformed
material may be accunmlated and/or sucked ioto a container (e.g., of the recycling systeon). FIG. 23B
shows an example where the blade 2322 of the leveling mechanismo that accumulates material and moves
and/or accelerates ina direction {e.g., forward) 2325, which movement moves the accumulated material
2328 toward a collection system (¢.g., collector) 2329 (o form a planar exposed surface 2322 FIG. 23C
shows an example where the blade of the leveling mechanism 2333 reverses its direction to 2335 {(e.g..
abruptly} to move away from the collection system, resulting in a (¢.g., continuous) movement of the
excess accurnulate pre-transformed material 2338 in a divection 2332 via its momentum (in accordance
with the direction 2323 of the leveling mechanism in FIG. 23B), and toward the collection system 2339

{c.g., collector, or collection reservoir). The pre-transformed material can deposit into the collection
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system. At the end of a translation cycle (e.g., of the material leveling mechanism), the excess pre-
transformed material (¢.g., within the collection svstem) may be transferred and/or collected into an
overflow mechanism and/or a recycling mechanism. FIG. 23C show an example of excess pre-
transformed material 2338 on its way to a collection system 2339, The overflow mechanism may be a
container that collects excess pre-transformed material. The pre-teansforoed material from the overflow
mechanism may be transferred to a recyeling mechagism and/or a matenal dispensing mechanism. At
tirpes, the processing chamber and/or enclosure may have an opening to facilitate the transfer of the
excess pre-transformed matenal. The opening may be adjacent to the matenial bed (e.g., at a boundary of
the material bed). At times, the vibration mechanism may facilitate the transfer of the excess pre-
transformed material. The vibrabion mechanism may be controlled (e.g., antomatically, and/or mamiaily)
to perform a dithering movement {¢.g., a back and forth movement) at a high acceleration rate. At times, a
single dithering movement may be performed (e.g., at the end of the planarization cycle of the leveling
mechanism). At times, a pluarality of dithering movements may be performed (e.g., while using the
leveling mechanism fo planarize the material bed and/or while dispensing the pre-transformed material).
At times, the plurality of dithering movements may be performed at the same location (e.g., at the edge of
a material bed). At times, the dithering movement may be performed at the end of and/or during a material
leveling cycle. At times, the dithering movement may be performed at the end of and/or during a material
depasition cycle. In some embodiments, the material leveling mechanison is configured to reduce
disruption of the leveled (e.g., {c.g., substantially) planar) exposed surface of material bed. For example,
at least a tip of the blade (¢.g.. the blade) can be angled (e.g.. slanted) with respect to the exposed surface
of the material bed. FIG. 23D show an exaraple material leveling mechanism 2341 haviag a blade 2340
that has a first (e.g., top) edge 2342 and second (¢.g., bottom} edge 2343, The first and second edges can
be part of a tip of the blade. The first (¢.g., top) edge can guide the pre-transformed material 2346 of the
material bed 2344 onto the top surface of the blade when moving in a direction 2349, ¢.g., toward a
collection system. If the material leveling mechanism is configured to move a reverse direction 2345, the
second (e.g., bottom) edge 2343 can be at an angle 2347 with respect to the leveled ((e.g., substantially)
planar) exposed surface 2330 of the material bed. For example, at least the tip of the blade (Comprising the
second surface 2343) can be tilted with respect to the leveled exposed surface of the material bed. The at
Jeast the tip of the blade may comprise the blade. The angle 2347 may be an acute angle. The angle 2347
can be any suitable acute angle. In some embodiments, the angle is at most about 90 degrees (), 85 °, 70 °°,
60°,30° 40°,30°,25° 20° 15° 10°,5°,3° 2° 1° orzero . About zero © corresponds to the second
odge being (c.g., substantially) paralie] to the leveled surface. In some embodiments, the angle is greater
than zero ° (non-paraliel to the leveled surface). The angle can be between any of the afore-mentioned
degrees {e.g., from about 1 © to about 90 °, from abowt 30 © to about 90 °, or from about 1 © 1o about 30 %)
(80243} At tumes, the vibration mechanisin is controled. The vibration motion may be performed
continuously (e.g., during the deposition of a planar layer of pre-transformed material, or a portion
thereofy. The vibration motion may be performed during (c.g., as part of) printing of the 3D object. The

vibrating movement of the shaft may be controlled statically (¢.g.. before, after, deposition of a planar
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laver of material). The vibrating movement of the shaft may be controfled dvnamically (e.g.. during
deposition of at least a portion of a planar laver of material).

(00244} In some embodiments, the actnator is coupled to at least one controller (herein collectively
“controller™). The controlier may be coupled to a sensor (e.g., positional, optical, weight). The controller
may contra] the starting of the actuator. The controller may control the stopping of the actuator. The
controller may detect a position of the layer dispensing mechanism. The contreller may dynamically (c.g.
10 real-tioe during the 3D printiag) control the actuator to adjust the position of the layer dispensing
mechanism. The controlier may control the amount of movable distance of the shaft (e.g., by controlling
the actuator). The controlier may detect the need to perform dispensing and/or planatization of a pre-
transformed material. The controller may activate the actuator to move the shaft and the coupled laver
dispensing mechanism (o a position adjacent to the platform. The controller may detect the completion of
dispensing a laver adjacent to the platform (¢.g., comprising a base FIG. 1, 102 and a substrate FIG. 1,
1093, The controller may activate the actuator to move the shaft to retract the layer dispensing mechanism
into the ancillary chamber.

[60245] In some cmbodiments, the material dispensing mechanism is operatively coupled o one or more
shafts. FIG. 15 shows an exarmple of two shafis (e.g., 1535, 15435) coupled to the layer dispensing
mechanism {e.g., 1530}, Each shaft may be coupled to an actuator. In some examples, at least two of the
shafis have a common actuator, In some ¢xamples, at keast two of the shafts each have their own
(different) actuator. The actuator may reside on a stage. The shaft may be hollow (¢.g., comprise on¢ or
more cavities}. The shaft may facilitate suction of debris and/or pre-transformed material from the layer
dispensing mechanism. The layer dispensing mechagism may inchide a material dispensing mechanism
1516, a levelling mechanism 1517 and a material rermnoval mechanism 1518, FIG. 14 A shows an example
of a vertical cross section of a shaft (c.g., 1430). The shaft may coraprise one or more channels (¢.g., FIG.
148, 1435, 1440, 1445). FIG. 14B shows an example of a side view of the shaft. The channel may inclode
avalve. The valve may be located outside or inside the shaft. FIG. 14B shows an example of a valve 1425
located in the shaft 1430, The valve may control {e.g., regulate and/or direct) the flow of content included
within the chanmel. The valve may be a pncumatic, mamual, solenoid, motor, hyvdraulic, a two-port, a
three-port, or a four-port valve. The content of the channel may comprise debris, pre-transformed
material, or gas. FIG. 14A shows an example of a vertical cross section of a shaft 1400 comprising three
channels 1410 {that transport 2 material, such as gas, inwards), 14153 (that transport a matenal, suchas
zas, outwards), and 1420 (that transport pre-transformed material).

(80246} In some embodiments, a shaft comprises at least one transit system (¢.g., a chanoel within the
shaft). A portion of the chanoel (e.g., FIG. 15, 1533, 1534, or [544) may reside within the shaft. A portion
of the chanoel {¢.g., 1336, 1538, or 1548) may be external 10 the shaft. The chansel may transport pre-
transformed material {(e.g.. 1552) into the layer dispensing mechanism (layer forming device). The
chanrnel may transport (¢.g., compressed) gas (¢.g.. 1554) imto the layer dispensing mechanism (e.g., layver
dispenser) and/or material removal mechanism (¢.g., material remover). The channel may assist in

removing pre-transformed material (e.g., 1556) from the layer dispensing mechanism and/or material
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removal mechanism. Positive and/or negative pressure may be used to facilitate transport in the channel.
The chanaocl (¢.g., an external end thereof) may be (e.g., fluidly) connected to recycling systom {(e.g.,
1520}, a reconditioning system, a bulk reservoir of pre~transformed material (¢.g., 1513), a pressure punp
(c.g., 1510}, (c.g., avacoum or gas pump). The channel that transports pre~transformed material may be
(e.g.. Thudly) connected to the material dispensing mechanism (e.g.. 1516} of the laver dispensing
mechanism (e.g., 1550). The channel that transports gas or air may be connected to the material levelling
mechamsm (¢.g., leveler) {e.g., 1517} or the matenal removal mechanism (e.g., 1518) of the layer
dispensing mechanism. The channel that transports negative pressure {2.g., gas or air) may be connected
to the matenal removal mechanism (e.g., 1518) of the layer dispensing mechamsm. Fluid connection as
understood herein 15 a connection that allows material to be flowingly transferred. The material that 15
transferred can comprise solid, Hauid or gas.

(80247} In some embodiments, the 3D printer comprises an ancillary chamber. FIG. 12 shows an example
of an ancillary chamber 1240 coupled to the processing chamber 1226, In some embodiments, the layver
dispensing mechamism (e.g., 1234) is parked within the ancillary chamber, when the layer dispensing
mechanism does not perform dispensing adjacent to a platform, which platform comprises a substrate
1261 and a base 1260, The layver dispensing mechanism may be conveved to the processing chamber (e.g.,
FIG. 12, 1226). When conveyed, the laver dispensing mechanism may move from a first position {e.g., a
position within the ancillary chamber (¢.g., FIG. 11, 1140) to a position adjacent to the build module (¢.2.,
1184)). When conveyed, the one or more shafts may move from a first position (¢.g., a position within the
ancillary chamber {e.g., 1172)} to a position adjacent to the processing chamber (c.g., 1175). When
conveyed, the actuator (e.g., 1152) may move from a first position (¢.£., a position within the ancillayy
chamber 1105) to a position adjacent to the build module (¢.g., 1134). When conveyed, the layer
dispensing mechanism may dispense a layer of pre-transformed material adjacent to the platform (e.g.,
FIG. 12, 1204). The layer dispensing mechanism may park within the ancillary chamber. For exarple. the
layer dispensing mechanism may part in the ancillary chamber when the laver dispensing mechanism is
not performing a dispersion of a layver of pre-transformed material. For example, the layer dispensing
mechanism may part in the ancillary chamber when the material dispenser does not dispense pre-
transformed material. For example, the layer dispensing mechanism may part in the ancillary chamber
when the leveling mechanism does not level (¢.g., planarize) the material bed. For example, the layer
dispensing mechanism may part in the ancillary chamber when the matenal removal mechanism does
planadze the material bed. For exanple, the layer dispensing mechanisie may patt in the ancillary
chamber when the material bed 1s exposed to an energy beam (e.g.. FIG. 12, 12¢1).

(80248} In some embodiments, the ancillary chamber (¢.z., also referred to herein as “ancillary encloswe,”
2.g.. 1254) is dimensioned to accommodate the layer dispensing mechanism (¢.g., FIG. 12, 1240, F1G. 13,
1305). The laver formuing device (layer dispenser) can include a material dispenser {e.g.. 1322}, leveler
{e.g.. 1316} and a material remover (e.g., 1317). The ancillary chamber may be dimensioned to enclose
the layer dispensing mechanism (laver forming device), one or more bearings, one or more bellow

portions, at least a portion of the one or more shafis {e.g., FIG. 11, 1110, or FIG. 12, 1236), or any
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combination thereof. In some cases, one section {2.g., first section) of the ancillary chamber is configured
to house the laver forming device (e.g., when the laver forming device is in a parked mode) and another
section (2.g., second scction) of the ancillary chamber is configured to house the one or more actuators.
FIG. i1 shows an example of an ancillary chamber 1172 having a section 1192 enclosing a layer forming
device (e.g., in a parked mode) and another section 1193 enclosing one or more actuators (e.g., 1132) The
one or mote actuators cap contro] movement (¢.g.. translation and/or vibration) of the laver forming
device. The first and sccond sections can be separated by a partition (¢.g., 1194) (also referred to as a wall,
barrier, or separator) that can inclhude one or more partition holes for the onc or more shafts (e.g., 1110) o
pass therethrough. In some embodiments, the first section is configured to have a different atmosphere
{e.g.. pressore, temperature, and/or chemical (¢.g., gas, particles, plasma) composition) than the sccond
section. In some cmbodiments, the first section is configured 1o have the same atmosphere (¢.g., pressure,
temperature, and/or gas composition) than the second section. In some embodiments, one or more scals
(e.g.. including bellows, bearings, gas flow mechanism, diaphragm, cloth, or mesh) are situated 1in or
adjacent to the one or more partition holes. The one or more seals can scparate atmospheres within the
first and sccond sections. For example, the one or more seals can prevent particles (e.g., powder {¢.g., pre-
transformed material powder) and/or debris) from transiting between the first or second section. This may
be beneficial, for example, in order to reduce an armount {¢.g., prevent) particles from reaching
components and/or devices housed within the first or second sections. In some embodiments, the partition
and one or more seals arc used to reduce an amount (e.g., prevent) particles from reaching the one or more
actuators (¢.g., 1152} in the sccond section. In some embodiments, the second section is open to an
ambient atmosphere. In same erabodiments, the first section is separated from the ambient atihosphere.
{66249} The layer dispensing mechamism may comprise at least one of a material dispensing mechanism
{c.g., FIG. 1, 116}, Ieveling mechanism {(e.g., FIG. 1, 117), and a material removal mechanism {(e.g., FIG.
1, 118} FIG. 11 schematically shows an example of a layer dispensing mechanism 1140, The ancillary
chamber may be separated from the processing chamber through a closable opening that comprises a
closure (c.g., a shield, door, or window). The opening (¢.g., the partition between the ancillary chamber
and the processing chamber) may comprise a closure (e.g., FIG. 11, 1160, or FIG. 12, 1236). The closure
may relocate to allow the layer dispensing mechanism (also referrod to herein as “layer dispenser,” or
“layer forming device™) to travel from the ancillary chamber to a position adjacent to (¢.2., above) the
material bed. The closure may be coupled with {e.g., connect to) the layer forming device. The closure
may be coupled with (e.g., connect o) at least one shaft that is coupled with (¢.g., connect to) the layer
fooming device. The closure may close o separate the processing chamber from the ancillary chamber
within the same atmospherc {¢.g.. the processing chamber and ancillary chamber remain within the same
atmosphere). The closure may close to isolate an atmosphbere of the processing chamber from an
atmosphere of the ancillary chamber. The closure may permit gascous exchange between the processing
chamber and the ancillary chamber. The closure may close to isclate the 3D printing taking place 1n the
processing chamber from components housed in the ancillary chamber (e.g., the layer dispenser). The

closure may or may not closed the opening when the layer forming device is forming (c.g., dispensing,

g
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leveling, removing material from) a layer (e.g., is operative in the processing chamber). The closure may
or may not close the opening when the energy beam is operative in the processing chamber. The closure
may or may not close the opening when the pre-transformed material is being transformed to the
transformed material. The closure may or may not close the opening when the layer forming device is
positioned within the ancillary chamber (e.g., when in the parked mode). The closure may open. e.g.. to
allow the atmosphere of the ancillary chamber and the processing chamber to merge. The closure may
open, e.8., to allow debris from the processing chamber to enter the ancillary chamber. The closure may
be {e.g., operatively) coupled to the layer dispensing mechanism. Operatively coupled may comprise
physically conpled. The closure may be coupled via a mechanical connecior, a controlled sensor, a
magnetic connector, an electro-magnetic connector, or an electrical connector. The layer dispensing
mechanism may cause the closare o open when conveyed adjacent to the maicrial bed (¢.g., by pushing
the closure). The closure may shide, tilt, flap, roll, or be pushed to allow the layer dispensing mechamsm
to travel to and from the ancillary chamber. The closure may relocate to a position adjacent to the
opening. Adjacent mav be below, above, to the side, or distant from the opening. Distant from the opening
may comprise in a position more distant from the ancillary chamber. The closure may at least partially
(c.z., fully) open the opening (e.g., before, after, and/or during the 3D printing).

(602561 In some cxamples, the 3D printer comprises a layer dispensing mechanism. FIG. 12 shows an
example of a laver dispensing mechanism (¢.2., FIG. 12, 1234) that can travel from a position in the
ancillary chamber {e.g., FIG. 12, 1240) to a position adjacent to the material bed (e.g., FIG. 12, 1232).
The separator {¢.2., closure) may change its position to allow the movement of the laver dispensing
mechanism to and/or from the ancilary chamber. The change of position may be by sliding, flapping,
pushing, magnetic opening or rolling. For example, the separator may be a sliding, flapping. or rolling
door. The separator may be operatively coupled to an actuator. The actuator ray causc the separator to
alter its position {(¢.g., as described bereiny. The actuator may cansc the separator to shde, flap, or roll
{e.g., in a direction). The direction may be up/down or sideways with respect to a prior position of the
separator. The actuator may be controlied (e.g., by a controlier and/or manually). Altering the position
may be laterally, horizontally, or at an angle with respect to an exposed surface of the material bed and/or
build platform. For example, the actuator may be controlled via at least one sensor (¢.g., as disclosed
herein). The sensor may comprise a position or motion sensor. The sensor may comprise an optical
sensor. For example, the separator may be coupled to the layer dispensing mechanism. Coupling may be
using mechanical, electrical, electro-magnetic, electrical, or magnetic connectors. The separator may
stide, open or roll when pushed by the layer dispensing mechanism. The separator may shde, close or roll
10 place when the layer dispensing mechanism retracts into the ancillary chamber.

[D0251] At times, the laver dispensiog roechanism cauvses (e.g., directly, ot indirectly) the closnre to open
and/or close the opening. Indirectly can be via at least one controller (¢.g., comprising a sensor and/or
actuator). Directly may comprise directly attached o the layer dispensing mechanisin. FIG. 11 shows an
example of an opening 1191 comprising a flapping closure 1160 that opens up (according to arrow 1199)

to allow the laver dispensing mochanism (laver forming device) 1184 to cxat an ancillary enclosure 1103
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and enter the processing chamber 1104; and/or allow the layer dispensing mechanism 1184 to cnter the
ancillary enclosure 1105 and exit the processing chamber 1104, The opening can be within a partition
(also referred to as a wall, divider, separator, or barrier) between the ancillary enclosure and the
processing chamber. The flapping closure may close according to an arrow 1199 having a reversed
direction, and thus separate the ancillary enclosure {¢.g., chamber) 1103 from the processing chamber
1104, FIG. 12 shows an example of an opening bardered by stoppers 1267, which opening is closed by a
shield type closure 1136 that is coanected to the layer dispensing mechanism 1234, In the example of
FIG. 12, the layer dispensing opening causes the shield type closure to open the opening as the layer
dispensing mechanism travels away from the ancillary chamber 1240 toward a position adjacent to the
platform {2.g., comprising the base 1260). In the example of FIG. 12, the laver dispensing opening causes
the shield type closure to close the opening as the layer dispensing mechanism travels into the anciflary
chamber 1240 {e.g., to park).

[00252} At times, a physical property (e.g., comprising velocity, speed, direction of movement, or
acceleration) of one or more components of the layer dispensing mechanism is controfled. Controlling
may include using at least one controller. Countrolling may include modulation of the physical property
(c.g., within a predetermined time frame). Controlling may include modulation of the physical property
within a translation cycle of the layer dispensing mechanism. At times, one or more components (¢.g., the
material dispensing mechanism, the material leveling mechanisor, and/or the material removal
mechanism) of the layer dispensing mechanism may be conirolled o operate at a (¢.g., substantially)
constant velocity {¢.g., throughout the translation cycle, throughout a material dispensing cycle,
throughout a material leveling cycle and/or throughout a matenal removal cycle). At times, one or morte
components may be controlled o operate at a variable velocity. At times, one or more cormponents may be
controlled to operate at variable velocity within a portion of tirne of the translation cycle. At times, the
velocity of one or more components of the layer dispensing mechanism, within a first tirne portion of the
transiation cycle and a second time portion of the translation cycle may be same. At times, the velocity of
one or more components of the layer dispensing mechanism, within a first time portion of the translation
cvcle and a second time portion of the translation cycle may be different. At times, within the translation
cvele, the velocity of one or more components of the layver dispensing mechanism at a first position may
be different than the velocity of the one or more components at a second position. At times, within the
translation cycle, the velocity of one or more components of the layer dispensing mechanism at a first
position may be the same as the velocity of the one or more components at a second position. At tines, a
component of the laver dispensing mechanism may be individually controlled. At times, at least two or
maore components of the layver dispensing mechanism may be collectively controlied. At times, at least two
corpoaents of the layer dispensing mechanism may be controlied by the same controller. At times, at
least two components of the layver dispensing mechanism may be controlled by a different controlier.
(86253} In some configurations, the 3D printer comprises a bulk reservoir {¢.g., FIG. 13, 1325, FIG. 11,
1190) (e.g., a tank, a pool, a tub, or a basin}. The bulk reservoir may comprise pre~transformed matenial.

The bulk reservoir may comprise a mechanisim configured to deliver the pre-transformed material from
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the bulk reservoir to at least one compornent (¢.g., material dispenser) of the layer dispensing mechamsm
(Javer forming device). The bulk reservoir can be connected or disconnected from the layer dispensing
mechanism (¢.g., from the material dispenser). FIG. 13 shows an example of a bulk reservoir 1325, which
is disconnected from the layer dispensing mechanism 1340. The disconnected pre~-transformed material
dispenser can be located above, below or to the side of the material bed. The disconnected pre-
transformed material dispenser can be located above the mateaal bed, for example above the material
entrance opening to the material dispenser within the laver dispensing mechanism. Above may be in a
position away from the gravitational center.

(86254} The bulk rescrvoir may be connected to the malerial dispensing mechanism (¢.g., layer dispenser)
{e.g.. FIG. 13, 1323) that can be a component of (or be coupled to) the layer dispensing mechanism. The
bulk reservoir may be located above, below or to the side of the layer dispensing mechanism. The layer
dispensing mechanism and/or the bulk reservoir have at least one opening pott (e.g., for the pre-
transformed material to move to and/or from). Pre-transformed material can be stored in the bulk
reservoir. The bulk reservoir may hold at least an amount of material sufficient for one layer, or sufficient
to build the entire 3D object. The bulk reservoir may hold at least about 200 grams (gr), 400gy, 500gr,
600gr, 800gr, 1 Kilogram (Kg), or 1.5Kg of pre-transformed material. The bulk reserveir may hold at
most 200 gr, 400gr, 500gr, 600gr, 800gr, 1 Kg, or 1.5K g of pre-transformed material. The bulk reservoir
may hold an amouat of material between any of the afore-mentioned ameounts of bulk reservoir matenal
(¢.z., from about 200gr to about 1 5Kg, from about 200 gr to about 800gr, or from about 700gr to about
1.5 kg). Material from the bulk reservoir can travel to the layer dispensing mechanism via a force. The
force can be natural (2.g., gravity), or artificial (e.g., using an actuator such as, for example, a pump}. The
force may comprise fnction. The bulk reservoir may be any bulk reservoir disclosed in Patent Application
Serial Number PCT/US15/36802 that is incorporated herein by reference in ifs entirety.

{66235} In some cmbodiments, the pre-transformed material dispenser reservoir resides within the
material dispensing mechanism {e.g., FIG. 13, 1322). The pre-transformed maternial dispenser may hold at
least an amount of powder material sufficient for at least one, two, three, four or five lavers. The pre-
transformed material dispenser reservoir (¢.g., internal reservoir) may hold at least an amount of powder
material sufficient for at most one, two, three, four or five layers. The pre-transformed material dispenser
reservoir may hold an amount of material between any of the afore-mentioned amounts of material (e.g.,
sufficient to a number of layers from about one layer to about five layers). The pre-transformed material
dispenser reservoir may bold at least about 20 grams (gr). 40gr, 30gr, 60gr, 80zr, 100gr, 200gr, 400gr,
500gr, or 600gr of pre-transformed material. The pre-transformed matenal reservoir may hold at most
about 20gr, 40gr, 50gr, 60gr, 80y, 100gr, 200gr, 400gr, 500gr, or 60Ggr of pre-transformed material. The
pre-transformed mateaal dispenser reservoir may hold an amoust of material between any of the afore-
mentioned amounis of pre-transformed material dispenser reservoir material {(e.g., from about 20 gr (o
about 600 gr, from about 20gr to about 300 gr, or from about 200 gr to about 600 gr}. Pre-transformed
material may be transferred from the bulk reservoir to the material dispenser by any analogous method

described herein for exiting of pre-transformed material from the material dispenser. At times, the exit
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opening ports (e.g., holes) in the bulk reservoir exit opening may have a larger FLS relative to those of the
pre-transformed material dispenser exit opeoning port. For example, the bulk reservoir mayv comprise an
exit opendng comprising a mesh or a surface comprising at least one hole. The mesh (or a surface
comprising at feast onc hole) may comprise a hole with a fundamental length scale of at least about
0.25mm, 0. 5mm. Iram, 2owm, 3mm, 4mm, 3nun, 6, 7o, Smun, 9mm or | centimeter. The mesh (or a
surface comprising at least one hole) may comprise a hole with a fundamental length scale of at most
about 0.25mm, 0.3mm. lmm, 2o, 3mm, 4mm, 3oun, 6mam, 7mo, dmm, 9mm or 1 centimeier. The
mesh {(or a surface coraprising at least one hole) may comprise a hole with a fondamental length scale of
any value between the afore-mentioned values (¢.g., from about 8.25mm to about § cm, from about
0.25mm to about 5 mrn, or from about Smm to about tcm). The bulk reservoir may cormprise a plane that
may have at least one cdge that is ranslatable 1nto or out of the bulk reservoir. The bulk reservoir may
comprise 2 plane that may pivot into or out of the bulk reservoir (e.g., a flap door). Such translation may
create an opening, which may allow pre~transformed material in the reservoir to flow out of the reservoir
{e.g.. using gravity).
[60236] At times, a controller is operatively coupled to the bulk reservoir. The controller may control the
time (2.g., time period, duration, and/or an indication/signal received from a sensor) for filling the bulk
reservoir. The controller may control the amount of pre-transformed material released from the bulk
reservoit by controlling, for example, the anount of tune the conditions for allowing pre-transformed
material 1o exit the bulk reservoir are in effect. In some examples, the pre-transformed material dispenser
dispenses an excess amount of powder that s retained within the pre-transformed material dispenser
reservoit, pror to the loading of pre-transformed matenal from the bulk reservoir to the pre-transformed
material dispenser reservoir. [n some examples, the pre-transformed material dispenser docs not dispense
of any excess amount of pre-transformed roaterial that is retained within the pre-transformed material
dispenser reservoir, prior to loading of pre-transformed material from the bulk reservoir to the pre-
transformed maternial dispenser reservoir. Pre-transformed material may be transferred from the bulk
reservoir to the pre-transformed material dispenser using a scooping mechanism that scoops pre-
transformed material from the bulk rescrvoir and transfers it to the pre-transformed material dispenser.
The scooping mechanism rmay scoop a fixed or predetermined amount of material. The scooped amount
may be adjustable. The scooping mechanism may pivot (e.g., rotate) in the direction perpendicular to the
scooping diroction. The bulk reservoir may be exchangeable, removable, non-removable, or non-
exchangeable. The bulk teservoir may comprise exchangeable components. The layer dispensing
mechanism and/or aay of its components may be exchangeable, remavable, non-removable, or non-
exchangeable. The powder dispensing mechanism may comprise exchangeable components.

(80257} At times, the pre-transformed material in the bulk reservoir or in the material dispensing
mechanism 15 preheated. cooled, is at an ambient temperature or maintained at a predetermined
temperature. A leveling mechanism (e.g.. FIG., 13, 1316, comprising a rake, roll, brosh, spatula, or blade)
can be synchronized with the material dispensing mechanism to deliver and plananze the pre-transformed

material to form the material bed. The leveling mechanism can planarize (¢.g., level), distribute and/or
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spread the pre-transformed material on the platform (as the pre-transformed material is dispensed by the
material dispensing mechanism. The leveling mechanism may push an excess of pre-transformed material
and/or other debris 1o the ancillary chamber. The pre-transformed material and/or other debris that resides
in the ancillary chamber may be cvacuated via a closable opening port 1380. The evacuation may be
active (¢.g., using an actnator activating a pump, scooper, blade, squeegee, brush, or broom). The
gvacuation may be passive (2.g., using gravitational force). For example, the floor of the ancillary
chamber may be tilted towards the opening. The tilted floor may allow any pre-transformed material
and/or other debns to stide towards the opening with or without any additional energy (¢.g., a suction
device, or any other energy activated device).

(80238} At umes, the bulk reservoir s stationary. The bulk reservoir may be located at least partially
within the ancitlary chamber. The balk reservoir may be located at Ieast partially outside of the ancillary
chamber. The bulk reservoir may be located at a position adjacent to {c.g., above) the layer dispensing
mechanism, when the layer dispensing mechanism resides (e.g., parks) within the ancillary chamber. The
bulk reservoir may be located at least partially within the processing chamber. The bulk reservoir may be
located at least partially outside of the processing chamber. The bulk reservoir may comprise a top surface
and a bottom surface. Bottom may be in a direction towards the gravitational center and/or the platform,
Tom may be in a direction opposite to the gravitational center and/or the platform. The top surface may
have an entrance opening. The entrance opening may include a closure. The closure may be coupled to the
top surface. The bulk reservoir mav have a volume that is greater than the volume of the material
dispensing mechanism within the laver dispensing mechanism. The bulk reservoir may be filled with pre-
transformed mateaal from the entrance opening. The bulk reserveir ovay be filled during, after or before
3D printing. At tiroes, the bulk rescrvoir may be refilled during, after, or before a layer deposition cycke
{¢.g., after a plurality of translation cycles). At times, the entrance opening may be on a side sarface of the
reservoir. At times, the bulk reservoir may be operatively coupled to at least one sensor. The sensor may
indicate the amount of material within the bulk reservoir. The sensor may be a positional sensor. The
sensor may sense a posiion of the material dispenser (e.g., in the ancillary chamber). The sensor may
sense an engagement of the material dispenser with the bulk reservoir. The bottom surface of the bulk
reservolr may be coupled {¢.g., operatively, and/or physically) 1o a channel. Coupled mav comprisc
flowably connected. The bottom surface may be coupled to a plate (¢.g., a flat surface). At times, the
bottom surface may be coupled to more than one plates. The plate may facilitate a flow of {e.g., pre~
transformed) material from the bulk reservoir to the material dispensing mechanism. The plate(s) may be
translatable. The plate(s) mayv translate in a lateral direction (¢.g., along the X-axis). The plate(s) may be
located at a position between a bottom surface of the bulk reservoir and a top surface of the material
dispensing mechanism. The plurality of platcs may translate simultancously. The movement of the
pharality of plates may be synchromzed. The plurality of plates may translate independently. The
movement of the one or more plaies may be controlled (e.g.. mamually and/or by a controller). At times,
the plate may facifitate the closure of the bottom surface of the bulk reservoir, At times, the plate may

facilitate the closure of the top surface of the material dispensing mechanism. At times, the plate may
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simnudtancously facilitate the closure of the top surface of the material dispensing mechanism and the
bottom surface of the bulk reservoir.

(00239} In some embodiments, the plate comprises a perforation. The perforation may be a lateral (e.g.,
horizontal) gap (also referred to as an opening) between two or more plates. The perforation may be an
apertore within a single plate. The perforation may be formed by a gap between a phurality of (¢.g., two)
plates. The perforation may comprise a uniform or a non-uniforon shape. For example, the perforation may
have a geometac 3D shape (e.g., abox, ¢.g., a cube). The perforation may form a channel between the
bulk reservoir and the matenal dispensing mechanism. The plate may be translated, such that the
perforation may be aligned between at least a portion of the exit opening of the bulk reservoir and at least
a portion of an entrance opening of the material dispensing mechanism. At times, the material dispensing
mechanism may be {ranslated to align with the perforated plate and/or the exit opening of the bulk
reservoir. The channel may be cylindrical. The channel may be a tube. The channel may resemble an
nversed funnel. At feast one wall of the channel may be slanted. The channel mav comprise divergent
(e.g.. non~parallel) surfaces. The channel may be aligned on one side at a first angle (e.g.. FIG. 228, 2262)
with the material dispenser and on a second side at a second angle (¢.g., FIG. 22B, 2264) with the material
dispenser. The first angle may be differcnt than the second angle. At times, the first angle may be the
same as the second angle. The cross section of the channel entrance (e.g., the area between the exit
opening of the bulk reservoir and the top surface of the aligned perforation) may be different (e.g.,
narrower) than the cross section of the channel exit (¢.g.. the arca between the entrance opening of the
material dispensing mechanism and the bottom surface of the aligned perforation). Without wishing to be
bound to theoty, the different cross-sections may lead to an increase in channel volure towards the
channel exit as compared to the volome at the channel entrance. The different cross-sections of the
channel entrance and channel opening may facilitate {c.g., caster) flow of the (e.g., pre-transformed)
material {e.g.. by reducing clogging and/or chimping of the (e.g.. pre-transformed) material). At times, a
wall of the channel may include a material (¢.g., a polished material, ¢.g., as described herein) that may
lower the friction and/or adhesion between the channel surface and the (e.g., pre~transformed) material. At
times, a wall of the channel may include a coating (¢.£., as described herein) that may lower the friction
and/or adhesion between the channel surface and the (¢.g., pre-transformed) material. The channel may
facilitate directing the flow of (¢.g., pre-transformed) material from the bulk reservoir to the material
dispenser (e.g.. when the exit opening of the bulk reservoir, the plate perforation and the entrance opening
of the material dispensing mechanisor are at least partially aligned with each other). The volume of the
chaonel may be smaller thao the volune of the bulk reservoir and/or the vohume of the material
dispensing mechanism. The flow of material through the chaonel may form a mound of material within
the material dispensing mechanism. At times, a void may be formed adjacent to (2.2, on a side of) the
moond of material (e.g., according to the angle of repose, ¢.g., 2268). The cessation of flow of the (¢.g.,
pre-transformed) material may be self-controlled as the mound of material reaches the {op satface of the
material dispensing mechanism. The amount of (¢.g., pre-transformed) material flow may be sclf-limited

by the channel. For example, the (c.g., pre-transformed) material may stop flowing to the material
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dispensing mechanism, when the mound of material reaches the top surface of the material dispensing
mechanism, and the channel may be filled with the (c.g., pre-transformed) material (c.g., FIG. 22B). The
perforated plate (e.g., or the plurality of plates comprising a gap) mav be moved in a lateral divection to
close the channel. The channel may be closed when a pre~determined amount of material is dispensed into
the material dispensing mechanism. The channel may be closed when the channel is filled (¢.g., entirely)
with (¢.gz., pre-transformed) material and may not be able to hold additional material. At times, material
may be trapped withio the chasrel (e.g., when the perforated plate moves to form a closwre of the
chaanel). The closure of the channel may be caused by the engagement of the entrance opening of the
channel with the closed bottom portion of the bulk reservoir. The perforated plate may be moved to align
the channel with a portion of the material dispensing mechanism that is devoid of (e.g., pre-transformed
material) {e.g., duc to the angle of repose). The trapped material may be dispensed within this void. The
volume of the channel may facilitate (e.g., complete) evacuation of the trapped (c.g., pre-transformed)
material into the material dispenser volume. At times, the perforated plate (or plurality of plates
comprising a lateral gap) may be moved at a slow speed. Slow may be a speed that allows dispensing of
material into the void (e.g., without spiflage outside of the material dispenser). At times, the perforated
plate may be aligned with the void portion for a predetenmined time-peoriod. The trapped material within
the channel may be dispensed into the void. For example, the trapped material may be dispensed within
the void when the perforated plate {or phurality of plates comprising the lateral gap) moves, and/or when
the perforated plate may be aligned with the void. At times, the amount of trapped material may be (e.g..
substantially) equal to the volume of the void. FIGs. 224 - 22C illustrate examples of various positions of
a perforated plate or a pair of plates that are scparated by a (¢.g., lateral) (e.g., horizonial) gap, shownasa
vertical cross section. FIG. 22 A shows an example of two plate portions (e.g., 2220, 2215} that forma
perforation and/or a channel (e.g., 2225); or an example of two plates {(e.g., 2220, 2215) that are separated
by a lateral gap that form the channel (c.g., 2223). The plate(s) may be translated in a lateral direction
{c.g., 2240) to facilitate a closure of the bottom surface of the bulk reservoir (e.g., 2203). The plate(s) may
facilitate a closure of the entrance opening of the material dispensing mechanism (e.g., 2235). The bulk
reservoir may be filled with (e.g., pre~transformed) material (2.g., 2210} when the channel is misaligned
with an exit opening of the bulk reservoir. FIG. 22B shows an example of aligning the channel {e.g.,
2250y with the exit opening of the bulk reservoir (¢.g., 2242) and an entrance opening of the material
dispensing mechanism (e.g., 2257). The one or more plates {¢.g., 2247, 2249) may be translated in a
lateral direction (e.g., 2265) to form the alignrment. Once at least partially aligned (e.g., to allow flow of
the {¢.g., pre-transforored) material from the bulk reservoir 1o the material dispenser), the channel may be
in the aligned position for a (e.g., predetermined) amount of time to allow the (e.z., pre-transformed)
material to fill the chaanel to its congestion (e.g.. 2250). At tumes, the channel may remain in the aligned
position until no more (¢.g., pre-transformed) material can flow out of the channcel (e.g., due to its
congestion). Once aligned, the (e.g., pre-transformed) materal (2.g., 2245) from the bulk reservoir may
flow into the material dispensing mechanism via the channel. The dispensed (e.g., pre~-transformed)

material may form a mound of material (e.g., 2260) within the material dispensing mechanism.
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Additionally. a void may be formed (e.g.. due to the angle of reposc {e.g., 2268) of the mound of
material). FIG. 22C shows an example of the plate(s) in an ancillary fill position. An ancillary fil position
may be a position wherein the channel (e.g., 2278) may be aligned with the void (e.g. FIG. 22B, 2269)
within the material dispensing mechanism (e.g., 2285). The plate(s) (c.g., comprising 2272 and 2274) may
be translated in a lateral direction {e.g., 2270} to align the channel with the void arca. The movement of
the plate(s) may facilitate closure of the bulk reservoir when reaching the ancillary position. The
alignment may facilitate flow of (¢.g., pre-transformed) material (e.g.. trapped matenial, or, excess
material} from the channel into the void area of the material dispensing mechanism, to at least partially fil
up (¢.g., 2280), and crapty the chanoel (e.g., 2278).

[B0266} In some embodirents, the plate(s) allow for channeling of (e.g.. pre-transformed) material
through a (e.g., side) opening of the material dispenser. FIGs. 32A - 32 iltustrate examples of cross-
section views of an example apparatuses (e.g., 3200) for channeling material, ¢.g., from a bulk reservoir
{e.g.. 3202) to a material dispenser (e.g., 3204), in accordance with some embodiments. The plate canbe a
single (¢.g., perforated) plate or inchude multiple (e.g., at least two) plates. The plate(s) can include a first
portion {or a first plate) (c.g.. 3206} and a sccond portion {or a second plate) (e.g., 3208) that arc separated
by a (e.g., lateral) {e.g., horizontal) channel (e.g., 3210) (also referred to as an opening or gap). The first
portion and the second portion can be two separate plates. The cross section of the gap may be adjustable
before, during, and/or after chanoeling the material. In some embodirsents, the plate is a non-perforated
single plate that is configured to approach and/or recede from the material dispenser, ¢.g., to form and/or
disrupt the chaonnel, FIG, 32A shows the plate(s) in a first position that facilitates closure of the bulk
reservoir comprising material 3216, where a chanoel between the bulk reservoir and the material
dispenser is not being engaged with the bulk reservoir exat opening 3215, In some cases, a support
meraber {€.g., 2303) supports at least a portion of the first portion (first plate). The support member can be
{¢.g., directly) adjacent the material dispenser. In somg casces, the bulk reservoir and/or material dispenser
is {e.g., directly) adjacent one or more axillary member(s) (¢.g.. 3205 and/or 3207). In some embodiments,
the plate(s) may be configured to transiate in at least one (e.g., lateral) direction. For example, the plate(s)
may be translatable in a first direction (e.g., 3212) and a second direction {e.g., 3214). The first direction
can be opposite the socond direction. In some embodiments, the plate(s) is configured to translate (¢.g.,
substantially) only in one direction (e.g., 3212 or 3124}, Tn some embodiments, at cast one plate is
operatively coupled to the material dispenser, ¢.g., in a way that facilitates co-translation of the plate(s)
and material dispenser {(e.z., with respect to the bulk reservoir and/or platform). For example, the plate
may be (¢.g., removably) fixed 10 the matenal dispenser. For example, the plate may be an integral part of
the material dispenser. In some cmbodiments, the material reservoir comprises a iop portion that is
differcnt than a plate. In some embodiments, the plate(s) is operatively coupled to the bulk rescrvoir {(e.g.,
the platc and boll reservoir translate together with respect to the material dispenser. Movement of the
plate(s) can at least partially align the plate opening, plate side, and/or plate edge (e.g., 3217), with (1) an
exit opening of the bulk reservoir (e.g., 3215) and/or (ii) an entrance opening of the matenal dispenser,

The {¢.g., at least partial) alignment can form a channel that facilitates a flow of (¢.g., pre-transformed)
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material (e.g., 3216) from the bulk reservoir to the matenial dispenser. FIG. 32B shows an example of
aligning the channel with the exit opering (¢.g., 3218) of the bulk reservoir and an entrance opening (¢.g.,
3320} of the material dispenser. The entrance opening of the material dispenser can be located along a
side of the matedal dispenser. The side of the material dispenser can correspond to one or more walls of
the material dispenser that are noun-parallel to the platform and/or plate {e.g., oot the top or bottom of the
material dispenser). The side of the material dispenser can be configured not to (i) face the platform,
and/or the exposed surface of the material bed, and/or (1) face away fron the exposed surface of the
material bed and/or from the platform. The side can be normal to an exposed surface of the matenal bed,
2.g., during operation of the material dispenser. The side can be configured to be slanted with respect to an
exposed sarface of the material bed, e.g., during operation of the material dispenser. The shape of the
channel, exit opening and entrance opening can be the same or different. In some embodiments, at least
one of the channel, exit opening and entrance opening has an clongated (e.g., slot) shape. In some
embodiments, the bulk reservoir has a wall(s) that is slanted and/or converge toward the exit opening
{e.g.. 3228) (c.g., funnel-shaped) of the bulk reservoir. The alignment can be achieved by translating the
plate(s) with respect to the bulk reservoir and/or the material dispenser (e.g. in direction 3221). Tn somge
embodiments, the plate opening, plate edge. and/or side is at least partially aligned with the exit opening
of the bulk reservoir and the entrance openings to the material dispenser (e.g., internal walls at least
partially defimpg the channel, bulk reservair and/or material dispenser are not fully aligoed with one
ancther). In some cases, at least a portion of the internal suwrface of a wall of the chansel (e.g., walls of ¢
or meore of: the bulk reservoir, plate opening, plate side, plate edge, and material dispenser) is polished or
coated with a polished material. Tn some cascs, the internal surface of the chaonel wall has an Ra value
below a pre-determined value. For example, the Ra value may be below about 50 micrometers (pum),

10 pm, 3 uwm, or | wum. In some embodiments, at least one internal wall of each of the chaanel, bulk
reservolr and/or material dispenser are parallel with respect to each other during alignment. Tn some
cmbodiments, at least one internal wall of cach of the plate opening, bulk reservoir and/or material
dispenser is oricnted at a non-paralle! angle with respect to cach other, a surface (¢.g., 3225) of the plate(s)
and/or platform. The at least partial alignmesnt can form a chanoel that facilitates movement (e.g., by the
force of gravity and/or an applied pressure {e.g., gas pressure}) from one side of the chanoel to is
opposing side, ¢.g., from a cavity (¢.g., 3232) of the balk reserveir to a cavity (¢.g., 3230) of the material
dispenser. The cavity may be an internal compartment. The flow of material can be facilitated by
movement {e.g., during engagement or disengagement) of the material dispenser, the bulk reservorr and/or
the plate(s). e.g., as described herein with reference to FIGs, 22A-22C. The channel can have a uniform
{e.g.. have a symmetric cross-section) shape or a non-uniform (e.g., have a non-symmetric cross-section)
shape. The channel can have no rotational symumetry axis {e.g. that comprises its entry and exit). The
channel can at least partially be defined by at least two diverging and/or parallel (e.g., internal) surfaces.
The channel can at least partially be defined by at least two diverging and/or parallel (c.g., internal) sides
of its vertical cross section. The chanuoel can facilitate the flow of the material from a first end of the plate

opening to a second opposite end of the plate opening.
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[80261] In some embodiments, the internal compartment of the material dispenser comprises one or more
baffles. The one or more baffles may facilitate flow (e.g., from an opening of the material dispenser) into
the internal compartment of the material dispenser. The one or more baffles may facilitate creation of a
void in the internal compartment, which void is devoid of the pre-transformed material, ¢.g., during the
entry of the pre-transformed material into the internal compartment. The baffle (e.g., one or more baffles)
may be slated. The baffle may be parallel to a chaonel directing the pre-transformed material into the
internal compartment. The baffle may comprise a curvatwre. The baffle may be lincar. The baffle may
facilitate reduced friction flow of the pre-trapsformed material into the compartment. The baffle may
preserve a void free of pre-transformed material in the compartment, ¢.g., during ixdroduction of the pre-
transformed material into the compartment. The baffle may be replaceable. The baffle may be an integral
part of the material dispenser. FIG. 32A shows an example of a matenial dispenser 3204 comprising a
battle 3218 disposed adjacent to a channel formed by an edge 3217 of a plate 3206. FIG. 32B shown an
example of a material dispenser comprising a baffle 3222 disposed adjacent to a channel 3220, and a pre-
transformed material that enters from the cavity 3232 of the bulk rescrvoir through the channel 3223 and
into 3226 the intemal compartment of the material dispenser, which internal compartment comprises a
void 3250 that is formed by the assistance of the baffle 3222, and a void 3230 formed according to the
angle of repose of the pre-transformed material. The pre~transformed material may enter the material
dispenser vatd the channel (e.g., 3223) will clog, e.z., as long as sofficient pre-transforoed material
resides in the bulk reservoir. The system compusing the bulk reservotr, chaanel, and material dispenser
may be a sel-limiting material conveyance system. Once the channel gets clogged by the pre-transformed
material {¢.g., sensed by a sensor coupled to the channel, material dispenser and/or bulk reservoir), the
material dispenser, channel, and/or bulk reservoir may translate {¢.g., 3243) to facilitate aligning the
channel with the void (e.g., 3250), e.g.. formed using the baffle(s). FIG. 32C shows anexample of a
channel 3241 that has been emptied into arca 3242 1n the internal compartment of the bulk reservoir. The
baffle(s) may facilitate reducing spillage of pre-transformed material during and/or after filling upon the
internal compartment of the matenal dispenser. The baffle(s) may facilitate continuous flow of the pre-
transformed material into the internal compartment of the material dispenser. The internal surface(s) of
the channel may be polished and/or having low Ra value, ¢.g., as disclosed herein. The internal surface(s)
of the material dispenser opening mav be polished and/or having low Ra value, e.g., as disclosed herein.
The internal surface(s) of the materal dispenser opening may be continuation of the channel, e.g., upon
flow of the pre-transformed material into the internal compartment.

(80262} In some embodiments, the channel can be formed by engagement of a plate with a material
dispenser, e.g., a side of the material dispenser and/or an opemng (e.g.. entrance apening) of the material
dispenser. In same embodiments, a first end of the plate opening (e.z., 3223} and at least part of an
entrance opening (e.g., 3320) of the matenial dispenser can form at Ieast part of the channel. In some
embodiments, a first end of the plate opening and at least part of an ¢xit opening of the bulk reservoir can
form at feast part of the channel. The second end of the plate opening and/or at least part of the entrance

opening of the material dispenser can form at least part of the channel. A first cross-section of the first end
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of the plate opening can be different than a respective second cross-section of the second end of the plate
opening. A first cross-section of the first end of the plate opening can be different than a respective second
cross-section of the entrance opening of the material dispenser. The first cross section can be smaller than
the second cross section. The first cross section and/or the second cross section can be a vertical cross
section. The channel may be in the at least partially aligned position for a (e.g.. predetenmined) amount of
tirge to allow a requested (e.g., predetermined) amount of material to fill the interior of the maternial
dispenser. Filling the intenior of the material dispenser may comprise at least partially filling of the
chanrel {e.g., to its congestion). At times, the channel may remain in the at least partially aligned position
until no more material can {low out of the channcel (¢.g., due to its congestion). The dispensed material
may form a mound of matenal (e.g., 3226). FIG. 32C shows an example of the plate(s) translated (e.g.,
farther in direction 3243) such that the chaonel becomes congested (¢.g., closed). In some cases,
movement of the plate(s) may facilitate flow of material trapped material within the channel. In some
embodiments, the plate(s) can be configured to translate between a first close position {e.g., FIG. 32A)
and second closed position (e.g., FIG. 320). In the first closed position, the material dispenser {e.g., top
thereof, ¢.g., comprising sccond plate or second portion 3208) can close (e.g., block) the entrance opening
(e.g., 3320) of the material dispenser, e.g., utilizing at least one of the awxiliary members (¢.g., 3205). Tn
the second closed position, the first plate 3231 can close (e.g., block) the entrance opening of the bulk
reservoir {e.g., 3240). Fig. 32 A shows an exampie in which plate 3280 blocks the exit opening of the bulk
reservoit comprising material 3216, and the chanoel 3210 leading to the material dispeaser 3204 1pterior,
becomes open. Fig. 32B shows an example in which the channel moves in a direction 3221 until the bulk
reservoit opening 3238 is fluidly connected to the material dispenser opening 3320 by the chaunrel, to
facilitate material flow from the bulk rescervoir into the intenor of the material dispenser. Fig. 32C shows
an exarnple 1o which the plate 3240 moves in a direction 3243 to a position in which the bulk rescrvoir
3240 is closed by plate 3210, and an end 3237 of the chanrel leading to the material dispenser interior,
becomes open.

80263} In some embodiments, the channel may be dismapted, ¢.g., by movement of the plate(s), material
dispenser, and/or material reservoir. Disrupting the channel can include disrupting a position, a cross
sectional shape, a cross sectional arca, a volume, and/or an existence of the channel. When the channel is
disrupted, the plate opening may not be at least partially aligned with the exit opening of the bulk
reservoir and the entrance opening of the material dispenser. In some enboduments, the material dispenser
1s separable from the bulk reservoir. In some emboduments, the channel is disrupted when the matenial
dispenser separates feom the bulk reservoic. FIG. 33 shows the material dispenser 3304 separated from the
bulk reservoir 3302, To some embodiments, the material dispenser {e.g., and the second portion of the
plate {or the second plate) (¢.g., 3308)) are scparable from the bulk reservoir. In some embodiments, the
material dispenser (¢.g., and the second portion of the plate {or a sccond plate)) arc separable from the
first portion of the plate (or the first plate) (e.g., 3306). In some embodimenis, the material dispenser is
(e.g.. fixediv) coupled to, or is an integral part of, the second portion of the plate (or the second plate). In

some embodiments, disengagement of the material dispenser can cause material (e.g., trapped material)
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within the entrance opening (e.g., 3320) of the material dispenser to move (¢.g., shide) into the cavity (e.g.,
3330} of the material dispenser. The material dispenser may disengage from its coupling to the bulk
reservolr 1o facilitate its operation {(¢.g., dispensing material towards a platform), e.g., by translating ina
direction 3314. The discngagement of the material dispenser from the bulk reservoir may canse a
disruption of the channel. The disruption of the channel may comprise breaking, climinating, or terminate
the existence of, the channel. The disruption of the chanoel may cease retum of the material dispenser
towards the bulk reservoir, e.g., in a direction 3312, The dismuption of the chaonel may cease on
engagement of the material dispenser with the bulk reservoir and/or plate(s) (e.g., first plate). The
formation the channel may be on engagement of the maierial dispenser with the bulk reservoir and/or
plate(s) {¢.g.. first plate), ¢.g., after completion of a material dissension cycle. In some embodimenis, the
channel may be formed or terminated depending on the position of the matenial dispenser and/or plate(s).
At times, the layer dispensing mechanism is parked in the ancillary chamber. The layer dispensing
mechanism may comprise a material removal mechanism that may include pre-transformed matenial (¢.g.,
powdery and/or other debris (¢.g., soot, or other debris), collectively termed herein as “debnis.” The debris
may be dispersed on the floor of the ancillary chamber when the layer dispensing mechanism may be
parked in the ancillary chamber. The floor of the ancillary charaber may be coupled to a recvcling system
(e.g., Fig, 13, 1315). The floor of the ancillary chamber may be optionally coupled to the recvcling system
via a vacumm {e.g., FIG. 13, 1320). The floor of the ancillary charber may be optionally coupled to a
reconditioning system. The recycling and/or reconditioning systern may comprise a sieve. The recycling
system may comprise a reservoir that holds the recycled material. The recycled material may be
reconditioned (¢.g., baving reduced reactive species such as oxygen, or waicr). The recycled matenial may
be sieved through the sicving system. In some examples, material may not be reconditoned. The material
may be sucked by a vacaum (¢.g., from the floor of the ancillary charber). The floor of the ancitlary
chamber may be tilted. The floor of the ancillary chamber may be sloped at an angle. The floor of the
ancillary chamber may be built to assist removal of the matenal by way of gravity. The debris on the floor
of the ancillary chamber may be transported away from the anciflary chamber (¢.g., into the recycling
systemn). Transportation may be via the opening port (¢.g., 1380). Transportation may be via a pipe, hole,
channel, or a convevor system.

(00264} In some embodiments, the floor of the ancillary chamber includes one or more features o
facilitate movement of material (¢.g., excess materal (e.g., pre-transformed material and/or transformed
material) and/or debrig) through an opening port {¢.g., FIG. 13, 1380) to the recycling system (¢.g., FIG.
11, 1185 or FIG. 13, 1315). FIGs. 26A-26C and 27A-27C show examples perspective views of opening
pott regions 260¢ and 2700 of ancillary chambers (e.z., FIG. 11, 1105, FIG. 12, 1240 or FIG. 13, 1300} in
accordance with some embodimenis. The floor of the ancillary chamber can inchude a funnel portion (e.g.,
2604 or 2704) that has at least one wall that converge toward the port opening {¢.g., 2606 or 2706),
conducive {o goiding material (e.g.. 2608) away from the opening port. The foune] portion can be
integrally formed with the ancillary chamber {e.g., the funnel portion and ancillary chamber forma

unitary picce), or be a picce that is separate (e.g., separable piece) from the ancillary chamber. In some
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cmbodiments, a pressure {¢.g., gas pressure) 15 applied to the matenal (¢.g., at expose surface 2625) within
the funnel portion to facilitate the flow of the material through the funnel portion. The opening port region
can include a port flushing component (¢.g., 2610 or 2710) that is configured to provide a flow (e.g., 2612

-
7
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or 2712) of gas that flushes material through (e.g., into and out of) the opening port region (e.g., 2600 or
2700). For example, the flow of gas can flush port opening (e.g., 2606 or 2706) between the ancillary
chamber and the recycling system. The port flushing component can include an inlet {e.g., 2603 and 2703)
that is operationally couples with a gas source and pressure source {€.2., one or more puaps (2.g., cyclone
pump)) (c.g., FIG. 13, 1320}, which can at least partially provide the pressure for the flow of gas through
the opening port region. The port fhishing component can include an outlet (¢.g., 2605 and 2705) that is
configured to direct the flow of gas, including entrained material (¢.g., 2608) from the ancillary chamber,
out of the port flushing component. In some cases, the outlet is operationally coupled to a recycling
svstem (e.g., FIG. 13, 1315). The flow of gas through the opening port region can carry the material
toward at least one filter {e.g., sieve) of the recycling system that can romove, ¢.g., debris or a particulate
matter having a larger FLS, from the pre-transformed material. Larger particles can be larger than the
average and/or mean FLS particulate material used as a pre-transformed material. The port flushing
component can be coupled (¢.g., connected) to the gas source and/or the recycling system via one o1 more
coupling members (e.g., one or more tubes, hoses, pipes, ducts, chutes). The port flushing component can
have walls (c.g., 2615 and 2715) that at least partially defive a chaonel (¢.g., 2611 or 2711) for directing
the flow of gas. An inner cross-section {e.g., 2619 and 2719) of the port flushing component can be any
suitable size (¢.g., diameter, width). In some embodiments, the inner cross-section size {¢.g., diareter,
width} of the port flushing component is at least abowt 0.17 (inches), .57, 1.07, 1.57, 1,757,207, 2.57,
3.07,4.07, 507, 107, 157, or 207, In some embodirents, the port flushing comporent has an inner ¢ross-
section size (¢.g.. diameier, width) between any of the afore-mentioned values (¢.g., from about 0.17 to
about 207, from about 8.17 to about 5.07, from about 5.0 to about 207). In some embodiments, a cross-
section (¢.g., FLS thereof) of the port opening (2.g., 2606 or 2706} is smaller than an inner cross-section
size (e.g., FLS thercof) of the port flushing component. The cross-section of the channel can have any
suitable shape (e.g., circular, rectangular, square, triangular, oval) or suitable combination of shapes. In
some cases, the cross-section (e.g., diameter, width) of the channel vares. In some cases, the port flushing
component is configured to direct the flow of gas to flush the port opening in a direction that is (¢.g.,
substantially) non-paralicl (c.g., at an angle that is not zero degrees or 180 degrees) relative to a direction
of flow (e.z., 2601 or 2701) (¢.g., at least partially provided by gravity) of material from the ancillary
chamber {.g., floor of ancillary chamber {¢.g., funoel portion)) toward the port flushing component
through the port opening. The flow (¢.g.. 2612 or 2712) of gas directed to flush the port opening, canbe at
an angular direction with respect 16 a flow direction {¢.g., 2601 or 2701) of the matenal from the ancillary
chamber {e.g., floor of ancillary chamber (¢.g., funnel portion)) toward the port flushing component and
through the port opening. For exampl, the flow (e.g.. 2612 or 2712} of gas flushing the port opening can
be in an (¢.g., substantially) orthogonal {¢.g., perpendicular or normal) direction with respect to a flow

direction {¢.g.. 2601 or 2701) of the material from the ancillary chamber (e.g., floor of ancillary chamber
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{c.g., funnel portion)) toward the port flushing component and through the port opening. The flow {e.g.,
2612 or 2712) of gas flowing past the port opening can be at an angular direction (e.g., in an{(e.g.,
substantially) orthogonal direction) with respect to a flow direction (c.g., 2601 or 2701) of the material
through the port opening. The flow (¢.g., 2612 or 2712) of gas flushing the port opening can be at an
angular direction (¢.g., in an {¢.g., substantially) orthogonal direction) with respect to a cross section of
the port opening. The flow {e.g., 2612 or 2712) of gas can be in an (¢.g., substantally) orthogonal (e.g.,
perpendicular or normal) direction with respect to a flow direction (2.g., 2601 or 2701) of the material
from the ancillary chamber (e.g., floor of ancillary chamber (¢.g., funnel portion)) toward the port flushing
component {¢.g., provided by gravity). Substantially orthogonal directions can be directions that are about
90 degrees () with respect to cach other (e.g., about 90 °, about 160 °, about 95 °, about 80 °, about 85 °).
The port flushing component can be integrally formed with the funnel portion (e.g., the port fhushing
component and funnel portion form a unitary piece), or be a piece that is separate (¢.g., separable piece)
from the funnel portion.

(80265} In some embodiments, the port flushing component is coupled to the funnel portion via a
connector. FI(3. 268 shows an example connector 2637 having an opening port 2636, FIG. 26C shows an
example connector 2647 having an opening port 2646 coupled to a portion of a port flushing component
(c.g., Fig. 264, 2615). In some embodiments, the connector can have a bont portion (e.g., FIG. 268, 2637)
that is bent an angle (¢.z., B). The angle beta (B) can be an obtuse angle, or a right angle. The angle beta
may be different from an acute angle. In some crabodiments, the connector has a curved, continnously
bent and/or gradually bent shape. In some crabodiments, the connector has a (¢.g., substantially) straight
shape (c.g., beta may be 180 degrees). The coancctor may couple with the port flushing component at an
angle (e.g., FIG. 26C, B). These features (bent portion of the connector or the relative angle of the
connector to the port flushing component) can cause the flow of material exiting the port opening (€.8..
2606} to be at a conresponding angle {e.g., B) relative to the flow of gas within the port flushing
component. In some cases, the angle (e.g., ) is {e.g.. substantially) not a straight angle {not 0° or 180°).
The angle beta can be any angle beta disclosed herein. In some cases, the connector is removable with
respect to the funmel portion and/or the flushing component. Removable may be before, after, and/or
during the 3D printing. The removal may be controlled (e.g., manually and/or aumtomatically, ¢.g., using a
controlier). For example, the connector may be coupled with the funnel portion and/or the flushing
component using one or more fastening mechanisms (e.2., using threaded fasteners, bolts, seals, flanges).
In some embaodiments, the connector is integrally formed {.g., not (¢.g., sustainably) removable) with
respect to the funnel portion and/or the flushing component. In some embodiments, at feast ane of the
fuonel portion, connector, and port flushing coraponent includes a closeable valve that controls the flow
of material therethrough.

(80266} In some embodirents, the fannel portion is directly coupled to the port flushing component {¢.g.,
FIGs. 27A, 27103 FIG. 27A shows an exarmple of a perspective view of an opening port region 2700, in
accordance with some embodiments. FIG. 27B shows an example of a cross section view A-A of the

opening port region 2700 of FIG. 27A. FIG. 27C shows an example of a cross section view of an opening
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port region 2750, in accordance with some embodiments. In some cases, the funnel portion (e.g., 2704 or
2754 partially occhudes a cross-section portion of the port flushing component (e.g., 2710, 2738, or 2760)
at the port opening. The cross-section portion of the channel at the port opening can have any suitable
shape (c.g., circular, rectangular, square, triangular, oval). In some cmbodiments, the funnel portion is
integrated into a tube-shaped port flushing component. In some embaodiments, the funnel portion is
remavable from the port flushing component. In some embodiments, the funoel pottion and/or the port
flushing component includes a closeable valve that controls the flow of material thercbetween. 1o some
embodiments, a size of the chanunel (e.g.. at least partially defined by the cross-section of the port flushing
cornponent at the port opening) s large enough to provide space (e.g.. 2732 or 2764) (also referred to as
head space) for the gas flow to travel 1o the channel In some cases, a cross-sectional area of the head
space is at least about 50, 40, 30, 20, 10, 5, or | percent of the cross-section of the channel (¢.g., at the
port opeming), wherein the percentage is calculated as volume per volume percentage. The head space can
be any percentage between the afore-mentioned values. For example, the head space can have a cross-
sectional area from about 1% to about 50%, from about 1% to about 20%, or from about 209 to about
30% of the cross-section of the channel (¢.g., at the port opening). In some embodiments, the flow {e.g.,
controlled by flow velocity) is configured to sweep the material through the channel within a pre-
determined tine (¢.g., within at most about 10 minntes (nun), 5 min, 2 min, I min, 43 seconds (sec) , 30
sec, 20 sec, 10 sec, 5 sec, or 1 sec). The pre-determined time can range between any of the afore-
mentioned values. For example, the pre-determined time can range from about 1 sec to about 10 min,
from about 1 sec 1o about 30 sec, or from about 30 sec to about 10 min.

{9267} 1o some embodiments, the system (e.g., priting systeny) includes one or more features for
detecting the material {(e.g., excess matenal {(¢.g., pre-transformed material and/or transformed material))
transported between the ancillary chamber and the one or more recyching systems. For example. the
systern can inclode one or more detector devices {e.g., 2618 or 2718). The onc or more delector devices
can be disposed in any suitable location between the funnel portion and the recycling system. For
instance, the one or more detector devices can be part of (or within or around) the funncl portion (e.g..
2604 or 2704), the flush opening port {e.g., 2606 or 2706), the one or more connectors (¢.g., 2607 {e.g.,
2637 or 26470, and/or a one or more connector channels (e.g., tubes, hoses, pipes, ducts, chutes). In some
cases, the detector device can determine the presence of the matenal traveling from the ancillary chamber
to the recycling systen. In some cases, an amount and/or flow of material that passes between the
ancillary chamber and the recycling system(s) can be detected. The one or more detector devices can
wnclude one or more emitiers (€.g., 2620 or 2720) {(also referred {6 as energy sources) that can be
configured t¢ emit a signal, ¢.g.. an ¢leciromagnetic radiation {¢.g., light beam, clectron beam, x-ray
beam) and/or acoustic signal. The one or more detecior devices can include one or more detector devices
{e.g.. 2622 or 2722} (also referred to as sensors) that can be configured to detect (sense) a signal (¢.g.,
electromagnetic radiation}, cimtted from the one or more crntters. In some cases, the one or more detector
devices includes a particle counter, a spectrometer, or both. A spectrometer can be configured to analyze

the material using light (c.g., ultraviolet, visible or x-ray) or acoustics signals (e.g., vibration, sound,
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ultrasound, infrasound). In some embodiments, the emitter is arranged to direct radiation toward an
internal volume of the funnel portion, the flush opening port (e.g., the channel (e.g., 2611 0r 2711), the
comnector channel and/or the one or more coupling members, depending on the detector device(s)
location(s). The radiation can be directed toward a flow of material that is entrained with the flow (¢.g.,
2612 or 2712) of gas. That portion of radiation that reaches the detector(s) {¢.g., is not reflected/deflected
by the material) can be at least partially detected by detector(s). The detector(s) can be configured to
detect an amount of material, size of particles of the matenal, the velocity of the flow of material, and/ora
chemical nature of the matenal (¢.g., type of pre-transformed material, whether a pre-transformed material
or a transformed material or a foreign matenial). In some erbodiments, the one or more detectors inchide
a photodetector, an optical density (OD) detector, or a combination thereof. In some crabodiments, the
emitter(s} and/or detector{s) are within the internal volume of the foancl portion, the flush opening port,
the connector channel and/or the one or more coupling members. In some embodiments, the emitier(s)
and/or detector(s) arc outside of the internal volume of the funnel portion, the flush opening port, the
comnector channel and/or the one or more coupling members. In some cases, the detector(s) is
operationally coupled to onc or more receivers that can gencrate electrical output. An intensity of the
clectrical output can conrespond (or inversely correspond) to an amount of material that passes by the
detector(s). In some cases, the electrical output is mondiored over a predetermined period, or contimmously
momnitored. The monitoring can be used to determine the amount of material that passes by the detector(s)
during a layer dispensing operation {¢.g., when the layer dispenser dispenses material onto the platform),
during periods of time between layer dispensing operations (¢.g., when the pump(s) are able (o clear (or
partially clear) the internal volume. This information can be used to determing, for exaraple, an amount of
material that is transported 1o the recycling system. The information can be used to determine an amount
{¢.g., volume of material) that is transported to one or more filters {¢.g., to determine when a filter
cleaning/changing should occur). The information can be used to determine {e.g., calculate) an efficiency
of the one or more filters. For example, the information can be used to determine when it is fime to change
or replace the one or more filters. The information can be used to determine an amount of material that is
recycled, for example, as a result of cach dispensing operation. In some cases, the information can be used
1o determine the amount of material (¢.g., pre~-transformed material) transforred 1o and/or available in the
recycling system for use. These and other metrics can be used to determine efficiency and performance of
the printing system and/or the printing process{es).

(80268} At times, the laver dispensing mechanism is disposed within the ancillary chamber {c.g.. when it
does not perform an operation adjacent to the build platform and/or that affects the build module). The
layer dispensing mechanism may slide in and owt of the side chamsber through a position which the
separator previcusly occupied. The separator may be actuated by at least one sensor and/or controller,
[B86269] In some embodirnents, when there is a need to perform dispensing and/or leveling adjacent to the
build platfornn (¢.g., material dispensing to the material bed, and/or leveling of the material bed), the layer
dispensing mechanism slides out of the side chamber (c.g., FIG. 11, 1175) via a shiding mechanism (2.g.,

FIG. 11, 1110, and 1150). The sliding mechanism may include at least one (¢.g., mechanical linear)
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bearing. The sliding mechanism may comprise truck and rail svstem or a sliding rack system. The sliding
mechanism mayv comprise a base rail. The sliding mechanism may comprise a stage (e.g., 1130). The laver
dispensing mechanism mayv be coupled to a shaft (c.g., Fig, 11, 1110). The shaft canbe a rod, slab, stick,
staff, strip, picce, plate, wedge, or board. The shaft may be movable. The sliding mechanism may be a
transport, transit, and/or translation mechanism. The shaft may be (e.g. further) coupled to the sliding
mechanism via at least one actuator. The at least one shiding-mechanism-actuator may comprise a motor
or piston. The at least one shiding-mechanism-actuator may be operatively coupled to one or more wheels,
escalalor, conveyor (€.g., conveyor belt). The motor may comprise a lincar motor. The motor may
comprise a servo, stepper, digital, rotary, or a piezoclectric motor. The motor may be a lincar hydraulic
motor. The motor may be any motor disclosed bhereirt. The sliding mechanism actoator (e g, FIG.A 4,
1152) may be coupled to the sliding mechanism and o the shafl {e.g., 1110). The shaft may altera
position of the layer dispensing mechanism. For example, the shaft may convey the layer dispensing
mechanism adiacent to the platform {¢.g., material bed). The shaft may retract the layer dispensing
mechanism from a position adjacent to the platform into the anciflary chamber (¢.g., once it fimshes
dispensing the laver of material). The conveying may be performed using the actuator and/or the sliding
mechanism. The sliding mechanism may be activated by at least one sensor. The sliding mechanism may
be coupled to at lcast one controlier. The controller may indicate the need to perform dispensing a layer of
material.

(60278} The svsiems and/or apparatuses disclosed herein may comprise one or more motors. The motors
may comprise servomotors. The servomotors may coraprise actuated lincar lead screw drive motars. The
motors may compuse belt drive motors. The motors may conprise rotary cncoders. The encoder may
comprise an abschite encoder. The encoder may comprise an incremental encoder. The apparatuscs and/or
systerns may comprise switches. The switches may comprise boming or himit switches. The motors may
comprise actuators. The motors may comprise lincar actuators. The motors may comprise belt driven
actuators. The motors may comprise lead screw driven actuators. The actuators may comprise linear
actuators.

{08271} At times, the ancillary chamber comprises one or more bearings. The bearings (e.g., FIG.13,
1330, 1375) may allow smooth movement of the shaft. FIG. 16 shows an example of a side view (2.2,
1610, 1620) of a gas bearings coupled to a shaft 16335, depicting gas flow 1625, FIG. 16 shows an
example of a front view of a gas bearing 1650 coupled to a shaft 1660. FIG. 16 shows an example of a
side view of 3 mechanical bearing (¢.z., 1615, 1603) coupled to a shaft 1640, FIG. 16 shows an exampke
of a front view of a mechanical bearing 1670 coupled to a shaft 1675 by balls {e.g., 1671). The bearings
may be disposed adjacent to the shaft. Adjacent may be surrounding at least a portion of the shaft (¢.g2., a
portion of the shaft circumference). The bearing may bave a ang shape (e.g., disposed around the shaft).
The bearings may support the shaft when the layver dispensing mechanism is conveyed adjacent to the
material bed. The shaft may comprise debris (¢.g., Fig 16, 1630, 1680). The beanngs may comprise a
cleaning mechanism. The cleaning mechanism may comprise a brush, sponge, cloth, or fiber). The cloth

may comprise felt or microfiber cloth. The cleaning mechamsm may be (i) an integral part of or (if)
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separate from the bearing. The cleaning mechanism may be passive or active. The active cleaning
mechanisme mav be controlled (e.g., before, after, or during the 3D printing). The control may be manual
and/or automatic (e.g., using a controller). For exampie, the cleaning mechanism may comprise a flexible
material (e.g., plastic, rubber, or Teflon). The cleaning mechanism may snugly fit around the
circunrference of the bearing. For example, the cleaning mechanism may comprise an O-ring. The
cleamng mechanise may prevent any debris from entering the bearing. The cleaning mechanism may be
integrated in the bearing. For example, the bearings may comprise gas bearings {¢.2., atr bearing). For
example, the beanngs may blow gas (c.g., FIG. 16, 1625) towards the shaft. The gas may clean the shaft.
The blown gas may prevent any debris (¢.g., 1680) from advancing past the bearing. Past the bearing may
be in a position further away from the processing chamber (e.g., 1628). In some examples, the bearing is
not 10 contact with the shaft (¢.g., 1655). The cleaning mechanism (e.g., 1645) may prevent any debris
{e.g.. 1630) from advancing past the bearing (¢.g., 1605). The ancillary chamber may include at least one
sensor (¢.g., a material sensor, a debris sensor, a weight sensor). The controller may activate the cleaning
mechanism. For example, the controller may activate the cleaning mechanism on detection of debris by
the sensor. A scal may be disposed adjacent to the bearing (¢.g. FIG. 11, 1124). The seal may maintain the
engage with a gas bearing to seal the space between the gas bearing and the shaft {e.g., 1635). The gas
bearing may comprise continoous flow of gas (e.g., during the 3D printing). The flow of gas may
comprise varicus pressures. For example, when the shaft is traveling {¢.g., and debris s accumulated on
it} the gas pressure is higher than when the shaft is stationary (¢.g., when the layer dispensing mechanism
is parked and/or the opening is closed). The gas pressure may be controlled (e.z., manually and/orby a
controtler). The gas may comprise an inert gas. The gas may be any gas disclosed hercin. The atmosphere
withia the ancillary chamber may comprise a gas. The atmosphere within the ancillary chamber may be
inert. The bearings may be charged with gas. The bearings may not allow a debris to propagate past the
bearing in a direction away from the processing chamber (e.g., out of the ancillary chamber that is
bordered by the bearing). The bearings when charged with gas may expel any debris adjacent to the
bearing (e.g., 1625). The bearings charged with gas may clean the shaft by not allowing adherence of
debris to the shaft (e.g., at a position adjacent to the engagement of the bearing with the shaft).

(00272} In some examples, a portion of the shaft (e.g., Fig. 24, 2410} is engulfed by a scal (e.g., Fig. 24,
2430). In some examples, the seal may engulf the circumierence of a vertical cross section of the shaft
{c.g.. cvlindric section of a cvlindrical shafty. The seal may comprise at least one elastic vessel The seal
can be compressed {e.g., when pressure is applied), or extended (¢.g., vader vacuuny). The scal canbe a
metal (¢.g.. comprising clernental neial or metal alloy) seal The secal may comprise a bellow, bearing, gas
flow, diaphragm, cloth, or mesh. The seal may extend and/or contract as a consequence of the operation of
the actoator, and/or movement of the shaft. For example, the scal may comprise a phuratity of bellows.
The scal may be situated at or adjacent to a partition hole. The shaft may travel through the hole. The shaft
may be disposed in the hele. In some examples, a first bellow may be disposed in front of the hole {e.g., in

the ancillary chamber 2470 (e.g., in a partition of the ancillary chamber)), and a second bellow may be
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disposed behind the hole (¢.g., 2480). In some examples, the bellow may extend through the hole. In some
cxamples, the bellow may reside in one side of the hole (e.g., in the ancillary chamber, ¢.g., 2470; or
outside of the ancillary chamber, ¢.g., 2480). The scal may comprise a bellow. The bellow may comprise
formed {¢.g., cold formed, or hydroformed), welded (¢.g., edge-welded, or diaphragm) or electroformed
bellow. The bellow may be a mechanical bellow. The material of the bellow may conmprise a metal,
rubber, polymeric, plastic, latex, silicon, coraposite material, or fiber-glass. The material of the beliow
may be any material meationed berein (e.g., compusing stainless steel, titantom, nickel, or copper). The
material may have high plastic elongation characteristics, high-strength, and/or be resistant {o comrosion.
The scal may comprise a flexible element (¢.g., a spring, wire, tube, or diaphragm). The scal may be (2.2,
controllably } expandable and/or contractible. The control may be before, during, and/or after operation of
the shaft and/or layer dispensing mechanism. The control may be manual and/or avtomatic {(¢.g., using at
least one controller). The seal may be elastic. The scal may be extendable and/or compressible (e.g., on
pressure, or as a result of the elevator operation). The seal may comprise pneumatic, electric, and/or
magnetic clements. The seal may comprise gas that can be compressed and/or expanded. The seal may be
extensible. The seal may return to its original shape and/or size when released (¢.g., from positive
pressure, or vacoum). The scal may compress and/or expand relative (e.g., proportionally) to the amount
of translation of the layer dispensing mechanism (e.g., translation via the shaft). The seal may compress
and/or ¢xpand relative to the amount of pressure applied {¢.g.. within the build module). The seal may
reduce (¢.g., prevent) permeation of particulate material from one end of the seal (e.g.. 2440 to its
opposite end {¢.g., 2450). The scal may protect the actuator(s) and/or guides {(¢.g., railings), by reducing
(¢.z., blocking) permeation of the particulate material. FIG. 24 shows an example of a vertical cross
section of a layer dispensing mechanism 2460 that is operatively coupled to a shaft 2410, which shaft can
move back and/or forth 2415, which matenial dispensing mechanism is able fo move back and/or forth
2416 and enter and/or exit the ancillary chamber 2470 through (e.g., one or more) a closable opening
2405, In the example shown in FIG. 24, a shaft 2410 is engulfed by at least one bellow (shown as a
vertical cross section, comprising 2430). The seal {c.g., 2430) may reduce (¢.g., prevent) migration of a
pre-transformed (or transformed) material and/or debris through a partittion (¢.g., wall) that separates the
ancillary chamber (¢.g., 2470} from the actuator (¢.g., motor) of the shaft and/or layer dispensing
mechanism (¢.g., 2407) and/or iis railing (e.g., 2408). The seal (e.g., 2430) may reduce (¢.g., hinder)
migration of a pre-transformed (or transformed) material and/or debris from the ancillary chamber (c.g.,
2470y towards the actuator {2.g., motor) of the shaft and/or layer dispensing mechanism (e.g., 24¢7)
and/or its railing (e.g.. 2408). The seal (e.g., 2430) may facilitate confinement of pre-trassformed (or
transformed) material and/or debris in the ancillary chamber (e.g., 2470). The seal (e.g., 2430) may
facilitate separation between the pre-transformed (or transformed) material and/or debris and the actuator
and/or railing that facilitates movement of the layer dispensing mechanism (layer forming device}. The
seal (2.2, 2430) may facilitate proper operation of the actuator and/or railing, by reducing the amouant of
{(e.g.. preventing) pre-transformed (or transformed) material and/or debris from reaching (e.g., and

clogging) them. The seal {¢.g., 2430) may reduce an amount of (e.g., prevent) pre~transformed (or
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transformed) material and/or debris from crossing the partition (e.g., wall) of the ancillary chamber (c.g.,
2470y to the side (e.g.. 2280) that faces the railing and/or shaft actuator. The scal may facilitate cleaning
the shaft from pre-transformed material and/or debris.

(00273} In some embodiments, the seal may permit a gas leak therethrough. The gas leak may have leak
rate of at most about 0.1 Vmin, 8.05 liters per minute (Mmin), 0.03 Vmin, 0.02 Vmig, 0.01 Vmip, 8.005
Vraip, 0.0025 Vonir, or 0.0001 Veuin. The leak rate meay have any valve between the afore-mentioned
values (e.g., from about 0.1 I/min to about 0.0001 Vain, from about 0.1 Vaxin o about 0.002 Vmin, or
from abowt 0.05 Viin to about 0.005 /min). In some embodiments, the seal comprises a bellow. In some
embodiments, the bellow 1s operative for at least 0.2 mullion cycles (Mceyes, 8.5 Mceye, 0.7 Meye, 1.0
Mcyc, 1.5 Meye, or 2 Meye. The bellow may be operative for any number of cvcles between the afore-
mentioned oumber of cycles (¢.g., from about 6.2 Mcyce to about 2 Mcyc, from about 8.5 Moye to about
1.5 Mceve, or from about 0.7 Mcyc to about 2 Mcye). In some embodiments, the bellow is operative the
fore mentioned number of cycles while keeping the afore mentioned gas leak rate. The bellow may be
operative at a positive, negative, or ambient pressure, e.g., as disclosed hercin. For example, the bellow
may be operative at any pressure of the enclosure disclosed hercin. In some embodiments, the bellow is
operative at a pressurc of at least about 0.1 pounds per squarc inch (PSI), 0.2 PSI, 0.3 PSI, 0.5 PSL 0.7
PSI, or 1.0 PSI above atmospheric pressure {e.g., at room temperature, ambicnt temperature, and/orat a
temperature of at least about 20°C or 25°C), which may be the pressure in the enclosure. The bellow may
be operative at a pressuuc between any of the afore-mentioned pressure values (¢.2., from about 0. 1PSI to
about 1.0 PST, from about 0.1 PSI to about 0.7 PSIL, or from about 0.3 PSI o about 1.0 PSI above ambient
pressure). The bellow may comprise a metal bellow. The metal may be anv metal disclosed hewin, ¢ .g.,
an clemental metal or a metal alloy. The bellow may comprise a composite matenal.

{68274} At times, the layer dispensing mechanism is supported by the bearings when conveyed adjacent o
the matenal bed. The shaft may comprise a weak or stiff material. When the shaft is distant from the
bearing, the laver dispensing mechanism may sag due to the material properties of the shaft. The sagging
may be detected by at least one sensor (e.g., positional, optical, contact sensor). The sagging may be
corrected and/or adjusted (c.g., via at least one controllor and/or software). The sagging may be corrected
and/or adjusted by way of altering at least one property of the laver dispensing mechanism. The at least
one property mav comprise alteting the path of dispensing, altering the amount of material dispensed,
altering the amount of material removed, aliering a position of the layer dispensing mechanism {or any of
its components). The position may be horizontal, vertical, or angular. Altering may comprise altering the
amount of pre-transformed material dispessed. Alfering may compuse altering the amount of pre-
transformed material removed. Altering may comprise altering the velocity of the laver dispensing
mechanism. Altering may be in real time (e.g.. during the 3D printing, such as during the operation of the
layer dispensing mechanism or any of its components). The weak material may comprise stainless steel.
The stiff material may comprise silicon carbide, glass, ceramics or titaniwrn. The stiff material may be a
composite material. The composite may comprise carhon fibers. The composite may comprise aluminum

oxide and silicon carbide. The composite may comprise silicon carbide (e.g., nano-particles) and
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magnesium. The layer dispensing mechanism may be isolated from the elevated temperatures in the
processing chamber (e.g., during the transformation of at least a portion of the matenial bed) while it is
disposed in the ancillary chamber.

[66275] At times, the platform (also hercin, “printing platform™ or “building platform”) is disposed in
the enclosure (e.g.. in the build module and/or processing charaber). The platform may comprise a
substraic or a base. The substrate and/or the base may be removable or sop-removable, The building
platforme may be {¢.g., substantially) horizontal, (e.g.. substantially) planar, or non-planar. The platform
may have a surface that points towards the deposited pre-transformed material {e.g., powder matcrial),
which at times may point towards the top of the enclosure (¢.g., away from the center of gravity). The
platform may have a surface that points away from the deposited pre-transformed material {¢.g., towards
the center of gravity), which at times may point towards the bottom of the container. The platform may
have a surface that is {e.g., substantially) flat and/or planar. The platform may have a surface that is not
flat and/or not planar. The platform may have a surface that comprises protrusions or indentations. The
platform mayv have a surface that comprises embossing. The platform may have a surface that comprises
supporting features (¢.g., auxiliary support). The platform may have a surface that comprises a mold. The
platform mav have a swrface that comprises a wave formation. The surface may point towards the laver of
pre-transformed material within the material bed. The wave may have an amplitude (¢.g., vertical
amplitude or at an angle). The platform (e.g.. base) may comprise a mesh through which the pre-
transformed material (e.g., the remainder) is able to flow through. The platform may comprise a motor.
The platform (e.g., substrate and/or base) may be fastened to the container. The platform {(or any of its
components) meay be transporiable. The transportation of the platform may be controlled and/or regulated
by a controlier (e.g., control system). The platform may be transportable borizontally, vertically, or at an
angle {e.g., planar or compound).

[66276] At times, the platform is vertically transferable, for example using an actuator. The actoator
may cause a vertical transiation (¢.g., an elevator). An actuator causing a vertical transiation (¢.g., an
clevation mechanism (also referred to as an elevator)) is shown as an example in FIG. 1, 105. The up and
down arrow 112 next to the elevation mechanism 105 signifies a possible direction of movement of the
clevation mechanism, or a possible direction of movement effectuated by the clevation mechanism.
(80277} In some cascs, auxiliary support(s) adheres to the upper surface of the platform. Tn some
cxamples, the auxiliary supports of the printed 3D object may touch the platform {c.g., the botiom of the
enclosure, the substate, or the base). Sometimes, the auxiliary support may adbere to the platform. 1o
some embodiments, the auxiliary supporis are an fategral part of the platfonm. At times, auxiliary
support(s) of the printed 3D object, do not touch the platform. In any of the methods described berein, the
printed 3D object may be supported only by the pre-transformed material within the material bed (¢.g.,
powder bed, FIG. 1, 104). Anv auxiliary support(s) of the printed 3D object, if present, may be suspended
adjacent to the platform. Gccasionally, the platform may have a pre-hardenced (¢.g., pre-solidified) amount
of material. Such pre-solidificd material may provide support to the printed 3D objoct. At times, the

platform may provide adherence to the material. At times, the platform does not provide adherence to the
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material. The platform may comprise elemental metal, metal alloy, elemental carbon, or ceramic. The
platform may comprise a composite material (¢.g., as disclosed herein). The platform mav comprise glass,
stone, zeolite, or a polvmeric material. The polymeric matenial may include a hydrocarbon or
fluoracarbon. The platform {e.g., base) may inchude Teflon. The platform may include compartments for
printing small objects. Small may be relative to the size of the enclosure. The compartments may form a
smaller compartment within the enclosure, which may accornmadate a layer of pre-transformed material.
(D0278] At times, the energy bearn projects engrgy to the material bed. The apparatuses, systems,
and/or methods described herein can comprise at least one energy beam. In some cases, the apparatusces,
sysiemns, and/or methods descibed can comprise two, three, four, five, or more energy beams. The energy
beam may inchude radiation comprising clectromagnetic, electron, positron, proton, plasma, or ionic
radiation {or any suitable combination thereof). The electromaguetic bearn may comprise microwave,
infrared, nltraviolet or visible radiation. The ion beam may include a cation or an anon. The
electromagnetic beam may comprise a laser beam. The encrgy beam may derive from a laser sowrce. The
energy source may be a laser source. The laser may comprise a fiber laser, a solid-state laser, or a diode
laser. The laser source may comprise a Nd: YAG, Neodymium (¢.g.. ncodvminm-glass), or an Yierbium
laser. The laser may comprise a carbon dioxide laser (CO, laser). The laser may be a fiber laser. The laser
may be a solid-state laser. The laser can be a diode laser. The encrgy source may comprise a diode array,
The energy sowrce may comprise a dinde array laser. The laser may be a laser used for micro laser
sintering. The epergy beam may be any cnergy beam disclosed in Patent Application serial number
PCT/US15/36802 that is incorporated herein by reference in its entirety.

(D279} At times, the energy beam (¢.g., transforming energy beam) comprises a Gaussian cnergy
beam. The energy beam may bhave any cross-sectional shape comprising an ¢llipse {e.g., circle), or a
polveon (e.g., as disclosed herein). The ¢nergy beam may have a cross section with a FLS (¢.g., diameter)
of at least about 30 micrometers (Lm), 100 pm, 150 wm, 200 pm, or 230 pm. The encrgy beam may have
a cross section with a FLS of at most about 60 micrometers (pum), 100 pm, 150 pm, 200 um, or 250 um.
The energy beam may have a cross section with a FLS of any value between the afore-mentioned values
{e.g., from about 50 pm to about 250 poy, from about 50 pm to about 150 pm, or from about 150 um to
about 250 pm). The power per unit area of the encrgy beam may be at least about 100 Watt per miliimeter
square (W/mm?), 200 W/nm?, 300 W/mmy®, 400 W/mny’, 500 W/mm?, 600 W/num?®, 700 W/mm’, 800
W/mm?, 900 Wimm?, 1000 Winm?, 2000 W/mn?, 3000 W/mm?, 3000 W/mm2, 7000 W/mm?, or 10000
W/mm’. The power per unit area of the tiling energy flux may be at most about 110 W/num?, 200 W/mn’,
300 W/mm?, 400 W/mm’, 500 W/mnY, 600 W/mm?, 700 W/mm®, 800 W/mm?, 900 W/mny’, 1000
W/imm?, 2000 W/nun?, 3000 Wimny, 5000 W/mm®, 7000 W/mn?’, or 10000 W/mnr’. The power per unit
area of the cnergy beam mav be any value between the afore-mentioned vahues (¢.g.. from about 100
W/mm® to about 3000 W/mun’, from about 100 W/mm® to about 5000 W/nry', from abowt 100 Winw’ to
about 10000 W/mn?, from about 160 W/mm” {o about 500 W/mm®, from about 1000 W/mm? to about
3000 W/mm', from about 1000 W/mm® to about 3000 W/mny', or from about 500 W/’ to about 1000

W/mm®). The scanning speed of the energy beam may be at least about 50 millimeters per second
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{mm/sec), 100 mm/sec, 5300 mm/sec, 1000 mm/sec, 2000 mm/sec, 3000 mm/sec, 4000 mm/sec, or 50000
mim/scc. The scanning speed of the energy beam may be at most about 30 mm/sec, 100 mm/see, 500
mm/sec, 1000 mm/sec, 2000 mun/sec, 3000 mmy/sec, 4000 mm/sec, or 30000 mm/sec. The scanning speed
of the energy bean may any value between the afore-mentioned values {e.g., from about 50 mun/sec 1o
about 30000 mny/sec, fron about 30 mny/sec to about 3000 mm/sec, or from about 2000 mm/sec to about
50000 pun'sec). The energy beany may be contious or son-contiouous (2.2, pulsing). The energy beam
may be modulated before and/or during the formation of a transformed material as part of the 3D object.
The encrgy beam may be modulated before and/or danng the 3D printing process.

[B0286] In some embodiments, the encrgy beam (e.g., Iaser) has a power of at least abowt 10 Watt
(W). 30W, 30W, 80W, 100W, 120W, 150W, 200W, 250W, 300W, 350W, 400W, 500W, 7T50W, 800W,
SU0W, 1000W, 1500W, 2000W, 3000W, or 4000W. The crergy beam may have a power of at most about
10 W, 30W, 50W, 80W, 100W, 120W, 150W, 200W, 250W,_ 300W, 330W, 400W, 500W, 750W, 800W,
9UOW, 1000W, 1500, 2000W, 3000W, or 4000W. The encrgy beam may have a power between any of the
aforc-mentioned energy beam power values (e.g., from about 10W to about 100W, from about 100W to
about 1000W, or from about 1000W to about 4000W). The energy beam may derive from an electron gun.
The energy beam may inchide a pulsed cnergy beam, a continuous wave energy beam, or a quasi-
continuous wave energy beam. The pulse energy beam may have a repetition frequency of at least about 1
Kilo Hertz (KHz), 2 KHz, 3 KHz, 4 KHz, 3 KHz, 6 KHz, 7KHz, 8 KHz, 9 KHz, 16 KHz, 20 KHz, 30
KHz, 40 KHz, 50 KHz, 60 KHz, 70 KHz, 80 KHz, 90 KHz, 100 KHz, 150 KHz, 200 KHz, 250 KHz, 300
KHz, 350 KHz, 400 KHz, 450 KHz, 500 KHz, 350 KHz, 600 KHz, 700 KHz, 800 KHz, 900 KHz, 1 Mega
Hertz (MHz), 2 MHz, 3 MHz, 4 MHz, or 5 MHz The pulse energy beam may have a repetition freguency
of at most about 1 Kile Hertz (KHz), 2 KHz, 3 KHz, 4 KHz, 3 KHz, 6 KHz, 7 KHz, 8 KHz, 9 KHz, 10
Kz, 20 Kiz 30 KHz, 40 KHz, 50 KHz, 60 KHz, 70 KHz, 80 KHz, 90 EHz, 100 KHz, 150 KHz, 200
KHz, 250 KHz, 300 KHz, 350 Kz, 400 KHz, 450 KHz, 500 KHz, 550 KHz, 600 KHz, 700 KHz, 800
KHz, 900 KHz, 1 Mega Hertz (MHz), 2 MHz, 3 MHz, 4 MHz, or 5 MHz. The pulse encrgy beam may
have a repetition frequency between any of the afore~-mentioned repetition frequencies (¢.g., from about
1KHz to about 3MHz, from about 1KHz to about 1MHz, or from about 1MHz to abowt SMHz).

[00281] In some embodiments, the methods, apparatuses and/or systems disclosed herein comprise Q-
switching, mode coupling or mode locking to cffectuate the pulsing cnergy beam. The apparatus or
systems disclosed herein may comprise an on/off switch, a modulator, or a chopper to effectuate the
puising encrgy beam. The on/off switch can be manually or automatically controlied. The swiich may be
controlled by the control system. The switch may alier the “puraping power” of the energy beaor. The
energy bearm may be at times focused, non-focused, or defocused. Tn some instances, the defocus is
substantially zero (e.g.. the beam is non-focused).

[B0282] In some cmbodiments, the energy source(s) projects encrgy using a DLP modulator, a onc-
dimensional scamier, a two-dimensional scanner, or any combination thereof. The energy source(s) canbe
stationary or translatable. The energy source(s) can translate vertically, horizontally, or in an angle {(¢.g..

planar or compound angle). The energy source(s) can be modulated. The encrgy beam(s) emitted by the

126



WO 2018/075741 PCT/US2017/057340

cnergy source(s) can be modulated. The modulator can include an amplitude modulator, phase modulator,
or polarization modulator. The modulation may alter the intensity of the energy beam. The modulation
may alter the current supplied 1o the encrgy source (e.g., direct modulation). The modulation may affect
the cnergy beam (e.g., external modulation such as external light modulator). The modulation may include
direct meodulation {e.g., by a modulator). The modulation may include an external modulator. The
madulator can inclhude an acousto-optic modulator or an electro-optic modulator. The modulator can
corprise an absorptive randualator or a refractive modulator. The madulation may alter the absorption
coefficient the material that 1s used to modulate the erergy beam. The modulator may alter the refractive
mndex of the material that is used to modulate the encrgy beam.

[B0283] In some embodiments, the cnergy beam(s), encrgy source(s), and/or the platform of the
energy bear array arce moved via a galvanometer scanner, a poly gon, a mechanical stage (¢.g., X-Y
stage), a piezoelectric device, gimbal, or any combination of thereof. The galvanometer may comprise a
mirror. The galvanometer scanner may comprise a two-axis galvanometer scarmer. The scanner may
comprise a modulator (e.g., as described herein). The scanner may comprise a polygonal mirror. The
scanner can be the same scanner for two or more encrgy sources and/or beams. Atleast two (¢.g., each)
energy source and/or beam may have a scparate scanner. The energy sources can be translated
independently of cach other. In some cases, at least two energy sources and/or bearus can be translated at
differcnt rates, and/or along different paths. For example, the movement of a first energy source may be
faster as compared to the movement of a second energy scurce. The systems and/or apparatuses disclosed
herein reay comprise one or more shutters (e.g., safety shotters), on/off switches, or apertures.

[60284] In some embediments, the encrgy beam (e.g., laser) has a FLS (e.g.. a diameter) of its
footprint on the on the exposed surface of the material bed of at least about | micrometer (pum), Sum, 10
pin, 20w, 30 pun, 40 wm, 50 pm, 60 pon, 70w, 80 wm, 90 pm, 100 pwm, 200 wim, 300 pm, 400 um, or
500 wm. The energy beam may have a FLS on the laver of it footprint on the exposed surface of the
material bed of at most about 1 pm, Sum, 10 pm, 20 pwm, 30 um, 40 wm, 30 um, 60 pwm, 70 wm, 80 pm,
90 pm, 100 um, 200 wm, 300 wm, 400 pm, or 300 um. The encrgy beam may have a FLS on the exposed
surface of the material bed between any of the afore-mentioned energy beam FLS values (e.g., from about
5 pun to abowut 300 pmy, from about 5 pum to about 50 pm, or from about 50 um to about 500 um). The
beam may be a focused beam. The beam may be a dispersed beam. The beam may be an aligned beam,
The apparatus and/or systems describad herein may further compuse a focusing coil, a deflection codl, or
an energy beam power supply. The defocused energy beam may have a FLS of at least about 1, 5o,
10 mm, 20 o, 30 mm, 40 mm, 30 ;o or 100 ram. The defocused encrgy beam may have a FLS of at
most about L, S, 10 mo, 20 pn, 30 mm, 40 mum, 50 pun, or 100 mm. The energy beam may have
a defocused cross-sectional FLS on the layer of pre-transformed material between any of the afore-
mentioned energy beam FLS values (e.g., from abowt 5 mum {o about 100mm, from about 5 mm to about
50 mm, or from about 50 mm to about 100 mm).

[60285] The power supply to any of the components described herein can be supplied by a gnid,
generator, local, or any combination thereof. The power supply can be from renewable or non-renewable
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sources. The renewable sources may comprise solar, wind, hydroelectric, or biofuel. The powder supply
can comprise rechargeable batteries.

[80286] In some embodiments, the exposure time of the encrgy beam is at least 1 microsecond (us),
Sus, 10 ps, 20 ps, 30 us, 40 us, 50 us, 60 us, 70 ps, 80 pws, 90 us, 100 ps, 200 us, 300 us, 400 us, 300 us,
800 s, or 1000us. The exposure time of the energy beany may be most about | us, Sus, 10 ps, 20 us, 30
s, 40 us, 30 us, 60 ps, 70 ps, 80 us, B0 us, 100 us, 200 ps, 300 us, 400 ps, 300 us, 800us, or 1000us.
The exposure time of the encrgy beam may be any value between the afore-mentioned exposure time
values (e.g., from about | ps to about 1000 ps, from about 1 us to about 200 ps, from about 1 us to about
300 ps, from about 200 us to about 300 us, or from about 300 us to about 1000 us).

[66287] At times, the controller controls one or more characteristics of the energy beam (¢.g., variable
characteristics). The control of the energy beam may allow a low degree of matenal evaporation during
the 3D printing process. For example, controfling one or more energy beam characteristics may (€.2.,
substantially) reduce the amount of spatter generated during the 3D printing process. The low degrec of
material evaporation may be measured in grams of cvaporated material and compared to a Kilogram of
hardened material formed as part of the 3D object. The low degree of material evaporation may be
evaporation of at most about 0.25 grams {gr.), 0.5gr, 1gr, 2gr, Sgr, 10gr, 13gr, 20gr, 30gr, or 50gr per
every Kilogram of hardened material formed as part of the 3D object. The low degree of materiat
evaporation per every Kilogram of hardened material formed as part of the 313 object may be any value
between the afore-mentioned values (e.g., from abowut 0.25gr to about 5Ggr, from about 0.25gr to about
30gr, from about §.25gr to about 10 gr, from about 0.25gr to about Sgr, or from about 0.25gr to about
2g1).

[BG288] In some cmbodiments, the methods, systems, and/or the apparatus described herein further
comprise at least one encrgy source. In some cases, the system can comprise two, three, four, five, or
OTe energy sources. An energy source can be a source configured to deliver energy to an area (2.g., a
confined area). An energy source can deliver energy to the confined area through radiative heat transfer.
[60289] In some embeodiments, the encrgy source supplics any of the encrgies described herein (e.g.,
energy beams). The encrgy source may deliver encrgy to a point or to an arca. The energy source may
include an electron gun source. The cnergy sowrce may include a laser source. The encrgy source may
comprise an array of lasers. Tn an example, a laser can provide light energy at a peak wavelength of at
least about 100 napometer (o, 300 rum, 1000 nm, 1010 nm, 1020, 1030 nm, 1040 nm, 1030 am, 1060
nm, 1070 nm, 1080 nm, 1090 noy, 1100 nm, 1200 nm, 1500 nm, 1600 om, 1700 nm, 1800 nm, 1900 nm,
or 2000 nm. In an example a laser can provide light egergy at a peak wavelength of at most about 100
panometer (nm), 500 nm, 1000 nm, 1010 mm, 1020nm, 1030 nm, 1040 v, 1030 mm, 1060 om, 1070 am,
1080 nm, 1090 o, 1100 nm, 1200 nm, 1300 nm, 1600 nn, 1700 nm, 1800 i, 1900 nm, or 2000 nm. In
an exarnple a laser can provide hight energy at a peak wavelength between the afore-mentioned peak
wavelengths (e.g.. from 100nm to 2000 mm, from 100nm to 1100nm, or from 1000 nm to 2000 nm). The
cnergy beam can be incident on the top surface of the material bed. The energy beam can be incident on,
or be directed to, a specified area of the material bed over a specified time period. The energy beam can
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be substantially perpendicular to the top (¢.g., exposed) surface of the material bed. The material bed can
absorb the cnergy from the energy beam (c.g., incident cnergy beam) and, as a result, a localized region of
the material in the material bed can increase in teraperature. The increase in temperature may trassform
the material within the material bed. The increase in temperature may heat and transform the material
within the oaterial bed. In some embodunents, the increase in temperature may heat and not transforon the
material within the material bed. The 1ncrease in temperature may beat the material within the matenial
bed.

[00296) In some embodiments, the energy beam and/or scurce is moveable sach that it can translate
relative to the maternial bed. The energy bearn and/or source can be moved by a scanner. The movement of
the energy beam and/or source can comprise vtilization of a scanner.

[B0281} In some cmbodiments, at one point in tirne, and/or {¢.g., substantially ) doring the entire build
of the 3D object: At least two of the energy beams and/or sources are translated independently of each
other or in concert with each other. At least two of the multiphicity of energy beams can be translated
independently of each other or in concert with each other. In some cases, at least two of the energy beams
can be translated at different rates such that the movement of the ore is faster compared to the movement
of at least one other encrgy beam. In some cases, at least two of the energy sources can be translated at
different rates such that the movement of the one energy source is faster compared to the movement of at
least ancther energy source. In some cases, at least two of the energy sources (e.g., all of the energy
sources) can be translated at different paths. In some cascs, at least two of the energy sources can be
transiated at substantially idestical paths. In soow cases, at least two of the energy sources can follow one
another in tirne and/or space. Io sorme cases, at least two of the energy sources translate sobstantially
paraliel to each other tn time and/or space. The power per vnit arca of at least two of the encrgy beam may
be (¢.g., substantially) identical. The power per unit area of at Icast one of the energy bearns may be
varied {¢.g., during the formation of the 3D object). The power per ouit area of at Ieast one of the energy
beams may be differcnt. The power per unit area of at least one of the energy beams may be different. The
power per unit area of one energy beam may be greater than the power per unit area of a second energy
beam. The energy beams may bave the same or different wavelengths. A first energy beam may have a
wavelength that is smaller or larger than the wavelength of a second energy beam. The energy beams can
derive from the same cnergy source. At least one of the energy beams can derive from different energy
sources. The encrgy beams can derive from different energy sources. At least two of the energy beams
may bave the same power (e.g., at one point in time, and/or (¢.g., substantially ) during the entire build of
the 3D gbiect). At least one of the beams may have a different power (e.g., at on¢ point in time, and/or
substantially during the entire build of the 3D object). The beams may have different powers (¢.2., at one
point in tine, and/or (¢.g., substantially) during the entire build of the 3D object). At least two of the
energy beams may travel at (¢.g., substantially) the same velocity. At least one of the encrgy beams may
travel at different velocities. The velocity of travel (e.g., spoed) of at least two energy beains may be (¢.g.,
substantially) constant. The velocity of travel of at least two energy beams may be varied (e.g., during the

formation of the 3D object or a portion thereof). The travel mayv refer 1o a travel relative to (e.g., on) the
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cxposed surface of the material bed (e.g., powder material). The travel may refer to a travel close to the
exposed surface of the material bed. The travel may be within the material bed. The at least onc energy
beam and/or source may travel refative to the material bed.

[80292] At times, the encrgy (e.g., energy beany) travels in a path. The path may comprise a hatch.
The path of the epergy beam may comprise repeating a path. For example, the first energy may repeat its
own path. The second energy may repeat s own path, or the path of the frst energy. The repetition may
comprise a repetitionof 1, 2, 3, 4, 5,6, 7, &, 9, 10 times or more. The energy may follow a path
cornprising parallel lines. For example, FIG. 10, 1015 or 1014 show paths that comprise paralle! lines.
The lines may be hatch lincs. The distance between each of the parallel lines or hatch lines, may be at
Ieast about 1 wm, Spm, 10 pwm, 20 pm, 30 um, 40 wm, 50 pm, 66 um, 70wy, 80 wm, 90 pm, or more. The
distance between each of the paralle] hines or hatch lines, may be at most about { um, Spm, 10 pm, 20
pm, 30 wm, 40 pm, 530 pim, 60 pm, 70 po, 80 pwm, 90 wm, or less. The distance between each of the
parallel lines or hatch lines may be any valuc between any of the aforc-mentioned distance values (e.g.,
from about | wm to about 90 wm, from about 1 pm to about 50 um, or from about 40 pm to about 90 pm).
The distance between the parallel or paraliel lines or hatch lines may be substantially the same in every
layer {e.g., plane) of transformed material. The distance between the paraliel lines or hatch lines inone
laver (e.g., plane) of transformed material may be different than the distance between the parallel fines or
hatch Tines respectively in another layer (e.g., plane) of transformed material within the 3D object. The
distance between the parallel lines or hatch lines portions within a laver (e.g., plane) of transformed
material may be substantially constant. The distance between the parallel lines or hatch lines withina
layer (e.g., plane) of transformed material may be varied. The distance betwecn a first pair of paralle] lipes
or hatch lines within a layer (¢.z., plane) of transformed material may be different than the distance
between a second pair of paralle] liges or hatch lines within a layver (e g, plane) of transformed material
respectively. The first ¢nergy beam may follow a path compusing two hatch lines or paths that cross in at
Ieast one point. The hatch lines or paths may be straight or curved. The hatch lines or paths may be
winding. FIG. 10, 1010 or 1011 show examples of winding paths. The first encrgy beam may follow a
hatch line or path comprising a U-shaped turp (e.g., FIG. 10, 1010) and/or looping turn (¢.g., FIG. 10,
1016). The first energy beam may follow a hatch line or path devoid of U shaped turns (e.g.. FIG. 1012).
(06293} In some embodiments, the formation of the 3D object includes transforming (c.g., fusing,
binding, or connecting) the pre-transtformed matenal (¢.g., powder material) using an encrgy beam. The
energy beam may be projected on to a particular area of the material bed, thus causing the pre-transformed
material to transform. The energy beam may cause at least a portion of the pre-transformed material to
transform from its present state of matter to a different state of matter. For example, the pre-transformed
material may transform at least in part (¢.g., comapletely) fronm a solid to a liguid state. The cnergy beam
may cauose at Jeast a portion of the pre-transformed material to cheically transform. For exaople, the
energy beam may cause chemical bonds to form or break. The chemical transformation may be an

isomeric transformation. The transformation may comprise a magpetic transformation or an electronic
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transformation. The transformation may comprise coagulation of the material, cohesion of the material, or
accumulation of the material.

(00294} In some embodiments, the methods described herein further comprises repeating the operations of
material deposition and material transformation operations to produce a 3D object (or a portion thercof)
by at keast one 3D prinding (¢.g.. additive manufactonog) method. For example, the methods described
herein may forther comprise repeating the opcrations of depositing a layer of pre-transformed material and
transforming at least a pottion of the pre-transformed material to connect to the previously foomed 3D
object portion {¢.g., repeating the 3D panting cycle), thus forming at least a portion of a 3D object. The
transforming operation may coraprise utilizing an ¢nergy beam to transform the material. In some
mstances, the energy beam is utitized to transform at feast a portion of the matenal bed (¢.g., utilizing any
of the methods described herein).

(80285} In some embodiments, the transforming energy is provided by an energy sowrce. The
transforming encrgy may comprise an energy beam. The energy source can produce an encrgy beam. The
energy beam may include a radiation comprising electromagnetic, electron, positron, proton, plasma, or
ionic radiation. The clectromagnetic beam may comprise microwave, infrared, ultraviolet, or visible
radiation. The ion beam mav include a charged particle beam. The ion beam may include a cation, or an
anion. The clectromagnetic beam may comprise a laser beam. The laser may comprise a fiber, or a solid-
state laser beamn. The epergy source may inctude a laser. The energy source may include an electron gun.
The energy depletion may compuise heat depletion. The energy depletion may comprise cooling. The
cnergy may comprise an energy fhux (e.g., energy beanu. E.g., radiated energy). The energy rmay comprise
an encrgy beam. The cnergy oxay be the transforming energy. The encrgy may be a warnming energy that
is not able to transform the deposiled pre-transformed material (e.g.. in the matenial bed). The warming
encrgy may be able to raise the teraperature of the deposited pre-transformed material. The encrgy beam
may comprise cnergy provided at a (¢.g., substantially)} constant or varied energy bearn characteristics.
The energy beam may comprise encrgy provided at (¢.g., substantially) constant or varied energy beam
characteristics, depending on the position of the generated hardened material within the 3D object. The
varied energy beam characteristics may comprise energy flux, rate, intensity, wavelength, amplitude,
power, cross-section, or time excried for the energy process {e.g., transforming or beating). The encrgy
beam cross-section may be the average (or mean) FLS of the cross section of the energy bean: on the laver
of material (c.g., powder). The FL.S may be a diameter, a spherical equivalent diameter, a length, a height,
a width, or diameter of a boundiog circle. The FL.S may be the larger of a length, a beight, and a width of
a 3D form. The FLS may be the larger of a length and a width of a substantially two-dimensional (2D)
form {e.g., wire, or 31} surface).

[D0296} At times, the energy beam follows a path. The path of the energy beam may be a vector. The path
of the energy beam may comprise a raster, a vector, or any combination thereof. The path of the energy
beam may comprise an oscillating paitern. The path of the energy beam may comprise a zigzag, wave
(e.g.. cwrved, triangular, or square), or curve pattern. The curved wave may comprise 4 sine of Cosine

wave. The path of the energy beam may comprise a sub~pattern. The path of the energy beam may
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comprise an oscillating (e.g., zigzag), wave (¢.g., cwrved, triangular, or square), and/or curved sub-pattern.
The curved wave may comprise a sine or cosine wave. FIG. 9 shows an example of a path 901 of an
cnergy beam comprising a zigzag sub-pattern {e.g., 902 shown as an expansion (c.g.. blow-up) of a
portion of the path 901). The sub-~path of the energy beam may comprise a wave (e.£., sine or Cosing
wave) pattern. The sub-path may be a small path that forms the large path. The sub-path may be a
component {¢.g., a portion) of the large path. The path that the energy beam follows may be a
predetermined path. A model may predetermine the path by wtilizing a controller or an individual (e.g.,
homan). The controller may cormprise a processor. The processor may comprise a computer, compuier
program, drawing or drawing data, statoe or statae data, or any combination thereof

[B0287] At times, the path comprises successive lines. The successive lines may touch each other. The
suceessive lines may overlap each other in at least one point. The successive hnes may substantially
overlap each other. The successive lines may be spaced by a first distance (¢.g., hatch spacing). F1G. 10
shows an example of a path 1014 that includes five hatches wherein each two immediately adjacent
hatches are separated by a spacing distance. The hatch spacing may be any hatch spacing disclosed in
Patent Application serial number PCT/US16/34857 filed on May 27, 2016, titled “THREE-
DIMENSIONAL PRINTING AND THREE-DIMENSIONAL OBJECTS FORMED USING THE
SAME” that is entirely incorporated herein by reference.

[60298] The term “auxiliary support.” as used herein, generally refers to at least one feature thatig a
part of a printed 3D object, bwt not part of the desired, intended, designed, ordered, and/or final 3D object.
Auxiliary suppott may provide stractural support during and/or after the formation of the 3D object. The
auxiliary support oxay be anchored to the enclosure. For example, an auxiliary sopport may be anchored to
the platform (¢.g., building platform), to the side walls of the material bed, to a wall of the enclosure, to an
object (¢.g., stationary, or scmi-stationary) within the enclosore, or any combination thereof. The auxiliary
support may be the platform (e.g.. the base, the substrate, or the botiom of the enclosure). The auxihary
support may enable the removal or encrgy from the 3D object (e.g., or a portion thercof) that is being
formed. The removal of energy (e.g., heat) may be during and/or after the formation of the 3D object.
Examples of auxiliary support comprise a fin (e.g., heat fin), anchor, handle, pillar, column, frame,
footing, wall, platform, or another stabilization feature. In some instances, the auxiliary support may be
mounted, clamped, or situated on the platform. The auxiliary support can be anchored to the building
platform, to the sides (e.g., walls) of the building platform, to the enclosure, 10 an object (stationary or
seni-stationary } within the enclosure, or any combination thercof,

(06299} In some examples, the generated 3D object is printed without auxtiary support. In some
examples, overhanging feature of the generated 3D obiject can be printed without (e.g., without any)
auxiliary support. The gencrated object can be devoid of awxiliary supports. The genernated object may be
suspended (e.g., float anchorlessly) in the material bed (c.g., powder bed). The term “anchorlessly,” as
used herein, generally refers to without or 1o the absence of an anchor. In some examples, an object is
suspended in a powder bed anchorlessly without attachment to a support. For example, the object floats in

the powder bed. The generated 3D object may be suspended in the layer of pre-transformed material (¢.g.,
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powder material). The pre-transformed material (e.g., powder material) can offer support to the printed 3D
object (or the object during s generation). Sometimes, the generated 3D object may comprise one or
maore auxiliary supports. The auxiliary support may be suspended in the pre-transformed material (c.g.,
powder material). The auxiliary support may provide weights or stabilizers. The auxiliary support canbe
suspended in the mateaal bed within the layer of pre-trassformed material 1o which the 3D object (ora
portion thereof) has been formed. The auxiliary support (¢.g.. one or more auxihiary supports) can be
suspended in the pre-transformed material within a layer of pre-transformed material other than the one 1o
which the 3D object (or a portion thercof) has been formed (e.g., a previously deposited layver of (e.g..
powdery material). The auxiliary sopport may touch the platform. The auxiliary support may be suspended
0 the matenal bed (¢.g., powder materialy and not touch the platforrn. The aoxiliary support may be
anchored to the platform. The distance between any two auxiliary supports can be at Ieast about |
muflimeter, 1.3 millimeters (mm), 1.5 mum, 1.8 mm, 1.9 mm, 2.0 mm, 2.2 mm, 2.4 mm, 2.5 mm, 2.6 mm,
2.7 v, 3 mm, 4 mm, 5 mm, 10 mm, 11mm, 15 un, 20 mm, 30mm, 40mm, 41mm, or 45mm. The
distance between anv two auxiliary supports can be at most 1 milbmeter, 1.3 mm, 1.5 mm, 1.8 mm, 1.9
mm, 2.0 mm, 2.2 mm, 2.4 mm, 2.5 mm, 2.6 mm, 2.7 o, 3 mm, 4 mm, 5 o, 10 mm, 1imm, 15 mm, 20
mm, 30mm, 40mm, 41mm, or 45mm. The distance between any two auxiliary supports can be any vahie
in between the afore-mentioned distances (e.g., from about Imm to about 45mm, from about Imm to
about 1imm, from about 2.20um 1o abowt 13pun, or from about 10mum to abowt 45mm). At times, a sphere
intersecting an exposed surface of the 3D object may be devoeid of auxaliary support. The sphere may bave
a radias XY that is equal to the distance between any two auxiliaty supports mentioned berein. FIG. 7
shows an example of a top view of a 3D object that has an exposed surface. The exposed surface includes
an intersection area of a sphere having a radius XY, which intersection area is devoid of auxiliary support.
(60366} In some examples, the diminished nomber of auxiliary suppotts or lack of auxibiary support,
facilitates a 3D printing process that requires a smaller amount of material, produces a smaller amount of
material waste, and/or requires smaller energy as compared to commercially available 3D printing
processes. The reduced number of auxaliary supports can be smaller by at least about 1.1, 1.3, 1.5, 2, 3, 4,
5,6,7,8, 9, or 10 as compared to conventional 3D printing. The smaller amount may be smaller by any
value between the aforesaid values (¢.g., from about 1.1 to about 10, or from about 1.5 to about 5) as
compared io conventional 3D printing.

[B0301] In some embodiments, the gencrated 31 object has a surface roughness profile. The generated
3D} obiject can have various surface roughness profiles, which may be suitable for various applications.
The surface roughness may be the deviations in the direction of the normal vector of a real surface from
its ideal form. The generated 3D object can have a Ra value of as disclosed herein

(86362} At times, the generated 3D object {¢.g., the hardened cover) is substantially smooth. The
generated 3D object may have a deviation from an ideal planar surface (¢.g., atomically flat or
molecularly flat) of at most abowt 1.5 nanometers (nm), 2 nm, 3 nim, 4 nm, 5 o, 10 o, 15 nm, 20 nin, 25
mn, 30 oo, 35 nm, 100 nim, 300 wm, 500 mm, § mucrometer (pum), 1.5 poy, 2 pum, 3 wm, 4 pan, 5 pum,

10 pm, 15 um, 20 wum, 25 pm, 30 pum, 35 pom, 100 pm, 300 um, 300 pm, or less. The gencrated 3D object
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may have a deviation from an ideal planar surface of at least about 1.5 nanometers (nm), 2 nm, 3 nm, 4
nm, 5 o, 10 nmy, 15 nm, 20 nm, 25 am, 30 pm, 35 am, 100 nm, 300 am, 500 nm, 1 micrometer (um), 1.3
pim, 2 wm, 3 uon, 4 pim, 3 paa, 10 i, 15 um, 20 pon, 23 wim, 30 wim, 35 wm, 100 um, 300 pm, 300 wm, or
more. The gencrated 3D object may have a deviation from an ideal planar surface between any of the
afore-mentioned deviation vahies. The generated 313 object may comprise a pore. The generated 3D
object may comprise pores. The pores may be of an average FLS (diameter or diameter equivalent in case
the pores are not spherical) of at most about 1.5 nanometers (nm), 2nm, 3nm, 4nm, 5 nm, 10nm, 150m,
20nm, 250, 30nm 35nm, 100w, 3000m, 500nm, | micrometer (pum), 1.5 pm, 2 pum, 3 wm, 4 pin, 5 pum,
10 pm, 15 pum, 20 pwm, 25 wm, 30 um, 35 pum, 100 um, 300 pm, or 5300 um. The pores may be of an
average FLS of at least about 1.5 nanometers (nm), 2, 3o, 4o, 5 nun, 10om, 15nm, 20nm, 25nm,
30nm, 35nm, 100nm, 300nm, 5000m, | micrometer (um), 1.5 wm, 2 wm, 3 pm, 4 um, 5 wm, 10 pm,

15 pom, 20 wm, 23 g, 30 pm, 35 an, 100 wm, 300 wm, or 5300 wm. The pores may be of an average FLS
between any of the afore-mentioned FLS values (e.g., from about Inm to about 500 pm, or from about

20 um, to about 300 um). The 3D objoct (or at least a laver thereof) may have a porosity of at most about
0.03 percent (%), 0.1% 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%. 0.8%, 0.9%, 1%. 2 %, 3 %, 4 %, 3 %, 6 %,
7 %, 8 %, 9%, 10 %, 20%, 30%, 40%, 50%, 60%, 70%, or 80%. The 3D object {or at lcast a layer thercof)
may have a porosity of at least about 0.05 %, 0.1%, €¢.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1
06, 2%, 3%, 4%, 5%, 6%, 7 %, 8 %, 9%, 10 %, 20%, 30%, 40%, 50%, 60%, 70%, or 80%. The 3D
obicct (or at feast a layver thereof) mav have porosity between any of the afore~-mentioned porosity
percentages (e.g., from about 0.05% to about 80%, from about 0.05% to about 40%, from about 10% to
about 40%, or from about 40% to about 90%). In some instances, a pore may traverse the generated 3D
object. For example, the pore mayv start at a face of the 3D object and end at the opposing face of the 3D
object. The pore may comprise a passageway exiending from one face of the 3D object and ending on the
opposing face of that 3D object. In son instances, the pore may not traverse the generated 3D object
The pore may foom a cavity in the generated 3D} object. The pore may form a cavity on a face of the
genenated 3D object. For example, pore may start on a face of the plane and not extend to the apposing
face of that 3D abject.

[66303] At times, the formed plane compriscs a protrusion. The protrusion can be a grain, a bulge, a
bumip, a ridge. or an elevation. The generated 3D object may comprise protrusions. The protrusions may
be of an average FLS of at most about 1.5 nanometers (nmy), 2nm, 3o, 4o, 5 nm, 100m, 15nm, 260m,
230, 30mm, 350, 100nm, 300mm, 500nm, | micrometer (um), 1.5 pm, 2 pm, 3 pon, 4 um, S pm,

10 pum, 15 um, 20 um, 25 pm, 30 wm, 35 wm, 100 um, 300 pm, 500 pm, or less. The protrusions may be
of an average FLS of at least abowt 1.5 nasometers (nm), 2ar, 3am, 4nm, 5 am, 10mn, 15om, 20nm,
25mam, 30nr, 35, 100nm, 300nm, 500nm, 1 micrometer (pm), 1.5 um, 2 wm, 3 pm, 4 pm, 3 wm,

10 i, 15 pm, 20 pam, 25 poy, 30 pm, 35 pm, 100 wm, 300 pm, 500 pm, or more. The protrasions may be
of an average FLS between any of the afore-mentioned FLS values. The protrusions may constitute at
most about 0.05%, 0.1%, 0.2%, 0.3%, 0.4%. 0.3%, .6%, 0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 4%, 3%, 10%,

20%, 30%, 40%, or 50% of the arca of the gencrated 3D object. The protrusions may constitute at least
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about 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 19, 2%, 3%, 4%, 3%, 10%, 20%,
30%. 40%%, or 50% of the area of the 3D object. The protrusions may constitute a percentage of an arca of
the 3D objcct that is between the afore-mentioned percentages of 3D object area. The protrusion may
reside on any surface of the 3D object. For example, the protrusions may reside on an external surface of a
3D object. The protrusions may reside on an intemal surface (e.g., a cavity) of a 3D} object. At times, the
average size of the protrusions and/or of the holes may determine the resolution of the printed (e.g.,
zenerated) 3D abject. The resolution of the prnted 3D object may be at least about | micrometer, §.3
miceoraeters (), 1.5 prm, £.8 umy, 1.9 pon, 2.0 wim, 2.2 poy, 2.4 wim, 2.5 pm, 2.6 pm, 2.7 i, 3 poy 4
prn, 3 pm, 10w, 20 pum, 30 wm, 40 pm, 50 pam, 60 wum, 70 pi, 80 wm, 90 pun, 100 wam, 200 o, or
more. The resolution of the printed 3D obiect may be at most about 1 micrometer, 1.3 micrometers {pum),
1.5 poy 1.8 i, 1.9 pwm, 2.0 um, 2.2 wm, 2.4 pum, 2.5 wim, 2.6 pon, 2.7 pim, 3 i, 4 pon, 5 pm, 10 wm, 20
pm, 30w, 40 pm, 5O pa, 60 wm, 70 poy, %0 pm, 90 pwm, 100 wm, 200 wm, or Jess. The resolution of the
printed 3D object may be any value between the above-mentioned resolution values. At times, the 3D
obicct may bave a material density of at least about 99.9%, 99.8%, 99.7%, 99.6%, 99.5%, 99.4%, 99.3%,
99.2% 99.1%, 99%, 98%, 6%, 95%, 94%, 93%, 92%, 91%, 90%, 8%, or 70%. At times, the 3D object
may have a material density of at most about 99.5%, 99%, 98%, 96%, 95%, 94%, 93%, 92%, 91%, 90%,
8%, or 70%. At times, the 3D objoct mav have a material density between the aforc-mentioned material
densities. The resolution of the 3D object may be at Ieast about 100 dots per inch (dpt), 300dpt, 600dpi,
1200dpi, 2400dp1. 3600dpi, or 4800dpi. The resolution of the 3D object may be at most about 100 dpi,
300dpi, 600dpi, 1200dpt, 2400dpi, 3600dpi, or 4800dip. The resclution of the 3D object may be any valoe
betweea the afore-mentioned values (e.g., from 100Gdpi to 4800dpi. from 300dpi to 2400dpi, or from
600dpi to 4800dpi). The beight vniformity (e.g., deviation from average sutface height) of a planar
surface of the 3D object may be at least about 100 poy, 90 pum, 80 ura, 70 um, 60 pm, 50 wm, 40 wm, 30
pi, 20 um, 10w, or 5 um. The height upiformity of the planar surface may be at most about 100 um,
90 pm, 80, 70 um, 60 1, 530 pm, 40 pm, 30 um, 20 pm, 10 um, or 3 um. The height uniformity of the
planar surface of the 3D object may be any value between the afore-mentioned height deviation values
(e.g.. from about 100 pm to about 5 wm, from about 50 wm to abowt 5 wm, from about 30 o {0 about 5
pir, or from about 20 pum to about 5 pm). The bheight uniformity may comprise bigh precision putformity.
{60384} In some embodiments, a newly formed layer of material (e.g., comprising transformed material)
reduces in velume during its hardening (2.2, by cooling). Such reduction in volume (¢.g., shrinkage) may
cause a deformation in the desired 3D object. The deformation may include cracks, and/or tears in the
newly formed laver and/or in other (e.g., adjacent) layers. The deformation may include geometric
deformation of the 3D object or at least a portion thereof. The newly fonmed layer can be a portionof a
3D object. The one or more layers that form the 3D printed object {¢.2., sequentially) may be {¢.g2.,
substantially) parallel to the building platform. An angle may be formed between a laver of bardened
material of the 3D printed object and the platform. The anglc may be measured relative to the average
layering planc of the layer of hardened material. The platform (e.g.. boilding platforny) may inchide the
base, substrate, or bottom of the enclosure. The building platform may be a carrier plate. FIG. 8 shows an
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cxample of a 3D object 802 formed by sequential binding of lavers of hardened material adjacent to a
platform 803, The average layering plane of the layers of hardened material forms an angle (e.g., beta)
with a normal 804 to the layering plane 806.

[B0305] In an aspect provided herein s 2 3D object comprising a layer of hardencd material generated
by at keast one 3D printing method described herein, wherein the layer of material (e.g.. hardened) is
differont from a corresponding cross section of a model of the 3D object. For example, the generated
layers differ from the proposed shices. The layer of material within a 3D object can be indicated by the
microstructure of the material. The material microstructures may be those disclosed in Patent Application
senial pumber PCT/US15/36802 that is incorporaled herein by reference in its entirety.

(80306} Energy (¢.g., beat) can be transferred from the material bed to the cooling member {e.g., heat
sink) through any onc or combination of heat transfer mechanisms. FIG. |, 113 shows anexample of a
cooling member. The heat transfer mechanism may comprise conduction, radiation, or convection. The
convection may comprise natural or forced convection. The cooling member can be solid, liquid, gas, or
semi-solid. In some examples, the cooling member {e.g., heat sink) is solid. The cooling member may be
located above, below, or to the side of the material laver. The cooling member may comprisc an encrgy
conductive material. The cooling member may comprise an active energy transfer or a passive energy
transfer. The cooling member may comprise a cooling liquid (c.g.. agueous or ¢il), cooling gas, or cooling
solid. The cooling member may be further connected to a cooler and/or a therreostat. The gas, semi-solid,
or liquid comprised ia the cooling member may be stationary or ciecolating. The cooling member may
comprise a material that conducts heat efficiently. The heat (thermal) conductivity of the cooling member
may be at least about 20 Watts per meters times degrees Kelvin (W/mkK), 30 W/mK, 100 W/aK, 150
Wk, 200 W/mk, 203 W/mk, 300 W/ink, 350 Wink, 400 W/mk, 430 Wk, 300 Wk, 350
Wik, 600 W/ink, 700 W/nk, 800 Wik, %00 W/nkK, or 10080 W/mK. The heat conductivity of the
heat sink may be at most about 20 W/mK, 50 W/mK, 100 W/nK, 150 Wk, 200 W/mK, 205 W/nk,
300 W/, 350 W/mE, 400 W/mK, 430 W/mK, 300 WK, 330 W/mK, 600 W/mK, 700 W/mK, 860
W/mE, 900 W/mK, or 1000 W/mK. The heat conductivity of the heat sink may be any value between the
afore-mentioned heat conductivity values. The heat (thermal) conductivity of the cooling member mayv be
measured at ambicnt temperature (¢.g., room temperature) and/or pressure. For example, the heat
conductivity may be measured at aboui 20°C and a pressure of 1 atmosphere. The heat sink can be
separated from the powder bed or powder laver by a gap. The gap can be filled with a gas. The cooling
menber may be any cooling meober (e.g., that is used in 3D printing) such as, for example, the ones
descrbed in Patent Application serial mumber PCT/US15/36802, or in Provisicnal Patent Application
senial murmber 62/317.070, both of which are entirely incorporated berein by references.

(BG367} When the energy source is in operation, the matenal bed can reach a certain {¢.g., average)
temperature. The average temperature of the material bed can be an ambicnt emperature or “room
temperature.” The average temperature of the material bed can have an average temperature doring the
operation of the encrgy (e.g., beam). The average temperature of the material bed can be an average

temperature during the formation of the transformed material, the formation of the hardened material, or
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the generation of the 3D object. The average femperature can be below or just below the transforming
temperature of the material. Just below can refer to a temperature that is at most about 1°C, 2°C, 3°C, 4°C,
5°C, 6°C, 7°C, 8°C, 9°C, 10°C, 15°C, or 20°C below the transforming temperatire. The average
temperature of the material bed (¢.g., pre-transformed materal) can be at most about 10°C (degrees
Celsiug), 20°C, 25°C, 30°C, 40°C, 50°C, 60°C, 70 °C, 80 °C, 90 °C, 100°C, 120°C, 140°C, 150°C, 160
°C, 180°C, 200°C, 230°C, 300 °C, 400 °C, 500°C, 6G0°C, 700 °C, 800 °C, 900 °C, 1000°C, 1200°C,
H400°C, 1600°C, 18066°C, or 2000 °C. The average temperature of the material bed (e.g., pre-transforoed
material) can be at feast about 10°C, 20°C, 25°C, 30°C, 40°C, 50°C, 60°C, 70 °C, 80 °C, 90 °C, 160°C,
120°C, 140°C, 150°C, 160°C, 180°C, 200°C, 250°C, 300°C, 400°C, 300°C, 600°C, 700 °C, 800 °C, 900
°C, 1000°C, 1200°C, 1400°C, 1600°C, 1800°C, or 2000 °C. The average temperature of the material bed
{e.g.. pre-transformed material) can be any temperature between the afore~-mentioned material average
temperatures. The average temperature of the material bed (e.g., pre-transformed material) may refer to
the average temperature during the 3D printing. The pre~transformed material can be the material within
the material bed that has not been transformed and generated at least a portion of the 3D object (e.g., the
remainder). The material bed can be heated or cooled before, during, or after forming the 3D object (c.g.,
hardened material). Bulk heaters can heat the material bed. The bulk heaters can be situated adjacent to
(c.z., above, below, or to the side of) the material bed, or within a material dispensing system. For
cxample, the material can be heated using radiators (e.g., guartz radiators, or infrared emitters). The
material bed temperature can be substantially maintained at a predetermined value. The temperature of the
material bed can be monitored. The material temperature can be controlied manually and/or by a control
system.

[60308] In some embodiments, the pre-transformed material within the material bed 1s heated by a
first energy source such that the beating will transform the pre-transformed material. The remainder of the
material that did not transform o generate at least a portion of the 3D object (¢.g., the remainder) can be
heated by a second energy source. The remainder can be at an average temperature that is less than the
liquefying temperature of the matenal (e.g., during the 3D printing). The maximmum temperature of the
transformed portion of the material bed and the average temperature of the remainder of the matenal bed
can be different. The solidus temperature of the material can be a temperature wherein the material isina
solid state at a given pressurc (e.g., ambient pressure). Ambient may refer to the survounding. After the
portion of the material bed is heated to the teraperature that is at least a hiquefying temperature of the
material by the first energy source, that portion of the material may be cooled to allow the transformed
{c.g.. liqueficd) material portion to harden (¢.z., solidiy). In some cases, the liquefying temperature can
be at least about 100°C, 200°C, 300°C, 400°C, or 300°C, and the solidus temperature can be at most about
500°C, 400°C, 300°C, 200°C, or 100°C. For example, the liquefviag temperatare 1s at least about 300°C
and the solidus temperature 1 Iess than about 300°C. In another example, the Hauefving temperature 15 at
Ieast about 400°C and the solidus temperature is less than about 400°C. The hiquefying temperature may
be different from the selidus temperatare. In some instances, the termperature of the pre~transformed

material is maintained above the solidus temperatare of the material and below its liquefving temperature.
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In some examples, the material from which the pre-transformed material is composed has a super cooling
temperature (or super cooling temperature regime). In some examples, as the first energy source heats up
the pre-transformed material to causc at Ieast a portion of it to melt, the molicn material will remain
molten as the materal bed is held at or above the material super cooling temperature of the material, but
below its melting point. When two or more materials make up the material layer at a specific ratio, the
materials may form a eutectic material on transformation of the matenal. The lquefying temperatore of
the formed eutectic material may be the temperature at the eutectic point, close to the eutectic point, or far
from the eotectic point. Close to the eutectic point may designate a teraperatore that is different from the
sutectic temperature (i.c., temperature at the eulectic point) by at most about 0.1°C, 0.5°C, 1°C, 2°C, 4°C,
5°C, 6°C, 8°C, 10°C, or 13°C. A temperature that is farther from the eutectic point than the temperatare
close to the eutectic potnt is designated herein as a teraperature far from the eutectic Point. The process of
liquefying and solidifving a portion of the material can be repeated until the entire object has been formed.
At the completion of the generated 3D object, it can be removed from the remainder of material in the
container. The remaining material can be separated from the portion at the generated 3D object. The
generated 3D object can be hardened and removed from the container (¢.g., from the substrate or from the
base).

[60309] At times, the methods described herein further comprise stabilizing the temperature within the
enclosure. For example, stabilizing the temperature of the atmosphere or the pre-transformed material
{e.g., within the material bed). Stabilization of the tempeature may be to a predetermined temperatare
vatue. The methods descrbed berein may further comprise altering the temperature withio at least one
portion of the container. Alteration of the temperature may be to a predetermined temperature. Alteration
of the temperature may comprise heating and/or cooling the material bed. Elevating the temperature {e.g.,
of the material bed) may be to a temperature below the lemperature at which the pre-transformed matenal
fuses {e.g., melts or sinters}, connects, or bonds.

[60316§ In some embodiments, the apparatus and/or systems described herein comprise an optical
system. The optical components may be controlled manually and/or via a control system (e.g., a
controller). FIG. 4 shows an example of an optical system. The optical system may be configared to direct
at least one cnergy beam (c.g., 407) from the at least one encrgy source {e.g., 406) to a position on the
material bed within the enclosure (¢.g., a predetermined position). A scanner can be included in the optical
system. The printing svstom mav comprise a processor (©.g., a central processing unit). The processor can
be prograramed to control a trajectory of the at least one energy beam and/or epergy source with the aid of
the optical svstem. The systems and/or the apparatus described herein can further comprise a control
system in comumunication with the at least one energy sonrce and/or energy beam. The control system can
regulate a supply of encrgy from the at least one energy soutce to the matenal in the container. The
controf system may control the vanous componenis of the optical system (e.g., FIG. 4). The varions
cornponents of the optical system may inclode optical components comprising a mirror(s) {e.g., 405), a
lens {¢.g., concave or convex), a fiber, a beam guide, a rotating polygon, or a prism. The lens may be a

focusing or a dispersing lens. The lens may be a diverging or converging lens. The mirror can be a



WO 2018/075741 PCT/US2017/057340

deflection mirror. The optical components may be tiltable and/or rotatable. The optical components may
be tilted and/or rotated. The mirror mayv be a deflection mirror. The optical components may comprise an
aperture. The aperture may be mechanical. The optical system may comprise a variable focusing device.
The variable focusing device may be connected to the control system. The variable focusing device may
be controlied by the control system and/or manually. The vanable focusing device may comprise a
modulator. The modulator may comprise an accusto-optical modulator, mechanical modulator, or an
electro optical modulator. The focusing device may comprise ag aperture (¢.2., a diaphragm aperture).
The encrgy beam may be directed through a window {¢.g., 404) (c.g., as part of a chamber (2.2,
processing chamber) of a printing sysiem) and to a target surface {e.g., 402) (¢.g., within the chamber).
[B0311} In some embodiments, the container described berein coraprises at least one sensor. The
sensor may be conngcted and/or controlled by the control system {2.g., computer control system, or
controller). The control system may be able to receive signals from the at least one sensor. The control
system may act upon at least one signal received from the at least one sensor. The control may rely on
feedback and/or feed forward mechanisms that has been pre~programmed. The feedback and/or feed
forward mechanisms may rely on input from at least one sensor that is connected to the control unit,
[60312] In some embediments, the sensor detects the amount of material (¢.g., pre-transformed
material) in the enclosure. The controller may monitor the amount of material in the enclosure (c.g.,
within the material bed). The systems and/or the apparatus described heretn can include a pressure sensor,
The pressure sensor may measure the pressure of the chamber (e.g., pressure of the chamber atinosphere).
The pressure sensor can be coupled to a control system. The pressure can be clectronically and/or
manually controlled. The controller may regulate the pressure (e.g., with the aid of one or more vacuum
pumps) according to input from al least one pressure sensor. The sensor may comprnse light sensor, image
sensor, acoustic sensor, vibration sensor, chemical sensor, ¢lectrical sensor, magnetic sensor, fluidity
sensor, movement seasor, speed sensor, position sensor, pressure sensor, force sensor, density sensor,
metrology sensor, sonic sensor {€.g., ulfrasonic sensor), or proximity sensor. The metrology sensor may
comprise measurement sensor (€.g., height, length, width, angle, and/or volume). The metrology sensor
may comprise a magnetic, acceleration, orientation, or optical sensor. The optical sensor may comprise a
camera {¢.g., IR camera, or CCD camera (e.g., single ine CCD camera)). or CCD camera (¢.g., single fine
CCD camera). The sensor may transmit and/or receive sound (e.g., echo), magnetic, electromic, or
clectromagnetic signal. The electromagnetic signal may comprise a visible, infrared, ultraviolet,
ultrasound, radio wave, or microwave signal. The metrology sensor may measure the tile. The metralogy
sensor may measure the gap. The metrology sensor may measure at least a portion of the layer of material
{¢.g.. pre-transformed, transformed, and/or hardened). The layer of material may be a pre-transformed
material {¢.g., powder), transformed matenal, or hardencd matenial. The oxtrology sensor may mcasure at
Ieast a portion of the 3D object. The sensor may comprise a terperature sensor, weight sensor, powder
level sensor, gas sensor, or nmidity sensor. The gas sensor may sense any gas enumerated herein. The
temperature sensor may comprise Bolometer, Bimetallic strip, Calorimeter, Exhaust gas temperature

gange, Flame detection, Gardon gaunge, Golay cell, Heat flux sensor, Infrared thermometer,
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Microbolometer, Microwave radiometer, Net radiometer, Quartz thermometer, Resistance temperature
detector, Resistance thermometer, Silicon band gap temperature sensor, Special sensor microwave/imager,
Temperature gange, Thermistor, Thermocouple, Thermometer, Pyrometer, IR camera, or CCD camera
(c.g., single line CCD camera). The temperature sensor may measure the temperature without contacting
the material bed (e.g., non-contact measurements). The pyronweicr may comprise a point pyrometer, or a
multi-point pyrometer. The Infrared (IR) thermometer may comprise an IR camera. The pressure sensor
may comprise Barograph, Barometer, Boost gauge, Bourdon gange. hot filament ionization gange,
lomzation gauge, McLeod gauge, Oscillating U-tube, Permancent Downhole Gauge, Piezometer, Pirani
gaunge, Pressure sensor, Pressure gauge, tactile sensor, or Time pressure gauge. The position sensor may
comprise Auxanometer, Capacitive displacement sensor, Capacitive sensing, Free fall sensor, Gravimeter,
Gyroscopic sensor, Impact sensor, Inclinometer, Integrated circuit piezoclectric sensor, Laser rangefinder,
Laser surface velocimeter, LIDAR, Linear encoder, Linear variable differential ransformer (LVDT),
Liquid capacitive inclinometers, Odometer, Photoelectric sensor, Piezoelectric accelerometer, Rate sensor,
Rotary encoder, Rotary vanable differential transformer, Selsyn, Shock detoctor, Shock data logger, Tilt
sensor, Tachometer, Ultrasonic thickness gange, Variable reluctance sensor, or Velocity receiver. The
optical sensor may comprisc a Charge-coupled device, Colorimeter, Contact image sensor, Electro-optical
sensor, Tnfra-red sensor, Kinetic inductance detector, light emitting diode as fight sensor, Light-
addressable potentiometnic sensor, Nichols radiometer, Fiber optic sensors, optical position sensor, photo
detector, photodiode, photomultiplier tubes, phototransistor, photoclectric sensor, photoionization
detector, photormultiphier, photo resistor, photo switch, phototube, scintillometer, Shack-Hartrann, single-
photon avalanche diode, superconductiog nanowire single-photon detector, transition edge sensor, visible
light photon counter, or wave front sensor. The weight of the enclosure (¢.g.. container), or any
components within the enclosure can be monitored by at least one weight sensor in or adjacent to the
material. For example, a weight sensor can be situated at the bottom of the enclosure. The weight sensor
can be situated between the bottom of the enclosure and the subsirate. The weight sensor can be situated
between the substrate and the basc. The weight sensor can be situated between the bottom of the container
and the base. The weight sensor can be situated between the botiom of the container and the top of the
material bed. The weight sensor can comprise a pressure sensor. The weight sensor may comprise a spring
scale, a hydraulic scale, a pneumatic scale, or a balance. At least a portion of the pressure sensor canbe
cxposed on a bottom of the container. In some cases, the at least one weight sensor can comprise a butfon
load cell. Alternatively, or additionally a sensor can be configured to monitor the weight of the maternial
by monitoring a weight of a structure that contains the material (¢.g., a material bed). One or more
position sensors (€.g., height sensors) can measuse the height of the material bed relative o the substrate.
The position sensors can be optical sensors. The position sensors can determine a distance between one or
more energy sources and a surface of the matenial bed. The surface of the material bed can be the npper
surface of the material bed. For example, FIG. 1, 119 shows an example of an apper surface of the

material bed 104.



WO 2018/075741 PCT/US2017/057340

[60313§ In some embodiments, the methods, systems, and/or the apparatus described herein may
comprise at least one valve. The valve may be shut or opened according to an input from the at least one
sensor, or manually. The degree of valve opening or shutting mav be regulated by the control system, for
cxample, according to at least one input from at least one sensor. The systems and/or the apparatus
described herein can include one or more valves, such as throttle valves.

(B0314} In some cmbodiments, the methods, systems and/or the apparatus described hercin comprise a
motor. The motor may be controlled by the control system and/or manually. The apparatuses and/or
sysiemns descnbed berein may inchide a system providing the material (e.g.. powder matenal) o the
material bed. The system for providing the material may be controlled by the control system. or manually.
The motor may connect to a systerm providing the material {¢.g., powder material) to the material bed. The
svstem and/or apparatus of the present invention may comprise a material reservoir. The material may
travel from the reservoir to the system and/or apparatus of the present invention. The material may travel
from the rescrvoir to the system for providing the material to the material bed. The motor may alter (e.g.,
the position of) the substrate and/or to the base. The motor may alter (¢.g.. the position of) the elevator.
The motor may alter an opening of the enclosure (¢.g., its opening or closure). The motor may be a step
motor or a servomotor. The methods, systems and/or the apparatus described herein may comprise a
piston. The piston may be a trunk, crosshead, slipper, or deflector piston.

[60315] In some examples, the systems and/or the apparatus described herein comprise at least one
nozzle. The nozzle may be regulated according o at least one jnput from at least one sensor. The nozzle
may be controlled antomatically or manually. The controller muay control the nozzle. The nozzle may
include jet (e.g., gas jet) vozzle, high velocity nozzle, propelling pozzle, magnetic nozzle, spray nozzle,
vacuuwn nozzle, or shaping nozzle (¢.g.. a dic). The nozzle can be a convergent or a divergent nozzle. The
spray nozzle may comprisc an atomizer nozzle, an air-aspirating nozzle, or a swirl nozzle.

{68316} In some examples, the systems and/or the apparatas described herein comprise at least one purap.
The pump may be regulated according to at least one input from at least one sensor. The pump may be
controlled automatically or manually. The controller may controf the pump. The one or more pumps may
comprise a positive displacement pump. The positive displacement pump may comprise rotary-type
positive displacement pump, reciprocating-tvpe positive displacement pump, or lincar-tvpe positive
displacement pump. The positive displacement pump may comprise rotary lobe pump, progrossive cavity
pump, rotary goar pump, piston pump, diaphragm purap, screw pump, gear pump, hyvdraulic pump, rotary
vane pump, regenerative (peripberal) pump, peristaltic pump, rope purp or flexible 1opeller. Rotary
positive displacement pump may comprise gear pump, screw pump, or rotary vaoe purap. The
reciprocating pump comprises plunger pump, diaphragm pump, piston pumps displacement pumps, or
radial piston pump. The pump may coraprise a valve-iess pump, stcam pump, gravity pump, eductor-jet
pump, mixed-flow pump, bellow pump, assalflow pomps, radial-flow pump, velocity purop, hydraulic
ram punp, impulse pamp, rope pomp, compressed-atr-powered double-diaphragm pump, triplex-style
phinger pump, plunger pump, peristaltic purmp, roofs~type pumps, progressing cavity pump, SCrew pump,

or gear pump. In some examples, the systems and/or the apparatus described hercin include one or more
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vacuum pumps selected from mechanical pumps, rotary vain pumps, turbomelecular pumps, ion pumps,
cryopumps, and diffusion pumps. The one or more vacuum pumps may comprise Rotary vane pump,
diaphragm pump, liquid ring pump, piston pump, scroll pump, screw pump, Wankel pump, external vane
pump, roots blower, multistage Roots pump, Toepler pump, or Lobe pump. The one or more vacuum
punIps may comprise mamentum transfer pump, regenerative pump, entrapment pump, Ventor vacusm
pump, of team gjector.

(80317} In some e¢mbodiments, the systems, apparatuses, and/or components theroof comprise a
cormmunication technology. The commurication technology may comprise a Bluetooth technology. The
sysieins, apparatusces, and/or components thereof may comprise a communication port. The
communication port may be a senal port or a paraliel port. The commumication port may be a Universal
Serial Bus port (i.c., USE). The systerns, apparatuses, and/or components thercof may comprise USB
ports. The USB can be micro or mint USB. The USB port may relate to device classes comprising 00h,
011, 02h, 03k, O5h, OGh, O7h, 08h, O%h, 0AL, 0Bh, ODL, OEh, OFh, 10h, 11h, DCh, EOh, EFh, FEh, or FFh
The surface identification mechanism may comprise a plug and/or a socket {¢.g., electrical, AC power,
DC power). The systems, apparatuses, and/or components thereof may comprise an adapter (e.g., AC
and/or DC power adapter). The systems, apparatuses, and/or components thereof may comprise a power
connector. The power connector can be an clectrical power connector. The power connector may
comprise a magnetically attached power connector. The power connector can be a dock connector. The
connector can be a data asd power connector. The connector maay comprise pins. The connector may
comprise at least 10, 15, 18, 20, 22, 24, 26, 28, 30, 40, 42, 45, 30, 53, 80, or 100 pins.

(60318} In some cmbodiments, the systems, apparatuses, and/or components thereof comprise one or more
controllers. The one or more controliers can comprise one or more central processing unit (CPU),
input/output (1'0) and/or communications module. The CPU can compnse electronic circuitry that carries
out instructions of a computer program by performing basic arithetic, logical, conirol and 1/0 operations
specified by the instructions. The controller can comprise a suitable software (¢.g., operating system). The
control system may optionally inclhiude a feedback control loop and/or feed-forward control loop. The
controllers may be shared between one or more systems or apparatuses. Each apparatus or system may
have its own controller. Two or more systems and/or its components may share a controller. Two o7 more
apparatuses and/or ifs components may share a controller. The controlier may monitor and/or direct (c.g.,
physical) alteration of the operating conditions of the apparatuses, software, and/or methods described
herein. The controlier may be a manual or a nos-manual controller. The controller may be an automatic
controller. The controller may operate upon reguest. The controlier may be a programmable controller.
The contraller may be programed. The contraller may conmprise a processing unit {e.g., CPU or GPU).
The contraller may receive an input (e.g., from a sensor). The controller may deliver an output. The
controller may comprise multiple controllers. The controller may receive multiple inputs. The controller
may generate muoltiple ontputs. The controller may be a single input single cutput controller (SISO) or a
multiple input multiple output controlier (MIMO). The controller may interpret the input signal received.

The controller may acquire data from the one or more sensors. ACqUire may Comprise receive or extract.
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The data may comprise measurement, estimation, determination, generation, or any combination thereof.
The controller may conprise feedback control. The controller may comprise feed-forward control. The
control may comprise on~off control, proportional control, proportional-integral (P1) control, or
propotional-integral-denivative (PID) control. The control may comprise open loop control, or closed
loop control. The controller may comprise closed loop control. The controlier may comprise open loop
control. The controlier may coraprise a user interface. The user interface may comprise a keyboard,
kevpad, mouse, touch scroeen, microphone, speoch recognition package, camera, inaging systerg, or any
combination thereof. The outputs may include a display (e.g., screen), speaker, or printer. The countroller
may be any controller (e.g., a controller used in 3D prinling) such as, for cxample, the controller disclosed
10 Provisional Patent Application serial nuraber 62/252.330 that was {iled on November 6, 2013, titled
“APPARATUSES, SYSTEMS AND METHODS FOR THREE-DIMENSIOMAL PRINTING,” orin
Provisional Patent Application serial number 62/325,402 that was filed on April 20, 2016, titled
“METHODS, SYSTEMS, APPARATUSES, AND SOFTWARE FOR ACCURATE THREE-
DIMENSIONAL PRINTING,” or in PCT Patent Application serial number PCT/US16/59781, that was
filed on October 31, 2016, titled “ADEPT THREE-DIMENSIONAL PRINTING”, all three of which are
incorporated herein by reference in their entirety.

[60319] At times, the methods, systems, and/or the apparatus described herein further comprisc a
control system. The contrn] systern can be 1 copunugication with one or mote cnergy seurces and/or
onergy (e.g.. energy beams). The encrgy scurces may be of the same type or of different types. For
cxample, the encrgy sources can be both lasers, or a laser and an electron beam. For example, the control
systern may be 1o comumunication with the first energy asd/or with the second energy. The control system
may regulate the one or more encrgics (e.g., energy beams). The control system may regulate the energy
supplicd by the one or more encrgy sovrces. For example, the control system may regudate the encrgy
supplied by a first encrgy beam and by a second energy beain, to the pre-transformed material within the
material bed. The control system may regulate the position of the one or more energy beams. For
example, the control system may regulate the position of the first energy beam and/or the position of the
second encrgy beam.

(00328} In some embodiments, the 3D printing systerm comprises a processor. The processor may be a
processing unit. The controller may comprise a processing unit. The 3D prnting system can inchide ong
or more controllers. The processing unit may be central. The processing unit may comprise a central
processing unit (herein “CPU™). The controllers or contra] mechanisms (e.g., compusing a computer
system) may be prograrmamed to implement methods of the disclosure. The processor (¢.g., 3D printer
processor) may be programmed to implement methods of the disclosure. The controller may condrol at
least one component of the systems and/or apparatuses disclosed herein. FIG. 5 is a schematic example of
a computer system 500 that is programimed or otherwise configured to facilitate the formation of a 3D
object according to the methods provided herein. The computer system 500 can control {e.g., direct,
monitor, and/or regulate) various features of printing methods, apparatuses and svstems of the present

disclosure, such as, for example, control force, translation, heating, cooling and/or maintaining the
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temperature of a powder bed, process parameters (¢.g., chamber pressure), scanning rate (e.g., of the
cnergy beam and/or the platform), scarming route of the energy source, position and/or temperature of the
cooling member(s), application of the amount of energy emitied to a selected location, or any combination
thereof. The computer system 501 can be part of, or be in communication with, a 3D printing system or
apparatus. The computer may be coupled to ane or more mechanisms disclosed hereig, and/or any parts
thereof. For example, the computer may be coupled to one or more sensors, valves, switches, motors,
pumps, scanners, optical components, or any combination thereof.

59 Co

(36321} The comprder system 500 can inchude a processing urit 506 (also “processor,” “computer” and
“computer processor. used herein). The compuater system may inchude memory or memory location 502
{¢.g.. random-access memory, read-only memory, flash memory), clectronic storage vuit 504 {e.g., hard
disk}. commumnication interface 503 (¢.g., network adapter) for commumnicating with one or more other
svstems, and peripheral devices 505, such as cache, other memory, data storage and/or clectronic display
adapters. The memory 502, storage unit 504, interface 5303, and peripheral devices 5305 are in
communication with the processing unit 306 through a commmmcation bus {solid lines), such as a
motherboard. The storage unit can be a data storage unit {or data repository) for storing data. The
computer svstem can be operatively coupled to a computer network (“network™) 501 with the aid of the
communication interface. The network can be the Intcrnet, an internet and/or extranct, or an intranct
and/or extranct that is in communication with the Internet. In some cases, the network is a
telecommunication and/or data nctwork. The network can include one or more computer servers, which
can epable distributed computing, such as cloud computing. The network, in some cases with the aid of
the computer system, can implement a peer-to-peer network, which may cnable devices coupled to the
compuler systern to behave as a chient or a server,

{8322} In some examples, the processing anit executes a sequence of machine-readable fnstructions,
which can be embodied in a program or software. The instructions may be stored in 2 memory location,
such as the memory 502. The instructions can be directed to the processing unit, which can subsequently
program o1 otherwise configure the processing unit to implement methods of the present disclosure.
Examples of operations performed by the processing unit can include fetch, decode, execute, and write
back. The processing unit may interpret and/or execute instructions. The processor may include a
microprocessor, a data processor, a central processing unit (CPU), a graphical processing unit (GPU), a
system-on-chip (SOC), a co-processor, a network processor, an application specific integrated circuit
(ASIC), an application specific instruction-set pracessor (ASIPs), a controller, a programmable logic
device (PLD), a chipset, a field programummable gate arvay (FPGA), or any combination thereof, The
processing unit can be part of a circuit, such as an integrated circuit. One or mote other camponents of the
system 300 can be incloded in the circuit.

(86323} The 3D systern can inclode any suitable number of controliers, and can be used (o control any
noimber of suitable (¢ g, different) operations. For exaraple. in some embodiments, one or more
controllers is used to control one or more parts of a printing operation and another one or more controllers

is used to control another one or more parts of the printing operation. In some embodiments, a number of

138



WO 2018/075741 PCT/US2017/057340

controllers are used to control one part of a printing operation. [n some embodiments, a controller (e.g., a
single controller) used to control a number of parts of a printing operation. For cxample, in some
cmbodiments, one or more controllers is used to control a transformation operation (e.g., control onc or
more cnergy beams), and ancther one or more controllers is used to control movement of one or more
devices {¢.g., build plate and/or layer forming apparatus),

[D6324} In some examples, the storage uoit 304 can store files, such as davers, libraties and saved
programs. The storage unit can store nser data (e.g., user preferences and user programs). In some cases,
the computer system can inchide one or more additional data storage units that are external to the
cornputer sysiem, such as located on a remote server that is in comrmunication with the computer system
through an intranet or the Internet.

(86325} In some embodirents, the computer system communicates with one or more remote computer
svstems through a network. For instance, the computer svstem can communicate with a remote computer
svstem of a user (e.g., operator). Examples of remote computer systems include personal computers (e.g.,
portable PC), slate or tablet PC's {e.g., Apple® 1Pad, Samsung® Galaxy Tab), telephones, Smart phones
(c.z., Apple® iPhone, Android-cnabled device, Blackberv®), or personal digital assistants. A user{c.g.,
client) can access the computer system via the network,

[60326] Methods as described herein can be implemented by way of machine (e.g., compuier processor)
executable code stored on ap electropic storage location of the computer systern, such as, for example, on
the memoty 502 or electronic storage unit 504. The machioe executable or machine-readable code can be
provided in the form of software. Daring use, the processor 506 can execute the code. Tn some cascs, the
code cag be retrieved from the storage unit and stored on the memory for ready access by the processor. In
some situations, the electronic storage unit can be precluded, and machine-executable instructions are
stored o1 memory.

{68327} At times, the code 15 pre~-compiled and configured for use with a machine have a processer
adapted to execute the code, or can be compiled during muntime. The code can be supplicdina
programming language that can be selected to enable the code to execute in a pre-compiled or as-
compiled fashion

(00328} In some embodiments, the processing unit includes one or more cores. The computer svstem may
comprise a single core processor, multi core procossor, or a plurality of processors for parallel processing.
The processing unit may comprise one or more central processing unit (CPU) and/or a graphic processing
unit {GPU). The multiple cores may be disposed in a physical vait (e.g.. Central Processing Undt, or
Grapbic Processing Unit). The processing unit may inclade one or more processing units. The physical
unit may be a single physical unit. The physical unit may be a die. The physical unit may comprise cache
coherency circuitry. The multiple cores may be disposed in close proximity. The physical unit may
comprise an integrated circuit chip. The integrated circuit chip may comprisc on¢ or more transistors. The
mtegrated circuit chip may comprise at least about 0.2 billion transistors (BT), 0.3 BT, 1BT, 2 BT, 3 BT,
SBT,6BT,7BT, 8 BT, 9BT, 10 BT, 13 BT, 20 BT, 25 BT, 30 BT, 40 BT, or 50 BT. The integrated
circuit chip may comprise at most about 7 BT, 8 BT, 9 BT, 10 BT, 15 BT, 20 BT, 25 BT, 30 BT, 40 BT,
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50 BT, 70 BT, or 100 BT. The integrated circuit chip may comprise any number of transistors between the
afore-mentioned numbers (¢.g., from about 0.2 BT to about 100 BT, from about T BT to about 8 BT, from
about 8 BT to about 40 BT, or from about 40 BT to about 100 BT). The integrated circuit chip may have
an area of at feast about 50 mu, 60 mn?, 70 mnd, 80 mnd, 90 wad, 100 mm?, 200 mum®, 300 may, 400
mm’, 300 mn’, 600 moy, 700 mm’, or 800 mm’. The integrated circuit chip may bave an area of at most
about 50 mod’, 60 mu’, 70 mod, 80 mud’, 90 owd’, 100 mm?, 200 mrd’, 300 mad, 400 mm®, 500 mun’,
600 mm?’, 700 mum”, or 800 mm’. The integrated circuit chip may have an area of any vahie between the
afore-mentioned vahues (e.g., from about 50 nun’ to about 800 mm’, from about 50 mm’ to about 500
mm’, or from about 500 mm’ (o about 800 mm?). The close proximity may allow substantial preservation
of communication signals that travel between the cores. The close proximity may diminish
cormmunication signal degradation. A core as understood herein 1s a computing component having
independent central processing capabilities. The computing system may comprise a multiplicity of cores,
which are disposed on a single computing component. The multiplicity of cores may include two or more
independent central processing units. The independent central processing units may constitute a unit that
read and execute program instructions. The independent central processing units mav constitute parallel
processing units. The paralle] processing units may be cores and/or digital signal processing slices (DSP
shices). The mmitiplicity of cores can be paraliel cores. The multiplicity of DSP slices can be parallel DSP
shices. The multiplicity of cores asd/or ISP slices can function 1o paralle]l. The mwltiplicity of cores may
include at least about 2, 10, 40, 100, 400, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 80600, 9000, 10000,
11000, 12000, 13000, 14000 or 13000 cores. The multiplicity of cores may include at most about 1000,
2000, 3000, 4000, 3000, 6000, 7000, 8000, 9000, 10000, 11000, 12000, 13000, 14000, 15000, 20000,
30000, or 40000 cores. The multiplicily of cores may include cores of any number between the afore-
mentioned numbers {2.g., from about 2 to about 40060, from about 2 to about 400, from about 400 to
about 4000, from about 2000 to about 4000, from about 4000 to about 10000, from about 4000 to about
13000, or from about 15000 to about 40000 cores). In some processors (¢.g., FPGA), the cores may be
cquivalent to multipie digital signal processor (B5P) slices (e.g., slices). The plurality of DSP slices may
be equal to any of plurality core values mentioned herein. The processor may comprise low latency in data
transfer (¢.g., from one core 1o another). Latency may refer o the time delay between the cause and the
cffect of a physical change in the processor (¢.g., a signal). Latency may refer to the time clapsed from the
source (¢.g., first core) sending a packet to the destination {¢.g., second core) roceiving it (also referred as
two-point latency). One-point latency may refer 1o the time clapsed from the source (e.z., first core)
sending a packet {o.g., signal) o the destination (e.g., second core) receiving it, and the designation
sending a packet back to the source (¢.g., the packet making a round trip). The latency may be sufficiently
low to allow a high number of floating point operations per second (FLOPS). The number of FLOPS may
be at feast about 0.1 Tera FLOPS (T-FLOPS), 0.2 T-FLOPS, 0.25 T-FLOPS, 0.3 T-FLOPS, 0.75 T~
FLOPS, 1 T-FLOPS, 2 T-FLOPS, 3 T-FLOPS, 5 T-FLOPS, 6 T-FLOPS, 7 T-FLOPS, 8 T-FLOPS, 9 T-
FLOPS, or 10 T-FLOPS. The number of flops may be at most about 0.2 T-FLOPS, 6.25 T-FLOPS, 0.5 T-
FLOPS, 0.75 T-FLOPS, 1 T-FLOPS, 2 T-FLOPS, 3 T-FLOPS, 3 T-FLOPS, 6 T-FLOPS, 7 T-FLOPS, 8
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T-FLOPS, 9 T-FLOPS, 10 T-FLOPS, 20 T-FLOPS, 30 T-FLOPS, 50 T-FLOPS, 100 T- FLOPS, 1 P-
FLOPS, 2 P-FLOPS, 3 P-FLOPS, 4 P-FLOPS, 5 P-FLOPS, 10 P-FLOPS, 50 P-FLOPS, 100 P-FLOPS, 1
EXA-FLOP, 2 EXA-FLOPS or 10 EXA-FLOPS. The number of FLOPS may be any value between the
afore-mentioned values {e.g., from about 0.1 T-FLOP to about 10 EXA-FLOPS, from about 0.1 T-FLOPS
to about 1 T-FLOPS, from about 1 T-FLOPS to about 4 T-FLOPS, from about 4 T-FLOPS to about 10 T-
FLOPS, from about | T-FLOPS to about 10 T-FLOPS, or from about 10 T-FLOPS to about 30 T-FLOPS,
from about 50 T-FLOPS to about 1 EXA-FLOP, from about 0.1 T-FLOP to about 10 EXA-FLOPS).). In
some processors (¢.g., FPGA), the operations per sccond may be measured as (¢.g., Giga) multiply -
accumulate operations per second (e.g., MACs or GMACs). The MACs value can be cqual to any of the
T-FLOPS values mentioned herein measured as Tera-MACs (T-MACs) instead of T-FLOPS respectively.
The FLOPS can be measured according to a benchmark. The benchmark may be a HPC Challenge
Benchmark, The benchmark may comprise mathematical operations {e.g., equation calculation such as
lincar equations), graphical operations (¢.g.. renderning), or encryption/decry ption benchmark. The
benchmark may comprise a High Performance LINPACK, matrix multiplication (e.g., DGEMM),
sustained memoty bandwidth tofrom memory (¢.g., STREAM), array transposing rate measurcment (e.2.,
PTRANS), Random-access, rate of Fast Fourier Transform (¢.g., on a large one~-dimensional vector using
the generalized Cooley-Tukev algorthm), or Communication Bandwidth and Latency (¢.g., MPI-centric
performance measurements based on the effective bandwidih/latency benchmark). LINPACK may refer to
a saftware library for perfonming numerical linear algebra on a digital computer. DGEMM may refer to
double precision general pwatrix owltiplication. STREAM benchmark may refer to a synthetic beachmark
designed to rmeasure sustainable memory bandwidth (in MB/s) and a corresponding computation rate for
four simaple vector kemels (Copy, Scale, Add and Triad). PTRANS benchmark may refer (o a mate
measurernent at which the system can transposc a large array (globaly. MPI refers (o Message Passing
Interface.

60324 In some embodiments, the computer system inciudes hyper-threading technology. The computer
system may inchude a chip processor with integrated transform, hghting, triangle setup, triangle clipping,
rendering engine, or any combination thereof. The rendering engine may be capable of processing at least
about 10 million polvgons per second. The rendering engines may be capable of processing at least about
10 million calculations per second. As an example, the GPU may inchude a GPU by NVidia, ATI
Technologics, 83 Graphics, Advanced Micro Devices (AMD), or Matrox. The processing unit may be
able to process instructions (e.g.. algorithms) comprising a matrix or a vector. The core may comprise a
complex nstroction set computiog core (CISC), or reduced instruction set computing (RISC).

(80336} In some embodiments, the computer system includes an clectronic chip that is reprogrammable
(e.g.. field programumable gate array (FPGA)). For exaraple, the FPGA may comprise Tabula, Altera, or
Xilinx FPGA. The clectronic chips may comprise one or more programmable logic blocks (¢.g., an array).
The logic blocks may compute combinational functions, logic gates, or any combination thereof. The
computer system may include custom hardware. The custom hardware may comprise an instruction {e.g.,

algorithm).
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(60331} In some embodiments, the computer system inclhides configurable computing, partially
reconfigurable computing, reconfigurable computing, or anv combination thereof, The computer system
may include a FPGA. The computer system can comprise one or more controllers that are configured to
control one or more instructions described hercin. The one or more controllers can comprise circuitiy
configured 1o interpret and/or exccute the instructions. The computer system may include an integrated
circuit that performs the instruction {(e.g., algorithm). For example, the reconfigurable computing system
may comprise FPGA, CPU, GPU, or mulii-core microprocessors. The reconfigurable computing system
may comprise a High-Performance Reconfigurable Computing architecture (HPRC). The partially
reconfigurable computing may inclade modvle-based partial recondiguration, or differcnce-based partial
reconfiguration. The FPGA may comprise configurable FPGA logic, and/or fixed-function bardware
comprising multiphicrs, memorics, microprocessor cores, first in-first oot (FIFO) and/or error correcting
code (ECC) logic, digital signal processing (DSF) blocks, penipheral Component interconnect express
(PC1 Express) controliers, Ethernet media access control (MAC) blocks, or high-speed senal transcetvers.
DSP blocks can be DSP slices.

(60332} In some embodiments, the computing system includes an integrated circuit that performs the
instruction (e.g., algorithm (c.g., control algorithm)). The physical unit (¢.g.. the cache coherency circuitry
within) mav have a clock time of at Icast about 0.1 Gigabits per second (Gbit/s), 0.5 Gbit/s, 1 Gbit/s, 2
Ghit/s, 5 Gbit/s, 6 Gbit/s, 7 Gbit/s, 8 Gbit/s, 9 Gbit/s, 10 Ghit/s, or 50 Gbit/s. The physical unit may have a
clock time of any valuc between the afore-mentioned values (e.g., from about 0.1 Gbit/s to about 30
Ghit/s, or from about 5 Gbit/s to about 10 Gbit/s). The physical unit may produce the instruction {e.g.,
algorither) output in at most about 0.1 microsecond (us), 1 us, 10ps, 100ps, or | millisecond (ms). The
phyvsical unit may produce the instruction {e.g., algorithm) output in any time between the above
mentioned times (¢.g., from about 0.1 ps, to about | ms, from abooat 0.1 us, to about 100 us, or from about
0.1ps to about 10us).

(60333} In some instances, the controller uses caleunlations, real time measurements, ¢r any corabination
thercof o regulate the energy beam(s). The sensor (e.g., terperature and/or positional sensor) may
provide a signal (e.g., input for the controller and/or processor) at a rate of at least about 0. 1K Hz, 1KHz,
10KHz, 100KHz, 10600k Hz, or 10000KHz). The sensor may provide a signal at a rate between any of the
above-mentioned rates (e.g., from about §.1KHz to about 10000KHz, from about 0. 1KHz to about

1000K Hz, or from about 1000 KHz to about 10000KHz). The memory bandwidth of the processing unit
may be at least about 1 gigabytes per sccond (Gbytes/s), 10 Gbyies/s, 100 Ghytes/s, 200 Ghytes/s, 300
Gbyvtes/s, 400 Gbyvtes/s, 500 Gbytes/s, 600 Gbytes/s, 700 Gbytes/s, 800 Gbytes/s, 900 Gbytes/s, or 1000
Gbytes/s. The memory bandwidth of the processing unit may be at most about 1 gigabyte per second
(Gbytes/s), 10 Gbytes/s, 100 Ghytes/s, 200 Gbytes/s, 300 Gbvtes/s, 400 Gbytes/s, 500 Ghytes/s, 500
Gbvies/s, 700 Gbytes/s, 800 Gbvies/s, 900 Gbytes/s, or 1000 Gbyies/s. The memory bandwidth of the
processing unit may have any value between the afore-mentioned values (c.g., from about 1 Gbytes/s to
about 1000 Gbyvies/s, from about 100 Ghytes/s 16 about 500 Ghytes/s, from about 500 Gbytes/s {0 about

1000 Gbytes/s, or from about 200 Gbytes/s to about 400 Gbytes/s). The sensor measurements may be real-
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time measurements. The real time measurements may be conducted during the 3D printing process. The
real-time measurements may be in sify measurements in the 3D printing system and/or apparatus. the rcal
time measurements mav be during the formation of the 3D object. Tn some instances, the processing unit
may use the signal obtained from the at least one sensor to provide a processing unit output, which output
1s provided by the processing system at a speed of at most about 100min, 50min, 25min, 15min, 10min,
Smin, fmin, §.50in (i.e., 30sec), 15sec, 10sec, Ssec, fsec, (.5sec, 0.25sec, 0.2sec, 0. 1sec, 80 nulliseconds
(msec), 50msec, 10msec, Smsec, 1 msec, 80 microseconds {psec), 50 usoc, 20 psec, 10 usec, 5 psec, or |
usec. In some instances, the processing vait may use the signal obtained from the at least one sensor to
provide a processing unif output, which output is provided at a speed of any value between the afore-
mentioned values (¢.g., from about 100 min to about 1 psec, from about 100 min to about 10 min, from
about 10 min to about 1 min, from about 3min to about 0.3 min, from about 30 sec to about 0.1 sec, from
about 0.1 sec to about 1 meec, from about 80 mscc to about 10 uscc, from about 50 psec to about 1 psec,
from about 20 psec to about 1 usce, or from about 10 usec to about 1 psec).

(80334} At tumes, the processing unit output comprises an evaluation of the temperature at a location,
position at a location {e.g., vertical, and/or horizontal), or a map of locations. The location may be onthe
target surface. The map may comprise a topological or temperature map. The temperature sonsor may
comprise a temporature imaging device (e.g., IR imaging device).

(60335} At times, the processing unit uses the signal obtained from the at least one sensor in an instruction
{e.g., algorithim) that 1s used 1o controlling the energy beam. The instruction (e.g., algorithm) may
comprise the path of the encrgy beam. In some instances, the instruction {¢.g., algonthm) may be used to
alter the path of the energy beam on the target surface. The path may deviate from a cross sectionof a
model corresponding to the desired 3D object. The processing unit may use the output in an instraction
{¢.g., algorithm) that 15 used in determining the manner in which a model of the desired 3D object may be
shiced. The processing unit may use the signal obtained from the at least one sensor in an instruction (e.g.,
algorithm) that is used o configure one or more parameters and/or apparatuses relating fo the 3D printing
process. The parameters may comprise a characteristic of the energy beam. The parameters may comprise
movement of the platform and/or material bed. The parameters may comprise relative movement of the
cnergy beam and the material bed. In some instances, the encrgy beam, the platiorm {e.g., material bed
disposed on the platform). or both may translate. Alternatively, or additionally, the controller mav use
historical data for the control. Alicrnatively, or additionally, the processing unit may usc historical data in
its one or more instructions (e.g., algorithms). The parameters may comprise the height of the layer of
powder material disposed in the enclosure and/or the gap by which the cooling clement (e.g., heat sink) is
separated from the target surface. The target surface may be the exposed layer of the material bed.
(80336} In some embodiments, aspects of the systems, apparatuses, and/or methods provided herein, such
as the compulier systern, are embodied in programming {(¢.g., using a softwarc). Vanous aspects of the
technology may be thought of as “produoct,” “object.” or “articles of manufacture” typically in the form of
maching (or processor) exccutable code and/or associated data that is carvied on or embodied in a type of
machine-readable medium. Machine-cxecutable code can be stored on an electronic storage unit, such
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memory {e.g., read-only memory, random-~-aceess memory, flash memory) or a hard disk. The storage may
comprise non-volatile storage media. “Storage” type media can include anv or all of the tangible memory
of the computers, processors or the like, or associated modunles thereof, such as various semiconductor
memories, tape drives, disk drives, external drives, and the like, which may provide non-transitory storage
at any tiroe for the software programming.

(80337} In some embodiments, the memory comprises a random-access memory (RAM), dyvnamic random
access memary (DRAM), static random access memory (SRAM), synchronous dypamic randoot access
memory (SDRAM), ferroelectric random access memory (FRAM), read only memory (ROM),
programmable read only memory (PROM), crasabk programmable read only memory (EPROM),
electrically erasable programmable read only memory (EEPROM), a flash memory, or any combination
thereof. The flash memory may comprise a negative-AND (NAND) or NOR logic gates. A NAND gate
{(negative~AND)} may be a logic gate which produces an output which is false only if all its inputs are true.
The output of the NAND gate may be complement to that of the AND gate. The storage may include a
hard disk (c.g., 2 magnetic disk, an optical disk, a magneto-optic disk, a solid-state disk, etc.), a compact
disc (CD), a digital versatile disc (DVD), a floppy disk, a cartridge, a magnetic tape, and/or ancther type
of computer-readable medium, along with a corresponding drive.

[60338] In some embodiments, all or portions of the software arc communicated through the Internet or
various cther telecommunication networks. Such communications, for example, may cnable loading of the
software from one computer or processor into another, for exaraple, from a management server or host
computer into the computer platform of ag application server. Thus, anather type of media that may bear
the software elements inchudes optical, ¢lectrical, and clectromagnetic waves, such as used across physical
interfaces between local devices, through wired and optical landiine networks and over various air-links.
The physical elements that carry such waves, such as wired or wireless links, optical links, or the like, also
may be considered as media bearing the software. As used herein, unless restricted to non-transitory,
tangible “storage” media, terms such as computer or machine “readable medium” refer to any mediam
that participates in providing instructions to a processor for execution.

[8033%] Hence, a machine-readable medinm, such as computer-executable code, may take many forms,
including but not limited fo, a tangible storage medium, a carrier wave medinm, or physical transmission
medium. Non-volatile storage media include, for cxample, optical or magnetic disks, such as anv of the
storage devices in any computer(s) or the like, such as may be used to implement the databases. Volatile
storage media can inchide dynamic memory, such as main memory of such a computer platform. Tangible
transmission media can inchade coaxal cables, wire (¢.g., copper wire), and/or fiber optics, including the
wites that comprise a bus within a computer sysiem. Carrier-wave transaiission roedia may take the form
of clectric or electromagnetic signals, or acoustic or light waves such as those gencrated during radio
frequency (RE) and infrared (dR) data communications. Common forms of compuicr-readable media
therefore inchude for example: a floppy disk, a flexible disk, hard disk, magnetic tape, any other magnetic
medium, a CD~-ROM, DVD or DVD-ROM, any other optical medium, punch cards paper tape, any other
phyvsical storage medium with patterns of holes, a RAM, a ROM, a PROM and EPROM, a FLASH-
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EPROM, any other memory chip or cariridge, a carrier wave transporting data or instructions, cables or
links transporting such a carrier wave, anv other medium from which a computer may read programming
code and/or data, or any combination thereof. The memory and/or storage may conmprise a storing device
external to and/or removable from device, such as a Universal Serial Bus ((JSB) memory stick, ov/and a
hard disk. Many of thesc forms of computer readable media mayv be involved 10 carrying one or more
sequences of one or more instructions to a processor for execution.

(06348} In some embodiments, the computer systen includes or 1s 10 comuunication with an electronic
display that comprises a vser interface (UT) for providing, for example, a model design or graphical
represertation of a 3D object to be printed. Examples of UD's include, without lmutation, a graphical user
mterface {GUT) and web-based user interface. The computer system can monitor and/or control various
aspacts of the 3D printing system. The control may be manual and/or programamed. The control may rely
on feedback mechanisms (¢.g.. from the one or more sensors). The control may rely on historical data.
The feedback mechanism may be pre-programmed. The feedback mechanisms may rely on input from
sensors (described herein) that are connected to the control umit (i.c., control system or control mechanism
¢.g., computer) and/or processing unit. The computer system may store historical data concerning varous
aspects of the operation of the 3D printing svstem. The historical data mav be retricved at predetermined
times and/or at a whim. The historical data may be accessed by an operator and/or by a user. The
historical, sensor, and/or operative data may be provided in an cutput unit such as a display wnit. The
output unit (¢.g., monitor) may output various parameters of the 3D printing svstem (as described herein)
in real time or in a delaved time. The output unit may output the currend 3D printed object, the ordered 3D
printed object, or both. The cutput unit mav output the printing progress of the 3D printed object. The
outpnt unit may output at least one of the total e, time remaining, and time cxpanded on printing the
3D object. The ootput uoit may oulput {2.g., display. voice, and/or print) the status of sensors, their
reading, and/or time for their calibration or maintenance. The output unil may output the type of
material(s) used and various characteristics of the material(s) such as temperature and flowability of the
pre-transformed material. The output unit may output the amount of oxygen, water, and pressure in the
printing chamber (i.c., the chamber where the 3D object is being printed). The computer may generate a
report comprising various parameters of the 3D printing systom, method, and or objects at predetermined
time(s), on a request (¢.g., from an operator), and/or at 2 whim. The output unit may comprise a screen,
printer, or speaker. The control system may provide a report. The report may conmprise any items recited
as optionally cutput by the cutput unit,

(B0341} In some embodiments, the system and/or apparatus described herein (¢.g., controller) and/or
any of their components comprise an output and/or an input device. The input device may comprise a
kevbaard, touch pad, or microphone. The output device may be a sensory cutput device, The output
device may inchude a visnal, tactile, or audio device. The audio device may mnclade a loudspeaker. The
visual output device may inclade a screen and/or a printed hard copy {¢.g., paper). The output device may

inclade a printer. The input device may include a camera, a microphone, a kevboard, or a touch screen.
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[60342] In some embodiments, the computer system includes, or is in communication with, an
clectronic display unit that comprises a user interface (UT) for providing, for example, a model design or
graphical representation of an object to be printed. Examples of Ul's include a graphical user intedface
(GUT) and web-based user interface. The historical and/or operative data may be displaved on a display
unit. The computer systern may store historical data concerning various aspects of the operation of the
cleaning system. The historical data may be retrieved at predetermined times and/or at 2 whim. The
historical data may be accessed by an operator and/or by a user. The display unit {¢.g.. monior) may
display various parameters of the printing system (as descnbed herein) in real time or in a delayed time.
The display unit may display the desired printed 3D object {e.g., according to a model), the printed 3D
object, real e display of the 3D object as it is being printed, or any combination thereof. The display
unit may display the cleaning progress of the object, or various aspects thereof. The display unit may
display at least one of the total fime, time remaining, and time expanded on the cleaned object during the
cleaning process. The display unit may display the status of sensors, their reading, and/or time for their
calibration or maintenance. The display unit may display the type or types of material used and various
characteristics of the material or materials such as temperature and flowability of the pre-transformed
material. The display unit may display the amount of a certain gas in the chamber. The gas may comprise
oxvgen, hyvdrogen, water vapor, or any of the gasses mentioned hercin. The display unit may display the
pressure in the chamber, The computer may gencrate a report comprising vanous parameters of the
methods, objects, apparatuses, or svstems described berein. The report may be generated at predetermined
time(s), on a request {¢.gz., from an operator) or at a whim.

(60343} Methods, apparatoscs, and/or systems of the present disclosure can be implemented by way of
oue or more instraction {¢.g., algorithrns). Ao instruction (e.g., algorithm) can be implemented by way of
software upon exccution by one of more compuier processors. For example, the processor can be
programmed to calculate the path of the energy beam and/or the power per unit area emiited by the energy
source (¢.g., that should be provided to the material bed in order to achicve the desired result). Other
control and/or instruction {e.g., algorithm) examples may be found in provisional patent application
mumber 62/325 402, which is incorporated herein by reference in its entirety.

(00344} In some embodiments, the 3D printer comprises and/or communicates with a manltiplicity of
processors. The processors may form a network architecture. Examples of a processor architectures is
shown in FIG. 6. FIG. 6 shows an example of a 3D prister 602 comprising a processor that is in
corpmuxcation with a local processor (e.g., deskiop) 601, a remote processor 604, and a machine
interface 603. The 3D printer interface s termed herein as “machine interface.” The communication of the
3D paster processor with the remote processor and/or machine interface may or may not be through a
seever. The server may be integrated within the 3D printer. The machine ioterface may be udtegrated with,
or closely situated adjacent to, the 3D printer 602. Arrows 611 and 613 designate local cormmumnications.
Arrow 614 designates communicaling throngh a firewall (shown as a discontinuous hge). A machine
interface may communicate directly or indirectly with the 3D printer processor. A 3D printing processor

may comprise a plurality of machine interfaces. Any of the machine interfaces may be optionally included
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in the 3D printing system. The communication between the 3D printer processor and the machine
interface processor may be unidirectional (c.g.. from the machine interface processor to the 3D printer
processor), or bidirectional. The arrows in Fig. 8 llustration the directionality of the communication {¢.g.,
flow of information direction) between the processors. The 3D printer processor may be connected
directly or indirectly to one or more stationary processass {€.g., desktop). The 3D printer processor may be
connected directly or indirectly to one or more mobile pracessors (e.g.. mobile device). The 3D printer
processor may be connected divectly or indirectly {e.g., through a server) to processors that direct 3D
printing instructions. The connection may be local {e.g., i1 681) or remote (e.g., in 604). The 3D printer
processor may commumnicate with at least one 3D printing monitoring processor. The 3D printing
processor may be owned by the entity sopplyving the printing instruction to the 3D printer, or by a client.
The client may be an entity or person that desires at least one 3D printing object.

(80345} In some embodiments, the 3D printer comprises at least one processor (referred herein as the “3D
printer processor” ). The 3D printer may comprise a plurality of processors. At least two of the plurality of
the 3D printer processors may interact with each other. At times, at least two of the plurality of the 3D
printer processors may not interact with each other. Discontinuons line 614 illustrates a firewall.

(603461 A 3D printer procossor may interact with at least one processor that acts as a 3D printer interface
(also referred to herein as “machine interface processor’™). The processor (¢.g., machine interface
processor) may be stationary o1 mobile, The processer may be on a remote computer system. The machine
interface one or more processors may be conoected to at least one 3D printer processor. The connection
may be through a wire (¢.g., cable) or be wireless {¢.g., via Bhictooth technology). The machine interface
may be hardwired to the 3D printer. The machige interface may directly conoect to the 3D printer (e.g., to
the 3D printer processor). The maching interface may indirectly connect to the 3D printer {e.g., through a
server, or through wireless communication). The cable may comprise coaxial cabke, shiclded twisted cable
pair, unshiclded twisted cable patr, structured cable {(¢.g., used in structured cabling), or fiber-optic cable.
(60347} At times, the machine interface processor directs 3D print job production, 3D printer
management, 3D printer monitoring, or any combination thereof. The machine interface processor may
not be able to influence (¢.g., direct, or be involved in) pre-print or 3D printing process development. The
machine management may comprise controlling the 3D printer controller {e.g., directly or indirectly). The
printer controiler may direct starting a 3D printing pracess, stopping a 3D printing process, maintenance
of the 3D printer, clearing alarms (¢.g., concerming safety features of the 3D printer).

(80348} At times, the machine interface processor allows monitoning of the 3D printing process (¢.g.,
accessible remotely or locally). The machine interface processor may allow viewing a log of the 3D
printiog and status of the 3D printer at a certain time (e.g., 3D printer spapshot). The machine interface
processor may allow to mondtor ope or more 3D printing parameters. The one or more printing parareters
monitored by the machine interface processor can comprise 3D printer status (¢.g., 3D prinder s idle,
preparing to 3D print. 3D printing, maintenance. fault, or offline), active 3D printing {c.g., including a
build module number), status and/or position of build module(s), status of build module and processing

chamber engagement, type and status of pre-transformed material used in the 3D prnting (e.g., amount of
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pre-transformed material remaining in the reservoir), status of a filter, atmosphere status (c.g., pressure,
gas level(s)), ventilator status, layer dispensing mochanism (laver forming device) status (e.g., position,
speed, rate of deposition, level of exposed laver of the material bed), status of the optical svstem (¢.g.,
optical window, mirror), status of scanner, alarm (boot log, status change, safety cvents, motion control
cornmands (e.g.. of the encrgy beam, or of the layer dispensing mechanism), or printed 3D object status
(e.g.. what laver number is being printed),

(80349} At times, the machine interface processor allows monitonng the 3D print job management. The
3D pant job management may comprise status of each build module (¢.g., atmosphere condition, position
10 the enclosure, posttion in a queoe to go in the enclosure, position it a queue to engage with the
processing chamber, position in gqueae for further processing, power levels of the energy beam, type of
pre-transformed matenal loaded, 3D printing operation diagnostics, status of a filier. The machine
interface processor (e.g., output device thereof) may allow viewing and/or editing any of the job
management and/or one or more printing parameters. The machine interface processor may show the
permission level given to the user (¢.g., view, or edit). The machine mterface processor may allow
viewing and/or assigning a certain 3D objoct to a particular build module, prioritize 3D objects 1o be
printed, panse 3D objects during 3D printing, delete 3D objects to be printed, select a certain 3D printer
for a particular 3D printing job, insert and/or edit considerations for restarting a 3D printing job that was
removed from 3D printer. The machine interface processor may allow initiating, pausing, and/or stopping
a 3D printing job. The machine interface processor may output message notification (e.g., alarm), log
{e.g., other than Excursion log or other default log). or any combination thereof. The 3D printer may
interact with at least one server (e.g., print server). The 3D pant server may be separate or intereelated in
the 3D printer.

[68336] At times, onc or more Bsers may interact with the one or more 3D printing processors throvgh one
O OTe User processors (C.g., respectively). The interaction may be in paralliel and/or sequentiafly. The
users may be clients. The users may belong to entities that desire a 3D object to be printed, or entities who
prepare the 3D object printing instructions. The one or more users may interact with the 3D prnter (e.g.,
through the one or more processors of the 3D printer) directly and/or indirectly . Indirect interaction may
be through the scrver. One or more users mayv be able to monitor one or more aspects of the 3D printing
process. One or more users can monitor aspects of the 3D printing process through at least one connection
(c.g., network connection). For example, onc or more users can momndtor aspects of the printing process
through direct or indirect conoection. Dhrect connection may be using a local area network (LAN), and/or
a wide area network (WAN). The network may interconnect computers within a limited arca (¢.2., 2
building, campus, neighborhood). The himited area network mav comprise Fthernet or Wi-Fi, The
network may have its network equipment and interconnects locally managed. The network oy cover a
larger geographic distance than the hmited area. The nctwork may use telecommunication circuits and/or
mternet links. The network may comprise Internct Area Network (FAN}. and/or the public switched
telephone network (PSTN). The communication may comprise web communication. The aspect of the 3D

printing process may comprise a 3D printing parameter, machine status, or sensor status. The 3D printing
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parameter may comprise hatch strategy, encrgy beam power, energy beam speed, energy beam focus,
thickness of a layer (c.g., of hardened material or of pre-transformed material).

(00351} At times, a uscr may develop at least one 3D printing instruction and direct the 3D printer (e.g.,
through conumunication with the 3D printer processor) to print in a desired manner according to the
developed at least one 3D printing instruction. A user may or may not be able to control (¢.g., locally or
remately) the 3D printer controller. For example, a client may not be able to control the 3D printing
controller {¢.g., maintenance of the 3D printer).

(80352} At tmes, the user {¢.g., other than a client) processor may usc real-time and/or historical 3D
printing data. The 3D printing data may comprise metrology data, or temperature data. The user processor
may comprise guality control. The quality control may use a statistical method (e.g.. statistical process
control (SPC)). The user processor may log excursion log, report when a signal deviates from the nominal
level, or any combination thereof. The user processor may generate a configurable response. The
configurable response may comprise a print/panse/stop command (¢.g.. agtomatically) to the 3D printer
{e.g.. to the 3D prnting processor). The configurable response may be based on a user defined parameter,
threshold, or any combination thercof, The configurable response may result in a user defined action. The
user processor mav control the 3D printing process and ensure that it operates at its full potential. For
example, at its full potential, the 3D printing process may make a maxinn oumber of 3D object with a
minimura of waste and/or 3D printer down time. The SPC may comprise a contro] chart, design of
experiments, and/or focus on coptinuous ioprovement.

(60333} The fundamental lfength scale (¢.g., the diameter, spherical equivalent diameter, diameter of a
bounding circle, or largest of height, width and length; abbreviated herein as “FLS™) of the printed 3D
object or a portion thereof can be at least about 50 micrometers (um), 80 wm, 100 wm, 120 po 150 pm,
170 pm, 200 pm, 230 pan, 250 um, 270 wm, 300 wm, 400 wm, 300 wm, 600 prm, 700 wm, 800 wm, 1,
.5mm, 2mm, 3o, Smm, 1em, 1.5¢m, 2om, 10cm, 20cm, 30cm, 40cm, 50cm, 60cm, 70cm, 8Gcm, S0cm,
Im, 2m, 3m, 4m, 5m, 10m, 50m, 80m, or 100m. The FLS of the printed 3D object or a portion thereof can
be at most about 150 pm, 170 p, 200 pm, 230 um, 250 pm, 270 wm, 300 wm, 400 pwm, 500 pum, 600 pm,
700 wm, 800 um, town, 1.5mm, 2mm, 3pun, Smom, fem, 1.5cm, 2om, 10cm, 20co, 308cm, 40cm, 50cm,
60cm, 70cm, 80cm, 90cm, 1m, 2m, 3m, 4m, Sm, 10m, 50m, 80m, 100m, 500m, or 1000m. The FLS of the
printed 3D object or a portion thereof can any value between the afore-mentioned values (e.g., from about
50 pum to about 1000m, from about 500 pm to about 100m, from about 50 pum to aboul 30cm, or from
about 30cm to about 1000m). In some cases, the FL.S of the printed 3D object or a portion thereof may be
10 between any of the afore-meationed FLS values. The portion of the 31 object may be a heated pottion
or disposed portion {¢.g., file).

(B0354] At times, the layer of pre-transformed material (e.g., powder) is of a predetermined height
(thickness). The layer of pre-transformed material can compunse the material prior to is transformation in
the 3D printing process. The layer of pre-trapsformed material may have an upper surface that is
substaniially flat, leveled, or smooth. In some instances, the layer of pre-transformed matenial may have
an upper surface that is not flat, leveled, or smooth. The laver of pre~transformed material may have an
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upper surface that is corrugated or uneven. The layer of pre-transformed material may have an average or
mean (¢.g., pre-determined) height. The height of the laver of pre-transformed material (e.g., powder) may
be at least about 5 micrometers (um), 10 pm, 20 vm, 30 pun, 40 pm, 50 um, 60 wm, 70 pm, 80 um, 90
prm, 100 prm, 200 pia, 300 wm, 400 pn, 500 pm, 600 pon 706 um, 800 wm, 900 pm, 1 mm, 2 oun, 3 mm,
4 marn, 5 mm, & mm, 7 mm, 8 mum, 9 mumy, 10 mm, 20 mam, 30 mm, 40 mm, 50 mm, 60 mm, 70 mm, 80
mrn, 90 mm, 160 mm, 200 mm, 300 mm, 400 mm, 500 mm, 600 mm, 700 myn, 800 mm, 900 mm, or
1000 mm. The beight of the laver of pre-transformed material may be at most about 5 micrometers (um).
10 pam, 20 wm, 30 pm, 40 pm, 50 pm, 60 pm, 70 pum, 80 pm, 90 wm, 100 pum, 200 pwm, 300 wm, 400 wm,
506 um, 600 wm, 700 pm, 800 wm, 900 ww, 1 vun, 2 mm, 3 urm, 4 nun, S oo, 6 rom, 7 mm, 8§ ooy, 9
mrn, 10 mm, 20 mm, 30 mm, 40 mm, 50 mm, 60 mm, 70 mm, 80 mm, 90 mm, 100 mm, 200 mm, 300
o, 400 mrn, 500 mr, 600 mm, 700 mm, 800 mm, 900 mum, or 1000 rarn. The height of the layer of pre-
transformed matenal may be any nomber between the afore-mentioned heights {e.g., from about 3pm to
about 1000mm, from about 3uum to about Imm, from about 23pm to about Tmm, or from about Tmm to
about 1000ram). The “height” of the layer of material {e.g.. powder) may at times be eferred to as the
“thickness” of the laver of material. In some instances, the layer of hardened material may be a sheet of
metal. The layer of hardened matenial may be fabricaied using a 3D manmufacturing methodology.
Occasionally, the first laver of bardened material may be thicker than a subsequent laver of hardened
material. The first layver of hardened material may be at least abowt 1.1 times, 1.2 times, 1.4 times, 1.6
trnes, 1.8 times, 2 times, 4 times, 6 times, § times, 10 tmes, 20 times, 30 times, 30 times, 100 times, 500
timges, 1000 tmes, or thicker (higher) than the average (or mean) thickncess of a subsequent layer of
hardened material, the average thickens of an average subsequent laver of hardened material, or the
average thickness of any of the subsequent favers of hardened material.

{60355} In some instances, one or more intervening lavers separate adjacent components from one
another. For example, the one or more intervening lavers can have a thickness of at most about 10
micrometers (“microns”), 1 micron, 500 nanoreters ("o, 100 non, 50 non, 10 nm, or 1 nm. For
example, the one or more intervening lavers can have a thickness of at least about 10 micrometers
(“microns”), 1 micron, 500 nanometers (“nay”), 100 arp, 50 nm, 10 nm, or | nm. In an example, a first
layer is adjacent to a second layer when the first layer is in direct contact with the second layer. Inanother
example, a first laver is adjacent to a second layver when the first laver is separated from the second layer
by a third layer. In some instances, adjacent to may be ‘above” or “below.” Below can be in the divection
of the gravitational force or towards the platform. Above can be in the direction opposite to the
gravitational force or away from the platform.

(80356} As described herein, in some embodimments, the printing system can include a material dispenser
having one or more material (e.g., powder) removal mechanisms (e.g., FIG. 1, 118). The material removal
mechanism can be used to level (¢.g., planarize) an exposcd surface of the material bed (e.g., powder bed).
In some embodiments, the material removal mechanism does not contact the exposed surface of the
material bed. In some embodiments, the material removal mechanism moves with respect to the material

bed in accordance with a material dispenser and/or a leveling mechandsm. In some embodiments, the
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material removal mechanism is part of a unit that includes the material dispenser and/or the leveling
mechanism. The unit may be a layer dispenser. In some embodiments, the material removal mechanism
moves independently with respect to the material dispenser and/or the leveling mechanism. Material
dispensing mechanisms, leveling mechanisms, and material removal mechanisms are described in Patent
Application serial rurnber PCT/US15/36802 filed on June 19, 2015, titled “APPARATUSES, SYSTEMS
AND METHODS FOR THREE-DIMENSIONAL PRINTING™; in Provisional Patent Application scrial
nomber 62/317,070 filed Aprid 1, 2016, titled "APPARATUSES, SYSTEMS AND METHODS FOR
EFFICIENT THREE-DIMENSIONAL PRINTING”; in Patent Application serial number

PCTAIS 16/66000 filed on December 9, 2016, titled “SKILLFUL THREE-DIMENSIONAL PRINTING™,
or in Provisional Patent Application serial aumber 62/263,817, filed Becember 10, 2015, titled
“APPARATUSES, SYSTEMS AND METHODS FOR EFFICIENT THREE-DIMENSIONAL
PRINTING”; each of which is incorporated herein in its entirety.

[68357} Fig. 28 shows an example material removal mechanism 2803, The material removal mechanism
can include one or more openings (e.g., 2811) (also referred to as a material entrance oponing) that can
accept at least a portion of the material (¢.g., pre-transformed material (e.g., powder)) from a material bed
(c.g., 2807) thercthrough. The removed material mav comprise a pre~-transformed material (¢.g., powder)
and/or debris generated during the printing. The pre~transformed material may be a material that, as
understood herein, is a material that did not become transformed during a transformation operation 1o a
printing process {€.g., using one or mowe cnergy beams). The material removal mechanism can be used to
reduce a thickness of a dispensed layer of material {¢.2., as part of a leveling process). The material
removal mechanism can be operationally coupled to a recveling system soch that the removed material
can be recycled in one or more subsequent transforming operations (¢.g., subsequently formed lavers of
the 3D object). The one or more matenal entrance openings may be included within a nozzle (e.g., 2804).
The one or more material entrance openings can be adjvstable (¢.g., regulated by onc or more controliers),
¢.g., before, after, and/or during the printing. The height of the material entrance opening(s) relative to an
cxposed surface (e.g., 2800) of the material bed may be adiustable (¢.g., regulated by one or more
controllers), ¢.g., before, after, and/or during the printing. Any of the adjustments disclosed herein may be
controlled {(e.g., manually and/or automatically, ¢.g., using a controller). The material removal mechanism
can be operationally coupled to an attractive force source (e.g., 2801), which can provide an attractive
force (e.g.. 2816} (also referred to as a removal, pulling, or extractive force) that attracts at least a portion
of the material toward the material removal mechanism {¢.g., towards the reservoir). Insonx
embodiments, the attractive force source includes one or more vacuum pumps that provides a vacuum
force. In some crmbodiments, the atiractive force source includes one or more magnets (¢.g., pormancnt
magnet, electromageet) that provides a magnetic force {(¢.g., magoetic field) (¢.z., i the pre-transformed
material and/or debris is at least partially magnetically attractable). The attractive force can correspond 1o
a suction force (also referred to as vacuom or sucking force), for example, if the attractive force source
includes a vacuum source. The attractive force can correspond to a magnetic field (also referred to as

magnetic field force or magnetic force), for example, if the attractive force source includes a magnet. The
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attractive force may be an clectrostatic force. The attractive field may be an electrostatic field. In some
cmbodiments, the material (e.g., pre-transformed material or debris) is attracted to the one or more
openings, ¢.g., in an {¢.g., substantially) unilateral (e.g., vertical) flow direction. The attractive flow may
comprise a vertical component. The attractive flow may attract a gas. The nozzle can be a Venturi nozzle.
The material removal mechanism can be coupled to the attractive force source via one or mote channels
{c.g.. 2802} {c.g., tube and/or wire). Material (e.g.. from material bed 2807) that enters the opening of the
nozzle {¢.g.. along arrow 2804) can at least temporartly accurnulate (e.g., be teoporarily retained) within a
reservolr {¢.g., 2810}, At least one portion of the nozzle may be adjustable. In some embodiments, at least
one part of the nozzie is adjustable at a vertical, horizontal, or angular direction (c.g., with respect to the
exposed sarface of the material bed, and/or the platform (¢.g., 2813)). The material removal mechanism
may be translatable in vertical {e.z., A), horizontal (e.g.. B}, and/or at an angular {¢.g.. C) directions with
respect to the platform or the exposed surface of the material bed.

[08358] The FLS (e.g., cross section, or diameter) of the opening (e.g., one or more openings, €.g., 2811
of the material removal mechanism (¢.g., nozzle opening diameter) may be at least about 0.1 mm, 0.4 mm,
0.7 ooy, 0.9 mm, 1.1 mm, 1.3 moy 1.5 mm, 2 mm, 2.5 oy, 3 mim, 3.5 mum, 3 muoy, 7 mm, or 10 mm. The
FLS of the opening (e.g., one or more openings) of the material rermoval mechanism {e.g., nozzle
diamecter) mav be at most about 0. Tmm, 0.4 oy, 0.7 mm, 0.9 mm, L1 mm, 1.3 mm, 1.5 o, 2 mm, 2.5
mum, 3 mam, 3.5 mm, 5 mum, 7 o, or 10 ;g The FLS of the opening (e.g., onc or more openings) of the
material removal mechanism (e.g., pozzle opening diameter) may be of any value between the afore-
mentioned values (¢.g., from about 0.1 mm to about 7 mum, from about 8.1 mum to about 0.6 nun, from
about 0.6 mo to about 0.9 ram, from about 0.9 mm to about 3 mm, or from abow 3 mm to about 10 mm).
In sorme crabodiments, the FLS of the opening (¢.g.. one or more openings) of the nozzle may be
changeable (¢.g., before, after, and/or during a dispensing and/or printing opcration).

(68359} The nozzle can have a converging cross-section that tapers toward the opening of the nozzle. The
opening of the nozzle may comprise a narrow region {€.g., a “bottle neck™). The opening can be
positioned in an enirance portion (¢.g., 2814) of the nozzie. In some cases, the narrow region has an
opening diameter that (e.g., continuocusly) tends towards convergence at the opening. The narrowest
portion of the opening can be at the opening. For example, the narrow region can have a larger FLS at the
opening relative 1o a upper portion of the nozzle. Tn some cases, the narrow region (e.g., continuously)
diverges at the opening. The narrowest portion of the opening can be away from the opening. For
1ostance, first inset view 2815 shows an example entrance portios of a pozzle baving a larger diameter
“d2” near the opening 2811 compared to a diameter “d1” that is further away from the opening 2811 (e g.,
towards reservoir 2810). The FLS of the narcow region may be constant or variable. The FL.S of the
narrow region may be varied mechapically, electronically, thermally, hydraulically, magpetically, or any
combination thereof.

{06368} The shape of the nozzle may be symunetric or asymetric. The nozzle can have a funnel shape.
The nozzle can have a crooked shape. The bent shape may follow a function. The function may be

expornential or logarithmic. The function may be a portion of a circle or a parabola. The bent shape can
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roughly resemble the letter “L” or “J.” The bent shape can be a smoothly bent shape. The bent shape can
be a curved shape. A vertical and/or horizontal cross section of the nozzle may be asymumetric. For
cxample, a vertical cross section of the nozzle interior mav reveal its asymmetry. The asymunetry canbe
in the materals from which the nozzle is composed. The asymmetry can be manifested by a lack of at
least one sy mmetey axis. For exarple, a lack of o fold rotational axis (e.g., lack of C symmetry axis,
wherein n equals at least 2, 3, ar 4). For example. a lack of at least one symrmetry plane. For example, a
lack of inversion symmctry. In sonwe embodirents, the nozzle comprises a sypunetry plane, but lack
rotational syminetry . In some embodiments, the nozzle lacks both a rotational symmetry axis, and a
symmetry plane. The axis of symmetry may be substantially perpendicular to the average surface of the
exposed sarface of the material bed, to the platform, or to a planc normal to the direction of the
gravitational force. The axis of symmetry may be at an angle between 0 degrees (%) and 90 ° relative (o the
average surface of the exposed surface of the material bed, to the platform, to a plane normal to the
direction of the gravitational force, to any combination thercof. The nozzle may be configured to direct
laminar or chaotic (e.g., comprising turbulent) flow during its operation (e.g., suction). The magmitude of
laminar flow between two sides of the nozzie (e.g., two vertical sides of the nozzle) can be the same or
different. The magnitude of laminar flow between two sides of the asymmetric nozzle {¢.g., the two
asymmetric vertical sides of the nozzle) can be the same or different. The gas flow within the nozzle (c.g.,
during its operation) may coraprise laminar flow. The gas flow withio the nozzle (e.g., dugog its
operationy may compnse a chaotic flow (e.g.. comprising turbulence). The gas flow between the exposed
surface and the pozzle entrance (¢.g., during s operation) may coraprise laminar flow. The gas flow
between the exposed surface and the nozzle entrance {¢.g., during iis operation) may comprise a chactic
flow {e.g., comprising turbulence). The chaotic flow may be a desired chaotic flow. The chaotic flow may
facilitate mixing of at Icast a portion of the material bed. The at least a portion may coraprise the exposced
surface of the material bed. The mixing may facilitate removal of debns from the exposed surface of the
material bed and/or from the at least the portion of the material bed. The flow rate of the gas within the
nozzle (¢.g., suction power) may depend on the size and/or mass of the particulate material (e.g., particles
forming the material bed). The chaotic flow can comprise circular, swirling, agitated, rough, irregular,
disordered, disorganized, cyclonic, spiraling, vortex, or agitated flow (¢.g., trajectorv of flow).

(00361} The flow of material into the material removal mechanism (e.g., nozzle) can vary depending on,
for example, a desired flow speed (velocity) at the opening and/or a flow dynamics (¢.g., turbulent,
laminar) at the exposed surface (¢.g., 2800) of the material bed near the entrance pottion (¢.g., 2814) of
the nozzle. In some embodunents, the flow speed at the opening is at least 30 meter per second {m/sec),
40 m/sec, 50 m/sec, 60 m/sec, 70 m/sec, 80 m/sec, 90 m/sec, 100 msec, 200 m/sec, 300 m/sec, 400 m/sec,
500 m/sec, 600 m/sec, or 700 m/sec. The flow speed at the apening may be any speed between the afore-
mentioned speed vahies (e.g., from about 30 mv/sec to abont 700 wv/'sec, from about 30 m/sec to about 60
m/sec, from about 60 my/sec to about 300 m/sec, from about 60 m/sec to about 100 my/sec, or from about

100 m/sec to about 700 m/sec).
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180362} The flow of gas and/or material {e.g., particies) at or near the entrance portion of the nozzle can
have a vertical flow component (¢.g., in(e.g., substantially) the A direction) and a horizontal flow
component (¢.g., in{e.g., substantially) the B direction). In some embodiments, the flow of gas and/or
material into the nozzle may create an area of low pressure, which may inturn gencrate the vertical force
corpoaent which caa result in the horizontal force component acting on the material {e.g., at the exposed
surface of the material bed). Duce to the operation of the nozzle, the material in the material bed {e.g.,
exposed surface thereof) may be subject to the Bernoulhi prnciple. InFIG. 28, a second inset view 2820
shows an exarple entrance portion of 3 nozzle showing a vertical flow component 52 and a horizontal
flow component Si. In some embodiments, the speed (velocity) of the vertical flow component 1s greater
than the speed (velocity) of the horizontal flow component. In some embodiments, the speed of the
vertical flow component may be greater by at least about 1.5%, 2%, 2.5% 3% 4% 5% ¢¥% or 10 * (Le., times)
the speed of the horizontal flow component. The speed of the vertical flow component may any value
between the afore-mentioned values (e.g., from about 1.5% o about 10%, from about 1.5* to about 2.5%,
from about 2.5% o about 5%, or from about 3* {0 about 10* (wherein the symbol “*” designates the
mathematical operation “times™) the speed of the horizontal flow compounent. In some embodiments, the
speed (velocity) of the vertical flow component is less than the speed (velocity) of the horizontal flow
component. The vertical flow component may manifest as {¢.g., create) a (c.g., substantially) laminar flow
into the opening of the nozzle. The vertical ansd horizontal flow components may manifest as (e.g., create)
a nop-laminar flow 1oto the opening of the nozzle. The vertical and/or horizontal flow components may
manifest as {¢.g., create) a chaotic flow |, ¢.g., over the ¢xposed sudace (e.g., 2800) of the material bed
and/or within at lcast a portion of the material bed that comprises the exposed surface, ¢.2., in an aca
proximate to the entrance portion of the nozzle. In some embodiments, the horizontal flow component
may manifest as (¢.g., create) a (¢.g.. substantially ) laminar flow over the exposed surface {e.g., 2800) of
the material bed proximate to the entrance portion of the nozzle. The chaotic flow or laminar flow may
depend, ¢.g., on the shape of the nozzle, on the gap distance from the nozzle to the exposed surface,
and/or on the power of the attractive force source. In some embodiments, the nozzle is configured to
generate a chaotic flow (e.g., comprising turbulence). In some embodiments, the nozzle is configared to
generate a laminar flow,

(00363} In some embodiments, the material removal mechanism (¢.g., nozzie) is positioned a distance
(c.g., Fig. 28, 2805) (also referred to as a gap or space) above a target surface (¢.g., exposed surface of the
material bed). The distance can vary depending on any of a sumber of factors. For example, the distance
may depend oo the flow speed (e.g., vertical and/or horizontal flow components) at the opening and/or the
flow dynamics, as described herein. The distance may depend on a size (e.g., volume or cross sectional
FLS such as a diarneter) of the opening {e.g., 2811). The FL.S may refer to a horizontal cross section of the
opening, The distance {(¢.g., 2805) may be changeable {2.g., before, after, and/or during a dispensing
and/or printing operation). For example, the change may occur during the operation of the matenal
removal mechanism. For example, the change may occur before the initiation of a dispensing and/or

printing operation. For example, the change may occur before, during and/or after the formation of the 3D
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object. In some embodiment, the distance from the exposed surface of a target surface (e.g.. material bed)
to the opening of the nozzle is at least about 0.05 ram, 0.1 mum, 6.25 mm, 0.5 oun, 1 mm, 2 mm, 3 mm, 4
mm, 3 mm, 6 mm, 7 mm, & mm, 9 mum, or 10 mum. The vertical distance of the gap from the exposed
surface of the powder bed may be at most about 0.03 myon, 0. 1mm, 0.25 mm, 0.5mm, 1 mm, 2 mm, 3 nun,
4 mm, 3 mm, 6 pun, 7 mm, 8 ram, 9 pun, 10 mm, or 20 mm. The distance may be any value between the
afore-mentioned values (e.g., from about 0.05 mm to about 20 ram, from about .05 mm to about 0.5 oy,
from about 0.2 mm to about 3 mm, from about ¢.1 mm to about 10 numn, or from about 3 mion to about 20
mn}. The gap between the exposed surface of a target surface (e.g., material bed) and the opening of the
nozzle may comprise a gas. The gas may be the atmospheric gas (2.2, {e.g., substantially) inert gas) used
during a dispensing and/or printing operation.

(86364} The material removal mechanism can be configured to create a flow of gas and/or material above
atarget surface {e.g., exposed surface of a material bed) that is sufficient to attract and/or reduce an
amount of debris from the target surface. Sufficient to reduce an amount of debris may comprise
sufficientlv chaotic flow to reduce an amount of debris. The debris may comprise a hardened (e.g.,
transformed) or partially bardened {e.g., partially transformed) material The debris may comprise (¢.g.,
non-requested) spaticred material resulting from the 3D printing. To illustrate, Figs. 29A-29EF show
examples of various stages of a layering method descrbed herein. Fig, 29A shows a material bed 2901 in
which a 3D object 2903 is suspended in the material bed {(o.g., comprising a pre-transformed material
(¢.g., powder)) between layering procedures of a 3D printing operation. One or more encrgy beams (¢.g.,
2907) can be used to transforoy at least a portion of the material bed (¢.z., a layer (e.g., first layer) of pre-
transformed matenal) to form at least a portion of the 3D object. The encrgy beam(s) can be directed 10 a
target surface (e.g.. surfaces of the pre-transformed material, exposed surface of the matenial bed, and/ora
surface of the 3D object). Before and/or after the energy beam is applicd, an exposed (¢.g., top) surface
{¢.g., 2904) of the material bed can optionally be leveled (e.z., as shown in Fig. 29A, having a (¢.g.,
substantially) planar surface 2904). Any suitable leveling technigue can be used. In some embodiments, a
leveling mechanisim and/or a material removal mechanism is used, ¢.g., as described herein. In some
cases, the leveling involves vibrating the material bed. In some cascs, the exposed surface is not leveled.
The energy beam(s) can impinge on the exposed surface of the material bed to transformed a portion (c.g.,
a portion of a layer) of pre~-transformed material to form a portion (c.g., corresponding layer) of
transformed (e.g., hardencd) material as part of the 3D object. Sometimes, the transformation process can
cause debris (e.g., 2900) to form on and/or within the material bed and/or the 31 object. For example, an
energy of the energy beamd(s) may be sufficiently onergetic 1o ¢ject pre-transformed, transformed, and/or
transforming material from the target surface and land (splatters) on surrounding regions of the material
bed and/or 3D object. The target surface may be the exposed surface of the material bed (e.g., 2901)
and/or 30 object {¢.g., 2903). The debris can correspond to transformed (e.g., hardened) material, partially
transformed (¢.g., partially hardenced) material, contaminanis (¢.g., soot), or any combination thereof. The
debris can correspond to agglomerated, sintered and/or fused pre~transformed particles (e.g., powder). The

debris particles can have any suitable shape and size. The debris particles can have regular and/or
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irregular (non-symmetric) shapes. For example. the debris particies can have globular {¢.g., spherical or
non-spherical) shapes. The debris particles can be smaller {¢.g., have smaller FLS) than the 3D object.
The debris may have a FLS that is smaller and/or larger than the average FLS of the pre-transformed
material {¢.g., in case of a particulate material). For example, the debris particies can be larger (e.g., have
larger FLS) than the pre-transforoed particles, as described herein. Larger canbe by at least two times the
FLS of the pre-transforoed material particles. The debris particles can be smaller (e.g., have smaller
cross-sections (¢.z., diameters)y) than a height of a laver (e.g., first layer) of pre-transformed material, as
described herein. In some cases, the debris particles have an average FLS (e.g.. cross-section widths {¢.g.,
diameters) (c.g.. median cross-section widths)) of at least about 3¢ pm, 80 pm, 100 poy, 110 um, 120 pm,
130 wm, 140 pan, 150 pom, 200 pum, 250 pm, 300 um, 400 pan, 5300 wm, 800 pm, 1000 pm, or 2000 un.
The debris particles can have a FLS ranging between any of those listed above (e.g., from about 50 pm to
about 2000 um, from about 50 um to about 250 pm, or from about 250 pm to about 2000 pny.
Sometimes, the debris interferes with subscquent formation of the 3D object. For example, the debris may
cause defects (¢.g., voids, inconsistencies, and/or surface roughness) in a subsequently formed portion
{c.g., subsequent laver(s)) of the 3D object. In some embodiments, a portion of the 3D object protrudes
from the exposed surface of the material bed by a distance 2905. The material bed shown in Fig. 294 is
disposed on a platform 2902,

[00365] Fig. 29B shows an example of 2 succeeding operation where a layer 2906 (also referred 1o as an
additional layer, new layer or a second laver) is deposited in the material bed (e.g., above the planc 2904
corresponding to the previous exposed surface of the material bed). Any suitable material deposition
process can be used. In sonw embodiments, a material dispensing mechanism (¢.g., material dispenser), as
descrbed berein, 1s used. The material dispensing mechanism can utilize gravitational force and/or gas
flow (e.g., atrflow) that also displaces (¢.g., partially lovels) the newly added matenal. The additional
layer can be deposited over at least a portion of the 3D object and/or the debris. In some embodiments, the
additional layer does not have a leveled top surface (¢.g., 2908). Fig. 29C shows the additional laver after
a succeeding optional leveling (planarization) operation. Any suitable material deposition process can be
used. In some embodiments, a layer leveling mechanism {¢.g., leveler), as described hercin, is used. In
some embodiments, the leveling mechanism contacts {¢.g., by shearing) the additional layer using, for
example, an edge (¢.g., sharp edge, knife). The leveling mechanism may comprise a roller. In some cases,
the leveling mechanism includes (or is coupled to) a vibrating mechanism that vibrates the additional
laver and/or the matenal bed. In some cases, the leveling mechanism may or may not displace excess
material (¢.g., powder) 1o a different position inthe material bed. The leveling operation can forma{c.g.,
substantiallv) planar expose surface (e.g., 2914) of the additional laver (and the material bed). The
leveling operation can reduce a thickness of the additional laver to a reduced thickness (c.g., 2012). The
reduced thickness can vary depending, in part, on a destred final thickness of additional layer.

[60366] Figz. 29D shows an example of a succeeding matenial removal aperation where a portion of the
additional layer is being emoved. Any suttable matenial removal process can be used. The material

removal operation can be pant of a leveling operation, as described herein. For example, the material
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removal can further reduce a thickness of the additional layver. The maternial removal can be accomplished
using a material removal mechanism (¢.g., material remover {e.g., nozzle)) (c.g., 2909), as described
herein. The removed material can be recvcled using a recycling svstem, as described hercin. For example,
the material removal mechanism can be operationally coupled to the recycling system. The removed
material can be directed to the recycling syster via the material removal mechanisor. The material
removal mechanist may contact the additional laver, or not contact (€., hover above) the additional
layer. The material removal mechanism caa provide an attractive force provided by an attractive force
source (e.g., Fig. 28, 2801). The attractive force can create an attractive flow (¢.g., comprising a vertical
flow component) (e.g., 291 1) within the material bed and/or surrounding gas proximate to the materiat
removal mechanism. The attractive flow can remove a portion of the material from the material bed and
mnto the material removal mechanism (2.g., nozzle). The attractive force can be any suitable type of
attractive force, ¢.g., as described herein. In some cases, the attractive flow forms a chaotic flow (¢.g.,
comprising turbulence), e.g., (c.g., 2910) in a proximity of the attractive flow (e.g., vertical flow) into the
material removal mechanism. In some embodiments, the attractive flow forms a non-turbulent (e.g.,
lamirar; flow in a proximity of the attractive flow {e.g., vertical flow) into the material removal
mechanism. In some cases, the turbulent flow (and/or laminar flow) is on and/or in the material bed. In the
material bed may comprisce the additional layer (e.g., new or second laver). In some embodiments, the
chaotic flow (and/or laminar flow) is within an upper portion (¢.g., near or at the exposed surface) of the
additional layer {¢.g., new or second layer). In some cases, the chaotic flow (and/or laminar flow) is
within one or more previously deposited lavers of the material bed (e.g.. below plane 29043 (e.g., within a
first layer). In some cases, chaotic flow (and/or laminar flow) is within an atmosphere above the material
bed (e.g., above the additional layer). The chaotic flow may be in a volume comprising the exposed
sarface of the material bed. The chaotic flow (and/or larminar flow} can introduce flows of gas (e.g., from
the surrcunding atmosphere) on and/or into the material bed (c.g., the additional layer). The chaotic flow
{and/or laminar flow) can introduce flows of matenal (¢.g., from the material bed) into the adjacent
atmosphere. The chaotic flow (and/or laminar flow) can cause mixing (reshuffling) of at least an
outermost (¢.g., top) portion of the material bed (c.g., outermost (¢.g., top) portion of the additional layer).
In some cases, the chaotic flow (and/or laminar flow) can cause mixing only within the additional layer
(or a portion thercof). In some cases, the chaotic flow (and/or laminar flow) can cause mixing within
previously deposited layers of the material bed (e.g., below plane 2904). The chaotic flow (and/or laminar
flow} can cause at least portion of the debris to move on and/or within the matenal bed. The chaotic flow
{and/or laminar flow) can cavsc at least a portion of the debris to be remeoved from the matenal bed by the
flow (e.g., vertical flow) into the material removal mechaniso. For example, the chaotic flow (and/or
laminar flow) can cause at least a portion of the debris to move to within a region affected by the
attractive flow (c.g., vertical flow) and into the material removal mechanism. The debris can becomnme
entrained within the attractive flow and into the material removal mechanism, thereby removing at Ieast a
portion of the debris from the material bed (e.g., from the exposed surface thereof). This removal of at

least a portion of the debris can reduce an occurrence of defects in and/or on the 3D object (e.g., final 3D
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object). In some cases where the removed material 1s recycled, a recycling system. The recycling system
can filter out at lcast some of the debris (e.g., using one or more filters, ¢.g., sicves) such that the recycled
material can (¢.g., substantially) only include pre-transformed material (¢.g., and used in subscquent layer
forming operations).

(06367} During the layer deposition and/or 3D printing, the material bed may comprise a flowable
material, and/or non-compressed matenal. During the 3D printing, the material bed may be {¢.g.,
substantially) devoid of pressure gradients.

(80368} Fig. 29E shows an example of the additional layer after the material removal process. The
material removal process can remove material such that the additional layer (and the matenal bed) has an
exposed sarface 2915 (also referred to a new exposed surface). In some embodiments, the materiat
removal mechanism can remove at least about 70%, 80%, 90%, 93%, 97%, 98%, 99%, 99.5%, 99.8% or
99.9% of the debris within the material bed based on weight. In some embodiments, the percentages arc
calculated volume per volume. In some embodiments, the percentages are calculated weight per weight.
The material removal mechanism can remove the debris within the material bed to a percentage between
any of the afore-mentioned values. For example, the material reraoval mechanism can remove from about
T0% to about 99.9%, from about 80% to about 99.9%, from about 90% to about 99.9%, from 93% 10
99.9%, or from 99.0% to 99.9% of the debris within the material bed based on weight. The new exposed
surface can be (e.g., substantially) planar. The (optionally) previcusly performed leveling operation (.2,
FiG. 29C) can facilitate forming of the (e.g., substantially) planar new exposced surface. The material
removal operation may or may pot expose a portion (2.2, a proteuding portion (e.g., 2920)) of the 3D
object. The thickness (e.g.. 2916) of the additional layer after the material removal (¢.z., pricric a
subsequent transformation operation) can vary depending on process requirements and/or system
Limitations. 1o some crbodiments, a (¢.g., average) thickncess of the additonal layer can bie at least about 5
prn, 16 um, 50 pm, 100pam, 50um, 200um, 250um, 300um, 3501um, 400pm, 450um, or 500um. The
average thickness of the leveled additional layer can be at most about 700pum, 500pm, 450um, 400um,
350pm, 300um, 250pum, 200pm, 130um, 100um, S0um, 10um, or Sum. The (¢.g., average) thickness of
the leveled additional layer can be between any of the afore-mentioned {¢.g., average) thickuness vahies.
For example, the (e.g., average) thickness can be from about 5 pm to about 500 e, from about 10 umto
about 100 pm, from about 20 pum o about 300 pm, or from abowt 25 um to about 256 pm. Afier the
additional layer is complete, another transformation operation can be performed (e.g. using an energy
beam (e.g., Fig. 294, 2907)) to form another layer of the 3D object. The sequences of Figs. 29A-29F can
be subsequently until the 3D object is compleie.

[D6369] While preferred embodiments of the present invention have been showa, and described
herein, it will be obvious to those skilled in the art that such cmbodiments are provided by way of
example only. It is not intended that the invention be limited by the specific examples provided within the
specification. While the invention has been described with reference to the afore-mentioned specification,
the descriptions and dlustrations of the embodiments herein are not meant to be construed in a limiting

sense. Numerous variations, changes, and substitutions will now occur o those skilled in the art without
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departing from the invention. Furthermore, it shall be understood that all aspects of the invention are not
limited to the specific depictions, configurations, or relative proportions set forth herein which depend
upon a variety of conditions and variables. 1t should be understood that vatious alternatives to the
embodiments of the invention described herein might be cmploved in practicing the iovention. It is
therefore contemplated that the invention shall also cover any soch alternatives, modifications, variations,
or equivalents. It is intended that the following claires define the scope of the invention and that methods

and structures within the scope of these claims and their equivalents be covered thercby,
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A system for three-dimensional printing of at least one three-dimensional object, the sysiem
comprising:

an enclosure configured to enclose the at least one three-dimensional object during the
prnting, the at least one three-dirnensional object printed from a first portion of a pre-transforoed
material, the enclosuore comprnising:

a funne! portion configured to facilitate a flow of a second portion of the pre-transformed
material in a first direction towards an ¢xit opening of the funne! portion, which exit opening is
configured to provide access out of the enclosure;

a port flushing component coupled with the funne! portion and at least partially defining a
channel that intersects with the exit opening; and

at least one pump configured to direct a flow of gas (i) through the channel of the port
flushing component and (i1) past the exit opening,

which channel is configured to (B) direct the flow of gas in a second direction substantially
non-parallel to the first direction and (IT) facilitate displacement of the second portion of the pre-
transformed material out of the exit opening through the chanoel.

The system of Claim 1, wherein the chanoel is at least partially defined by a tube.

The system of Claim 1, wherein the flow of gas facilitates displacement of the second portion of the
pre-transformed material out of the exit opening through the chaanel

The system of Claim 1, wherein the enclosure is configured o accomrodate a positive pressure.
The system of Claim 4, wherein the positive pressure is of at Ieast 0.5 pounds per square 1nch (PSI)
above an ambien! atmosphere.

The system of Claim 1, further comprising a recycling system configared to recycle the second
portion of the pre-transformed material during the printing.

The system of Claim 6, wherein the exit opeming of the funnel portion provides access to the to the
recycling svstem.

The svstem of Claim 6, wherein the recycling system comprises at least one filter configured to
reduce an amount of debris within the second portion of the pre-transformed material.

The system of Claim 1, further comprising a layer dispenser configured to provide a layer of the
pre-transformed materal within the enclosure.

The system of Claim 9, wherein the layer dispenser coraprises at least one component configured to
perform one or more operations comprising: (i) providing the pre-transformed material towards a
platform, or (it) planarizing an exposed surface of a matenal bed that comprises the pre-transformed
material.

The system of Claim 10, further comprising a linear encoder or a linear actuator, wherein the at

least one component is operatively coupled to the lincar encoder and/or the linear actuator, and
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wherein the linear encoder or the linear actuator is configured to facilitate translation of the at least
one component within the enclosure.

The systemn of Claim 9, further comprising a platform configured to support the first portion of the
pre-transformed material within the enclosure.

The systern of Claim 1, wherein the at least one pump is configured to provide a pressure to the
second portion of the pre-transforowed material within the funnel portion. wherein the pressure is
pravided 1o a direction that 1s substantially paratle] to the first dicection.

The system of Claim 13, whercin the pressore comprises a second flow of gas.

The system of Claim 1, wherein the funnel portion is integrally formed with the enclosore.

The system of Claim |, wherein the funnel portion comprises a picee that is coupled with the
enclosure.

The system of Claim 1, wherein the funnel portion is coupled with the enclosure via a connector.
The systom of Claim 1, wherein the first divection is substantially orthogonal to the second
direction.

The system of Claim 1, wherein the funnel portion is part of an ancillary chamber of the enclosure.
The system of Claim 1, further comprising one or more detector devices configured to detect the
second portion of the pre-transformed matenial that exits the exit opening and/or flows in the
channel.

The system of Claim 20, wherein the one or more detector devices 1s coupled with the funnel
portion, the port flushing component, or one or more connectors coupling the funnel portion with
the port flushing component, and/or one more connector channels couphing the port flushing
component with a recyching syvstem.

The system of Claim 20, wherein the one or more detector devices 1s configured to detect (a) an
amount of the pre-transformed material, (b) fundamental length scale of one or more particles of the
pre-transtormed material, (¢) a velocity of a flow of pre~transformed matenial, and/or (d) a chemical
nature of the pre-transformed material exiting the exit opening.

The systemn of Claim 1, wherein the second portion is a remainder of the pre-transformed material
that did not form the at least one throe-dimensional object or is not part of a material bed.

The svstern of Claim 1, wherein the sccond portion is used at least in part to print the at least one
three-dimensional object.

The system of Claim 24, wherein used is after recycling the second portion.

A method of panting of at least one three-dimensional object, the method comprising:

(a) using a funnel portion to guide a first portion of a pre-transformed material fronran
enclosare by directing the first portion of the pre-transformed matenial () in a first duection a
through a funnel portion comprising an exil opening and (1) through a channel operatively coupled
to the exit opening, wherein the at least one three-dimensional object is printed in the enclosure

from a second portion of a three-transformed material; and
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(b) flowing a gas in the channel past the exit opening in a second direction that is non-paralle!
1o the first direction, and
(c) displacing the first portion of the pre-transformed material from the exit opening of the

funnel portion.

27.  The method of Clatm 26. wherein causing the first portion of the pre-transformed material to transit
from the enclosure to the funnel portion compuses causing a matenial dispenser within the enclosure
o dispense material, wherein the first portion of the pre-transformed material that transits to the
fannel portion comprises an excess of the pre-transformed matenial from the printing.

28 The method of Claim 26, wherein operatively coupled comprises flnidly connected to allow flow of
gas and/or the first portion of the pre-transformed matenial.

29, The method of Claim 26, whercin displacing the second portion is during (b).

30.  The method of Claim 26, whercin displacing the second portion 1s by flowing the gas past the exit
opening.

31.  The method of Claim 26, whercin the first portion is a remainder of the pre-transformed material
that did not form the at least one three-dimensional object.

32.  The method of Clain 26, further comprising at least in part using the first portion to print the at
{east one threc-dimensional object.

33.  The method of Claim 32, wherein using is after recycling the first portion.

34, The method of Claim 26, wherein the first direction is substantially orthogonal to the second
direction.

35.  The methed of Claim 26, further comprising providing a pressusc to the first portion of the pre-
transformed material within the fonnel portion, wherein the pressurc is provided in a direction that
is substantially parallel to the first direction.

36.  The method of Claim 35, wherein providing the pressure comprises applying a second flow of gas
through the funnel portion toward the exit opening.

37.  The method of Claim 26, further comprising directing the first portion of the pre-transformed
material to a recycling svstem using the flow of gas.

38,  The method of Claim 37, further comprising filtering the first portion of the pre-transformed
material using one or more filters of the recycling system.

39, The method of Claum 37, fucther comprising using a recycled portion of the pre-transformed
material from the recycling systern during the printing operation or a subscquent printing.

40.  The method of Claum 26, further comprising applying a positive pressure within the enclosure
before, after, and/or during the printing.

41, The method of Claim 40, whercin the positive pressure is at least 0.5 pounds per square inch (PSI).

42, The method of Claim 26, wherein flowing a gas in the channel past the exit opening comprises
flowing the gas through a head space within the channel, the head space corresponding to a space

that 1s not occupied by the first portion of the pre-transformed material within the channel.
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The method of Claim 26, further comprising detecting an amount of the pre-transformed material, a
fundamental length scale of one or more particles of the pre-transformed material, a velocity of a
flow of the pre-transformed material, and/or a chemical nature of the pre-transformed material
exiting the exit opening using one or more detector devices,
An apparatus for three-dimensional printing of at least one three-dimensional object comprising at
least one controller that is programmed to perform the following operations:

operation (a): direct flowing a gas i a channel past an exit opeping of a funnel portion,
wherein the exit opening s operationally coupled to the channel, whereina flow of the gasisina
second direction that is non-paraliel to a first direction of a flow of a first porticn of a pre-
transformed material within the funnoel portion, wherein the funnel portion factitates flow of a first
portion of a pre-transformed material through the exit opening to the channel, which flow of gas
expels the first portion from the exit opening through the channel;

operation (b): direct detecting at least one characteristic of the first portion of the pre-
transformed material in the chamnel; and

operation (¢} adjusting at least one charactenstic of the gas based on the detecting,
The apparatus of Claim 44, wherein the at least one controller is programed to direct operation (b)
prior o, during, or after operation (a).
The apparatus of Claim 44, wherein the at least one characteristic of the gas comprises flow
velocity, pressure, flow resistivity, oxygen content, or humidity content.
The apparatus of Claim 44, wherein the at Jeast one characteristic of the first portion of the pre-
transformed material comprises () an armount of the pre-transformed material, (i) a fundamental
{ength scale of one or more particles of the pre-transformed material, (1) a velocity of a flow of
pre-transformed material, and/or (iv) a chemical nature of the pre-transformed material.
The apparatus of Claim 47, wherein the chernical nature comprises humidily or oxygen content.
The apparatus of Claim 44, wherein the at least one controller is programed to perform operation
{c): directing a material dispenser within an enclosure to dispense the first portion of the pre-
fransformed maternial.
The apparatus of Claim 44, wherein the first potion of the pre-transformed material that transits o
the funnel portion comprises excess pre-transformed material from a printing operation.
The apparatus of Claim 44, wherein the at least one controller is programed to perform operation
(e): directing at least one energy beam at a target surface within an enclosure, wherein the at least
one energy beam is configured to transforn a second pre-transformed material 1o a transformed
material as part of the at least one three-dimensional object.
The apparatus of Claim 44, wherein operation (a) and operation (b) are directed by the same
controller.
The apparatus of Claim 44, wherein operation (a) and operation (b) arc directed by different
controllers.

The apparatus of Claim 44, wherein the adjusting comprises using closed loop control scheme.
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A computer software product for three-dimensional printing of at least one three~dimensional
object, comprising a non-transitory computer-readable medium in which program instructions arc
stored, which program instructions, when read by at least one computer, canse the at least one
computer to perform operations comprising:

operation (a): direct flowing a gas i a channel past an exit opeping of a funael portion,
wherein the exit opening is operationally coupled to the channel, wherein a flow of the gasisin a
second direction that is non-parallel to a first direction of a flow of a first portion of a pre-
transformed material within the funnoel portion, wherein the funnel portion factitates flow of a first
portion of a pre-transformed material through the exit opening to the channel, which flow of gas
expels the first portion from the exit opening through the channel; and

operation (b): direct detecting at least one characteristic of the first portion of the pre-
transformed material in the channel.
The computer software product of Claim 55, wherein the program instructions cause the at least one
computer to further perform operation (¢): causing a material dispenser within an enclosure to
dispense material, wherein the first portion of the pre-transformed material that transits to the funnel
portion comprises excess pre-transformed material from a printing operation.
The computer software product of Claim 55, wherein the program instructions cause the at least one
computer to further perform operation (d): causing one or more detectors o detoct pre-transformed
maierial exiting the ¢xit opening,
The computer software product of Claira 537, whereio the program instructions cause the at least one
computer to receive data from the one or more detectors related to an amount of pre-transformed
material, size of particles of the pre-transformed material, a velocity of a flow of pre-transformed
malerial, and/or a chemical nature of the pre-transformed material exating the exit opening.
The computer software product of Claima 55, wheretn the program instructions cause the at least one
computer to perform operation (@) causing one or more energy sources direct at least one encrgy
beam at a target surface within an enclosure, wherein the at least one energy beam is configured to
transform the pre-transformed material to a transformed material as part of the at least one three-
dimensional object.
The computer sofiware product of Claym 55, wherein program instructions cause the at least one
computer to perform operation (b) prior to, during, or after operation (a).
The computer software product of Claim 55, wherein computer software product causes a first
computer to perform operation (a) and a sccond computer to perform operation (b)), wherein the first
computer is different thas the second computer.
The computer software product of Claim 33, wherein computer software product causes a computer

o perform operation (a) and operation (b).
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63.  The computer software product of Claim 55, wherein the program instructions further cause the at
{east onc computer to perform operation (¢) adjusting at least one characteristic of the gas based on
the detecting.

64.  The computer software product of Claim 55, wherein operation (b) further comprises direct
detecting at least one characteristic of a gas in the channel, the at least one characteristic of the gas
comprises flow velocity, pressure, flow resistivity, oxygen content, or hurnidity condent.

65.  The computer software product of Claion 35, wherein the at least one characteristic of the ficst
portion of the pre-transformed material comprises (i) an amount of the pre-transformed material, (i1)
a fundamental Iength scale of one or more patticles of the pre-transformed material, (i) a velocity
of a flow of pre-transforimed raterial, and/or (1v) a chemical nature of the pre-transformed maternial.

66.  The computer software product of Claim 65, wherein the chernical natvre comprises humidity or
OXy gen content.

67.  The computer software product of Claim 33, wherein the program instructions further the at least
one computer to perform operation (¢): directing a material dispenser within an enclosuare to

dispense a second portion of the pre-transformed material.
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