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SYSTEMS AND METHODS FOR FORMING
THREE DIMENSIONAL OBJECTS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a divisional under 35
U.S.C. § 121 of U.S. patent application Ser. No. 14/296,380,
filed on Jun. 4, 2014, and entitled “SYSTEMS AND METH-
ODS FOR FORMING THREE DIMENSIONAL
OBJECTS”, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] The following description is provided to assist the
understanding of the reader. None of the information pro-
vided or references cited is admitted to be prior art.

[0003] Three dimensional (3D) printing is a manufactur-
ing process that builds layers to create a 3D object from a
digital model. To print a 3D object, the manufacturer can use
software to create a digital model that gets sliced into very
thin cross-sections called layers. The instructions for each
layer can then be transmitted to a 3D printing system to print
the 3D object.

[0004] In stereo lithography (STL) three-dimensional
printing, a print-head moves in the X/Y plane and injects a
material on a platform moving in the Z axis. These printers
are improving at a fast rate, offering higher spatial resolution
and accuracy, faster speeds and better materials almost every
week. However, the parts produced by STL 3D technology
can take a very long time to complete. Small objects
sometimes take long hours to complete, while larger objects
often require a few days to complete. The time constraint
forces a trade-off between high resolution and accuracy, to
quick turnaround, as well as forces the machines to operate
unattended for prolonged periods during off-business hours.
Additionally, the limitation on production speed can be a
major contributor to final part costs.

SUMMARY

[0005] The present technology provides a three dimen-
sional (3D) printing system. The 3D printing system
includes a base plate, a first nozzle, a second nozzle, and a
curing agent. The first nozzle can be configured to form a
base layer of an object on the base plate and to form a
contour of a second layer of the object on the base layer with
a first material. The contour can define a volume within the
second layer. The second nozzle can be configured to at least
partially fill the volume within the second layer with a
second material. The contour of the second layer and the
second material forms the second layer. The curing agent
can be configured to solidify the second material.

[0006] The present technology further provides a method
for forming a 3D object. The method includes forming, by
a first nozzle, a base layer of an object. The method further
includes forming, by the first nozzle, a contour of a second
layer of the object on the base layer. The contour defines a
volume within the second layer. The method further includes
filling, by a second nozzle, at least a portion of the volume
within the second layer of the object with a material. The
contour and the material form the second layer. The method
further includes solidifying, by a curing agent, the material
in the second layer of the object.
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[0007] The present technology further provides a method
for creating a 3D printing system. The method includes
coupling a first nozzle to a support structure. The first nozzle
can be configured to form a base layer of an object and to
form a contour of a second layer of the object with a first
material. The contour defines a volume within the second
layer. The method further includes coupling a second nozzle
to the support structure, the second nozzle configured to at
least partially fill the volume within the second layer with a
second material. The contour and the second material form
the second layer. The method further includes coupling a
curing agent to the support structure. The curing agent can
be configured to solidify the second material. The method
further includes connecting a base plate to a bottom portion
of the support structure.

[0008] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the following drawings and
the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other features of the present
disclosure will become more fully apparent from the fol-
lowing description and appended claims, taken in conjunc-
tion with the accompanying drawings. Understanding that
these drawings depict only several embodiments in accor-
dance with the disclosure and are; therefore, not to be
considered limiting of its scope, the disclosure will be
described with additional specificity and detail through use
of the accompanying drawings.

[0010] FIG. 1 depicts a three-dimensional (3D) printing
system for forming an object in accordance with an illus-
trative embodiment.

[0011] FIG. 2 depicts a flow diagram of a method for
forming an object in accordance with an illustrative embodi-
ment.

[0012] FIG. 3 depicts a system for forming a 3D object in
accordance with an illustrative embodiment.

[0013] FIG. 4 depicts a flow diagram of a method for
creating a 3D printing system in accordance with an illus-
trative embodiment.

[0014] FIG. 5 is a block diagram illustrating a general
architecture for a computer system that may be employed to
implement various elements of the systems and methods
described herein, in accordance with an illustrative embodi-
ment.

DETAILED DESCRIPTION

[0015] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting.
Other embodiments may be used, and other changes may be
made, without departing from the spirit or scope of the
subject matter presented here. It will be readily understood
that the aspects of the present disclosure, as generally
described herein, and illustrated in the figures, can be
arranged, substituted, combined, and designed in a wide
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variety of different configurations, all of which are explicitly
contemplated and make part of this disclosure.

[0016] Three dimensional (3D) printing is a manufactur-
ing process that builds layers to create a 3D object from a
digital model. To print a 3D object, the manufacturer can use
software to create a digital model that gets sliced into very
thin cross-sections called layers. The instructions for build-
ing each layer can then be transmitted to a 3D printing
system to print the 3D object.

[0017] Inoneembodiment, the disclosed embodiments are
directed to an approach to create three-dimensional objects
by separating the production process of the contour of the
object from the production process of the volume of the
object. The contour may be created by having a printing
head dispense a thread of molten material, for example a
thermoplastic polymer, along an outline of the object cross-
section at a respective level, or layer of the object. Once the
contour of the level is completed, the resulting shallow tub
formed by the contour, may be filled with a low-viscosity
polymer, for example, an ultra-violet (UV) curable polymer.
The UV curable polymer can be exposed to a UV light as the
printing head makes the contour of the next layer. This
approach can allow the entire volume of a level of the object
to be filled in about the same time it takes to draw the
contour. In some embodiments, this approach can fill several
layers in a single step and cure the layers at the same time.
This process can shorten the length of time to print a 3D
object, while improving the surface quality of the printed 3D
object and improving the accuracy of the 3D printing
process. Further, the printing is more accurate and has a
better surface quality because the time saved allows the first
printing head to be operated at a reduced speed.

[0018] FIG. 1 depicts an embodiment of a three-dimen-
sional (3D) printing system 100 for forming an object in
accordance with an illustrative embodiment. In an embodi-
ment, the 3D printing system 100 can create a 3D object. The
3D printing system 100 may include a first nozzle 110, a
second nozzle, 120, a curing agent 130, a base plate 170, and
a support structure 180. In some embodiments, the first
nozzle 110 and the second nozzle 120 can form a printing
head for creating 3D objects. The first nozzle 110 can be
configured to form a base layer of an object on the base plate
170. In some embodiments, the first nozzle 110 can be
configured to form a contour of a second layer of the object
on the base layer with a first material. The contour of the
second layer may define the volume of the second layer. The
contour may include the external surface of the second layer.
In some embodiments, contours are printed in the internal
volume of a layer to create wall inside an internal void of the
layer. The wall can divide the internal volume of the layer
into different parts.

[0019] In some embodiments, the first nozzle 110 can be
configured to move to trace the contour of the object to be
printed. In an embodiment, the first nozzle 110 may be
configured to form a contour of a third layer on the object on
at least a portion of the second layer with the first material,
the contour defining a volume within the third layer. The
dimensions of the contour of the third layer may be the same
as the dimensions of the contour of the previous layer. In
other embodiments, the dimensions of the contour of the
third layer may deviate from the dimensions of the previous
layer.

[0020] In an embodiment, the first nozzle 110 can be
configured to form a contour of a third layer of the object
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outside at least one of the contour of the first layer and the
contour of the second layer. The dimensions of the contour
of the third layer may be greater than the dimensions of the
contour of the second layer. In other embodiments, the
dimensions of the contour of the third layer may be less than
the dimensions of the contour of the second layer. In some
embodiments, the first nozzle 110 can be configured to form
the contour of the third layer at substantially the same time
as solidifying of the material in the second layer.

[0021] In an embodiment, the first nozzle 110 and the
second nozzle 120 can be devices designed to control the
dispensing of a material, including the direction and/or
characteristics of a fluid flow (for example, the spray pattern,
or thorough heating of a solid material to convert it to a
liquid form, and then lay a line of liquid material at the
desired places). In some embodiments, the first nozzle 110
is made up of metal, ceramic or similar materials suitable for
high temperature operation. The first nozzle 110 is config-
ured to dispense the first material. In an embodiment, the
first nozzle 110 is configured to melt the first material as it
is dispensed. The first material may include thermoplastic
material such as a thermoplastic polymer (for example,
melted plastic wire). In some embodiments, the first material
may have a melting temperature of 150 Celsius (° C.). In an
embodiment, the first material is fed to the first nozzle 110
from a reel 140. The reel 140 may be coupled to the support
structure 180. In an embodiment, the reel 140 can be
configured to hold a spool of plastic wire.

[0022] In an embodiment, the first nozzle 110 may be
coupled to a track 190 on the support structure 180. The first
nozzle 110 can be configured to move horizontally along the
track 190 to dispense the first material. The track 190 can be
moved vertically along the vertical poles of the support
structure to change an elevation level of the first nozzle 110.
In some embodiments, the dimensions (for example, length,
height) of the track 190 can be adjusted according to the
dimensions of the object to be created. To adjust the dimen-
sions of the track 190, the support structure 180 dimensions
can be adjusted, such as changing a size of the support
structure 180. For example, in one embodiment, the support
structure 180 may include two vertical poles. The distance
between the vertical poles may be adjusted (for example,
increased, decreased) to adjust the dimensions of the track
190. In an embodiment, the track 190 can be configured to
move up and down on the support structure 180. The track
190 can be configured to slide up and down the vertical poles
of the support structure 180 to adjust the distance from the
first nozzle 110 from the base plate 170. In an embodiment,
the track 190 is configured to move in any combination of
axis and motion to position the first nozzle 110 and the
second nozzle 120 according the desired application.
[0023] In an embodiment, the first nozzle 110 may move
independent of the second nozzle 120. In other embodi-
ments, the first nozzle 110 may be coupled to the second
nozzle 120. The first nozzle 110 and the second nozzle 120
can move together. In some embodiments, the first nozzle
110 and the second nozzle 120 can both be configured to
move in accordance with the shape of the object being
created.

[0024] In an embodiment, the second nozzle 120 can be
configured to at least partially fill the volume within the
second layer with a second material. The contour of the
second layer can be filled with the second material to form
the second layer of the object. In some embodiments, the
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second nozzle 120 can dispense the second material at a rate
of about a few microliters per second. The second material
may include at least one of an ultra-violet (UV) curable
material, a heat curable material, or a dual component
material. In one embodiment, the UV curable material is a
UV-curable photopolymer, such as stereolithography (SLA)
resin. In other embodiments, the second material is a ther-
moplastic polymer, such as polyethylene, polypropylene,
acrylonitrile butadiene styrene (ABS), or polylactic acid
(PLA). In other embodiments, the second material is a
thermoplastic elastomer, such as polyamide. In an embodi-
ment, the UV curable polymer can be solidified due to
exposure to UV light. The curing temperature of the second
material may be lower than a melting temperature of the first
material. In some embodiments, the second nozzle can be
configured to at least partially fill the volume within the third
layer with the second material, the contour of the third layer
and the second material forming the third layer.

[0025] The heat curable material may be curable with an
application of heat. In one embodiment, the heat curable
material is a polyurethane. In an embodiment, the heat
curable material may have a curing temperature lower than
the melting temperature of the contour of the layer. In an
embodiment, dual component material can be material that
solidifies by mixing two components in the dispensing
nozzle (for example, the second nozzle 120). The dual
component material may include a thermoplastic elastomer.
The thermoplastic elastomer is a mix of materials with
thermoplastic properties and materials with elastomeric
properties. In some embodiments, the second material can
have a low viscosity characteristic and/or a fast curing
characteristic.

[0026] In an embodiment, the second nozzle 120 may be
coupled to a dispensing pump 150 and a reservoir 160 via a
conduit. In one embodiment, the dispensing pump 150 may
be coupled to the second nozzle 120 via a conduit. The
dispensing pump 150 can be coupled to the reservoir 160.
The reservoir can be configured to hold the second material.
In an embodiment, the conduit may be at least one of a tube,
a siphon, or a pipe. The reservoir 160 can be configured to
hold the second material prior to dispensing. In an embodi-
ment, the reservoir 160 can be coupled to the support
structure 180. In some embodiments, the reservoir 160 can
be configured to hold several hundred milliliters (ml) of the
second material. In an embodiment, the reservoir 160 may
be made up of plastic, metal or glass material. In some
embodiments, the dispensing pump 150 may control the
flow of the second material from the reservoir 160 to the
second nozzle 120. In an embodiment, the dispensing pump
150 can be coupled to the support structure 180. In one
embodiment, the dispensing pump 150 can be coupled to the
support structure 180 such that the dispensing pump 150 is
located between the reservoir 160 and the second nozzle
120. The dispensing pump 150 can be configured to pump
the second material at a rate of about a few microliters per
seconds. The volume of the second material is calculated as
part of the printing instructions to the printer to exactly fill
the volume of the second layer, resulting in a flat surface
inside the layer. An optical sensor can be used to monitor the
edge where the second material meets the contour of the first
material, and adjust the dispensing volume until the fluid
level is flush with the height if the contour plastic.

[0027] In an embodiment, the second nozzle 120 may be
coupled to the track 190 on the support structure 180. The
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second nozzle 120 can be configured to move horizontally
along the track 190 to dispense the second material. The
track 190 can be adjusted, as described above with respect
to the first nozzle 110, to allow the second nozzle 120 greater
range of motion, such as adjusting the track 190 vertically to
change an elevation level of the second nozzle 120. In other
embodiments, the second nozzle 120 may be located on a
fixed point on the track 190.

[0028] In an embodiment, the curing agent 130 can be
coupled to the track 190. The curing agent 130 can be
configured to solidify the second material. In some embodi-
ments, the curing agent 130 can be a radiation source such
as an ultraviolet (UV) source (for example, UV heat lamp).
In an embodiment, the curing agent 130 can be configured
to be continuously active during dispensing of the second
material. In some embodiments, the curing agent 130 can
turn off during dispensing of the first material.

[0029] In an embodiment, the base plate 170 can be
coupled to a base of the support structure 180. The object
can be created on the base plate 170. In some embodiments,
the base plate 170 can be configured to move horizontally
along a second track 195. The second track can be coupled
to the base of the support structure 180. The base plate 170
can be coupled to the second track 195 and be configured to
move horizontally along the second track 195. The second
track 195 can be configured to move vertically along the
vertical poles of the support structure 180 to change an
elevation level of the base plate 150. In other embodiments,
the base plate 170 can be configured to remain stationary
during dispensing of materials. In an embodiment, the base
plate 170 can include at least one of metal, plastic or any
other suitable material.

[0030] Inanembodiment, the 3D printing system 100 may
further include at least one blade. In some embodiments, the
blade may be coupled to the first nozzle 110 or the second
nozzle 120. The blade can be coupled to the second nozzle
such that the blade is positioned above the second layer of
the object. The blade can be configured to level the second
layer of the object. The blade may pass over the second layer
of the object to level out the second material of the second
layer. In other embodiments, the blade may be coupled to the
support structure 180. In an embodiment, the base plate 170
can be configured to move laterally under the blade to level
the second layer of the object so that the blade can level the
second layer of the object. In some embodiments, the blade
can be a straight edge. In other embodiments, the blade can
have a sloped edge. The blade can be made to vibrate at a
high rate in order to lower the viscosity of the second
material, allowing better leveling action.

[0031] Inanembodiment, the 3D printing system 100 may
further include a vibrating element. The vibrating element
may be coupled to the base plate 170. In an embodiment, the
vibrating element can be configured to vibrate the base plate
170 to even out the second material as it is dispensed and
cause the second material to spread evenly. In some embodi-
ments, the vibrating element can be configured to be acti-
vated or deactivated according to which nozzle is dispensing
material. In one embodiment, the vibrating element can
deactivate when the first nozzle 110 is dispensing the first
material. In another embodiment, the vibrating element can
activate when the second nozzle 120 is dispensing material.
[0032] Inan embodiment, the 3D printing system 100 may
further include at least one processor. The processor can be
configured to control operation of the 3D printing system



US 2018/0207858 Al

100. In some embodiments, the processor can be configured
to control operation of the first nozzle 110 and the second
nozzle 120. In an embodiment, the processor can be com-
municatively coupled to the first nozzle 110 and the second
nozzle 120. The processor can be configured to control
operation of the first nozzle and the second nozzle. In some
embodiments, the processor can be configured to calculate
an amount of second material to fill the volume of the second
layer of the object. In an embodiment, the processor can be
configured to transmit a command to the dispensing pump
150. The command may include an instruction with the
calculated amount of second material to fill the volume of
the second layer. In some embodiments, the processor can be
configured to control operation of the curing agent 130. The
processor can transmit commands to the curing agent 130 to
turn the curing agent 130 on or off at specified times. In an
embodiment, the processor can be similar to and operate
similar methods as the processor described below with
respect to FIG. 5.

[0033] Inanembodiment, the 3D printing system 100 may
further include at least one motor. The motor may include at
least one of a stepper motor, a servo motor, and a DC electric
motor. In some embodiments, the 3D printing system 100
may include multiple motors to control operation of different
components of the 3D printing system. The motor can
control the movement and operation of the first nozzle 110,
the second nozzle 120, the dispensing pump 150, the base
plate 170, and the track 190. The motor can move the first
nozzle 110 and the second nozzle 120 horizontally along the
track 190. In some embodiments, the motor can move the
track 190 vertically up/down the vertical poles of the support
structure 180 to change an elevation of the either the first
nozzle 110 or the second nozzle 120 or both. The motor can
move the base plate 170 in a horizontal motion along the
second track 195 and can move the second track 195
vertically to change an elevation level of the base plate 170.
The motor can control the rate at which the dispensing pump
150 pumps the second material to the second nozzle 120 via
the tube.

[0034] The motor can be configured to move continuously
or in increments measured in degrees. The increments can
vary depending on the application. In an embodiment, a
smaller step motor can be used to improve overall accuracy
and surface quality of the object. In one embodiment, the
stepper motor can be configured to form several contour
layers with the first material before filling in an internal
volume of the object with the second material, such as when
the contours of the object may have a desired thickness. The
system 100 provided offers one type of system for 3D
printing, but one of skill in the art may readily appreciate
that the present methods described herein can be applied to
any type of 3D printing device or system.

[0035] FIG. 2 depicts an embodiment of a flow diagram of
a method for forming an object. In some embodiments, the
object may be a 3D object. In a brief overview, the method
includes forming a base layer of an object 210, forming a
contour of a second layer of the object 220, filling at least a
portion of the volume of the second layer of the object 230,
and solidifying the second layer of the object 240.

[0036] In some embodiments, the method includes form-
ing a base layer of an object 210. The base layer may be the
first layer of the object. In some embodiments, the base layer
may define a shape of the object. Forming the base layer may
include printing a contour of the base layer by a first nozzle.
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In some embodiments, the method includes tracing, by the
first nozzle, a base layer contour with the first material. In an
embodiment, the first material may be a thermoplastic
polymer, such as a heated plastic material. The first material
may be exposed to heat prior to entering the nozzle, or while
inside the nozzle, to melt the first material.

[0037] In one embodiment, the material used to print the
contour of the base layer may be a thermoplastic material
such as a thermoplastic polymer. In some embodiments,
once the contour of the base layer has been printed, the
contour of the base layer may be filled in with an ultra-violet
(UV) curable polymer. In an embodiment, filling in the base
layer may include dispensing material within a volume of
the base layer by a second nozzle. The volume of the base
layer may be defined by the dimensions of the contour of the
base layer. For example, in an embodiment, the volume of
the base layer may be defined as the volume between the
surface the base layer is printed on, the contour of the base
layer, and a plane at the top of the contour-forming plastic
edge. In some embodiments, the thickness (for example,
depth) of the base layer may be about 0.1 mm to about 1 mm,
for example about 0.1 mm, about 0.2 mm, about 0.3 mm,
about 0.4 mm, about 0.5 m, about 0.6 nm, about 0.7 mm,
about 0.8 mm, about 0.9 mm, about 1 mm, or any thickness
between any of the stated values. In an embodiment, the
thickness of the base layer may be about 0.2 mm to about 0.4
mm. The depth and thickness may generally be any distance.
[0038] In some embodiments, a printing head can be
configured to form the base layer and may include two
nozzles (for example, the first nozzle 110, the second nozzle
120). In an embodiment, the first nozzle can be configured
to move when dispensing a first material and the second
nozzle can be in a fixed position when dispensing a second
material. In one embodiment, the second nozzle may be
located over a center of the contour of the base layer when
dispensing the second material (for example, UV curable
polymer) or at any other preferable point inside the contour
of'the layer. The controller may be used to calculate the flow
pattern of the second material in the volume of the current
layer, and position the second nozzle either in a single
location, or in a moveable location, as well as control the
dispensing rate, so as to achieve the smoothest and fastest
filling process possible under the current shape, material
used and temperature.

[0039] In other embodiments, filling in the base layer may
include filling in the base layer with regular patterns of
parallel lines using the first material dispensed from the first
nozzle 110. In some embodiments, the first material defining
the contour of the base layer and the second material filling
in the base layer may be different. In an embodiment, the
first material may include thermoplastic polymer. The sec-
ond material may include at least one of a heat curable
material, dual component material, an ultra-violet (UV)
curable polymer, and a combination thereof. In other
embodiments, the first material defining the contour of the
base layer can be used to fill in the base layer, such that the
base layer is made up entirely of the first material.

[0040] The base layer may be formed on a base plate. The
base plate may be a flat surface for printing a 3D object. In
an embodiment, the base plate does not move horizontally so
that there is no deformation of the individual layers of the
object as they solidify over time. In other embodiments, the
base plate may be configured to move while either the first
nozzle or the second nozzle is dispensing material. The size
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of'the base plate may depend on the dimensions of the object
to be formed. In some embodiments, the base plate may
include a heated surface. The surface of the base plate may
be heated during a printing process to improve the curing
time for the base layer and subsequent layers of the object.

[0041] Insome embodiment, the method includes forming
a contour of a second layer of the object 220 on the base
layer. The contour may define a volume within the second
layer. In an embodiment, the contour of the second layer can
be made up of thermoplastic material and formed by the first
nozzle. The first nozzle can melt the first materials as it is
dispensed. The first material can be dispensed as a thin
thread of melted plastic and solidify as it is comes in contact
with the base plate or a previous layer of the object. In one
embodiment, the contour of the second layer can be the same
material as the contour of the base layer. In some embodi-
ments, the second layer may be a subsequent layer to the
base layer. The printing speed of contours of different layers
of the object can vary from one layer to the next. The
printing process can be customized to establish a unique
printing rate for each layer of the object based on the
dimensions of the layer and the material making up the layer.
In an embodiment, the contour of an individual layer of the
object can be printed at a slow rate due to the time saved
with the methods described herein.

[0042] In an embodiment, the contour of the second layer
of'the object may define the shape of the second layer of the
object. The thickness (for example, depth) of the contour of
the second layer may be about 0.1 mm to about 1 mm, for
example about 0.1 mm, about 0.2 mm, about 0.3 mm, about
0.4 mm, about 0.5 m, about 0.6 nm, about 0.7 mm, about 0.8
mm, about 0.9 mm, about 1 mm, or any thickness between
any of the stated values. In an embodiment, the thickness of
the contour of the second layer may be about 0.2 mm to
about 0.4 mm. The depth and thickness may generally be
any distance.

[0043] In some embodiments, a contour of a subsequent
layer of the object can be formed on the previous layer of the
object. The dimensions of the contour of the subsequent
layer may have larger dimensions than the dimensions of the
contour of the previous layer. A supporting structure can be
built and attached to the previous layer to support the larger
subsequent layer during the printing process. The previous
layers may need support until they are cured and strong
enough to support the subsequent layers printed on top of
them. In an embodiment, a support layer may be applied to
the previous layer prior to forming the contour of the
subsequent layer. The first nozzle 110 can be configured to
form the support layer between a third contour layer and at
least one of the contour of the first layer and the contour of
the second layer. The support layer may be partially applied
to the previous layer prior to forming the contour of the
subsequent layer. The support layer may aid the base layer
in supporting the weight of the second layer of the object.

[0044] In some embodiments, the first nozzle 110 can be
configured to form a contour of the support layer outside of
the dimensions of the first layer and the second layer. The
second nozzle 120 can fill in this contour of the support layer
with a UV curable material that is easily removed by peeling
or with solvent. In an embodiment, the support layer is
created to be easily removed once the printing process is
complete. The support layer provides support for the various
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layers while the layers are curing. Once all the layers have
cured, the support layer is removed without damaging the
completed object.

[0045] In other embodiments, the contour of the subse-
quent layer may be smaller than the contour of the previous
layer. In such an embodiment, the contour of the subsequent
layer may be partially formed over the cured material filling
in the base layer. In some embodiments, the contour of the
second layer of the object may be printed prior to the base
layer completely solidifying. In an embodiment, the base
layer may retain an adhesive characteristic to aid in coupling
to the contour of the second layer of the object.

[0046] The method further includes filling at least a por-
tion of the volume of the second layer within the second
layer of the object 230 with a material, the contour and the
material forming the second layer. In an embodiment, the
volume of the second layer may be defined by the dimen-
sions of the contour of the second layer. For example, in one
embodiment, the volume can be defined as an internal
volume between the base layer, the contour of the second
layer, and a plane at the top of the contour-forming plastic
edge. In some embodiments, the second layer of the object
230 may be filled with the second material. The second
material may be a liquid material. In an embodiment, the
volume of the second layer may be filled with at least one of
a dual component material, a UV curable polymer, and a
heat curable material.

[0047] In some embodiments, when the second layer is
filled with a liquid material there is complete filling of the
internal volume of the second layer. In some objects pro-
duced using STL 3D printing, there can be voids in the
volume of individual layers of the object, decreasing the
strength of the individual layers that make up an object. By
using a liquid material, the complete filling of the second
layer can insure high strength body with well-defined
mechanical properties for the individual layers that make up
an object.

[0048] In some embodiments, the volume of the second
layer may be completely filled before printing the contour of
a subsequent layer. The method includes dispensing, by the
second nozzle, the second material until the volume of the
second layer is at least partially filled. In some embodi-
ments, the dispensing of the second material does not need
to be extremely accurate for each individual layer as volume
errors can automatically average themselves out after sev-
eral layers. In some embodiments, the volume of the second
layer may be filled to a pre-determined point below the total
volume of the second layer of the object. In other embodi-
ments, the volume of the second layer may be completely
filled.

[0049] The printing surface (for example, the base plate)
on which the individual layers are printed on may be leveled
to prevent build-up of the second material on one side more
than another side due to an unevenness of the printing
surface. In some embodiments, if the printing surface is
uneven, the unevenness can be compensated by filling in
each layer a little less than full volume. The adhesion forces
of the second material can be used to bring the second
material of an individual layer to the corresponding level of
the contour of the individual layer. Alternatively, the base
plate may be made to rotate by some angle after each layer
is dispensed, so the average inclination of the part is zero
over many layers.
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[0050] In some embodiments, a vibrating element may be
coupled to the base plate. In an embodiment, the method
further comprises vibrating, by the vibrating element, the
base plate to evenly distribute the material across the volume
defined by the contour of the second layer of the object. In
some embodiments, the vibrating element may vibrate the
base plate at a frequency of about 1 Hz to about 100 Hz, at
accelerations of about 0.01 g to about 0.1 g. In an embodi-
ment, the vibrating element may include at least one of an
electromagnetic actuator, a motor with an off-center weight,
a Piezo-electric actuator.

[0051] In some embodiments, the method further includes
leveling, by a blade, the second layer of the object prior to
creating the contour of the third layer of the object. In some
embodiments, the blade may be coupled to the second
nozzle. In other embodiments, the blade may be coupled to
the first nozzle. In an embodiment, the blade may be
positioned above the second layer of the object to evenly
distribute the material dispensed within the border of the
contour of the second layer of the object. In other embodi-
ments, the blade may be coupled to the base plate. In some
embodiments, the base plate may be configured to move
sideways under the blade to level a newly dispensed layer of
the object. In an embodiment, the blade may be at a fixed
height. In other embodiments, the blade may be moveable
responsive to the size of the object and a number of layers
of the object. In an embodiment, the size of the blade may
correspond to the measurements of the object and the
measurements of each individual layer of the object.
[0052] In some embodiments, the method includes solidi-
fying the material in the second layer of the object 240. The
volume of the second layer of the object may be solidified
by a curing agent. In some embodiments, the curing agent
may be an ultra-violet (UV) source (for example, UV lamp).
Solidifying the material in the second layer of the object may
include exposing the material in the second layer of the
object to radiation from a UV lamp to heat or a combination
thereof. The curing agent can apply heat to the individual
layers of the object to solidify them. By using a curing agent,
there is less deformation to the individual layers of the object
because there is no cooling of the internal volume of the
individual layers. When there is cooling, the internal volume
may shrink and pull on the external surfaces in contact with
the individual layers. This pulling action can cause defor-
mation to the structure of the object. In an embodiment, the
second material may hardly shrink as it is cured. The
intensity of the curing agent can be configured to completely
solidify the material in the second layer of the object after
one or more additional layers have been formed on top of the
second layer.

[0053] The curing agent can be configured to provide
radiation at an intensity that partially solidifies the material
in the second layer of the object such that a surface of the
material in the second layer of the object retains an adhesive
characteristic for coupling the second layer of the object to
a third layer of the object. In an embodiment, the second
layer may be only partially solidified to ensure good adhe-
sion to a subsequent layer to be formed on top of the second
layer. In one embodiment, partially solidified when the
second layer of the object is 80% cured. In other embodi-
ments, the second layer may be considered partially solidi-
fied when it is at least about 70% cured.

[0054] In some embodiments, the curing agent may be
programmed to be inactive after a pre-determined time to
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ensure the material in the volume of the second layer is only
partially solidified. The pre-determined time may be a curing
time that it takes for the second layer of the object to be
partially solidified. The curing time can depend on the
material in the second layer. In some embodiments, the
pre-determined time may be when the second layer is strong
enough to support another layer of the object on top of it. In
one embodiment, the second layer of the object may be
strong enough to support another layer when it is at least
about 80% cured. In some embodiments, the intensity of the
curing agent can be adjusted to only cure each layer after
several additional layers have been placed on top of it. In an
embodiment, the curing agent can be programmed to
solidity the second layer of the object until it can support
another layer on top of it.

[0055] In some embodiments, a contour of the third layer
of the object may be formed on at least a portion of the
second layer. The contour may define a volume within the
third layer. In an embodiment, the forming of the contour of
the third layer occurs at substantially the same time as
solidifying of the material of the second layer. In one
embodiment, when the second layer of the object is being
cured, a contour of a subsequent layer may be printed. In
some embodiments, the contour of the subsequent layer may
be printed at substantially the same time the volume of the
previous layer is cured. In an embodiment, an amount of
time to solidify the second layer is about the same as an
amount of time required to form the contour of the third
layer. The volume within the third layer can be at least
partially filled with the second material, the contour of the
third layer and the second material forming the third layer.
[0056] In some embodiments, an outer surface of the
object can be washed off with a solvent. The outer surface
may be washed off once the object has been completed and
the internal volume filled with the second material has been
cured. In some embodiments, individual layers or groups of
individual layers can be washed with the solvent prior to the
entire object being completed. The solvent can wash away
the outer skin of the first material leaving the surface of the
object as solvent resistant. In some embodiments, the sol-
vent can wash away entirely the first material defining the
outer surface of the object, exposing the cured second
material. The second material (for example, UV curable
polymer) can be more solvent resistant than the first mate-
rial. In other embodiments, the outer skin of the first material
can be washed away with a solvent to leave a transparent
surface on the object. In some embodiments, the transparent
surface can be the exposed second material. In an embodi-
ment, the transparent surface can then be modified, for
example, by being painted.

[0057] In some embodiments, the object can be custom-
ized after it has been printed. In an embodiment, sections of
the outer surface of the object can be removed, such as by
a machine, to customize the object. In some embodiments,
the object can be customized by coupling various features or
devices to the surface of the object. In one embodiment, light
guides or lenses can be printed. The part internal transparent
volume can act as a light guide to achieve certain visual
effects. In other embodiments, the light-emitting diodes
(LED) can be coupled to the surface of the object. The LEDs
lighted part can act as lighted decals, knobs, or buttons on
the object.

[0058] Insome embodiments, the internal volumes of each
of the layers is divided into several, independent volumes,
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by printing a grid inside the internal volumes. The grid
divides the internal volume of the layer into several areas of
equal volume. Depending on the dimensions of the layer,
one or more than one grid may be printed inside the internal
volume. To fill in the volume of the areas of the internal
volume a pump (for example, a syringe pump) can be used.
The pump may be in addition to the second nozzle. The use
of grids and pumps may further increase printing speed by
allowing the volumes to be filled faster using several pumps
for an individual layer to achieve a higher fill rate and still
be sure of complete filling of the entire volume. The larger
the object and the larger the individual layers of the object
may increase the need to use grids.

[0059] FIG. 3 depicts an illustration of an embodiment of
forming a 3D object. In more detail, FIG. 3 includes 3
operations of forming the 3D object. In a first operation 310,
a base layer 305 is created on a base plate. The base layer
305 may be created by a first nozzle. In some embodiments,
the base layer may include molten plastic polymer. In an
embodiment, the base layer may include the same material
as the contour of the different layers of the object. In a
second operation 320, a contour 315 of a second layer of the
object can be created on the base layer 305. In an embodi-
ment, the contour 315 can be created by the first nozzle. The
contour 315 may define a volume of the second layer of the
object. In some embodiments, once the contour 315 of the
second layer is complete, a second nozzle 340 may dispense
the second material to fill the volume of the second layer. In
an embodiment, the second material may include UV cur-
able polymer. In a third operation 330, the volume of the
second layer can be placed under a curing agent 350 to
solidity the second layer 325 of the object. In some embodi-
ments, while the volume of the second layer is under the
curing agent 350, a contour of a third layer can be created
simultaneously.

[0060] FIG. 4 depicts an embodiment of a flow diagram of
a method 400 for creating a 3D printing system. For
example, the method 400 can be used to create the 3D
printing system 100 described above with respect to FIG. 1.
In a brief overview, the method includes coupling a first
nozzle to a support structure 410, coupling a second nozzle
to the support structure 420, coupling a curing agent to the
support structure 430, and connecting a base plate to a
bottom portion of the support structure 44).

[0061] Insomeembodiments, a first nozzle can be coupled
to a support structure 410. In an embodiment, the first nozzle
can be coupled to a track on the support structure. The first
nozzle may be configured to move long the track to form
objects of various shapes and sizes. In an embodiment, the
track may include two vertical poles. The vertical poles may
form the frame of the support structure. In some embodi-
ments, a reel may be coupled to the support structure. The
reel may feed the first material to the first nozzle.

[0062] In some embodiments, the second nozzle can be
coupled to the support structure 420. In an embodiment, the
second nozzle can be coupled to a track on the support
structure. The second nozzle may be configured to move
along the track. In other embodiments, the second nozzle
may be coupled the support structure in a fixed position. In
some embodiments, a reservoir may be coupled to the
support structure. The reservoir can be configured to hold a
second material to be dispensed by the second nozzle. In an
embodiment, at least one dispensing pump may be coupled
to the support structure. In some embodiments, at least one
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dispensing pump may be coupled to the second nozzle via a
conduit. The dispensing pump may control the flow of the
second material from the reservoir to the second nozzle. The
method may include coupling the dispensing pump to the
reservoir configured to hold the second material. In an
embodiment, the second material travels through at least one
conduit from the reservoir to the second nozzle via the
dispensing pump.

[0063] In some embodiments, the curing agent can be
coupled to the support structure 430. In an embodiment, the
curing agent may be coupled in a fixed position on the
support structure. In other embodiments, the curing agent
may be coupled to the track and be configured to move along
the track. The curing agent may be coupled above the base
plate to solidify the second material. In an embodiment, the
curing agent may be UV lamp.

[0064] In some embodiments, the base plate can be con-
nected to a bottom portion of the support structure 440. In
an embodiment, the base plate may be connected to a bottom
portion of the support structure. The bottom portion of the
support structure may include a track to guide the base plate.
The base plate may be configured to move laterally along the
track. Additionally, the base plate may be configured to
move in horizontally along the track. In other embodiments,
the base plate may be coupled to the support structure in a
fixed position.

[0065] In an embodiment, at least one blade may be
coupled to the support structure. In one embodiment, the
blade may be coupled to the track on the support structure.
In other embodiments, the blade may be coupled to the
second nozzle. The blade may be positioned just above the
second layer of the object to level the second material filling
the second layer. In some embodiments, the blade may be
coupled to the base plate. The base plate may be configured
to move laterally under the blade to level the second material
filling the second layer. In other embodiments, the base plate
may be configured to remain stationary during operation of
the second nozzle. In an embodiment, a vibrating element
may be coupled to the base plate. The vibrating element may
be configured to vibrate the base plate to spread evenly the
second material as it is dispensed into the volume of the
second layer.

[0066] FIG. 5 is a block diagram illustrating a general
architecture for a computer system that may be employed to
implement various elements of the systems and methods
described herein, in accordance with an embodiment. In
some embodiments, computer system 500 may be employed
to control operation and components of a 3D printing
system, for example, the 3D printing system described
above with respect to FIG. 1. The computer system can
include software for creating 3D objects using a 3D printing
system. The software may include a program to create a
digital model of an object to be printed. In some embodi-
ments, the computer system may include a computer-aided
design (CAD) program to create the digital model. The
computer system 500 can then control operation of a 3D
printing system to create the 3D object.

[0067] Insome embodiments, a user can access and create
a digital model on the computer system 500 via an input
device 530. In some embodiments, upon receiving input via
the input device 530, processor 510 can access the data
structure stored in memory element 505 and execute, per-
form, or otherwise determine one or more commands to
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instruct a 3D printing system to form a 3D object, such as
the methods as described with respect to FIG. 2.

[0068] In some embodiments, the processor 510 may
prompt or otherwise request the user of the computer system
500 to provide additional information to facilitate printing
the 3D object. In some embodiments, the computer system
500 may be configured to receive a diagram of a 3D object
to be printed. The computing system can determine the
number of layers to create the object, and characteristics of
the layers (for example, thickness, material type).

[0069] The processor 510 can generate the material vol-
umes for printing a contour of a layer of the object and
transmit the material volume commands to the 3D printing
system. In some embodiments, the processor 510 can gen-
erate the material volumes for filling in an internal volume
of the layer of the object and transmit the volumes to a
dispensing pump, such as dispensing pump 150 illustrated in
FIG. 1. The computing system 500 can be configured to
control the curing agent during the printing process. For
example, in some embodiments, the curing agent can be
controlled such that the curing agent turns off at pre-
determined times to only partially solidify a second material
filling in a layer of the 3D object.

[0070] In other embodiments, the computer system 500
can be used in a customization process for an object. In one
embodiment, the processor 510 can transmit commands to
create a brake out plane with the first material. In other
embodiments, the processor 510 can transmit commands to
create a brake out plane with the second material. The
processor 510 can control the curing of the second material
by turning off the curing agent at a pre-determined time to
only partially solidify the second material. The break-out
plane can be solidified enough to support a subsequent layer
on top of it, but soft enough to be broken off after the
printing process is complete.

[0071] The computing system 500 can include a bus 505
or other communication component for communicating
information and a processor 510 or processing circuit
coupled to the bus 505 for processing information. The
computing system 500 can also include one or more pro-
cessors 510 or processing circuits coupled to the bus for
processing information. The computing system 500 also
includes main memory 515, such as a random access
memory (RAM) or other dynamic storage device, coupled to
the bus 505 for storing information, and instructions to be
executed by the processor 510. Main memory 515 can also
be used for storing position information, temporary vari-
ables, or other intermediate information during execution of
instructions by the processor 510. The computing system
500 may further include a read only memory (ROM) 520 or
other static storage device coupled to the bus 505 for storing
static information and instructions for the processor 510. A
storage device 525, such as a solid state device, magnetic
disk or optical disk, is coupled to the bus 505 for persistently
storing information and instructions.

[0072] The computing system 500 may be coupled via the
bus 505 to a display 535, such as a liquid crystal display, or
active matrix display, for displaying information to a user.
An input device 530, such as a keyboard including alpha-
numeric and other keys, may be coupled to the bus 505 for
communicating information and command selections to the
processor 510. In another implementation, the input device
530 has a touch screen display 535. The input device 530 can
include a cursor control, such as a mouse, a trackball, or
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cursor direction keys, for communicating direction informa-
tion and command selections to the processor 510 and for
controlling cursor movement on the display 535.

[0073] According to various implementations, the pro-
cesses described herein can be implemented by the comput-
ing system 500 in response to the processor 510 executing
an arrangement of instructions contained in main memory
515. Such instructions can be read into main memory 515
from another computer-readable medium, such as the stor-
age device 525. Execution of the arrangement of instructions
contained in main memory 515 causes the computing system
500 to perform the illustrative processes described herein.
One or more processors in a multi-processing arrangement
may also be employed to execute the instructions contained
in main memory 515. In alternative implementations, hard-
wired circuitry may be used in place of or in combination
with software instructions to effect illustrative implementa-
tions. Thus, implementations are not limited to any specific
combination of hardware circuitry and software.

[0074] Although an example computing system has been
described in FIG. 5, implementations of the subject matter
and the functional operations described in this specification
can be implemented in other types of digital electronic
circuitry, or in computer software, firmware, or hardware,
including the structures disclosed in this specification and
their structural equivalents, or in combinations of one or
more of them.

EXAMPLES

Example 1: 3D Printing System with a Vibrating
Element

[0075] A digital model of a 3D object is created on a CAD
program executing on a computing device. The CAD pro-
gram divides the 3D object into multiple layers and deter-
mine the characteristics of each layer, such as the dimen-
sions and volume of each layer. The computing device is
communicatively coupled to a 3D printing system and can
transmit commands to the components of the 3D printing
system to create the 3D object. The 3D printing system can
receive the commands and begin printing the 3D object
based on the characteristics of the individual layers.

[0076] The 3D printing system includes a support struc-
ture that defines the shape of the 3D printing system. The
support structure includes a base element with a base plate
and two vertical poles attached to the base element. The base
plate has a level surface to print a 3D object on. The base
plate moves forward and backwards along the base element
of the 3D printing system during the printing process. The
vertical poles protrude from the base clement to define a
height of the 3D printing system. The vertical poles are
configured to hold a track system for guiding printing
nozzles during the printing process. The track changes its
distance from the base plate by moving up or down the
vertical poles. This movement is controlled by stepper
motors coupled to the 3D printing system. The distance from
the track to the base plate is dependent upon the object being
printed. The 3D printing system further includes two nozzles
attached to the track. The first nozzle and the second nozzle
are configured to move in a left/right motion along the track.
The movement of the first nozzle along the track is also
controlled by the stepper motors. A first stepper motor
moves the track in the up/down direction via the vertical
poles during the printing process. A second stepper motor
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moves the first nozzle in the left to right and right to left
direction along the track during the printing process. A third
stepper motor moves the second nozzle in the left to right
and right to left direction along the track during the printing
process.

[0077] The first nozzle is fed plastic wire from a reel
attached to the support structure. The reel holds a spool of
plastic wire. The first nozzle is configured to melt the plastic
wire during a printing process and dispense the melted
plastic on the base plate. To print the first layer of the object
(the base layer), the first nozzle dispenses the melted plastic
uniformly over an area on the base plate. The first nozzle
then moves along the track to trace a contour of a second
layer with the melted plastic. The contour of the second layer
will be about 0.2 mm to about 0.4 mm, resulting in a shallow
internal volume to fill.

[0078] Once the contour of the second layer is printed, the
second nozzle dispenses the melted plastic to fill in the
volume formed by the contour with UV curable polymer to
complete the second layer. The shape and dimension data for
the second layer is transmitted from the computing device to
the first nozzle.

[0079] Once the second layer is completed, the first nozzle
can trace the contour of the third layer on the second layer.
Once the contour of the third layer is completed, the second
nozzle can fill in the internal volume formed by the contour
with UV curable polymer to complete the third layer.

[0080] To fill in the contour of the second layer, the second
nozzle is attached to a reservoir of UV curable polymer via
a tube and dispensing pump. The volume amounts are
transmitted from the computing device to the dispensing
pump situated between the reservoir and the second nozzle.
The second nozzle fills the internal volume formed by the
contour of the second layer until the contour is completely
filled (for example, to the top of the plane defined by the
height of the contour of the second layer). The liquid UV
curable polymer filling in the second layer is leveled and
evened out by a vibrating element attached to the base plate.
As the UV curable polymer is dispensed, the vibrating
element gently vibrates the base plate to evenly distribute
the liquid material in the contour of the second layer.

[0081] Once the contour of the second layer of the object
is filled, a UV lamp is turned on to cure the second layer. The
UV lamp is coupled to the track above the base plate and
heats the entire work surface (for example, the base plate).
The UV lamp is configured to continuously cure each layer
of the object as it is printed. At substantially the same time
the UV lamp is curing the second layer of the object, the first
nozzle can trace a contour of a third layer of the object. The
third layer can be shallower in depth relative to the second
layer to allow the previous layer to continue to be cured after
the contour of the third layer is printed on top of the second
layer. The curing time of each layer is substantially equal to
the time it takes to print the contour of the next layer and to
fill the contour. This method improves 3D printing speeds by
printing the contour of the next layer while the current layer
and previous layers are simultaneously being cured. The
contours of each layer can be printed at a slower rate, while
the internal volume of previous layers are cured, improving
3D printing speeds without sacrificing accuracy and
mechanical properties of the 3D object. This process can
continue until all of the layers of the object have been
printed and the 3D object is completed.

Jul. 26,2018

Example 2: 3D Printing System with a Blade

[0082] A digital model of a 3D object is created on a CAD
program executing on a computing device. The CAD pro-
gram divides the 3D object into multiple layers and deter-
mines the characteristics of each layer, such as the dimen-
sions and volume of each layer. The computing device is
communicatively coupled to a 3D printing system and can
transmit commands to the components of the 3D printing
system to create the 3D object. The 3D printing system can
receive the commands and begin printing the 3D object
based on the characteristics of the individual layers.

[0083] The 3D printing system includes a support struc-
ture that defines the shape of the 3D printing system. The
support structure includes a base element with a base plate
and two vertical poles attached to the base element. The base
plate has a level surface to print a 3D object on. The base
plate is configured to move in a horizontal motion (forward/
backwards) along the base element and move in a vertical
motion (up/down) along the vertical poles. The vertical
poles protrude from the base element to define a height of
the 3D printing system. The vertical poles are configured to
hold a track system for guiding printing nozzles during the
printing process. The track changes its distance from the
base plate by moving up or down the vertical poles. This
movement is controlled by stepper motors coupled to the 3D
printing system. The distance from the track to the base plate
is dependent upon the object being printed. The 3D printing
system further includes two nozzles attached to the track.
Both the first nozzle and the second nozzle are configured to
move in a left/right motion along the track. The second
nozzle is attached at a higher point on the track than the first
nozzle to avoid contact or interference with each other
during the printing process. The movement of the first
nozzle and second nozzles are controlled by the stepper
motors. A first stepper motor moves the track up/down the
vertical poles during the printing process. A second stepper
motor moves the first nozzle in a left to right and right to left
direction along the track during the printing process. A third
stepper motor moves the second nozzle in a left to right and
right to left direction along the track during the printing
process.

[0084] The first nozzle is fed plastic wire from a reel
attached to the support structure. The reel holds a spool of
plastic wire. The first nozzle is configured to melt the plastic
wire during a printing process and dispense the melted
plastic on the base plate. To print the first layer of the object
(the base layer), the first nozzle dispensed the melted plastic
uniformly over an area on the base plate. The first nozzle
then moves along the track to trace a contour of a second
layer with the melted plastic. The contour of the second layer
will be about 0.2 mm to about 0.4 mm, resulting in a shallow
internal volume to fill.

[0085] Once the contour of the second layer is printed, the
second nozzle dispenses the melted plastic to fill in the
volume formed by the contour with UV curable polymer to
complete the second layer. The shape and dimension data for
the second layer is transmitted from the computing device to
the first nozzle.

[0086] Once the second layer is completed, the first nozzle
can trace the contour of the third layer on the second layer.
Once the contour of the third layer is completed, the second
nozzle can fill in the internal volume formed by the contour
with UV curable polymer to complete the third layer.
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[0087] The second nozzle moves along the track to evenly
dispensing the second material into the internal volume of
the second layer. To fill in the contour of the second layer,
the second nozzle is attached to a reservoir of UV curable
polymer via a tube and dispensing pump. The volume
amounts are transmitted from the computing device to the
dispensing pump situated between the reservoir and the
second nozzle.

[0088] The second nozzle fills the internal volume formed
by the contour of the second layer until the contour is
completely filled (for example, to the top of the plane
defined by the height of the contour of the second layer). To
level the internal volume formed by the contour of the
second layer, a blade is coupled to the support structure. The
blade is attached at a fixed height on the support structure
and the base plate, with the printed layers on it, and the blade
moves evenly across the top of internal volume distributing
the UV curable material. The base plate is configured to
move down in a vertical direction after each layer is printed
to ensure the blade is positioned even with the height of the
contour of the next layer. The distance may change about 0.2
mm to about 0.4 mm, depending on the thickness of the
corresponding layer just printed.

[0089] Once the contour of the second layer of the object
is filled and leveled, a UV lamp is turned on to cure the
second layer. The UV lamp is coupled to the track above the
base plate. The UV lamp is positioned at approximately the
same height as the second nozzle and floods the entire work
surface (for example, the base plate). The UV lamp is
configured to continuously cure each layer of the object as
it is printed. At substantially the same time the UV lamp is
curing the second layer of the object, the first nozzle can
trace a contour of a third layer of the object. The third layer
can be shallower in depth relative to the second layer to
allow the previous layers to continue to be cured after the
contour of the third layer is printed on top of the second
layer. The curing time of each layer is substantially equal to
the time needed to print the contour of the next layer and to
fill the contour. This method improves 3D printing speeds by
printing the contour of the next layer while the current layer
and previous layers are simultaneously being cured. The
contours of each layer can be printed at a slower rate, while
the internal volume of previous layers are cured, improving
3D printing speeds without sacrificing accuracy and
mechanical properties of the 3D object. This process can
continue until all of the layers of the object have been
printed and the 3D object is completed.

[0090] Implementations of the subject matter and the
operations described in this specification can be imple-
mented in digital electronic circuitry, or in computer soft-
ware, firmware, or hardware, including the structures dis-
closed in this specification and their structural equivalents,
or in combinations of one or more of them. The subject
matter described in this specification can be implemented as
one or more computer programs, i.e., one or more circuits of
computer program instructions, encoded on one or more
computer storage media for execution by, or to control the
operation of, data processing apparatus. Alternatively, or in
addition, the program instructions can be encoded on an
artificially generated propagated signal, for example, a
machine-generated electrical, optical, or electromagnetic
signal that is generated to encode information for transmis-
sion to suitable receiver apparatus for execution by a data
processing apparatus. A computer storage medium can be, or
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be included in, a computer-readable storage device, a com-
puter-readable storage substrate, a random or serial access
memory array or device, or a combination of one or more of
them. Moreover, while a computer storage medium is not a
propagated signal, a computer storage medium can be a
source or destination of computer program instructions
encoded in an artificially generated propagated signal. The
computer storage medium can also be, or be included in, one
or more separate components or media (for example, mul-
tiple CDs, disks, or other storage devices).

[0091] The term “data processing apparatus” or “comput-
ing device” encompasses various apparatuses, devices, and
machines for processing data, including by way of example
a programmable processor, a computer, a system on a chip,
or multiple ones, or combinations of the foregoing. The
apparatus can include special purpose logic circuitry, for
example, an FPGA (field programmable gate array) or an
ASIC (application specific integrated circuit). The apparatus
can also include, in addition to hardware, code that creates
an execution environment for the computer program in
question, for example, code that constitutes processor firm-
ware, a protocol stack, a database management system, an
operating system, a cross-platform runtime environment, a
virtual machine, or a combination of one or more of them.
The apparatus and execution environment can realize vari-
ous different computing model infrastructures, such as web
services, distributed computing and grid computing infra-
structures.

[0092] A computer program (also known as a program,
software, software application, script, or code) can be writ-
ten in any form of programming language, including com-
piled or interpreted languages, declarative or procedural
languages, and it can be deployed in any form, including as
a stand-alone program or as a circuit, component, subrou-
tine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, cor-
respond to a file in a file system. A program can be stored in
a portion of a file that holds other programs or data (for
example, one or more scripts stored in a markup language
document), in a single file dedicated to the program in
question, or in multiple coordinated files (for example, files
that store one or more circuits, sub programs, or portions of
code). A computer program can be deployed to be executed
on one computer or on multiple computers that are located
at one site or distributed across multiple sites and intercon-
nected by a communication network.

[0093] Processors suitable for the execution of a computer
program include, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will receive instructions and data from a read only
memory or a random access memory or both. The essential
elements of a computer are a processor for performing
actions in accordance with instructions and one or more
memory devices for storing instructions and data. Generally,
a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more
mass storage devices for storing data, for example, mag-
netic, magneto optical disks, or optical disks. However, a
computer need not have such devices. Moreover, a computer
can be embedded in another device, for example, a mobile
telephone, a personal digital assistant (PDA), a mobile audio
or video player, a game console, a Global Positioning
System (GPS) receiver, or a portable storage device (for
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example, a universal serial bus (USB) flash drive), to name
just a few. Devices suitable for storing computer program
instructions and data include all forms of non-volatile
memory, media and memory devices, including by way of
example semiconductor memory devices, for example,
EPROM, EEPROM, and flash memory devices; magnetic
disks, for example, internal hard disks or removable disks;
magneto optical disks; and CD ROM and DVD-ROM disks.
The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

[0094] To provide for interaction with a user, implemen-
tations of the subject matter described in this specification
can be implemented on a computer having a display device,
for example, a CRT (cathode ray tube) or LCD (liquid
crystal display) monitor, for displaying information to the
user and a keyboard and a pointing device, for example, a
mouse or a trackball, by which the user can provide input to
the computer. Other kinds of devices can be used to provide
for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback,
for example, visual feedback, auditory feedback, or tactile
feedback; and input from the user can be received in any
form, including acoustic, speech, or tactile input.

[0095] One or more flow diagrams may have been used
herein. The use of flow diagrams is not meant to be limiting
with respect to the order of operations performed. The herein
described subject matter sometimes illustrates different
components contained within, or connected with, different
other components. It is to be understood that such depicted
architectures are merely illustrative, and that in fact many
other architectures can be implemented which achieve the
same functionality. In a conceptual sense, any arrangement
of components to achieve the same functionality is effec-
tively “associated” such that the desired functionality is
achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as “associated
with” each other such that the desired functionality is
achieved, irrespective of architectures or intermedial com-
ponents. Likewise, any two components so associated can
also be viewed as being “operably connected”, or “operably
coupled”, to each other to achieve the desired functionality,
and any two components capable of being so associated can
also be viewed as being “operably couplable”, to each other
to achieve the desired functionality. Specific examples of
operably couplable include but are not limited to physically
mateable and/or physically interacting components and/or
wirelessly interactable and/or wirelessly interacting compo-
nents and/or logically interacting and/or logically inter-
actable components.

[0096] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may
be expressly set forth herein for sake of clarity.

[0097] It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (for example, bodies of the appended claims) are
generally intended as “open” terms (for example, the term
“including” should be interpreted as “including but not
limited to,” the term “having” should be interpreted as
“having at least,” the term “includes” should be interpreted
as “includes but is not limited to,” and so on). It will be
further understood by those within the art that if a specific
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number of an introduced claim recitation is intended, such
an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For
example, as an aid to understanding, the following appended
claims may contain usage of the introductory phrases “at
least one” and “one or more” to introduce claim recitations.
However, the use of such phrases should not be construed to
imply that the introduction of a claim recitation by the
indefinite articles “a” or “an” limits any particular claim
containing such introduced claim recitation to inventions
containing only one such recitation, even when the same
claim includes the introductory phrases “one or more” or “at
least one” and indefinite articles such as “a” or “an” (for
example, “a” and/or “an” should typically be interpreted to
mean “at least one” or “one or more”); the same holds true
for the use of definite articles used to introduce claim
recitations. In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those skilled
in the art will recognize that such recitation should typically
be interpreted to mean at least the recited number (for
example, the bare recitation of “two recitations,” without
other modifiers, typically means at least two recitations, or
two or more recitations). Furthermore, in those instances
where a convention analogous to “at least one of A, B, and
C, and so on” is used, in general such a construction is
intended in the sense one having skill in the art would
understand the convention (for example, “a system having at
least one of A, B, and C” would include but not be limited
to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B,
and C together, and so on). In those instances where a
convention analogous to “at least one of A, B, or C, and so
on” is used, in general such a construction is intended in the
sense one having skill in the art would understand the
convention (for example, “a system having at least one of A,
B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, and
so on). It will be further understood by those within the art
that virtually any disjunctive word and/or phrase presenting
two or more alternative terms, whether in the description,
claims, or drawings, should be understood to contemplate
the possibilities of including one of the terms, either of the
terms, or both terms. For example, the phrase “A or B” will
be understood to include the possibilities of “A” or “B” or
“Aand B.”

[0098] The foregoing description of illustrative embodi-
ments has been presented for purposes of illustration and of
description. It is not intended to be exhaustive or limiting
with respect to the precise form disclosed, and modifications
and variations are possible in light of the above teachings or
may be acquired from practice of the disclosed embodi-
ments. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents.

1. A system comprising:
a base plate;

a first nozzle configured to form a base layer of an object
on the base plate, and to form a contour of a second
layer of the object on the base layer with a first material,
wherein the contour defines a volume within the second
layer;

a second nozzle configured to at least partially fill the
volume within the second layer with a second material,
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wherein the contour of the second layer and the second
material form the second layer; and

a curing agent configured to solidify the second material.

2. The system of claim 1, wherein the first nozzle is
configured to form a contour of a third layer of the object on
at least a portion of the second layer with the first material,
wherein the contour defines a volume within the third layer;
and

wherein the second nozzle is configured to at least par-
tially fill the volume within the third layer with the
second material, and wherein the contour of the third
layer and the second material form the third layer.

3. The system of claim 1, wherein the first nozzle is

configured to:

form a contour of a third layer of the object at least
partially outside at least one of the contour of the first
layer and the contour of the second layer; and

form a support layer between a third contour layer and at
least one of the contour of the first layer and the contour
of the second layer.

4. The system of the claim 1, further comprising a
dispensing pump coupled to the second nozzle via a conduit;
wherein the dispensing pump is coupled to a reservoir, and
wherein the reservoir is configured to hold the second
material.

5. The system of claim 1, further comprising:

a vibrating element coupled to the base plate; and

a blade coupled to the second nozzle, wherein the blade
is positioned above the second layer of the object, and
wherein the blade is configured to level the second
layer of the object.

6. The system of claim 1, further comprising a processor

configured to:

control operation of the first nozzle, the second nozzle,
and the curing agent;

calculate an amount of material to fill the volume within
the second layer of the object; and

transmit a command to a dispensing pump, wherein the
command comprises an instruction to fill the volume
with the amount of material.

7. The system of claim 1, wherein the first material
comprises a thermoplastic polymer, wherein the second
material comprises at least one of an ultraviolet (UV)
curable polymer, a dual component material, and a heat
curable material, and wherein a curing temperature of the
second material is lower than a melting temperature of the
first material.

8. The system of claim 5, wherein the vibrating element
is configured to vibrate the base plate at a frequency of about
1 Hz to about 100 Hz, at accelerations of about 0.01 g to
about 0.1 g.

9. A system comprising:

a first nozzle configured to:

form a base layer of an object on a base plate; and

form a contour of a second layer of the object on the
base layer, wherein the contour defines a volume
within the second layer;

a second nozzle configured to fill at least a portion of the
volume within the second layer of the object with a
material, wherein the contour and the material form the
second layer; and

a curing agent configured to solidify the material in the
second layer of the object,
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wherein the first nozzle is configured to simultaneously
form a contour of a third layer of the object on at least
a portion of the second layer such that an amount of
time required to solidify the material in the second
layer is about the same as an amount of time required
to form the contour of the third layer.

10. The system of claim 9, wherein the contour of the
third layer defines a volume within the third layer, wherein
the second nozzle is further configured to fill, at least a
portion of the volume within the third layer of the object
with a material, wherein the contour and the material form
the third layer,

wherein the contour of the formed third and subsequent
layers occurs at the same time as solidification of the
material in the previous layers.

11. The system of claim 9, further comprising a vibrating
element configured to vibrate the base plate to evenly
distribute the material across the volume defined by the
contour of the second layer of the object.

12. The system of claim 9, further comprising a blade
configured to level the second layer of the object prior to
creation of the contour of the third layer of the object.

13. The system of claim 9, wherein solidification of the
material in the second layer of the object comprises expo-
sure of the material in the second layer of the object to
radiation from a ultraviolet (UV) lamp, to heat or a combi-
nation thereof.

14. The system of claim 9, wherein the curing agent is
configured to be inactive after a predetermined time, and
wherein at least a portion of the material in the second layer
of the object is at least partially solidified at the predeter-
mined time.

15. The system of claim 9, wherein the curing agent is
configured to provide radiation at an intensity that partially
solidifies the material in the second layer of the object,
wherein a surface of the material in the second layer of the
object retains an adhesive characteristic for coupling the
second layer of the object to the third layer of the object; and
wherein the intensity of the curing agent is configured to
completely solidify the material in the second layer of the
object after one or more additional layers have been formed
on top of the second layer.

16. The system of claim 9, further comprising a processor
configured to:

control operation of at least one of the first nozzle, the
second nozzle, and the curing agent;

to calculate an amount of material to fill the volume
within the second layer of the object; and

to transmit a command to a dispensing pump, wherein the
command comprises an instruction to fill the volume
within the second layer of the object with the amount
of material.

17. A system comprising:

a first nozzle coupled to a support structure, wherein the
first nozzle is configured to form a base layer of an
object and to form a contour of a second layer of the
object with a first material, and wherein the contour
defines a volume within the second layer;

a second nozzle coupled to the support structure, wherein
the second nozzle configured to at least partially fill the
volume within the second layer with a second material,
and wherein the contour and the second material form
the second layer;
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a curing agent coupled to the support structure, wherein
the curing agent is configured to solidify the second
material;

wherein the first nozzle is configured to simultaneously
form a contour of a third layer of the object on at least
aportion of the second layer wherein an amount of time
required to solidify the second material is about the
same as an amount of time required to form the contour
of the third layer; and

a base plate coupled to a bottom portion of the support
structure, wherein the first nozzle moves independently
of the second nozzle.

18. The system of the claim 17, further comprising:

a dispensing pump coupled to the second nozzle via a
conduit; and

the dispensing pump coupled to a reservoir, and wherein
the reservoir is configured to hold the second material.

19. The system of claim 17, further comprising:

a vibrating element coupled to the base plate; and

a blade coupled to the second nozzle, wherein the blade
is positioned above the second layer of the object, and
wherein the blade is configured to level the second
layer of the object.
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