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THREE - DIMENSIONAL PRINTING OF 
THREE - DIMENSIONAL OBJECTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims benefit of prior - filed U . S . 
Provisional Patent Application Ser . No . 62 / 466 , 280 , filed 
Mar . 2 , 2017 , and U . S . Provisional Patent Application Ser . 
No . 62 / 539 , 990 , filed Aug . 1 , 2017 , each of which is entirely 
incorporated herein by reference . 

BACKGROUND 

object may comprise overhangs ( e . g . , ledges ) , and / or cavi 
ties . Occasionally , it is requested to fabricate a 3D object 
with varied materials and / or material structures in specific 
portions of the 3D object . The present disclosure describes 
formation of such requested 3D objects . In some instances , 
it is requested to control the way at least a portion of a layer 
of hardened material is formed . The layer of hardened 
material may comprise a multiplicity of melt pools . In some 
instances , it may be requested to control one or more 
characteristics of the melt pool that forms the layer of 
hardened material . 
[ 0007 ] At times , the printed 3D object may bend , warp , 
roll , curl , or otherwise deform during the 3D printing 
process . Auxiliary supports may be inserted to circumvent 
the deformation . These auxiliary supports may be subse 
quently removed from the printed 3D object to produce a 
requested 3D product ( e . g . , 3D object ) . The presence of 
auxiliary supports may increase the cost and time required to 
manufacture the 3D object . At times , the requirement for the 
presence of auxiliary supports hinders ( e . g . , prevent for 
mation of cavities and / or ledges in the requested 3D object . 
The requirement for the presence of auxiliary supports may 
place constraints on the design of 3D objects , and / or on their 
respective materialization . In some embodiments , the inven 
tions in the present disclosure facilitate the generation of 3D 
objects with reduced degree of deformation . In some 
embodiments , the inventions in the present disclosure facili 
tate generation of 3D objects that are fabricated with dimin 
ished number ( e . g . , absence ) of auxiliary supports ( e . g . , 
without auxiliary supports ) . In some embodiments , the 
inventions in the present disclosure facilitate generation of 
3D objects with diminished amount of design and / or fabri 
cation constraints ( referred to herein as “ constraint - less 3D 
object ” ) . 

SUMMARY 

[ 0002 ] Three - dimensional ( 3D ) printing ( e . g . , additive 
manufacturing ) is a process for making a three - dimensional 
( 3D ) 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 hard 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 succes 
sive layers of material are laid down one on top of each 
other . This process may be controlled ( e . g . , computer con 
trolled , manually controlled , or both ) . A 3D printer can be an 
industrial robot . 
[ 0003 ] 3D printing can generate custom parts quickly and 
efficiently . A variety of materials can be used in a 3D 
printing process including elemental metal , metal alloy , 
ceramic , elemental carbon , or polymeric material . In a 
typical additive 3D printing process , a first material - layer is 
formed , and thereafter , successive material - layers ( or parts 
thereof ) are added one by one , wherein each new material 
layer is added on a pre - formed material - layer , until the entire 
designed three - dimensional structure ( 3D object ) is materi - 
alized . 
[ 0004 ] 3D models may be created utilizing a computer 
aided design package or via 3D scanner . The manual mod 
eling process of preparing geometric data for 3D computer 
graphics may be like plastic arts , such as sculpting or 
animating 3D scanning is a process of analyzing and col 
lecting digital data on the shape and appearance of a real 
object . Based on this data , 3D models of the scanned object 
can be produced . The 3D models may include computer 
aided design ( CAD ) . 
[ 0005 ] A large number of additive processes are currently 
available . They may differ in the manner layers are depos 
ited to create the materialized structure . They may vary in 
the material or materials that are used to generate the 
designed structure . Some methods melt or soften material to 
produce the layers . Examples for 3D printing methods 
include selective laser melting ( SLM ) , selective laser sin 
tering ( SLS ) , direct metal laser sintering ( DMLS ) , shape 
deposition manufacturing ( SDM ) or fused deposition mod - 
eling ( FDM ) . Other methods cure liquid materials using 
different technologies such as stereo lithography ( SLA ) . In 
the method of laminated object manufacturing ( LOM ) , thin 
layers ( made inter alia of paper , polymer , metal ) are cut to 
shape and joined together . 
[ 0006 ] Sometimes , it is requested to control the micro 
structure of a 3D object to form a specific type or types of 
microstructure ( e . g . , grain ( e . g . , crystal ) structure and / or 
metallurgical microstructure ) . At times , it is requested to 
fabricate a 3D object including complex topology ( e . g . , 
intricate , and / or fine microstructures ) . For example , the 3D 

[ 0008 ] In an aspect described herein are methods , systems , 
apparatuses , and / or software for generating a 3D object 
comprising a metal alloy by diffusion . The diffusion may 
comprise diffusion of at least a first element into a material 
deficient in that first element . The diffusion may be con 
trolled . The diffusion may result in a homogenous distribu 
tion of crystal phases and / or metallurgical morphologies . 
The diffusion may result in a 3D object comprising dimin 
ished number of defects . The defects may comprise frac 
tures . The fractures may comprise heat cracks . 
[ 0009 ] . In another aspect , a method of printing a three 
dimensional object comprises : ( a ) transforming a first pre 
transformed material to a first transformed material to print 
a layer of hardened material as part of the three - dimensional 
object , which layer comprises a pore ; and ( b ) using an 
energy beam to densify the second transformed material to 
reduce or eliminate the pore . In some embodiments , using 
the energy beam comprises re - transforming the transformed 
material . In some embodiments , transforming comprises 
melting . In some embodiments , melting is complete melting 
to a liquid state . In some embodiments , transforming in 
operation ( a ) comprises generating a melt pool having one 
aspect ratio ( e . g . , globular melt pool ) . In some embodi 
ments , transforming in operation ( b ) comprises generating a 
melt pool of a different aspect ratio than the one aspect ratio . 
A different aspect ratio may be a higher aspect ratio than the 
one aspect ratio ( e . g . , generating a high aspect ratio melt 
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pool ) . A different aspect ratio may be generating a melt pool 
that is narrower and / or deeper relative to the one aspect 
ratio . 
[ 0010 ] In another aspect , printing a three - dimensional 
object comprises : ( a ) using a first energy beam to transform 
one or more layers of pre - transformed material to print one 
or more layers of transformed material ; and ( b ) using a 
second energy beam to reduce a porosity of the one or more 
layers of transformed material , wherein reducing the poros 
ity comprises transforming at least a portion of each of the 
one or more layers of transformed material . 
10011 ] In some embodiments , the first energy beam moves 
at a slower speed along its path relative to the second energy 
beam ( e . g . , by an order of magnitude ) . In some embodi 
ments , the first energy beam has a power density that is 
lower than a power density of the second energy beam ( e . g . , 
by an order of magnitude ) . In some embodiments , the power 
density profile of the second energy beam during irradiation 
is different from the power density of the first energy beam 
during it irradiation . In some embodiments , the power 
density profile of the first energy beam and / or second energy 
beam is controlled in real time during their respective 
irradiation . In some embodiments , ( a ) comprises forming a 
first melt pool . In some embodiments , ( b ) comprises forming 
a second melt pool . In some embodiments , the second melt 
pool has a higher aspect ratio than the first melt pool . In 
some embodiments , ( b ) comprises forming a melt pool 
having a depth that is greater than a radius of an exposed 
surface of the melt pool . In some embodiments , the depth is 
at least twice the radius of the exposed surface of the melt 
pool . In some embodiments , forming the melt pool com 
prises forming a well in a central region of the melt pool . In 
some embodiments , the method further comprises laterally 
elongating the well by laterally moving the second energy 
beam . In some embodiments , 6 , the method further com 
prises ( e . g . , gradually ) lowering an intensity of the second 
energy beam during the lateral movement to allow closure of 
the well . In some embodiments , using the second energy 
beam to reduce the porosity comprises alters a microstruc 
ture of the or more layers of transformed material . In some 
embodiments , ( b ) increases a density of the or more layers 
of transformed material by at least about 85 % , 95 . 5 % , or 
110 % . In some embodiments , ( a ) comprises forming at least 
two layers of transformed material . In some embodiments , 
( b ) comprises reducing a porosity of the at least two layers 
of transformed material . In some embodiments , ( b ) com 
prises reducing a volume percentage porosity and / or an area 
percentage porosity of the at least two layers of transformed 
material by at least about one order of magnitude . In some 
embodiments , ( b ) comprises reducing an area percentage 
porosity of the at least two layers of transformed material by 
at least about one order of magnitude . In some embodi 
ments , ( b ) comprises melting at least a portion of each of the 
at least two layers of transformed material . In some embodi 
ments , the one or more layers of transformed material define 
a layering plane indicative ( e . g . , characteristic , or typical ) of 
a layerwise printing of the three - dimensional object . In some 
embodiments , the one or more layers of transformed mate 
rial are part of an overhang of the three - dimensional object . 
In some embodiments , a vector normal to a surface at a point 
on an exterior surface of the overhang forms an angle with 
respect to ( i ) the layering plane that intersects the vector or 
to ( ii ) a plane parallel to the layering plane that intersects the 
vector . In some embodiments , at least one characteristic of 

the first energy beam is different from a respective one of the 
second energy beam . In some embodiments , the at least one 
characteristic of the first energy beam comprises a power 
density , a scanning speed , a dwell time , an intermission time , 
or a cross - section . In some embodiments , the power density 
of the second energy beam is greater than the power density 
of the first energy beam . In some embodiments , the power 
density of the second energy beam is smaller than the power 
density of the first energy beam . In some embodiments , a 
scan speed of the second energy beam is faster than a scan 
speed of the first energy beam . In some embodiments , a scan 
speed of the second energy beam scanning speed is slower 
than a scan speed of the first energy beam . In some embodi 
ments , the first energy beam is stationary or substantially 
stationary about a point during the dwell time . In some 
embodiments , transforming in ( a ) and / or ( b ) comprises 
forming a plurality of tiles by : ( i ) transforming a pre 
transformed material to a first transformed material at a first 
position on a target surface using the first energy beam 
during a first time period to form a first tile , which first 
position is along a path - of - tiles , wherein during the first time 
period , the first energy beam is stationary or substantially 
stationary ( e . g . , such that it at most undergoes pendulum 
and / or circular movement about the first position ) ; ( ii ) 
translating the first energy beam to a second position on the 
target surface along the path - of - tiles , which second position 
is different from the first position , wherein the first energy 
beam is translated during an intermission without transform 
ing the pre - transformed material along the path - of - tiles ; and 
( iii ) using the first energy beam during a second time period 
to form a second tile along the path - of - tiles , wherein during 
the second time period , the first energy beam is stationary or 
substantially stationary ( e . g . , such that it at most undergoes 
pendulum and / or circular movement about the second posi 
tion ) . In some embodiments , forming the plurality of tiles 
comprises moving the first energy beam to a subsequent 
location of the pre - transformed material ( e . g . , subsequent 
location of the exposed surface of the material bed ) along a 
path . In some embodiments , forming the plurality of tiles 
comprises repeating ( ii ) and ( iii ) to an end of the path - of 
tiles . In some embodiments , the method further comprises : 
reducing a power of an energy source that generates the first 
energy beam during movement of the first energy beam 
during an intermission between irradiating the different 
locations such that during the intermission the energy beam 
does not transform the pre - transformed material . In some 
embodiments , reducing comprising turning off . In some 
embodiments , during an irradiation time of the first energy 
beam and / or of the second energy beam , a power density 
profile of the first energy beam comprises a period in which 
the power density profile of the first energy beam is decreas 
ing . In some embodiments , the period in which the power 
density profile of the first energy beam is decreasing occurs 
at an end of the irradiation time . In some embodiments , 
during an irradiation time of the first energy beam , a power 
density of the first energy beam is constant . In some embodi 
ments , ( a ) and / or ( b ) comprises forming a plurality of 
hatches by continuously moving the first energy beam along 
the pre - transformed material in accordance with a path . In 
some embodiments , the first energy beam emits continuous 
or intermittent ( e . g . , pulsing ) irradiation . In some embodi 
ments , the one or more layers of transformed material 
printed in ( a ) comprise one or more pores disposed asym 
metrically within a height of a layer of the one or more layers 
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relative to a midline of the layer height . In some embodi - 
ments , the one or more pores that are disposed asymmetri 
cally within a height of a layer of the one or more layers , are 
disposed asymmetrically below the midline of the layer . In 
some embodiments , the pore is disposed at a location deeper 
than the height of two layers of the one or more layers ( e . g . , 
deeper than six layers of the one or more layers ) . 
[ 0012 ] In another aspect , printing a three - dimensional 
object comprises one or more controllers that are individu 
ally or collectively programmed to : ( a ) direct a first energy 
beam to transform one or more layers of pre - transformed 
material to one or more layers of transformed material ; and 
( b ) direct a second energy beam that reduces a porosity of 
the one or more layers of transformed material , wherein 
reducing the porosity comprises transforming at least a 
portion of the one or more layers of transformed material . 
[ 0013 ] In some embodiments , the one or more controllers 
are individually or collectively programmed to direct ( i ) a 
first energy source to generate the first energy beam , and ( ii ) 
direct a second energy source to generate the second energy 
beam . In some embodiments , the first energy source is the 
same as the second energy source . In some embodiments , 
the first energy source is different than the second energy 
source . In some embodiments , the one or more controllers 
controls at least one characteristic of the first energy beam , 
the second energy beam , the first energy source , and / or the 
second energy source . In some embodiments , the one or 
more controllers controls at least one characteristic of the 
first and / or second energy beams at least partially based on 
data from one or more sensors . In some embodiments , the 
one or more sensors collect temperature , optical , or spec 
troscopic data . In some embodiments , the one or more 
sensors detect electromagnetic radiation that is emitted 
and / or reflected from an exposed surface of one or more melt 
pools formed during directing the first energy beam in ( a ) 
and / or directing the second energy beam in ( b ) . In some 
embodiments , directing the first energy beam in ( a ) and / or 
directing the second energy beam in ( b ) comprises forming 
a bottom skin of an overhang . In some embodiments , the one 
or more controllers controls at least one characteristic of the 
first energy beam and / or the second energy beam at least 
partially based on monitoring a plastic yielding of the 
bottom skin during printing . In some embodiments , the one 
or more controllers directs feedback or closed loop control . 
In some embodiments , the one or more controllers directs 
feed - forward or open loop control . In some embodiments , 
the one or more controllers is programmed to direct the same 
energy source to generate the first and second energy beams . 
In some embodiments , the one or more controllers is pro 
grammed to direct different energy sources to generate the 
first and second energy beams . In some embodiments , the 
one or more controllers includes at least two controllers . In 
some embodiments , one of the at least two controllers is 
programmed to direct the first energy beam in ( a ) and / or 
directing the second energy beam in ( b ) . In some embodi 
ments , at least two of the at least two controllers is pro 
grammed to direct the first energy beam in ( a ) and / or 
directing the second energy beam in ( b ) . In some embodi 
ments , the one or more controllers is programmed to adjust 
at least one characteristic of the first energy beam and / or the 
second energy beam to be different from each other . In some 
embodiments , the at least one characteristic comprises a 
speed , a power density , a cross section , a dwell time , or a 
propagation scheme . In some embodiments , the propagation 

scheme comprises hatching or tiling . In some embodiments , 
hatching comprises transformation during a movement . In 
some embodiments , tiling comprises ( I ) transforming while 
being stationary or substantially stationary ( e . g . , about a first 
point along a path ) followed by ( II ) propagating along a path 
to a second point without transforming and ( III ) repeating ( 1 ) 
and ( II ) until reaching an end of the path . In some embodi 
ments , the one or more controllers is programmed to direct 
the first and second energy beams to have different power 
densities . In some embodiments , a power density of the 
second energy beam is greater than a power density of the 
first energy beam . In some embodiments , a power density of 
the second energy beam is less than a power density of the 
first energy beam . In some embodiments , the one or more 
controllers is programmed to direct the first energy beam to 
scan at a first speed , and to direct the second energy beam 
to scan at a second speed different than the first speed . In 
some embodiments , the second speed is faster than the first 
speed . In some embodiments , the second speed is slower 
than the first speed . In some embodiments , the one or more 
controllers is programmed to direct the first energy beam 
and / or the second energy beam to form a plurality of tiles . 
In some embodiments , each tile of the plurality of tiles is 
formed by directing the first energy beam at the one or more 
layers of pre - transformed material for a dwell time of at least 
about 0 . 1 milliseconds during a stationary or substantially 
stationary irradiation ( e . g . , about a point along a path ) . In 
some embodiments , the one or more controllers is pro 
grammed to direct an energy source to form a plurality of 
hatches by continuously moving the first energy beam along 
the one or more layers of pre - transformed material in 
accordance with a path . In some embodiments , the one or 
more controllers is programmed to direct the second energy 
beam to form at least one high aspect ratio melt pool . In 
some embodiments , a depth of the at least one high aspect 
ratio melt pool is greater than a radius of an exposed surface 
of the at least one high aspect ratio melt pool . In some 
embodiments , the depth is at least twice the radius of the 
exposed surface of the high aspect ratio melt pool . In some 
embodiments , the one or more controllers is programmed to 
direct the second energy beam to reduce a volume percent 
age porosity and / or an area percentage porosity of the 
transformed material by at least about one order of magni 
tude . In some embodiments , the one or more controllers is 
programmed to direct adjusting one or more characteristics 
of the first and / or second energy beams before , during or 
after directing the first energy beam in ( a ) and / or directing 
the second energy beam in ( b ) . In some embodiments , the at 
least one characteristic of the first and / or second energy 
beams is adjusted to accomplish a different solidification 
rate during directing the first energy beam in ( a ) and / or 
directing the second energy beam in ( b ) . In some embodi 
ments , the one or more controllers is programmed to direct 
the second energy beam to form a melt pool comprising a 
well in a central region of the melt pool . In some embodi 
ments , directing the second energy beam in ( b ) further 
comprises laterally elongating the well by laterally moving 
the second energy beam along a path . In some embodiments , 
the one or more controllers is programmed to direct ( e . g . , 
gradually ) lowering an intensity of the second energy beam 
during formation of the melt pool comprising the well and / or 
during the lateral movement to allow closure of the well . In 
some embodiments , using the second energy beam to reduce 
the porosity comprises alters a microstructure of the or more 
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layers of transformed material . In some embodiments , the 
one or more controllers is programmed to direct the second 
energy beam to increase a density of the or more or more 
layers of transformed material by at least about 85 % , 95 . 5 % 
or 110 % which percentage is a volume per volume percent 
age and / or an area per area percentage . In some embodi 
ments , the one or more controllers is programmed to direct 
using a tiling energy beam during directing the first energy 
beam in ( a ) and / or during directing the second energy beam 
in ( b ) . In some embodiments , tiling comprises ( 1 ) irradiating 
a first position along a path with a stationary or substantially 
stationary energy beam to perform a first transformation 
directly followed by ( 2 ) propagation along the path without 
transformation , directly followed by ( 3 ) repeating ( 1 ) and ( 2 ) 
until reaching an end of the path . 
[ 0014 ] In another aspect , a method of printing a three 
dimensional object comprises : ( a ) providing a first layer of 
pre - transformed material above a platform ; ( b ) using a first 
energy beam to transform at least a portion of the first layer 
of pre - transformed material to a first porous layer compris 
ing a first portion and an optional second portion ; and ( c ) 
using a second energy beam to densify the at least the first 
portion of the first porous layer to form a first layer of denser 
material that is denser than the first porous layer , wherein the 
optional second portion is not at least a portion of a scaffold 
that engulfs the three - dimensional object . 
[ 0015 ] In some embodiments , the scaffold is a lightly 
sintered pre - transformed material . In some embodiments , 
the first porous layer is suspended anchorlessly within an 
enclosure . In some embodiments , the first porous layer is 
suspended anchorlessly within an enclosure ( e . g . , wherein 
the first porous layer is anchored to the enclosure ) . In some 
embodiments , the first porous layer is suspended anchor 
lessly within an enclosure ( e . g . , wherein the first porous 
layer is anchored to a platform above which the first layer of 
pre - transformed material is disposed in the enclosure ) . In 
some embodiments , the first porous layer is directly con 
nected to the platform . In some embodiments , the first 
porous layer is connected to the platform through one or 
more auxiliary supports . In some embodiments , the first 
portion and an optional second portion of the first porous 
layer are transformed to form the first layer of denser 
material in operation ( c ) . In some embodiments , transform 
ing comprises fusing . In some embodiments , fusing com 
prises sintering or melting . In some embodiments , melting 
comprises completely melting . In some embodiments , the 
first porous layer is suspended anchorlessly within an enclo 
sure . In some embodiments , the first porous layer has a 
porosity of at least 40 % . In some embodiments , the first 
porous layer has a porosity of at least 60 % . In some 
embodiments , the first porous layer has a porosity of at least 
20 % . In some embodiments , a surface of the first layer of 
denser material has an arithmetic average roughness profile 
( Ra ) of at most 200 micrometers . In some embodiments , the 
first layer of denser material has an average radius of 
curvature of at least five centimeters . In some embodiments , 
the first layer of denser material has an average radius of 
curvature of at least 50 centimeters . In some embodiments , 
the first layer of denser material has an average radius of 
curvature of at least one meter . In some embodiments , the 
first layer of pre - transformed material is selected from at 
least one member of the group consisting of an elemental 
metal , metal alloy , ceramic , an allotrope of elemental car - 
bon , polymer , and resin . In some embodiments , the first 

layer of pre - transformed material comprises a liquid , solid , 
or semi - solid . In some embodiments , the first layer of 
pre - transformed material comprises a particulate material . In 
some embodiments , the particulate material comprises pow 
der . In some embodiments , the powder comprises solid 
particles . In some embodiments , the first porous layer com 
prises one or more pores . In some embodiments , the one or 
more pores comprises a pore structure . In some embodi 
ments , the pore structure comprises pores distributed in a 
non - uniform manner across the first porous layer . In some 
embodiments , the pore structure comprises pores distributed 
in a uniform manner across the first porous layer . In some 
embodiments , the first layer of pre - transformed material 
forms a material bed that is at an ambient temperature during 
the printing . In some embodiments , the first layer of pre 
transformed material forms a material bed that is at an 
ambient pressure during the printing . In some embodiments , 
the first layer of pre - transformed material forms a material 
bed , and wherein during the printing , the material bed is at 
a constant or at a substantially constant pressure . In some 
embodiments , the first layer of pre - transformed material 
forms a material bed , and wherein during the printing the 
material bed is devoid of a substantial pressure gradient . In 
some embodiments , the first layer of pre - transformed mate 
rial comprises a particulate material . In some embodiments , 
the first layer of pre - transformed material comprises a 
powder material . In some embodiments , the first energy 
beam and / or the second energy beam is pulsing during the 
printing . In some embodiments , the first energy beam and / or 
the second energy beam is continuous during the printing . In 
some embodiments , during the printing , the first energy 
beam and / or the second energy beam has a constant char 
acteristic comprising a velocity , a continuity of movement , 
a cross section , a power density , a fluence , a duty cycle , a 
dwell time , a focus , or a delay time . In some embodiments , 
during the printing , the first energy beam and / or the second 
energy beam has a varied characteristic comprising a veloc 
ity , a continuity of movement , a cross section , a power 
density , a fluence , a duty cycle , a dwell time , a focus , or a 
delay time . In some embodiments , the first layer of pre 
transformed material forms a material bed , wherein during 
the delay time the first energy beam and / or the second 
energy beam is translated from a first position of an exposed 
surface of the material bed to a second position of the 
exposed surface of the material bed . In some embodiments , 
during the printing comprises during operation ( b ) or during 
operation ( C ) . In some embodiments , the varied character 
istic is controlled in real time by a controller . In some 
embodiments , during the printing the first energy beam 
and / or the second energy beam is dithering . In some 
embodiments , during the printing the first energy beam 
and / or the second energy beam has a circular footprint . In 
some embodiments , during the printing the first energy beam 
and / or the second energy beam has an oval footprint . In 
some embodiments , the first layer of pre - transformed mate 
rial forms a material bed , wherein in operation ( b ) , operation 
( C ) , or both in operations ( b ) and ( c ) : a trajectory of the first 
energy beam and / or a second energy beam on an exposed 
surface of the material bed comprises vectoral sections that 
collectively propagate in a first direction , ( e . g . , wherein the 
vectoral sections are directed in a second direction that is 
different from the first direction , wherein the first direction 
is a direction of growth of the first porous layer and / or the 
first layer of denser material , or any combination thereof ) . In 
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some embodiments , the first energy beam and / or the second 
energy beam is translated along a trajectory . In some 
embodiments , the trajectory comprises translating in a back 
and forth motion ( e . g . , like a pendulum ) . In some embodi 
ments , transforming comprises forming a melt pool . In some 
embodiments , using the second energy beam to densify the 
at least the first portion of the first porous layer comprises 
forming a melt pool having an aspect ratio . In some embodi 
ments , the aspect ratio is a ratio of a depth of the melt pool 
to a width ( e . g . , diameter ) of an exposed surface of the melt 
pool in at least one vertical cross section . In some embodi 
ments , the aspect ratio is a ratio of a depth of the melt pool 
to a melt pool width at an exposed surface of at least one 
vertical cross section of the melt pool . In some embodi 
ments , the melt pool has a low aspect ratio . In some 
embodiments , a low aspect ratio is when the depth of the 
melt pool is shorter than a width ( e . g . , diameter ) of an 
exposed surface of the melt pool in at least one vertical cross 
section . In some embodiments , the melt pool has a high 
aspect ratio , wherein the depth of the melt pool is larger than 
a width of the exposed surface of the melt pool in at least one 
vertical cross section of the melt pool . In some embodi 
ments , the melt pool is hemispherical or substantially hemi 
spherical , wherein the depth of the melt pool is equal or 
substantially equal to half of the width ( e . g . , a radius ) of an 
exposed surface of the melt pool in at least one vertical cross 
section of the melt pool . In some embodiments , forming the 
melt pool includes using the second energy beam to irradiate 
in one or more welding modes that comprise a conduction , 
transition keyhole , penetration keyhole , or drilling . In some 
embodiments , the method further comprises after operation 
( b ) : ( i ) providing a second layer of pre - transformed material 
above a platform and ( ii ) using an energy beam to transform 
at least a portion of the second layer of pre - transformed 
material to form a second , porous layer comprising a first 
portion of the second porous layer and an optional second 
portion of the second porous layer . In some embodiments , 
the method further comprises before operation ( c ) : ( i ) pro 
viding a second layer of pre - transformed material above a 
platform and ( ii ) using an energy beam to transform at least 
a portion of the second layer of pre - transformed material to 
form a second porous layer comprising a first portion of the 
second porous layer and an optional second portion of the 
second porous layer . In some embodiments , the method 
further comprises using the second energy beam to densify 
the first portion of the second porous layer to form a second 
layer of denser material as compared to the first portion of 
the second porous layer , as a part of the three - dimensional 
object , wherein the optional second portion of the second 
porous layer is not at least a portion of a scaffold that engulfs 
the three - dimensional object . In some embodiments , in 
operation ( c ) the second energy beam densifies the first 
portion of the first porous layer and the first portion of the 
second porous layer to form a first layer of denser material 
and a second layer of denser material , and wherein the first 
layer of denser material and the second layer of denser 
material are the same layer . In some embodiments , the first 
layer of denser material is different from the second layer of 
denser material . In some embodiments , operation ( b ) is after 
operation ( c ) . In some embodiments , the second porous 
layer has a porosity of at least 40 % . In some embodiments , 
the second porous layer has a porosity of at least 60 % . In 
some embodiments , the second porous layer has a porosity 
of at least 20 % . In some embodiments , a surface of the 

second layer of denser material has an arithmetic average of 
a roughness profile ( Ra ) of at most 200 micrometers . In 
some embodiments , the second layer of denser material has 
an average radius of curvature of at least five centimeters . In 
some embodiments , the second layer of denser material has 
an average radius of curvature of at least 50 centimeters . In 
some embodiments , the second layer of denser material has 
an average radius of curvature of at least one meter . In some 
embodiments , the second porous layer comprises one or 
more pores . In some embodiments , the one or more pores 
comprises a pore structure . In some embodiments , the pore 
structure comprises pores distributed in a non - uniform man 
ner across the second porous layer . In some embodiments , 
the pore structure comprises pores distributed in a uniform 
or substantially uniform manner across the second porous 
layer . In some embodiments , the first layer of pre - trans 
formed material is sandwiched between the first porous layer 
and the second porous layer . In some embodiments , a 
porosity of the first porous layer is different than a porosity 
of the second porous layer . In some embodiments , a porosity 
of the first porous layer is same as a porosity of the second 
porous layer . In some embodiments , the first energy beam is 
a type - 2 energy beam ( e . g . , as disclosed herein ) . In some 
embodiments , the first energy beam is a type - 1 energy beam 
( e . g . , as disclosed herein ) . In some embodiments , the type - 2 
energy beam is substantially stationary . In some embodi 
ments , the type - l energy beam is translating . In some 
embodiments , the first portion of the first porous layer and 
the first portion of the second porous layer are densified 
using the same energy beam . In some embodiments , the first 
portion of the first porous layer and the first portion of the 
second porous layer are densified using different energy 
beams . In some embodiments , the first energy beam used to 
density the first portion of the first porous layer has at least 
one characteristic that is different than a characteristic of the 
second energy beam used to densify the second porous layer . 
[ 0016 ] In another aspect , a system for printing at least one 
three - dimensional object comprises : an enclosure that is 
configured to accommodate a material bed that comprises a 
pre - transformed material ; a first energy source that is con 
figured to generate a first energy beam that transforms a 
portion of the pre - transformed material to form a part of the 
at least one three - dimensional object ; a second energy 
source that is configured to generate a second energy beam 
that transforms a portion of the pre - transformed material to 
form a part of the at least one three - dimensional object ; and 
at least one controller that is configured to direct the first 
energy beam and the second energy beam , which at least one 
controller is collectively or separately programmed to direct 
performance of the following operations : operation ( i ) direct 
the first energy beam to transform the portion of the pre 
transformed material to form a porous layer comprising a 
first portion and an optional second portion and operation 
( ii ) direct the second energy beam to transform and thereby 
densify the first portion of the porous layer to form a denser 
layer , wherein the optional second portion does not engulf 
the first portion . 
[ 0017 ] In some embodiments , the first energy beam and / or 
second energy beam comprises an electromagnetic or 
charged particle beam . In some embodiments , the first 
energy beam comprises a laser beam . In some embodiments , 
the porous layer is a first porous layer , wherein the at least 
one controller is programmed to perform the following 
operations after operation ( ii ) : operation ( 1 ) direct providing 
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a second layer of pre - transformed material above a platform 
and ( II ) direct the first energy beam to transform at least a 
portion of the second layer of pre - transformed material to 
form a second porous layer comprising a first portion of the 
second porous layer and an optional second portion of the 
second porous layer . In some embodiments , the porous layer 
is a first porous layer , wherein the at least one controller is 
programmed to perform the following operations before 
operation ( ii ) : operation ( 1 ) direct providing a second layer 
of pre - transformed material above a platform and ( II ) direct 
the first energy beam to transform at least a portion of the 
second layer of pre - transformed material to form a second 
porous layer comprising a first portion of the second porous 
layer and an optional second portion of the second porous 
layer . In some embodiments , the at least one controller is 
programmed to direct the second energy beam to densify the 
first portion of the second porous layer to form a second 
denser layer as compared to the first portion of the second 
porous layer , which second denser layer forms a part of the 
at least one three - dimensional object , wherein the second 
portion of the second porous layer is not at least a portion of 
a scaffold that engulfs the at least one three - dimensional 
object . In some embodiments , the at least one controller is 
programmed to perform the following operations in opera 
tion ( ii ) : direct the second energy beam to densify the first 
portion of the first porous layer when densifying the first 
portion of the second porous layer to form the first denser 
layer , and wherein the first denser layer and the second 
denser layer are the same . In some embodiments , the first 
denser layer is different from the second denser layer . In 
some embodiments , after operation ( i ) is after operation ( ii ) . 
[ 0018 ] . In another aspect , an apparatus for three - dimen 
sional printing of at least one three - dimensional object 
comprises at least one controller that is programmed to 
perform the following operations : operation ( a ) provide 
pre - transformed material to form a material bed , operation 
( b ) direct a first energy beam to transform a portion of 
material bed to form a porous layer that comprises a first 
portion and an optional second portion , wherein the first 
energy beam is operatively coupled to the material bed ; and 
operation ( c ) direct a second energy beam , to densify a first 
portion of the porous layer to form a layer of denser material 
as a part of the at least one three - dimensional object . 
[ 0019 ] In some embodiments , the at least one controller is 
a multiplicity of controllers and wherein at least two of 
operation ( a ) , operation ( b ) , and operation ( c ) are directed by 
the same controller . In some embodiments , the at least one 
controller is a multiplicity of controllers and wherein at least 
two of operation ( a ) , operation ( b ) , and operation ( c ) are 
directed by different controllers . 
[ 0020 ] In another aspect , a computer software product for 
three - dimensional printing of at least one three - dimensional 
object , comprises a non - transitory computer - readable 
medium in which program instructions are stored , which 
instructions , when read by a computer , cause the computer 
to perform operations comprising : operation ( a ) direct pro 
viding a pre - transformed material to form a material bed ; 
operation ( b ) directing a first energy beam to transform a 
portion of the pre - transformed material to form a porous 
layer comprising a first portion and an optional second 
portion , wherein the first energy beam is operatively coupled 
to the material bed ; and operation ( c ) directing a second 

energy beam , to densify the first portion of the porous layer 
to form a layer of denser material as a part of the at least one 
three - dimensional object . 
[ 0021 ] In another aspect , printing a three - dimensional 
object comprises : ( a ) transforming a first pre - transformed 
material to a first transformed material to print one or more 
layers of hardened material as part of the three - dimensional 
object that is printed layerwise , which one or more layers 
define a layering plane indicative ( e . g . , characteristic , or 
typical ) of the layerwise printing of the three - dimensional 
object ; ( b ) transforming a second pre - transformed material 
to a second transformed material to print at least a portion of 
an overhang of the three - dimensional object , wherein a 
vector normal to a surface at a point on an exterior surface 
of the overhang that intersects ( i ) the layering plane or ( ii ) 
a plane parallel to the layering plane , forms an angle with 
respect to the layering plane , which second transformed 
material comprises a porous matrix ; and ( c ) using an energy 
beam to densify the second transformed material . 
[ 0022 ] In some embodiments , the one or more layers 
defines a Z vector indicative ( e . g . , characteristic , or typical ) 
of a direction of the layerwise printing of the three - dimen 
sional object . In some embodiments , the Z vector is perpen 
dicular to the layering plane . In some embodiments , the 
angle is at least about sixty degrees and at most about ninety 
degrees with respect to ( i ) the layering plane that intersects 
the vector or to ( ii ) the plane parallel to the layering plane 
that intersects the vector , which vector is directed towards 
( e . g . , into ) the second transformed material . In some 
embodiments , the angle is at least about seventy degrees and 
at most about ninety degrees with respect to ( i ) the layering 
plane that intersects the vector or to ( ii ) the plane parallel to 
the layering plane that intersects the vector , which vector is 
directed towards the second transformed material . In some 
embodiments , the non - perpendicular angle is at least about 
eighty degrees and at most about ninety degrees with respect 
to ( i ) the layering plane that intersects the vector or to ( ii ) the 
plane parallel to the layering plane that intersects the vector , 
which vector is directed towards the second transformed 
material . In some embodiments , using the energy beam to 
densify comprises altering a microstructure of the first 
transformed material to form the second transformed mate 
rial . In some embodiments , the porous matrix comprises at 
least one pore . In some embodiments , ( c ) comprises forming 
a high aspect ratio melt pool . In some embodiments , a depth 
of the high aspect ratio melt pool is greater than a radius of 
an exposed surface of the high aspect ratio melt pool . In 
some embodiments , the depth is at least twice the radius of 
the exposed surface of the high aspect ratio melt pool . In 
some embodiments , ( c ) comprises reducing a volume per 
centage and / or an area percentage porosity of the second 
transformed material by at least about one order of magni 
tude . In some embodiments , ( c ) comprises reducing an area 
percentage porosity of the second transformed material by at 
least about one order of magnitude . In some embodiments , 
the second transformed material comprises a plurality of 
layers . In some embodiments , ( C ) comprises transforming at 
least a fraction of each of the plurality of layers . In some 
embodiments , ( c ) comprises using a welding process . In 
some embodiments , the welding process comprises ( e . g . , 
completely ) melting at least a fraction of the second trans 
formed material . In some embodiments , the second trans 
formed material corresponds to at least a portion of a skin of 
the three - dimensional object . In some embodiments , the skin 
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is a bottom skin of the overhang . In some embodiments , the 
bottom skin has an area surface roughness ( Sa ) of at most 
about 100 micrometers . In some embodiments , the bottom 
skin has an area surface roughness ( Sa ) of at most about 50 
micrometers . In some embodiments , the porous matrix in ( b ) 
forms a bottom skin of the overhang . In some embodiments , 
densification in ( c ) comprises directing the energy beam in 
accordance with a path along or parallel to an edge of the 
first transformed material . In some embodiments , the energy 
beam in ( c ) is a second energy beam . In some embodiments , 
( b ) comprises generating a first energy beam from a first 
energy source . In some embodiments , ( c ) comprises gener 
ating the second energy beam from a second energy source . 
In some embodiments , the first energy source is the same as 
the second energy source . In some embodiments , the first 
energy source is different than the second energy source . In 
some embodiments , the energy beam in ( c ) is a third energy 
beam , wherein the method further comprises using a first 
energy beam to transform the first pre - transfomed material 
in ( a ) , using a second energy beam to transform the second 
pre - transformed material in ( b ) , and wherein ( i ) the first 
energy beam , the second energy beam , and / or the third 
energy beam follow a hatching propagation scheme . In some 
embodiments , the hatching propagation scheme comprises 
transforming while translating along a path . In some 
embodiments , the energy beam in ( c ) is a third energy beam , 
wherein the method further comprises using a first energy 
beam to transform the first pre - transformed material in ( a ) , 
using a second energy beam to transform the second pre 
transformed material in ( b ) , and wherein ( i ) the first energy 
beam , the second energy beam , and / or the third energy beam 
follow a tiling propagation scheme . In some embodiments , 
the tiling propagation scheme comprises ( 1 ) transforming 
while being stationary or substantially stationary ( e . g . , about 
a , first point along a path ) followed , by ( II ) propagating 
along the path to a second point without transforming and 
( III ) repeating ( I ) and ( II ) until reaching an end of the path . 
In some embodiments , substantially stationary comprises a 
movement ( e . g . , that does not exceed a fundamental length 
scale of a footprint of the energy beam on the second 
pre - transformed material ) . The substantially stationary 
movement may be about a point in a pendulum and / or in a 
circular motion . In some embodiments , the tiling propaga 
tion scheme comprises : ( i ) transforming the first pre - trans 
formed material to the first transformed material at a first 
position on a target surface using the energy beam during a 
first time period to form a first tile , which first position is 
along a path - of - tiles , wherein during the first time period , 
the energy beam is stationary or substantially stationary 
( e . g . , such that it at most undergoes a pendulum and / or a 
circular movement about the first position ) ; ( ii ) translating 
the energy beam to a second position on the target surface 
along the path - of - tiles , which second position is different 
from the first position , wherein the energy beam is translated 
during an intermission without transforming the pre - trans 
formed material along the path - of - tiles ; and ( iii ) using the 
energy beam during a second time period to form a second 
tile along the path - of - tiles , wherein during the second time 
period , the energy beam is stationary or substantially sta 
tionary ( e . g . , such that it at most undergoes the pendulum 
and / or the circular movement about the second position ) . In 
some embodiments , the energy beam in ( C ) is a tiling energy 
beam . In some embodiments , a spot size of a hatching 
energy beam is smaller than a spot size of the tiling energy 

beam . In some embodiments , ( c ) comprises forming a 
plurality of tiles . In some embodiments , each tile is formed 
by directing the energy beam at the second pre - transformed 
material for a dwell time of at least about 0 . 1 milliseconds . 
In some , embodiments , the dwell time is at least about 10 
milliseconds . In some embodiments , the energy beam is 
substantially stationary during the dwell time . In some 
embodiments , substantially stationary comprises a move 
ment that does not exceed a fundamental length scale of a 
footprint of the energy beam on the second pre - transformed 
material . The substantially stationary movement may be 
about a point in a pendulum and / or in a circular motion . In 
some embodiments , ( c ) comprises forming a plurality of 
tiles by : ( i ) transforming the first pre - transformed material to 
the first transformed material at a first position on a target 
surface using the energy beam during a first time period to 
form a first tile , which first position is along a path - of - tiles , 
wherein during the first time period , the energy beam is 
stationary or substantially stationary ( e . g . , such that it at 
most undergoes a pendulum and / or a circular movement 
about the first position ) ; ( ii ) translating the energy beam to 
a second position on the target surface along the path - of 
tiles , which second position is different from the first posi 
tion , wherein the energy beam is translated during an 
intermission without transforming the first pre - transformed 
material along the path - of - tiles ; and ( iii ) using the energy 
beam during a second time period to form a second tile along 
the path - of - tiles , wherein during the second time period , the 
energy beam is stationary or substantially stationary ( e . g . , 
such that it at most undergoes the pendulum and / or the 
circular movement about the second position ) . In some 
embodiments , forming the plurality of tiles comprises mov 
ing the energy beam on the second pre - transformed material 
in accordance with a path to form a path of tiles . In some 
embodiments , ( b ) comprises forming a plurality of layers of 
the porous matrix . In some embodiments , the energy beam 
in ( c ) is a second energy beam . In some embodiments , 
forming the plurality of layers of the porous matrix com 
prises using a first energy beam . In some embodiments , the 
energy beam in ( c ) is a third energy beam . In some embodi 
ments , ( v ) comprises forming a first of the plurality of layers 
of the porous matrix comprises using a first energy beam and 
forming a second of the plurality of layers of the porous 
matrix using a second energy beam . In some embodiments , 
a power density of the first energy beam differs that a power 
density of the second energy beam . In some embodiments , 
( c ) comprises transforming a plurality of layers of the porous 
matrix . In some embodiments , ( c ) comprises transforming a 
plurality of layers of the porous matrix and one or more 
intervening layers of pre - transformed material . In some 
embodiments , the transforming in ( a ) is with a first energy 
beam , the transforming in ( b ) is with a second energy beam , 
and the transforming in ( c ) is with a third energy beam . In 
some embodiments , at least two of the first energy beam , the 
second energy beam , and the third energy beam are gener 
ated with the same energy source . In some embodiments , the 
transforming in ( a ) is with a first energy beam , the trans 
forming in ( b ) is with a second energy beam , the transform 
ing in ( c ) is with a third energy beam , wherein at least two 
of the first energy beam , the second energy beam , and the 
third energy beam are generated with different energy 
sources . In some embodiments , the transforming in ( a ) is 
with a first energy beam , the transforming in ( b ) is with a 
second energy beam , the transforming in ( c ) is with a third 
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energy beam , wherein at least two of the first energy beam , 
the second energy beam , and the third energy beam have at 
least one energy beam characteristic that is the same . In 
some embodiments , the transforming in ( a ) is with a first 
energy beam , the transforming in ( b ) is with a second energy 
beam , the transforming in ( c ) is with a third energy beam , 
wherein at least two of the first energy beam , the second 
energy beam , and the third energy beam have at least one 
different energy beam characteristic . In some embodiments , 
the at least one different energy beam characteristic com 
prises wavelength , cross - section , speed , power density , or 
focal point . In some embodiments , the second transformed 
material has a horizontally non - overlapping portion with 
respect to the first transformed material . 
[ 0023 ] In another aspect , printing a three - dimensional 
object comprises one or more controllers that are individu 
ally or collectively programmed to : ( a ) direct transforming 
a first pre - transformed material to a first transformed mate 
rial to print one or more layers of hardened material as part 
of the three - dimensional object that is printed layerwise , 
which one or more layers define a layering plane indicative 
( e . g . , characteristic , or typical ) of a layerwise printing of the 
three - dimensional object ; ( b ) direct transforming a second 
pre - transformed material to a second transformed material to 
print at least a portion of an overhang of the three - dimen 
sional object , wherein a vector normal to a surface at a point 
on an exterior surface of the overhang that intersects ( i ) the 
layering plane that or ( ii ) a plane parallel to the layering 
plane , forms an angle with respect to the layering plane , 
which second transformed material comprises a porous 
matrix ; and ( c ) direct an energy beam to densify the second 
transformed material . 
[ 0024 ] In some embodiments , at least two of ( a ) , ( b ) and 
( c ) are directed by the same controller of the one or more 
controllers . In some embodiments , at least two of ( a ) , ( b ) and 
( c ) are directed by different controllers of the one or more 
contracts . In some embodiments , the one or more controllers 
is programed to direct : ( I ) a first energy source to generate 
a first energy beam for transforming in ( b ) , and ( II ) a second 
energy source to generate a second energy beam for densi 
fying in ( c ) . In some embodiments , the first and second 
energy sources are the same . In some embodiments , the first 
and second energy sources are different . In some embodi 
ments , the one or more controllers controls at least one 
characteristic of the energy beam or of an energy source that 
generates the energy beam . In some embodiments , the 
energy beam is a second energy beam . In some embodi 
ments , direct transforming the second pre - transformed mate 
rial in ( b ) is by directing a first energy beam to transform the 
second pre - transformed material . In some embodiments , the 
energy beam is a third energy beam . In some embodiments , 
direct transforming the first pre - transformed material in ( a ) 
is by directing a first energy beam to transform the first 
pre - transformed material . In some embodiments , direct 
transforming the second pre - transformed material in ( b ) is 
by directing a second energy beam to transform the second 
pre - transformed material . In some embodiments , at least two 
of the first energy beam , the second energy beam and the 
third energy beam are the same . In some embodiments , at 
least two of the first energy beam , the second energy beam 
and the third energy beam are different energy beams . In 
some embodiments , the one or more controllers further 
directs : a first energy source to generate the first energy 
beam , a second energy source to generate the second energy 

beam , a third energy source to generate the third energy 
beam . In some embodiments , at least two of the first energy 
source , the second energy source and the third energy source 
are different energy sources . In some embodiments , at least 
two of the first energy source , the second energy source and 
the third energy source is the same energy source . In some 
embodiments , at least two of the first energy beam , the 
second energy beam and the third energy beam are different 
energy beams . In some embodiments , the one or more 
controllers controls at least one characteristic of the first 
energy beam and / or the second energy beam at least partially 
based on data from one or more sensors . In some embodi 
ments , the one or more sensors collect temperature , optical , 
or spectroscopic data . In some embodiments , the one or 
more sensors detect electromagnetic radiation that is emitted 
and / or reflected from an exposed surface of one or more melt 
pools formed during transformation in ( a ) , ( b ) and / or ( C ) . In 
some embodiments , the energy beam in ( c ) is a second 
energy beam . In some embodiments , ( b ) comprises using a 
first energy beam , wherein ( b ) and / or ( C ) comprise forming 
a bottom skin of the overhang . In some embodiments , the 
one or more controllers controls at least one characteristic of 
the first energy beam and / or the second energy beam at least 
partially based on monitoring a plastic yielding of the 
bottom skin during printing . In some embodiments , the one 
or more controllers include a control scheme comprising 
feedback , or closed loop . In some embodiments , the one or 
more controllers include a control scheme comprising feed 
forward or open loop control . In some embodiments , the one 
or more controllers is programmed to direct forming a high 
aspect ratio melt pool during ( c ) . In some embodiments , a 
depth of the high aspect ratio melt pool is greater than a 
width of the high aspect ratio melt pool . In some embodi 
ments , the second transformed material comprises a plural 
ity of layers . In some embodiments , the one or more 
controllers is programmed to direct transforming at least a 
fraction of each of the plurality of layers during densification 
in ( c ) . In some embodiments , the first transformed material 
comprises an edge . In some embodiments , the one or more 
controllers is programmed to direct the energy beam in 
accordance with a path along the edge or parallel to the edge 
( e . g . , and away from the first transformed material ) . In some 
embodiments , the one or more controllers is programmed to 
direct the energy beam to propagate via a hatching propa 
gation scheme . In some embodiments , the hatching propo 
gation scheme comprises continuous irradiation during 
propagation of the energy along a path to perform a trans 
formation . In some embodiments , the one or more control 
lers is programmed to ( i ) direct the first energy beam , the 
second energy beam and / or the third energy beam to propa 
gate via tiling propagation scheme . In some embodiments , 
tiling comprises ( 1 ) irradiating a first position along a path 
with a stationary or substantially stationary energy beam to 
perform a first transformation directly followed by ( 2 ) 
propagation along the path without transformation , directly 
followed by ( 3 ) repeating ( 1 ) and ( 2 ) until reaching an end 
of the path . In some embodiments , substantially stationary is 
a pendulum and / or rotational movement about a point along 
the path . In some embodiments , the movement is of a length 
scale of at most a cross section and / or an irradiation spot of 
the energy beam . In some embodiments , the one or more 
controllers is programmed to direct using a hatching energy 
beam during ( b ) and a tiling energy beam during ( c ) . In some 
embodiments , a spot size anchor a cross section of the 
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hatching energy beam is smaller than a spot size and / or a 
cross section of the tiling energy beam respectively . In some 
embodiments , the one or more controllers is programmed to 
direct forming a plurality of tiles during ( c ) . In some 
embodiments , each tile is formed by directing the energy 
beam at the second pre - transformed material for a dweli 
time of at least about 0 . 3 milliseconds . In some embodi 
ments , the dwell time is at least about 10 milliseconds . In 
some embodiments , the energy beam is substantially sta - 
tionary during the dwell time . In some embodiments , sub 
stantially stationary comprises movement about a point that 
does not exceed a fundamental length scale of a footprint of 
the energy beam on the second pre - transformed material . In 
some embodiments , the one or more controllers is pro 
grammed to direct moving the energy beam to different 
locations of the second pre - transformed material in accor 
dance with a path . In some embodiments , the one or more 
controllers is programmed to direct forming a plurality of 
layers of the porous matrix during ( b ) . In some embodi 
ments , ( b ) comprises directing the energy beam to transform 
the second pre - transformed material to the second trans 
formed material . In some embodiments , the one or more 
controllers that is programed to direct adjusting one or more 
characteristics of the energy beam before and / or during ( c ) . 
In some embodiments , the one or more characteristics of the 
energy beam is adjusted to accomplish a different solidifi 
cation rate during ( c ) as compared to during ( b ) . In some 
embodiments , the one or more controllers is programmed to 
direct ( b ) such that the second transformed material has a 
horizontally non - overlapping portion with respect to the first 
transformed material . 
[ 0025 ] In another aspect , a method of printing a three 
dimensional object comprises : ( a ) providing a material bed 
that comprises a pre - transformed material and a first hard 
material that is a first segment of the three - dimensional 
object ; ( b ) using a first energy beam to transform a portion 
of the pre - transformed material to a form a porous layer , 
wherein the porous layer is connected to the first hard 
material and has a horizontally non - overlapping portion with 
the first hard material , which first transformed material is 
formed anchorlessly within an enclosure ; and ( c ) using a 
second energy beam to transform at least a portion of the 
porous layer to form a first denser layer that is connected to 
the first hard material to form at least a second segment of 
the three - dimensional object that includes the first segment . 
[ 0026 ] In some embodiments , the first hard material is 
suspended anchorlessly in an enclosure during the printing . 
In some embodiments , the first hard material is anchored to 
the enclosure during the printing . In some embodiments , 
anchored is directly anchored to a base above which the 
material bed is disposed . In some embodiments , anchored 
comprises anchored through one or more auxiliary supports . 
In some embodiments , the horizontally non - overlapping 
portion forms at least a segment of an overhang or a cavity 
ceiling . In some embodiments , the overhang or the cavity 
ceiling form an angle with an exposed surface of the material 
bed and / or with a platform above which the material bed is 
disposed , wherein the angle is from zero to thirty degrees . In 
some embodiments , the angle is from zero to fifteen degrees . 
In some embodiments , the horizontally non - overlapping 
portion comprises a bottom skin surface that faces a plat 
form above which the material bed is disposed . In some 
embodiments , the bottom skin surface has an arithmetic 
average of a roughness profile of at most 200 micrometers . 

In some embodiments , the first denser layer has an average 
radius of curvature of at least five centimeters . In some 
embodiments , the first denser layer has an average radius of 
curvature of at least 50 centimeters . In some embodiments , 
the first denser layer has an average radius of curvature of at 
least one meter . In some embodiments , the method further 
comprises ( i ) providing a layer of pre - transformed material 
adjacent to the first denser layer , ( ii ) using the first energy 
beam to transform a portion of the layer of pre - transformed 
material to form a second porous layer , wherein the second 
porous layer is connected to the first denser layer , and ( iii ) 
using the second energy beam to densify at least a portion of 
the second porous layer to form a second denser layer as a 
part of the three - dimensional object . In some embodiments , 
the first energy beam is a type - 2 energy beam . In some 
embodiments , the first hard material is a rigid portion of the 
three - dimensional object . In some embodiments , after its 
formation , the rigid portion experiences insignificant defor 
mation at least during the printing . In some embodiments , 
after its formation , the rigid portion is resistant or substan 
tially resistant to deformation at least during the printing . In 
some embodiments , after its formation , the rigid portion is 
resistant or substantially resistant to deformation , wherein 
the deformation comprises stress . In some embodiments , 
after its formation , the rigid portion does form significant 
defects at least during the printing . In some embodiments , 
the defects comprise structural defects . In some embodi 
ments , the defects comprise a crack , ball , droop , or dislo 
cation . 
10027 ] In another aspect , a system for printing at least one 
three - dimensional object comprises : an enclosure that is 
configured to accommodate a material bed that comprises a 
pre - transformed material and a hard material that is a first 
segment of the at least one three - dimensional object ; an 
energy source that is configured to generate an energy beam 
that transforms a portion of the pre - transformed material to 
a form a second segment of the at least one three - dimen 
sional object , wherein the energy beam is operatively 
coupled to the enclosure ; and at least one controller that is 
configured to direct the energy beam , which the at least one 
controller is collectively or separately programmed to per 
form the following operations : ( i ) direct the energy beam to 
transform a portion of the pre - transformed material to a form 
a first porous layer , wherein the first porous layer is con 
nected to the hard material and has a horizontally non 
overlapping portion with the hard material , which first 
transformed material is formed anchorlessly within the 
enclosure , and operation ( ii ) direct the energy beam to 
transform the first porous layer to form a first denser layer 
that is connected to the hard material to form at least a 
second segment of the at least one three - dimensional object 
that includes the first segment . 
( 0028 ] In some embodiments , the energy beam in opera 
tion ( i ) and in operation ( ii ) differ by a least one energy beam 
characteristic . In some embodiments , the energy beam in 
operation ( i ) and in operation ( ii ) differ by a least one energy 
beam characteristic comprising a velocity , a cross section , a 
power density , a fluence , a duty cycle , a dwell time , a focus , 
or a delay time . In some embodiments , the energy beam in 
operation ( i ) is configured to emit radiation having a smaller 
cross section as compared to its configuration in operation 
( ii ) . In some embodiments , the energy beam in operation ( i ) 
is configured to irradiate at a higher power density as 
compared to its configuration in operation ( ii ) . In some 
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embodiments , the energy beam in operation ( i ) is configured 
to irradiate at a shorter dwell time at a position as compared 
to its configuration in operation ( ii ) . In some embodiments , 
the energy beam in operation ( i ) is configured to continu 
ously move , whereas energy beam in operation ( ii ) is 
configured to be stationary and move interchangeably . In 
some embodiments , the energy beam in operation ( i ) is 
configured to be focused , whereas the energy beam in 
operation ( ii ) is configured to be de - focused . In some 
embodiments , the energy beam is a type - 2 energy beam that 
comprises ( i ) a cross section that is at least 200 micrometers , 
or ( ii ) a power density of at most 8000 Watts per millimeter 
square . In some embodiments , the energy beam is a type - 1 
energy beam that comprises ( i ) a cross section that is smaller 
than 200 micrometers , or ( ii ) a power density larger than 
8000 Watts per millimeter square . In some embodiments , the 
at least one controller is further programmed to perform the 
following operations : operation ( I ) provide a layer of pre 
transformed material adjacent to the first denser layer , 
operation ( II ) direct the energy beam to transform a portion 
of the layer of pre - transformed material to form a second 
porous layer , wherein the second porous layer is connected 
to the first denser layer , and operation ( III ) direct the energy 
beam to densify at least a portion of the second porous layer 
to form a second dense layer portion as a part of the at least 
one three - dimensional object . In some embodiments , the 
energy beam in operation ( I ) and in operation ( II ) differ by 
at least one energy beam characteristic . In some embodi 
ments , the at least one energy beam characteristic comprises 
a velocity , a cross section , a power density , a fluence , a duty 
cycle , a dwell time , a focus , a delay time , a continuity of 
movement . In some embodiments , the energy beam in 
operation ( 1 ) is configured to emit radiation having a smaller 
cross section as compared to its configuration in operation 
( II ) . In some embodiments , the energy beam in operation ( 1 ) 
is configured to irradiate at a higher power density as 
compared to its configuration in operation ( II ) . In some 
embodiments , the energy beam in operation ( I ) is configured 
to irradiate at a shorter dwell time at a position as compared 
to its configuration in operation ( II ) . In some embodiments , 
the energy beam in operation ( I ) is configured to continu 
ously move , whereas energy beam in operation ( II ) is 
configured to be stationary and move interchangeably . In 
some embodiments , the energy beam in operation ( I ) is 
configured to be focused , whereas the energy beam in 
operation ( II ) is configured to be de - focused . In some 
embodiments , the energy beam is a type - 2 energy beam that 
comprises ( I ) a cross section that is at least 200 micrometers , 
or ( II ) a power density of at most 8000 Watts per millimeter 
square . In some embodiments , the energy beam is a type - 1 
energy beam that comprises ( I ) a cross section that is smaller 
than 200 micrometers , or ( II ) a power density larger than 
8000 Watts per millimeter square . 
[ 0029 ] In another aspect , an apparatus for three - dimen 
sional printing of at least one three - dimensional object 
comprises at least one controller that is programmed to 
direct performance of the following operations : operation ( a ) 
provide a material bed that comprises a pre - transformed 
material and a first hardened material that is a first segment 
of the at least one three - dimensional object ; operation ( b ) 
direct an energy beam to transform a portion of the pre 
transformed material to a form a porous layer , wherein the 
porous layer is connected to the first hardened material and 
has a horizontally non - overlapping portion with the first 

hardened material , which first transformed material is 
formed anchorlessly within an enclosure , wherein the 
energy beam is operatively coupled to the material bed ; and 
operation ( c ) direct the energy beam to transform at least a 
portion of the porous layer to form a first denser layer 
portion that is connected to the first hardened material to 
form at least a second segment of the at least one three 
dimensional object that includes the first segment . 
[ 0030 ] In some embodiments , the at least one controller is 
a multiplicity of controllers and wherein at least two of 
operation ( a ) , operation ( b ) , and operation ( c ) are directed by 
the same controller . In some embodiments , the at least one 
controller is a multiplicity of controllers and wherein at least 
two of operation ( a ) , operation ( b ) , and operation ( c ) are 
directed by different controllers . 
[ 0031 ] In another aspect , a computer software product for 
three - dimensional printing of at least one three - dimensional 
object , comprises a non - transitory computer - readable 
medium in which program instructions are stored , which 
instructions , when read by a computer , cause the computer 
to perform operations comprising : operation ( a ) directing to 
provide a material bed that comprises a pre - transformed 
material and a first hardened material that is a first segment 
of the at least one three - dimensional object ; operation ( b ) 
directing an energy beam to transform a portion of the 
pre - transformed material to a form a porous layer , wherein 
the porous layer is connected to the first hardened material 
and has a horizontally non - overlapping portion with the first 
hardened material , which first transformed material is 
formed anchorlessly within an enclosure , wherein the 
energy beam is operatively coupled to the material bed ; and 
operation ( c ) directing the energy beam to transform at least 
a portion of the porous layer to form a first denser layer 
portion that is connected to the hardened material to form at 
least a second segment of the at least one three - dimensional 
object that includes the first segment . 
[ 0032 ] In another aspect , forming a three - dimensional 
object comprises : ( a ) providing a layer of pre - transformed 
material on an exposed surface of a material bed that 
comprises a hard portion that is a segment of the three 
dimensional object , which hard portion comprises an edge ; 
and ( b ) forming a ledge of hardened material along the edge , 
which forming the ledge comprises : ( 1 ) transforming the at 
least the portion of the layer of pre - transformed material to 
a transformed material at a position using an energy beam 
chiming a time period to form a tile , which first position is 
along a path - of - tiles , wherein during the time period the 
energy beam is stationary or substantially stationary ( e . g . , 
such that it at most undergoes pendulum and / or circular 
movement about the position on the exposed surface ) ; ( 2 ) 
translating the energy beam to a second position along the 
path - of - tiles , which second position is different from the first 
position , wherein the energy beam is translated during an 
intermission without transforming the pre - transformed 
material along the path - of - tiles ; and ( 3 ) repeating ( 1 ) and ( 2 ) 
until reaching an end of the path - of - tiles that is parallel to or 
at the edge , wherein the tile overlaps the hard portion and 
extends beyond the edge towards the pre - transformed mate 
rial of the material bed to form the ledge . 
[ 0033 ] In some embodiments , transforming is by using an 
energy beam that has a power density of at most about 8000 
Watts per millimeter squared ( W / mm 2 ) at the material bed . 
In some embodiments , the tile is a deposited transformed 
material . In some embodiments , the edge is a first edge , and 
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the ledge forms a second edge . In some embodiments , the 
method further comprises repeating providing the layer of 
pre - transformed material on the exposed surface of the 
material bed and transforming the at least the portion of the 
layer of pre - transformed material in ( b ) to elongate the 
ledge . In some embodiments , the method further comprises 
transforming at least a fraction of the ledge using a high 
aspect ratio energy beam . In some embodiments , high aspect 
ratio energy beam forms a melt pool having a greater depth 
than width . In some embodiments , a depth of the melt pool 
is greater than a thickness of the tile . In some embodiments , 
the high aspect ratio energy beam transforms more than two 
layers of tiles . In some embodiments , transforming at least 
the fraction of the ledge comprises re - melting at least the 
fraction of the ledge . In some embodiments , transforming at 
least the fraction of the ledge reduces a porosity of the ledge . 
In some embodiments , repeating ( 1 ) and ( 2 ) results in 
forming a plurality of tiles . In some embodiments , a first tile 
and a second tile of the plurality of tiles overlap with each 
other . In some embodiments , the second tile is successive to 
the first tile . In some embodiments , ( b ) comprises forming a 
first layer of tiles , wherein the method further comprises : 
forming a second layer of tiles . In some embodiments , 
centers of adjacent tiles of the plurality of tiles in the first 
layer are spaced apart by a first distance . In some embodi 
ments , centers of adjacent tiles of the plurality of tiles in the 
second layer are spaced apart by a second distance . In some 
embodiments , the first distance is different than the second 
distance . In some embodiments , the first distance is the same 
as the second distance . In some embodiments , the first 
and / or second distance ranges between about 10 microm 
eters and about 500 micrometers . In some embodiments , ( b ) 
comprises forming a bottom skin of the three - dimensional 
object . In some embodiments , an exterior surface of the 
bottom skin has an area surface roughness ( Sa ) of at most 
about 20 micrometers . In some embodiments , the hard 
portion is formed by transforming at least a first portion of 
pre - transformed material to a first transformed material that 
hardens at a first solidification rate . In some embodiments , 
forming the ledge of hardened material in ( b ) is formed by 
transforming at least a second portion of pre - transformed 
material to a second transformed material that hardens at a 
second solidification rate different than the first solidification 
rate . In some embodiments , an exterior surface of the bottom 
skin has an area surface roughness ( Sa ) of at most about 10 
micrometers . In some embodiments , the hard portion com 
prises a plurality of layers that are stacked layerwise to form 
the hard portion , a layer of the plurality of layers defines a 
layering plane . In some embodiments , a stacking vector 
corresponds to a stacking direction of the plurality of layers . 
In some embodiments , stacking vector is normal to the 
layering plane . In some embodiments , a ledge vector is 
normal to a surface at a point on an exterior surface of the 
ledge and is in a direction of an interior of the ledge . In some 
embodiments , the ledge vector has a positive projection onto 
the stacking vector , wherein the stacking direction of the 
plurality of layers is indicative from ( 1 ) any directional melt 
pool that is included in the plurality of layers , ( 2 ) a direction 
opposite from any auxiliary supports or auxiliary support 
marks , ( 3 ) a direction of a surface comprising hatch decom 
position marking , ( 4 ) any asymmetric surface roughness 
indicative of print orientation , or ( 5 ) any directionality in 
grain orientation . In some embodiments , the ledge vector 
forms an angle with the stacking vector that is at most about 

forty - five degrees , and at least about zero degrees . In some 
embodiments , the ledge vector forms an angle with the 
stacking vector that is at most about thirty degrees , and at 
least about zero degrees . In some embodiments , the ledge 
vector forms an angle with the stacking vector that is at most 
about ten degrees , and at least about zero degrees . 
[ 0034 ] In another aspect , printing a three - dimensional 
object comprises one or more controllers that is programmed 
to : ( a ) direct a layer dispenser to provide a layer of pre 
transformed material on an exposed surface of a material 
bed comprising a hard portion that is a segment of the 
three - dimensional object , which hard portion comprises an 
edge ; and ( b ) direct forming a ledge of hardened material 
along the edge , which direct forming the ledge comprises : 
( 1 ) direct transforming the at least the portion of the layer of 
first pre - transformed material to a first transformed material 
at a first position by directing an energy beam during a first 
time period to form a first tile , which first position is along 
a path - of - tiles , wherein during the first time period , the 
energy beam is stationary or substantially stationary ( e . g . , 
such that it at most undergoes pendulum and / or circular 
movement about the first position on the exposed surface ) ; 
( 2 ) direct translating the energy beam to a second position 
along the path - of - tiles , which second position is different 
from the first position , wherein the energy beam is translated 
during an intermission without transforming the pre - trans 
formed material along the path - of - tiles ; and ( 3 ) direct 
repeating ( 1 ) and ( 2 ) until reaching an end of the path - of 
tiles , wherein the path - of - tiles is parallel to the edge or at the 
edge , wherein the first tile and the second tile overlap the 
hard portion and extend beyond the edge towards the 
pre - transformed material of the material bed to form the 
ledge . 
[ 0035 ] in some embodiments , the hard portion comprises 
a plurality of layers that defines a layering plane . In some 
embodiments , a vector normal to an exterior surface of the 
ledge that directs into the object that intersects ( i ) the 
layering plane or ( ii ) a plane parallel to the layering plane , 
forms an angle with respect to the layering plane . In some 
embodiments , the angle is at least sixty degrees and at most 
ninety degrees . In some embodiments , the vector is directed 
towards the ledge . In some embodiments , the one or more 
controllers controls at least one characteristic of the energy 
beam or of an energy source that generates the energy beam . 
In some embodiments , the one or more controllers at least 
partially consider data from one or more sensors . In some 
embodiments , the data comprises temperature , optical and 
or spectroscopic data . In some embodiments , the one or 
more controllers at least partially consider a detection of 
electromagnetic radiation that is emitted and / or reflected 
from an exposed surface of one or more melt pools formed 
during forming the ledge . In some embodiments , controlling 
considers a monitoring of a plastic yielding of a bottom skin 
formed during forming the ledge . In some embodiments , the 
controlling considers a threshold value associated with ( I ) a 
temperature at the first and / or second position , ( II ) a power 
density of the energy beam at the exposed surface of the 
material bed , ( III ) a power of an energy source generating 
the energy beam , or ( IV ) any combination of ( I ) , ( II ) or ( III ) . 
In some embodiments , the one or more controllers directs 
feedback or closed loop control . In some embodiments , the 
one or more controllers directs feed - forward or open loop 
control . In some embodiments , the one or more controllers 
directs real time control during ( a ) , ( b ) , ( c ) and / or ( d ) . In 
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some embodiments , the one or more controllers control at 
least one characteristic of the energy beam during formation 
of the ledge . In some embodiments , the at least one char 
acteristic comprises irradiation time , intermission time , 
power density , speed , cross - section , focus , or power density 
profile over time . In some embodiments , the one or more 
controllers control a temperature of an exposed surface of a 
melt pool formed during formation of the ledge by control 
ling one or more characteristics of the energy beam . In some 
embodiments , the at least one characteristic comprises irra 
diation time , intermission time , power density , speed , cross 
section , focus , or power density profile over time . In some 
embodiments , the one or more controllers controls a tem 
perature of an exposed surface of a melt pool formed during 
formation of the ledge . In some embodiments , controlling 
the temperature comprises causing an energy source to alter 
a power density of the energy beam during at least a portion 
of forming the ledge . In some embodiments , controlling the 
temperature comprises causing an energy source to alter a 
scan speed of the energy beam during at least a portion of 
forming the ledge in ( c ) . In some embodiments , the one or 
more controllers control a depth of a melt pool formed 
during forming the first and / or second tile formed during 
formation of the ledge by controlling one or more charac 
teristics of the energy beam . In some embodiments , the one 
or more controllers controls a depth of one or more melt 
pools formed during forming the ledge in ( c ) . In some 
embodiments , the one or more controllers is programmed to 
direct adjusting one or more characteristics of the energy 
beam before , during or after forming the ledge in ( c ) . In 
some embodiments , the one or more characteristics of the 
energy beam is adjusted to accomplish a solidification rate 
during forming the ledge in ( c ) that is different than a 
solidification rate used to for the hard portion . In some 
embodiments , the one or more controllers is programmed to 
direct performance of an alternate method to ( b ) , namely : 
direct using a hatching energy beam during forming the 
ledge in ( c ) . In some embodiments , hatching comprises 
continuous irradiation of a target surface during movement 
of the first and / or second energy beam along a path . In some 
embodiments , the hard portion comprises a plurality of 
layers that are stacked layerwise to form the hard portion , a 
layer of the plurality of layers defines a layering plane . In 
some embodiments , a stacking vector corresponds to a 
stacking direction of the plurality of layers . In some embodi 
ments , stacking vector is normal to the layering plane . In 
some embodiments , a ledge vector is normal to a surface at 
a point on an exterior surface of the ledge and is in a 
direction of an interior of the ledge . In some embodiments , 
the ledge vector has a positive projection onto the stacking 
vector , wherein the stacking direction of the plurality of 
layers is indicative from ( 1 ) any directional melt pool that is 
included in the plurality of layers , ( 2 ) a direction opposite 
from any auxiliary supports or auxiliary support marks , ( 3 ) 
a direction of a surface comprising hatch decomposition 
marking , ( 4 ) any asymmetric surface roughness indicative of 
print orientation , or ( 5 ) any directionality in grain orienta 
tion . In some embodiments , the ledge vector forms an angle 
with the stacking vector that is at most about forty - five 
degrees , and at least about zero degrees . In some embodi 
ments , the ledge vector forms an angle with the stacking 
vector that is at most about thirty degrees , and at least about 
zero degrees . 

[ 0036 ] In another aspect , a method of forming a three 
dimensional object comprises : ( a ) providing a material bed 
comprising a pre - transformed material and a hard portion 
that is a segment of the three - dimensional object , wherein 
the material bed is disposed on a platform ; ( b ) using a type - 2 
energy beam to transform at least a portion of the pre 
transformed material to a form a first transformed material 
portion that ( i ) connects to the hard portion and ( ii ) com 
prises a horizontally non - overlapping section with the hard 
portion , wherein the type - 2 energy beam has a power density 
of at most 8000 Watts per millimeter squared ( W / m² ) ; ( c ) 
providing a layer of pre - transformed material adjacent to an 
exposed surface of the material bed ; and using the type - 2 
energy beam to transform at least a portion of the layer of 
pre - transformed material to a form a second transformed 
material portion that ( i ) connects to the first transformed 
material portion and ( ii ) comprises a horizontally non 
overlapping section with the first transformed material por 
tion , wherein the first transformed material portion and the 
second transformed material portion form ( I ) an overhang or 
( II ) a cavity ceiling , that form an angle of at most thirty ( 30 ) 
degrees with the exposed surface of the material bed and / or 
with the platform . 
[ 0037 ] In some embodiments , the type - 2 energy beam has 
a power density of at most about 8000 Watts per millimeter 
square . In some embodiments , the hard portion is suspended 
anchorlessly in the material bed during the printing . In some 
embodiments , the hard portion is anchored to the platform 
during the printing . In some embodiments , anchored is 
directly anchored to a base above which the material bed is 
disposed . In some embodiments , anchored comprises 
anchored through one or more auxiliary supports . In some 
embodiments , the horizontally non - overlapping section 
forms at least a segment of an overhang or a cavity ceiling . 
In some embodiments , the overhang or cavity ceiling form 
an angle with the exposed surface of the material bed and / or 
with the platform above which the material bed is disposed , 
wherein the angle is from zero to thirty degrees . In some 
embodiments , the angle is from ten to thirty degrees . In 
some embodiments , the horizontally non - overlapping sec 
tion comprises a bottom skin surface that faces the platform 
above which the material bed is disposed . In some , embodi 
ments , the bottom skin surface has an arithmetic average of 
a roughness profile of at most 200 micrometers . In some 
embodiments , the bottom skin surface has an arithmetic 
average of a roughness profile of at most 50 micrometers . In 
some embodiments , the method further comprises after 
operation ( c ) , using an energy beam to transform a portion 
of the pre - transformed material to form a porous layer 
portion disposed at least in part above the first transformed 
material portion to form a part of the three - dimensional 
object , wherein the energy beam is the same or different 
from the type - 2 energy beam . In some embodiments , the 
method further comprises using the energy beam to density 
the porous layer portion to form a denser portion as part of 
the three - dimensional object . In some embodiments , the 
denser portion , the porous layer portion , or the denser 
portion and the porous layer portion , connect to the first 
transformed material portion . In some embodiments , the first 
transformed material portion that is connected to the porous 
layer portion and / or the denser portion forms a thickened 
overhang structure . In some embodiments , adjacent com 
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prises above . In some embodiments , adjacent comprises 
overlapping . In some embodiments , adjacent comprises bor 
dering . 
10038 ] In another aspect , a system for printing at least one 
three - dimensional object comprises : an enclosure that is 
configured to accommodate a material bed that comprises a 
pre - transformed material and a hard portion that is a first 
segment of the at least one three - dimensional object , 
wherein the material bed is disposed on a platform , an 
energy source that is configured to generate a type - 2 energy 
beam ( e . g . , as disclosed herein ) that transforms a portion of 
the pre - transformed material to form a second segment of 
the at least one three - dimensional object , wherein the type - 2 
energy beam has a power density of at most 8000 Watts per 
millimeter squared ( W / mm² ) , wherein the type - 2 energy 
beam is operatively coupled to the enclosure ; and at least 
one controller that is operatively coupled to the type - 2 
energy beam , which the at least one controller is pro 
grammed to perform the following operations : operation ( 1 ) 
direct the type - 2 energy beam to transform at least a portion 
of the pre - transformed material to a form a first transformed 
material portion that connects to the hard portion and 
comprises a horizontally non - overlapping section with the 
hard portion , operation ( ii ) direct providing a layer of 
pre - transformed material adjacent to an exposed surface of 
the material bed , and operation ( iii ) direct the type - 2 energy 
beam to transform at least a portion of the layer of pre 
transformed material to a form a second transformed mate 
rial portion that connects to the first transformed material 
portion and comprises a horizontally non - overlapping sec 
tion with the first transformed material portion , wherein the 
first transformed material portion and the second trans 
formed material portion generate the second segment that 
comprises ( I ) an overhang or ( II ) a cavity ceiling , which 
second segment forms an angle of at most thirty ( 30 ) degrees 
with the exposed surface of the material bed and / or with the 
platform . 
[ 0039 ] In some embodiments , the type - 2 energy beam 
translates in a step and move mode , wherein in the step and 
move mode ( e . g . , tiling methodology as disclosed herein ) , 
the type - 2 energy beam is stationary or substantially sta 
tionary . In some embodiments , the type - 2 energy beam is a 
first type - 2 energy beam , wherein the at least one controller 
is programmed to perform the following operations after 
( iii ) , operation ( iv ) direct a second type - 2 energy beam to 
transform a portion of the pre - transformed material to form 
a porous layer portion disposed at least in part above the first 
transformed material portion as part of the at least one 
three - dimensional object , wherein the second type - 2 energy 
beam is the same or different from the first type - 2 energy 
beam . In some embodiments , the at least one controller is 
programmed to further perform the following operation : 
direct the first or second type - 2 energy beam to densify the 
porous layer portion to form a denser portion as part of the 
at least one three - dimensional object . In some embodiments , 
the denser portion , the porous layer , or the denser portion 
and the porous layer portion , connect to the first transformed 
material portion . In some embodiments , the first transformed 
material portion that is connected to the porous layer and / or 
denser portion forms a thickened overhang structure . In 
some embodiments , the at least one controller is a multi - 
plicity of controllers and wherein at least two of operation 
( i ) , operation ( ii ) , and operation ( iii ) are directed by the same 
controller . In some embodiments , the at least one controller 

is a multiplicity of controllers and wherein at least two of 
operation ( i ) , operation ( ii ) , and operation ( iii ) are directed 
by different controllers . 
[ 0040 ] In another aspect , an apparatus for three - dimen 
sional printing of at least one three - dimensional object 
comprises at least one controller that is programmed to 
perform the following operations : operation ( a ) direct pro 
viding a material bed comprising a pre - transformed material 
and a hard portion that is a first segment of the at least one 
three - dimensional object , wherein the material bed is dis 
posed on a platform , operation ( b ) direct a type - 2 energy 
beam to transform at least a portion of the pre - transformed 
material to a form a first transformed material portion that ( i ) 
connects to the hard portion and ( ii ) comprises a horizontally 
non - overlapping section with the hard portion , ( e . g . , wherein 
the type - 2 energy beam has a power density of at most 8000 
Watts per millimeter squared ( W / mm² ) ) wherein the type - 2 
energy beam is operatively coupled to the material bed : 
operation ( c ) provide a layer of pre - transformed material 
adjacent to an exposed surface of the material bed : and 
operation ( d ) direct the type - 2 energy beam to transform at 
least a portion of the layer of pre - transformed material to a 
form a second transformed material portion that ( i ) connects 
to the first transformed material portion and ( ii ) comprises a 
horizontally non - overlapping section with the first trans 
formed material portion , wherein the first transformed mate 
rial portion and the second transformed material portion 
form ( I ) an overhang or ( II ) a cavity ceiling , that forms an 
angle of at most thirty ( 30 ) degrees with the exposed surface 
of the material bed and / or with the platform . 
[ 0041 ] In some embodiments , the at least one controller is 
a multiplicity of controllers and wherein at least two of 
operation ( a ) , operation ( b ) , operation ( c ) , and operation ( d ) 
are directed by the same controller . In some embodiments , 
the at least one controller is a multiplicity of controllers and 
wherein at least two of operation ( a ) , operation ( b ) , opera 
tion ( c ) , and operation ( d ) are directed by different control 
lers . 
[ 0042 ] In another aspect , a computer software product for 
three - dimensional printing of at least one three - dimensional 
object , comprises a non - transitory computer - readable 
medium in which program instructions are stored , which 
instructions , when read by a computer , cause the computer 
to perform operations comprising : operation ( a ) providing a 
material bed comprising a pre - transformed material and a 
hard portion that is a first segment of the at least one 
three - dimensional object , wherein the material bed is dis 
posed on a platform ; operation ( b ) directing a type - 2 energy 
beam to transform at least a portion of the pre - transformed 
material to a form a first transformed material portion that ( i ) 
connects to the hard portion and ( ii ) comprises a horizontally 
non - overlapping section with the hard portion , ( e . g . , wherein 
the type - 2 energy beam has a power density of at most 8000 
Watts per millimeter squared ( W / mm² ) ) wherein the type - 2 
energy beam is operatively coupled to the material bed ; 
operation ( c ) providing a layer of pre - transformed material 
adjacent to an exposed surface of the material bed ; and 
operation ( d ) directing the type - 2 energy beam to transform 
at least a portion of the layer of pre - transformed material to 
a form a second transformed material portion that ( i ) con 
nects to the first transformed material portion and ( ii ) 
comprises a horizontally non - overlapping section with the 
first transformed material portion , wherein the first trans 
formed material portion and the second transformed material 
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portion form ( I ) an overhang or ( II ) a cavity ceiling , that 
form an angle of at most thirty ( 30 ) degrees with the exposed 
surface of the material bed and / or with the platform . 
[ 0043 ] In another aspect , a three - dimensional object com 
prises : a plurality of layers of hard material stacked and 
bonded together to form a shape of the three - dimensional 
object , wherein a boundary between two of the plurality of 
layers defines a layering plane , which plurality of layers 
comprises : a first section comprising a first microstructure 
associated with being formed at a first solidification rate ; and 
a second section comprising : ( i ) a second microstructure 
associated with being formed at a second solidification rate 
that is different from the first solidification rate , and ( ii ) an 
exterior surface corresponding to at least a fraction of an 
exterior surface of the three - dimensional object , wherein a 
vector normal to a point on the exterior surface of the second 
section that intersects ( 1 ) the layering plane or ( 2 ) a plane 
parallel to the layering plane , defines a non - perpendicular 
angle with respect to the layering plane . 
[ 0044 ] In some embodiments , the plurality of layers 
defines a stacking vector indicative ( e . g . , characteristic , or 
typical ) of a direction of layerwise printing of the three 
dimensional object . In some embodiments , the vector nor 
mal to a surface at the point on the exterior surface of the 
second section that intersects the stacking vector defines a 
non - parallel angle with respect to the stacking vector . In 
some embodiments , the first section is characterized as 
comprising the first microstructure and wherein the second 
section is characterized as comprising the second micro 
structure . In some embodiments , the layering plane is per 
pendicular to the stacking vector . In some embodiments , a 
surface of the three - dimensional object includes a support 
mark region indicative of one or more auxiliary supports 
used to support the three - dimensional object during its 
printing . In some embodiments , the support mark region is 
characterized as having ( I ) an alteration on a surface of the 
support mark region , ( 11 ) a material variation within a 
volume of the support mark region , or ( III ) both ( I ) and ( II ) . 
In some embodiments , the first and second sections are 
coupled with each other . In some embodiments , the first and 
second sections are ( e . g . , chemically ( e . g . , metallically ) ) 
bonded with each other . In some embodiments , the second 
solidification rate is slower than the first solidification rate . 
In some embodiments , the second solidification rate is faster 
than the first solidification rate . In some embodiments , the 
first solidification rate is associated with a first cooling rate . 
In some embodiments , the second solidification rate is 
associated with a second cooling rate different than the first 
cooling rate . In some embodiments , the first microstructure 
and the second microstructure each comprise a melt pool , or 
a grain structure . In some embodiments , the grain structure 
comprises a cell or a dendrite . In some embodiments , the 
grain structure comprises a crystal . In some embodiments , 
the grain structure comprises a metal microstructure . In 
some embodiments , the second section corresponds to a skin 
of the three - dimensional object . In some embodiments , the 
skin has a thickness ranging from about 20 micrometers to 
about 1000 micrometers . In some embodiments , the skin has 
a thickness ranging from about 20 micrometers to about 400 
micrometers . In some embodiments , the second microstruc 
ture comprises at least one melt pool . In some embodiments , 
the second section defines an alignment line that runs 
through a central portion of the at least one melt pool and / or 
along the exterior surface of the second section . In some 

embodiments , the second microstructure comprises grain 
structures that are aligned with respect to the alignment line . 
In some embodiments , the second section is characterized 
by ( a ) a melt pool that defines an alignment line that runs 
through a central portion of the melt pool , and ( b ) a plurality 
of grain structures that converge along the alignment line . In 
some embodiments , grains of the plurality of grain struc 
tures are aligned towards ( e . g . , converge or lean towards ) at 
a non - zero angle relative to the alignment line . In some 
embodiments , the first section comprises a first set of grains . 
In some embodiments , the second section comprises a 
second set of grains . In some embodiments , grains of the 
second set have ( e . g . , on average ) a different property than 
the first set comprising : a fundamental length scale , a 
chemical makeup , a crystal structure , a coherence length , a 
morphology , a metallurgical microstructure , or an align 
ment . In some embodiments , the fundamental length scale 
comprises a length or a width . In some embodiments , the 
first section comprises a first set of dendrites . In some 
embodiments , the second section comprises a second set of 
dendrites . In some embodiments , dendrites of the second set 
are ( e . g . , on average ) thicker than dendrites of the first set . 
In some embodiments , grains of the second set have a 
fundamental length scale that is ( e . g . , on average ) about 1 . 5 
times greater than grains of the first set . In some embodi 
ments , grains of the second set have a greater coherence 
length than grains of the first set . In some embodiments , the 
three - dimensional object comprises a skin . In some embodi 
ments , an exterior surface of the skin has a plurality of 
crescent - shaped ridges corresponding to overlapping tiles . 
[ 0045 ] In another aspect , a three - dimensional object com 
prises : a plurality of layers of hardened material stacked and 
bonded together to form a shape of the three - dimensional 
object , wherein a boundary between two of the plurality of 
layers defines a layering plane , which plurality of layers 
comprises an overhang portion having an exterior surface 
corresponding to at least a fraction of an exterior surface of 
the three - dimensional object , wherein a vector normal to a 
surface at a point on the exterior surface of the overhang 
portion that intersects ( i ) the layering plane or ( ii ) a plane 
parallel to the layering plane , defines an angle with respect 
to the layering plane , wherein the overhang portion com 
prises : a first section of the exterior surface of the overhang 
portion characterized as having a first surface roughness ; 
and a second section of the exterior surface of the overhang 
portion characterized as having a second surface roughness . 
[ 0046 ] In some embodiments , the first and second sections 
are bonded with each other . In some embodiments , the first 
section is disposed at one side of the overhang . In some 
embodiments , the second section is disposed at an opposing 
side of the overhang . In some , embodiments , the exterior 
surface of the overhang comprises the first section and the 
second section that are disposed at a side of the overhang . In 
some embodiments , angle is from about sixty degrees to 
about ninety degrees . In some embodiments , each of the 
plurality of layers comprises a melt pool , that has a direc 
tionality corresponding to its deposition . In some embodi 
ments , a stacking vector corresponding to a layerwise depo 
sition of the plurality of layers is perpendicular to the 
layering plane and in the direction of the layerwise deposi 
tion as indicative by the directionality of the melt pool . In 
some embodiments , a positive acute angle between a vector 
normal to a surface at a point of an exposed surface of the 
overhang that points towards the overhang , and the stacking 
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vector , is in a range of from zero to at most thirty degrees . 
In some embodiments , a positive acute angle between the 
vector normal to a surface at the point of the exposed surface 
of the overhang that points towards the overhang , and the 
stacking vector , is in a range of from zero to at most fifteen 
degrees . In some embodiments , the first surface roughness 
and the second surface roughness have an arithmetic average 
of a roughness profile ( Ra ) value of at most 20 micrometers . 
In some embodiments , the first surface roughness and / or the 
second surface roughness have an arithmetic average of a 
roughness profile ( Ra ) value of at most 10 micrometers . In 
some embodiments , the first surface roughness and the 
second surface roughness are detectably different . In some 
embodiments , the three - dimensional object has no detect 
able mark that it underwent further processing after its 
printing . In some embodiments , the first roughness is at least 
2 times rougher than the second roughness . In some embodi 
ments , the first section comprises a first core portion and a 
first skin portion . In some embodiments , the first and second 
sections are ( e . g . , chemically ( e . g . , metallically ) ) bonded 
with each other . In some embodiments , the first section is 
characterized as being formed at a first solidification rate . In 
some embodiments , the second section is characterized as 
being formed at a second solidification rate that is slower 
than the first solidification rate . In some embodiments , the 
first section is characterized as being formed at a first 
solidification rate . In some embodiments , the second section 
is characterized as being formed at a second solidification 
rate that is faster than the first solidification rate . In some 
embodiments , the first section is characterized as being 
formed at a first solidification rate that is associated with a 
first cooling rate . In some embodiments , the second section 
is characterized as being formed at a second solidification 
rate that is associated with a second cooling rate ( e . g . , 
different than the first cooling rate ) . In some embodiments , 
the first section comprises first microstructure . In some 
embodiments , the second section comprises a second micro 
structure . In some embodiments , the first and second micro 
structure comprise melt pools or grains . In some embodi 
ments , the grains comprise a cell or a dendrite . In some 
embodiments , the grains comprise a crystal . In some 
embodiments , the grains comprise a metallurgical micro 
structure . In some embodiments , the first section includes a 
skin portion and a core portion . In some embodiments , the 
skin portion is characterized by an alignment line that runs 
through a central portion of a melt pool of the skin portion 
and / or along the exterior surface of the second section . In 
some embodiments , the second microstructure comprises 
grain structures that are aligned with respect to the align 
ment line . In some embodiments , the first section includes a 
skin portion and a core portion , wherein the skin portion is 
characterized by ( a ) a melt pool that defines an alignment 
line that runs through a central portion of the melt pool , and 
( b ) a plurality of grain structures of the melt pool that 
converge along the alignment line . In some embodiments , 
the grain structures converge at a non - zero angle . In some 
embodiments , the first section comprises a first set of grains . 
In some embodiments , the second section comprises a 
second set of grains . In some embodiments , grains of the 
second set have a different property than the first set . In some 
embodiments , the different property comprises : a fundamen - 
tal length scale , a chemical makeup , a crystal structure , a 
coherence length , a morphology , a metallurgical microstruc - 
ture , or an alignment . In some embodiments , the fundamen 

tal length scale comprises thickness or length . In some 
embodiments , the grains of the second set have a greater 
coherence length than the grains of the first set . In some 
embodiments , the grain of the second set are ( e . g . , on 
average ) about 1 . 5 times thicker than the grain of the first 
set . In some embodiments , the second section is character 
ized as having a high aspect ratio melt pool . In some 
embodiments , the high aspect ratio melt pool is character 
ized as having a greater depth than width . In some embodi 
ments , the layering plane is perpendicular to a stacking 
vector of the stacked layer . In some embodiments , the 
three - dimensional object comprises a skin . In some embodi 
ments , an exterior surface of the skin has a plurality of 
crescent - shaped ridges corresponding to overlapping tiles . 
In some embodiments , the first section is disposed at one 
side of the overhang portion . In some embodiments , the 
second section is disposed at an opposing side of the 
overhang portion . In some embodiments , the exterior sur 
face of the overhang portion comprises the first section and 
the second section that are disposed at a side of the overhang 
portion . In some embodiments , the first surface roughness is 
at least 2 times greater than the second surface roughness . 
[ 0047 ] In another aspect , a three - dimensional object com 
prises : a plurality of layers of hard material stacked layer 
wise and bonded together to form a shape of the three 
dimensional object , wherein a layer of the plurality of layers 
defines a layering plane , which plurality of layers comprises : 
a first section comprising a first microstructure associated 
with being formed at a first solidification rate ; and a second 
section is at least a portion of an overhang comprising : ( i ) 
second microstructure associated with being formed at a 
second solidification rate that is different from the first 
solidification rate , and ( ii ) an exterior surface corresponding 
to at least a fraction of an exterior surface of the three 
dimensional object , wherein an overhang vector at a point on 
the exterior surface of the second section is normal to a 
surface at the point in a direction towards an interior of the 
overhang , wherein a stacking vector corresponds to a stack 
ing direction of the plurality of layers , which stacking vector 
is normal to the layering plane , wherein the overhang vector 
has a positive projection onto the stacking vector , wherein 
the stacking direction of the plurality of layers is indicative 
from ( 1 ) any directional melt pool that is included in the 
plurality of layers , ( 2 ) a direction opposite from any auxil 
iary supports or auxiliary support marks , ( 3 ) a direction of 
a surface comprising hatch decomposition marking , ( 4 ) any 
asymmetric surface roughness , or ( 5 ) any directionality in 
grain orientation , indicative of print orientation . 
[ 0048 ] In some embodiments , the first section is charac 
terized as comprising the first microstructure and wherein 
the second section is characterized as comprising the second 
microstructure . In some embodiments , the first and second 
sections are coupled with each other . In some embodiments , 
the second solidification rate is slower than the first solidi 
fication rate . In some embodiments , the first microstructure 
and second microstructure each comprise a melt pool , or a 
grain structures . In some embodiments , the grain structure 
comprises a crystal . In some embodiments , the second 
section corresponds to a skin of the three - dimensional 
object . In some embodiments , the skin has a thickness 
ranging from about 20 micrometers to about 1000 microm 
eters . In some embodiments , the skin has corresponding to 
a fundamental length scale of a melt pool . In some embodi 
ments , the second section is characterized by an alignment 
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line that runs through a central portion of the melt pool 
and / or along the exterior surface of the second section . In 
some embodiments , the second microstructure comprises 
grain structures that are aligned with respect to the align 
ment line . In some embodiments , the grain structures are 
aligned at a non - zero angle relative to the alignment line . In 
some embodiments , the first section comprises a first set of 
grains . In some embodiments , the second section comprises 
a second set of grains . In some embodiments , grains of the 
second set have on average a different property than the first 
set comprising : a fundamental length scale , a chemical 
makeup , a crystal structure , a coherence length , a morphol 
ogy , a metallurgical microstructure , or an alignment . In 
some embodiments , the grains of the second set have a 
fundamental length scale that is on average about 1 . 5 times 
thicker than the grains of the first set . In some embodiments , 
the grains of the second set have a greater coherence length , 
fundamental length scale , and / or alignment . In some 
embodiments , the overhang vector forms an angle with the 
stacking vector that is at most about forty - five degrees , and 
at least about zero degrees . In some embodiments , the 
overhang vector forms an angle with the stacking vector that 
is at most about thirty degrees , and at least about zero 
degrees . In some embodiments , the overhang vector forms 
an angle with the stacking vector that is at most about ten 
degrees , and at least about zero degrees . In some embodi 
ments , the first and second sections are bonded with each 
other . In some embodiments , the first section has a first 
surface roughness and the second surface has a second 
surface roughness . In some embodiments , the first surface 
roughness and the second surface roughness have an arith 
metic average of a roughness profile ( Ra ) value of at most 
about 20 micrometers . In some embodiments , the first 
surface roughness and / or the second surface roughness have 
an arithmetic average of a roughness profile ( Ra ) value of at 
most 10 micrometers . In some embodiments , the first section 
has a first surface roughness and the second surface has a 
second surface roughness that is delectably different from 
the first surface roughness . In some embodiments , the first 
roughness is at least 2 times rougher than the second 
roughness . In some embodiments , the overhang is a three 
dimensional plane . In some embodiments , the overhang is a 
ledge . In some embodiments , the melt pool comprises a 
narrow bottom portion and a broader top portion . In some 
embodiments , the auxiliary support marks comprise a point 
of discontinuity of layer structure akin a foreign object . In 
some embodiments , the hatch decomposition marking 
relates to a hatch strategy that divides a top surface into 
segments . In some embodiments , two directly adjacent 
segments differ by at least in a hatching direction from one 
another . In some embodiments , the asymmetric surface 
roughness indicative of print orientation is caused by a print 
process in which the bottom surface has a different rough 
ness than the top surface . 
[ 0049 ] In another aspect , a three - dimensional object com 
prises : a plurality of layers of hardened material that are 
metallically bonded together , wherein a layer of the plurality 
of layers has a layering plane , wherein the plurality of layers 
comprises : a core portion comprising a first plurality of 
layers , which core portion comprises a first microstructure 
associated with being formed at a first solidification rate , and 
a skin portion that is metallically bonded with the core 
portion and comprising a second plurality of layers , 
wherein : ( i ) an exterior surface of the skin portion corre 

sponds to at least a fraction of an exterior surface of the 
three - dimensional object , and ( ii ) the skin portion is char 
acterized as having a second microstructure associated with 
being formed at a second solidification rate that is different 
than the first solidification rate , wherein a stacking vector is 
in a direction in which the plurality of layers were stacked 
together during formation of the three - dimensional object , 
wherein the skin portion is at least a portion of an overhang , 
wherein an overhang vector is normal to a surface at a point 
on the exterior surface of the skin portion and is in a 
direction of an inferior of the overhang , wherein the over 
hang vector has a positive projection onto the stacking 
vector , wherein a stacking direction of the plurality of layers 
is indicative from ( 1 ) any directional melt pool that is 
included in the plurality of layers , ( 2 ) a direction opposite 
from any auxiliary supports or auxiliary support marks , ( 3 ) 
a direction of a surface comprising hatch decomposition 
marking , ( 4 ) any asymmetric surface roughness indicative of 
print orientation , or ( 5 ) any directionality in an orientation of 
grains of the three - dimensional object . 
[ 0050 ] In some embodiments , the exterior surface of the 
skin portion comprises a plurality of scales corresponding to 
a plurality of overlapping tiles . In some embodiments , the 
three - dimensional object comprises an elemental metal , 
metal alloy , an allotrope of elemental carbon , a polymer , or 
a resin . In some embodiments , the first plurality of layers is 
aligned with the second plurality of layers . In some embodi 
ments , a second layer of the second plurality of layers is an 
extension of a corresponding first layer of the first plurality 
of layers . In some embodiments , the first solidification rate 
and the second solidification rate are associated with a first 
cooling rates and a second cooling rate of molten material . 
In some embodiments , the first solidification rate is faster 
than the second solidification rate . In some embodiments , 
the first solidification rate is slower than the second solidi 
fication rate . In some embodiments , the first microstructure 
comprises a first melt pool and / or a first grain . In some 
embodiments , the second microstructure comprise a second 
melt pool and / or a second grain . In some embodiments , the 
first grain comprises a first constituent and the second grain 
comprise a second constituent . In some embodiments , the 
first constituent differs from the second constituent in at least 
one aspect comprising : fundamental length scale , chemical 
makeup , crystal structure , metallurgical microstructure , or 
spatial placement in a melt pool . In some embodiments , the 
first constituent comprises a first crystal or a first metallur 
gical microstructure . In some embodiments , the second 
constituent comprises a second crystal or a second metal 
lurgical microstructure . In some embodiments , the metal 
lurgical microstructure comprises a dendrite or a cell . In 
some embodiments , the skin portion has a thickness of a 
melt pool in a layer of the skin portion In some embodi 
ments , the skin portion has a thickness equal to a funda 
mental length scale of a melt pool . In some embodiments , 
the skin portion has a thickness ranging from about 20 
micrometers to about 1000 micrometers . In some embodi 
ments , an alignment line runs parallel to an exposed surface 
of the skin portion , on the skin portion , or through a central 
portion of a melt pool of the skin portion , and a plurality of 
grain structures of the skin portion are aligned towards the 
alignment line or with respect to the alignment line . In some 
embodiments , the grains converge in a V - shape towards the 
alignment line . In some embodiments , a top of the V - shape 
is pointed in accordance with the stacking vector . In some 
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embodiments , the grain structures lean towards the align - 
ment line and form a non - zero angle with respect to the 
layering plane . In some embodiments , the skin portion 
comprises dendrites that are oriented substantially parallel to 
the alignment line . In some embodiments , substantially 
parallel comprises at an angle of at most about twenty 
degrees with respect to the alignment line . In some embodi 
ments , the skin portion comprises ( i ) a melt pool that defines 
an alignment line that runs through a central portion of the 
melt pool , and ( ii ) a plurality of grain structures that con 
verge along the alignment line . In some embodiments , the 
grain structures in the melt pool converge at a non - zero 
angle . In some embodiments , the core portion comprises a 
first set of grains . In some embodiments , the skin portion 
comprises a second set of grains . In some embodiments , 
grains of the second set have on average a fundamental 
length scale that is larger than grains of the first set . In some 
embodiments , the fundamental length scale comprises a 
width or a length . In some embodiments , grains of the 
second set are on average about 1 . 5 times thicker and / or 
longer than grains of the first set . In some embodiments , the 
skin portion is characterized by a plurality of tiles . In some 
embodiments , centers of two successive tiles are substan 
tially uniformly spaced apart from one another . In some 
embodiments , at least two adjacent tiles overlap with each 
other . In some embodiments , the skin portion corresponds to 
a bottom skin of an overhang structure of the three - dimen 
sional object . In some embodiments , a vector from a surface 
at a point on the exterior surface of the bottom skin intersects 
( a ) the layering plane or ( b ) a plane parallel to the layering 
plane , forms an angle with respect to the layering plane or 
with a line parallel to the layering plane . In some embodi 
ments , the angle is at least about sixty degrees and at most 
about ninety degrees . In some embodiments , the vector is 
directed into the overhang structure . In some embodiments , 
the exterior surface has a measured area surface roughness 
( Sa ) of at most about 20 micrometers . In some embodi 
ments , the exterior surface has a measured area surface 
roughness ( Sa ) of at most about 5 micrometers . In some 
embodiments , the core portion has substantially the same 
chemical composition as the skin portion . In some embodi 
ments , the exterior surface of the skin portion has a plurality 
of crescent - shaped ridges corresponding to overlapping 
tiles . In some embodiments , the overhang vector forms an 
angle with the stacking vector that is at most about forty - five 
degrees , and at least about zero degrees . In some embodi 
ments , the overhang vector forms an angle with the stacking 
vector that is at most about thirty degrees , and at least about 
zero degrees . In some embodiments , the overhang vector 
forms an angle with the stacking vector that is at most about 
ten degrees , and at least about zero degrees . 
[ 0051 ] In another aspect , a method of printing a three 
dimensional object comprises : ( a ) printing a target surface 
using a three - dimensional printing methodology in an enclo 
sure ; using an energy beam to irradiate in the enclosure a 
portion of the target surface comprising a material to a form 
a well comprising first material portion that is in a molten 
state and a second material portion that is ejected to form a 
hole of the well , which energy beam irradiates using a first 
power density profile ; and ( b ) irradiating the well with the 
energy beam in the enclosure using a second power density 
profile to close the hole and form a first melt pool that has 
a high aspect ratio as part of the three - dimensional object . 

[ 0052 ] In some embodiments , the first melt pool com 
prises a percentage of pores of at most ten ( volume of pore 
per volume of melt pool ) . In some embodiments , the first 
melt pool comprises a percentage of pores of at most five 
( volume of pore per volume of melt pool ) . In some embodi 
ments , the first melt pool comprises a percentage of pores of 
at most two ( volume of pore per volume of melt pool ) . In 
some embodiments , the energy beam is a type - 2 energy 
beam . In some embodiments , the type - 2 energy beam pro 
gresses along a trajectory in a step and move mode , wherein 
during the step , the type - 2 energy beam is stationary or 
substantially stationary . In some embodiments , the type - 2 
energy beam has a cross section of at least about 200 
micrometers . In some embodiments , the type - 2 energy beam 
has a power density of at most about 8000 Watts per 
millimeter square . In some embodiments , the energy beam 
is a type - 1 energy beam . In some embodiments , the type - 1 
energy beam is translating along a trajectory . In some 
embodiments , the type - 1 energy beam has a cross section 
that is below about 200 micrometers . In some embodiments , 
the type - 1 energy beam has a power density above about 
80000 Watts per millimeter square . In some embodiments , 
the method further comprises translating while irradiating 
the well with the energy beam from a first position located 
in the well , to a second position on the target surface that is 
adjacent to the well to subsequently form a laterally elon 
gated melt pool . In some embodiments , translating the 
energy beam comprises translating in a lateral direction . In 
some embodiments , comprises expanding the first material 
portion in the molten state in the lateral direction . In some 
embodiments , the target surface is an exposed surface of a 
material bed . In some embodiments , the target surface is an 
exposed surface of at least a section of the three - dimensional 
object . In some embodiments , the target surface is an 
exposed surface of a porous layer . In some embodiments , the 
target surface is an exposed surface of a densified porous 
layer . In some embodiments , the high aspect ratio comprises 
a depth of the first melt pool that is larger than an average 
radius of an exposed surface of the first melt pool . In some 
embodiments , a maximum power density of the second 
power density profile is lower than a maximum power 
density of the first power density profile . In some embodi 
ments , ejected comprises vaporized . In some embodiments , 
the second material portion that is ejected comprises plasma , 
molten spits , or evaporated material . In some embodiments , 
the three - dimensional printing methodology comprises lay 
erwise material deposition . In some embodiments , the well 
spans one or more layers of the three - dimensional object . In 
some embodiments , the well spans a plurality of layers of 
the three - dimensional object . In some embodiments , the 
target surface comprises a horizontally narrow portion of the 
three - dimensional object . In some embodiments , the target 
surface comprises an overhang tip . In some embodiments , 
the method further comprises repeating operations ( b ) to ( c ) 
to form a second melt pool adjacent to the first melt pool . In 
some embodiments , the second melt pool is identical or 
substantially identical to the first melt pool . In some embodi 
ments , the second melt pool is different than the first melt 
pool by at least one fundamental length scale . 
[ 0053 ] In another aspect , a system for printing at least one 
three - dimensional object comprises : an enclosure that is 
configured to accommodate a target surface that comprises 
a pre - transformed material ; an energy source that is config 
ured to generate an energy beam that energy beam to 
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irradiate a portion of the target surface to form a part of the 
at least one three - dimensional object , wherein the energy 
beam is operatively coupled to the enclosure ; and at least 
one controller that is operatively coupled to the energy 
beam , which at least one controller is collectively or sepa 
rately programmed to perform the following operations : 
operation ( i ) : direct the energy beam to irradiate in the 
enclosure a portion of the target surface comprising a 
material to a form a well comprising a first material portion 
that is molten and a second material portion that is ejected 
to form a hole of the well , which energy beam irradiates at 
a first power density profile , and operation ( ii ) direct the 
energy beam to irradiate the well in the enclosure at a second 
power density profile to close the hole and form a first melt 
pool that has a high aspect ratio as part of the at least one 
three - dimensional object . 
[ 0054 ] In another aspect , an apparatus for three - dimen 
sional printing of at least one three - dimensional object 
comprises at least one controller that is programmed to 
collectively or separately perform the following operations : 
operation ( a ) direct printing a target surface using a three 
dimensional printing methodology in an enclosure ; opera 
tion ( b ) direct an energy beam to irradiate in the enclosure 
a portion of the target surface comprising a material to a 
form a well comprising first material portion that is molten 
and a second material portion that is ejected to form a hole 
of the well , which energy beam irradiates at a first power 
density profile , wherein the energy beam is operatively 
coupled to the enclosure ; and operation ( c ) direct the energy 
beam to irradiate the well with the energy beam in the 
enclosure at a second power density profile to close the hole 
and form a first melt pool that has a high aspect ratio as part 
of the at least one three - dimensional object . 
0055 ] . In another aspect , a computer software product for 

three - dimensional printing of at least one three - dimensional 
object , comprises a non - transitory computer - readable 
medium in Which program instructions are stored , which 
instructions , when read by a computer , cause the computer 
to perform operations comprising : operation ( a ) directing 
printing a target surface using a three - dimensional printing 
methodology in an enclosure ; operation ( b ) directing an 
energy beam to irradiate in the enclosure a portion of the 
target surface comprising a material to a form a well 
comprising first material portion that is molten and a second 
material portion that is ejected to form a hole of the well , 
which energy beam irradiates at a first power density profile , 
wherein the energy beam is operatively coupled to the target 
surface ; and operation ( c ) directing the energy beam to 
irradiate the well with the energy beam in the enclosure at 
a second power density profile to close the hole and form a 
first melt pool that has a high aspect ratio as part of the at 
least one three - dimensional object . 
[ 0056 ] In another aspect , a method of printing a three 
dimensional object comprises : ( a ) providing a material bed 
comprising a pre - transformed material ; and ( b ) using an 
energy beam to transform a first portion of the pre - trans 
formed material to a form a layer of transformed material as 
a part of a sub - structure of the three - dimensional object , 
which layer transformed material comprises a plurality of 
melt pools having identical or substantially identical cross 
sectional sizes . 
100571 . In some embodiments , substantially identical com 
prise within fifteen percent of their fundamental length scale . 
In some embodiments , substantially identical comprise 

within ten percent of their fundamental length scale . In some 
embodiments , substantially identical comprise within five 
percent of their fundamental length scale . In some embodi 
ments , wherein a fundamental length scale of the melt pools 
comprises their respective ( i ) depth or ( ii ) radius of their 
exposed surfaces . In some embodiments , the method further 
comprises controlling at least one characteristic of the 
energy beam or of an energy source that generates the energy 
beam . In some embodiments , controlling comprises feed 
back , feed - forward , closed loop , or open loop control . In 
some embodiments , controlling comprises real time control 
during ( b ) . In some embodiments , real time comprises 
during formation of ( i ) the layer of transformed material , ( ii ) 
at least several melt pools of the plurality of melt pools , ( iii ) 
a single file of melt pools within the plurality of melt pools , 
or ( iv ) a melt pool within the plurality of melt pools . In some 
embodiments , the controlling comprises controlling a tem 
perature of exposed surfaces of one or more melt pools of 
the plurality of melt pools . In some embodiments , the 
controlling comprises controlling a radiation emitted or 
reflected from exposed surfaces of the one or more melt 
pools of the plurality of melt pools . In some embodiments , 
the controlling comprises sensing . In some embodiments , 
the sensing comprises optically or spectroscopically sensing . 
In some embodiments , the controlling comprises detecting . 
In some embodiments , the detecting comprises using at least 
one single pixel detector . In some embodiments , the detect 
ing comprises priding an electromagnetic radiation that is 
emitted and / or reflected from the exposed surfaces of the 
one or more melt pools of the plurality of melt pools , 
through an optical fiber that is operatively coupled to a 
detector . 
[ 0058 ] In another aspect , a system for printing a three 
dimensional object comprises : an enclosure that is config 
ured to accommodate pre - transformed material ; a first 
energy source that is configured to generate a first energy 
beam that transforms a first portion of the pre - transformed 
material to form a first section of the three - dimensional 
object , which first section comprises a first material char 
acteristic , wherein the first energy beam is operatively 
coupled to the enclosure ; a second energy source that is 
configured to generate a second energy beam that transforms 
a second portion of the pre - transformed material to form a 
second section of the three - dimensional object , which sec 
ond section comprises a second material characteristic that 
is different from the first material characteristic , wherein the 
second energy beam is operatively coupled to the enclosure ; 
and at least one controller that is operatively coupled to the 
first and second energy beams , which at least one controller 
is collectively or separately programmed to perform the 
following operation : operation ( i ) direct the first energy 
beam to transform the first portion of the pre - transformed 
material to a form a first section in a layer of the three 
dimensional object , operation ( ii ) direct the second energy 
beam to transform the second portion of the pre - transformed 
material to a form a second section in the layer of the 
three - dimensional object . 
[ 0059 ] In some embodiments , the first and second material 
characteristics comprise at least one of density , porosity , or 
microstructure . In some embodiments , the at least one 
controller is further programmed to control the material 
characteristics ( I ) in the first section , ( II ) in the second 
section , or both ( III ) in the first section and in the second 
section . In some embodiments , the microstructure comprises 
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metallurgical phase . In some embodiments , the microstruc 
ture comprises an average fundamental length scale of melt 
pools . In some embodiments , the first energy source and the 
second energy source are the same energy source . In some 
embodiments , the first energy source and the second energy 
source are different energy sources . In some embodiments , 
the first energy source and the second energy source are 
different energy beams . In some embodiments , the first 
energy beam and the second energy beam are the same 
energy beam that differ in at least one energy beam charac 
teristic . In some embodiments , the energy beam character 
istic comprises at least one of a velocity , a cross section , a 
power density , a fluence , a duty cycle , a dwell time , a focus , 
a delay time , or a continuity of movement . In some embodi 
ments , the first energy beam is configured to emit radiation 
having a smaller cross section as compared to the second 
energy beam . In some embodiments , the first energy beam 
is configured to irradiate at a higher power density as 
compared to the second energy beam . In some embodi 
ments , the first energy beam is configured to irradiate at a 
shorter dwell time at a position as compared to the second 
energy beam . In some embodiments , the first energy beam 
is configured to continuously move , whereas second energy 
beam is configured to be stationary and move interchange 
ably . In some embodiments , the first energy beam is con 
figured to be focused , whereas the second energy beam is 
configured to be de - focused . 
[ 0060 ] In another aspect , an apparatus for three - dimen 
sional printing of at least one three - dimensional object 
comprises at least one controller that is collectively or 
separately programmed to perform the following operations : 
operation ( i ) direct a first enemy beam to transform a first 
portion of a pre - transformed material to a form a first section 
in a layer of the at least one three - dimensional object , which 
first section comprises a first material characteristic , wherein 
the pre - transformed material is disposed in an enclosure , 
and ; and operation ( ii ) direct a second energy beam to 
transform a second portion of the pre - transformed material 
to a form a second section in the layer of the at least one 
three - dimensional object , which second section comprises a 
second material characteristic that is different from the first 
material characteristic , wherein the second energy beam is 
operatively coupled to the enclosure . 
[ 0061 ] In another aspect , printing a three - dimensional 
object comprises : printing a plurality of layers of trans 
formed material as part of the three - dimensional object , 
wherein printing at least one of the plurality of layers of 
transformed material comprises : ( a ) forming a core portion 
using a first energy beam that transforms a first pre - trans 
formed material to a first transformed material that hardens 
into a first hardened material at a first hardening rate ; and ( b ) 
forming a skin portion using a second energy beam that 
transforms a second pre - transformed material to a second 
transformed material that hardens into a second hardened 
material at a second hardening rate that is slower than the 
first hardening rate . 
[ 0062 ] In some embodiments , one or more of the plurality 
of layers of transformed material defines a layering plane . In 
some embodiments , an alignment line is substantially 
orthogonal to the layering plane and / or is parallel to an 
exposed surface of the skin . In some embodiments , grains of 
the second set of grains are aligned and / or lean towards the 
alignment line . In some embodiments , the first hardening 
rate results in formation of a first set of grains . In some 

embodiments , the second hardening rate results in formation 
of a second set of grains having at least one varied grain 
characteristic as compared to the first set of grains . In some 
embodiments , the first and second set of grains comprise 
metallurgical microstructures , or crystals . In some embodi 
ments , the at least one varied grain characteristic comprises 
an organization of crystal structure , crystal phase , grain 
types , material makeup , or average fundamental length scale 
( e . g . , width or length ) of the first and second set of grains . 
In some embodiments , the second hardened material com 
prises a surface , wherein a plurality of grain structures in the 
second set of grains are directed to an alignment line that is 
parallel to the surface and / or to the surface . In some embodi 
ments , the second hardened material comprises a melt pool . 
In some embodiments , the melt pool defines an alignment 
line that runs through a central portion of the melt pool . In 
some embodiments , a plurality of grain structures in the 
second set of grains converge along the alignment line . In 
some embodiments , one or more of the plurality of layers of 
transformed material defines a layering plane . In some 
embodiments , the alignment line is ( e . g . , substantially ) 
orthogonal to the layering plane . In some embodiments , the 
second set of grains has ( i ) more organized grains , and / or ( ii ) 
grains with a larger average fundamental length scale ( e . g . , 
width or length ) , as compared to respective ones of the first 
set of grains . In some embodiments , the more organized 
grains comprise larger coherence length or larger crystals . In 
some embodiments , the skin portion comprises an exterior 
surface corresponding to at least a fraction of an exterior 
surface of the three - dimensional object . In some embodi 
ments , ( b ) comprises forming at least one tile . In some 
embodiments , the second energy beam is substantially sta 
tionary during a dwell time . In some embodiments , ( b ) 
comprises forming a plurality of tiles by : ( I ) transforming 
the second pre - transformed material to the second trans 
formed material at a first position on a target surface using 
the second energy beam during a first time period to form a 
first tile , which first position is along a path - of - tiles , wherein 
during the first time period , the second energy beam is 
stationary or substantially stationary ( e . g . , such that it at 
most undergoes pendulum and / or circular movement about 
the first position ) ; ( II ) translating the second energy beam to 
a second position on the target surface along the path - of 
tiles , which second position is different from the first posi 
tion , wherein the second energy beam is translated during an 
intermission without transforming the second pre - trans 
formed material along the path - of - tiles ; and ( III ) repeating 
( I ) and ( II ) to an end of the path - of - tiles . In some embodi 
ments , the energy beam is irradiated in accordance with a 
power density profile characterized as having a ( e . g . , sub 
stantially ) constant power density period followed by a 
decreasing power density period . In some embodiments , the 
period in which the power density of the energy beam is 
decreasing occurs at an end of an irradiation time . In some 
embodiments , during an irradiation time of the second 
energy beam , a power density of the second energy beam is 
constant or pulsing . In some embodiments , the method 
further comprises forming a plurality of tiles by moving the 
second energy beam to different locations of the second 
pre - transformed material in accordance with a path . In some 
embodiments , the method further comprises turning off an 
energy source that generates the first energy beam during 
moving of the first energy beam between the different 
locations . In some embodiments , the tiles of the plurality of 
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tiles overlap with each other . In some embodiments , ( a ) 
comprises forming a plurality of hatches by continuously 
moving the first energy beam along a pre - transformed mate 
rial in accordance with a path . In some embodiments , the 
plurality of layers of transformed material comprises a first 
and second layer . In some embodiments , the first layer is 
characterized by a first melt pool that defines a first align 
ment line . In some embodiments , a second layer is charac 
terized by a second melt pool that defines a second align 
ment line . In some embodiments , the first alignment line is 
( e . g . , substantially ) parallel to the second alignment line . In 
some embodiments , the alignment line is ( e . g . , substantially ) 
parallel to a growth direction of the three - dimensional object 
during printing . In some embodiments , the core portion 
comprises a first grain . In some embodiments , the skin 
portion comprises a second grain that is longer than the first 
grain . In some embodiments , core portion comprises a 
plurality of first grains characterized as having a first aver 
age grain fundamental length scale . In some embodiments , 
the skin portion comprises a plurality of second grains 
characterized as having a second average grain fundamental 
length scale different than the first average grain fundamen 
tal length scale . In some embodiments , the first and second 
energy beams are generated by the same energy source . In 
some embodiments , the first and second energy beams are 
generated by different energy sources . In some embodi 
ments , printing the plurality of layers of transformed mate 
rial comprises forming a plurality of skin portions in accor 
dance with the exterior surface of a three - dimensional 
object . In some embodiments , at least one characteristic of 
the first energy beam is different than a respective at least 
one characteristic of the second energy beam . In some 
embodiments , the at least one characteristic of the first or 
second energy beam comprises translational speed , cross 
section , dwell time , intermission time , pulsing frequency , 
power density , power density profile over time , or transla 
tional scheme ( e . g . , tiling or hatching ) . In some embodi 
ments , a power density of the first energy beam is greater 
than a power density of the second energy beam . In some 
embodiments , a scan speed of the second energy beam 
slower than a scan speed of the first energy beam . 
[ 0063 ] In another aspect , printing a three - dimensional 
object comprises one or more controllers that are individu 
ally or collectively programmed to : direct a first energy 
beam and a second energy beam to print a plurality of layers 
of transformed material as part of the three - dimensional 
object , wherein the one or more controllers is programed to : 
( a ) direct the first energy beam to transforms a first pre 
transformed material to a first transformed material that 
hardens into a first hardened material at a first hardening rate 
to form a core portion ; and ( b ) direct the second energy beam 
to transform a second pre - transformed material to a second 
transformed material that hardens into a second hardened 
material at a second hardening rate that is slower than the 
first hardening rate to form a skin portion . 
10064 ] . In some embodiments , the one or more controllers 
is programed to direct the first energy beam to form the first 
transformed material having the first hardening rate that 
results in formation of a first set of grains . In some embodi 
ments , the at least one controller is programed to direct the 
second energy beam to form the second transformed mate 
rial having the second hardening rate results in formation of 
a second set of grains having at least one varied grain 
characteristic as compared to the first set of grains . In some 

embodiments , grains of the first and second set of grains 
comprise metallurgical microstructures , or crystals . In some 
embodiments , the at least one varied grain characteristic 
comprises an organization of crystal structure , crystal phase , 
grain types , material makeup , or average fundamental length 
scale ( e . g . , width or length ) of grains of the first and second 
set of grains . In some embodiments , the one or more 
controllers is programed to direct ( i ) a first energy source to 
generate the first energy beam , and ( ii ) direct a second 
energy source to generate the second energy beam . In some 
embodiments , the first energy source is the same as the 
second energy source . In some embodiments , the first energy 
source is different than the second energy source . In some 
embodiments , the one or more controllers controls at least 
one characteristic of the first energy beam , the second energy 
beam , the first energy source and / or the second energy 
source . In some embodiments , the one or more controllers 
controls at least one characteristic of the first energy beam 
and / or the second energy beam at least partially based on 
data from one or more sensors . In some embodiments , the 
one or more sensors collect temperature , optical , or spec 
troscopic data . In some embodiments , the one or more 
sensors detect electromagnetic radiation that is emitted 
and / or reflected from an exposed surface of one or more melt 
pools formed during ( a ) and / or ( b ) . In some embodiments , 
the one or more controllers directs feedback or closed loop 
control . In some embodiments , the one or more controllers 
directs feed - forward or open loop control . In some embodi 
ments , the one or more controllers is programmed to direct 
the second energy beam to form at least one tile during 
directing the second energy beam in ( b ) . In some embodi 
ments , forming the at least one tile comprises directing the 
second energy beam at the second pre - transformed material 
for a dwell time of at least about 0 . 1 milliseconds . In some 
embodiments , the one or more controllers is programed to 
direct a substantially stationary energy beam during the 
dwell time ( e . g . , wherein substantially stationary comprises 
movement ( e . g . , circular or pendulum ) that does not exceed 
a fundamental length scale of a footprint of the second 
energy beam on the second pre - transformed material about 
a point ) . In some embodiments , the one or more controllers 
is programmed to direct the second energy beam to form a 
plurality of tiles by moving the second energy beam to 
different locations of a pre - transformed material in accor 
dance with a path . In some embodiments , the one or more 
controllers is programmed to direct turning off an energy 
source that generates the second energy beam during mov 
ing of the second energy beam between the different loca 
tions . In some embodiments , the one or more controllers is 
programmed to direct the same energy source to generate the 
first and second energy beams . In some embodiments , the 
one or more controllers is programmed to direct different 
energy sources to generate the first and second energy 
beams . In some embodiments , the one or more controllers 
includes at least two controllers . In some embodiments , the 
one or more controllers is programmed to direct the first and 
second energy beams to have different power densities . In 
some embodiments , a power density of the second energy 
beam is greater than a power density of the first energy 
beam . In some embodiments , a power density of the second 
energy beam is lower than a power density of the first energy 
beam . In some embodiments , the one or more controllers is 
programmed to direct adjusting one or more characteristics 
of the first energy beam and / or the second energy beam 
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before , during or after directing the first energy beam in ( a ) 
and / or directing the second energy beam in ( b ) . In some 
embodiments , the one or more characteristics comprise 
translational speed , cross section , dwell time , intermission 
time , pulsing frequency , power density , power density pro 
file over time , or translational scheme ( e . g . , tiling or hatch 
ing ) . In some embodiments , the one or more characteristics 
of the first energy beam and / or the second energy beam is 
adjusted to accomplish a different solidification rate during 
directing the second energy beam in ( b ) compared to during 
directing the first energy beam in ( a ) . 
[ 0065 ] In another aspect , a method for printing a three 
dimensional object comprises : ( a ) using a first energy beam 
to transform a first portion of a pre - transformed material to 
a form a first section in a layer of the three - dimensional 
object , which first section comprises a first material char 
acteristic , wherein the pre - transformed material is disposed 
in an enclosure , and wherein the first energy beam is 
operatively coupled to the enclosure ; and ( b ) using a second 
energy beam to transform a second portion of the pre 
transformed material to a form a second section in the layer 
of the three - dimensional object , which second section com 
prises a second material characteristic that is different from 
the first material characteristic , wherein the second energy 
beam is operatively coupled to the enclosure . 
[ 0066 ] In another aspect , a computer software product for 
three - dimensional printing of at least one three - dimensional 
object , comprises a non - transitory computer - readable 
medium in which program instructions are stored , which 
instructions , when read by a computer , cause the computer 
to perform operations comprising : operation ( a ) directing a 
first energy beam to transform a first portion of a pre 
transformed material to a form a first section in a layer of the 
at least one three - dimensional object , which first section 
comprises a first material characteristic , wherein the pre 
transformed material is disposed in an enclosure , and 
wherein the first energy beam is operatively coupled to the 
enclosure ; and operation ( b ) directing a second energy beam 
to transform a second portion of the pre - transformed mate 
rial to a form a second section in the layer of the at least one 
three - dimensional object , which second section comprises a 
second material characteristic that is different from the first 
material characteristic , wherein the second energy beam is 
operatively coupled to the enclosure . 
[ 0067 ] In another aspect , a method for printing a three 
dimensional object , the method comprises : transforming at 
least a portion of a first hardened material to a second 
hardened material by directing an energy beam along a path 
on an exposed surface of the first hardened material , the at 
least a portion of the first hardened material having a first 
density , wherein transforming comprises generating one or 
more melt pools in the at least a portion of the first hardened 
material , wherein the second hardened material has a second 
density greater than the first density of the first hardened 
material . 
[ 0068 ] In some embodiments , the first hardened material 
is generated by transforming a pre - transformed material to 
one or more layers of a transformed material as part of the 
first hardened material . In some embodiments , the pre 
transformed material comprises elemental metal , metal 
alloy , ceramic , or an allotrope of elemental metal . In some 
embodiments , the pre - transformed material comprises a 
particulate material . In some embodiments , the energy beam 
is a second energy beam , the method further comprises , prior 

to directing the second energy beam , using a first energy 
beam to transform a pre - transformed material to a trans 
formed material as part of the first hardened material . In 
some embodiments , the method further comprises prior to 
directing the second energy beam , forming the first hardened 
material by directing a first energy beam on an exposed 
surface of a material bed that includes the pre - transformed 
material . In some embodiments , the first energy beam has 
the same energy density as the second energy beam . In some 
embodiments , the first energy beam has different energy 
density than the second energy beam . In some embodiments , 
the at least a portion comprises one or more layers of 
hardened material . In some embodiments , the at least a 
portion comprises a plurality of layers . In some embodi 
ments , the plurality of layers comprises successive layers . In 
some embodiments , the one or more melt pools are succes 
sively formed . In some embodiments , the one or more melt 
pools is characterized as having an isotropic aspect ratio or 
a non - isotropic aspect ratio . In some embodiments , the 
non - isotropic aspect ratio is a high aspect ratio . In some 
embodiments , the first density is at most about 94 . 5 % . In 
some embodiments , the second density is at least about 95 % . 
In some embodiments , the second density is at least about 
99 . 5 % . In some embodiments , the second density is at least 
about 99 . 9 % . In some embodiments , the first hardened 
material has a first surface roughness and the second hard 
ened material has a second surface roughness that is lower 
than the first surface roughness of the first hardened mate 
rial . In some embodiments , the second surface roughness is 
measured as having an Ra of less than about 40 um . In some 
embodiments , the second surface toughness is measured at 
having an Ra of less than about 20 um . In some embodi 
ments , the method further comprises : before directing the 
energy beam , placing a pre - transformed material on the first 
hardened material . In some embodiments , the pre - trans 
formed material is ( i ) transformed during transformation of 
the at least a portion of a first hardened material to a second 
hardened material , and ( ii ) contacts the at least a portion of 
the first hardened material to form the second hardened 
material . In some embodiments , the portion of the first 
hardened material comprises from 2 to 15 layers . In some 
embodiments , prior to directing the energy beam , the at least 
a portion of the first hardened material has a vertical height 
of at least about 500 micrometers . In some embodiments , an 
average depth of the one or more melt pools is at least about 
1 . 5 times larger than an average width of a vertical cross 
section of the one or more melt pools . In some embodiments , 
the method further comprises after directing the energy 
beam , forming one or more additional layers of a third 
hardened material on the second hardened material . In some 
embodiments , the at least a portion of the first hardened 
material is part of a horizontally non - overlapping portion of 
the part . In some embodiments , the horizontally non - over 
lapping portion forms at least a segment of an overhang or 
a cavity ceiling as part of the three - dimensional object . In 
some embodiments , the overhang or cavity ceiling forms an 
angle with respect to a platform adjacent to which a material 
bed is disposed , wherein the angle is ( i ) from zero to thirty 
degrees or ( ii ) from 150 to 180 degrees . In some embodi 
ments , the angle is ( i ) from zero to fifteen degrees or ( ii ) 
from 175 to 180 degrees . In some embodiments , the first 
hardened material comprises an elemental metal , metal 
alloy , ceramic , or an allotrope of elemental metal . 
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[ 0069 ] In another aspect , an apparatus for three - dimen - 
sional printing of at least one three - dimensional object 
comprises at least one controller that is collectively or 
separately programmed to direct an energy beam to trans 
form at least a portion of a first hardened material to a second 
hardened material , the at least a portion of the first hardened 
material having a first density , wherein transforming com 
prises generating one or more melt pools in the at least a 
portion of the first hardened material , wherein directing the 
energy beam to transform comprises directing the energy 
beam along a path on an exposed surface of the first 
hardened material , and wherein the second hardened mate 
rial has a second density greater than the first density of the 
first hardened material . 
[ 0070 ] In some embodiments , the energy beam comprises 
an electromagnetic or charged particle beam . In some 
embodiments , the energy beam comprises a laser beam . In 
some embodiments , the first density is at most about 94 % . 
In some embodiments , the second density is at least about 
95 % . In some embodiments , the at least a portion of the first 
hardened material has a first surface roughness , and wherein 
the second hardened material has a second surface rough 
ness that is less than the first surface roughness of the first 
hardened material . In some embodiments , the second sur 
face roughness is measured as having an Ra of less than 
about 40 micrometers . In some embodiments , the second 
surface roughness is measured at having an Ra of less than 
about 20 micrometers . In some embodiments , the at least 
one controller is further configured to direct disposal of a 
pre - transformed material layer on the first hardened material 
prior to directing the energy beam to transform the at least 
the portion of the first hardened material to the second 
hardened material . In some embodiments , during transfor 
mation of the at least the portion of the first hardened 
material to the second hardened material , the at least one 
controller further directs the energy beam to transform the 
pre - transformed material to a transformed material that 
forms a part of the second hardened material . In some 
embodiments , the energy beam is a second energy beam , and 
wherein at least one controller is further configured to direct 
a first energy beam to transform a pre - transformed material 
to a transformed material to form the first hardened material . 
In some embodiments , the first hardened material is formed 
in a layerwise fashion . In some embodiments , the first 
energy beam and the second energy beam are different . In 
some embodiments , the first energy beam and the second 
energy beam are the same energy beam . In some embodi 
ments , the first energy beam and the second energy beam 
originate from the same energy source . In some embodi 
ments , the first energy beam and the second energy beam 
originate from the different energy sources . In some embodi 
ments , the first hardened material has an average density of 
at most about 60 % . In some embodiments , the first hardened 
material has an average density of at most about 90 % . In 
some embodiments , the first hardened material comprises 
between 2 and 15 layers . In some embodiments , the first 
hardened material ( e . g . , a layer of hardened material ) has a 
thickness of about 100 micrometers and 800 micrometers . In 
some embodiments , an average depth of the one or more 
melt pools is larger than an average width of a vertical cross 
section of the one or more melt pools , which larger is by at 
least about 1 . 5 times . In some embodiments , the at least one 
controller is further configured to direct formation of one or 
more layers of additional hardened material on the second 

hardened material . In some embodiments , the one or more 
layers of additional hardened material are part of a horizon 
tally non - overlapping portion as part of the at least one 
three - dimensional object . In some embodiments , the hori 
zontally non - overlapping portion forms at least a segment of 
an overhang or a cavity ceiling . In some embodiments , the 
overhang or cavity ceiling form an angle with an exposed 
surface of a material bed and / or with a platform above which 
the material bed is disposed , wherein the angle is from zero 
to thirty degrees . In some embodiments , the angle is from 
zero to fifteen degrees . In some embodiments , the overhang 
or cavity ceiling forms an angle with respect to a platform 
adjacent to which a material bed is disposed , wherein the 
angle is ( i ) from zero to thirty degrees or ( ii ) from 150 to 180 
degrees . In some embodiments , the angle is ( i ) from zero to 
fifteen degrees or ( ii ) from 175 to 180 degrees . In some 
embodiments , the at least one controller comprise a control 
scheme . In some embodiments , the at least one controller 
comprise a control scheme , wherein the control scheme 
comprises open loop or closed loop control . In some 
embodiments , the at least one controller comprise a control 
scheme , wherein the control scheme comprises feedback or 
feed forward control . In some embodiments , the at least one 
controller comprise a control scheme , wherein the control 
scheme uses a signal from at least one sensor . In some 
embodiments , the at least one controller comprise a control 
scheme , wherein the control scheme uses a signal from at 
least one sensor , wherein the sensor measures one or more 
properties of a surface portion that is irradiated by the first 
and / or second energy beam or a vicinity of that surface 
portion . In some embodiments , the at least one controller 
comprise a control scheme , wherein the control scheme uses 
a signal from at least one sensor , wherein the sensor mea 
sures one or more properties of a surface portion that is 
irradiated by the first and / or second energy beam or a 
vicinity of that surface portion , wherein the vicinity is at 
most about six diameters of a cross section of the first and / or 
second energy beam . In some embodiments , the at least one 
controller comprise a control scheme , wherein the control 
scheme uses a signal from at least one sensor , wherein the 
sensor measures one or more properties of a surface portion 
that is irradiated by the first and / or second energy beam or 
a vicinity of that surface portion , wherein the vicinity is at 
most about six FLS of the surface portion that is irradiated 
by the first and / or second energy beam . In some embodi 
ments , the at least one controller comprise a control scheme , 
wherein the control scheme comprises an algorithm . In some 
embodiments , the at least one controller comprise a control 
scheme , wherein the control scheme comprises an algo 
rithm , wherein the algorithm includes thermo - mechanical , 
or geometric properties of the at least the portion of the first 
hardened material and / or the second hardened material . In 
some embodiments , the at least one controller comprise a 
control scheme , wherein the control scheme comprises an 
algorithm , wherein the algorithm includes material proper 
ties of the at least the portion of the first hardened material 
and / or the second hardened material . In some embodiments , 
the at least one controller comprise a control scheme , 
wherein the control scheme comprises an algorithm , 
wherein the algorithm includes material properties of the at 
least the portion of the first hardened material and / or the 
second hardened material . 
[ 0071 ] In another aspect , a three - dimensional object com 
prises : a plurality of layers of hard material that are stacked 
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and bonded together to form a shape of the three - dimen 
sional object , which plurality of layers of hardened material 
comprises : a core characterized as having a first microstruc 
ture comprising a first plurality of grains associated with 
being formed at a first solidification rate ; and a skin portion 
coupled with the core , which skin portion comprises : ( i ) a 
second microstructure comprising a second plurality of 
grains associated with being formed at a second solidifica 
tion rate that is different than the first solidification rate , and 
( ii ) an exterior surface corresponding to at least a fraction of 
an exterior surface of the three - dimensional object . 
[ 0072 ] In some embodiments , a layer of the skin portion 
comprises a melt pool which is a width of the skin . In some 
embodiments , the skin portion is at least a fraction of the 
skin of the three - dimensional object . In some embodiments , 
grains of the second plurality of grains are aligned and grains 
of the first plurality of grains are misaligned . In some 
embodiments , the skin comprises at least one melt pool that 
defines an alignment line that runs through a central portion 
of the at least one melt pool . In some embodiments , the 
alignment line is parallel to or at the exterior surface . In 
some embodiments , with respect to the alignment line : the 
second plurality of grains are aligned , and the first plurality 
of grains are misaligned . In some embodiments , the first or 
second plurality of grains comprises a crystal . In some 
embodiments , the first or second plurality of grains com 
prises a metallurgical microstructure . In some embodiments , 
the metallurgical microstructure comprises a dendrite or a 
cell . In some embodiments , the first or second plurality of 
grains align at a non - zero angle along , the alignment line . In 
some embodiments , the first plurality of grains is different 
from the second plurality of grains by at least one aspect 
comprising a fundamental length scale , chemical makeup , 
crystal structure , metallurgical microstructure , coherence 
length , grain size , or spatial placement relative to the align 
ment line . In some embodiments , the second plurality of 
grains have a larger fundamental length scale , coherence 
length , grain size , and / or more organized spatial placement 
relative to the alignment line compared to the first plurality 
of grains . In some embodiments , the first microstructure is 
characterized by a first grain . In some embodiments , the 
second microstructure is characterized by a second grain that 
has at least one aspect that is different from the first grain . 
In some embodiments , the aspect comprises a fundamental 
length scale , chemical makeup , crystal structure , metallur 
gical microstructure , or spatial placement in a melt pool 
relative to the alignment line . In some embodiments , the 
fundamental length scale comprises a length or a width . In 
some embodiments , the first microstructure is characterized 
by a first set of grains . In some embodiments , the second 
microstructure is characterized by a second set of grains . In 
some embodiments , an average length and / or width of the 
second set of grains that is longer and / or wider respectively 
than an average length of the first set of grains . In some 
embodiments , an average fundamental length scale of the 
second set of grains is about 1 . 5 times greater than an 
average fundamental length scale of the first set of grains . In 
some embodiments , the core is an interior of the three 
dimensional object . In some embodiments , the skin is ( e . g . , 
chemically ( e . g . , metallically ) ) bonded with the core . In 
some embodiments , the skin has a thickness ranging from 
about 20 micrometers to about 1000 micrometers . In some 
embodiments , the thickness ranges from about 20 microm - 
eters to about 400 micrometers . In some embodiments , the 

skin comprises at least one melt pool . In some embodiments , 
the skin has a thickness of at most about twice a width of the 
at least one melt pool . In some embodiments , the second 
solidification rate is slower than the first solidification rate . 
In some embodiments , second solidification rate is faster 
than the first solidification rate . In some embodiments , the 
first solidification rate is associated with a first cooling rate . 
In some embodiments , the second solidification rate is 
associated with a second cooling rate different than the first 
cooling rate . In some embodiments , the core comprises a 
first set of melt pools . In some embodiments , the skin 
comprises a second set of melt pools . In some embodiments , 
an orientation of the second set of grains is with respect to 
the second set of melt pools and / or the exterior surface of the 
skin . In some embodiments , melt pools of the second set of 
melt pools are aligned with the exterior surface of the skin . 
In some embodiments , the exterior surface of the skin has an 
area surface roughness ( Sa ) of at most about 50 microm 
eters . In some embodiments , the exterior surface of the skin 
has an area surface roughness ( Sa ) of at most about 20 
micrometers . In some embodiments , the exterior surface of 
the skin has an area surface roughness ( Sa ) of at most about 
10 micrometers . In some embodiments , the skin is charac 
terized by a plurality of tiles . In some embodiments , centers 
of adjacent ( e . g . , successive ) tiles are ( e . g . , substantially ) 
uniformly spaced apart from one another . In some embodi 
ments , at least two adjacent ( e . g . , successive ) tiles overlap 
with each other . In some embodiments , the centers of 
adjacent tiles are spaced apart a distance ranging between 
about 10 micrometers and about 500 micrometers . In some 
embodiments , the skin comprises a melt pool comprising a 
curved bottom portion indicative of a stacking vector in 
which the plurality of layers are bonded together . In some 
embodiments , the stacking vector is ( e . g . , substantially ) 
perpendicular to a layering plane of the three - dimensional 
object . In some embodiments , the melt pool defines an 
alignment line that runs through a central portion of the melt 
pool . In some embodiments , the stacking vector is ( e . g . , 
substantially ) parallel to the alignment line . In some 
embodiments , crystal structures of the melt pool converge in 
a V - shape . In some embodiments , a top of the V - shape is 
pointed in accordance with the stacking vector . In some 
embodiments , the exterior surface of the skin has a plurality 
of crescent - shaped ridges corresponding to overlapping 
tiles . 
[ 0073 ] In another aspect , a three - dimensional object com 
prises : a core comprising a first plurality of layers of 
hardened material characterized as having a first microstruc 
ture associated with being formed at a first solidification 
rate ; and a skin coupled with the core and comprising a 
second plurality of layers of hardened material , wherein : ( i ) 
an exterior surface of the skin corresponds to at least a 
fraction of an exterior surface of the three - dimensional 
object , and ( ii ) the second , plurality of layers of hardened 
material is characterized as having a second microstructure 
associated with being formed at a second , solidification rate 
that is different than the first solidification rate . 
[ 0074 ] In some embodiments , the first solidification rate is 
associated with a cooling rate of the first hardened material . 
In some embodiments , the second solidification rate is 
associated with a cooling rate of the second hardened 
material . In some embodiments , the first solidification rate is 
slower than the second solidification rate . In some embodi 
ments , the first solidification rate is faster than the second 
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solidification rate . In some embodiments , the first micro - 
structure comprises a first melt pool or a first grain . In some 
embodiments , the second microstructure comprise a second 
melt pool or a second grain . In some embodiments , the first 
grain comprises a first constituent and wherein the second 
grain comprises a second constituent . In some embodiments , 
the first constituent differs from the second constituent in at 
least one aspect comprising : fundamental length scale , 
chemical makeup , crystal structure , metallurgical micro 
structure , or spatial placement in a melt pool . In some 
embodiments , the first constituent comprises a first crystal or 
a first metallurgical microstructure . In some embodiments , 
the second constituent comprises a second crystal or a 
second metallurgical microstructure . In some embodiments , 
the metallurgical microstructure comprises a dendrite , or a 
cell . In some embodiments , the skin has a thickness ranging 
from about 20 micrometers to about 1000 micrometers . In 
some embodiments , grains of the second microstructure of 
the skin are more organized as compared to grains of the first 
microstructure of the core . In some embodiments , grains of 
the second microstructure of the skin aligned with respect to 
( i ) the exterior surface of the skin and / or ( ii ) an interior of 
a melt pool . In some embodiments , the skin comprises ( i ) a 
melt pool that defines an alignment line that runs parallel to 
the exterior surface of the skin and / or through a central 
portion of the melt pool , and ( ii ) a plurality of grain 
structures that are directed to ( e . g . , converge towards ) the 
alignment line . In some embodiments , grains of the second 
microstructure are aligned at an angle with respect to the 
alignment line . In some embodiments , the first or second 
grain comprises dendrite , or cell . In some embodiments , 
adjacent layers of the first and second plurality of layers are 
chemically ( e . g . , metallically ) bonded with one another . In 
some embodiments , the skin has a thickness ranging from 
about 20 micrometers to about 400 micrometers . In some 
embodiments , the skin is characterized by ( i ) a melt pool that 
defines an alignment line that runs through a central portion 
of the melt pool , and ( ii ) a plurality of grain structures that 
converge along the alignment line . In some embodiments , at 
least two of the plurality of grain structures in the melt pool 
converge at a non - zero angle . In some embodiments , the 
core comprises a first set of grains . In some embodiments , 
the skin comprises a second set of grains . In some embodi 
ments , grains of the second set have a larger fundamental 
length scale ( e . g . , on average ) than grains of the first set . In 
some embodiments , the fundamental length scale comprises 
a width or a length . In some embodiments , the skin is ( e . g . , 
chemically ( e . g . , metallically ) ) bonded with the core . In 
some embodiments , the skin comprises dendrites that are 
oriented substantially parallel to the alignment line . In some 
embodiments , substantially parallel comprises at an angle of 
at most about twenty degrees with respect to the alignment 
line . In some embodiments , grains of the second set are ( e . g . , 
on average ) about 1 . 5 times thicker than grains of the first 
set . In some embodiments , the first and second plurality of 
layers comprise a metal . In some embodiments , the metal 
comprises an elemental metal or a metal alloy . In some 
embodiments , the metal alloy is an iron comprising alloy , a 
nickel comprising alloy , a cobalt comprising allow , a chrome 
comprising alloy , a cobalt chrome comprising alloy , a tita 
niun comprising alloy , a magnesium comprising alloy , or a 
copper comprising alloy . In some embodiments , the three 
dimensional object comprises a plurality of stacked layers of 
hardened material . In some embodiments , stacked layers are 

bound together to form a shape of the three - dimensional 
object . In some embodiments , the skin is characterized by a 
plurality of tiles . In some embodiments , centers of adjacent 
tiles are ( e . g . , substantially ) uniformly spaced apart from one 
another . In some embodiments , at least two adjacent tiles 
overlap with each other . In some embodiments , the centers 
of adjacent tiles are spaced apart a distance ranging between 
about 10 micrometers and about 500 micrometers . In some 
embodiments , the centers of adjacent tiles are spaced apart 
a distance ranging between about 50 micrometers and about 
500 micrometers . In some embodiments , a layering plane is 
defined between two successive layers of the first and / or 
second plurality of layers . In some embodiments , the skin is 
a bottom skin of an overhang structure of the three - dimen 
sional object . In some embodiments , a vector normal to a the 
exterior surface of the bottom skin that intersects ( 1 ) the 
layering plane or to ( 2 ) a plane parallel to the layering plane , 
forms an angle with respect to the layering plane or with a 
line parallel to the layering plane that intersects with the 
vector . In some embodiments , the angle is at least about 
sixty degrees at most about ninety degrees , wherein the 
vector is directed towards the skin . In some embodiments , 
angle is no greater than about ten degrees . In some embodi 
ments , the exterior surface has a measured area surface 
roughness ( Sa ) at most about 20 micrometers . In some 
embodiments , the exterior surface has a measured area 
surface roughness ( Sa ) at most about 5 micrometers . In some 
embodiments , the core has the same or substantially the 
same chemical composition as the skin . In some embodi 
ments , the exterior surface of the skin has a plurality of 
crescent - shaped ridges corresponding to overlapping tiles . 
[ 0075 ] In another aspect , a three - dimensional object com 
prises : a plurality of layers of hardened material that are 
bonded together to form a shape of the three - dimensional 
object , wherein the plurality of layers comprises : an interior 
( e . g . , core ) portion of the three - dimensional object ; and a 
skin portion that is bonded with the interior portion and 
comprising a second plurality of layers , wherein : ( i ) an 
exterior surface of the skin portion corresponds to at least a 
fraction of an exterior surface of the three - dimensional 
object , and ( ii ) the exterior surface of the skin portion 
comprises a repetitive microstructure ( e . g . , a micro - texture 
of two - dimensional array of periodic peaks and valleys ) . 
[ 0076 ] In some embodiments , the repetitive microstruc 
ture is repetitive in a layer of hardened material . In some 
embodiments , the array is periodic in at least one dimension . 
In some embodiments , the array is periodic along a layer of 
the hard material . In some embodiments , the repetitive 
microstructure comprises a series of peaks and valleys . In 
some embodiments , the array is locally repetitive on the 
exterior surface of the skin . In some embodiments the array 
is repetitive in both of its two - dimensions . In some embodi 
ments , a depth of a valley ( e . g . , or an average depth of a 
number of valleys ) is at most about 20 micrometers . In some 
embodiments , the two - dimensional array comprises over 
lapping tiles of deposited material . In some embodiments , 
the overlapping tiles appear as crescent shapes . In some 
embodiments , the valley immediately follows a peak . In 
some embodiments , the repetitive microstructure is sequen 
tially repetitive . In some embodiments , the repetitive micro 
structure corresponds to scales . In some embodiments , the 
scales are overlapping and appear as crescent shapes . In 
some embodiments , the overlapping tiles are arranged in 
rows of tiles . In some embodiments , adjacent tiles in a row 
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overlap by at least about five percent . In some embodiments , 
adjacent tiles in a row overlap by at most about 98 percent . 
In some embodiments , centers of adjacent tiles in a row are 
a distance of at least about 5 micrometers . In some embodi 
ments , centers of adjacent tiles in a row are at a distance of 
at most about 1000 micrometers . In some embodiments , a 
first row of tiles overlaps with tiles of a second row of tiles 
that is successive to the first row of tiles . In some embodi 
ments , the first row of tiles overlaps with the second row of 
tiles by at least about five percent . In some embodiments , the 
first row of tiles overlaps with the second row of tiles by at 
most about 98 percent . In some embodiments , a distance 
between a center of a first tile of the first row of tiles and a 
center of a second tile of the second row of tiles is at least 
about 5 micrometers . In some embodiments , a distance 
between a center of a first tile of the first row of tiles and a 
center of a second tile of the second row of tiles is at most 
about 1000 micrometers . In some embodiments , tiles within 
the first row of tiles overlap by a first distance . In some 
embodiments , tiles of the first row of tiles overlap with tiles 
of the second row of tiles by a second distance greater than 
the first distance . In some embodiments , tiles within the first 
row of tiles overlap by a first distance . In some embodi 
ments , tiles of the first row of tiles overlap with tiles of the 
second row of tiles by a second distance less than the first 
distance . In some embodiments , the overlapping tiles have 
an average fundamental length scale of a least about 50 
micrometers . In some embodiments , the overlapping tiles 
have an average fundamental length scale of a most about 
1000 micrometers . In some embodiments , the interior por 
tion is characterized as having a first grain structure asso 
ciated with being formed at a first solidification rate . In some 
embodiments , the skin portion is characterized as having a 
second grain structure associated with being formed at a 
second solidification rate that is different than the first 
solidification rate . In some embodiments , the first solidifi 
cation rate is greater than the second solidification rate . In 
some embodiments , the first solidification rate is less than 
the second solidification rate . In some embodiments , the 
exterior surface of the skin portion has an area surface 
roughness ( Sa ) of at most about 30 micrometers . In some 
embodiments , the exterior surface of the skin portion has an 
area surface roughness ( Sa ) of at most about 10 microm 
eters . In some embodiments , the skin portion and the interior 
portion are metallically bonded with each other . In some 
embodiments , the skin portion comprises a melt pool that 
defines an alignment line that runs through a central portion 
of the melt pool . In some embodiments , the melt pool 
comprises grain structures that converge along the alignment 
line in the melt pool . In some embodiments , the grain 
structures comprise at least one crystal . In some embodi 
ments , the grain structures converge at a non - zero angle 
along the alignment line . In some embodiments , the melt 
pool comprises a curved bottom portion indicative of a 
stacking vector in which the plurality of layers are bonded 
together . In some embodiments , the grain structures con 
verge in a V - shape such that a top of the V - shape is pointed 
in accordance with the stacking vector . In some embodi 
ments , the interior portion comprises a first plurality of 
grains and wherein the skin portion comprises a second 
plurality of grains . In some embodiments , grains of the 
second plurality of grains are aligned and grains of the first 
plurality of grains are misaligned . In some embodiments , the 
interior portion comprises a first plurality of grains and 

wherein the skin portion comprises a second plurality of 
grains . In some embodiments , an alignment line that runs 
through a central portion of a melt pool of the skin , or is 
parallel to , or at , the exterior surface of the skin . In some 
embodiments , with respect to the alignment line : the second 
plurality of grains are aligned , and the first plurality of grains 
are misaligned . In some embodiments , the second plurality 
of grains align at a non - zero angle along the alignment line . 
In some embodiments , the first plurality of grains is different 
from the second plurality of grains by at least one aspect 
comprising a fundamental length scale , chemical makeup , 
crystal structure , metallurgical microstructure , coherence 
length , grain size , or spatial placement relative to the align 
ment line . In some embodiments , the second plurality of 
grains have a larger fundamental length scale , coherence 
length , grain size , and / or more organized spatial placement 
relative to the alignment line . In some embodiments , the 
interior portion comprises a first grain . In some embodi 
ments , the skin portion comprises a second grain that has at 
least one aspect that is different from the first grain . In some 
embodiments , the aspect comprises a fundamental length 
scale , chemical makeup , crystal structure , metallurgical 
microstructure , or spatial placement in a melt pool relative 
to the alignment line . 
[ 0077 ] In another aspect , an apparatus for printing one or 
more 3D objects comprises a controller that is programmed 
to direct a mechanism used in a three - dimensional priming 
methodology to implement ( e . g . , effectuate the method 
disclosed herein , wherein the controller is operatively 
coupled to the mechanism . 
[ 0078 ] 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 to direct a 
mechanism used in the three - dimensional priming process to 
implement ( e . g . , effectuate ) any of the method disclosed 
herein , wherein the non - transitory computer - readable 
medium is operatively coupled to the mechanism . 
[ 0079 ] Another aspect of the present disclosure provides a 
non - transitory computer - readable medium comprising 
machine - executable code that , upon execution by one or 
more computer processors , implements any of the methods 
disclosed herein . 
[ 0080 ] Another aspect of the present disclosure provides a 
computer system comprising one or more computer proces 
sors and a non - transitory , computer - readable medium 
coupled thereto . The non - transitory computer - readable 
medium comprises machine - executable code that , upon 
execution by the one or more computer processors , imple 
ments any of the methods disclosed herein . 
10081 ] 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 to be regarded 
as illustrative in nature , and not as restrictive . 

INCORPORATION BY REFERENCE 
f0082 ] All publications , patents , and patent applications 
mentioned in this specification are herein incorporated by 
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reference to the same extent as if each individual publica 
tion , patent , or patent application was specifically and indi 
vidually indicated to be incorporated by reference . 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0083 ] The novel features of the invention are set forth 
with particularity in the appended claims . A better under 
standing of the features and advantages of the present 
invention will be obtained by reference to the following 
detailed description that sets forth illustrative embodiments , 
in which the principles of the invention are utilized , and the 
accompanying drawings or figures ( also “ FIG . ” and “ FIGS . ” 
herein ) , of which : 
10084 ] FIG . 1 shows a schematic side view of a 3D 
printing system and apparatuses ; 
[ 0085 ] FIG . 2 schematically illustrates a path ; 
[ 0086 ] FIG . 3 schematically illustrates various paths ; 
[ 0087 ) FIG . 4 schematically illustrates an example of a 3D 
plane ; 
[ 0088 ] FIG . 5 schematically illustrates a cross section in 
portion of a 3D object ; 
[ 00891 FIGS . 6A - 6C schematically illustrate a cross sec 
tion in portion of a 3D object ; 
[ 0090 ] FIG . 7 schematically illustrates various vertical 
cross - sectional views of various 3D objects ; 
[ 0091 ] FIGS . 8A - 8B schematically illustrate vertical cross 
sections of various material beds ; 
10092 ] FIG . 9 schematically illustrates a cross section of a 
3D object ; 
[ 0093 ] FIG . 10 illustrates a horizontal view of a 3D object , 
[ 0094 ] FIG . 11 schematically illustrates a coordinate sys 
tem ; 
10095 ) FIG . 12 schematically illustrates an optical setup ; 
10096 ) FIG . 13 schematically illustrates a computer sys 
tem ; 
[ 0097 ] FIGS . 14A - 14B schematically illustrate operations 
in forming a 3D object ; 
[ 0098 ] FIGS . 15A - 15D schematically illustrate operations 
in forming a 3D object ; 
[ 0099 ] FIGS . 16A - 16F schematically illustrate operations 
in forming a 3D object ; 
[ 0100 ] FIGS . 17A - 17F schematically illustrate operations 
in forming a 3D object ; 
[ 0101 ] FIGS . 18A - 18C schematically illustrate operations 
in forming a 3D object ; 
0102 ] FIGS . 19A - 19F schematically illustrate operations 

in forming a 3D object ; 
[ 0103 ] FIG . 20A schematically illustrates a cross section 
view of a 3D object ; FIG . 20B schematically illustrates a 
cross section in various portions of 3D objects ; 
10104 ] FIGS . 21A - 21B schematically illustrate energy 
beam patterns o forming a portion of a 3D object ; 
[ 0105 ] FIGS . 22A - 22D schematically illustrates an energy 
beam and components used in the formation of one or more 
3D objects ; FIG . 22E schematically illustrates a graph 
associated with a 3D printing process ; 
[ 0106 ] FIG . 23 schematically illustrates an optical system 
used in the formation of one or more 3D objects ; 
[ 0107 ] FIG . 24 schematically illustrate a cross section 
view of a portion of a forming 3D object ; 
[ 0108 ] FIG . 25A schematically illustrates a side view of a 
forming 3D object ; FIG . 25B schematically illustrates a 
temperature profile as a function of time ; 

[ 0109 ] FIGS . 26A - 26B schematically illustrate forming at 
least a portion of a 3D object ; 
[ 0110 ] FIG . 27 schematically illustrates a graph of power 
as a function of time ; 
[ 0111 ] FIGS . 28A - 28D show schematic top views of vari 
ous 3D objects ; 
[ 0112 ] FIGS . 29A - 29E schematically illustrate operations 
in forming a 3D object ; 
[ 0113 ] FIGS . 30A - 30E schematically illustrate operations 
in forming a 3D object ; 
[ 0114 ] FIGS . 31A - 31C schematically illustrate graphs 
depicting power ( e . g . , density ) as a function of time ; 
[ 0115 ] FIGS . 32A - 32D schematically illustrate operations 
in forming a 3D object ; 
[ 0116 ] . FIG . 33 shows a vertical cross section of a 3D 
object ; 
[ 0117 ] FIGS . 34A - 34B show vertical cross section images 
of 3D objects ; 
[ 0118 ] FIGS . 35A - 35D show various images of 3D 
objects ; 
[ 0119 ] FIGS . 36A - 36D show schematic horizontal views 
of various 3D objects ; 
[ 0120 ] FIGS . 37A and 37B schematically illustrate cross 
section views of irradiated portions of various 3D objects ; 
[ 0121 ] FIGS . 38A and 38B show side and perspective 
image of 3D objects ; 
( 0122 ] FIG . 39 A schematically shows top views of various 
irradiated portions of a target surface ; and FIGS . 39B and 
39C schematically show vertical cross sections in 3D 
objects ; 
f0123 ] FIGS . 40A - 40C schematically illustrate side views 
of various operations in forming a 3D object and various 3D 
objects ; 
[ 0124 ] FIGS . 41A and 41B show perspective views of 
various 3D objects ; 
[ 0125 ] FIGS . 42A and 42B show cross section views of 
various 3D objects ; and FIGS . 42C and 42D schematically 
illustrate overhang portions of 3D objects ; 
[ 0126 ] FIGS . 43A - 43C schematically illustrate operations 
in forming 3D objects ; 
[ 0127 ] FIGS . 44A - 44C schematically illustrate operations 
in forming 3D objects ; 
[ 0128 ] FIG . 45 schematically illustrate operations in form 
ing a 3D object ; 
[ 0129 ] FIGS . 46A - 46C schematically illustrate operations 
in forming 3D objects ; 
[ 0130 ] FIGS . 47A and 47B show vertical cross sections of 
3D objects ; 
[ 0131 ] FIG . 48 schematically illustrates a cross section in 
various layering planes ; 
[ 0132 ] FIG . 49 shows a cross section view of a 3D object ; 
10133 ] FIG . 50 shows a cross section view of a 3D object ; 
[ 0134 ] FIG . 51A shows a cross section view of a 3D object 
with a support member , and FIGS . 51B and 51C schemati 
cally illustrate different cross section profiles of a 3D object ; 
[ 0135 ] FIGS . 52A and 52B show cross section views of a 
3D object ; 
[ 0136 ] FIGS . 53A and 53B show cross section views of 
3D objects ; 
[ 0137 ] FIGS . 54A - 54C show cross section views of 3D 
objects ; 
[ 0138 ] FIGS . 55A - 55C show cross section views of 3D 
objects ; 
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[ 0139 ] FIGS . 56A and 56B show cross section views of 
3D objects ; 
[ 0140 ] FIGS . 57A - 57D show various views of a 3D 
object ; 
[ 0141 ] FIGS . 58A - 58D show various views of a 3D 
object ; 
[ 0142 ] FIGS . 59A and 59B show cross section views of a 
3D object ; and 
[ 0143 ] FIGS . 60A and 60B show cross section views of a 
3D object . 
10144 ] The figures and components therein may not be 
drawn to scale . Various components of the figures described 
herein may not be drawn to scale . 

DETAILED DESCRIPTION 
[ 0145 ] While various embodiments of the invention have 
been shown , and described herein , it will be obvious to those 
skilled in the art that such embodiments are provided , by 
way of example 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 
described herein might be employed . 
[ 0146 ] Terms such as “ a , ” “ an ” and “ the ” are not intended 
to refer to only a singular entity , but include the general class 
of which a specific example may be used for illustration . The 
terminology herein is used to describe specific embodiments 
of the invention , but their usage does not delimit the 
invention . 
[ 0147 ] When ranges are mentioned , the ranges are meant 
to be inclusive , unless otherwise specified . For example , a 
range between valuel and value2 is meant to be inclusive 
and include valuel and value2 . The inclusive range will span 
any value from about valuel to about value2 . The term 
“ between ” as used herein is meant to be inclusive unless 
otherwise specified . For example , between X and Y is 
understood herein to mean from X to Y . The term “ adjacent " 
or “ adjacent to , ” as used herein , includes “ next to , ' ' adjoin 
ing , ' ' in contact with , ' and ' in proximity to . ' In some 
instances , adjacent to may be “ above ' or ' below . ' The term 
" operatively coupled ” or “ operatively connected ” refers to a 
first mechanism that is coupled ( or connected ) to a second 
mechanism to allow the intended operation of the second 
and / or first mechanism . 
10148 ] Fundamental length scale ( abbreviated herein as 
" FLS ” ) can refer herein as to any suitable scale ( e . g . , 
dimension ) of an object . For example , 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 . 
[ 0149 ] The methods , systems , apparatuses , and / or soft 
ware may effectuate the formation of one or more objects 
( e . g . , 3D objects ) . In some cases , the one or more objects 
comprise elemental metal or metal alloys . In some embodi 
ments , the 3D object includes an overhang structure . An 
overhang structure ( also referred to herein as " overhang ” or 
" overhang region ” ) can refer to a structure of a 3D object 
that protrudes a distance from another structure ( e . g . , a core 
structure ) . An overhang structure may comprise ( e . g . , cor 
respond to ) a ceiling ( e . g . , cavity ceiling ) , bottom ( e . g . , 
cavity bottom ) , protrusion , ledge , blade , hanging structure , 
undercut , projection , protuberance , balcony , wing , leaf , 
extension , shelf , jut , hook or step of a 3D object . The 
overhang may be free of auxiliary supports during the 

printing of the overhang . For example , the overhang may be 
formed on ( e . g . , attached to ) a previously formed ( e . g . , 
already hardened ) portion of the 3D object . A surface ( e . g . , 
bottom surface ) of an overhang may have a surface rough 
ness at or below a prescribed roughness measurement . 
[ 0150 ] In some embodiments , the 3D object includes a 
skin , which can correspond to a portion of the 3D object that 
includes an exterior surface of the 3D object . The skin is 
sometimes referred to herein as a " rim . " " contour , " " contour 
portion , ” “ perimeter , ” “ perimeter portion , ” “ outer portion , ” 
or “ exterior portion . ” In some embodiments , the skin is a 
" bottom ” skin , which can correspond to a skin on a bottom 
of overhang with respect to a platform surface during a 
printing operation . 
[ 0151 ] At times , when forming an overhang structure , 
and / or other portions of the 3D object , adjacent ( e . g . , two ) 
melt pools may not assume similar ( e . g . ( e . g . , substantially ) 
identical ) volume and / or shape due to different temperature 
profiles across the forming melt pool . Such dissimilarity 
may lead to the formation of irregular melt pools . The 
difference in volume and / or shape of ( e . g . , two ) adjacent 
melt pools may be in the vertical direction . The difference in 
the volume and / or shape of the adjacent melt pool may form 
a stalactite like structure when extending downwards past 
the average surface of a bottom skin . Without wishing to be 
bound to theory , several factors may contribute to the 
irregular melt pools , which factors comprise : gravity , varia 
tions in solidification rate of different melt pools , variation 
in thermal in different melt pools , or different mass transfer 
rate in different melt pools . Dissimilar and / or irregular melt 
pools may lead to rough , cracked , or balled surfaces ( e . g . , 
bottom skin surfaces ) . Dissimilar and / or irregular melt pools 
may lead to a deformed hardened material . Dissimilar and / or 
irregular melt pools may lead to a printed 3D object that 
deviates from its intended purpose . 
[ 0152 ] In some embodiments , at least a portion of a 
transformed material ( e . g . , that forms a hardened material ) 
is being re - melted , during the fabrication of the 3D object . 
The transformed material may be formed by a 3D printing 
methodology . In some embodiments , at least a ( e . g . , hard 
ened material ) melt pool is re - melted during the fabrication 
of the 3D object . The re - melting may be after the melt pool 
has been at least partially hardened ( e . g . , solidified ) . In some 
examples , the re - melting reduces ( e . g . , overcomes ) forma 
tion of irregular and / or dissimilar melt pools ( e . g . , in the 
vertical and / or horizontal direction ) . In some examples , the 
re - melting reduces deformation of the 3D object ( e . g . , as it 
hardens ) . In some examples , such re - melting results in a 
smoother ( e . g . , bottom skin ) surface . Smoother may be of an 
Ra or Sa value of at most about 30 um , 40 um , 50 um , 75 
nm , or 100 um . Ra is the arithmetic average of a roughness 
profile . Sa is the arithmetic average of a 3D roughness . 
[ 0153 ] Three - dimensional printing ( also referred to herein 
as “ 3D printing ” ) generally refers to a process for generating 
a 3D object . For example , 3D printing may refer to sequen 
tial addition of material layer or joining of material layers ( or 
parts of material layers ) to form a 3D structure , in a 
controlled manner . The controlled manner may include 
automated control . In the 3D printing process , the deposited 
material can be transformed ( e . g . , fused , sintered , melted , 
bound , or otherwise connected ) to subsequently harden and 
form at least a part of the 3D object . Fusing ( e . g . , sintering 
or melting ) , binding , or otherwise connecting the material is 
collectively referred to herein as transforming the material 
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( e . g . , from a powder material ) . Fusing the material may 
include melting or sintering the material . Binding can com 
prise chemical bonding . Chemical bonding can comprise 
covalent bonding . Examples of 3D printing include additive 
printing ( e . g . , layer by layer printing , or additive manufac 
turing ) . 3D printing may include layered manufacturing . 3D 
printing may include rapid prototyping . 3D printing may 
include solid freeform fabrication . 3D printing may include 
direct material deposition . The 3D printing may further 
comprise subtractive printing . 
[ 0154 ] 3D printing methodologies can comprise extrusion , 
wire , granular , or powder 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 beam 
freeform fabrication ( EBF3 ) . Granular 3D printing can com 
prise direct metal laser sintering ( DMLS ) , electron beam 
melting ( EBM ) , selective laser melting ( SEM ) , selective 
heat sintering ( SHS ) , laser engineered net shaping ( LENS ) , 
laser metal deposition ( LMD ) , direct metal deposition 
( DMD ) , direct energy deposition ( DED ) , or selective laser 
sintering ( SLS ) . Powder bed and inkjet head 3D printing can 
comprise plaster - based 3D printing ( PP ) . 3D printing meth 
odologies may 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 methodolo 
gies can differ from vapor deposition methods such as 
chemical vapor deposition , physical vapor deposition , or 
electrochemical deposition . In some instances , 3D printing 
may further include vapor deposition methods . 
[ 0155 ] The methods , apparatuses , systems , and / or soft 
ware of the present disclosure can be used to form 3D 
objects for various uses and applications . Such uses and 
applications can include , without limitation , electronics , 
components of electronics ( e . g . , casings ) , machines , parts of 
machines , tools , implants , prosthetics , fashion items , cloth 
ing , shoes , or jewelry . The implants may be directed ( e . g . , 
integrated ) to a hard , a soft tissue , or to a combination of 
hard and soft tissues . The implants may form adhesion with 
hard and / or soft tissue . The machines may include a motor 
or motor part . The machines may include a vehicle . The 
machines may comprise aerospace related machines . The 
machines may comprise airborne machines . The vehicle 
may include an airplane , drone , car , train , bicycle , boat , or 
shuttle ( e . g . , space shuttle ) . The machine may include a 
satellite or a missile . The uses and applications may include 
3D objects relating to the industries and / or products listed 
herein . 
[ 0156 ] The present disclosure provides systems , appara 
tuses , software , and / or methods for 3D printing of a 
requested 3D object from a pre - transformed ( e . g . , powder ) 
material . The object call be pre - ordered , pre - designed , pre 
modeled , or designed in real time ( i . e . , during the process of 
3D printing ) . The 3D printing method can be an additive 
method in which a first layer is printed , and thereafter a 
volume of a material is added to the first layer as separate 
sequential layer ( or parts thereof ) . An additional sequential 
layer ( or part thereof ) can be added to the previous layer by 
transforming ( e . g . , fusing ( e . g . , melting ) ) a fraction of the 
pre - transformed material . The transformed ( e . g . , molten ) 
material may harden to form at least a portion of the ( hard ) 

3D object . The hardening ( e . g . , solidification ) can be 
actively induced ( e . g . , by cooling ) or can occur without 
intervention ( e . g . , naturally ) . Real time may be , for example , 
during the formation of a layer of transformed material , 
during the formation of a layer of hardened material , during 
formation of a portion of a 3D object , during formation of 
a melt pool , during formation of an entire 3D object , or any 
combination thereof . 
[ 0157 ] The 3D printing may be performed in an enclosure . 
During the 3D printing ( e . g . , during the transformation 
stage ) a pressure of an atmosphere within the enclosure ( e . g . , 
comprising at least one gas ) may be an ambient pressure . 
During the formation of the 3D object ( e . g . , during the 
formation of the layer of hardened material or a portion 
thereof ) , a remainder of the material ( e . g . , powder ) bed that 
did not transform , may be at an ambient temperature . The 
ambient temperature may be an average or mean tempera 
ture of the remainder . During the formation of the 3D object 
( e . g . , during the formation of the layer of hardened material 
or a portion thereof ) , a remainder of the material bed that did 
not transform , may not be heated ( e . g . , actively heated ) . For 
example , the remainder may not be heated beyond an ( e . g . , 
average or mean ) ambient temperature . During the forma 
tion of the 3D object ( e . g . , during the formation of the layer 
of hardened material or a portion thereof ) , a remainder of the 
material bed that did not transform , may be at a temperature 
of at most about 10 degrees Celsius ( ° C . ) , 20° C . , 25° C . , 
30° C . , 40° C . , 50° C . , 60° C . , 70° C . , 80° C . , 90° C . , 100° 
C . , 150° C . , 200° C . , 250° C . , 300° C . , 350° C . , 400° C . , 450 
° C . , 500° C . , 550 ° C . , 600° C . , 650° C . , 700° C . , 750° C . , 
800° C . , 850° C . , 900° C . , or 1000° C . During the formation 
of the 3D object ( e . g . , during the formation of the layer of 
hardened material or a portion thereof ) , remainder of the 
material bed that did not transform , may be at a temperature 
between any of the above - mentioned temperature values 
( e . g . , from about 10° C . to about 1000 ° C . , from about 100 
°C . to about 600 ° C . , from about 200 ° C . to about 500 ° 
C . or from about 300 ° C . to about 450 ° C . ) . During the 
formation of the 3D object ( e . g . , during the formation of the 
layer of hardened material or a portion thereof ) , a remainder 
of the material bed that did not transform , may be at an 
ambient temperature . For example , the average or mean 
temperature of the remainder may be an ambient tempera 
ture . 
[ 0158 ] In some embodiments , the 3D printing comprises 
at least one 3D printing methodology . In some embodi 
ments , the 3D printing comprises a plurality of different 3D 
printing methodologies . In some embodiments , the 3D print 
ing comprises a plurality of 3D object portions , at least two 
of which are formed by different 3D printing methodologies . 
The 3D printing methodology may depend on the type of 
portion primed . For example , the 3D printing methodology 
may depend on the geometry of the 3D portion . For 
example , the 3D printing methodology may depend on the 
position of the 3D portion ( e . g . , with respect to the platform 
and / or requested 3D portion ) . The at least one 3D object 
portion ( e . g . , that is characteristic of a 3D printing method 
ology ) comprises forming a ( i ) porous matrix using a 
transforming energy beam , ( ii ) anchorlessly suspended ( e . g . , 
floating ) bottom skin layer , ( iii ) rigid - portion ( iv ) multi 
transformation overhang , ( v ) single - transformation over 
hang , ( vi ) thickened overhang , or ( vii ) high aspect ratio melt 
pool . A high aspect ratio of a melt pool ( e . g . , FIG . 25A , 
2510 ) may be described as a ratio of a depth of the melt pool 
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( e . g . , 2510 “ h ” ) over a radius of the exposed surface of the 
melt pool ( e . g . , 2510 “ r ” ) . A high aspect ratio of a melt pool 
( e . g . , FIG . 25A , 2510 ) may be described as a ratio of a depth 
of the melt pool ( e . g . , 2510 “ h ” ) over a width of the exposed 
surface of the melt pool ( e . g . , dz of 2520 ) . High aspect ratio 
may be described as a ratio of at least about 1 . 5 . High aspect 
ratio may be at least about 1 . 5 , 1 . 7 , 2 . 0 , 2 . 2 , 2 . 4 , 2 . 5 , 2 . 7 , 3 . 0 , 
3 . 2 , 3 . 5 , 3 . 7 , 4 . 0 , 4 . 2 , 4 . 5 , 4 . 7 , 5 . 0 , 5 . 5 , 6 . 0 , 6 . 5 , 7 . 0 , 7 . 5 , 8 . 0 , 
8 . 5 , 9 . 0 , 9 . 5 , or 10 . 0 . High aspect ratio may be in any range 
between the afore - mentioned values ( e . g . , from about 1 . 5 to 
about 10 . 0 , from about 1 . 5 to about 3 . 0 , from about 3 . 0 to 
about 4 . 0 , from about 4 . 0 to about 5 . 0 , from about 3 . 0 to 
about 8 . 0 , or from about 5 . 0 to about 10 . 0 ) . The different 
optional 3D printing methodologies are described in detail 
herein . The 3D printing methodology may comprise ( a ) 
directly transforming a pre - transformed material into a 
transformed material , or ( b ) re - transforming a first trans 
formed material ( e . g . , that forms a hardened material 
directly or indirectly ) into a second transformed material . 
The second transformed material may be denser than the 
first transformed material . The second transformed material 
may have at least one different microstructure than the first 
transformed material . The second transformed material may 
have a different distribution of microstructures as compared 
to the first transformed material . The second transformed 
material may have a different number of melt pools as 
compared to the first transformed material . The first trans 
formed material may have a first melt pool of a different 
fundamental length scale ( abbreviated as “ FLS ” ) ( e . g . , 
aspect ratio of its radius to its depth ) as compared to the 
second melt pool of the second transformed material . The 
first transformed material may be more porous than the 
second transformed material . The 3D priming methodology 
may comprise densifying a transformed ( e . g . , porous ) struc 
ture ( e . g . , by re - transforming the transformed structure ) . 
[ 0159 ] In some embodiments , a 3D object portion is 
generated by forming a hard ( e . g . , solid ) material that is 
porous . The porous material is referred to herein as a 
“ porous matrix " ( abbreviated as “ PMX ” ) . The 3D object 
may be generated by ( i ) providing a pre - transformed mate 
rial to a target surface ; ( ii ) transforming at least a portion of 
the pre - transformed material into a transformed material . 
The transformation may include using a transforming energy 
beam , such as a laser beam , an electron beam , and / or other 
suitable type of energy beam . The transformation may 
comprise fusing . The fusing may comprise sintering or 
melting ( e . g . , completely melting ) . The transformed mate 
rial may ( e . g . , subsequently ) form a hard ( e . g . , solid ) mate 
rial that is porous ( e . g . , a porous matrix ) . The pre - trans 
formed material may be provided by streaming it to ( e . g . , 
towards ) a target surface . The transformation may be at the 
target surface , or adjacent ( e . g . , directly adjacent ) to the 
target surface . The 3D object may be generated by providing 
a first layer of pre - transformed material ( e . g . , powder ) in an 
enclosure ; transforming ( e . g . , hardening ) at least a portion of 
the pre - transformed material to form a first porous matrix 
layer ( e . g . , a partially densified layer ) . The transforming 
may be effectuated ( e . g . , conducted ) with the aid of a 
transforming energy beam . The energy beam may travel 
along a path . The porous matrix layer may be formed 
anchorlessly within the enclosure . The PMX layer may be 
anchored to the platform . For example , the PMX layer may 
be formed directly on the platform . For example , the PMX 
layer may be anchored using one or more auxiliary support 

to the platform . The method may further comprise forming 
a second porous matrix layer ( e . g . , directly ) above the first 
PMX layer . The second PMX layer may contact the first 
PMX layer at one or more positions . A 3D structure com 
prising a plurality of porous matrix layers may be referred to 
herein as a “ porous matrix structure ” ( also herein “ PMX 
structure ” ) . In a PMX structure , at least a first PMX layer 
and a second PMX layer ( s ) may have different porosity 
percentages ( e . g . , calculated as volume per volume percent 
ages , or as area per area percentage ) . In a PMX structure , at 
least a first PMX layer and a second PMX layer ( s ) may have 
( e . g . , substantially ) porosity percentages ( e . g . , volume per 
volume percentages or as area per area percentage ) . In a 
PMX structure , at least a first PMX layer and a second PMX 
layer ( s ) may have ( e . g . , substantially ) identical pore struc 
tures ( e . g . , geometries ) . In a PMX structure , at least a first 
PMX layer and a second PMX layer ( s ) may have ( e . g . , 
substantially ) different pore structures . At times , the PMX 
layer may be supplemented with pre - transformed material 
before its re - transformation and / or densification ( e . g . , by the 
transforming energy beam ) . At times , the PMX layer may 
not be supplemented with pre - transformed material before 
its re - transformation and / or densification . The method may 
further comprise transforming the PMX structure to form a 
hard material as part of the 3D object . The method may 
further comprise transforming the PMX structure to form a 
denser material as compared to the PMX structure . The 
denser ( hard ) material can be again transformed by a third 
transformation operation to form an even denser ( hard ) 
material . The transformation operations on the porous 
matrix may repeat until a desired and / or requested density of 
the hard material is obtained . Hard may comprise solid . 
Transforming may comprise re - transforming ( e . g . , re - sinter 
ing and / or re - melting ( e . g . , complete re - melting ) the one or 
more porous layers . Transforming may comprise forming 
one or more melt pools within the ( e . g . , entire ) porous 
matrix . The method may further comprise providing a PMX 
on the previously transformed layers and re - transforming the 
PMX along with one or more transformed material layers . 
The PMX printing methodology may be used in forming a 
porous matrix ( “ PMX ” ) structure , multi - transformation 
overhang , anchorlessly suspended bottom skin , and a rigid 
structure . The PMX 3D printing methodology may comprise 
forming one or more PMX layers by transforming a pre 
transformed material , and subsequently densifying the one 
or more PMX layers to form respective denser one or more 
layers . For example , a porous layer may have a porosity of 
at most about 30 % , 40 % , 50 % , 60 % , 70 % , 70 % , or 80 % 
( volume / volume , or area / area porosity relating to an area of 
a cross - section plane of maximum porosity ) . For example , a 
porous layer may have a porosity of at least about 20 % , 
30 % , 40 % , 50 % , 60 % , 70 % , or 70 % . The porous layer may 
have a porosity of any value between the afore - mentioned 
values ( e . g . , from about 20 % to about 80 % , from about 20 % 
to about 60 % , from about 50 % to about 80 % , or from about 
30 % to about 60 % ) . The PMX 3D printing methodology 
may use the type - 1 energy beam ( also referred to herein as 
“ hatching energy beam ” ) and / or type - 2 energy beam ( also 
referred to herein as " tiling energy beam ” ) , as described 
herein . In some embodiments , the formation of the PMX and 
its densification are performed using the same ( e . g . , type of ) 
energy beam . In some embodiments , the formation of the 
PMX is performed using a different ( e . g . , types of ) energy 
beam as the one used for its densification . 
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10160 ] In some cases , a porosity of a 3D object ( or a 
porosity of portion of a 3D object ) is determined . In some 
embodiments , the porosity is determined by imaging the 
object ( or a portion of the object ) using an imaging instru 
ment . In some cases , the imaging instrument uses X - ray 
( e . g . , X - ray photography ) . In some cases , the imaging 
instrument comprises an optical microscope , scanning elec 
tron microscope and / or tunneling electron microscope . In 
some embodiments , one or more sections ( e . g . , cross - sec 
tions ) of the object ( or a portion of the object ) are imaged . 
The image ( s ) can be used to identify pores ( e . g . , voids ) in the 
object and / or on a surface of the object . A porosity ( or 
density ) can be determined by measuring ( e . g . , and / or esti 
mating ) a relative vohmie of the pores compared to a fully 
dense solid material ( e . g . , metal ) . The porosity can be 
quantified manually or automatically ( e . g . , using a processor 
such as a computer ) . In some embodiments , the porosity is 
determined as a percentage by a volume per volume basis 
( e . g . , volume of pores versus volume of fully dense solid 
material ) . In some embodiments , the porosity is determined 
as a percentage by an area basis ( e . g . , area of pores versus 
area of fully dense solid material ) . In some embodiments , 
the porosity is determined in certain regions of an object . For 
example , in some case , the porosity of a skin portion of the 
object is determined . In some cases , the area porosity is 
determined along a cross - section plane . FIG . 39B shows an 
example cross - section view of a 3D object 3950 having a 
skin portion 5954 and an interior portion ( core ) 3952 . In 
some embodiments , the transformation process ( es ) for form 
ing a skin portion causes formation of a partially dense 
material that includes one or more pores ( e . g . , 3957 ) . For 
example , a first transformation operation of a MTO process 
may cause pores to form within a skin . For example , the 
operation of a STO process may cause pores to form within 
a skin . In some cases , a melt pool ( e . g . , of a tile ) may include 
a pore . The interior portion may have a plurality of layers , 
each of which has a height ( e . g . , layer thickness ) . In some 
cases , the pores are formed deep within the skin portion 
( e . g . , at least about 2 , 3 , 4 , 5 , 6 , or 7 average layer 
thicknesses from the top of the skin ( e . g . , skin boundary 
3955 ) ) during the printing . In some cases , the pores are 
formed deep within the melt pool ( e . g . , at least about 2 , 3 , 
4 , 5 , 6 , or 7 average layer thicknesses from the top of the 
melt pool ) during the printing . The depth of the pores can be 
attributed to by remelting of at least one or more previously 
hardened layers of material . For example , the pores can be 
formed at least about 100 micrometers ( um ) , 200 um , 300 
um , 400 um , 500 um or 1000 um below a target surface 
during printing . In some embodiments , a portion ( e . g . , a 
majority ( e . g . , greater than about 50 % ) ) of the pores in the 
skin portion are situated closer to the exterior surface of the 
3D object portion ( e . g . , of a skin ) than a boundary ( e . g . , 
3955 ) between the interior and skin portions . In some cases , 
a portion ( e . g . , a majority ( e . g . , greater than about 50 % ) ) of 
the pores are formed below a midline ( e . g . , 3951 ) ( e . g . , in an 
outermost half thickness ) of the skin portion , e . g . , and 
towards an external bottom surface of the skin . In some 
embodiments , the interior portion ( e . g . , 3052 ) does not 
border to the portion comprising the pores at its top bound 
ary layer ( e . g . , in a ledge portion that is made up of skin , e . g . , 
FIG . 9 , 922 ) . In some embodiments , a portion ( e . g . , a 
majority ( e . g . , greater than about 50 % ) ) of the pores in the 
skin portion are arranged in a plane ( e . g . , 3958 ) that is ( e . g . , 
substantially ) parallel to at least a portion of the exterior 

surface . In some embodiments , an area porosity of the 
cross - section plane ( e . g . , 3958 ) can correspond to a maxi 
mum area porosity of the skin portion . FIG . 39C shows an 
example cross - section view of a 3D object 3960 having a 
skin portion 5964 and an interior portion ( core ) 3962 . The 
exterior surface ( e . g . , 3966 ) of the object ( e . g . , skin portion ) 
can include a series of peaks and valleys . The series of peaks 
and valleys may correspond to the outer surfaces of tiles 
( e . g . , overlapping tiles ) . Pores ( e . g . , 3967 ) within the skin 
portion may be aligned with a cross - section plane ( e . g . , 
3968 ) that is ( e . g . , substantially ) parallel to the exterior 
surface ( e . g . , 3966 ) . In some cases , at least one ( e . g . , each ) 
melt pool may include a pore . In some embodiments , some 
( e . g . , a majority ( e . g . , greater than about 50 % ) ) of the pores 
in the skin portion are situated closer to the exterior surface 
than a boundary ( e . g . , 3965 ) between the interior and skin 
portions . The melt pool may be asymmetric , e . g . , having a 
narrower and / or curved bottom portion . In some cases , a 
portion ( e . g . , a majority ( e . g . , greater than about 50 % ) ) of 
the pores are formed below a midline ( e . g . , 3961 ) ( e . g . , in an 
outermost half thickness ) of the skin portion , e . g . , towards 
the bottom of the melt pool ( s ) . In some embodiments , an 
area porosity of the cross - section plane ( e . g . , 3968 ) can 
correspond to a cross section of the skin portion having 
maximum area porosity . In some embodiments , the porosity 
in the skin portion can be reduced ( e . g . , ( substantially ) 
eliminated ) using one or more re - transformation operations 
described herein . For example , in some embodiments , a 
second transformation operation of a MTO process reduces 
the porosity of the skin portion to a target porosity . For 
example , in some embodiments , a second transformation 
operation using the HARMP process reduces the porosity of 
the skin portion to a target porosity . 
[ 0161 ] In some embodiments , the 3D object is devoid of 
a sacrificial PMX that ( e . g . , completely ) engulfs and / or 
supports at least a portion of a 3D object , wherein the 
sacrificial PMX is not part of the requested 3D object . The 
PMX may reduce the deformation and / or deformability of 
the at least a portion of a 3D object . The PMX may support 
at least a portion of the 3D object from 1 , 2 , 3 , 4 , 5 , or 6 
spatial directions . The PMX may engulf and / or support at 
least a portion of a 3D object . The PMX may ( e . g . , entirely , 
or substantially entirely ) be incorporated within the 3D 
object upon the completion of the 3D printing . 
[ 0162 ] In some embodiments , the transforming energy 
beam utilized in forming the PMX layer ( e . g . , in its optional 
re - transformation ) travels along a path . The path may com 
prise hatches . The path may comprise tiles . A hatch may be 
formed using a ( e . g . , constantly ) moving energy beam . The 
energy beam may comprise a continuous or dis - continuous 
( e . g . , pulsing ) energy beam . The energy beam may be any 
energy beam described herein ( e . g . , type - 1 and / or type - 2 
energy beam ) . 
[ 0163 ] In some embodiments , the energy beam forms a tile 
while irradiating a target surface . A tile may be formed using 
a ( e . g . , substantially ) stationary energy beam , for example , 
to form a tile having a ( e . g . , substantially ) circular cross 
section . FIG . 39 shows an example of a tile having circum 
ference 3925 formed by an energy beam that irradiates a 
portion of a target surface , which energy beam footprint 
( also referred to herein as an irradiation spot ) centers on 
position 3921 during formation of the tile . Substantially 
stationary may be relative to the speed and / or propagation 
direction of the transforming energy beam along the path . 
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For example , a substantially stationary energy beam may 
move slightly ( e . g . , oscillate , move back and forth , or 
dither ) . The length of the movement may be less than a FLS 
of a footprint of the energy beam ( e . g . , around a point ) . The 
movement can be with respect to ( e . g . , around ) a point . The 
point may correspond to a center of the energy beam or 
center of the footprint of the energy beam on the target 
surface . The movement may not include a spatial ( e . g . , 
lateral ) movement greater than a diameter of the energy 
beam ( e . g . , cross section and / or footprint on the target 
surface ) . FIG . 39 shows an example of a tile having a 
circumference resembling oval 3935 , formed by an energy 
beam that irradiates a portion of a target surface , which 
energy beam footprint centers on linear path 3931 and 
moves in a back and forth movement along path 3931 during 
formation of the tile ; circumference 3937 shows an example 
of the energy beam circumference when the energy beam is 
centered in the middle of path 3931 . The manner of tile 
formation may cause different temperature gradient profile 
along the horizontal cross section of the tile . For example , 
when a tile is formed by one spot irradiation using a gaussian 
beam , the center of the tile may be hotter than its edges . A 
tile may be formed using an energy beam that propagates 
along a circling or spiraling path , for example , to form a tile 
having a ( e . g . , substantially ) circular cross section . FIG . 39 
shows an example of a tile having circumference 3926 
formed by an energy beam that irradiates a portion of a target 
surface , which energy beam footprint centers on an internal 
circular path having an arch 3922 , and moves along the 
circular path during formation of the tile . During its forma 
tion , the center of the tile 3926 may be hotter than an are 
close to a circumference 3924 of tile 3926 . FIG . 39 shows 
an example of a tile having circumference 3927 formed by 
an energy beam that irradiates a portion of a target surface , 
which energy beam footprint centers on a spiraling path that 
begins in position 3923 and ends in position 3929 , and 
moves along the spiraling path during formation of the tile . 
In that manner , the center of the tile 3927 in position 3929 
may be hotter than the circumference of the tile 3927 , during 
its formation . A tile may be formed using a slow - moving 
energy beam ( e . g . , moving in slow speed ) , for example , to 
form a tile having a horizontally elongated cross section 
( e . g . , that is different from a horizontally circular cross 
sectional tile ) . At times , the energy beam moves along the 
path of time during tile formation along the path - of - tiles at 
a slow speed . The slow speed may be of at most about 5000 
micrometers per second ( um / s ) , 1000 um / s , 500 um / s , 250 
um / s , 100 um / s , 50 um / s , 25 um / s , 10 um / s , or 5 um / s . The 
slow speed may be of any value between the afore - men 
tioned values ( e . g . , from about 5000 um / s to about 5 um / s , 
from about 5000 um / s to about 100 um / s , or from about 500 
um / s to about 5 um / s . FIG . 39 shows an example of a tile 
having a circumference resembling oval 3936 formed by an 
energy beam that irradiates a portion of a target surface , 
which energy beam footprint centers on line 3932 and moves 
in a direction along line 3932 during formation of the tile ; 
circumference 3934 shows an example of the energy beam 
circumference at the center of line 3931 . The movement of 
the energy beam ( e . g . , along the circular , dithering , slow 
moving , or spiraling path ) may be during a dwell time on the 
target surface ( e . g . , during a period of melt pool formation ) 
to form the tile . 
10164 ] In some embodiments , a movement of the energy 
beam may be during a dwell time on the target surface to 

form the tile or a hatch . The dwell time may result in 
transformation of a target surface ( e . g . , pre - transformed 
material ) , for example , during tile formation and / or during 
hatching . The path may comprise a vector or a raster path . 
The method may further comprise hardening the trans 
formed material to form a hard material as part of the 3D 
object . In some embodiments , the transformed material may 
be the hard ( e . g . , solid ) material as part of the 3D object . 
[ 0165 ] In some embodiments , successively formed melt 
pools ( e . g . , tiles ) are formed using a tiling or hatching 
methodology using an energy beam configured to transform 
at least a portion of the target surface ( e . g . , the irradiated 
portion of the target surface ) . The energy beam may be a 
pulsing energy beam or a continuous energy beam . The 
tiling methodology may employ a type - 2 energy beam ( or at 
times , a type - 1 energy beam ) as disclosed herein . The 
hatching methodology may employ a type - 1 energy beam 
( or at times , a type - 2 energy beam ) as disclosed herein . In 
some embodiments of the hatching methodology , the energy 
beam ( e . g . , a pulsing , or a continuous wave ) can be con 
tinuously moving along a path ( e . g . , to form a hatch ) . When 
a pulsing energy is used , the distance between the formed 
melt pools may relate to the relative speed of the energy 
beam along a path . A melt pool may be formed during a 
pulse of the pulsing energy beam . For example , when the 
pulsing frequency is constant , a first distance between 
formed melt pools is larger when their forming energy beam 
speed is high ( e . g . , when progressing on a straight path 
portion ) , relative to a second distance between formed melt 
pools that is smaller when their forming energy beam speed 
is low ( e . g . , when progressing on a curved or winding path ) , 
which forming energy beam of the melt pools is the same 
forming energy beam . 
[ 0166 ] In some embodiments of the tiling methodology , 
the energy beam moves along the path intermittently ( e . g . , in 
a stop and repeat mode ) . In some embodiments of the tiling 
methodology , the distance between tiles ( e . g . , melt pools 
forming the tiles ) remains the same , e . g . , regardless of the 
path section geometry ( e . g . , straight line , curved , and / or 
winding path ) . In some embodiments of the tiling method 
ology , the speed of the energy beam along the path ( e . g . , 
which energy movement comprises a dwell time and an 
intermission time ) remains the same , e . g . , regardless of the 
path section geometry ( e . g . , straight line , curved , and / or 
winding path ) . In some embodiments of the tiling method 
ology , the energy beam ( 1 ) irradiates a portion along a path 
( e . g . , while being stationary , substantially stationary , or slow 
moving ) with an energy density ( profile ) sufficient to trans 
form the material included in the portion ( e . g . , to form a melt 
pool ) , ( ii ) reduce the power density of the energy beam along 
the path such that no transformation occurs along the path , 
and ( 111 ) repeats steps ( i ) and ( ii ) until the path is completed . 
Operation ( i ) is designated herein as “ dwell time ” along the 
path . Operation ( ii ) is designated herein as “ intermission 
time ” along the path . During the intermission time , the 
power density can be zero , or substantially zero . During the 
intermission - time the power density may be sufficient to 
heat and not transform the material along the path . During 
the intermission time , the energy beam may travel elsewhere 
and irradiate ( e . g . , heat and / or transform ) portions that are 
outside of the path ( e . g . , along a different path ) . The energy 
beam may form a plurality of paths in parallel , e . g . , by 
irradiating a first portion during a first dwell time along a 
first path while ceasing its irradiation of a second path 
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( during a first intermission ) ; followed by irradiating a sec 
ond portion during a second dwell time along a second path 
while ceasing the irradiation of a first path ( during a second 
intermission ) . A pulse and / or intermission of the transform 
ing energy beam during a tile formation along the path of 
tiles may last at least about 0 . 1 milliseconds ( msec ) , 0 . 5 ms , 
1 ms , 5 ms , 10 msc , 30 msec , 50 msec , 100 msec , 500 msec , 
or 1000 msec . A pulse and / or intermission of the transform 
ing energy beam during a tile formation may last at most 0 . 5 
ms , 1 ms , 5 ms , 10 msc , 30 msec , 50 msec , 100 msec , 500 
msec , or 1000 msec . A pulse and / or intermission of the 
transforming energy beam during a tile formation along the 
path of tiles may any time span between the afore - mentioned 
time values ( e . g . , from about 0 . 1 msec to about 1000 msec , 
from about 0 . 5 msec to about 50 msec , from about 30 msec 
to about 500 msec , or from about 100 msec to about 1000 
msec ) . 
[ 0167 ] In some embodiments , the 3D object portion com 
prises an anchorlessly suspended bottom skin layer ( abbre 
viated herein as “ ASBS ” layer ) . The ASBS layer formation 
methodology may comprise ( i ) forming one PMX layer and 
( ii ) densifying the PMX layer into a denser layer . In some 
embodiments , operations ( i ) and ( ii ) are performed using the 
same ( e . g . , type of ) energy beam . In some embodiments , 
operations ( i ) and ( ii ) are performed using different ( e . g . , 
types of ) energy beams . The ASBS layer formation meth 
odology may further comprise densifying the denser layer at 
least once ( e . g . , as described herein regarding PMX structure 
densification ) . The PMX layer may be formed by any 
suitable methodologies mentioned herein . The ASBS layer 
formation methodology may comprise ( i ) forming one PMX 
layer and ( ii ) re - transforming the PMX layer ( e . g . , into a 
denser layer and / or into a layer comprising at least one 
different microstructure ) to form a transformed PMX layer . 
The ASBS layer formation methodology may further com 
prise re - transforming the transformed PMX layer at least 
once ( e . g . , as described herein regarding PMX structure 
densification ) to form a multi - transformed PMX layer . The 
formed layer of the 3D object may be floating anchorlessly 
within the material bed during its formation ( e . g . , 3D 
printing ) . For example , the PMX layer may be suspended 
anchorlessly in the material bed during its formation , during 
its transformation , or any combination thereof . The “ bottom 
skin layer " as used herein comprises the first formed ( hard ) 
layer of a 3D object . The ASBS printing methodology may 
be used to form an anchorlessly floating bottom skin layer of 
the 3D object , which ASBS anchorlessly floats in the mate 
rial bed during its 3D printing . The material bed may be 
devoid of a pressure gradient during the formation of the 
ASBS . The material bed may be at ambient temperature 
and / or pressure during the formation of the ASBS . The 
pre - transformed material in the material bed may be flow 
able during the formation of the ASBS . The ASBS may be 
( e . g . , substantially ) planar . The ASBS may comprise a large 
radius of curvature ( e . g . , as disclosed herein ) . The height 
( e . g . , thickness ) of the ASBS may be larger than the average 
height of the subsequent layer of the 3D object . Larger may 
be by at least about 1 . 1 times ( * ) , 1 . 2 * , 1 . 3 * , 1 . 4 * , 1 . 5 * , 1 . 6 * , 
1 . 7 * , 1 . 8 * , 1 . 9 * 2 . 0 * 2 . 2 * , 2 . 5 * , 2 . 8 * , 3 . 0 * , 3 . 2 * , 3 . 4 * , 3 . 5 * , 
3 . 8 * , 4 . 0 * , 4 . 2 * , 4 . 4 * , 4 . 6 * , 4 . 8 * , or 5 . 0 * thicker than the 
average height of the succeeding layer of the 3D object . 
Larger may be between any range between the afore 
mentioned values ( e . g . , from about 1 . 1 * to about 5 . 0 * , from 
about 1 . 2 * to about 2 . 0 * , from about 2 . 0 * to about 4 . 0 * , or 

from about 4 . 0 * to about 5 . 0 * ) thicker than the average 
height of the succeeding layer of the 3D object . 
[ 0168 ] In some embodiments , the 3D object portion com 
prises a rigid - portion using a transforming energy beam . The 
3D object can be formed in a 3D printing system ( e . g . , FIG . 
1 , 100 ) whereby rigid - portion may be anchored to ( e . g . , a 
portion of the platform , which may include a base ( e . g . , 
FIG . 1 , 102 ) anchor a substrate ( e . g . , FIG . 1 , 109 ) , within the 
enclosure having an atmosphere ( e . g . , in a volume 126 ) . The 
platform may comprise a support surface that supports at 
least a portion of one or more 3D objects . The support 
surface may be a surface of the base ( e . g . , 102 ) . In some 
embodiments , the support surface is ( e . g . , substantially ) 
orthogonal ( e . g . , normal and / or perpendicular ) to the gravi 
tational field vector . In some embodiments , the one or more 
3D objects are printed directly on the support surface of the 
platform ( e . g . , directly on the base ) . The base may also be 
referred to herein as the build plate . The enclosure and / or 
platform may comprise an elemental metal , metal alloy , 
ceramic , or an allotrope of elemental carbon . The enclosure 
wall may comprise a non - transparent ( e . g . , opaque ) material . 
The rigid portion may not yield ( e . g . , not substantially , e . g . , 
not detectably yield ) , for example , to a force exerted upon by 
depositing an additional ( e . g . , layer of ) transformed material 
on the rigid - portion . The rigid portion may not deform ( e . g . , 
not substantially or not detectably deform ) , for example , 
upon deposition of an additional ( e . g . , layer of ) transformed 
material on the rigid portion . The rigid portion may not form 
one or more defects ( e . g . , not substantially or not detectably 
form defects ) , for example , upon deposition of an additional 
( e . g . , layer of ) transformed material on the rigid portion . 
Substantially may be relative to the intended purpose of the 
3D object . In some embodiments , the rigid - portion may be 
thick enough to resist stress ( e . g . , upon depositing an addi 
tional ( e . g . , layer of ) transformed material on the rigid 
portion ) . The rigid portion may be thick enough to resist 
deformation ( e . g . , upon depositing an additional ( e . g . , layer 
of ) transformed material on the rigid - portion ) . In some 
embodiments , the rigid - portion may be thick enough to 
resist formation of defects therein ( e . g . , upon depositing an 
additional ( e . g . , layer of ) transformed material on the rigid 
portion ) . The rigid portion may have a thickness ( e . g . , height 
or depth , e . g . , as shown in FIG . 4 ) of at least about 0 . 6 
millimeters ( mm ) , 0 . 8 mm , 1 . 0 mm , 1 . 1 mm , 1 . 2 mm , 1 . 3 
mm , 1 . 4 mm , 1 . 5 mm , 1 . 6 mm , 1 . 8 mm , 2 . 0 mm , 2 . 2 mm , 
2 . 6 mm , 5 . 0 mm , 10 mm , 20 mm , 50 mm , or 100 mm . 
Thickness of the rigid - portion may be in a range between 
any of the afore - mentioned values ( e . g . , from about 1 . 0 mm 
to about 100 mm , from about 0 . 6 mm to about 2 . 6 mm , from 
about 0 . 8 mm to about 2 . 0 m , from about 1 mm , to about 1 . 8 
mm , from about 1 . 2 mm to about 1 . 6 mm , from about 1 . 2 
mm to about 5 . 0 mm , from about 5 . 0 mm to about 20 mm , 
or from about 20 mm to about 100 mm ) . The rigid - portion 
may provide support for formation of an additional portion 
of the 3D object ( e . g . , an overhang structure ) . The rigid 
portion may be a part of the forming 3D object . 
[ 0169 ] In some embodiments , the rigid portion does not 
respond to stress deformation on adding a transformed 
material ( e . g . , layer of transformed material ) thereon . The 
rigid - portion may comprise shallow melt pools . The rigid 
portion may have a ( e . g . , substantially ) homogenously sized 
( e . g . , hemispherical ) melt pools . The shallow to hemispheri 
cal melt pools may have an aspect ratio ( e . g . , depth of the 
melt pool to the radius of the exposed surface of the melt 
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pool ) of at most about 0 . 01 , 0 . 05 , 0 . 1 , 0 . 2 , 0 . 3 , 0 . 4 , 0 . 5 , 0 . 75 , 
1 , 1 . 2 , 1 . 3 , or 1 . 4 . The shallow to hemispherical melt pools 
may have an aspect ratio of the depth of the melt pool to the 
radius of the exposed surface of the melt pool , of any value 
between the afore - mentioned values ( e . g . , from about 0 . 01 
to about 1 . 4 , from about 0 . 01 to about 0 . 75 , or from about 
0 . 75 to about 1 . 4 ) . The rigid - portion may be formed using a 
transforming energy beam ( e . g . , type - 2 energy beam or 
type - 1 energy beam ) . 
[ 0170 ] In some embodiments , at least one layer of the rigid 
portion is formed by ( e . g . , a repetition of ) a single transfor 
mation procedure or operation ( abbreviated as “ STO ” ) . The 
single transformation procedure may comprise ( i ) depositing 
a pre - transformed material on a target surface ( e . g . , a 
platform or an exposed surface of a material bed ) , and ( ii ) 
using a transforming energy beam to transform the pre 
transformed material to form a transformed material that 
forms at least a part of the 3D object . Operations ( i ) to ( ii ) 
may be repeated until a desired 3D shape and / or FLS of the 
rigid portion is reached . The transforming energy beam may 
follow a path to form a layer of transformed material . The 
pre - transformed material may be deposited to the target 
surface layerwise ( e . g . , layerwise deposition of particulate 
material such as powder ) . The layerwise deposition may 
comprise depositing planar layers of pre - transformed mate 
rial ( e . g . , of a predetermined height ) . The pre - transformed 
material may be deposited towards the target surface in a 
stream of pre - transformed material , and is transformed by 
the transforming energy beam at or closely adjacent to , the 
target surface ( e . g . , direct material deposition ) . 
[ 0171 ] The rigid - portion may be generated by layerwise 
deposition . The layerwise deposition may comprise provid 
ing a first layer of pre - transformed material as part of a 
material bed ( e . g . , FIG . 1 , 104 ) in an enclosure above a 
platform ; and transforming at least a portion of the pre 
transformed material to form a transformed material as part 
of the rigid - portion . The transformation may be effectuated 
( e . g . conducted ) with the aid of a transforming energy beam 
( e . g . , a type - 1 energy beam ( e . g . , 101 ) or a type - 2 energy 
beam ( e . g . , 108 ) ) . The transforming energy beam ( s ) may 
travel along a path . The method may further comprise 
providing a second layer of pre - transformed material adja 
cent to ( e . g . , above ) the first layer , and repeating the trans 
formation process ( e . g . , as delineated herein ) , to form at 
least a piece of the rigid - portion . Repeating operation ( i ) to 
provide a subsequent layer of pre - transformed material 
above the layer of transformed material and ( ii ) transforming 
( e . g . , hardening ) the pre - transformed material in the subse 
quent layer . The repetition may be done at least until the 
rigid - portion reaches a thickness that would allow it not to 
respond to a stress deformation upon adding a transformed 
material . 
[ 0172 ] In some embodiments , at least one layer of the rigid 
portion may be formed by multiple transformation . The 
multiple transformation may be of at least a portion of the 
material bed . The multiple transformation may comprise 
forming a PMX layer ( e . g . , as described herein ) . The PMX 
layer may be formed using a first transformation operation 
in which pre - transformed material is transformed into a 
( porous ) first transformed material ( that is hard or that 
hardens ) . The porous transformed material may form a hard 
( e . g . , solid ) porous material that is referred to herein as a 
“ PMX material . ” The PMX may be ( e . g . , subsequently 
supplemented with pre - transformed material , or not supple 

mented with pre - transformed material prior to a second 
transformation operation . In the second transformation , at 
least a portion of the PMX may be re - transformed into a 
second transformed material that forms a denser hard mate 
rial as compared to the PMX . The denser hard material can 
be transformed again by a third transformation operation to 
form an even denser hard material . The transformation 
operations on the PMX may repeat until a desired and / or 
requested density of the hard material is obtained . 
[ 0173 ] In some embodiments , the 3D object portion is 
generated using a multi - transformation process or operation 
( abbreviated as “ MTO ” process ) to form an overhang . The 
overhang may be a 3D plane ( e . g . , that is connected it at least 
one , two , or three direction to a rigid portion ( e . g . , core ) 
structure . The overhang may comprise a shelf , or a blade . 
The overhang may comprise ( e . g . , correspond to ) a ceiling 
of a cavity ( e . g . , that is connected to the core at all its sides ) 
or a bottom of a cavity . The 3D object portion may be 
generated by ( i ) providing a first layer of pre - transformed 
material that is adjacent to ( e . g . , above ) a rigid - portion , 
within an enclosure ( e . g . , in a material bed ) ; ( ii ) forming a 
first PMX layer from at least a portion of the first layer of the 
pre - transformed material ; and ( iii ) transforming the PMX 
layer to form a first dense layer ( e . g . , that is denser than the 
first PMX layer ) . The MTO process may be used to form the 
first formed layer of the overhang . For example , the MTO 
process may be used to form the bottom skin of the overhang 
structure . The MTO process may be used to form the bottom 
skin of at least a portion of an overhang ( e . g . , cavity ceiling 
or bottom ) . The MTO method may further comprise repeat 
ing operations ( i ) to ( iii ) . For example , by ( iv ) providing a 
second layer of pre - transformed material that is adjacent to 
( e . g . , above ) the first dense layer ; ( v ) forming a second PMX 
layer from at least a portion of the second layer of pre 
transformed material , which second PMX layer partially 
overlaps or contacts the first dense layer ; and ( vi ) transform 
ing the second PMX layer to form a second dense layer ( e . g . , 
that is denser than the second PMX layer ) . The first dense 
structure may connect ( e . g . , weld ) to the rigid - portion in at 
least one position ( e . g . , and otherwise be devoid of an 
auxiliary support ) . The second dense structure may connect 
( e . g . , weld ) to the first dense structure in at least one position 
( e . g . , and otherwise be devoid of auxiliary support ) . The 
non - overlapping portion of the second dense structure may 
extend in the direction away from the rigid - portion ( e . g . , in 
the direction towards the overhang extension ) . The overhang 
may form an angle with respect to the rigid portion and / or 
platform . The MTO methodology maybe used to form an 
overhang having an angle with respect to a direction parallel 
to the platform , or with a direction perpendicular to the 
platform . In some embodiments , the MTO methodology 
may be used to form an overhang with a shallow angle . The 
angle may be shallow to a prescribed degree . Shallow may 
be an angle of at most about 40° , 35° , 30° , 250 , 200 , 150 , 10° , 
8° , 50 , 4° , 3° , 2° , 1° , 0 . 5° or 0° , with respect to a direction 
parallel to the platform . Shallow may be any angle between 
the afore - mentioned angles , with respect to a direction 
parallel to the platform ( e . g . , from about 0° to about 40° , 
from about 30° to 0° , from about 20° to 0° , from about 10 
ºto 0° , or from about 50 to 0° ) . In some embodiments , the 
MTO methodology may be used to form an overhang with 
a steep angle ( e . g . , above 40 degrees with respect to a 
direction parallel to the platform ) . Steep may be an angle of 
at most about 50° , 40° , 35° , 30° , 250 , 200 , 150 , 10° , 8° , 50 , 
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4° , 3° , 2° , 1° , 0 . 5° or 09 , with respect to a direction 
perpendicular to the platform . Steep may be any angle 
between the afore - mentioned angles , with respect to a direc 
tion perpendicular to the platform ( e . g . , from about 0° to 
about 40 ° , from about 30° to 0° , from about 20° to 0° , from 
about 10° to 0° , or from about 50 to 09 ) . In some embodi 
ments , the MTO methodology may be used to form an 
overhang with an obtuse angle ( e . g . , above 90 degrees with 
respect to a direction perpendicular to the platform ) . Obtuse 
may be an angle of at least about 91° , 100° , 110° , 120° , 130º , 
140° , 150° , 160° , 170 ° , or 179º with respect to direction 
perpendicular to the platform . Obtuse may be any angle 
between the afore - mentioned angles , with respect to a direc 
tion perpendicular to the platform ( e . g . , from about 91 ° to 
about 179° , from about 91 ° to 120° , from about 120° to 150 
° , from about 150 ° to 179º , or from about 100° to 1799 ) . 
The MTO printing methodology may be used for forming a 
( e . g . , complex ) portion of a 3D object ( e . g . , a shallow angled 
structure or a wedge ) . The transformation may be done using 
the transforming energy beam ( e . g . , the type - 2 energy 
beam ) . In some embodiments , at least two of the operations 
( ii ) - ( iii ) and ( v ) - ( vi ) are performed using the same ( e . g . , type 
of ) energy beam . In some embodiments , at least two of the 
operations ( ii ) - ( iii ) and ( v ) - ( vi ) are performed using different 
( e . g . , types of ) energy beams ( at least two of the operations 
comprises all the operations delineated ) . 
[ 0174 ] In some embodiments , a PMX layer is used ( e . g . , 
directly ) to support a rigid structure . For example , the 3D 
object portion may be generated by ( i ) providing a first layer 
of pre - transformed material in an enclosure ( e . g . , in a 
material bed ) ; ( ii ) forming a PMX layer from at least a 
portion of the first layer of the pre - transformed material ; ( iii ) 
depositing a second layer of pre - transformed material that is 
adjacent to ( e . g . , above ) the first PMX layer ; and ( iv ) 
forming a rigid - portion on the first layer . The PMX layer 
may be sufficient to support the rigid - portion , for example , 
when the requested rigid portion is small , when the PMX 
layer is small , or any combination thereof . In some embodi 
ments , a sufficiently small rigid portion has a FLS ( e . g . , 
length and / or width ) of at most about 20 millimeters ( mm ) , 
15 mm , 10 mm , 5 mm , 4 mm , 3 mm , 2 mm or 1 mm . A 
sufficiently small rigid portion can have a FLS between any 
of the afore - mentioned values ( e . g . , from about 1 mm to 
about 20 mm , from about 1 mm to about 10 mm , or from 
about 10 mm to about 20 mm ) . In some embodiments , a 
sufficiently small rigid portion has a radius of curvature of 
at least about 35 mm , 30 mm , 25 mm , 20 mm , 15 mm , 10 
mm , 5 mm or 1 mm . A sufficiently small rigid portion can 
have a radius of curvature mentioned herein . 
[ 0175 ] In some embodiments , the 3D object is generated 
using a single transformation process ( abbreviated as “ STO ” 
process ) to form an overhang . The 3D object may be 
generated by ( i ) providing a first layer of pre - transformed 
material ( e . g . , to form a material bed ) in an enclosure above 
a platform , which material bed comprises a rigid - portion ; 
and ( ii ) transforming at least a portion of the pre - trans 
formed material to form a first layer of transformed material 
( e . g . , that subsequently hardens into a hard material ) , which 
transformed material contacts and / or overlaps the rigid 
portion . The transforming may be effectuated with the aid of 
a transforming energy beam ( e . g . , the type - 2 energy beam ) . 
The energy beam may travel along a path . The STO printing 
methodology may be used for forming a ( e . g . , complex ) 
portion of a 3D object ( e . g . , an overhang structure , a bottom 

skin layer , an ( e . g . , shallow ) angled structure , or a wedge ) . 
The method may further comprise repeating operations ( i ) 
and ( ii ) . For example , the method may further comprise ( iii ) 
dispensing a second layer of pre - transformed material above 
the first transformed material , and ( iv ) transforming at least 
a portion of the second pre - transformed layer to form a 
second layer of transformed material as part of an overhang 
structure that is a portion of the 3D object . The STO process 
may be used to form the first formed layer of the overhang . 
For example , the STO process may be used to form the 
bottom skin of the overhang structure . The STO process may 
be used to form the bottom skin of at least a portion of an 
overhang ( e . g . , cavity ceiling or bottom ) . The first may 
connect ( e . g . , weld ) to the rigid - portion in at least one 
position ( e . g . , and otherwise be devoid of auxiliary support ) . 
The second layer of transformed material may connect ( e . g . , 
weld ) to the first layer of transformed material in at least one 
position ( e . g . , and otherwise be devoid of auxiliary support ) . 
The non - overlapping portion of the second layer of trans 
formed material may extend in the direction away from the 
rigid - portion ( e . g . , in the direction towards the overhang 
extension ) . The overhang may form an angle with respect to 
the rigid structure and / or platform . The STO methodology 
may be used to form an overhang having an angle with 
respect to a direction parallel to the platform , or with a 
direction perpendicular to the platform . In some embodi 
ments , the STO methodology may be used to form an 
overhang with a shallow angle . The angle may be shallow to 
a prescribed degree . Shallow may be an angle of at most 
about 40° , 35° , 30° , 25° , 20° , 15° , 10° , 8° , 5º , 4° , 3° , 2° , 1° , 
0 . 5° or 0° , with respect to a direction parallel to the platform . 
Shallow may be any angle between the afore - mentioned 
angles , with respect to a direction parallel to the platform 
( e . g . , from about 0° to about 40° , from about 30° to 0° , from 
about 20° to 0° , from about 10° to 0° , or from about 50 to 
0° ) . In some embodiments , the STO methodology may be 
used to form an overhang with a steep angle ( e . g . , above 40 
degrees with respect to a direction parallel to the platform ) . 
Steep may be an angle of at most about 50° , 40° , 35° , 30° , 
25° , 20° , 15° , 10° , 8° , 5º , 4° , 3° , 2° , 1° , 0 . 5° or 0° , with 
respect to a direction perpendicular to the platform . Steep 
may be any angle between the afore - mentioned angles , with 
respect to a direction perpendicular to the platform ( e . g . , 
from about 0° to about 40 ° , from about 30° to 0° , from about 
20° to 0° , from about 10° to 0º , or from about 5 ° to 0° ) . In 
some embodiments , the STO methodology may be used to 
form an overhang with an obtuse angle ( e . g . , above 90 
degrees with respect to a direction perpendicular to the 
platform ) . Obtuse may be an angle of at least about 91° , 
100º , 110° , 120° , 130° , 140º , 150° , 160° , 170° , or 179° with 
respect to a direction perpendicular to the platform . Obtuse 
may be any angle between the afore - mentioned angles , with 
respect to a direction perpendicular to the platform ( e . g . , 
from about 91° to about 1790 , from about 91° to 120° , from 
about 120° to 150° , from about 150° to 1790 , or from about 
100° to 1799 ) . The transformation may be done using the 
transforming energy beam ( e . g . , the type - 2 energy beam ) . In 
some embodiments , operations ( ii ) and ( iv ) are performed 
using the same ( e . g . , type of ) energy beam . In some embodi 
ments , operations ( ii ) and ( iv ) are performed using different 
( e . g . , types of ) energy beams . 
[ 0176 ] In some embodiments , the 3D object is generated 
using an STO process and / or an MTO process in combina 
tion with a porous matrix ( PMX ) structure , to form a 
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thickened overhang . The 3D object may be generated by ( i ) 
providing a first layer of pre - transformed material ( e . g . , to 
form a material bed ) in an enclosure above a platform , ( ii ) 
generating a rigid - portion ( e . g . , that is or is not anchored to 
the platform ) , ( iii ) performing an STO or an MTO process 
to form a first overhang structure that is anchored to the rigid 
portion . The first overhang structure may be a part of an 
elongated overhang structure . The first overhang structure 
may be elongated in subsequent layers . For example , a 
second overhang structure can be formed by depositing a 
second layer of pre - transformed material , performing an 
STO or MTO process to form a second overhang structure , 
wherein the second overhang structure anchors ( e . g . , con 
nects to ) the first overhang structure . The first overhang 
structure may partially overlap the second overhang struc 
ture . The overhang elongation process may be repeated in a 
plurality of layers until the desired overhang skin is formed 
To thicken the skin of the overhang ( e . g . , which skin is made 
using the STO or MTO process ) , a portion of a layer of 
pre - transformed material disposed above the previously 
formed overhang , is transformed into a porous matrix 
( PMX ) . For example , the method may further comprise 
providing a second layer of pre - transformed material above 
the first overhang structure , performing an STO or MTO 
process to form the second overhang structure , and adjacent 
second overhang structure , performing an PMX process to 
form a porous matrix above at least a portion of the first 
overhang structure , which porous layer connects to the first 
overhang structure . At least a portion of the first overhang 
structure may be connected ( e . g . , in a subsequent layer ) with 
a porous material ( e . g . , formed by the PMX process ) to 
thicken the first overhang structure . The overhang structure 
and / or the porous matrix may be transformed to form a 
transformed material as a part of the thickened overhang 
structure of a forming 3D object , which transformed mate 
rial is denser than the PMX . At times , the thickened over 
hang structure may not be transformed ( e . g . , re - trans 
formed ) . At times , the overhang structure may be thickened 
using the type - 2 energy beam . 
[ 0177 ] In some embodiments , the 3D object portion is 
generated by forming one or more high aspect ratio melt 
pools ( abbreviated as HARMP ) . The HARMP may be 
utilized in a tiling or hatching methodology . For example , 
the HARMP may be formed by a continuously moving 
energy beam , or by an alternatingly moving energy beam 
( e . g . , stop and repeat mode ) . In some examples , the HARMP 
in at least a portion of a layer of hardened material may be 
formed by a continuously moving energy beam . The high 
aspect ratio melt pool may ( e . g . , substantially ) have a 
parabolic vertical cross section ( e . g . , with its extremum at 
the bottom of the melt pool ) . Aspect ratio may be described 
as a relation ( e . g . , a ratio ) of a depth ( or height ) of the melt 
pool ( e . g . , FIG . 25A , 2510 “ h ” ) to the radius of the exposed 
surface of the melt pool ( e . g . , 2510 “ r ” ) . The radius of a high 
aspect ratio melt pool may be shorter ( e . g . , substantially ) 
than the depth of the melt pool . For example , for a high 
aspect ratio melt pool , if the melt pool has a radius “ r ” , the 
depth of the melt pool may be at least “ 2 r " , forming an 
aspect ratio of 2 . 0 . The high aspect ratio melt pool may have 
a narrow , elongated structure ( e . g . , having an aspect ratio of 
at least about 1 . 5 , 2 . 0 , 2 . 5 , 3 . 0 , 4 . 0 , 4 . 5 or 5 . 0 ) The HARMP 
process may comprise ( i ) irradiating a position of a target 
surface in a ( e . g . , substantially ) stationary position with a 
transforming energy beam that is configured to form a high 

aspect ratio well comprising the irradiated position , and 
extending below the target surface ; ( ii ) optionally elongating 
the well laterally ( e . g . , by extending the amount of trans 
formed ( e . g . , molten ) material ) by moving the transforming 
energy beam laterally ( e . g . , horizontally ) , and ( iii ) gradually 
lowering the intensity of the transforming energy beam to 
allow closure of the formed well to form a melt pool . The 
gradual lowering of the intensity may allow the melt pool to 
form with a diminished formation of pores . The pores may 
comprise at most about 20 % , 15 % , 10 % , 5 % , 2 % , 1 % , 0 . 5 % , 
0 . 1 % , or 0 % of the melt pool . The percentage may be 
calculated volume per volume , or area per area ( e . g . , which 
area is a cross - sectional plane of maximum porosity in the 
3D object ) . The pores may comprise a percentage of the melt 
pool that is between any of the afore - mentioned values ( e . g . , 
from about 20 % to about 0 % , from about 10 % to about 0 % , 
from about 5 % to about 0 % , or from about 2 % to about 0 % ) . 
Forming the well may comprise vaporizing the ( e . g . , trans 
formed ) material . Forming the well may comprise irradiat 
ing such that the ( e . g . , transformed ) material may be form 
plasma . At times , the 3D object may comprise a complex 
structure ( e . g . , a wedge or a small horizontal cross section 
area ) . The transforming energy beam may be a high - power 
energy beam . The transforming energy beam may be a 
focused energy beam . The transforming energy beam may 
have a small FLS ( e . g . , cross section ) . The complex portion 
of the 3D object may be formed using the HARMP printing 
methodology . Substantially may be relative to the intended 
purpose of the 3D object . Substantially may be relative to 
the effect on the forming melt pool . Substantially stationary 
may result in a melt pool that has a homogenous ( e . g . , round ) 
horizontal cross section . The target surface may comprise a 
portion of a 3D object . The portion may have been formed 
using any 3D printing methodology described herein . The 
portion may comprise a fine structure . The target surface 
may comprise a structure formed by a methodology other 
than 3D printing ( e . g . , welding , machining , or sculpting ) . 
The target surface may comprise the exposed surface of a 
material bed . 
[ 0178 ] In some embodiments , in situ and / or real - time 
processing is implemented during a 3D printing operation . A 
first hardened material may be formed by transforming a 
pre - transformed material . The first hardened material may 
subsequently be transformed to a second hardened material 
( e . g . , in situ during the 3D printing ) . For example , an energy 
beam can be used in a second transformation ( e . g . , second 
melting ) to transform a hardened material that was formed 
by a first transformation ( e . g . , first melting ) of a pre 
transformed material ( e . g . , powder ) . In some embodiments , 
the process comprises re - transforming a hardened material 
to control one or more of its ( e . g . , material ) characteristics . 
The control may be in situ , and in some cases in real - time 
during the 3D printing . The in situ and / or real - time process 
ing can be implemented by a controller of the 3D printing 
system that is configured to send instructions to the energy 
beam source ( e . g . , laser ) to perform specified in situ and / or 
real - time processing operations . The one or more character 
istics may comprise surface roughness or density ( or con 
versely porosity ) . The second transformation can be subse 
quent ( e . g . , immediately subsequent ) to the first 
transformation . The second transformation of at least a 
portion of the hardened material can follow the first trans 
formation , e . g . , without an intermediate transformation 
operation performed on the hardened material . The second 
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transformation can be used to , for example , alter at least one 
characteristic of the hardened material formed by the first 
transformation . The hardened material formed by the first 
transformation may have a first density . The second trans 
formation can be used , e . g . , ( i ) to alter the first density of the 
hardened material to form a hardened material of a second 
density , and / or ( ii ) to alter the surface roughness of the 
hardened material after the first transformation . For 
example , the second transformation can be used to increase 
the first density of the hardened material to form a hardened 
material of a second density ( that is denser than the first 
density ) , and / or to reduce the surface roughness of the 
hardened material after the first transformation . In some 
embodiments , the first density is at most about 30 % , 40 % , 
50 % 60 % , 70 % , 80 % or 90 % dense ( measured as volume by 
volume , designated herein as " v / v ” , or area / area porosity , 
e . g . , of a cross - sectional plane of maximum porosity ) . In 
some embodiments , the second density is at least about 85 % 
or 90 % , 95 % , 98 % , 99 % , 99 . 5 % , 99 . 8 % dense ( v / v , or 
area / area porosity , e . g . , of a cross - sectional plane of maxi 
mum porosity ) . The second transformation operation can 
increase the first density of the hardened material by about 
110 % , 120 % , 130 % , 140 % , 150 % to form the second 
density of the hardened material ( v / v , area / area porosity , 
e . g . , of a cross - sectional plane of maximum porosity ) . The 
second transformation operation can increase the first den 
sity by any percentage between the afore - mentioned per 
centages ( e . g . , from about 110 % to about 150 % , or from 
about 130 % to about 150 % . The second transformation 
operation can be controlled to decrease the density of the 
first density of the hardened material . In some embodiments , 
the second transformation operation can reduce a measured 
roughness of an exposed surface of the hardened material 
( i . e . , smooth the exposed surface ) by a multiplier ( e . g . , by at 
least about 1 / 2 , 1 / 4 , 1 % , 1 / 8 , or 1 / 10 ) . For example , a measured 
roughness ( e . g . , profile roughness Ra , or area roughness Sa ) 
of the exposed surface of the second hardened material ( that 
underwent the second transformation ) can be reduced to 
have an Ra er Sa value of at most about 80 um , 70 um , 60 
um , 50 um , 40 um , 30 um . 20 um , 10 um , or 5 um . The 
measured roughness of the exposed surface of the second 
hardened material can have an Ra value between any of the 
afore - mentioned values ( e . g . , from about 80 um to about 5 
um , from about 60 um to about 5 um , from about 40 um to 
about 20 um , from about 30 um to about 5 um ) . In some 
embodiments , the second transformation operation is con 
trolled to increase the surface roughness of the hardened 
material after the first transformation . 
[ 0179 ] In some embodiments , during a first transformation 
and a second transformation , the same type of energy beam 
movement methodology is used , whether tilling methodol 
ogy or hatching methodology . In some embodiments , during 
the first transformation and the second transformation , a 
different type of energy beam movement methodology is 
used . For example , the first transformation can use a tiling 
movement methodology ( e . g . , stop and repeat ) , and the 
second transformation can use a hatching movement meth 
odology ( e . g . , continuous movement ) . The hatching move 
ment methodology may comprise an energy beam that 
constantly moves ( e . g . , at the same speed ) during formation 
of a path , or during formation of a layer of hardened 
material . 
10180 ] In some embodiments , during a first transformation 
and a second transformation , the same type of transforma 

tion process is used , whether core , PMX , MTO , STO , or 
HARMP processes described herein . In some embodiments , 
during the first transformation and the second transforma 
tion , a different transformation process is used . For example , 
the first transformation can use a STO process , and the 
second transformation can use a HARMP process . 
[ 0181 ] The second transformation operation can be any 
suitable type of transformation operation described herein . 
For example , the second transformation operation can 
involve one or more core , PMX , MTO , STO , or HARMP 
processes described herein . In some cases , the type of 
second transformation process implemented is chosen based 
on the aspect ratio and / or shape of the melt pools achieved 
by the second transformation process . For example , the 
second transformation process can involve a low aspect ratio 
( e . g . , shallow ) , homogenously dimensioned ( e . g . , hemi 
spherical ) , or high aspect ratio ( e . g . , deep ) melt pools . In 
some implementations , a high - aspect - ratio - melt - pool 
( HARMP ) process is used to transform at least one layer of 
material that is at least partially hardened ( e . g . , which at 
least one layer was formed using one or more of core , PMX , 
MTO , STO , or HARMP processes described herein ) . That is , 
the second transformation operation can transform the at 
least one hardened or partially hardened layer of material . 
For example , the second transformation operation can trans 
form a plurality of hardened or partially hardened layers of 
material . In some cases , the second transformation process 
can process at most 2 , 3 , 4 , 5 , 6 , 8 , or 10 layers of hardened 
or partially hardened material . In some embodiments , the 
second transformation process transforms a particular height 
of hardened or partially hardened material . For example , in 
some embodiments the second transformation process trans 
forms a hardened or partially hardened material having a 
height of at least about 300 um , 400 um , 500 um , 600 um , 
700 um , 800 um , 900 um , or 1000 um ( e . g . , depending on 
the nature of material and the power density of the energy 
beam ) . The second transformation process may transform a 
hardened or partially hardened material having a height 
between any of the above - mentioned heights ( e . g . , from 
about 300 um to about 1000 um , from about 400 um to about 
800 um , or from about 500 um to about 700 um ) . 
[ 0182 ] In some embodiments , the 3D object is an exten 
sive 3D object . The 3D object can be a large 3D object . The 
3D object may comprise a hanging structure ( e . g . , wire , 
ledge , shelf , or 3D plane ) . In some embodiments , the 3D 
object includes a geometry that comprises an overhang 
structure connected to at least one rigid - portion ( also 
referred herein as “ core ” ) that may be a part of the 3D object . 
The rigid - portion may provide support to a second portion 
( e . g . , an overhang structure such as a structure comprising a 
ledge having a constant or varying angle with respect to the 
rigid - portion and / or platform ) of the 3D object . The angle 
may be acute ( e . g . , steep , or shallow ) , or obtuse ( e . g . , as 
indicated herein ) . Examples of such an overhang 3D struc 
ture may comprise an arch , dome , ledge , or blade . For 
example , the 3D object may comprise a ledge having a 
constant or varying angle ( e . g . , with respect to a platform ) . 
FIG . 9 shows an example of an overhang structure ( e . g . , 
922 ) connected to a rigid - portion ( e . g . , 920 ) . The overhang 
structure may be formed within a material bed . At times , the 
overhang structure may be formed on a target surface ( e . g . , 
on an exposed surface of the material bed , on a platform , or 
connected to a rigid - portion ( e . g . , that is formed on a 
platform ) ) . The rigid - portion may be connected ( e . g . , 
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anchored ) to a build plane ( also referred to as a build plate ) 
or a platform ( e . g . , 915 ) . The overhang ( e . g . , the hanging 
ledge structure ) may be printed without auxiliary supports 
other than the connection to the one or more rigid - portions 
( that are part of the requested 3D object ) . The overhang may 
be formed at an angle ( e . g . , 930 ) with respect to the build 
plane and / or platform ( e . g . , 915 ) . The overhang and / or the 
rigid - portion may be formed from the same or different 
pre - transformed material ( e . g . , powder ) . 
[ 0183 ] In some embodiments , the 3D object is a large 
object . In some embodiments , the 3D object is a small 
object . Small is an object that is not large . The 3D object 
may be described as having a fundamental length scale of at 
least about 1 centimeter ( cm ) , 1 . 5 cm , 2 cm , 10 cm , 20 cm , 
30 cm , 40 cm , 50 cm , 60 cm , 70 cm , 80 cm , 90 cm , 1 m , 2 
m , 3 m , 4 m , 5 m , 10 m , 50 m , 80 m , or 100 m . In some 
instances , the fundamental length scale ( e . 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 can be at least about 50 
micrometers ( um ) , 80 um , 100 um , 120 um , 150 um , 170 
um , 200 um , 230 um , 250 um , 270 um , 300 um , 400 um , 500 
um , 600 um , 700 um , 800 um , 1 millimeter ( mm ) , 1 . 5 mm , 
2 mm , 5 mm , 1 centimeter ( cm ) , 1 . 5 cm , 2cm , 10 cm , 20 cm , 
30 cm , 40 cm , 50 cm , 60 cm , 70 cm , 80 cm , 90 cm , 1 meter 
( m ) , 2 m , 3 m , 4 m , 5 m , 10 m , 50 m , 80 m , or 100 m . The 
FLS of the printed 3D object can be at most about 1000 m , 
500 m , 100 m , 80 m , 50 m , 10 m , 5 m , 4 m , 3 m , 2 m , 1 m , 
90 cm , 80 cm , 60 cm , 50 cm , 40 cm , 30 cm , 20 cm , 10 cm , 
or 5 cm . In some cases , the FLS of the printed 3D object may 
be in between any of the afore - mentioned FLSs ( e . g . , from 
about 50 um to about 1000 m , from about 120 um to about 
1000 m , from about 120 um to about 10 m , from about 200 
um to about 1 m , from about 1 cm to about 100 m , from 
about 1 cm to about 1 m , from about 1 m to about 100 m , 
or from about 150 um to about 10 m ) . The FLS ( e . g . , 
horizontal FLS ) of the layer of hardened material may have 
any value listed herein for the FLS of the 3D object . 
[ 0184 ] In some embodiments , the material ( e . g . , pre - trans 
formed material , transformed material , or solid material ) 
comprises an elemental metal , metal alloy , ceramic , or an 
allotrope of elemental carbon . The allotrope of elemental 
carbon may comprise amorphous carbon , graphite , gra 
phene , diamond , or fullerene . The fullerene may be selected 
from the group consisting of a spherical , elliptical , linear , 
and tubular fullerene . The fullerene may comprise a bucky 
ball or a carbon nanotube . The ceramic material may com 
prise cement . The ceramic material may comprise alumina . 
The material may comprise sand , glass , or stone . In some 
embodiments , the material may be devoid of an organic 
material , for example , a polymer or a resin . In some embodi 
ments , the material may exclude an organic material ( e . g . , 
polymer ) . At times , the material may comprise an organic 
material ( e . g . , a polymer or a resin ) . In some embodiments , 
the term “ particulate material ” may be exchanged by a 
" pre - transformed ” material . The pre - transformed material 
may comprise a particulate material . The pre - transformed 
material may comprise a liquid , solid , or semi - solid . Pre 
transformed material as understood herein is a material 
before it has been transformed by an energy beam during the 
3D printing process . The pre - transformed material may be a 
material that was , or was not , transformed prior to its use in 
the 3D printing process . 

[ 0185 ] At times , the pre - transformed material comprises a 
particulate material . The particulate material may comprise 
powder . The pre - transformed ( e . g . , powder ) material may 
comprise a solid material . The particulate material may 
comprise one or more particles or clusters . The term “ pow 
der , ” as used herein , generally refers to a solid having fine 
particles . The “ particulate material ” may comprise powder 
material , or particles made of another material ( e . g . , liquid , 
or semi - liquid containing vesicles ) . The semi - liquid material 
may be a gel . The particulate material may comprise semi 
liquid particles . Powders may be granular materials . The 
powder particles may comprise nanoparticles or micropar 
ticles . In some examples , a powder comprising particles 
having an average FLS ( e . g . , the diameter , spherical equiva 
lent diameter , diameter of a bounding circle , or the largest of 
height , width and length ; herein designated as “ FLS " ) of at 
least about 5 nanometers ( nm ) , 10 nm , 20 nm , 30 nm , 40 nm , 
50 nm , 100 nm , 200 nm , 300 nm , 400 nm , 500 nm , 1 um , 
5 um , 10 um , 15 um , 20 um , 25 um , 30 um , 35 um , 40 um , 
45 um , 50 um , 55 um , 60 um , 65 um , 70 um , 75 um , 80 um , 
or 100 um . The particles comprising the powder may have 
an average FLS of at most about 100 um , 80 um , 75 um , 70 
um , 65 um , 60 um , 55 um , 50 um , 45 um , 40 um , 35 um , 30 
um , 25 um , 20 um , 15 um , 10 um , 5 um , 1 um , 500 nm , 400 
nm , 300 nm , 200 nm , 100 nm , 50 nm , 40 nm , 30 nm , 20 nm , 
10 nm , or 5 nm . In some cases , the powder may have an 
average FLS between any of the values of the average 
particle FLS listed above ( e . g . , from about 5 nm to about 100 
um , from about 1 um to about 100 um , from about 15 um to 
about 45 um , from about 5 um to about 80 um , from about 
20 um to about 80 um , or from about 500 nm to about 50 
um ) . 

[ 0186 ] In some embodiments , at least parts of the layer of 
pre - transformed material are transformed to a transformed 
material ( e . g . , using an energy beam ) that subsequently form 
at least a fraction ( also used herein “ a portion , ” or “ a part ” ) 
of a hardened ( e . g . , solidified ) 3D object . At times a layer of 
transformed and / or hardened material may comprise a cross 
section of a 3D object ( e . g . , a horizontal cross section ) . The 
layer may correspond to a cross section of a requested 3D 
object ( e . g . , a model ) . At times a layer of transformed or 
hardened material may comprise a deviation from a cross 
section of a model of a 3D object . The deviation may include 
vertical or horizontal deviation . A pre - transformed material 
layer ( or a portion thereof ) can have a thickness ( e . g . , layer 
height ) of at least about 0 . 1 micrometer ( um ) , 0 . 5 um , 1 . 0 
um , 10 um , 50 um , 100 um , 150 um , 200 um , 300 um , 400 
um , 500 um , 600 um , 700 um , 800 um , 900 um , or 1000 um . 
A pre - transformed material layer ( or a portion thereof ) can 
have a thickness of at most about 1000 um , 900 um , 800 um , 
700 um , 60 um , 500 um , 450 um , 400 um , 350 um , 300 um , 
250 um , 200 um , 150 um , 100 um , 75 um , 50 um , 40 um , 
30 um , 20 um , 10 um , 5um , 1 um , or 0 . 5 um . A pre 
transformed material layer ( or a portion thereof ) may have 
any value in between the afore - mentioned layer thickness 
values ( e . g . , from about 1000 um to about 0 . 1 um , 800 um 
to about 1 um , from about 600 um to about 20 um , from 
about 300 um to about 30 um , or from about 1000 um to 
about 10 um ) . In some embodiments , the FLS ( e . g . , height 
or length ) of the bottom skin layer ( e . g . , the first formed 
layer of the 3D object ) is greater than the average or mean 
FLS of subsequent layers . The layer can be of particulate , 
transformed , and / or hardened material . Greater can be by at 
least about 1 . 25 * , 1 . 5 * , 2 * , 2 . 5 * , 3 * , 3 . 5 * , 4 * , 4 . 5 * , 5 * , 5 . 5 * , 
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6 * , 7 * , 8 * , 9 * , 10 * or 11 times ( * ) . Greater can be by at most 
about 1 . 25 * . 1 . 5 * , 2 * , 2 . 5 * , 3 * , 3 . 5 * , 4 * , 4 . 5 * , 5 * , 5 . 5 * , 6 * , 
7 * , 8 * , 9 * , 10 * or 11 times ( * ) . Greater can be by any value 
between the afore - mentioned values ( e . g . , from about 1 . 25 * 
to about 10 * , from about 5 * to about 11 * , or from about 
1 . 25 * to about 5 * ) . In some embodiments , a subsequent 
transformation ( e . g . , tiling ) operation may cause a portion of 
the bottom skin to be consumed by ( e . g . , coalesce with ) the 
subsequently transformed material ( e . g . , tiles ) . In some 
cases , this causes the tile to draw in the bottom skin . In some 
cases , a bottom skin having a FLS ( e . g . , height or length ) of 
a least a prescribed FLS may assure that the bottom skin is 
not ( e . g . , substantially ) drawn in by the subsequent trans 
formed material ( e . g . , tiles ) . 
[ 0187 ] In some embodiments , the material composition of 
at least two of a plurality of layers in the material bed is 
different . The material composition of at least one layer 
within the material bed may differ from the material com 
position within at least one other layer in the material bed . 
The material composition of at least one layer within the 3D 
object may differ from the material composition within at 
least one other layer in the 3D object . The difference ( e . g . , 
variation ) may comprise difference in grain ( e . g . , crystal ) 
structure . The variation may comprise variation in grain 
orientation , material density , degree of compound segrega 
tion to grain boundaries , degree of element segregation to 
grain boundaries , material phase , metallurgical phase , mate 
rial porosity , crystal phase , crystal structure , or material 
type . The microstructure of the printed object may comprise 
planar structure , cellular structure , columnar dendritic struc 
ture , or equiaxed dendritic structure . 
[ 0188 ] At times , the pre - transformed material of at least 
one layer in the material bed differs in the FLS of its particles 
( e . g . , powder particles ) from the FLS of the pre - transformed 
material within at least one other layer in the material bed . 
A layer may comprise two or more material types at any 
combination . For example , two or more elemental metals , at 
least one elemental metal and at least one alloy ; two or more 
metal alloys . All the layers of pre - transformed material 
deposited during the 3D printing process may be of the same 
( e . g . , substantially the same ) material composition . In some 
instances , a metal alloy is formed in situ during the process 
of transforming at least a portion of the material bed . In 
some instances , a metal alloy is not formed in situ during the 
process of transforming at least a portion of the material bed . 
In some instances , a metal alloy is formed prior to the 
process of transforming at least a portion of the material bed . 
In some instances , a first metal alloy is formed prior to the 
process of transforming at least a portion of the material bed 
and a second ( e . g . , requested ) metal alloy is formed during 
the transforming of at least a portion of the material bed . In 
the case of a multiplicity ( e . g . , mixture ) of pre - transformed 
materials , one pre - transformed material may be used as 
support ( i . e . , supportive powder ) , as an insulator , as a 
cooling member ( e . g . , heat sink ) , as a precursor in the 
requested alloy formation , or as any combination thereof . 
10189 ] In some instances , adjacent components in the 
material bed are separated from one another by one or more 
intervening layers . In an example , a first layer is adjacent to 
a second layer when the first layer is in direct contact with 
the second layer . In another example , a first layer is adjacent 
to a second layer when the first layer is separated from the 
second layer by at least one layer ( e . g . , a third layer ) . The 
intervening layer may be of any layer size . 

[ 0190 ] At times , the pre - transformed material is requested 
and / or pre - determined for the 3D object . The pre - trans 
formed material can be chosen such that the material is the 
requested and / or otherwise predetermined material for the 
3D object . A layer of the 3D object may comprise a single 
type of material . For example , a layer of the 3D object may 
comprise a single metal alloy type . In some examples , a 
layer within the 3D object may comprise several types of 
material ( e . g . , an elemental metal and an alloy , several ally 
types , several alloy phases , or any combination thereof ) . In 
certain embodiments , each type of material comprises only 
a single member of that type . For example : a single member 
of metal alloy ( e . g . , Aluminum Copper alloy ) . 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 one member of a material type . 
[ 0191 ] In some instances , the elemental metal comprises 
an alkali metal , an alkaline earth metal , a transition metal , a 
rare - earth element metal , or another metal . The alkali metal 
can be Lithium , Sodium , Potassium , Rubidium , Cesium , or 
Francium . The alkali earth metal can be Beryllium , Mag 
nesium , Calcium , Strontium , Barium , or Radium . The tran 
sition metal can be Scandium , Titanium , Vanadium , Chro 
mium , Manganese , Iron , Cobalt , Nickel , Copper , Zinc , 
Yttrium , Zirconium , Platinum , Gold , Rutherfordium , Dub 
nium , Seaborgium , Bohrium , Hassium , Meitnerium , Unun 
bium , Niobium , Iridium , Molybdenum , Technetium , Ruthe 
nium , Rhodium , Palladium , Silver , Cadmium , Hafnium , 
Tantalum , Tungsten , Rhenium , or Osmium . The transition 
metal can be mercury . The rare - earth metal can be a lan 
thanide , or an actinide . The lanthanide metal can be Lan 
thanum , Cerium , Praseodymium , Neodymium , Promethium , 
Samarium , Europium , Gadolinium , Terbium , Dysprosium , 
Holmium , Erbium , Thulium , Ytterbium , or Lutetium . The 
actinide metal can be Actinium , Thorium , Protactinium , 
Uranium , Neptunium , Plutonium , Americium , Curium , 
Berkelium , Californium , Einsteinium , Fermium , Mendele 
vium , Nobelium , or Lawrencium . The other metal can be 
Aluminum , Gallium , Indium , Tin , Thallium , Lead , or Bis 
muth . 

[ 0192 ] In some instances , the metal alloy comprises an 
iron based alloy , nickel based alloy , cobalt based allow , 
chrome based alloy , cobalt chrome based alloy , titanium 
based alloy , magnesium based alloy , copper based alloy , or 
any combination thereof . The alloy may comprise an oxi 
dation or corrosion resistant alloy . The alloy may comprise 
a super alloy ( e . g . , Inconel ) . The super alloy may comprise 
Inconel 600 , 617 , 625 , 690 , 718 , or X - 750 . The metal ( e . g . , 
alloy or elemental ) may comprise an alloy used for appli 
cations in industries comprising aerospace ( e . g . , aerospace 
super alloys ) , jet engine , missile , automotive , marine , loco 
motive , satellite , defense , oil & gas , energy generation , 
semiconductor , fashion , construction , agriculture , printing , 
or medical . The metal ( e . g . , alloy or elemental ) may com 
prise an alloy used for products comprising a device , medi 
cal device ( human & veterinary ) , machinery , cell phone , 
semiconductor equipment , generators , turbine , stator , motor , 
rotor , impeller , engine , piston , electronics ( e . g . , circuits ) , 
electronic equipment , agriculture equipment , gear , transmis 
sion , communication equipment , computing equipment 
( e . g . , laptop , cell phone , i - pad ) , air conditioning , generators , 
furniture , musical equipment , art jewelry , cooking equip 
ment , or sport gear . The impeller may be a shrouded ( e . g . , 
covered ) impeller that is produced as one piece ( e . g . , com 
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prising blades and cover ) during one 3D printing process . 
The 3D object may comprise a blade . The impeller may be 
used for pumps ( e . g . , turbo pumps ) . The impeller and / or 
blade may be any of the ones described in U . S . patent 
application Ser . No . 15 / 435 , 128 , tiled on Feb . 16 , 2017 ; PCT 
patent application number PCT / US17 / 18191 , tiled on Feb . 
16 , 2017 ; or European patent application number 
EP17156707 . 6 , filed on Feb . 17 , 2017 , all titled “ ACCU 
RATE THREE - DIMENSIONAL PRINTING , " each of 
which is incorporated herein by reference in its entirety 
where non - contradictory . The metal ( e . g . , alloy or elemen 
tal ) may comprise an alloy used for products for human 
and / or veterinary applications comprising implants , or pros 
thetics . The metal alloy may comprise an alloy used for 
applications in the fields comprising human and / or veteri 
nary surgery , implants ( e . g . , dental ) , or prosthetics . 
[ 0193 ] In some instances , the alloy includes a superalloy . 
The alloy may include a high - performance alloy . The alloy 
may include an alloy exhibiting at least one of : excellent 
mechanical strength , resistance to thermal creep deforma 
tion , good surface stability , resistance to corrosion , and 
resistance to oxidation . The alloy may include a face 
centered cubic austenitic crystal structure . The alloy may 
comprise Hastelloy , Inconel , Waspaloy , Rene alloy ( e . g . , 
Rene - 80 , Rene - 77 , Rene - 220 , or Rene - 41 ) . Haynes alloy , 
Incoloy , MP98T , 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 . , CMSX - 3 , or CMSX - 4 ) . The alloy can 
be a single crystal alloy . 
[ 0194 ] In some instances , the iron alloy comprises Elinvar , 
Fernico , Ferroalloys , Invar , Iron hydride , Kovar , 
Spiegeleisen , Staballoy ( stainless steel ) , or Steel . In some 
instances , the metal alloy is steel . The Ferroalloy may 
comprise Ferroboron , Ferrocerium , Ferrochrome , Ferro 
magnesium , Ferromanganese , Ferromolybdenum , Ferron 
ickel , Ferrophosphorus , Ferrosilicon , Ferrotitanium , Ferrou 
ranimn , or Ferrovanadimn . The iron alloy may comprise cast 
iron , or pig iron . The steel may comprise Bulat steel , 
Chromoly , Crucible steel , Damascus steel , Hadfield steel , 
High speed steel , HSLA steel , Maraging steel , Managing 
steel ( M300 ) . Reynolds 531 , Silicon steel , Spring steel , 
Stainless steel , Tool steel , Weathering steel , or Wootz steel . 
The high - speed steel may comprise Mushet steel . The stain 
less steel may comprise AL - 6XN , Alloy 20 , celestrium , 
marine grade stainless , Martensitic stainless steel , surgical 
stainless steel , or Zeron 100 . The tool steel may comprise 
Silver steel . The steel may comprise stainless steel . Nickel 
steel , Nickel - chromium steel , Molybdenum steel , Chro 
mium steel , Chromium - vanadium steel , Tungsten steel , 
Nickel - chromium - molybdenum steel , or Silicon - manganese 
steel . The steel may be comprised of any Society of Auto 
motive Engineers ( SAE ) grade steel such as 440F , 410 , 312 , 
430 , 440A , 440B , 440C , 304 , 305 , 304L , 304L , 301 , 304LN , 
301LN , 2304 , 316 , 316L , 316LN , 316 , 316LN , 316L , 316L , 
316 , 317L , 2205 , 409 , 904L , 321 , 254SMO , 316Ti , 321H , or 
304H . The steel may comprise stainless steel of at least one 
crystalline structure selected from the group consisting of 
austenitic , superaustenitic , ferritic , martensitic , duplex , and 
precipitation - hardening martensitic . Duplex stainless steel 
may be lean duplex , standard duplex , super duplex , or hyper 
duplex . The stainless steel may comprise surgical grade 
stainless steel ( e . g . , austenitic 316 , martensitic 420 , or 
martensitic 440 ) . The austenitic 316 stainless steel may 
comprise 316L , or 316LVM . The steel may comprise 17 - 4 

Precipitation Hardening steel ( e . g . , type 630 , a chromium 
copper precipitation hardening stainless steel , 17 - 4PH steel ) . 
[ 0195 ] In some instances , the titanium - based alloy com 
prises alpha alloy , near alpha alloy , alpha and beta alloy , or 
beta alloy . The titanium alloy may comprise grade 1 , 2 , 2H , 
3 , 4 , 5 , 6 , 7 , 7H , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 16H , 17 , 18 , 
19 , 20 , 21 , 2 , 23 , 24 , 25 , 26 , 26H , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 
34 , 35 , 36 , 37 , 38 , or higher . In some instances , the titanium 
base alloy comprises Ti - 6A1 - 4V or Ti - 6A1 - 7Nb . 
[ 0196 ] In some instances , the Nickel alloy comprises 
Alnico , Alumel , Chromel , Cupronickel , Ferronickel , Ger 
man silver , Hastelloy , Inconel , Monel metal , Nichrome , 
Nickel - carbon , Nicrosil , Nisil , Nitinol , or Magnetically 
“ soft ” alloys . The magnetically “ soft ” alloys may comprise 
Mu - metal , Permalloy , Supermalloy , or Brass . The brass may 
comprise Nickel hydride , Stainless or Coin silver . The cobalt 
alloy may comprise Megallium , Stellite ( e . g . Talonite ) , 
Ultimet , or Vitallium . The chromium alloy may comprise 
chromium hydroxide , or Nichrome . 
[ 0197 ] In some instances , the aluminum alloy comprises 
AA - 8000 , Al - Li ( aluminum - lithium ) , Alnico , Duralumin , 
Hidumiuium , Kryron Magnalium , Nambe , Scandium - alumi 
num , or Y alloy . The magnesium alloy may comprise 
Elektron , Magnox , or T - Mg - A1 - Zn ( Bergman phase ) 
alloy . 
[ 0198 ] . In some instances , the copper alloy comprises 
Arsenical copper , Beryllium copper , Billon , Brass , Bronze , 
Constantan , Copper hydride , Copper - tungsten , Corinthian 
bronze , Cunife , Cupronickel , Cymbal alloys , Devarda ' s 
alloy , Electrum , Hepatizon , Heusler alloy , Manganin , 
Molybdochalkos , Nickel silver , Nordic gold , Shakudo , or 
Tumbaga . The Brass may comprise Calamine brass , Chinese 
silver , Dutch metal , Gilding metal , Muntz metal , Pinchbeck , 
Prince ' s metal , or Tombac . The Bronze may comprise 
Aluminum bronze , Arsenical bronze , Bell metal , Florentine 
bronze , Guanín , Gunmetal , Glucydur , Phosphor bronze , 
Ormolu , or Speculum metal . The copper alloy may be a 
high - temperature copper alloy ( e . g . , GRCop - 84 ) . 
[ 0199 ] In some instances , the metal alloys are Refractory 
Alloys . The refractory metals and alloys may be used for 
heat coils , heat exchangers , furnace components , or welding 
electrodes . The Refractory Alloys may comprise a high 
melting points , low coefficient of expansion , mechanically 
strong , low vapor pressure at elevated temperatures , high 
thermal conductivity , or high electrical conductivity . 
[ 0200 ) In some examples , the material ( e . g . , pre - trans 
formed material ) comprises a material wherein its constitu 
ents ( e . g . , atoms or molecules ) readily lose their outer shell 
electrons , resulting in a free - flowing cloud of electrons 
within their otherwise solid arrangement . In some examples 
the material is characterized in having high electrical con 
ductivity , low electrical resistivity , high thermal conductiv 
ity , or high density ( e . g . , as measured at ambient temperature 
( e . g . , R . T . , or 20° C . ) ) . The high electrical conductivity can 
be at least about 1 * 10 Siemens per meter ( S / m ) , 5 * 10 % S / m , 
1 * 10S / m , 5 * 10 % S / m , 1 * 10 ' S / m , 5 * 10 ' S / m , or 1 * 108 S / m . 
The symbol “ * ” designates the mathematical operation 
" times , ” or “ multiplied by . ” The high electrical conductivity 
can be any value between the afore - mentioned electrical 
conductivity values ( e . g . , from about 1 * 10 % S / m to about 
1 * 108 S / m ) . The low electrical resistivity may be at most 
about 1 * 10 - ohm times meter ( Q * m ) , 5 * 10 - 02 * m , 1 * 10 - 6 
2 * m , 5 * 10 - 7 2 * m , 1 * 10 - 7 12 * m , 5 * 10 - 8 , or 1 * 10 - 8 2 * m . 
The low electrical resistivity can be any value between the 
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afore - mentioned electrical resistivity values ( e . g . , from 
about 1x10 - 5 12 * m to about 1x10 - 82 * m ) . The high thermal 
conductivity may be at least about 20 Watts per meters times 
Kelvin ( W / mK ) , 50 W / mK , 100 W / mK , 150 W / mK , 200 
W / mK , 205 W / mK , 300 W / mK , 350 W / mK , 400 W / mK , 
450 W / mK , 500 W / mK , 550 W / mK , 600 W / mK , 700 
W / mK , 800 W / mK , 900 W / mK , or 1000 W / mK . The high 
thermal conductivity can be any value between the afore 
mentioned thermal 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 / cm ) , 2 g / cm " , 
3 g / cm3 , 4 g / cm , 5 g / cm° , 6 g / cm3 , 7 g / cm , 8 g / cm » , 
9g / cm° , 10 g / cm° , 11 g / cm , 12 g / cm , 13 g / cm , 14 g / cm , 
15 g / cm° , 16 g / cm° , 17 g / cm ” , 18 g / cm° , 19 g / cm° , 20 
g / cm " , or 25 g / cm ' . The high density can be any value 
between the afore - mentioned density values ( e . g . , from 
about 1 g / cm² to about 25 g / cm° ) . 
[ 0201 ] At times , a metallic material ( e . g . , elemental metal 
or metal alloy ) comprises small amounts of non - metallic 
materials , such as , for example , oxygen , sulfur , or nitrogen . 
In some cases , the metallic material can comprise the 
non - metallic material in a trace amount . A trace amount can 
be at most about 100000 parts per million ( ppm ) , 10000 
ppm , 1000 ppm , 500 ppm , 400 ppm , 200 ppm , 100 ppm , 50 
ppm , 10 ppm , 5 ppm , or 1 ppm ( based on weight , w / w ) of 
non - metallic material . A trace amount can comprise at least 
about 10 ppt , 100 ppt , 1 ppb , 5 ppb , 10 ppb , 50 ppb , 100 ppb , 
200 ppb , 400 ppb , 500 ppb , 1000 ppb , 1 ppm , 10 ppm , 100 
ppm , 500 ppm , 1000 ppm , or 10000 ppm ( based on weight , 
w / w ) of non - metallic material . A trace amount can be any 
value between the afore - mentioned trace amounts ( e . g . , 
from about 10 parts per trillion ( ppt ) to about 100000 ppm , 
from about 1 ppb to about 100000 ppm , from about 1 ppm 
to about 10000 ppm , or from about 1 ppb to about 1000 
ppm ) . 
0202 ] In some embodiments , 3D printing methodologies 
are employed for printing an object that is substantially 
two - dimensional , such as a wire or a planar object . The 3D 
object may comprise a plane like structure referred to 
herein as “ planar object , ” “ three - dimensional plane , ” or “ 3D 
plane ” ) . The 3D plane may have a relatively small width as 
opposed to a relatively large surface area . The 3D plane may 
have a relatively small height relative to its width and length . 
For example , the 3D plane may have a small height relative 
to a large horizontal plane . FIG . 4 shows an example of a 3D 
plane that is substantially planar ( e . g . , flat ) . The 3D plane 
may be planar , curved , or assume an amorphous 3D shape . 
The 3D plane may be a strip , a blade , or a ledge . The 3D 
plane may comprise a curvature . The 3D plane may be 
curved . The 3D plane may be planar ( e . g . , flat ) . The 3D 
plane may have a shape of a curving scarf . The term “ 3D 
plane ” is understood herein to be a generic ( e . g . , curved ) 3D 
surface . For example , the 3D plane may be a curved 3D 
surface . The one or more layers within the 3D object may be 
substantially planar ( e . g . , flat ) . The planarity of a surface or 
a boundary the layer may be ( e . g . , substantially ) uniform . 
Substantially uniform may be relative to the intended pur 
pose of the 3D object . The height of the layer at a particular 
position may be compared to an average layering plane . The 
layering plane can refer to a plane that a layer of the 3D 
object is ( e . g . , substantially ) oriented during printing . A 
boundary between two adjacent ( printed ) layers of hardened 
material of the 3D object may define a layering plane . The 
boundary may be apparent by , for example , one or more melt 

pool terminuses ( e . g . , bottom or top ) . A 3D object may 
include multiple layering planes ( e . g . , corresponding to each 
layer ) . In some embodiments , the layering planes are ( e . g . , 
substantially ) parallel to one another . An average layering 
plane may be defined by a linear regression analysis ( e . g . , 
least squares planar fit of the top - most part of the surface of 
the layer of hardened material ) . An average layering plane 
may be a plane calculated by averaging the material height 
at each selected point on the top surface of the layer of 
hardened material . The selected points may be within a 
specified region of the 3D object . The deviation from any 
point at the surface of the planar layer of hardened material 
may be at most 20 % , 15 % , 10 % , 5 % , 3 % , 1 % , or 0 . 5 % of 
the height ( e . g . , thickness ) of the layer of hardened material . 
FIG . 48 shows a schematic example of a vertical cross 
section of a portion of a 3D object having layers 4800 , 4802 
4804 and 4816 of hardened material , with each layer sequen 
tially formed during the 3D printing process . Boundaries 
( e . g . , 4806 , 4808 , 4810 and 4812 ) between the layers may be 
( e . g . , substantially ) planar . The boundaries between the 
layers may have some irregularity ( e . g . , roughness ) due to 
the transformation ( e . g . , melting ) process . An average lay 
ering plane ( e . g . , 4814 ) may correspond to a ( e . g . , imagi 
nary ) plane that is calculated or estimated as an average 
layering plane thereof . 
[ 0203 ] The substantially planar one or more layers may 
have a large radius of curvature . FIG . 7 shows an example 
of a vertical cross section of a 3D object ( e . g . , 712 , 713 , 714 ) 
comprising ( e . g . , substantially ) planar layers ( e . g . , 712 , 
layers numbers 1 - 4 ) and non - planar layers ( e . g . , 712 layers 
number 5 - 6 ; 713 layers number 1 - 6 ; or 714 layers number 
5 - 6 ) that have a radius of curvature . An average layering 
plane of layers that are non - planar ( e . g . , 712 , layers number 
5 - 6 ; 713 , layers number 1 - 6 ; or 714 , layers number 5 - 6 ) may 
correspond to a plane that is calculated ( e . g . , by linear 
regression analysis ) from the non - planar layer . FIGS . 7 , 716 
and 717 are super - positions of curved layer on a circle 715 
having a radius of curvature “ r . ” The one or more layers may 
have a radius of curvature equal to the radius of curvature of 
the layer surface . The radius of curvature may equal infinity 
( e . g . , when the layer is ( e . g . , substantially ) planar ) . The 
radius of curvature of at least one the layer of the 3D object 
( e . g . , all the layers of the 3D object , the bottom skin layer , 
and / or the overhang ) may have a value of at least about 0 . 1 
centimeter ( cm ) 0 . 2 cm , 0 . 3 cm , 0 . 4 cm , 0 . 5 cm , 0 . 6 cm , 
0 . 7cm , 0 . 8 cm , 0 . 9 cm , 1 cm , 3 cm , 5 cm , 10 cm , 20 cm , 30 
cm , 40 cm , 50 cm , 60 cm , 70 cm , 80 cm , 90 cm , 1 meter ( m ) , 
1 . 5 m , 2 m , 2 . 5 m , 3 m , 3 . 5 m , 4 m , 4 . 5 m , 5 m , 10 m , 15 
m , 20 m , 25 m , 30 m , 50 m , or 100 m . The radius of 
curvature of at least one layer of the 3D object ( e . g . , all the 
layers of the 3D object ) may have any value between any of 
the afore - mentioned values of the radius of curvature ( e . g . , 
from about 10 cm to about 90 m , from about 50 cm to about 
10 m , from about 5 cm to about 1 m , from about 50 cm to 
about 5 m , from about 5 cm to infinity , or from about 40 cm 
to about 50 m ) . In some embodiments , a layer with an 
infinite radius of curvature is a layer that is planar . In some 
examples , the one or more layers may be included in a planar 
section of the 3D object , or may be a planar 3D object ( e . g . , 
a flat plane , or 3D plane ) . In some instances , part of at least 
one layer within the 3D object may have any of the radii of 
curvature mentioned herein , which will designate the radius 
of curvature of that layer portion . The 3D object may 
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comprise a hanging structure . The hanging structure may be 
a plane like structure ( e . g . , a 3D plane ) . 
[ 0204 ] The radius of curvature , “ r , ” of a curve at a point 
can be a measure of the radius of the circular arc ( e . g . , FIG . 
7 , 716 ) which best approximates the curve at that position . 
The radius of curvature can be the inverse of the curvature . 
In the case of a 3D curve ( also herein a " space curve " ) , the 
radius of curvature may be the length of the curvature vector . 
The curvature vector can comprise of a curvature ( e . g . , the 
inverse of the radius of curvature ) having a particular 
direction . For example , the particular direction can be the 
direction towards the platform ( e . g . , designated herein as 
negative curvature ) , or away from the platform ( e . g . , des 
ignated herein as positive curvature ) . For example , the 
particular direction can be the direction towards the direc 
tion of the gravitational field ( e . g . , designated herein as 
negative curvature ) , or opposite to the direction of the 
gravitational field ( e . g . , designated herein as positive cur 
vature ) . A curve ( also herein a " curved line ” ) can be an 
object similar to a line that is not required to be straight . A 
straight line can be a special case of curved line wherein the 
curvature is ( e . g . , substantially ) zero . A line of ( e . g . , sub 
stantially ) zero curvature has an ( e . g . , substantially ) infinite 
radius of curvature . A curve can be in two - dimensions ( e . g . , 
vertical cross section of a plane ) , or in three - dimension ( e . g . , 
curvature of a plane ) . The curve may represent a cross 
section of a curved plane . À straight line may represent a 
cross section of a flat ( e . g . , planar ) plane . The platform may 
be a building platform . The platform may comprise the 
substrate , base , or bottom of the enclosure . The material bed 
may be operatively coupled and / or disposed adjacent to 
( e . g . , on ) the platform . 
[ 0205 ] In some embodiments , the 3D object comprises 
one or more layering planes N of the layered structure . A 
layering plane can be used to refer to an orientation of a layer 
of the 3D object during its printing . In some embodiments , 
a layering plane is ( e . g . , substantially ) parallel to the support 
surface of the platform , ( e . g . , substantially ) parallel to the 
exposed surface of the material bed , and / or ( e . g . , substan 
tially ) orthogonal ( e . g . , perpendicular ) to the gravitational 
field vector . The layering plane may be the average or mean 
plane of a layer of hardened material ( as part of the 3D 
object ) . The 3D object may comprise points X and Y , which 
reside on the surface of the 3D object . FIG . 10 shows an 
example of points X and Y on the surface of a 3D object . In 
some embodiments , X is spaced apart from Y by the 
auxiliary feature spacing distance . A sphere of radius XY 
that is centered at X lacks one or more auxiliary supports or 
one or more auxiliary support marks that are indicative of a 
presence or removal of the one or more auxiliary support 
features . An acute angle between the straight line XY and the 
direction normal to N may be from about 45 degrees to about 
90 degrees . The acute angle between the straight line XY 
and the direction normal to the layering plane may be of the 
value of the acute angle alpha . When the angle between the 
straight line XY and the direction of normal to N is greater 
than 90 degrees , one can consider the complementary acute 
angle . The layer structure may comprise any material ( s ) 
used for 3D printing . Each layer of the 3D structure ( e . g . , 3D 
object ) can be made of a single material or of multiple 
materials . Sometimes one part of the 3D object ( e . g . , one 
layer of the 3D object ) may comprise one material , and 
another part may comprise a second material different than 
the first material . A layer of the 3D object may be composed 

of a composite material . The 3D object may be composed of 
a composite material . The 3D object may comprise a func 
tionally graded material . In some cases , the orientation of 
the layering plane can be identified in a 3D object by 
inspection ( e . g . , using X - ray , optical microscopy , scanning 
electron microscopy and / or tunneling electron microscopy ) . 
For example , a surface of the object may include ridges ( also 
referred to as steps ) ( e . g . , FIG . 58A , 5801 ) , with each ridge 
corresponding to a layer of hardened material . In some 
cases , successively deposited melt pools may form the layer 
of hardened material . In some cases , a series of melt pools 
( e . g . , successively deposited melt pools ) within a layer of the 
3D object may be oriented in accordance ( e . g . , ( e . g . , sub 
stantially ) parallel ) with respect to a layering plane . FIG . 
25A shows an example of melt pools 2507 , 2508 and 2509 
as part of a layer 2525 formed in accordance with ( e . g . , ( e . g . , 
substantially ) parallel to ) a layering plane ( e . g . , parallel to 
trajectory 2530 ) . The layering plane may be ( e . g . , substan 
tially ) perpendicular to the build direction of the object 
during its printing . 
[ 0206 ] A layering plane of a 3D object may be at any angle 
with respect to a surface of the build platform surface and / or 
a surface of the 3D object . The angle may reveal the angle 
at which the object ( or a portion of the object ) was oriented 
with respect to the surface of the build platform . FIG . 47A 
shows an example 3D object 4720 that is formed ( e . g . , 
substantially ) horizontally on a platform 4722 and / or ( e . g . , 
substantially ) vertically with respect to the gravity vector 
4723 . The resulting layers ( e . g . , 4721 ) of hardened material 
can be ( e . g . , substantially ) parallel with respect to each other 
( e . g . , in accordance with an average layering plane ) . Adja 
cent layers may be integrally coupled with ( e . g . , chemically 
( e . g . , metallically ) bonded ) with each other during the 
transformation ( e . g . , melting ) process . The layers may be 
oriented ( e . g . , substantially ) horizontally with respect to a 
bottom surface ( e . g . , 4726 ) and / or a top surface ( e . g . , 4728 ) 
of the 3D object . The layers may be oriented ( e . g . , substan 
tially ) vertically with respect to a side surface ( e . g . , 4724 or 
4725 ) of the 3D object . FIG . 47B shows an example of a 3D 
object 4740 that is formed at an angle alpha ( a ) relative to 
the surface of a platform 4742 and / or an angle of 90 degrees 
plus alpha ( a ) with respect to the gravity vector 4743 . The 
resulting layers ( e . g . , 4741 ) of hardened material may be at 
the angle alpha ( a ) with respect to a bottom surface ( e . g . , 
4746 ) and / or top surface ( e . g . , 4748 ) of the 3D object . The 
layers may be oriented an angle of 90 degrees plus alpha ( a ) 
with respect to a side surface ( e . g . , 4744 or 4745 ) of the 3D 
object . 
[ 0207 ] In some embodiments , the 3D object is generated 
with respect to a ( e . g . , virtual ) model of a requested 3D 
object . The 3D object model may comprise a simulated 
model . The model may be a computer - generated model . In 
some embodiments , the generated 3D object may be gen 
erated with the accuracy of at least about 5 um , 10 um , 15 
um , 20 um , 25 um , 30 um , 35 um , 40 um , 45 um , 50 um , 55 
um , 60 um , 65 um , 70 um , 75 um , 80 um , 85 um , 90 um , 95 
um , 100 um , 150 um , 200 um , 250 um , 300 um , 400 um , 500 
um , 600 um , 700 um , 800 um , 900 um , 1000 um , 1100 um , 
or 1500 um with respect to a model of the requested 3D 
object . With respect to a model of the requested 3D object , 
the generated 3D object may be generated with the accuracy 
of any accuracy value between the afore - mentioned values 
( e . g . , from about 5 um to about 100 um , from about 15 um 
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to about 35 um , from about 100 um to about 1500 um , from 
about 5 um to about 1500 um , or from about 400 um to about 
600 um ) . 
[ 0208 ] In some embodiments , the hardened layer of trans 
formed material deforms the 3D printing and / or upon hard 
ening ) . The deformation may cause a horizontal ( e . g . , 
height ) and / or vertical ( e . g . , width and / or length ) deviation 
from a requested uniformly planar layer of hardened mate 
rial . The horizontal and / or lateral deviation of the planar 
surface of the layer of hardened material may be of at most 
about 100 um , 90 um , 80 , 70 um , 60 um , 50 um , 40 um , 30 
um , 20 um , 10 um , or 5 um . The horizontal and / or vertical 
deviation of the planar surface of the layer of hardened 
material may be any value between the afore - mentioned 
height deviation values ( e . g . , from about 100 um to about 5 
um , from about 50 um to about 5 um , from about 30 um to 
about 5 um , or from about 20 um to about 5 um ) . The height 
uniformity ( e . g . , of the uniformly planar layer ) may com 
prise high precision uniformity . The resolution of the 3D 
object may be at least about 100 udots per inch ( dpi ) , 300 
dpi , 600 dpi , 1200 dpi , 2400 dpi , 3600 dpi , or 4800 dpi . The 
resolution of the 3D object may be at most about 100 dpi , 
300 dpi , 600 dpi , 1200 dpi , 2400 dpi , 3600 dpi , or 4800dpi . 
The resolution of the 3D object may be any value between 
the afore - mentioned values ( e . g . , from 100 dpi to 4800 dpi , 
from 300 dpi to 2400 dpi , or from 600 dpi to 4800 dpi ) . A 
dot may be a melt pool . A dot may be a ( e . g . , vertical ) step . 
A dot may be a height of the layer of hardened material . A 
step may have a value of at most the height of the layer of 
hardened material . The vertical ( e . g . , height ) uniformity of 
a layer of hardened material may persist across a portion of 
the layer surface that has a FLS ( e . g . , a width and / or a 
length ) of at least about 1 mm , 2 mm , 3 mm , 4 mm , 5 mm , 
or 10 mm , have a height deviation of at least about 10 mm , 
9 mm , 8 mm , 7 mm , 6 mm , 5 mm , 4 mm , 3 mm , 2 mm , 1 
mm , 500 um , 400 um , 300 um , 200 um , 100 um , 90 um , 80 
um , 70 um , 60 um , 50 um , 40 um , 30 um , 20 um , or 10 um . 
The height uniformity of a layer of hardened material may 
persist across a portion of the target surface that has a FLS 
( e . g . , a width and / or a length ) of most about 10 mm , 9 mm , 
8 mm , 7 mm , 6 mm , 5 mm , 4 mm , 3 mm , 2 mm , 1 mm , 500 
um , 400 um , 300 um , 200 um , 100 um , 90 um , 80 , 70 um , 
60 um , 50 um , 40 um , 30 um , 20 um , or 10 um . The height 
uniformity of a layer of hardened material may persist across 
a portion of the target surface that has a FLS ( e . g . , a width 
and / or a length ) of any value between the afore - mentioned 
width or length values ( e . g . , from about 10 mm to about 10 
um , from about 10 mm to about 100 um , or from about 5 mm 
to about 500 um ) . A target surface may be a layer of 
hardened material ( e . g . , as part of the 3D object ) . 
[ 0209 ] In an aspect , a 3D object ( e . g . , FIG . 1 , 106 ) is 
generated from a pre - transformed material by irradiating a 
portion of a material bed ( e . g . , 104 ) comprising the pre 
transformed material ( e . g . , by using an energy beam , e . g . , 
101 or 108 ) . The irradiation may transform a portion of the 
irradiated material bed into a transformed material . The 
energy beam may be directed at a target surface , such as an 
exposed surface ( e . g . , FIG . 1 , 131 ) of the material bed . The 
transformed material may form at least a portion of the 3D 
object . In some examples , the transformed material may 
harden to form a hardened material that is at least a portion 
of the 3D object . In some examples , the transformed mate 
rial forms the hardened material that is at least a portion of 
the 3D object . The target surface may include a surface of 

the pre - transformed material ( e . g . , a layer of powder ) and / or 
a surface of an already transformed material ( e . g . , a hard 
ened portion of the 3D object ( e . g . , FIG . 1 . 106 ) ) . The area 
of the target surface that the energy beam impinges on can 
be referred to as the spot size or footprint of the energy beam 
at the target surface . 
102101 In some embodiments , at least a portion of the 3D 
object is dense ( e . g . , substantially fully dense , e . g . , FIG . 
15D , 1535 ) . Substantially is relative to the intended purpose 
of the 3D object . In embodiments , the 3D object comprises 
pores ( e . g . , FIG . 15B , 1515 ) . In some embodiments , a 
portion of the 3D object may be dense and another portion 
may be porous . The pores may be random or systematic . The 
porous portion of the 3D object ( e . g . , PMX ) may be per 
meable . One or more porous portions of the 3D object may 
have a different amount of porosity ( e . g . , at least about 30 % , 
40 % porosity v / v , or area / area porosity , e . g . , of a cross 
sectional plane of maximum porosity ) . One or more porous 
portions may have ( e . g . , substantially ) the same amount of 
porosity . Dense portion of the 3D object may comprise a 
greater amount of transformed material than a porous por 
tion of the 3D object . Dense may comprise heavily packed 
transformed material than a porous portion of the 3D object . 
Dense may comprise less permeable transformed matter 
than a porous portion of the 3D object . In some examples , 
the at least a portion of the 3D object may form a porous 
matrix ( e . g . , 1515 ) . The porous matrix may be formed by at 
least one 3D printing process ( e . g . , additive manufacturing , 
or direct material deposition ) . For example , the porous 
matrix layer may be formed by sintering and / or melting a 
pre - transformed material to form a transformed material . 
The porous matrix may be formed by heating , pressurizing 
a pre - transformed material to form a transformed material . 
A transforming energy beam ( e . g . , type - 1 energy beam or 
type - 2 energy bean ) , e . g . , FIG . 15B , 1510 ) may be used to 
form the porous matrix ( e . g . , 1515 ) . The pre - transformed 
material ( e . g . , FIG . 15A , 1505 ) may be flowable during the 
formation of the 3D object ( e . g . , during the transformation 
and / or hardening operations ) . The 3D object ( e . g . , porous 
3D object ) may be comprise a rigid structure that is not 
flowable . For example , the porous 3D object portion may be 
a porous matrix . In some examples , formation of the porous 
matrix portion may be a stage in the formation of a dense 3D 
object portion . For example , the porous matrix may com 
prise a hardened material . The porous matrix may further 
comprise pre - transformed material . In some examples , pre 
transformed material is added to the formed porous matrix 
( e . g . , using a material dispensing mechanism ) , for example , 
prior to its transformation and / or densification . The hard 
ened and / or pre - transformed material of the porous matrix 
may be transformed ( e . g . , using an energy beam . E . g . , FIG . 
15C , 1521 ) to form a denser 3D object ( e . g . , a 3D object that 
has a greater density than the porous matrix . E . g . , FIG . 15D , 
1535 ) . The transformation of the PMX ( e . g . , FIG . 15C , 
1520 ) may comprise forming a melt pool ( e . g . , FIG . 15C , 
1523 ) by irradiating a portion of the material bed ( e . g . , 1522 ) 
with a transforming energy beam ( e . g . , 1521 ) . The PMX 
( e . g . , 1515 ) and / or dense portion ( e . g . , 1535 ) may be sus 
pended anchorlessly in the material bed during the 3D 
printing 
f0211 ] In an aspect , a 3D object is generated by disposing 
a ( e . g . , substantially ) planar layer of pre - transformed mate 
rial above ( e . g . , on ) a platform ( e . g . , build platform ) to form 
a material bed ( e . g . , FIG . 1 , 104 ) . At times , the 3D object 
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may be generated by disposing a planar layer of pre - 
transformed matter on the base ( e . g . , FIG . 1 , 102 ) on which 
the substrate ( e . g . , FIG . 1 , 109 ) or the material bed may be 
disposed . At least a portion of the particulate material in the 
material bed may be irradiated by an energy beam ( e . g . , 101 , 
108 ) to form a transformed material as part of the 3D object . 
The transformed material may subsequently harden to form 
at least a portion of the 3D object . The transformed material 
may form the harden material as part of the 3D object . 
Optionally , a process of disposing a planar layer of pre 
transformed material ( e . g . , by lowering the platform , dis 
pensing a particulate material , and planarizing the dispensed 
particulate material ) , irradiating a portion of the material bed 
to ( e . g . , subsequently or directly ) form the hardened material 
my repeat until a requested 3D object is printed layer by 
layer ( e . g . , additively , layerwise ) . A printed 3D object may 
include a plurality of layers that are indicative of a layerwise 
forming ( e . g . , printing ) of the 3D object . 
[ 0212 ] In some examples , the 3D object is a large 3D 
object . In some embodiments , the 3D object comprises a 
large hanging structure ( e . g . , wire , ledge , or shell ) . Large 
may be a 3D object having a FLS of at least about 1 
centimeter ( cm ) , 1 . 5 cm , 2 cm , 10 cm , 20 cm , 30 cm , 40 cm , 
50 cm , 60 cm , 70 cm , 80 cm , 90 cm , 1 m , 2 m , 3 m , 4 m , 
5 m , 10 m , 50 m , 80 m , or 100 m . The hanging structure may 
be a ( e . g . , vertically ) thin structure . The hanging structure 
may be a plane like structure ( referred to herein as “ three 
dimensional plane , ” or “ 3D plane ” ) . The 3D plane may have 
a relatively small width as opposed to a relatively large 
surface area . For example , the 3D plane may have a small 
height relative to a large horizontal plane . FIG . 4 shows an 
example of a 3D plane that is planar . The 3D plane may be 
planar , curved , or assume an amorphous 3D shape . The 3D 
plane may be a strip , a blade , or a ledge . The 3D plane may 
comprise a curvature . The 3D plane may be curved . The 3D 
plane may be planar ( e . g . , flat ) . The 3D plane may have a 
shape of a curving scarf . 
[ 0213 ] In some embodiments , the 3D object comprises a 
first portion and a second portion . The first portion may be 
connected to a rigid - portion ( e . g . , core ) at one , two , or three 
sides ( e . g . , as viewed from the top ) . The rigid - portion may 
be the rest of the 3D object . The second portion may be 
connected to the rigid - portion at one , two , or three sides 
( e . g . , as viewed from the top ) . For example , the first and 
second portion may be connected to a rigid - portion ( e . g . , 
column , post , or wall ) of the 3D object . For example , the 
first and second portion may be connected to an external 
cover that is a part of the 3D object . The first and / or second 
portion may be a wire or a 3D plane . The first and / or second 
portion may be different from a wire or 3D plane . The first 
and / or second portion may be a blade ( e . g . , turbine or 
impeller blade ) . The first and second portions may be ( e . g . , 
substantially ) identical in terms of structure , geometry , vol 
ume , and / or material composition . The first and second 
portions may be ( e . g . , substantially ) identical in terms of 
structure , geometry , volume , material composition , or any 
combination thereof . The first portion may comprise a top 
surface . Top may be in the direction away from the platform 
and / or opposite to the gravitational field . The second portion 
may comprise a bottom surface ( e . g . , bottom skin surface ) . 
Bottom may be in the direction towards the platform and / or 
in the direction of the gravitational field . 
[ 0214 ] FIG . 5 shows an example of a first ( e . g . , top ) 
surface 510 and a second ( e . g . , bottom ) surface 520 . At least 

a portion of the first and second surface are separated by a 
gap . At least a portion of the first surface is separated by at 
least a portion of the second surface ( e . g . , to constitute a 
gap ) . The gap may be filled with pre - transformed or trans 
formed ( e . g . , and subsequently hardened ) material , e . g . , 
during the formation of the 3D object . The second surface 
may be a bottom skin layer . FIG . 5 shows an example of a 
vertical gap distance 540 that separates the first surface 510 
from the second surface 520 . The vertical gap distance may 
be equal to the vertical distance of the gap as disclosed 
herein . Point A ( e . g . , in FIG . 5 ) may reside on the top surface 
of the first portion . Point B may reside on the bottom surface 
of the second portion . The second portion may be a cavity 
ceiling or hanging structure as part of the 3D object . Point 
B ( e . g . , in FIG . 5 ) may reside above point A . The gap may 
be the ( e . g . , shortest ) distance ( e . g . , vertical distance ) 
between points A and B . FIG . 5 shows an example of the gap 
540 that constitutes the shortest distance de between points 
A and B . There may be a first normal to the bottom surface 
of the second portion at point B . FIG . 5 shows an example 
of a first normal 512 to the surface 520 at point B . The angle 
between the first normal 512 and a direction of the gravi 
tational acceleration vector 500 ( e . g . , direction of the gravi 
tational field ) may be any angle y . Point C may reside on the 
bottom surface of the second portion . There may be a second 
normal to the bottom surface of the second portion at point 
C . FIG . 5 shows an example of the second normal 522 to the 
surface 520 at point C . The angle between the second normal 
522 and the direction of the gravitational acceleration vector 
500 may be any angle d . Vectors 511 , and 521 are parallel 
to the gravitational acceleration vector 500 . The angles y and 
à may be the same or different . The angle between the first 
normal 512 and / or the second normal 522 to the direction of 
the gravitational acceleration vector 500 may be any angle 
alpha . The angle between the first normal 512 and / or the 
second normal 522 with respect to the normal to the sub 
strate ( e . g . , platform ) may be any angle alpha disclosed 
herein . The angle between the first normal 512 and / or the 
second normal 522 with respect to the normal to the sub 
strate ( e . g . , platform ) may be any angle disclosed herein for 
the angled structure . The angles y and d may be any angle 
alpha . The angles and d may be any of any angled structure 
( e . g . , acute , or obtuse ) . For example , alpha may be at most 
about 45° , 40° , 30° , 20 , 10° , 5° , 3° , 2° , 1° , or 0 . 5º . The 
shortest distance between points B and C may be any value 
of the auxiliary support feature spacing distance mentioned 
herein . For example , the shortest distance BC ( e . g . , dBC ) 
may be at least about 0 . 1 millimeters ( mm ) , 0 . 5 mm , 1 mm , 
1 . 5 mm , 2 mm , 3 mm , 4 mm , 5 mm , 10 mm , 15 mm , 20 mm , 
25 mm , 30 mm 35 mm , 40 mm , 50 mm , 100 mm , 200 mm , 
300 mm , 400 mm , or 500 mm . As another example , the 
shortest distance BC may be at most about 500 mm , 400 
mm , 300 mm , 200 mm , 100 mm , 50 mm , 40 mm , 35 mm , 
30 mm , 25 mm , 20 mm , 15 mm , 10 mm , 5 mm , 4 mm , 3 mm , 
2 mm , 1 . 5 mm , 1 mm , 0 . 5 mm , or 0 . 1 mm . FIG . 5 shows an 
example of the shortest distance BC ( e . g . , 530 , dec ) . The 
bottom skin layer may be the first surface and / or the second 
surface . The bottom skin layer may be the first formed layer 
of the 3D object . The bottom skin layer may be the first 
formed hanging layer in the 3D object ( e . g . , that is separated 
by a gap from a previously formed layer of the 3D object ) . 
The vertical distance of the gap may be at least about 30 um , 
35 um , 40 um , 50 um , 60 um , 70 um , 80 um , 90 um , 100 um , 
150 um , 200 um , 0 . 05 mm , 0 . 1 mm , 0 . 25 mm , 0 . 5 mm , 1 
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mm , 2 mm , 3 mm , 4 mm , 5 mm , 6 mm , 7 mm , 8 mm , 9 mm , 
or 10 mm . The vertical distance of the gap may be at most 
about 0 . 05 mm , 0 . 1 mm , 0 . 25 mm , 0 . 5 mm , 1 mm , 2 mm , 
3 mm , 4 mm , 5 mm , 6 mm , 7 mm , 8 mm , 9 mm , 10 mm , or 
20 mm . The vertical distance of the gap may be any value 
between the afore - mentioned values ( e . g . , from about 30 um 
to about 200 um , from about 100 um to about 200 um , from 
about 30 um to about 100 mm , from about 80 mm to about 
150 mm , from about 0 . 05 mm to about 20 mm , from about 
0 . 05 mm to about 0 . 5 mm , from about 0 . 2 mm to about 3 
mm , from about 0 . 1 mm to about 10 mm , or from about 3 
mm to about 20 mm ) . 
[ 0215 ] In some cases , a 3D object comprises multiple 
bottom skin layers ( e . g . , bottoms of turbine blades ) . A 3D 
object may comprise structures such as cavities , gaps , wires , 
ledges , or 3D planes . A structure within a forming 3D object 
may comprise a bottom skin layer ( e . g . , that is formed above 
a pre - transformed material without auxiliary support , or 
with spaced apart auxiliary supports ) . At times , at least two 
of the structures may have similar geometry . At times , at 
least two of the structures may have a different geometry . At 
times , the one of the structures may connect portions of the 
3D object . At times , the structures may be separated by a 
gap . For example , multiple blades of a turbine may be 
separated by a gap between a first blade portion and a second 
blade portion . For example , a first portion ( e . g . , a blade 
structure ) of the 3D object ( e . g . , a turbine ) may comprise a 
first bottom skin layer followed by one or more layers that 
form the first portion , and a second portion ( e . g . , a second 
blade structure ) of the 3D object ( e . g . , a turbine ) may 
comprise a second bottom skin layer followed by one or 
more layers that form the second portion of the 3D object . 
At times , the first portion and the second portion of the 3D 
object may be connected by a third portion ( e . g . , a ledge 
structure ) to form the 3D object . FIGS . 6A - 6B show 
examples of a first portion and / or a second portion of a 3D 
object that are connected to one or more rigid - portions . FIG . 
6C shows an example of a first portion of a 3D object , which 
first portion comprises a bottom skin layer , that is not 
connected to a rigid - portion , and that is suspended anchor 
lessly in the material bed . FIG . 6A shows an example of a 
first portion ( e . g . , 640 ) and a second portion ( e . g . , 645 ) of a 
3D object disposed at an angle perpendicular ( e . g . , 90 
degrees , 642 , 644 ) to at least one rigid - portion of the 3D 
object ( e . g . , two rigid portions 618 , and 682 ) . FIG . 6B shows 
an example of a first portion ( e . g . , 660 ) and a second portion 
( e . g . , 665 ) of a 3D object ( e . g . , two blades of a propeller ) 
forming an angle ( e . g . , 652 , 654 ) that is not perpendicular to 
the rigid portion of the 3D object ( e . g . , 620 ) . At times , the 
first portion and the second portion may not be connected to 
a portion of the 3D object ( e . g . , to a rigid - portion . E . g . , FIG . 
6C ) . The first portion may comprise one or more layers ( e . g . 
610 , 612 , 614 , 628 , 630 , and 632 ) . The second portion may 
comprise one or more layers ( e . g . , 602 , 604 , 606 , 622 , 624 , 
and 626 ) . The layer may include pre - transformed material 
( e . g . , particulate material ) . The layer may include a porous 
matrix . The layer may include transformed ( e . g . , hardened ) 
material . The layer may include a PMX that has been 
transformed to form a denser layer of transformed material . 
The first layer for the first and / or second portions of the 3D 
object may be a bottom skin layer ( e . g . , 602 , 610 , 622 , and 
628 ) . The bottom skin layer ( e . g . , 690 , 628 , 676 , 610 , and 
602 ) may be a transformed material layer . At times , the 
bottom skin layer may be parallel to the target surface . At 

times , the bottom skin layer may be at an angle ( e . g . , a 
shallow angle , steep angle , or an intermediate angle ) relative 
to the target surface ( e . g . , exposed surface of the material 
bed and / or the support surface of the platform ) and / or a ( e . g . , 
average ) layering plane of the object . Shallow angle may be 
at least about 0° , 1° , 2° , 50 , 100 , 150 , 200 , 25° , 30° , or 35º . 
Shallow angle may be at most about 0° , 1° , 2° , 50 , 10º , 15° , 
20° , 25° , 30° , or 35º . Shallow angle may be any angle 
between the afore - mentioned values ( e . g . , from about 0° to 
about 35º , from about 0° to about 10° , from about 10° to 
about 25° , or from about 25° to about 359 ) relative to the 
target surface and / or a ( e . g . , average ) layering plane of the 
object . Intermediate angle may be at least about 25° , 30° , 
350 , 400 , 450 , 500 , 550 , or 60° relative to the target surface 
and / or a ( e . g . , average ) layering plane of the object . Inter 
mediate angle may be at most about 25° , 30° , 35° , 40° , 45° , 
50° , 55° , or 60° relative to the target surface and / or a ( e . g . , 
average ) layering plane of the object . Intermediate angle 
may be any angle between the afore - mentioned values ( e . g . , 
from about 25° to about 60° , from about 25° to about 350 , 
from about 350 to about 50° , or from about 50° to about 60° ) 
relative to the target surface and / or a ( e . g . , average ) layering 
plane of the object . Steep angle may be at least about 45° , 
50° , 55° , 60° , 650 , 700 , 750 , 80° , 850 , or 90° relative to the 
target surface and / or a ( e . g . , average ) layering plane of the 
object . Steep angle may be at most about 450 , 500 , 55° , 60° , 
650 , 700 , 750 , 800 , 850 , or 90° relative to the target surface 
and / or a ( e . g . , average ) layering plane of the object . Steep 
angle may be any angle between the afore - mentioned values 
( e . g . , from about 45° to about 90° , from about 45° to about 
60° , from about 60° to about 75º , or from about 75° to about 
90° ) relative to the target surface and / or a ( e . g . , average ) 
layering plane of the object . The bottom skin layer may 
comprise a top surface and a bottom surface . The bottom 
skin layer may be a wire or a ledge or have a planar surface . 
At least a portion of the first portion ( e . g . , the top surface of 
the top layer , 670 ) and a portion of the second portion ( e . g . , 
the bottom surface of the bottom skin layer , 672 ) may be 
separated by pre - transformed material ( e . g . , 616 ) . At least a 
portion of the first portion ( e . g . , the top surface of the top 
layer , 674 ) and a portion of the second portion ( e . g . , the 
bottom surface of the bottom skin layer , 676 ) may be 
separated by a gap ( e . g . , 656 ) . The gap may be filled with 
pre - transformed material and may be transformed ( e . g . , 
subsequently hardened ) during the formation of the 3D 
object . FIG . 6C shows an example of a portion ( e . g . , 692 ) of 
a 3D object , which portion comprises a bottom skin layer 
( e . g . , 690 ) , that is not connected to a rigid - portion . The 
portion of the 3D object may be formed in a material bed 
( e . g . , 680 ) within an enclosure ( e . g . , comprising 684 ) . The 
portion of the 3D object may comprise one or more layers 
formed adjacent to ( e . g . , above ) the bottom skin layer ( e . g . , 
686 , 688 ) . The bottom skin layer may be floating ( e . g . , 
suspended ) anchorlessly within the material bed . The bot 
tom skin layer and / or the one or more layers adjacent to the 
bottom skin layer may not be connected to a rigid - portion . 
The bottom skin layer may be formed using any 3D printing 
methodologies described herein . 
[ 0216 ] In some embodiments , the 3D object comprises at 
least one overhang . The overhang of the 3D object may be 
at least partially defined by the orientation of the 3D object 
with respect to the target surface ( e . g . , exposed surface of the 
material bed and / or the support surface of the platform ) 
and / or a ( e . g . , average ) layering plane . The overhang of the 
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3D object may be at least partially defined by the orientation 
of the 3D object with respect to the layering plane ( e . g . , FIG . 
47B , 4741 ) , and / or direction perpendicular to the build 
direction ( e . g . , exposed surface of the material bed and / or 
the support surface of the platform ) and / or a ( e . g . , average ) 
layering plane . The build direction may be opposite to the 
direction in which the platform is lowered during the print 
ing ( e . g . , FIG . 1 , 112 ) . The build direction may be the 
direction of layerwise formation ( e . g . , direction of deposi 
tion one layer on another , e . g . , growth direction of the 3D 
object during its printing ) . The growth direction may oppose 
the direction in which the platform is lowered during the 
printing . For example , an overhang portion of a 3D object 
may be oriented at shallow , steep and / or intermediate angle 
with respect to the target surface , layering plane , and / or the 
direction perpendicular to the 3D object ' s growth direction , 
during printing . FIG . 41A shows a perspective view of an 
example object 4100 having a toroid shape ( including a 
support member 4101 , which may be removed from the 
object , e . g . , after the printing ) . An overhang can include 
( e . g . , correspond to ) a cavity ceiling ( e . g . , 4102 ) and / or a 
cavity bottom ( e . g . , 4104 ) of the object . The overhang ( e . g . , 
cavity ceiling and / or cavity bottom ) may be free auxiliary 
supports during the printing . For example , the overhang may 
be supported by ( e . g . , coupled to ) a previously transformed 
( e . g . , hardened ) material of the ( e . g . , requested ) object , 
during the printing . FIG . 41B shows a perspective view of 
an example object 4120 having an impeller shape ( including 
a support member 4121 , which may be removed from the 3D 
object , e . g . , after its printing ) . An overhang can include ( e . g . , 
correspond to ) a bottom portion ( e . g . , bottom surface ) of a 
ledge ( e . g . , 4122 ) ( e . g . , blade ) of the object . The overhang 
( e . g . , ledge or blade ) may be free of auxiliary supports 
during its printing . For example , the overhang may be 
supported by previously transformed ( e . g . , hardened ) mate 
rial of the object and / or the material bed ( e . g . , powder ) 
during its printing . The overhang may be supported in only 
one of its sides ( e . g . , to the core of the impeller 4120 ) during 
its printing . Printing process parameters , such as one or 
more characteristics of the energy beam ( s ) ( e . g . , power / 
energy , power density at the target surface , dwell time , scan 
speed , focus , and / or beam width ) , may be adjusted depend 
ing on whether the overhang being printed is at a shallow , 
steep or intermediate angle relative to the target surface , 
layering plane , and / or a direction perpendicular to the direc 
tion of build , in order to reduce ( e . g . , eliminate ) deformation 
of the overhang and / or other portion of the object . For 
example , different portions of the object 4100 of FIG . 41A 
and / or the object 4120 of FIG . 41B may be printed using 
different energy beam characteristic ( s ) . 
[ 0217 ] In some embodiments , the 3D object is printed 
using printing process parameters . The printing process 
parameters may be adjusted depending which part of the 
overhang is being printed and / or the type of overhang . For 
example , a skin ( e . g . , bottom skin ) of the overhang may be 
printed using one or more different conditions compared to 
a core portion ( also referred to herein as the " core " or 
" interior portion ” ) of the overhang and / or 3D object . The 
bottom skin of the overhang can refer to a portion ( e . g . , a 
layer ) of the overhang that includes the surface of the 
overhang that is most proximate to the support surface of the 
platform ( e . g . , bottom - most surface of the overhang ) . FIG . 
42A shows an example of a section view of a 3D object 
4200 , which includes rigid portion ( e . g . , previously - formed 

edge of the object ) 4202 from which an overhang 4204 can 
be formed . The overhang can include a skin ( e . g . , bottom 
skin ) ( e . g . , 4209 ) and core ( e . g . , 4208 ) , e . g . , deposited on the 
skin . The skin ( e . g . , bottom skin ) of the overhang can 
include an exterior ( e . g . , exposed ) surface of the overhang . 
The rigid portion ( e . g . , 4202 ) may include a core ( also 
referred to as a rigid portion core ) ( e . g . , 4206 ) and a skin 
( also referred to as a rigid portion skin ) ( e . g . , 4203 ) . The 
overhang may attach to the rigid portion . The rigid portion 
may comprise one or more layers of hardened material . The 
overhang can include a plurality of layers ( e . g . , 4205a , 
4205b , 4205c , and 4205d ) . Each layer of the overhang can 
include portions of the skin ( e . g . , bottom skin ) ( e . g . , 4209 ) 
and core ( e . g . , 4208 ) . The core call comprise PMX or a rigid 
portion . The exterior surface of the overhang ( e . g . , bottom 
skin ) may be at an angle ( e . g . , a ) of about 45 , 35 , 30 , 25 , 20 , 
15 or 10 degrees or lower with respect to a ( e . g . , average ) 
layering plane ( e . g . , 4210 ) , an exposed surface of the 
material bed and / or a supporting surface of the build plat 
form . In some embodiments , the skin ( e . g . , bottom skin ) of 
the overhang is formed using different process parameters 
than those for forming the core of the overhang . In some 
embodiments , the skin ( e . g . , bottom skin ) of the overhang is 
formed using the same process parameters as those for the 
core of the overhang . The overhang can be a ceiling of the 
3D object . FIG . 42B shows a section view of a 3D object 
4220 , which includes a ceiling 4224 . The ceiling may be 
printed from rigid portions ( e . g . , 4222a and 4222b ) . In some 
embodiments , the ceiling is formed by sequentially forming 
ledges until the ledges meet to form a bridge . The ceiling 
may include a skin ( e . g . , bottom skin ) ( e . g . , 4226 ) and a core 
( e . g . , 4227 ) . In some cases , the core ( e . g . , 4227 ) is formed 
over the bottom skin ( e . g . , the bottom skin may support a 
portion of the core during printing ) . The rigid portions ( e . g . , 
4222a and 4222b ) may include a core ( also referred to as 
rigid portion core ) ( e . g . , 4228a or 4228b ) and a skin ( also 
referred to as rigid portion skin ) ( e . g . , 4230a or 4230b ) . The 
exterior surface of the ceiling ( e . g . , bottom skin ) may be at 
an angle ( e . g . , Q , or az ) of about 45 , 35 , 30 , 25 , 20 degrees 
or lower with respect to a ( e . g . , average ) layering plane of 
the object , an exposed surface of the material bed and / or a 
support surface of the build platform . The angles a , or an 
may be the same or different . 
[ 0218 ] In some cases , different portions of an object are 
formed using different processes . For example , an interior 
portion can be formed using a different process than a 
process used to form an overhang and / or skin portion . In 
some embodiments , different portions of an overhang ( and 
corresponding bottom skins ) are formed using different 
transformation processes ( e . g . , at least partially based on an 
angle relative to the layering plane and / or stacking vector ) . 
For example , a first portion of an overhang ( and correspond 
ing bottom skin portion ) may be formed using a first 
transformation process ( e . g . , MTO , STO and / or PMX ) , and 
a second portion of the overhang ( and corresponding bottom 
skin portion ) may be formed using a first transformation 
process ( e . g . , MTO , STO and / or PMX ) different than the 
first transformation process . Different processes may result 
in different portions of the overhang materials of different 
properties ( e . g . , microstructure , density and / or surface 
roughness ) . For example , a first portion of the overhang ( and 
corresponding bottom skin ) may have a first property , and a 
second portion of the overhang ( and corresponding bottom 
skin ) may have a second property that is different than the 
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first property . The property can be a material characteristic . 
In some embodiments , an object can have at least 2 , 3 , 4 , 5 
or more regions of different material properties ( e . g . , micro 
structure , density and / or surface roughness ) . 
[ 0219 ] In some embodiments , the 3D object comprises an 
overhang . The overhang may at least partly be defined by a 
stacking vector ( e . g . , FIGS . 42A or 42B , vector “ Z ” ) anchor 
a layering plane ( e . g . , FIG . 42A , 4210 or FIG . 42B , 4231 ) . 
FIG . 42C shows an example of a section view of an 
overhang portion 4230 of a 3D object . The bottom surface 
of an overhang can have an exterior surface ( e . g . , 4232 ) , 
where a vector normal ( e . g . , Vn ) to the exterior surface that 
is ( i ) directed into the object and ( ii ) has a positive projection 
onto the stacking vector ( e . g . , “ Z ” ) , is at an acute angle ( e . g . , 
alpha ( a ) ) and / or an obtuse angle ( beta ( B ) ) with respect to 
a layering plane ( or an average layering plane ) ( e . g . , 4236 ) . 
The acute angle ( e . g . , alpha ( a ) and the obtuse angle ( e . g . , 
beta ( B ) ) may be supplementary angles . The acute angle 
( e . g . , alpha ( a ) ) can be at least about 45 degrees ( ) , 50° , 55° , 
60° , 70° , 80° , or 85 ° . The acute angle ( e . g . , alpha ( a ) ) can 
be at most about 90 degrees . The obtuse angle ( e . g . , beta ( B ) ) 
can be complementary to alpha . FIG . 42D shows an example 
of a section view of an overhang portion 4240 of a 3D 
object . In some embodiments , a bottom surface of an 
overhang can have an exterior surface ( e . g . , 4242 ) , where a 
vector normal ( e . g . , Vw ) to the exterior surface that is ( i ) into 
the object and ( ii ) has a positive projection onto the stacking 
vector ( e . g . , “ Z ” ) , is at an acute angle ( e . g . , gamma ( y ) ) 
and / or an obtuse angle ( e . g . , delta ( d ) ) with respect to the 
stacking vector ( e . g . , “ Z ” ) . The acute angle ( e . g . , gamma ( y ) ) 
and the obtuse angle ( e . g . , delta ( d ) ) may be supplementary 
angles . The acute angle ( e . g . , gamma ( y ) ) can be at most 
about 45° , 40° , 35° , 30° , 25° , 20° , 15° , 10° , 50 , or 1º . The 
obtuse angle ( e . g . , delta ( d ) ) can be the supplementary angle 
to gamma . 
[ 0220 ] In some instances , it is desirable to control the 
manner of forming at least a portion of a layer of hardened 
material ( e . g . , core and / or overhang ) . The layer of hardened 
material may comprise a plurality of melt pools . The FLS 
( e . g . , depth , or diameter ) of the melt pool may be at least 
about 0 . 5 um , 1 um , 5 um , 10 um , 20 um , 30 um , 40 um , 50 
um , 60 um , 70 um , 80 um , or 100 um . The FLS of the melt 
pool may be at most about 0 . 5 um , 1 um , 5 um , 10 um , 20 
um , 30 um , 40 um , 50 um , 60 um , 70 um , 80 um , or 100 um . 
The FLS of the melt pool may be any value between the 
afore - mentioned values ( e . g . , from about 0 . 5 um to about 
100 um , from about 0 . 5 um to about 10 um , from about 10 
um to about 30 um from about 30 um to about 50 um , or 
from about 50 um to about 100 um ) . 
[ 0221 ] In some instances , it is desired ( e . g . , requested ) to 
control one or more characteristics of the fabricated 3D 
object ( e . g . , or portions thereof ) . For example , it may be 
desirable to control the manner of forming and / or hardening 
an overhang ( e . g . , a hanging structure ( e . g . , ceiling of a 
cavity or ledge ) ) as part of the 3D object . The 3D printing 
methodologies ( e . g . , methods , apparatuses , systems , and / or 
software ) described herein may utilize a type - 2 energy beam 
and / or a type - 1 energy beam ( collectively referred to herein 
as “ transforming energy ” or “ transforming energy beam ” ) . 
The type - 2 energy beam and the type - 1 energy beam may 
differ by at least one characteristic of the irradiating energy . 
For example , the type - 2 energy beam and the type - 1 energy 
beam may differ in their cross section ( e . g . , with the type - 2 
energy beam having a larger cross section than the type - 1 

energy beam ) . For example , the type - 2 energy beam and the 
type - 1 energy beam may differ in their power density ( e . g . , 
with the type - 2 energy beam having a lower power density 
than the type - 1 energy beam ) . For example , the type - 2 
energy beam and the type - 1 energy beam may differ in their 
focus ( e . g . , with the hatching energy source being more 
focused than the type - 2 energy beam ) . For example , the 
type - 2 energy beam and the type - 1 energy beam may differ 
in their path trajectory while generating ( e . g . , directly , or 
indirectly ) a layer of hardened material ( e . g . , with the type - 2 
energy beam traveling along the path of tile trajectory , 
whereas the type - l energy beam hatches along another 
trajectory ) . For example , the type - 2 energy beam and the 
type - 1 energy beam may differ in their manner of movement 
while transforming a layer when forming , a 3D object ( e . g . , 
a type - 2 energy beam may be ( e . g . , substantially ) stationary 
for a period of time , whereas the type - 1 energy beam may be 
constantly moving ) . In some embodiments , at least one 
characteristic ( e . g . , cross section and / or power density ) of 
the energy beam is modified during part or all of the 
transformation ( e . g . , melting ) process . In some embodi 
ments , the focus of the energy beam is modified during part 
or all of the transformation ( e . g . , melting ) process . For 
example , the energy beam can be focused for part of the 
transformation and defocused during another part of the 
transformation . 
0222 ] . In some embodiments , hatching and / or tilting 
energy beams are used to form different portions of a 3D 
object . Various 3D objects and portions thereof ( e . g . , includ 
ing a rim ) , apparatuses ( e . g . , controllers ) , systems ( e . g . , 3D 
printers ) , software , methods related to the formation of these 
3D objects ( e . g . , generated using tiling and / or hatching ) , as 
well as various control schemes are described in U . S . patent 
application Ser . No . 15 / 435 , 128 , PCT patent application 
number . PCT / US17 / 18191 , or European patent application 
number EP17156707 . 6 , each of which is incorporated herein 
by reference in its entirety where non - contradictory . 
[ 0223 ] The use of a type - 1 energy beam or type - 2 energy 
beam may depend , in part , on the geometry of the 3D object . 
For example , a type - 1 energy beam can be used to form a 
contour ( which can be referred to as a rim , skin ( e . g . , 
thickness of the skin ) , or perimeter portion of a 3D object . 
For example , a type - 2 energy beam can be used to form an 
interior portion ( also referred to as “ core ” ) of the 3D object . 
In some cases , the bulk of the interior portion has a FLS 
( e . g . , width , length or height ) that is larger than the FLS 
( e . g . , width , length or height ) of a tile . The FLS may be a 
horizontal FLS ( e . g . , width or length ) . For example , a type - 1 
energy beam can be used to form a narrow portion of the 
interior of the 3D object ( e . g . , having a horizontal FLS that 
is smaller than the FLS of the tile ) . To illustrate , FIGS . 
28A - 28D show examples of top views of 3D objects each 
having at least one layer of hardened material illustrating 
various path trajectories of the energy beams used in the 
formation of a layer of hardened material . FIG . 28A shows 
an example portion 2810 of a 3D object having a contour 
2811 with hatches 2812 made by a type - 1 energy beam . The 
hatches ( e . g . , 2812 ) can be made prior to forming a path 
of - tiles ( not shown ) . FIG . 28B shows an example of a 
portion 2820 of the 3D object having , a contour 2821 with 
hatches 2822 made by a type - 1 energy beam , and an interior 
having tiles 2823 made by a type - 2 energy beam . FIG . 28C 
shows an example where a portion 2830 of a 3D object with 
an interior having tiles 2832 made by a type - 2 energy beam 
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prior to forming hatches to fill in narrow section 2833 . The 
contour ( e . g . , 2831 ) can be formed before , after , or simul 
taneously with the tiles ( e . g . , 2832 ) . The hatches ( e . g . , 2822 ) 
can be formed before , after , or simultaneously with forming 
the tiles ( e . g . , 2823 ) . FIG . 28D shows a portion 2840 of a 3D 
object having contour 2841 with hatches 2842 ( e . g . , both 
made by a type - 1 energy beam ) , an interior having tiles 2843 
made by a type - 2 energy beam and redacted tiles 2844 . 
Redacted tiles 2844 can be formed using the type - 2 energy 
beam , e . g . , that is masked ( e . g . , using a mask or a restrictive 
aperture ) . 
[ 0224 ] In some embodiments , a contour ( rim ) of a at least 
a portion of a 3D object is processed using a tiling meth 
odology ( e . g . , that uses a continuous or pulsing energy 
beam , e . g . , that uses a type - 1 energy beam or type - 2 energy 
beam as disclosed herein ) . For example , a contour ( rim ) of 
a at least a portion of a 3D object can be generated using a 
type - 2 energy beam . In some cases , this can result in the at 
least the portion of the 3D object having a smooth surface 
finish having low Ra or Sa value , and / or having high 
specular reflectivity ) . The high specular reflectivity of a 
surface of the at least the portion of the 3D object may be at 
least about 2 % , 5 % , 15 % , 25 % , 35 % , 45 % , 55 % , 65 % , 70 % , 
or 80 % . The high specular reflectivity of a surface of the at 
least the portion of the 3D object may be of any value 
between the afore mentioned values ( e . g . , front about 2 % to 
about 80 % , front about 2 % to about 25 % , front about 15 % 
to about 45 % or from about 35 % to about 80 % ) . The high 
surface reflectivity and / or low roughness of the at least a 
portion of the 3D object surface may allow visualization of 
a tessellation present in the model and / or printing instruc 
tions used to generate the 3D object , e . g . , when that surface 
comprises a curvature . 
[ 0225 ] FIGS . 36A - 36D show examples of horizontal ( e . g . , 
top or bottom ) views of 3D objects each having at least one 
layer of hardened material illustrating various path trajec 
tories of the energy beams used in the formation of hardened 
material , in accordance with some embodiments . The rim 
and the interior of a layer of hardened material may be 
generated using the same energy beam , or different energy 
beams . The tiles and the interior may be formed with the 
same or with different transformation methodology ( e . g . , 
tiling or hatching methodology ) . At least one of the rim and 
the interior of a layer of hardened material may be generated 
by a combination of different transformation methodology 
( e . g . , tiling methodology or hatching methodology ) . The 
tiles may be of any shape ( e . g . , corresponding to the shape 
of the energy beam cross section or footprint on the target 
surface . For example , the tiles may be elliptical ( e . g . , round ) , 
as shown in the example of FIG . 36C , 3632 . For example , 
the tiles may be rectangular ( e . g . , square ) , as shown in the 
example of FIG . 3613 , 3622 . In some examples , the rim may 
be formed using a combination of type - 2 energy beam and 
type - 1 energy beam . FIG . 36A shows an example of a layer 
of a 3D object 3610 having a rim comprising tiles 3611 and 
3612 formed using a tiling methodology ( e . g . , step and 
repeat ) with a type - 2 energy beam ( that generates circular 
tiles ) ; and an interior 3615 made using a hatching method 
ology using the type - 1 energy beam . In some cases , at least 
two of the tiles ( e . g . , FIG . 36A , 3612 ) that are adjacent to 
each other in a path of tiles , overlap with each other . In some 
cases , at least two of the tiles in a path of tiles do not overlap 
( not shown ) . For example , at least two of the tiles in the path 
of tiles may contact or not contact each other . The tiles ( e . g . , 

FIG . 36A , 3612 ) of the rim ( e . g . , a perimeter , contour , or 
outer surface of a layer ) can be made prior to , simultane 
ously with , or after forming an interior portion 3615 . The 
tiles and the interior can be formed using any suitable energy 
beam ( e . g . , a type - 1 energy beam , or a type - 2 energy beam ) . 
FIG . 36B shows an example of a layer of a 3D object 3620 
having a rim comprising tiles 3621 and 3622 , and an interior 
portion comprising tile 3625 generated by the tiling meth 
odology using a type - 2 energy beam ( that generated rect 
angular tiles ) . FIG . 36C shows an example where a 3D 
object layer 3630 has a rim comprising tiles 3631 and 3632 
formed using a tiling methodology with an interior portion 
3635 that is free of hardened material . That is , interior 
portion 3635 can correspond to a voided region that is 
surrounded by ( e . g . , defined by ) the rim comprising tiles 
3631 and 3632 . FIG . 36D shows a layer 3640 of a 3D object 
having a rim comprising tiles 3641 and 3642 generated 
using a methodology with a type - 2 energy beam an interior 
portion comprising ( i ) overlapping tiles comprising tile 3645 
made by a tiling methodology using the type - 2 energy beam , 
and ( ii ) hatches 3646 ( e . g . , in areas that are too narrow to 
form tiles ) generated by the hatching methodology using the 
type - 1 energy beam . 
[ 0226 ] In some cases , the tiles create a repetitive micro 
texture on an exterior surface of the 3D object . The exterior 
surface may be an exterior surface of a skin of the 3D object . 
The repetitive microtexture may be at least in a localized 
surface area of the 3D object . The repetitive microtexture 
may correspond to scales ( e . g . , FIG . 57A ) . The repetitive 
microtexture may correspond to tiles ( e . g . , overlapping 
tiles ) . The repetitive microtexture may have crescent shapes . 
The repetitive microtexture may be periodic . The repetitive 
microtexture may be characterized by a profile of the exte 
rior surface ( or a portion of the exterior surface ) . FIG . 51B 
shows an example microtexture ( profile ) of an exterior 
surface 5120 of a layer of a 3D object ( e . g . , FIG . 36D , 
cross - section A - A ) , showing an intralayer periodic repetitive 
microtexture . FIG . 51C shows an example profile of an 
exterior surface 5140 across multiple layers 5141 , 5143 and 
5145 of a 3D object , showing an interlayer periodic repeti 
tive microtexture . The exterior surface can have regions of 
relative depression ( e . g . , FIG . 51B , 5122 or FIG . 51C , 5142 ) 
and regions of relative elevation ( e . g . , FIG . 51B , 5124 or 
FIG . 51C , 5144 ) . The regions of relative elevation may be 
referred to as peaks . The regions of relative depression may 
be referred to as valleys . The peaks and valleys may be an 
alternating series of peaks and valleys . A profile across 
multiple layers ( interlayer microtexture ) may be ( e . g . , sub 
stantially ) flat or may have different elevations ( e . g . , 5141 , 
5143 and 5145 ) ( e . g . , with respect to the platform ) . The 
profile across the multiple layers ( interlayer microtexture ) 
may be stepped ( e . g . , each step corresponding to a layer ) . 
The profile across the multiple layers ( interlayer microtex 
ture ) may be in accordance with a slope line ( e . g . , 5147 ) with 
respect to a layering plane defined by at least one layer . The 
interlayer and intralayer microtexture can form a two 
dimensional array of periodic peaks and valleys correspond 
ing to a scaled surface texture ( e . g . , FIG . 57A ) . The valleys 
( e . g . , FIG . 51B , 5122 or FIG . 51C , 5142 ) can correspond to 
overlapping regions of tiles . The peaks ( e . g . , FIG . 51B , 5124 
or FIG . 51C , 5144 ) may have curved ( e . g . , rounded ) exterior 
surface in accordance with a melting and / or solidification of 
the material as a result of the transforming . The peaks may 
be symmetrically rounded or non - symmetrically rounded 
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( e . g . , lopsided ) . The depths ( e . g . , FIG . 51B , 5122 or FIG . 
51C , 5142 ) of the valleys may vary . In some embodiments , 
a depth of at least one of the valleys ( or an average depth of 
a number of valleys ) is at most about 0 . 5 micrometers ( um ) , 
lum , 2 um , 3 um , 4 um , 5 um , 10 um , 15 um , 20 um , 30 um , 
40 um , or 50 um . The depth of at least one of the valleys ( or 
an average depth of a number of valleys ) can range between 
any of the aforementioned values ( e . g . , from about 0 . 5 um 
to 50 um , from about 0 . 5 um to 20 um , from about 20 um 
to 50 um , or from about 2 um to 20 um ) . The distance ( e . g . , 
FIG . 51B , 5123 or FIG . 51C , 5149 ) between the valleys may 
correspond to distances between tiles ( e . g . , between over 
lapping portions of the tiles ) . In some embodiments , the 
distance between the valleys is ( e . g . , substantially ) the same 
as the distance between centers of the tiles . In some , 
embodiments , the distance ( e . g . , FIG . 51B , 5123 ) between at 
least two successive valleys within an intralayer microtex 
ture is at least about 10 micrometers ( um ) , 15 um , 20 um , 25 
um , 30 um , or 35 um , 50 um , 70 um , 80 um , 100 um , 200 
um , 250 um , 300 um , 350 um , 400 um , 450 um or 500 um . 
In some embodiments , the distance ( e . g . , FIG . 51C , 5149 ) 
between at least two successive valleys of an interlayer 
microtexture is at least about 50 millimeters ( mm ) , 100 mm , 
150 mm , 200 mm , 300 mm , 400 mm or 500 mm . In some 
embodiments , distances ( e . g . , FIG . 51B , 5123 ) between 
valleys of an intralayer microstructure ( e . g . , FIG . 51B ) is 
more consistent than distances ( e . g . , FIG . 51C , 5129 ) 
between valleys of an interlayer microstructure ( e . g . , FIG . 
51C ) . The peaks may be curved ( e . g . , rounded ) in accor 
dance with a hardening ( e . g . , solidification ) of the pre 
transformed material as a result of its transformation ( e . g . , 
melting ) . The peaks may be symmetrically rounded or 
non - symmetrically rounded ( e . g . , lopsided ) . 
[ 0227 ] It should be noted that any suitable combination of 
energy beams ( e . g . , type - 2 energy beam and type - 2 energy 
beam ) can be used to form any suitable portion ( e . g . , contour 
and interior portion of a 3D object , and that the embodi 
ments shown in FIGS . 28A - 28D and 36A - 36D are not meant 
to be exhaustive of all suitable embodiments described 
herein . That is , the tiles can have any suitable shape and size , 
and can be ( at least in part ) overlapping or non - overlapping 
in the contour and / or the interior portion of a 3D object . The 
path of tiles can be in accordance with a substantially 
straight line or in accordance with the curved line . The tiles 
in the contour and / or the interior portion of the 3D object 
may be redacted tiles ( e . g . , that are masked ( e . g . , using a 
mask or a restrictive aperture ) ) , as described herein . In some 
embodiments , at least three of the tiles in a path of tiles are 
uniformly spaced apart from each other ( e . g . , distances 
between centers or edges of the tiles are substantially the 
same ) . In some embodiments , at least three of the tiles in a 
path of tiles are non - uniformly spaced apart from each other 
( e . g . , distances between centers or edges of the tiles are not 
substantially the same ) . The dimensions of at least two of the 
tiles within a path of tiles ( and / or within a given layer ) can 
have ( e . g . , substantially ) the same size or have different 
sizes . The size of each tile can correspond with the size of 
each melt pool that makes up each tile . For example , FIGS . 
37A and 37B show schematic horizontal view examples of 
overlapping tiles and non - overlapping tiles , in accordance 
with some embodiments . FIG . 37A shows an example of a 
cross - section view of a portion of a path 3700 comprising 
circular - shaped tiles 3702 having the same size ( e . g . , have 
the same diameter 3704 ) and spaced apart from each other 

a uniform distance 3706 ( as measured from adjacent centers 
of tiles 3702 ) . In the example shown in FIG . 37A , tiles 3702 
overlap with each other in that they are spaced apart by 
distance 3706 that is less than diameter 3704 . In some 
embodiments , a distance between the tile centers ( e . g . , FIG . 
37A , 3706 ) is at least about 0 . 9 , 0 . 75 , 0 . 6 , 0 . 5 , 0 . 25 , or 0 . 01 
of a diameter of a horizontal cross section of the exposed 
surface of the tiles ( e . g . , FIG . 37A , 3704 ) . In some embodi 
ments , the distance between the tile centers ranges between 
any suitable ranges described above ( e . g . , from about 0 . 5 to 
about 0 . 75 , from about 0 . 25 to about 0 . 75 , or from about 0 . 5 
to about 0 . 6 ) of the diameter of a horizontal cross section of 
the exposed surface of the tiles ) . In some embodiments , a 
distance between tile centers of at least two of successive 
tiles is at least about 10 micrometers ( um ) , 15 um , 20 um , 
25 um , 30 um , or 35 um , 50 um , 70 um , 80 um , 100 um , 200 
um , 250 um , 300 um , 350 um , 400 um , 450 um or 500 um 
in some embodiments , the distance between the tile centers 
is at most about 50 millimeters ( mm ) , 100 mm , 150 mm , 200 
mm , 300 mm , 400 mm or 500 mm . In some embodiments , 
the distance between the tile centers ranges between any of 
the aforementioned values ( e . g . , from about 10 um to about 
500 mm , from about 10 um to about 500 um , from about 500 
um to about 500 mm , or from about 15 um to about 30 um ) . 
FIG . 37B shows an example of a cross - sectional view of a 
portion of a path 3720 comprising circular - shaped tiles 3722 
having the same size ( e . g . , have the same diameter 3724 ) 
that are spaced apart from each other by a uniform distance 
3726 ( e . g . , as measured from adjacent centers of tiles 3722 ) . 
In the example shown in FIG . 37B , tiles 3722 do not overlap 
as they are spaced apart by distance 3726 that is the same as 
( e . g . , or can be greater than in other examples ) diameter 
3724 . In some embodiments , at least a rim of a portion of a 
layer of hardened material comprises tiles having cross 
sectional diameters ( e . g . , FIG . 37A , 3704 or FIG . 7B , 3724 ) 
having a fundamental length scale ( FLS ) of any of the type - 2 
energy beams described herein . 
[ 0228 ] FIGS . 38A and 38B show images of example 
various 3D objects having rims formed using a tiling process 
as described herein . FIG . 38A shows a top view example of 
3D object 3800 ( marked " 11 " ) , which includes contour 3802 
having a number of overlapping tiles 3804 that are ( e . g . , 
substantially ) uniformly spaced apart from each other . In 
some embodiments , the external contour ( also referred 
herein as “ rim ” , e . g . , 3804 ) may form the skin ( also referred 
herein as the “ exterior portion " or " outer portion ” ) of the 
object . An example of the skin ( formed of a plurality of 
contours ) is depicted in FIG . 38B , 3829 . In some embodi 
ments , the rim ( e . g . , FIG . 38A , 3802 , also referred to as a 
contour , or contour portion ) has a thickness ( e . g . , FIG . 38A , 
3806 ) that corresponds to the FLS of the energy beam 
forming the rim ( e . g . , the type - 1 energy beam or the type - 2 
energy beam , e . g . , as described herein ) . The FLS can be a 
diameter or diameter equivalent of an exposed surface of the 
tile . In some embodiments , the tiles ( e . g . , FIG . 38A , 3804 ) 
are space a substantially uniform distance ( e . g . , FIG . 38A , 
3808 ) from each other as measured from center of adjacent 
tiles , e . g . , 3804 shown in the example of FIG . 38A ) that 
corresponds to the percentage of overlapped area ( e . g . , 
pertaining to the tiles ) as disclosed herein . Adjacent tiles 
may be separated from each other by tile boundaries , which 
may be visible , e . g . , as small surface borders ( e . g . , inden 
tations ) between the tiles centers . An interior portion can be 
formed using any of the transformation processes described 
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herein . FIG . 38A shows an example of an interior portion 
3810 made of hatches . In some embodiments , interior por 
tion is formed using a type - 1 energy beam , in accordance 
with some embodiments described herein . FIG . 38B shows 
an example of a top view of 3D object 3820 ( marked “ 8 ” ) , 
which includes rim 3822 comprised of several overlapping 
tiles 3824 that are ( e . g . , substantially ) uniformly spaced 
apart from each other . In the example shown in FIG . 38B , 
rim 3822 has a thickness that corresponds to the FLS of the 
type - 2 energy beam that generated the rim . In the example 
shown in FIG . 38B , tiles 3824 are spaced a ( e . g . , substan 
tially ) uniform distance 3828 from each other ( as measured 
from center of adjacent tiles 3824 ) . In the example shown in 
FIG . 38B , the interior portion 3827 is formed using a 
hatching transformation methodology using a type - 1 energy 
beam . The 3D object 3820 shown in the example of FIG . 
38B , indicates an exterior surface 3829 ( also referred to as 
an outer surface , external surface , or exposed surface ) that 
has a high specular reflection and low roughness . 
[ 0229 ] In some embodiments , the 3D object formed by 
one or more methods described herein comprises a high 
specular reflectivity ( e . g . , at a wavelength range and an 
angle of incidence ) . Formation of a 3D object by at least one 
methodology described herein may result in a 3D object 
having at least one surface which is characterized by a 
specular reflectance percentage ( e . g . , at a wavelength range 
and an angle ) . The specular reflectance percentage may be of 
at least about 2 % , 5 % , 10 % , 15 % , 20 % , 30 % , 40 % , 50 % , 
60 % , or 75 % . The specular reflectance percentage may be of 
any value between the afore - mentioned values ( e . g . , from 
about 2 % to about 70 % , from about 2 % to about 20 % , from 
about 10 % to about 40 % , from about 30 % to about 75 % ) . 
The wavelength range may be the visible wavelength range 
( e . g . , visible to an average human eye ) . The angle may be 
normal incidence to the surface . The specular reflectance 
percentage ( % R ) at an angle of incidence and a wavelength 
range is one hundred ( 100 ) times the ratio of : ( i ) specular 
reflectance ( Rspeculor ) at that angle of incidence and at that 
wavelength range over ( ii ) total reflectance ( RTotal ) at that 
angle of incidence and at that wavelength range , from a 
surface ( e . g . , in a formula format : % R = 100 * R Specular / R Total 
) . For example , the values of specular reflectance percentage 
can be at normal incidence to the surface and over the visible 
wavelength range . 
[ 0230 ] In some embodiments , an exterior surface of the 
3D object ( e . g . , that comprises a rim portion formed using 
a tiling process ) is characterized as having a Sa value of at 
most about 60 um , 50 um , 40 um , 20 um , 10 um , 9 . 5 um , 9 
um , 8 . 5 um , 8 um , 7 . 5 um , 7 um , 6 . 5 um , 6 um , 5 . 5 um , 5 
um , 4 . 5 um , 4 um , 3 . 5 um , 3 um , 2 um , or 1 um . In some 
embodiments , the external surface ( e . g . , exterior surface 
3829 ) has a Sa ranging between any of the values listed 
above ( e . g . , from about 60 um to about 1 um , from about 10 
to about 1 from about 5 um to about 1 um , or from about 3 
um to about 1 um ) . It should be noted that the 3D objects 
represented in FIGS . 38A and 38B are shown as examples 
and do not limit the scope ( e . g . , dimensions , properties , etc . ) 
of other 3D objects formed using any of the processes 
described herein . As illustrated in the example 3D objects in 
FIGS . 38A and 38B , tiles ( e . g . , 3804 and 3824 ) can be 
visibly distinct portions of hardened material ( e . g . solid 
metal ) that are defined by edges and middle portions . The 
visibly distinct is by a naked eye or using a magnification 
( e . g . , optical microscopy or a magnifying glass ) . These 

distinct edges and middle portions can be a product of the 
transformation ( e . g . , melting ) and / or hardening ( e . g . , by 
cooling ) process of each melt pool formed during a trans 
formation process ( e . g . , using a tiling process ) . The tile can 
reflect light differently once hardened ( e . g . , as opposed to 
being transformed and / or pre - transformed ) . The hardened 
tiles may be visibly different from transformed portion 
and / or pre - transformed material . Visibly different may com 
prise having different ( e . g . , specular ) reflectivity . In some 
embodiments , the edges and / or middle portions may com 
prise microstructures that differ in at least one microstruc 
ture characteristics . The microstructure characteristics may 
comprise microstructure type , material composition , grain 
orientation , material density , degree of element segregation 
( or of compound segregation ) to grain boundaries , material 
phase , metallurgical phase , crystal phase , crystal structure , 
material porosity , or any combination thereof . The micro 
structure type may comprise a metallurgical phase anchor 
morphology . The microstructure type may comprise a crys 
tallographic phase and / or crystal morphology . The microst 
mcture type may comprise planar structure , cellular struc 
ture , columnar dendritic structure , or equiaxed dendritic 
structure . A cross section ( e . g . , vertical cross section of the 
generated ( i . e . , formed ) 3D object may reveal a microstruc 
ture ( e . g . , grain structure ) indicative of a layered deposition 
and / or melt pool formation . Without wishing to be bound to 
theory , the microstructure ( e . g . , grain structure ) may arise 
due to the solidification of transformed ( e . g . , powder ) mate 
rial that is typical to and / or indicative of a particular 3D 
printing method . For example , a cross section may reveal a 
microstructure indicative of solidified melt pools that are 
formed in a 3D printing process , e . g . , as described herein 
( e . g . , and are indicative of this process ) . The cross section of 
the 3D object may reveal a substantially repetitive micro 
structure ( e . g . , grain structure ) . The microstructure ( e . g . , 
grain structure ) may comprise substantially repetitive varia 
tions in material composition , grain orientation , material 
density , degree of compound segregation or of element 
segregation to grain boundaries , material phase , metallurgi 
cal phase , crystal phase , crystal structure , material porosity , 
or any combination thereof . The microstructure ( e . g . , grain 
structure ) may comprise substantially repetitive solidifica 
tion of layered melt pools . The melt pool may have an 
average FLS of at least about 0 . 5 um , 1 um , 5 um , 7 um , 20 
um , 30 um , 40 um , 50 um , 60 um , 70 um , 80 um , 90 um , 100 
um , 150 um , 200 um , 250 um , 300 um , 350 um , 400 um , 450 
um , 500 um , or 1000 um . The substantially repetitive 
microstructure may have an average height of at most about 
1000 um , 500 um , 450 um , 400 um , 350 um , 300 um , 250 
um , 200 um , 150 um , 100 um , 90 um , 80 um , 70 um , 60 um , 
50 um , 40 um , 30 um , 20 um , or 10 um . The melt pool may 
have an average FLS of any value between the afore 
mentioned values ( e . g . , from about 0 . 5 um to about 1000 
um , from about 15 um to about 50 um , from about 5 um to 
about 150 um , from about 20 um to about 100 um , or from 
about 10 um to about 80 um ) . The melt pool FLS may 
correspond to the height of a layer of hardened material . The 
FLS of the melt pool may comprise a height of the melt pool , 
a diameter ( or diameter equivalent ) of an exposed surface of 
the melt pool , or a radius ( or radius equivalent ) of an 
exposed surface of the melt pool . 
[ 0231 ] In some examples , the microstructures ( e . g . , of 
melt pools ) are measured ( and examined ) by a microscopy 
method . The microscopy method may comprise ultrasound 
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or nuclear magnetic resonance . The microscopy method 
may comprise optical microscopy . The microscopy method 
may comprise electromagnetic , electron , or proximal probe 
microscopy . The electron microscopy may comprise scan 
ning , tunneling , X - ray photo - , or Auger electron microscopy . 
The electromagnetic microscopy may comprise confocal , 
stereoscope , or compound microscopy . The microscopy 
method may comprise an inverted and / or non - inverted 
microscope . The proximal probe microscopy may comprise 
atomic force , or scanning tunneling microscopy , or any other 
microscopy described herein . The microscopy measure 
ments may comprise using an image analysis system . The 
microstructures may be measured by a contact or by a 
non - contact method . The microstructures may be measured 
by using an electromagnetic beam ( e . g . , visible or IR ) . The 
microstructure measurements may comprise evaluating the 
dendritic arm spacing and / or the secondary dendritic arm 
spacing ( e . g . , using microscopy ) . The microscopy measure 
ments may comprise an image analysis system . The mea 
surements may be conducted at ambient temperatures ( e . g . , 
R . T . ) , melting point temperature ( e . g . , of the powder mate 
rial ) or cryogenic temperatures . 
[ 0232 ] Thus , the path of tiles ( e . g . , formed by sequential 
tiles ) may fill the target layer of hardened material ( e . g . , 
corresponding to a target slice of the 3D object model ) . In 
some examples , the type - 2 energy beam and the type - 1 
energy beam may differ in the portions of transformed 
and / or hardened material they generate on forming a layer of 
transformed and / or hardened material as part of the 3D 
object ( e . g . , with the type - 2 energy beam forming a first 
portion of transformed material , whereas the type - 1 energy 
beam forms a second portion of transformed material . The 
first and second portions may or may not directly contact 
each other or overlap with each other ) . In some cases , the 
type - 2 energy beam and the type - 1 energy beam have at least 
one energy characteristic that is ( e . g . , substantially ) identi 
cal . For example , both the type - 2 energy beam and the 
type - 1 energy beam may be focused . For example , both the 
type - 2 energy beam and the type - 1 energy beam may be of 
the same wave length . For example , both the type - 2 energy 
beam and the hatching energy may be collimated . The type - 2 
energy beam and type - 1 energy beam may be generated by 
the same ( e . g . , type of ) energy source , or by different energy 
sources . The type - 2 energy beam and type - l energy beam 
may be directed by the same ( e . g . , type of ) scanner , or to 
different scanners ( e . g . , FIGS . 1 , 114 and 120 ) . The type - 2 
energy beam and type - 1 energy beam may travel through by 
the same ( e . g . , type of ) optical window , or through different 
optical windows ( e . g . , 115 , and 135 ) on their way to a target 
surface . 
[ 0233 ] In another aspect , a 3D object comprises succes 
sive regions of hardened material indicative of at least one 
additive manufacturing process . For example , the hardened 
material may comprise melt pools . An average FLS of the 
melt pools in a first portion of the 3D object may be larger 
than the average FLS of the melt pools in a second portion 
of the 3D object . For example , the average FLS of the melt 
pools in a surface of the 3D object may be larger than the 
average FLS of the melt pools in the interior of the 3D 
object . The first layer of hardened material may be a first 
hardened layer in the object ( e . g . , bottom skin layer ) as 
indicated by the spatial orientation of the melt pools ( e . g . , 
elongated melt pools , dripping melt pools , and / or stalactite 
like melt pools ) . The average FLS of the melt pools in the 

surface can be larger than the average FLS of the melt pools 
in the interior ( e . g . , by a factor of about two or more ) . 
[ 0234 ] In some embodiments , the porous matrix structure 
is suspended anchorlessly in the material bed . In some 
embodiments , the porous matrix structure is anchored to the 
material bed by one or more auxiliary support features . The 
porous matrix structure may or may not be anchored to the 
enclosure ( e . g . , platform ) . FIG . 8A shows an example of a 
first porous matrix 802 and a second porous matrix 804 , both 
disposed in a material bed 800 that comprises a pre - trans 
formed ( e . g . , particulate ) material disposed in an enclosure 
above a platform 801 , which material bed comprises an 
exposed surface 805 . In the example shown in FIG . 8A , the 
porous matrixes 802 and 804 are suspended anchorlessly in 
the material bed 800 . The porous matrixes ( e . g . , 802 and / or 
804 ) may comprise a random , irregular , or regular shape . 
The pores in the porous matrix structure may comprise a 
random , irregular , or regular shape . The hardened material in 
the porous matrix structure may comprise a random , irregu 
lar , or regular shape . The porous matrix may be formed by 
randomly transforming the pre - transformed material . The 
porous matrix may be formed by generating pre - designed 
structures ( e . g . , that are not random ) by transforming the 
pre - transformed material . The regular shape may comprise a 
geometric shape ( e . g . , a lattice structure ) . The porous matrix 
may assume an overall irregular , or regular ( e . g . , cuboid ) 
shape . At times , a first portion of the porous matrix com 
prises a first structure , and a second portion of the porous 
matrix comprises a second structure . The first structure may 
be ( e . g . , substantially similar to the second structure . The 
first structure may be different from the second structure . In 
some embodiments , the porous matrix comprises a lattice . 
The porous matrix may comprise a random structure . The 
porous matrix may comprise a directional structure ( e . g . , 
that may direct a flow of transformed material in a certain 
direction , e . g . , channels ) . FIG . 20B shows examples of 
various porous matrix structures . For example , 2025 shows 
an example of a honeycomb structure , 2024 shows an 
example of a mesh structure , 2023 shows an example of a 
brick like structure , 2021 , 2022 are examples of random 
structures of various density . The porous matrix can com 
prise a space filling polyhedron ( e . g . , honeycomb pattern ) . 
The porous matrix may comprise a lattice pattern . The lattice 
can be a diamond , tetragonal lattice , or cubic lattice . The 
porous matrix may comprise fibers . The porous matrix call 
comprise interconnected features . 
[ 0235 ] In some embodiments , the porous matrix com 
prises one or more cavities . The cavities may be hollow . The 
cavities may be devoid , of the particulate , transformed , 
and / or hardened material . The cavities may comprise one or 
more gasses . The cavities may have cross - sections that are 
circular , triangular , square , rectangular , pentagonal , hexago 
nal , or partial shapes and / or combinations thereof . The 
cavity and / or cavity walls may have a 3D shape . The 
multiplicity of cavity walls may form the porous matrix 
structure . The 3D shape of the cavity and / or cavity walls 
may comprise a cuboid ( e . g . , cube ) , or a tetrahedron . The 3D 
shape of the cavity may comprise a polyhedron ( e . g . , pri 
mary parallelohedron ) . The cavity and / or cavity walls may 
comprise a space - filling polyhedron ( e . g . , plesiohedron ) . 
The polyhedron may be a prism ( e . g . , hexagonal prism ) , or 
octahedron ( e . g . , truncated octahedron ) . The cavity and / or 
cavity walls may comprise a Platonic solid . The cavity 
and / or cavity walls may comprise a combination of tetra 
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hedra and octahedra ( e . g . , that fill a space ) . The cavity and / or 
cavity walls may comprise octahedra , truncated octahedron , 
and cubes , ( e . g . , combined in the ratio 1 : 1 : 3 ) . The cavity 
and / or cavity walls may comprise tetrahedra and / or trun 
cated tetrahedra . The cavity and / or cavity walls may com 
prise convex polyhedra ( e . g . , with regular faces ) . For 
example , the cavity and / or cavity walls may comprise a 
triangular prism , hexagonal prism , cube , truncated octahe 
dron , or gyrobifastigium . The cavity and / or cavity walls may 
comprise a non - self - intersecting quadrilateral prism . The 
cavity and / or cavity walls may comprise space - filling poly 
hedra . The cavity and / or cavity walls may exclude a pen 
tagonal pyramid . The cavity and / or cavity walls may com 
prise 11 - hedra , dodecahedra , 13 - hedra , 14 - hedra , 15 - hedra , 
16 - hedron 17 - hedra , 18 - hedron , icosahedra , 21 - hedra , 
22 - hedra , 23 - hedra , 24 - hedron , or 26 - hedron . The cavity 
and / or cavity walls may comprise at least 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 
27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , or 40 faces . 
The cavity and / or cavity walls may comprise at most 4 , 5 , 6 , 
7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 
24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 
or 40 faces . The cavity and / or cavity walls may comprise 
any suitable number of faces between the afore - mentioned 
number of faces ( e . g . , from 4 to 38 , from 4 to 20 , from 20 
to 40 , or from 10 to 30 faces ) . The cavity and / or cavity walls 
may comprise a non - convex aperiodic polyhedron , convex 
polyhedron ( e . g . , Schmitt - Conway bi - prism ) . The cross 
section of the cavity and / or cavity walls ( e . g . , vertical , or 
horizontal ) may be a square , rectangle , triangle , pentagon , 
hexagon , heptagon , octagon , nonagon , octagon , circle , or 
icosahedron . The cavity may be hollow . The cavity walls 
may comprise a particulate material ( e . g . , that was not 
transformed ) . The cavity walls may be composed of a 
transformed ( e . g . , and subsequently hardened ) material . The 
cavity walls may comprise a material with high porosity . 
The cavity walls may comprise at least about 30 % , 40 % , 
50 % , 60 % , 70 % , 80 % , 90 % or 95 % material . The cavity 
walls may comprise at most about 100 % , 99 % , 95 % , 90 % , 
80 % , 70 % , 60 % , or 50 % material . The cavity walls may 
comprise a percentage of material corresponding to any 
percentage between the afore - mentioned percentages of 
material ( e . g . , the percent may be from 40 % to 80 % , from 
50 % to 99 % , from 30 % to 90 % , or from 70 % to 100 % 
material ) . The cavity walls may comprise pores . The layer of 
hardened material that is included in the 3D object may 
comprise a percentage of material having a value equal to 
the abovementioned percentages of material of the cavity 
walls . At least two of the cavities or cavity walls may have 
a substantially identical shape and / or cross section . At least 
two of the cavities or cavity walls may have a different shape 
and / or cross section . The cavity and / or cavity walls may be 
of substantially identical shape and / or cross section . The 
cavities and / or cavity walls can be aligned with one another . 
Alternatively , or additionally , cavities and / or cavity walls 
can be angularly disposed in relation to one another . 
[ 0236 ] In some embodiments , the porous matrix structure 
is characterized as having a microstructure . The porous 
matrix may assume at least a portion of the 3D object ( e . g . , 
the , entire 3D object ) . For example , the porous matrix may 
assume at least a portion of an overhang as part of the 3D 
object . For example , the porous matrix may assume the 

entire structure of the 3D object . For example , the porous 
matrix may assume discrete and / or repetitive portions in a 
( e . g . , forming ) 3D object . 
[ 0237 ] In some embodiments , the porous matrix structure 
is of a ( e . g . , substantially ) homogenous structure that com 
prises a plurality of PMX layers . At times , the porous matrix 
may be of a heterogeneous structure . FIG . 8B shows an 
example of a heterogeneous structure . The heterogeneous 
structure may be disposed in an enclosure 851 , which 
comprises an exposed surface 855 . In the example shown in 
FIG . 8B , the PMX layers 810 , 812 , 814 , 816 , 818 and 820 
are disposed on a platform 851 . The first PMX layer 810 
may have a regular shape ( e . g . , a honeycomb structure ) . The 
second PMX layer 812 disposed over the first MPX layer 
may have a lower porosity structure than the first PMX layer 
810 . At least one of the subsequent fourth , fifth and sixth 
PMX layers ( e . g . , 820 , 818 , 816 , respectively ) may have a 
different or similar structure and / or porosity percentage than 
at least one of the first , second and / or the third layer . For 
example , the fourth PMX layer may be denser than the 
second PMX layer , but less dense than the first PMX layer . 
The fifth PMX layer may have a porosity that is higher than 
the second PMX layer and / or less than the first or fourth 
PMX layer . For example , at least two different portions of 
the porous matrix may be of different structures ( e . g . , 
microstructure ) . At least a portion of the porous matrix layer 
may comprise a directional structure . The directional struc 
ture may direct the flow of a flowable ( e . g . , molten ) material , 
for example , by forming barriers to restrain and / or direct the 
flow of the flowable material within the structure . The 
flowable material may comprise liquid , semi - liquid , or pow 
der material . For example , the flowable material may com 
prise molten material . The directionality may contribute to 
the formation of a 3D object . The directionality may affect 
the density and / or microstructure in at least a portion of the 
3D object ( e . g . , to which the structure is directed towards ) . 
The directionality may affect the microstructure of the 
portion of hardened material that is ( e . g . , subsequently ) 
formed at least because of the flow . 
[ 0238 ] In some embodiments , during the process of form 
ing the at least one 3D object , a first porous matrix may be 
separated by one or more layers of pre - transformed material 
from another ( e . g . , a second ) porous matrix , thus forming a 
porous matrix set . FIG . 8A shows an example of a porous 
matrix set comprising a first porous matrix 802 and a second 
porous matrix 804 separated by a layer of pre - transformed 
material 803 . Porous matrixes separated by layer ( s ) of 
pre - transformed material can be referred to as porous matrix 
( PMX ) sandwich structures . The porous matrix set may 
comprise one or mote porous matrix layers , wherein at least 
two of the one or more porous layers are connected in at least 
one position . The porous matrix set may comprise one or 
mote porous layers , wherein at least two of the one or more 
porous layers are disconnected ( e . g . , separated by one or 
more layers of pre - transformed material ) . The porous matrix 
set may assume a sandwich like structure which may com 
prise two or more porous matrix structures and one or more 
layers of pre - transformed ( e . g . , particulate ) material dis 
posed between two porous matrix structures . 
[ 0239 ] At times , the 3D object is formed from a plurality 
of ( e . g . , connected or disconnected ) porous matrixes . In 
some instances , at least two of the porous matrixes are 
disposed in a sandwich like structure comprising at least one 
layer of pre - transformed material . At times , the 3D object 
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may be formed from a porous matrix that does not comprise 
a layer of pre - transformed material . The porous matrix may 
serve as an intermediate step in the formation of a 3D object . 
For example , the porous matrix may be ( e . g . , subsequently ) 
densified during formation of the 3D object . In some 
embodiments , the 3D object is formed by re - transforming 
( e . g . , melting ) at least a portion ( e . g . , the entire ) porous 
matrix into a denser material to form at least a portion of the 
3D object . In some embodiments , the 3D object is formed 
from at least a portion of the porous matrix that is not 
densified . 
[ 0240 ] At times , the porous matrix layer ( e . g . , set thereof ) 
has a controlled porosity value . The PMX layer may com 
prise at most about 10 % , 20 % , 30 % , 40 % , 50 % , or 60 % 
material , calculates as volume per volume , or area / area 
porosity , e . g . , of a cross - section plane of maximum porosity . 
The PMX layer may comprise any suitable percentage 
between the afore - mentioned values ( e . g . , from about 10 % 
to about 60 % , from about 10 % to about 40 % , or from about 
40 % to about 60 % material ( v / v , or area / area porosity , e . g . , 
of a cross - section plane of maximum porosity ) ) . The porous 
matrix structure may be formed by irradiation of the material 
bed portion by the energy beam . For example , the beam 
cross - section of the energy beam may be ( e . g . , substantially ) 
constant , or vary during the 3D printing . At times , the 
footprint of the energy beam on the exposed surface of the 
material bed may vary during formation of the porous 
matrix . 
[ 0241 ] In some embodiments , the transforming energy 
beam irradiates a target surface . The energy beam ( e . g . , 
forming the PMX ) may have any suitable energy beam 
characteristics disclosed herein . For example , the character 
istics may comprise wavelength , charge , power , power per 
unit area , amplitude , trajectory , footprint , cross - section , 
focus , intensity , energy , path , or hatching characteristics 
described herein . FIG . 3 shows top - down view examples of 
various paths along which the energy beam may travel . The 
path may have any suitable shape ( e . g . , paths 310 - 316 ) , and 
can be continuous ( e . g . , 310 , 311 or 316 ) or discontinuous 
( e . g . , 312 , 313 , 314 , or 315 ) . The discontinuous path may 
comprise intervals at which the energy beam is ( e . g . , sub 
stantially ) stationary . The ( e . g . , substantially ) stationary 
energy beam may form a tile of transformed material in the 
material bed . At least two sequential tiles may overlap each 
other at least in part . The tiles may overlap . The overlapped 
area may be at least about 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 
70 % , 80 % or 90 % of the average or mean tile area . The 
overlapped area may be at most about 10 % , 20 % , 30 % , 40 % , 
50 % , 60 % , 70 % , 80 % or 90 % of the average or mean tile 
area . The overlapped area may between any of the afore 
mentioned values ( e . g . , from about 10 % to about 90 % , from 
about 10 % to about 50 % , or from about 40 % to about 90 % ) 
of the average or mean tile area . The percentage of over 
lapped area may be ( e . g . , substantially ) identical along the 
path of the energy beam forming the tiles . During the 
formation of the tile , the energy beam may be ( e . g . , sub 
stantially ) stationary . The transforming energy beam ( e . g . , 
forming the PMX ) may be any energy beam disclosed herein 
( e . g . , having any energy density disclosed herein ) . 
[ 0242 ] In some embodiments , the type - 2 energy beam has 
an extended cross section . For example , the type - 2 energy 
beam has a FLS ( e . g . , cross sectional diameter ) may be 
larger than the type - l energy beam . The FLS of a cross 
section of the type - 2 energy beam may be at least about 0 . 05 

millimeters ( mm ) , 0 . 1 mm , 0 . 2 mm , 0 . 3 mm , 0 . 4 mm , 0 . 5 
mm , 0 . 8 mm , 1 mm , 1 . 5 mm , 2 mm , 2 . 5 mm , 3 mm , 3 . 5 mm , 
4 mm , 4 . 5 mm , or 5 mm . The FLS of a cross section of the 
type - 2 energy beam may be between any of the afore 
mentioned values ( e . g . , from about 0 . 05 mm to about 5 mm , 
from about 0 . 05 mm to about 0 . 2 mm from about 0 . 3 mm to 
about 25 mm , or from about 2 . 5 mm to about 5mm ) . The 
cross section of the energy beam can be at least about 0 . 1 
millimeter squared ( mm² ) , or 0 . 2 . The FLS ( e . g . , diameter ) 
of a cross - section of the energy beam can be at least about 
50 micrometers ( um ) , 70 um , 80 um , 100 um , 150 um , 200 
um , 250 um , 300 um , 350 , 400 um , 500 um , or 600 um . In 
some embodiments , the distance between the first position 
and the second position ( e . g . , distance between tile centers 
or tile boundaries ) is at least about 50 micrometers ( um ) , 70 
um , 80 um , 100 um , 200 um , 250 um , 300 um , 350 um , 400 
um or 450 um . In some embodiments , the distance between 
the first position and the second position ( e . g . , distance 
between tile centers ) is at least about 50 millimeters ( mm ) , 
100 mm , 150 mm , 200 mm , 300 mm , 400 mm or 500 mm . 
In some embodiments , the distance between the first posi 
tion and the second position ( e . g . , distance between tile 
centers ) is at least about 10 micrometers ( um ) , 15 um , 20 
um , 25 um , 30 um , or 35 um . The spot size of the energy 
beam ( e . g . , at the target surface ) can be at least about 50 
micrometers ( um ) , 55 um , 60 um , 65 um , 70 um , 75 um , 80 
um , 85 um , 90 um , 95 um , 100 um , 150 um , 200 um , 250 
um , 300 um , 350 , 400 um , 500 um , 600 um , 700 um , 800 
um , 900 um , 1000 um or 1500 um . The FLS may be 
measured at full width half maximum intensity of the energy 
beam . In some embodiments , the type - 2 energy beam is a 
focused energy beam . In some embodiments , the type - 2 
energy beam is a defocused energy beam . The energy profile 
of the type - 2 energy beam may be ( e . g . , substantially ) 
uniform ( e . g . , in the beam cross sectional area that forms the 
tile ) . The energy profile of the type - 2 energy beam may be 
( e . g . , substantially ) uniform during the exposure time ( e . g . , 
also referred to herein as tiling time , or dwell time ) . The 
exposure time ( e . g . , at the target surface ) of the type - 2 
energy beam may be at least about 0 . 1 milliseconds ( msec ) , 
0 . 2 msec , 0 . 3 msec , 0 . 4 msec , 0 . 5 msec , 1 msec , 10 msec , 20 
msec , 30 msec , 40 msec , 50 msec , 60 msec , 70 msec , 80 
msec , 90 msec , 100 msec , 200 msec , 400 msec , 500 msec , 
1000 msec , 2500 msec , or 5000 msec . The exposure time 
( e . g . , at the target surface ) of the type - 2 energy beam may be 
at most about 10 msec , 20 msec , 30 msec , 40 msec , 50 msec , 
60 msec , 70 msec , 80 msec , 90 msec , 100 msec , 200 umsec , 
400msec , 500 msec , 1000 msec , 2500 msec , or 5000 msec . 
The exposure time may be between any of the above 
mentioned exposure times ( e . g . , from about 0 . 1 msec to 
about 5000 msec , from about 0 . 1 to about 1 msec , from 
about 1 msec to about 50 msec , from about 50 msec to about 
100 msec , from about 100 msec to about 1000 msec , from 
about 20 msec to about 200 msec , or from about 1000 msec 
to about 5000 msec ) . The exposure time may be the dwell 
time . The power per unit area of the type - 2 energy beam may 
be at least about 100 Watts per millimeter square ( W / mm² ) , 
200 W / mm² , 300 W / mm² , 400 W / mm² , 500 W / mm² , 600 
W / mm² , 700 W / mm² , 800 W / mm² , 900 W / mm² , 1000 
W / mm² , 2000 W / mm² , 3000 W / mm² , 5000 W / mm2 , or 
7000 W / mm² . The power per unit area of the type - 2 energy 
beam may be at most about 100 W / mm² , 200 W / mm² , 300 
W / mm² , 400 W / mm² , 500 W / mm² , 600 W / mm² , 700 
W / mm² , 800 W / mm² , 900 W / mm² , 1000 W / mm² , 2000 
































































































