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FORMING THREE DIMIENSIONAL OBJECTS 

BACKGROUND 

0001 Additive manufacturing involves adding materials 
together, layer upon layer, until a three dimensional object is 
completed. There are a variety of different types of additive 
manufacturing involving systems that selectively deposit 
material to build the desired object and systems that selec 
tively solidify parts of a layer of a build material to build up 
the desired object. 
0002 Three dimensional printing includes relatively new 
forms of additive manufacturing that incorporate the advan 
tages of digital processing. In three dimensional inkjet print 
ing, liquid binder is injected into Successive layers of powder 
to form Successive cross sections of the three dimensional 
object, one layer at a time. Each layer is created on top of the 
preceding layer until the object is completed. 
0003. In another three dimensional printing approach, 
digital light processing involves hardening a liquid polymer 
layer positioned between a base plate immersed in the liquid 
and digitally controlled lights. The liquid Superjacent the base 
plate is exposed to a digitally controlled pattern of lights that 
harden the liquid into the pattern. The plate incrementally 
moves deeper into the liquid allowing new liquid to flow over 
the hardened polymer. Another pattern from the lights hard 
ens the new layer. The process repeats itself by forming a new 
layer during each repetition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. The accompanying drawings illustrate various 
examples of the principles described herein and are a part of 
the specification. The illustrated examples are merely 
examples and do not limit the Scope of the claims. 
0005 FIG. 1 is a diagram of an illustrative system for 
forming a three dimensional object, according to principles 
described herein. 
0006 FIG. 2 is a diagram of an illustrative mechanism for 
forming Voxels, according to principles described herein. 
0007 FIG. 3 is a diagram of an illustrative mechanism for 
forming Voxels, according to principles described herein. 
0008 FIG. 4 is a diagram of illustrative voxels rolled 
together, according to principles described herein. 
0009 FIG. 5 is a diagram of illustrative voxels, according 

to principles described herein. 
0010 FIG. 6 is a diagram of an illustrative three dimen 
sional object, according to principles described herein. 
0011 FIG. 7 is a diagram of an illustrative flowchart for 
forming a three dimensional object, according to principles 
described herein. 
0012 FIG. 8 is a diagram of an illustrative system for 
forming a three dimensional object, according to principles 
described herein. 
0013 Throughout the drawings, identical reference num 
bers designate similar, but not necessarily identical, elements. 

DETAILED DESCRIPTION 

0014. The present specification describes principles 
including, for example, a method for forming a three dimen 
sional object. Examples of such a method may include form 
ing Voxels in a sheet of material and positioning the Voxels 
together to form the three dimensional object by rolling up the 
sheet. 
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0015. In the following description, for purposes of expla 
nation, numerous specific details are set forth in order to 
provide a thorough understanding of the present systems and 
methods. It will be apparent, however, to one skilled in the art 
that the present apparatus, systems and methods may be prac 
ticed without these specific details. Reference in the specifi 
cation to “an example' or similar language means that a 
particular feature, structure, or characteristic described in 
connection with the example is included in at least that one 
example, but not necessarily in other examples. The various 
instances of the phrase “in one example' or similar phrases in 
various places in the specification are not necessarily all 
referring to the same example. 
0016 FIG. 1 is a diagram of an illustrative system (100) 
for forming a three dimensional object. The system (100) 
comprises an intake station (101), a Voxel forming station 
(102), and a rolling station (103). A flexible sheet (104) of 
material is fed into the system (100) through the intake station 
(101), conveyed though the voxel forming station (102), and 
rolled up in the rolling station (103). 
0017. The intake mechanism may comprise an intake roll 
(105) that supports a reel of sheet material. An alignment bar 
(106) may be used to align the sheet sections before they enter 
the voxel forming station (102). A tensioning unit (107) may 
be used to keep the sheet Sections taut or adjust the tension of 
the sheet sections according the system's specifications. 
0018. The voxel forming station (102) includes an activa 
tion mechanism (108) that hardens or cures discrete cross 
sections of the sheet as the sheet material is conveyed through 
the station. In alternative examples, the Voxel forming station 
deposits voxel material onto a surface of the sheet that hard 
ens on the Surface to become a Voxel. Also, the Voxel forming 
station (102) may comprise a coloring mechanism (109) that 
adds color to the voxels. 
0019. The placement of the voxels may be determined by 
a controller that has access to a three dimensional model. For 
example, a CAD file or other three dimensional model files 
may be stored on a local computer or transmitted over a 
network. 
0020. The rolling station (103) may spirally position the 
voxels adjacent one another as the sheet is rolled up. The 
spiral positioning of the Voxels may result in forming a 
desired three dimensional object in the rolled up section (110) 
that resembles the three dimensional model. The voxels may 
comprise Surface characteristics that cause the Voxels to 
cohere to one another without adhering to the residual, non 
hardened sheet material. In some examples, the rolling 
mechanism increases an internal pressure of the rolled up 
section (110) as the rolled up section's diameter increases. 
The internal pressure of the rolled up section (110) may 
contribute to voxel cohesion. 
0021. After the rolling station positions the voxels, the 
residual material. Such as the material of sheet that was not 
used to form Voxels or is not supporting material deposited to 
form a voxel, may be removed from the rolled up section. The 
removal process may include mechanical, chemical, and/or 
thermal processes to remove the residual material. 
0022. Accurate spiral positioning of the voxels may be 
ensured by any of several cooperating devices. Proper spiral 
positioning of the Voxels may be promoted by coordinating 
the rolling speed of a rolling motor, precise tensioning 
through tension rollers (111, 112), and voxel formation spac 
ing by the activation mechanism in the Voxel forming station 
(102). 
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0023 FIG. 2 is a diagram of an illustrative mechanism 
(200) for forming voxels (201) in or on a sheet of material as 
described above. In FIG. 2, an activation mechanism (202) is 
positioned proximate a surface (203) of the sheet (204). The 
activation mechanism may be a source of an activation 
medium that comprises a characteristic that causes a material 
of the sheet to harden locally where the activation medium is 
applied. 
0024 For example, the sheet may comprise a film of poly 
mers that hardened when exposed to certain types of light. 
The activation mechanism may comprise a light source and a 
light guide that guides light from the source into discrete cross 
sections of the film. As the discrete cross sections are exposed 
to the light, the volume of sheet material within the exposed 
cross section hardens forming a voxel of hardened material. 
0025. In other examples, the sheet may comprise a support 
layer underneath a powder layer. The activation mechanism 
may comprise a liquid binder Source and a dispensing nozzle 
that may deposit the binder onto the powder layer at discrete 
locations. The deposited binder may seep into the powder 
layer and solidify the powder, for example, glue a section of 
the powder together. 
0026. In some examples, the Support layer may comprises 
features that hold the powder layer firmly in place, such as a 
side lip that prevents powder from slipping off an edge of the 
sheet. Further, in examples that include a powder layer, the 
tension units and rollers of the system that provide tension to 
the sheet may be arranged to keep the sheet flat until the sheet 
reaches the rolling station so that no powder is spilled from 
the sheet. The tension on the sheet may provide sufficient 
internal pressure on the powder layer to hold the powder in 
place while the sheet is rolled up. Further, in other examples 
that incorporate a powder layer, the powder may be not be on 
the initially-rolled sheet, but is continuously deposited and 
uniformly spreadjust ahead of the Voxel forming station. 
0027. In other examples, the activation medium may use 
energy in forms such as light, heat, lasers, ultraviolet light, 
infrared light, radiation, X-rays, visible light, microwaves, 
gamma rays, nuclear particles, or combinations thereof that 
have the effect of hardening material in or on the sheet into a 
voxel of an object being formed using the sheet. The voxel 
forming material may be a powder, a gel, a liquid, a slurry, a 
film, or combinations thereof. Additive manufacturing tech 
niques, such as fluid deposition modeling, piezo thermal ink 
jeting, sintering laser systems, or combinations thereof may 
also be suitable with the principles described herein. 
0028. In some examples, the voxel forming station may 
apply an opaque material to the Surface of the Voxel forming 
material in a pattern that covers discrete cross sections of the 
sheet while exposing others. As the sheet is conveyed through 
the Voxel forming station, the exposed areas are cured with a 
light, liquid, laser, or other activation medium, Such that the 
exposed areas are hardened while the covered areas are unaf 
fected. The opaque material may be removed during the 
removal process in a Subsequent stage. 
0029. In examples that incorporate sheets with multiple 
layers, such as a Support layer underneath a Voxel forming 
layer, the Support layer may comprise characteristics that 
allow for easy removal during the removal stage. For 
example, the Support layer may be water Soluble or easily 
evaporated. 
0030 The sheet may be continuously fed through the sys 
tem. Thus, the sheets material may be continuously moving 
through the voxel forming station in the direction indicated by 
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arrow (205). In some examples, the sheet is moved in incre 
ments. In Such examples, the conveying system may pause its 
forward movement while the activation mechanism forms 
each row of voxels. A voxel formation time may determine 
the speed that the material is conveyed through the system. 
0031. In some examples, the activation mechanism may 
initiate Voxel formation as the activation mechanism is hov 
ered over the discrete voxel locations, and the voxel formation 
may continue as the sheet is conveyed. For example, the 
activation medium may be infrared light that heats each dis 
crete cross section. However, the heat may require a definite 
amount of time to fully cure the voxel. Depending on the 
curing time and the sheet’s conveyance speed, at least a por 
tion of the curing may occur after the discrete locations are 
conveyed forward. 
0032. In some examples, the sheet may be conveyed for 
ward and backwards. For example, the sheet may be moved 
backwards if the activation mechanism may requires several 
passes to fully form a row of Voxels, but the curing process 
requires a waiting period between each pass. The activation 
mechanism may initiate the formation of several rows before 
the rows are moved back for an additional pass. 
0033. In some examples, where several passes are desir 
able, multiple rows of activation mechanisms may be spaced 
along the length of the Voxel forming station. In some 
examples, this array of activation mechanisms may span the 
entire width of the sheet of material. In other examples, one or 
more activation mechanisms may be arranged to move later 
ally across the width of the sheet on a carriage. One or more 
activation mechanisms on a carriage may also be configured 
to move along the length of the sheet. 
0034. The size of the voxel will determine the final 
objects resolution. The thickness of the voxel forming layer 
(or the entire thickness of the sheet, if the entire thickness is 
composed of Voxel forming material) is a parameter that 
affects Voxel size. A thinner cross section may provide a 
higher resolution. In some examples, the thickness of the 
Voxel forming material may be five micrometers to several 
centimeters. In some examples, the thickness may be from 
twenty five micrometers to 350 micrometers. 
0035. The size of the activation mechanism may also 
affect voxel size, and therefore, the resolution. The smaller 
the portion of the voxel forming material that the activation 
mechanism can selectively solidify, the higher the resolution 
of the voxels in the resulting object. However, smaller voxels 
may require the formation of more voxels to provide the 
desired size of the resulting three dimensional object. Form 
ing a larger number of Voxels to increase resolution will also 
likely increase processing time. 
0036. A coloring mechanism (206) may be located 
upstream or downstream of the activation mechanism (202). 
The coloring mechanism may supply a pigment, dye, fine 
powder, or other substance that creates colored voxels (207). 
The coloring mechanism may comprise a plurality of colors 
and a plurality of dispensers. In some examples, the coloring 
mechanism (206) comprises dispensers dedicated to each of 
the primary colors that add appropriate amounts of their color 
to each voxel. 

0037. In some examples, the activation mechanism may 
Subject the sheets material to the activation medium and a 
coloring Substance at the same time. For example, a binder 
may be colored or a coloring Substance may be injected into 
a gel as the gel is exposed to light. 
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0038. In some examples, color is only added to the voxels 
that are destined to form the outside of the three dimensional 
object to preserve coloring for those parts of the three dimen 
sional object that will be viewable. In some examples, the 
three dimensional object may comprise colored Voxels within 
a predetermined Surface depth to avoid exposing uncolored 
voxels when the object is scratched. 
0039. In the example of FIG. 3, a plurality of activation 
mechanisms (300) are supported by a support bar (301) that 
spans a width of the sheet (302). In some examples, the voxel 
forming station may utilize a plurality of support bars (301) to 
provide a plurality of rows of activation mechanisms. 
0040. The activation mechanism may be positioned proxi 
mate to the sheet in any manner that allows the activation 
mechanism to form Voxels. In some examples, the activation 
mechanism may be positioned to the side of the sheet, under 
the sheet, angled with respect to a surface of the sheet or 
combinations thereof. In examples that incorporate forming 
Voxels by passing energy through the thickness of the sheets 
material, a target may be positioned to absorb or redirect the 
energy after the energy passes through the sheet. 
0041 FIG. 4 is a diagram of illustrative voxels rolled 
together in a rolled up section (400) of the sheet. For illustra 
tive purposes, the darkened portions (401) represent portions 
that comprise Voxels, while the empty space (402) represents 
portions of residual material within a single cross section of 
the rolled up section. As the rolling station rolls up the sheet, 
the Voxels are spirally positioned adjacent one another to 
form the three dimensional object. In the example of FIG. 4. 
the voxels collectively form a “T” shaped three dimensional 
object that is viewable in the rolled up section's cross section. 
0042. The spiral positioning of the voxels determines the 
Voxel row spacing during the Voxel forming station. The 
voxels spirally positioned near the center of the three dimen 
sional object are the first voxels formed on the sheet. 
0043 A tension on the sheet (403) may determine the 
internal pressure within the rolled up section, which may 
gradually increase towards the rolled up section’s center. The 
internal pressure may contribute to voxel cohesion. 
0044) A rolling mechanism may include a motor that 
rotates an axle that is connected to an end of the sheet. The 
axle comprises a sufficient size and strength to support the 
weight of the rolled up section as well as to provide sufficient 
tension on the sheet. The system may comprise adjustment 
mechanisms that may adjust the tension on the sheet and 
thereby adjust the tightness of the rolled up sections wind 
ings. 
004.5 FIG. 5 is a diagram of illustrative voxels (500) 
within the rolled up section (501). The voxels (500) may 
comprise a surface characteristic that causes the voxels to 
stick or cohere to one another. For example, a binder located 
in Voxels may cohere to other Voxels. Each Successive layer 
(502) of the voxels may place the voxels adjacent each other. 
Voxel cohesion may occur between Voxel rows and columns 
as well as Voxels cohering to neighboring Voxels. 
0046. The voxels (500) may be formed in any suitable 
shape. For example, the Voxels may be uniformly shaped. 
Each VOXel may comprise a symmetric shape, asymmetric 
shape, cubic shape, columnar shape, polygonal shape, curved 
shape, or combinations thereof. In some examples, the Voxels 
comprise a shape conducive for being stacked in a spiral 
arrangement. 
0047 Voxel formation may occur on a substantially flat 
Surface of the sheet during the Voxel forming stage, and the 
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voxels and residual sheet material may be subjected to bend 
ing forces as the sheet is rolled up. Such bending forces may 
form gaps between the Voxels and/or residual material. In 
Some examples, the internal pressure of the rolled up section 
is sufficient enough to morph the voxels shapes to fill these 
gaps. In some examples, the system continues to roll up 
residual sections of the sheet after the three dimensional 
object is spirally arranged to Subject the outer Voxels to Suf 
ficient internal pressure. In some example, the Voxel rows are 
spaced apart to accommodate for Voxel movement under a 
desired internal pressure. However, alternative examples may 
Subject the Voxels to a minimal internal pressure. 
0048. In some examples, heating may cause the Voxels to 
Stick together. In some examples, heating the Voxels in com 
bination with the rolled up sections internal pressure may 
fuse Voxel Surfaces together making the three dimensional 
object a single unit. The heating may occur while the rolled up 
section remains connected to the rolling station. However, in 
alternative examples, the rolled up section may be placed in 
an oven or other environment to cause the Voxels to fuse 
together. In some examples, a procedure that fuses the Voxels 
together simultaneously removes residual material. In some 
examples, the three dimensional object is cured as the 
residual material is removed. 

0049 FIG. 6 is a diagram of an illustrative three dimen 
sional object (600) after residual material is removed. A 
removal process may remove the residual material that 
remains unaffected by the activation mechanisms. In 
examples that incorporate a Support material positioned 
underneath the Voxel forming material, the Support material 
may also be removed from the rolled up section. In some 
examples, the process for removing residual Voxel forming 
material and Support material is the same, but alternatively, 
different removal processes may be employed to remove dif 
ferent materials of the sheet. 

0050. In some examples, the removal process may include 
a mechanical process that includes rotary brushes, liquid jet 
nozzles, picks, or other mechanical mechanisms to displace 
the residual material. 

0051. The removal process may comprise a chemical pro 
cess that includes dissolving the residual material by applying 
a solvent to the rolled up section. The solvent may be liquid, 
gas, or Solid that is applied to the rolled up section until the 
residual material is removed. In some examples, the rolled up 
section is immersed in the solvent. Other chemical processes 
may include the application of a Substance that chemically 
reacts with the residual material by turning the residual mate 
rial into a liquid or gas. In some examples, the removal pro 
cess may include a thermal mechanism that melts and/or 
evaporates the residual material. 
0052. In thermal and/or chemical removal processes, tem 
porary ventilation may be formed in the three dimensional 
object to ensure that pockets of residual material buried in the 
rolled up section are freed during the removal process. The 
ventilation may be formed after the three dimensional object 
is created by mechanisms such as drilling ventilation holes or 
otherwise forming ventilation pathways in the object. Also, 
ventilation pathways may be intentionally formed during the 
additive manufacturing process by the system's Voxel spac 
ing. In some examples, the ventilation pathways and/or holes 
are back filled after ventilation. In alternative examples, ven 
tilation holes or pathways may remain open. In some 
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examples, a ventilation hole may be provided in the space that 
the remains after a Support axle of the rolled up section in 
removed. 
0053 FIG. 7 is a diagram of an illustrative flowchart of a 
method (700) for forming a three dimensional object that 
includes forming (701) voxels in a sheet of material and 
positioning (702) the voxels together to form the three dimen 
sional object by rolling up the voxels. As noted above, the 
residual material may be removed from the sheet after the 
object is formed. 
0054 FIG. 8 is a diagram of an illustrative system (800) 
for forming a three dimensional object. The illustrated system 
(800) incorporates a controller (801) that may adjust param 
eters of the system during the manufacturing process. Sensors 
may be incorporated throughout the system to provide feed 
back to the controller (800). A non-exhaustive list of sensors 
that may be employed with a manufacturing system accord 
ing to the principles described herein may include calipers, 
odometers, strain gauges, thermometer, pressure gauges, 
density measurement devices, Scales, optical recognition 
devices, and combinations thereof. 
0055 For example, the diameter (802) of the rolled up 
section (803) may increase during the manufacturing process. 
The diameter size may affect the Voxel row spacing, bending 
forces on the voxels as they are rolled up, the angle that the 
sheet is rolled onto the rolled up section, the tension on the 
sheet, and the speed that the sheet is conveyed through the 
system. A diameter sensor (804). Such as a caliper, may con 
tinuously measure the rolled up section's diameter and pro 
vide the measurements to the controller (801) to make real 
time adjustments. 
0056. Also, an angular position sensor (805), such as an 
encoder, may be in communication with the rolled up sec 
tion’s axle (806) and may provide real time information to the 
controller. The speed of the motor and the diameter of the 
rolled up section may determine the speed that the sheet (807) 
is conveyed through the voxel forming station (808). Thus, 
the controller may continuously adjust the motors output to 
keep the sheets conveyance consistent. In some examples, 
the controller may speed up the Voxel forming activities to 
accommodate changes in the conveyance speed. 
0057. Further, the controller may compare the rolled up 
section’s diameter changes to parameters that the controller 
would expect the diameter to be under the system's operating 
parameters. If the controller finds a mismatch between the 
real time parameters and expected parameters, the controller 
may run a diagnostic on the system to determine if there is a 
failure. If the mismatch is significant enough, the controller 
may shut down the entire system until the issues are resolved. 
0058 An additive manufacturing system according to the 
principles herein may create three dimensional objects rap 
idly. In examples that use a 100 micrometer thick voxel form 
ing material that is conveyed at 0.2 meters per second, the 
build time for a cube of twenty cm by twenty cm by twenty cm 
may be less than thirty minutes. 
0059. The preceding description has been presented only 

to illustrate and describe examples of the principles 
described. This description is not intended to be exhaustive or 
to limit these principles to any precise form disclosed. Many 
modifications and variations are possible in light of the above 
teaching. 
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What is claimed is: 
1. A method for forming a three dimensional object, com 

prising: 
forming Voxels on a sheet of material; and 
positioning said voxels together to form said three dimen 

sional object by rolling up said sheet. 
2. The method of claim 1, further comprising removing 

residual material from said three dimensional object. 
3. The method of claim 2, wherein removing residual mate 

rial from said three dimensional object includes removing 
said residual material through a chemical or thermal process. 

4. The method of claim 1, further comprising curing said 
three dimensional object. 

5. The method of claim 1, further comprising curing each 
Voxel prior to positioning said Voxels together to form said 
three dimensional object by rolling up said sheet. 

6. The method of claim 1, wherein positioning said voxels 
together to form said three dimensional object by rolling up 
said sheet includes continuously rolling up said sheet simul 
taneously with forming Voxels in a sheet of material. 

7. The method of claim 1, wherein forming voxels in a 
sheet of material includes depositing an activation liquid onto 
athickness of said sheet or radiating energy into a thickness of 
said sheet 

8. The method of claim 1, wherein said voxels comprise a 
Surface characteristic that exhibits Voxels cohering together. 

9. The method of claim 1, further comprising adding color 
to said sheet of activation material. 

10. A system for forming a three dimensional object, com 
prising: 

an intake mechanism positioned to guide a sheet into said 
system; and 

a voxel forming station positioned to form Voxels from a 
material associated with said sheet as a rolling mecha 
nism pulls said sheet through said Voxel forming station. 

11. The system of claim 10, wherein said rolling mecha 
nism comprises an axle connected to said sheet and posi 
tioned to form a rolled up section of said sheet as said axle 
rOtates. 

12. The system of claim 11, further comprising a controller 
programmed to adjust an activity of said Voxel forming sta 
tion based on a parameter of said rolled up section. 

13. The system of claim 12, wherein said parameter may be 
a rolled up section diameter, an axle rotary speed, a material 
thickness, or combinations thereof. 

14. An apparatus for forming a three dimensional object, 
comprising: 

a voxel forming station comprising an activation mecha 
nism positioned to guide an activation medium towards 
an exposed surface of a sheet to form voxels of said three 
dimensional object; 

a rolling mechanism positioned to pull said sheet through 
said Voxel forming station and to place said Voxels adja 
cent one by forming a rolled up section of said sheet; and 

a controller programmed to control an activity of said 
activation mechanism based on a parameter of said 
rolled up section. 

15. The apparatus of claim 14, wherein said parameter may 
be a rolled up section diameter, an axle rotary speed, a mate 
rial thickness, or combinations thereof. 
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