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(57) ABSTRACT 

A three-dimensional printer adapted to construct three 
dimensional objects is disclosed. In an exemplary embodi 
ment, the printer includes a ?rst surface adapted to receive a 
bulk layer of sinterable poWder, a polymer such as nylon 
powder; a radiant energy source, e.g., an incoherent heat 
source adapted to focus the heat energy to sinter an image 
from the layer of sinterable poWder; and a transfer mechanism 
adapted to transfer or print the sintered image from the ?rst 
surface to the object being assembled While fusing the sin 
tered image to the object being assembled. The transfer 
mechanism is preferably adapted to simultaneously deposit 
and fuse the sintered image to the object being assembled. 
The process of generating an image and transferring it to the 
object being assembled is repeated for each cross section until 
the assembled object is completed. 
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APPARATUS FOR THREE DIMENSIONAL 
PRINTING USING IMAGED LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/890,984, ?led Aug. 7, 2007, 
Which is a continuation of US. patent application Ser. No. 
11/078,894, ?led on Mar. 11, 2005, noW issued US. Pat. No. 
7,261,542, Which claims the bene?t of US. Provisional 
Patent Application 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. This 
application also claims the bene?t of US. Provisional Patent 
Application Ser. No. 60/872,041, ?led Nov. 29, 2006. 

TECHNICAL FIELD 

[0002] The present invention relates to a system and 
method for generating three dimensional objects from a plu 
rality of cross sectional information. In particular, the inven 
tion 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 prototyp 
ing (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 refer 
enced 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 expensive 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 concur 
rently transfer or print the sintered image from the ?rst sur 
face 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 pro 
vided 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 trans 
late the drum across the object being assembled so as to press 
and fuse the sintered image to the object. The transfer mecha 
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nism may further include a trans?xing heater for heating the 
sintered image and the object immediately before the layer is 
applied to the object. The process of 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 sin 
terable 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 temperature 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 tempera 
ture until the next sintered image is applied to the upper 
surface. The second determined temperature is less than the 
inching 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 transferring 
to the object being assembled by, for example, varying the 
quantity of sinterable poWder dispensed by the applicator, 
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 accompanying 
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 dimensional 
printer in accordance With the second preferred embodiment 
of the present invention; 
[0011] FIG. 3 is a cross sectional vieW of the three dimen 
sional printer in accordance With the second preferred 
embodiment of the present invention; 




















