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MATERIAL DELIVERY TENSION AND 
TRACKING SYSTEM FOR USE IN SOLID 

IMAGING 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending US. 
patent application Ser. No. 11/416,812, ?led May 3, 2006, 
Which is hereby incorporated herein in its entirety by refer 
ence. 

FIELD OF INVENTION 

[0002] The present invention is directed to forming cross 
sectional layers With an image projection system using a 
solidi?able build material in an apparatus for forming three 
dimensional objects on a layer-by-layer basis. More particu 
larly, it is directed to an apparatus and method for controlling 
the tension and tracking of an endless belt used to deliver in a 
desired thickness the solidi?able liquid build material used to 
form the three-dimensional object being built in response to 
exposure by UV or visible radiation. 

BACKGROUND OF THE INVENTION 

[0003] In recent years, many different techniques for the 
fast production of three-dimensional models have been devel 
oped for industrial use. These solid imaging techniques are 
sometimes referred to as rapid prototyping and manufactur 
ing (“RP&M”) techniques. In general, rapid prototyping and 
manufacturing techniques build three-dimensional objects 
layer-by-layer from a Working medium utiliZing a sliced data 
set representing cross-sections of the object to be formed. 
Typically, an object representation is initially provided by a 
Computer Aided Design (CAD) system. 
[0004] Stereolithography, presently the most common 
RP&M technique, Was the ?rst commercially successful solid 
imaging technique to create three-dimensional objects from 
CAD data. Stereolithography may be de?ned as a technique 
for the automated fabrication of three-dimensional objects 
from a ?uid-like material utiliZing selective exposure of lay 
ers of the material at a Working surface to solidify and adhere 
successive layers of the object (i.e. laminae). In stereolithog 
raphy, data representing the three-dimensional object is input 
as, or converted into, tWo -dimensional layer data representing 
cross-sections of the object. Layers of material are succes 
sively formed and selectively transformed or solidi?ed (i.e. 
cured) most often using a computer controlled laser beam of 
ultraviolet (UV) radiation into successive laminae according 
to the tWo-dimensional layer data. During transformation, the 
successive laminae are bonded to previously formed laminae 
to alloW integral formation of the three-dimensional object. 
This is an additive process. More recent designs have 
employed the use of visible li ght to initiate the polymerization 
reaction to cure the photopolymer build material that is com 
monly referred to as resin. 
[0005] Stereolithography represents an unprecedented Way 
to quickly make complex or simple parts Without tooling. 
Since this technology depends on using a computer to gener 
ate its cross-sectional patterns, there is a natural data link to 
CAD/CAM. Such systems have encountered and had to over 
come dif?culties relating to shrinkage, curl and other distor 
tions, as Well as resolution, accuracy, and dif?culties in pro 
ducing certain object shapes. While stereolithography has 
shoWn itself to be an effective technique for forming three 
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dimensional objects, other solid imaging technologies have 
been developed over time to address the dif?culties inherent 
in stereolithography and to provide other RP&M advantages. 
[0006] These alternate technologies, along With stere 
olithography, have collectively been referred to as solid free 
form fabrication or solid imaging techniques. They include 
laminated object manufacturing (LOM), laser sintering, 
fused deposition modeling (FDM), and various ink jet based 
systems to deliver either a liquid binder to a poWder material 
or a build material that solidi?es by temperature change or 
photocuring. Most recently a technology using digital light 
processing technology has employed visible light to initiate 
the photopolymeriZation reaction to cure a photopolymer 
build material, commonly referred to as a resin. Each of these 
additive technologies have brought various improvements in 
one or more of accuracy, building speed, material properties, 
reduced cost, and appearance of the build object. 
[0007] All of the solid imaging or freeform fabrication 
techniques, to be successful, must form objects that are near 
full density or free of unintended voids or air pockets. Voids 
caused by air pockets create discontinuities and Weaknesses 
in the objects being built, as Well as not accurately reproduc 
ing the three-dimensional aspect of the object being created 
from the CAD representation. This problem is especially 
acute in technologies employing solidi?able liquid resin that 
is placed doWn layer-by-layer employing an intermediate 
transfer process. The use of an intermediate transfer surface 
from Which the solidifable liquid resin is transferred to a 
support platform or an underlying layer of material reduces 
the amount of excess resin that must be removed from com 
pleted parts and eliminates the need to build in a vat or large 
container of resin. This does eliminate the cost of additional 
resin beyond What is necessary to build the then needed parts. 
HoWever, it increases the need for reliable and consistent 
layer thickness in the transferred liquid resin and tracking and 
tension of the endless belt used as the transfer surface as 
cross-sections of material are formed. 

[0008] Additionally, none of the prior solid freeform fabri 
cation approaches, While making substantial improvements, 
have yet to achieve a truly loW cost system that produces 
highly accurate and visually appealing three-dimensional 
objects in a short build time. 
[0009] These problems are solved in the design of the 
present invention by employing a material transfer technique 
and apparatus in a loW cost solid imaging technique in com 
bination With the use of digital imaging projection or laser 
scanning in a manner that creates a three-dimensional object 
that accurately re?ects the CAD representation While consis 
tently applying uniform thicknesses of the solidi?able liquid 
resin used to form the three-dimensional object. 

SUMMARY OF THE INVENTION 

[0010] It is an aspect of the present invention that a solid 
imaging apparatus is provided that utiliZes a radiation trans 
parent build material carrier and build material dispensing 
system that accurately controls the thickness of the trans 
ferred layer of solidi?able liquid build material to achieve 
high resolution imaging in three-dimensional objects built 
using UV radiation or visible light and a photopolymer build 
material. 

[0011] It is a feature of the present invention that a radiation 
transparent endless belt and belt tensioning system are 
employed to control the thickness of the layer of solidi?able 
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liquid build material applied to the belt and transferred to a 
receiving substrate layer by layer to create a three-dimen 
sional part. 
[0012] It is another feature of the present invention that the 
solidi?able liquid build material is dispensed from a channel 
in a dispensing cartridge to the endless belt by means of a ?uid 
Wedge. 
[0013] It is yet another feature of the present invention that 
a belt tracking and alignment system is used to keep the 
endless belt centered as it traverses its rotational path. 
[0014] It is still another feature of the present invention that 
the tension on the endless belt controls the thickness of the 
layer of solidi?able build material applied to the endless belt, 
the greater the tension the thinner the layer. 
[0015] It is a further feature of the present invention that 
optical sensors sense the presence of the endless belt at the 
edges of the belt and signal for correction to the belt tracking 
When no sensing is found at an edge. 
[0016] It is an advantage of the present invention that a loW 
cost solid imaging device is obtained that provides accurate 
and repeatable layers of build material during the building of 
three-dimensional objects. 
[0017] It is another advantage of the present invention that 
the belt tensioning material dispensing design is simple and 
effective in producing three-dimensional objects built layer 
by-layer. 
[0018] These and other aspects, features, and advantages 
are obtained by the present invention through the use of a 
solid imaging apparatus and method that employ an endless 
belt as a radiation transparent build material carrier and a belt 
tensioning system to control a ?uid Wedge formed at the 
dispenser to control the thickness of the layer of solidi?able 
liquid build material applied to the belt and transferred to a 
receiving substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] These and other aspects, features and advantages of 
the invention Will become apparent upon consideration of the 
folloWing detailed disclosure of the invention, especially 
When taken in conjunction With the folloWing draWings 
Wherein: 
[0020] FIG. 1 is a front perspective vieW of a ?exible trans 
port solid imaging system utiliZing a radiation transparent 
endless ?exible belt as the build material transfer means and 
a tracking and tensioning apparatus: 
[0021] FIG. 2 is a partially exploded front perspective vieW 
of a ?exible transport solid imaging system shoWing the 
radiation transparent endless ?exible belt and the tracking 
and tensioning apparatus; 
[0022] FIG. 3 is a rear perspective vieW of a ?exible trans 
port solid imaging system shoWing the radiation transparent 
endless ?exible belt, light projector and build material feed 
cartridge; 
[0023] FIG. 4 is a front elevational vieW of a ?exible trans 
port solid imaging system; 
[0024] FIG. 5 is a front perspective vieW of an embodiment 
of a ?exible transport solid imaging system and one stepper 
motor used to raise and loWer the support platform to Which 
solidi?able liquid build material is transferred from the radia 
tion transparent endless ?exible belt to form a three-dimen 
sional object on the support platform; 
[0025] FIG. 6 is a diagrammatic illustration of a top plan 
vieW of the endless ?exible belt tracking and sensing system; 
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[0026] FIG. 7 is a diagrammatic illustration of a portion of 
the endless ?exible belt tracking system that controls the 
tracking of the belt as it traverses its path about the ?exible 
transport solid imaging system; and 
[0027] FIG. 8 is a diagrammatic illustration of a dispensing 
slit or channel in the build material cartridge dispenser across 
Which the endless belt travels vertically doWnWardly. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] Flexible transport solid imaging of the type dis 
closed herein involves employing an appropriate electro-op 
tical radiation source in the layer-by-layer build-up of articles 
from a radiation curable liquid photopolymer material that is 
delivered by the ?exible transport endless belt or reciprocat 
able sheet of ?lm. The radiation source can employ any Wave 
length of radiation conducive to re?ection from the electro 
magnetic spectrum, such as light valve technology With 
electron or particle beams, but preferably employs visible or 
UV radiation. Liquid photopolymer material is applied to the 
endless ?exible belt or reciprocatable sheet of ?lm from a 
cartridge employing an appropriate coating device, such as a 
gravure Wheel or ?uid Wedge, that transfers the photopolymer 
build material to the ?exible transport device to provide fresh 
material to create neW layers as the three-dimensional object 
is built. The photopolymer build material is transferred via 
transfer means to a receiving substrate Without entrapping air 
bubbles in the transferred layers. The photopolymer build 
material is preferably imaged by radiation projected from 
either a digital UV projector or a digital visible light projector 
and solidi?ed layer-by-layer. The projector includes a spatial 
light modulator, such as a digital micro-mirror device 
(“DMD”) that selectively illuminates pixels for imaging. Vis 
ible light projection is a preferred approach. 
[0029] Solid imaged parts are preferably built on an eleva 
tor platform that moves the build object or part up into contact 
With the liquid photopolymer build material and, after expo 
sure, doWn and out of contact With the liquid photopolymer 
build material as successive layers or laminae are formed 
during the building process. The build object can be built on 
structures knoWn as supports rather than directly on the eleva 
tor platform. Supports are used for more complex three-di 
mensional objects being built that have unsupported or par 
tially unsupported surfaces. 
[0030] Commercially available digital light projectors, 
optionally modi?ed to have a shorter focal length, may be 
employed, such as those available from InFocus Corporation 
of Wilsonville, Oreg. and BenQ America Corp. of Irvine, 
Calif. 
[0031] In one application of the present invention, the pho 
topolymer build material is delivered to the imaging area via 
a radiation transparent ?exible build material carrier ?lm, 
such as polypropylene or polycarbonate. The photopolymer 
build material is applied in a thin layer to the ?exible build 
material carrier or transport ?lm in the embodiment shoWn in 
FIG. 1. 
[0032] As seen in FIG. 1, a ?exible transport imaging sys 
tem With covers removed is indicated generally by the 
numeral 10. Flexible transport imaging system 10 has a radia 
tion transparent build material carrier in the form of an end 
less belt 11 that is positioned about a drive rollers 14 and 15 
and folloWer or idler rollers 19 and 20. A build material feed 
cartridge assembly is indicated generally by the numeral 12. 
The cartridge assembly 12 and the idler rollers 14 and 15 are 
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?xed in their relative positions. Belt 11 is driven in the direc 
tion indicated by arrow 21 by electrical drive motors 22 and 
24 that drive rollers 14 and 15, respectively. The vertical 
distance betWeen drive rollers 14 and 15 is ?xed, but the 
horiZontal distance betWeen the drive rollers 14 and 15 and 
idler rollers 19 and 20 is variable to control the tension in 
endless belt 11. Idler rollers 19 and 20, as seen in FIG. 3, are 
rotatably mounted betWeen vertical frame members 17 and 
23. 

[0033] A digital light projector is the radiation source 44, 
see FIG. 3, that projects an image With selected pixels for 
illumination onto a mirror system 41 beloW the upper run of 
endless belt 11 in the exposure of a cross-section of a three 
dimensional object being formed on a support platform 53, 
best seen in FIG. 4. As illustrated in the embodiment seen in 
FIG. 5, the support platform 53 is raised and loWered by a 
stepper motor 58. In the embodiment of FIGS. 1-4 a pair of 
stepper motors 58 is employed that ride up a threaded lead 
screW 59 and guide rails 60 on opposing sides of the imaging 
system 10. The guide rails 60 are held in place by guide rail 
anchor plates 61 and 62 appropriately fastened to the system 
frame. A support platform assembly bar 54 is fastened to each 
stepper motor 58. 

[0034] As best seen in FIGS. 1-4, support platform assem 
bly bar 54 extends through slots 55 and 56 in frame end plates 
35 and 40, respectively. This enables the support platform 
assembly bar 54 to move With the stepper motors 58 to raise 
and loWer the support platform 53. This brings the already 
formed cross-sectional layers into contact With the layer of 
resin or solidi?able liquid build material 47 that is deposited 
on endless belt 1 1 from the resin or solidi?able liquid medium 
cartridge dispenser 13 that is a part of build material feed 
cartridge assembly 12. Cartridge dispenser 13 includes a resin 
reservoir of solidi?able liquid medium and a dispensing slit or 
channel 45, see brie?y FIG. 8, through Which the solidi?able 
liquid build material is applied to belt 11. 
[0035] FIGS. 1 and 2 shoW the drive roller carriage, indi 
cated generally by the numeral 27. Drive rollers 14 and 15 are 
rotatably mounted betWeen vertical frame members 16 and 
18. Drive motors 22 and 24 are mounted to vertical frame 
member 18 and are drivingly connected to drive rollers 14 and 
15. Drive roller vertical frame member 25 is attached to the 
end of the drive motors. Belt tracking motor 26 controls the 
tracking of belt 11 as belt 11 rotates about rollers 14, 15, 19 
and 20 and faces in the opposite direction of drive motors 22 
and 24. Motor shaft 28, best seen in FIG. 2, extends through 
frame member 25 from motor 26. A belt tracking control arm 
29 is attached to the end of shaft 28. A tracking control arm 
frame member 30 connects frame members 16 and 18 and 
includes a pivot attachment 31, see brie?y FIGS. 4 and 6, that 
is used to mount the drive roller carriage 27. Left edge belt 
tracking optical sensor 33 and right edge belt tracking optical 
sensor 37 are mounted to frame member 30 as seen in FIGS. 
1 and 2. 

[0036] FIG. 6 is diagrammatical illustration of a top plan 
vieW of the drive roller carriage 27. Drive roller 14, idler roller 
19 and endless belt 11 (in phantom lines) are shoWn, along 
With vertical frame members 16, 18 and 25. Mounting arm 36 
is attached betWeen pivot attachment 31 on the drive roller 
carriage and the pivot 39 on the frame end plate 35. The pivot 
point on pivot attachment 31 is offset a small distance from 
the center of attachment 31. An air cylinder 32 mounts 
through end plate 35 so that cylinder plunger 34 contacts the 
back of pivot attachment 31 on the back of tracking control 
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arm frame member 30 of FIGS. 1 and 2. When air cylinder 32 
of FIG. 6 is pressuriZed, the plunger 34 exerts a force on the 
drive roller carriage via pivot attachment 31. The entire drive 
roller carriage moves about pivot 39 Which movement 
extends the distance betWeen drive rollers 14 and 15 and idler 
rollers 19 and 20, thereby putting tension on the endless belt 
11 When the plunger 34 is extended or shortening the dis 
tance, thereby reducing tension, When it is retracted. A 
desired tension can thus be maintained on the endless belt 11. 

[0037] The tension in the belt 11 controls the thickness of 
the solidi?able liquid build material 47 applied to the endless 
belt 11 as the belt 11 travels vertically doWnWardly across the 
dispensing slit or channel 45 in build material cartridge dis 
penser 13, as seen in FIG. 8. The dispensing slit or channel 45 
supplies build material from the reservoir (not shoWn) Within 
cartridge dispenser 13 to the surface 51 of the belt 11. The 
cartridge dispenser 13 has a ?at section above and beloW the 
channel 45, indicated by the numerals 46 and 48, respectively, 
and an arcuate section 49 With large radius at the bottom to 
provide clearance for the build material 47 on the coated 
surface 51 of belt 11 as the belt is driven in its path about 
rollers 14, 15, 19 and 20. Alternatively, section 49 can be at an 
acute angle or a right angle to provide the required clearance. 
As belt 11 moves past channel 45, a ?uid Wedge develops at 
the bottom edge 50 of the channel 45 that applies an even 
coating onto the belt 11 via the ?uid Wedge effect so that the 
greater the tension, the thinner is the coating. The cartridge 
dispenser 13 can have a reservoir of liquid build material 47 
integral With it or remotely from it. If positioned remotely 
from dispenser 13, the reservoir is in ?uid ?oW communica 
tion With the dispenser 13 so that the reservoir can be replaced 
separately from the cartridge dispenser 13. 
[0038] The coating thickness is monitored by an appropri 
ate sensor, such as a pattern recognition device. If the coating 
thickness is too thick, the cylinder plunger 34 Will sloWly be 
extended so as to increase the belt 11 tension and decrease the 
?uid Wedge, thereby making the coating thinner until the 
correct thickness coating is obtained. Altemately, if the coat 
ing is too thin, the plunger 34 Will be retracted, decreasing the 
belt 1 1 tension and thereby increasing the ?uid Wedge making 
the coating thicker until the desired thickness is obtained. 
Coating thickness can be controlled to 0.002 inches for faster 
imaging or to 0.001 inches for sloWer imaging. The air cyl 
inder 32 can exert betWeen 10 to 20 pounds per square inch 
against the belt 11 to ensure the belt is taut about rollers 14, 
15, 19 and 20. Any other effective device can be used to exert 
pressure on the belt 11, such as a solenoid valve, spring or 
other appropriate mechanical system. The ?uid Wedge can be 
effectively created Whether there is an angled bottom edge 50 
or a straight or rounded bottom surface to the channel 45. The 
effectiveness of the ?uid Wedge is a function of a number of 
factors including the viscosity of the solidi?able liquid build 
material 47, the surface tension betWeen the build material 47 
and the belt 11, the pressure head of liquid build material 47 
in the cartridge dispenser 13, the height of the opening of the 
dispensing channel 45, the length of the ?at sections 46 and 
48, and the speed and tension of the belt 11 as it traverses 
about rollers 14, 15, 19, and 20 and past channel 50. 
[0039] Looking noW at FIGS. 6 and 7, belt tracking motor 
26 exerts a rotational force on tracking control arm 29. The 
control arm 29 is attached to mounting arm 36 via any linkage 
suitable to pivot the drive roller carriage 27, such as magnetic 
ball 38. Ball 38 rests in a slot in the control arm 29 and a 
countersink in mounting arm 36. If motor 22 exerts a clock 
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Wise rotational force, the control arm 29 pushes the magnetic 
ball 38 into the mounting arm 36, forcing the drive roller 
carriage 27 aWay from the mounting arm 36. Conversely, if 
the motor 22 exerts a counterclockwise rotational force, the 
control arm 29 moves aWay from the mounting arm 3 6 and the 
magnetic force pulls the carriage toWard the mounting arm 
36. This rotates the drive roller carriage about pivot point 31 
of FIG. 6. Thus, the drive rollers 14 and 15 rotate to steer the 
belt 11 . As seen in FIGS. 1 and 2, if the drive roller carriage 27 
rotates clockwise, the belt 11 steers to the left, and With a 
counter clockWise rotation, it steers to the right. Looking 
again at FIG. 2, tracking sensors 33 and 37 are placed apart at 
a distance so the Width of the belt 11 just extends over the 
edges of the sensors 33 and 37, respectively. Sensors 33 and 
37 are optical sensors that sense the presence of the belt 11. In 
operation, as the belt 11 is being driven it Will translate later 
ally until it uncovers one of the sensors 33 or 37. The force on 
the tracking motor 22 Will then be reversed and the belt 1 1 Will 
translate until the other sensor is uncovered, and the process 
Will reverse again. In this manner, the belt 11 is constantly 
moving laterally back and forth across a small distance. 

[0040] An appropriate sub-pixel image displacement 
device, not shoWn, is placed betWeen the radiation light 
source 44 and the target area on the belt 11 that is coated With 
the solidi?able liquid build material 47. The exposure of the 
image cross-section by illuminating selected pixels creates a 
solidi?ed portion of the cross-section of the three-dimen 
sional object being formed. The sub-pixel image displace 
ment device alternatively can be a mirror With the pixel shift 
ing device being located outside of the runs of the endless belt 
11 or it could combine both a mirror and pixel shifting device 
in a single element. 

[0041] Any suitable ?uid build material capable of solidi 
?cation in response to the application of an appropriate form 
of energy stimulation may be employed in the practice of the 
present invention. Many liquid state chemicals are knoWn 
Which can be induced to change to solid state polymer plastic 
by irradiation With UV radiation or visible light. A suitable 
visible light curable photopolymer that may be employed in 
the practice of the present invention is shoWn in Table I beloW. 
This formulation exhibited excellent resolution and photo 
speed When utiliZed With a BenQ PB7220 projector. The parts 
created displayed outstanding green strength With balanced 
stiffness and toughness. 

TABLE-1 

Units of Weight 
Weight Percent 

Acrylate-24 (from Sartomer Company) % 
PRO 6817 (from Sartomer Company) 4.8 23.02 
SR 833S (from Sartomer Company) 3.5 16.79 
Ebecryl 83 (from UCB Chemicals 2.4 11.51 
Corp.) 
PRO 6169 (from Sartomer Company) 5.2 24.94 
SR 531 (from Sartomer Company) 3.6 17.27 
Irgacure I-907 (From Ciba Specialty 0.75 3.60 
Chemicals, Inc.) 
Irgacure I-819 (From Ciba Specialty 0.6 2.88 
Chemicals, Inc.) 

Total 20.85 100.00 

Additives can be incorporated into the formulation to pro 
mote release ability from the transparent transport means, 
such as silicone acrylate materials. 
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[0042] In operation, data to build a three-dimensional 
object is sent to the ?exible transport solid imaging system 
from a CAD station (not shoWn) that converts the CAD data 
to a suitable digital layer data format and feeds it to a com 
puter control system (also not shoWn) Where the object data is 
manipulated to optimiZe the data via an algorithm to provide 
on/ off instructions for the digital light projector. The solid 
imaging layer data is attained by the CAD data being pro 
cessed by a slicing program to create cross-sectional data. An 
algorithm is then applied to the cross-sectional data by a 
suitable controller, such as a microprocessor or computer, to 
create the instructions for the digital light projector to illumi 
nate selected pixels in the image Within the boundary of the 
three-dimensional object in the cross-section being formed. 
An appropriate pixel shifting image displacement device can 
be employed to increase the resolution and edge smoothness 
of the cross-sections produced. 
[0043] Upon completion of the imaging of a layer, the 
platform 53 is loWered. Since the cured image is noW stuck to 
both the belt 11 and platform 53, the belt 11 is pulled doWn 
Ward With the platform 53 into a boW shape until the part layer 
peels from the belt 11. The belt 11 then returns back into its 
straightened form. The radiation transparent belt 11 carrying 
the build material 47 peels aWay from the exposed and solidi 
?ed layer of build material forming the cross-section of the 
three-dimensional part being formed With no horiZontal 
motion therebetWeen. The ?exibility of the radiation trans 
parent belt 11 enables the separation to occur in a peeling type 
of action because the separation force is proportional to the 
Width of the exposed area of the build material 47 as opposed 
to the total area of the exposed build material, as occurs in the 
case of an in?exible planar surface. 

[0044] The substrate on Which the part is built on the build 
support platform 53 is chosen so that the part’s bond to it is 
stronger than its bond to the belt 11. The substrate material 
should be pervious, ?exible, and easily attachable to the build 
support platform 53. It can be a ?ne sandpaper or similar 
material to give grip, but more preferably is a porous material, 
such as ground silicone, that alloWs any Wet, uncured material 
to ?oW aWay from the part to keep the part as dry as possible. 
[0045] As the part groWs, each neW layer bonds to the cured 
build material of the layer beloW it. Once the platform is in its 
loWest position, the belt is driven in direction of travel 21 to 
re-coat the belt 11 With the build material 47. The belt 11 Will 
be driven approximately 12" to 18" to establish a consistent 
layer thickness of the build material. The platform 53 is then 
raised into position. Since there is noW a 0.001 " thick slice of 
the part on the platform 53, the platform 53 is raised into a 
position 0.001" loWer than the previous one so that it is noW 
the top of the part that is in intimate contact With the coating 
of build material 47 on the surface 51 of the belt 11. In 
practice, this positioning is controlled by the stepper motors 
58 that raise and loWer the platform 53 in a manner that is very 
accurate in its movement and repeatable. If, for example, 
motors 58 move the platform doWn 0.500" after each expo 
sure, but move up only 0.499", they Will alWays compensate 
for the 0.001" buildup per cycle. NoW that the belt 11 has been 
re-coated and the platform 53 is in position, the next slice of 
the part is projected, and the process continues until the part 
is complete. 
[0046] While the invention has been described above With 
references to speci?c embodiments thereof, it is apparent that 
many changes, modi?cations and variations in the materials, 
arrangements of parts and steps can be made Without depart 
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ing from the inventive concept disclosed herein. For example, 
Where a laser, laser scanning mirrors and other related appa 
ratus are employed in lieu of digital image projection equip 
ment, there is no sub-pixel image placement device 
employed. Where supports are used in the build process, 
either tWo separate materials or one material that is the same 
for the build object and the supports are employed. 
[0047] Accordingly, the spirit and broad scope of the 
appended claims are intended to embrace all such changes, 
modi?cations and variations that may occur to one of skill in 
the art upon a reading of the disclosure. All patent applica 
tions, patents and other publications cited herein are incorpo 
rated by reference in their entirety. 

1-11. (canceled) 
12. A solid imaging system that layer-by-layer forms a 

three-dimensional object With a solidi?able liquid build 
material the system comprising: 

a solidi?able liquid build material dispenser; 
a ?exible build material carrier having a ?rst side and an 

opposing second sides the ?rst side receiving liquid 
build material from the build material dispenser; and 

a radiation source to selectively solidify the liquid build 
material on the ?rst side of the ?exible build material 

carrier; 
Wherein the ?exible build material carrier comprises a 

reciprocating sheet of ?lm. 
13. A system according to claim 12, Wherein the ?exible 

build material carrier comprises an endless ?exible build 
material carrier. 

14. A system according to claim 12, Wherein the dispenser 
comprises a cartridge dispenser. 

15. A system according to claim 14, Wherein the cartridge 
dispenser comprises a reservoir of solidi?able liquid build 
material Within the cartridge dispensers. 

16. A system according to claim 14, Wherein the cartridge 
dispenser comprises a reservoir of solidi?able liquid build 
material remote from the cartridge dispenser 

17. A system according to claim 16, Wherein the reservoir 
of solidi?able liquid build material is in ?uid communication 
With the cartridge dispenser so that the reservoir can be 
replaced separately from the cartridge dispenser. 

18. A system according to claim 12, Wherein the ?exible 
build material carrier comprises a radiation transparent car 
riers. 

19. A system according to claim 12, Wherein the radiation 
source comprises a digital light projector. 
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20. A system according to claim 12, Wherein the solidi? 
able liquid build material comprises a photopolymer that is 
curable When exposed to at least one of UV radiation and 
visible light. 

21. A system according to claim 12 further comprising a 
gravure Wheel that applies the solidi?able liquid build mate 
rial to the ?rst side of the ?exible build material carrier. 

22. A solid imaging system that layer-by-layer forms a 
three-dimensional object With a solidi?able liquid build 
material, the system comprising: 

a solidi?able liquid build material dispenser; 
a ?exible build material carrier having a ?rst side and an 

opposing second side, the ?rst side receiving liquid build 
material from the build material dispenser; 

a radiation source to selectively solidify the liquid build 
material oil the ?rst side of the ?exible build material 
carrier; and 

a gravure Wheel that applies the solidi?able liquid build 
material to the ?rst side of the ?exible build material 
carrier. 

23. A system according to claim 22, Wherein the ?exible 
build material carrier comprises an endless ?exible build 
material carrier. 

24. A system according to claim 22, Wherein the dispenser 
comprises a cartridge dispenser. 

25. A system according to claim 24, Wherein the cartridge 
dispenser comprises a reservoir of solidi?able liquid build 
material Within the cartridge dispenser. 

26. A system according to claim 24, Wherein the cartridge 
dispenser comprises a reservoir of solidi?able liquid build 
material remote from the cartridge dispenser 

27. A system according to claim 26, Wherein the reservoir 
of solidi?able liquid build material is in ?uid communication 
With the cartridge dispenser so that the reservoir can be 
replaced separately from the cartridge dispenser. 

28. A system according to claim 24, Wherein the gravure 
Wheel is de?ned Within the cartridge dispenser. 

29. A system according to claim 22, Wherein the ?exible 
build material carrier comprises a radiation transparent car 
ner. 

30. A system according to claim 22, Wherein the radiation 
source comprises a digital light projector. 

31. A system according to claim 22, Wherein the solidi? 
able liquid build material comprises a photopolymer that is 
curable When exposed to at least one of UV radiation and 
visible light. 


