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APPARATUS FOR THREE DIMENSIONAL 
PRINTING USING IMAGED LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/078,894 ?led on Mar. 11, 2005, 
Which claims the bene?t of US. Provisional Patent Appli 
cation Ser. No. 60/554,251 ?led Mar. 18, 2004, entitled 
“Three Dimensional Printing,” each of Which is hereby 
incorporated by reference herein for all purposes. 

TECHNICAL FIELD 

[0002] The present invention relates to a system and 
method for generating three dimensional objects from a 
plurality of cross sectional information. In particular, the 
invention relates to a system and method for constructing 
three dimensional objects using inexpensive sources of heat 
and simple motion systems. 

BACKGROUND 

[0003] Three dimensional (3D) printers and rapid proto 
typing (RP) systems are currently used primarily to quickly 
produce objects and prototype parts from 3D computer 
aided design (CAD) tools. Most RP systems use an additive, 
layer-by-layer approach to building parts by joining liquid, 
poWder, or sheet materials to form physical objects. The data 
referenced in order to create the layers is generated from the 
CAD system using thin, horiZontal cross-sections of the 
model. The prior art 3D printing systems that require heat to 
join the materials together generally employ high poWered 
lasers and high precision motion systems containing a 
multitude of actuators to generate parts; resulting in a 3D 
printer Which is generally too expensive for the home/ 
hobbyist user or small mechanical design groups. There is 
therefore a need for 3D printers and RP systems that can 
generate parts on a layer-by-layer basis Without a high poWer 
laser or other expensive energy source and With less expen 
sive motion systems. 

SUMMARY 

[0004] The invention features a three-dimensional printer 
(3DP) adapted to construct three dimensional objects from 
cross sectional layers of the object that are formed on one 
surface, then subsequently adhered to the stack of previously 
formed and adhered layers. In the preferred embodiment, the 
3DP includes a ?rst surface adapted to receive a bulk layer 
of sinterable poWder; a radiant energy source adapted to fuse 
a select portion of the layer of sinterable poWder to form a 
sintered image; and a transfer mechanism adapted to con 
currently transfer or print the sintered image from the ?rst 
surface to the object being assembled While fusing the 
sintered image to the object being assembled. The layer of 
sinterable poWder is preferably a polymer such as nylon that 
may be fused on a roller or drum, for example, With the 
energy provided by an incoherent heat source such as a 
halogen lamp. The transfer mechanism includes one or more 
actuators and associated controls adapted to simultaneously 
roll and translate the drum across the object being assembled 
so as to press and fuse the sintered image to the object. The 
transfer mechanism may further includes a trans?xing heater 
for heating the sintered image and the object immediately 
before the layer is applied to the object. The process of 
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generating an image and transferring it to the object being 
assembled is typically repeated for each cross section until 
the assembled object is completed. 

[0005] In some embodiments, the 3DP includes a poWder 
applicator adapted to apply a predetermined quantity of 
sinterable poWder to the drum for sintering. In the preferred 
embodiment, the applicator extracts the sinterable poWder 
from a reservoir and permits the poWder to brie?y free fall, 
thereby separating the particles that may have compacted in 
the reservoir and normalizing the density of the particles 
applied in layer form to the drum. The poWder applicator 
may further include a blade Which, When placed a select 
distance from and angle relative to the drum, produces a 
layer of sinterable poWder With uniform thickness and 
density on the drum as the drum is rotated. 

[0006] In some embodiments, the drum of the 3DP 
includes a temperature regulator and drum heating element 
adapted to heat the temperature of the drum at or near the 
fusing point of the sinterable poWder to reduce the energy 
required by the radiant energy source to print a sintered 
image from the layer of bulk poWder on the drum. The 3DP 
may further include a ?rst heating element, a second heating 
element, or both to reduce the energy required to fuse the 
sintered image to the object being assembled. The ?rst 
heating element, Which is incorporated into a platform 
assembly on Which the object is assembled, for example, is 
adapted to hold the object at a ?rst predetermined tempera 
ture above the ambient temperature. The second heating 
element is preferably a hot pad adapted to contact and 
maintain the temperature of the upper surface of the object 
being assembled at a second determined temperature until 
the next sintered image is applied to the upper surface. The 
second determined temperature is less than the melting 
temperature of the sinterable poWder. 

[0007] The 3DP in some embodiments further includes a 
layer thickness control processor adapted to regulate the 
thickness of a sintered image fused to the object being 
assembled. The layer thickness control processor may vary 
the thickness of the sintered image before or after transfer 
ring to the object being assembled by, for example, varying 
the quantity of sinterable poWder dispensed by the applica 
tor, regulating the position of an applicator blade With 
respect to the drum, regulating the time and pressure applied 
by the drum to transfer the sintered image to the object being 
assembled, compressing the sintered image after it is fused 
to the object being assembled, and removing excess material 
from the object being assembled by means of a material 
removal mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention is illustrated by Way of 
example and not limitation in the ?gures of the accompa 
nying draWings, and in Which: 

[0009] FIGS. 1A-1C are schematic diagrams demonstrat 
ing the operation of the three dimensional printer of the ?rst 
preferred embodiment of the present invention; 

[0010] FIG. 2 is an isometric vieW of the three dimen 
sional printer in accordance With the second preferred 
embodiment of the present invention; 

[0011] FIG. 3 is a cross sectional vieW of the three 
dimensional printer in accordance With the second preferred 
embodiment of the present invention; 
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[0012] FIG. 4 is an isometric vieW of the drum assembly 
in accordance With the second preferred embodiment of the 
present invention; 

[0013] FIG. 5 is a cross sectional vieW of the sintering 
assembly in accordance With the second preferred embodi 
ment of the present invention; 

[0014] FIG. 6 is an isometric vieW of the poWder appli 
cator in accordance With the second preferred embodiment 
of the present invention; 

[0015] FIGS. 7A-7C are schematic diagrams demonstrat 
ing the operation of the poWder applicator in accordance 
With the second preferred embodiment of the present inven 
tion; 
[0016] FIGS. 8A-8D are cross sectional isometric vieWs 
demonstrating the three dimensional printer forming a sin 
tered image and applying it to the object under construction 
in accordance With the second preferred embodiment of the 
present invention; 

[0017] FIGS. 9A-9E are cross sectional diagrams demon 
strating the formation of an object using a partially sintered 
support structure in accordance With an embodiment of the 
present invention; 

[0018] FIGS. 10A-10B are plan vieWs of individual sin 
tered images shoWing alternating open hatch patterns in 
accordance With an embodiment of the present invention; 

[0019] FIG. 10C is plan vieW ofan object being assembled 
from a plurality of sintered images having alternating open 
hatch patterns in accordance With an embodiment of the 
present invention; and 

[0020] FIGS. 11A-11B are perspective vieWs of an object 
being assembled Within a layer thickness reference Wall in 
accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] Illustrated in FIGS. 1A-1C is a schematic diagram 
demonstrating the operation of the three dimensional printer 
(3DP) of the ?rst preferred embodiment. The 3DP 100 is 
adapted to construct a three dimensional (3D) part or object 
from a digital model of the object using a plurality of layers 
corresponding to cross sectional layers of the object. In the 
preferred embodiment, the cross sectional layers are formed 
from a poWder Whose particles can be sintered, i.e., to be 
formed into a coherent mass by heating. The layers of 
sintered poWder referred to as sintered images are individu 
ally generated and sequentially assembled or printed onto a 
stack to build the object. Heat is used to fuse particles of the 
poWder together to form individual layers as Well as fuse 
individual layers together into the 3D object. 

[0022] As illustrated in FIG. 1A, the 3DP 100 preferably 
includes a layer processing surface 102, a radiant energy 
source 104, and a Work surface 106. The layer processing 
surface, e.g., the continuous surface of a process drum 102 
or a planar surface, is adapted to rotate 120 about its 
longitudinal axis and pass over the Work surface in a 
translational motion under the control of a microprocessor 
(not shoWn) and transfer or otherWise deposit the layers of 
sintered poWder onto the Work surface. The Work surface is 
either a build surface on Which the ?rst sintered image is 
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deposited or a preceding sintered image on the object being 
assembled. When produced on a layer processing surface 
separate from the object being assembled, the sintered image 
is permitted to express any distortion due to melting and 
density changes, for example, before the sintered image is 
af?xed to the object, thereby reducing internal stresses that 
may arise in the object. As described beloW, production of 
the sintered image on the continuous surface of the drum 102 
or other heated layer processing surface does not, in the 
preferred embodiment, typically require the energy required 
to concurrently fuse the image to the previous layer. 

[0023] In the preferred embodiment, the process drum 102 
includes a heating element (not shoWn) adapted to elevate 
the temperature of the outer surface of the drum to a 
predetermined value near the melting temperature of the 
sinterable poWder employed. In the preferred embodiment, 
the sinterable poWder is a crystalline nylon poWder and the 
temperature to Which the outer surface of the drum is raised 
is preferably loW enough to prevent the poWder from fully 
fusing but high enough above the ambient temperature of the 
sinterable poWder to reduce the energy that must be injected 
to fuse the poWder into a sintered image and subsequently, 
to Weld or otherWise adhere the sintered image to the object 
under construction. A uniform layer of sinterable poWder 
110 is applied in bulk to drum 102. The sinterable poWder, 
Which is made tacky by the heat of the drum 102, adheres to 
the drum Without the particles of the layer 110 fusing 
together. Electrostatic attraction may also be used in com 
bination With a heated drum or alone With an unheated drum 
to releasably or removably adhere sinterable poWder to the 
drum 102. 

[0024] Portions of the layer of sinterable poWder 110 
representing a cross sectional layer of the object being 
formed are sintered by a radiant energy source 104. The 
energy source 104, preferably a focused heat source having 
a focal point 105 on the drum 102, i.e., the continuous 
surface of the drum, heats the poWder to a temperature 
suf?cient to fuse the poWder. The poWder may be fused by 
partially liquefying the poWder or by fully liquefying the 
poWder Which then cools back to a solid at the roller 
temperature once the energy source 104 is removed. A 
sintered image 112A is formed by moving the heat source 
104 relative to the continuous surface of the drum 102 to 
trace lines or regions of sintered poWder across the layer of 
sinterable poWder 110. In the preferred embodiment, the 
cross sectional layer of the object may take on any complex 
con?guration by rotating 120 the drum 102 and translating 
122 the heat source 104 under the control of the micropro 
cessor. Unsintered poWder continues to adhere to the drum 
102 in this illustrative example. 

[0025] As illustrated in FIG. 1B, the sintered imagei 
illustrated in the form of a diamond 112Aiis then trans 
ferred to the Work surface 106 by simultaneously rotating 
124 the drum 102 While translating 126 the drum across the 
Work surface. As the drum 102 advances across the Work 
surface 106 from its initial position illustrated by dashed 
lines, the sintered image 112A detaches from the drum and 
transfers to the Work surface. The sintered image and the 
portion of the object receiving the sintered image, in some 
embodiments, are exposed to a heat source for trans?xing 
the sintered image to the object being assembled. A trans 
?xing heater, such as a fuser lamp (discussed in more detail 
beloW), increases the tackiness of the sintered image and the 
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Work surface for purposes of enhancing the layer-to-layer 
fusion or Welding and ensuring that the sintered image has 
a greater adhesion to the Work surface than the drum 102. 
The distance betWeen the translated drum surface 102 and 
the Work surface 106 is approximately equal to or less than 
the thickness of the sintered image 112A. As stated above, 
the term Work surface 106 as used herein refers to a surface 
on Which the current sintered image is deposited, Which may 
be the platform of the 3DP 100 or a previous sintered image 
layer laid doWn during the assembly of the 3D object. 

[0026] In the preferred embodiment, the sintered image is 
concurrently transferred to and fused With the object being 
assembled. In some embodiments, hoWever, the sintered 
image may ?rst be deposited onto the object and subse 
quently fused by, for example, a fuser lamp that folloWs the 
drum, a bulk heating process, a hot pad (discussed in more 
detail beloW), or a combination thereof. 

[0027] As illustrated in FIG. 1C, the entire sintered image 
is deposited onto the Work surface 106 once the drum 102 
has traversed the length of the Work surface and the drum 
reached its ?nal position illustrated by dashed lines. Unsin 
tered poWder, left over after the sintered image is formed, 
may be removed from the drum 102 before or after trans 
ferring the sintered image to the object, removed from the 
Work surface 106 after transferring, or retained at the Work 
surface after transfer to provide support for the subsequent 
sintered image, particularly overhanging sections of the next 
sintered layer deposited onto the object 112B. This process 
of producing and depositing a sintered image is repeated for 
each cross section of the object being constructed from the 
model. 

[0028] Illustrated in FIGS. 2 and 3 is a 3DP 200 in 
accordance With the second preferred embodiment of the 
invention. Consistent With the ?rst embodiment, the second 
embodiment includes a drum assembly 202, a sintering 
assembly, a platform assembly, and a microprocessor 250. 
This embodiment of the 3DP 200 further includes a sinter 
able poWder applicator 210, a sinterable poWder reservoir 
212, an object heating element 208, and means for cleaning 
the roller and Work surface in preparation for the next 
sintered image. The drum assembly 202 includes a drum 
frame 218 and a process drum 310 adapted to rotate in 
response to a ?rst actuator, preferably a stepper motor 220, 
operably coupled to the drum via one or more reduction 
gears 222. 

[0029] The drum assembly in this embodiment, also illus 
trated in FIG. 4, further includes a second actuator, prefer 
ably a stepper motor 226, to drive the drum 310 laterally 
across the length of the Work surface (direction perpendicu 
lar to the longitudinal axis of the drum 310) preferably via 
a lead screW 224. The drum 310 is preferably a smooth 
anodiZed aluminum drum onto Which the sinterable poWder 
is applied. An anodiZed aluminum drum provides thermal 
stability and durability although other thermally conductive 
and non-conductive materials may also be used. In the 
preferred embodiment, the circumference of the drum 310 is 
equal to or greater than the length (direction perpendicular 
to drum axis) of object being constructed. In other embodi 
ments, hoWever, the drum may have a circumference smaller 
than the length of the Working surface if the steps of 
applying the poWder, imaging the poWder, and depositing 
the sintered image are performed substantially concurrently 
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as part of a continuous process. The outer surface of the 
drum 310 may be coated With a nonstick surface such as 
TEFLON, for example, to inhibit the sintered image or the 
unsintered poWder from unduly adhering to the drum 310, to 
minimize heat loss into the drum during imaging, or to 
enable an electric ?eld to be employed to aid poWder 
adhesion. 

[0030] The drum assembly may also include a temperature 
regulator (not shoWn) and drum heating elementiprefer 
ably a tubular halogen lamp or cartridge heater 802, for 
example, (see FIG. 8A) mounted internal to the drum 
310iadapted to heat the drum 310 to a temperature sub 
stantially near, but loWer than, the fusing point of the 
sinterable poWder. In the preferred embodiment, the sinter 
able poWder is a crystalline nylon poWder and the tempera 
ture to Which the outer surface of the drum is raised is 
betWeen approximately 2 degrees Celsius and 15 degrees 
Celsius beloW the poWder’s melting point. A higher roller 
temperature is generally employed to facilitate relatively 
rapid sintering of the poWder With minimal input energy 
from the imaging lamp system, although the 3DP system 
may be more susceptible to roller temperature variations and 
poWder temperature variations that can result in uninten 
tional sintering of poWder on the roller. In contrast, the drum 
may be held at a loWer temperature to improve sintered 
image quality, although the sintering process and overall 
object production may take longer. In some embodiments, 
the drum assembly further includes a trans?xing heater 804 
(see FIG. 8A) for heating the outer side of the sintered image 
immediately before the sintered image is deposited on the 
preceding sintered image of the object. Similarly, in some 
embodiments the heating element may also heat the top 
surface of the previously deposited sintered image of the 
object being formed. The trans?xing heater 804isuch as a 
halogen lamp, tungsten Wire heater, or nichrome Wire heater, 
for exampleimay be mounted on the assembly housing the 
drum 310 in proximity to the drum and the platform assem 
bly or Work surface. In order to control the amount of heat 
applied to the surfaces to be adhered, the trans?xing heater 
is preferably further includes an adjustable mask to limit the 
area of exposure for each surface. 

[0031] The sintering assembly in the second preferred 
embodiment, also illustrated in FIG. 5, includes a housing 
232 and frame 338 supporting an incoherent energy source 
330 Whose energy is focused on or in proximity to the drum 
310 via a re?ector 230 or lens to provide a small area of 
concentrated heat. The heat source 330 is preferably a 
halogen lamp With an axial ?lament Whose long axis coin 
cides With the focal axis of symmetry. The halogen lamp is 
available from Sylvania of Danvers, Mass., although any of 
a number of other heat sources may be used including 
tungsten bulbs and arc lamps. As illustrated in the cross 
sectional vieW of FIG. 3, the re?ector 230 possesses a 
substantially elliptical cross section for purposes of optimiZ 
ing the concentration of energy from the heat source 330. A 
suitable re?ector 230 is available from Melles Griot of 
Carlsbad, Calif., part #02 REM 001. In some embodiments, 
the sintering assembly further includes a mask 502 With an 
adjustable aperture or plurality of selectable apertures for 
further controlling the spot siZe of the focal point Which may 
be varied betWeen approximately 10 and 200 mils in the 
second preferred embodiment. The design of the mask 502 
may also include a parabolic surface of revolution, for 
example, a Winston cone, that further concentrates the 
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energy from the heat source 330 to produce a smaller spot, 
thus minimizing the power consumption and obviating the 
neediin this embodimentifor a laser energy source. In 

some embodiments, the sintering assembly further includes 
a shutter 504 interposed betWeen the heat source 330 and 
drum 310 for effectively interrupting the energy beam. In 
embodiments Where the aperture siZe can be selected and 
dynamically changed, the rate at Which the heat source 
moves across the poWder can be varied during construction 
of a sintered image or object to compensate for the changes 
in poWer incident at the focus. The heat source 330 is 
preferably adapted to move co-parallel relative to the axis of 
the drum 310 by means of an actuator, e.g., a stepper motor 
236, and a lead screW 234. 

[0032] In some alternative embodiments, the sintering 
assembly employs a laser or laser diode matched to an 
absorption band of the sinterable poWder layer as a heat 
source. The sintering assembly may further include a steer 
able or rotating mirror in a ?xed position that is adapted to 
aim the laser heat on the drum 310, thereby obviating the 
need to sWeep the sintering assembly over the drum 310 and 
reducing the number of high precision actuators. 

[0033] The platform assembly in the second preferred 
embodiment includes a horizontal build surface on Which 
the ?rst sintered layer is deposited and the complete object 
assembled. In the preferred embodiment, the build surface 
240 incorporates a heating pad 241A (discussed beloW) into 
the build surface on Which the object is constructed from 
printed sintered images. The height of the build surface 240 
is adjusted relative to the drum 310 by means of a scissor lift 
206 including tWo cross arms 242, a lead screW 244 With left 
handed and right handed threads on either end, and an 
actuator, preferably a stepper motor 246. Rotation of the lead 
screW 244 causes the tWo cross arms 242 to rotate toWard or 

aWay from each other depending on the direction of rotation, 
thereby enabling the build surface 240 to ascend or descend, 
respectively. In some embodiments, the build surface 240 is 
adapted to rotate in the horiZontal plane With respect to the 
scissor lift 206, thereby alloWing the build surface 240 to be 
rotated to a random angle preceding the deposition of each 
sintered image to prevent the accumulation of repetitive 
errors or artifacts Which, if uncorrected, may result in 
vertical non-uniformities or nonlinearities in the assembled 
object. One skilled in the art Will appreciate that the orien 
tation of the sintered image produced on the drum 310 
should re?ect the same angular rotation as the build surface 
240. 

[0034] For each sintered image deposited, the height of the 
build surface 240 relative to the drum 310 is adjusted such 
that the top of the object being constructed is loWer than the 
drum 310 by a distance substantially equal to the thickness 
of a sintered image applied to the object. In this embodi 
ment, the platform is loWered after each image is applied to 
the object, but, in another embodiment the height of the 
drum could be adjusted upWard to compensate for the 
thickness of the object as the object is assembled. In some 
embodiments, the build surface 240 is the bottom of a object 
build vat having side Walls (not shoWn) that contain both the 
object and the unsintered poWder remaining after printing of 
sintered images, thereby providing a foundational support 
for portions of subsequent sintered images that have no 
object immediately beloW them. 
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[0035] The actuation of the stepper motors employed in 
the drum assembly, the sinter assembly, and the platform 
assembly are preferably cooperatively controlled by the 
microprocessor 250 adapted to concurrently rotate the drum 
310 and translate the sinter assembly to deposit each of the 
plurality of cross-sections from Which the object is con 
structed. 

[0036] In some embodiments, the 3DP further includes a 
sinterable poWder applicator to apply poWder to the drum 
310 and one or more sinterable poWder reservoirs 212 used 
to collect unsintered poWder recovered from the drum 310 
and unsintered poWder recovered from the Work surface. 
Referring to FIGS. 2-3 and FIG. 6, the poWder applicator 
600 of this embodiment includes a sinterable poWder bin 
210 from Which sinterable poWder is dispensed and applied 
to the drum 310 using, for example, a poWder conveyor belt 
314 and pulleys 312. As demonstrated by the poWder 
applicator schematics in FIGS. 7A-7C shoWing the forma 
tion of a sinterable poWder layer, sinterable poWder 710 is 
draWn from bin 210 as the pulleys 312 are turned and the belt 
314 advanced. An agitator (not shoWn) in or attached to the 
bin 210 may be employed to enhance the transfer of poWder. 
The volume of sinterable poWder dispensed by the belt 314 
is preferably precisely controlled by the adjustable gate 702 
and the gap thereunder. As the poWder falls off of the 
conveyor belt to the cavity above the applicator blade, the 
poWder density is normaliZed to ensure uniform and repeat 
able density as the poWder is applied to the drum regardless 
of hoW the poWder Was compacted in the poWder bin. The 
dispensed poWder 712 accumulates against the drum 310 
and a layer control blade 706 used to regulate the thickness 
and uniformity of the poWder applied to the drum 310. The 
cavity 708 created betWeen the blade 706 and drum 310 is 
preferably Wedge-shaped With a relatively Wide upper gap to 
properly draW poWder and a narroWer loWer gap to spread 
the poWder uniformly across the Width of the drum 310i 
and preferably compact the poWder to the proper densityi 
as the drum is turned. The thickness of the sintered layer 
produced is preferably betWeen 5 and 20 mils thick depend 
ing on the vertical resolution of the object required. As 
discussed above, the resulting layer 714 of sinterable poW 
der adheres to the drum 310 due to the inherent tackiness 
induced by the heating lamp 802 therein. 

[0037] In the preferred embodiment, the sinterable poWder 
is a crystalline plastic poWder such as Nylon #12 having an 
average particle siZe of 60 microns although this is subject 
to variation depending on the 3D printing requirements and 
the manufacturing method, for example. In some embodi 
ments, the sinterable poWder includes a distribution of tWo 
or more particle siZes, namely a ?rst set of relatively large 
particles and a second set of relatively small particles Where 
the diameter of the smaller particles is selected to substan 
tially ?ll the inter-particle voids present betWeen the larger 
particles, thereby increasing the density of the sintered 
poWder and reducing the shrinkage of the object. The 
distribution of particle siZes, referred to herein as a modal 
distribution, may include a plurality of nominal particle siZe, 
each being successively smaller, to provide maximal poWder 
density. 

[0038] In the alternative to Nylon #12, various other 
sinterable materials may also be employed including Nylon 
#11, Acrylate Butadiene Styrene (ABS), Polystyrene and 
other poWders With a similar particle siZe. The sinterable 
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powder may further include a radiation absorbent agent or 
dye that increases the effective absorptivity, Which is sub 
stantially symmetric to the emissivity, of the powder in the 
Wavelength band of radiation emitted by the heat source. For 
example When the heat source is visible light black or grey 
coloring agents may be employed to increase the poWder’s 
energy absorption, thereby increasing the rate at Which the 
poWder may be sintered and the object assembled. The 
radiation absorbent agent may also alloW loWer poWer 
incoherent energy sources including lamps as Well as coher 
ent energy sources including laser and laser diodes to be 
used as a sintering radiation source. In other embodiments 
using a laser or laser diode, the dye may be absorptive 
primarily in the narroW emission band of the laser. 

[0039] In some embodiments, the 3DP 200 is adapted to 
produce one or more sintered images from a sinterable 
poWder including metal, for example. One exemplary prod 
uct is distributed under the trade name METAL MATRIX 
PLASTIC by Hi-Temp Structures of Gardena, Calif. 

[0040] In the second preferred embodiment illustrated in 
FIG. 3, the 3DP 200 further includes one or more object 
heating elements, preferably including a ?rst heating pad 
241 A and a second heating pad 241B rotatably a?ixed to the 
platform assembly. The ?rst heating pad 241A contacts the 
bottom side of the object under construction. The second 
heating pad 241B (discussed in more detail beloW) is 
generally placed in proximity to or in contact With the upper 
side of the object (not shoWn). Together or individually, the 
?rst heating pad 241A and a second heating pad 241B 
elevate the temperature of the object for purposes of enhanc 
ing the bond betWeen the next sintered image and the object 
and reducing temperature gradients in the part, therefore 
inhibiting internal stresses that may induce dimensional 
inaccuracies in the object. 

[0041] The mechanical operations by Which the 3DP 200 
forms a sintered image and applies it to the object under 
construction is illustrated in FIGS. 8A-8D Which are cross 
sectional vieWs draWn in perspective. Referring to FIG. 8A, 
sinterable poWder suf?cient for a single sintered layer is 
dispensed in bulk to the drum 310 Which resides in its home 
position in proximity to the bin 210. The drum 310 is rotated 
and the neWly applied sinterable poWder is formed into a 
layer as the drum is turned. The cartridge heater 802 and 
trans?xing heater 804 are clearly visible in the several vieWs 
of FIGS. 8A-8D. 

[0042] The Referring to FIG. 8B, the drum 310 in this 
embodiment advances to a position coinciding With the focal 
point of the lamp assembly and portions of the poWder layer 
are sintered to form one or more solid portions re?ective of 
the associated model cross section. The focal spot may be 
sWept over the drum surface in accordance With a raster 
pattern or in accordance With model vector data, for 
example, depending on the digital format of the model cross 
sectional data. In the preferred embodiment, a raster 
sequence and patterns are used to minimiZe internal stresses 
Within an imaged layer. 

[0043] Referring to FIG. 8C, the drum 310 With the 
sintered image is rotated While being driven to the right in 
this illustration moving it over the top of the platform. The 
gap betWeen the drum 310 and the Work surface is less than 
or equal to the thickness of the sintered imageipreferably 
substantially equal to the thickness of the sintered imagei 
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and the drum rotated such that the sintered image being 
deposited on the Work surface is stationary With respect to 
the Work surface to prevent slippage or displacement of the 
object under construction. When the gap betWeen the drum 
310 and the Work surface is less than the thickness of the 
sintered image, the pressure exerted on the sintered image 
may improve the fusion betWeen the image and object as 
Well as increase the density of the object. 

[0044] In some embodiments, the 3DP 200 further 
includes a layer thickness control processor, Which may be 
embodied in the microprocessor 250 or a separate processor, 
that dynamically controls the thickness of the object being 
constructed as the sintered image is applied to the object. 
The layer thickness control processor preferably detects the 
thickness of the entire object or one or more sintered images 
as the object is being built and, using feedback, changes the 
thickness of the sinterable poWder applied to the drum 310 
or alters the pressure used to Weld a sintered image to the 
object. The pressure may be controlled, for example, by 
altering the interference gap betWeen the drum 310 and Work 
surface so that translation of the drum across the Work 
surface induces pressure that enhances the Weld betWeen the 
sintered image and object. In other embodiments, the layer 
thickness control processor controls the time and tempera 
ture of the pressure applied betWeen the drum and object to 
achieve the desired layer density and to ensure bonding. In 
particular, the layer thickness control processor is adapted to 
vary the speed and temperature With Which the drum 310 is 
translated across the Work surface betWeen image layers to 
normaliZe the image thickness and provide optimal bond 
quality. The trans?xing heater 804 is preferably enabled as 
the drum 310 traverses the length of the Work surface. 

[0045] At the distended drum position to the right of the 
platform illustrated in FIG. 8D, a scraper 354 or brush, for 
example, is placed in contact With the drum 310 While the 
drum is turned against the scraper to remove any remaining 
poWder or debris. The angle betWeen the scraper 354 and the 
drum 310 is preferably betWeen 0 and 45 degrees and the 
rate at Which the drum is turned is preferably betWeen 10 and 
100 inches per minute. In some embodiments, the 3DP 200 
further includes a poWder reservoir (not shoWn) to collect 
the poWder or debris removed by the scraper 354. In the 
alternative, an electric ?eld and corona Wire With a high 
potential difference With respect to the drum 310 may also 
be used to remove excess poWder from the drum. 

[0046] The drum 310 is returned to its home position, the 
Work surface cleaned to remove excess unsintered poWder, 
the build platform loWered by the scissor lift 206 to com 
pensate for the thickness of the neWly applied sintered 
image, the heating pad reapplied to the object under con 
struction, and the process described above repeated until the 
object is completed. In the second preferred embodiment, 
the means for cleaning or otherWise preparing the Work 
surface includes a retractable rotary brush 352 incorporated 
into the drum assembly so that it may track the drum 310 as 
it traverses the Work surface. In the preferred embodiment, 
the brush 352 is distended beloW the drum 310 before 
returning to its home position to left in the example illus 
trations of FIGS. 8A-8D, and a cylindrical brush head makes 
contact With the object and rotates clockWise to clear aWay 
loose poWder from the Work surface or to level the unsin 
tered poWder to the level of the neWly deposited sintered 
image. The retractable rotary brush 352 assumes a retracted 
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con?guration as the drum passes left to right, as illustrated, 
depositing a sintered image so as to avoid disturbing the 
newly deposited image before it has cooled suf?ciently. 

[0047] In some other embodiments, the material removal 
mechanism for cleaning the Work surface includes a 
vacuum, a conductor for draWing poWder olf the Work 
surface using electrostatic attraction, a non-retractable 
brush, a bloWer for providing high velocity air, or a com 
bination thereof. A non-retractable brush connected to the 
drum 310 may have a brush head, for example, adapted to 
maintain an interference With the Work surface in order to 
sWeep the Work surface immediately after the image is 
transferred. In still other embodiments, the 3D printer fur 
ther includes object cooling means for directing air, for 
example over the object to accelerate the rate at Which a 
neWly deposited sintered image is cooled, thereby alloWing 
the object to be cleaned by a brush 352 immediately before 
and after the image is deposited, i.e., as the drum 310 
traverses the Work surface to the left and to the right. 

[0048] As discussed above, the 3DP 200 in some embodi 
ments includes a second heating pad 241B and correspond 
ing support frame 208 rotatably attached to the drum assem 
bly. The second heating pad 241B, also referred to as a “hot 
pad,” is adapted to elevate and or maintain the temperature 
of the upper side of the object until the next sintered image 
is applied. As shoWn in FIGS. 8D and 8A, the pad 241B and 
frame 208 rotate up to provide clearance for the drum 310 
as an image is deposited onto the object and then rotate back 
doWn to a point Where it is in contact With the object as the 
drum 310 returns to its home position and the Work surface 
is cleaned of unsintered poWder. When in contact With the 
object, the second heating pad 241B raises the upper surface 
of the object to Within several degrees of its melting point. 
This serves to reduce the amount of energy that must be 
added to Weld the next sintered image to the object, to 
enhance the bond betWeen the next sintered image and the 
object, and to preserve the dimensional uniformity of the 
upper surface of the object Which is prone to dimensional 
distortion from internal stresses caused by temperature gra 
dients. 

[0049] In some embodiments, the second heating pad 
241B also cooperates With a pressure sensing mechanism 
(not shoWn) and the layer thickness control processor (dis 
cussed above) to apply a determined heat and pressure to the 
top of the previously formed object With the deposition of 
each layer during the three dimensional printing process. 
The thickness of the neWly deposited sintered image may be 
reduced by raising the build surface 240 on Which the object 
is constructed to compress the top layer of the object against 
the second heating pad 241B With a determined force. The 
object is generally held against the second heating pad 241B 
during the formation of the next layer, Which is enough time 
for the curl forces to relax and or the layer thickness 
adjusted. As one skilled in the art Will appreciate, the 
pressure sensing mechanism may also be used to dynami 
cally control the drum to object gap, that is, the pressure 
sensing mechanism is used to determined the actual height 
of the object and therefore the distance that the build 
platform must be loWered to achieve the optimum gap 
before application of the next sintered layer. 

[0050] In some embodiments, the 3DP 200 includes a 
layer processing surface other than a processing drum 310 to 
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form an individual sintered layer. The layer processing 
surface may be, for example, a planar surface on Which the 
sintered layer is formed before being pressed or otherWise 
stamped onto the Work surface on the platform assembly. 

[0051] In some embodiments, the drum 310 and sinterable 
poWder bin 210 are provided as a removable and replaceable 
unit to enable the user to easily remove and replace or repair 
the unit. The sinterable poWder bin 210 is preferably a sealed 
or tamper resistant container analogous to toner cartridges. 

[0052] In a third preferred embodiment of the 3DP, the 
object is constructed from sintered images that are sintered 
in the build vat in Which the object is constructed. The 3DP 
may further include a second vat (not shoWn), namely a 
poWder vat the supplies poWder to the assembly vat to build 
the object. Both vats are also heated to a temperature just 
beloW the melting point of the poWder to, for example, 
reduce the amount of energy needed to melt the poWder. 

[0053] The height of the Work surface in the build vat is 
held substantially level With the height of the poWder in the 
poWder vat to facilitate the distribution of poWder to the 
build vat. In the preferred embodiment, the build vat is made 
to descend and the poWder vat made to ascend in proportion 
to one another. The height of each of the vats is preferably 
controlled by a separate scissor lift operably coupled to a 
microprocessor. A poWder roller is used to move a layer of 
poWder from the poWder vat to the build vat and distribute 
it With uniform thickness and density. The poWder layers 
deposited in the build vat are approximately 5-20 mils in 
thickness. In the third preferred embodiment, the roller is 
attached to the same sinter assembly to take advantage of the 
existing actuators, although it may also be mounted to a 
separate control mechanism. 

[0054] The sinter assembly preferably includes an inex 
pensive incoherent energy source adapted to provide 
focused heat to sinter the uppermost layer of poWder in the 
build vat. The heat source preferably includes an elliptical 
re?ector and or a Winston cone. As With the second embodi 
ment, the sinter assembly may further use a mask With a hole 
for controlling the spot siZe of the beam, and a shutter for 
interrupting the beam. An example spot siZe in this example 
is approximately 30-70 mils. In contrast to the second 
embodiment, the focal point coincides With the upper most 
layer of sinterable poWder in the build vat and the sintered 
image created by sWeeping the sinter assembly across the 
Width and length of the build vat in accordance With the 
associated cross-sectional layer of the model. 

[0055] Illustrated in FIG. 9A-9E are cross sectional dia 
grams demonstrating the formation of an object using a 
partially sintered support structure. A partially sintered sup 
port structure as used herein refers to a laminar structure that 
is built of sinterable poWder concurrently With the object 
being assembled to provide structural support, during 
assembly, for portions of the object that project or overhang 
With respect to the preceding layer of sintered poWder. The 
partially sintered support structure may be used in the 
present invention and other rapid prototyping application 
Where unimaged sinterable poWder is removed from the 
Work surface after the imaged layer is transferred to the 
previous layer of the object being assembled. A support 
structure generally comprises tWo portions including (1) a 
substantially rigid portion that is sintered With the same 
energy density as the object being assembled and (2) an 






