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THREE-DIMENSIONAL OBJECT PRINTING

FIELD OF THE INVENTION

[0001] The present invention relates to apparatuses and
methods useful in three-dimensional object printing. Spe-
cifically, embodiments of the present invention relate to
systems, methods, and apparatuses for management of the
supply of modeling materials for use in three-dimensional
object printing.

BACKGROUND OF THE INVENTION

[0002] Three-dimensional (3D) printing is a process used
for the printing of three-dimensional objects, for example by
printing or building parts of such models in layers. Such 3D
models may be used, for example, for production of proto-
type parts and/or tools for use in the manufacturing of 3D
products or models.

[0003] Various systems have been developed for comput-
erized three-dimensional printing, wherein material for
object printing is deposited in consecutive layers according
to a pre-determined configuration or in selected arrays as
defined by, for example, a Computer Aided Design (CAD)
system connected to the printing systems. Such materials
may include materials for constructing an object and mate-
rials used for constructing support structures for an object.

[0004] Some three-dimensional printers utilize a printing
head, for example an ink-jet type printing head, through
which material for printing three-dimensional objects is
jetted. The printing head may draw material from a reservoir
containing the material. The reservoir may be connected to
the printing head, and may supply the material via a tube or
tubes to the printing head. A common type of reservoir may
consist of a container, such as a cartridge, containing build-
ing material. Other types of reservoirs and feed systems may
be used.

[0005] The printing of a given three-dimensional object
may require a finite and calculable amount of building
material for completion. It may be advantageous to have a
system for efficiently managing the supply of materials for
usage during a printing process.

SUMMARY

[0006] Embodiments of the present invention provide an
apparatus and method for management and control of the
supply of building materials in three-dimensional object-
printing apparatuses. A printing system, according to some
embodiments of the present invention, may include a con-
troller, a printing apparatus, and a cartridge, container or
supply system that may include a sensor to measure the
status of building material in the cartridge. In other embodi-
ments the 3D printing apparatus may include a system such
as a set of valves or a valve matrix to control supply of
building materials from at least one cartridge apparatus or
supply system to the printing apparatus.

[0007] According to some embodiments of the present
invention, management and control of materials may be
achieved by measuring data on the status of building mate-
rial in at least one printing cartridge or supply system, and
processing the building material status data to determine
parameters of the building material. The printing controller
may further determine supply parameters of the building
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material, and control the supply of the building material
from two or more cartridges according to the supply param-
eters. In some embodiments, the printing controller may
send messages to an operator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The principles and operation of the system, appa-
ratus, and method according to the present invention may be
better understood with reference to the drawings, and the
following description, it being understood that these draw-
ings are given for illustrative purposes only and are not
meant to be limiting, wherein:

[0009] FIG. 1 is a block diagram of a 3D printer system
according to an exemplary embodiment of the present
invention;

[0010] FIG. 2 is a schematic illustration of a cartridge
apparatus according to an exemplary embodiment of the
present invention;

[0011] FIG.3 is a graphical illustration of a cartridge inner
bag according to an exemplary embodiment of the present
invention;

[0012] FIG. 4 is a schematic illustration of an array of
cartridges according to an exemplary embodiment of the
present invention;

[0013] FIG. 5 is a schematic illustration of a cartridge
housing and associated components according to an exem-
plary embodiment of the present invention; and

[0014] FIG. 6 is a flow chart illustration of an exemplary
method to control material supply to a 3D printing apparatus
according to an embodiment of the present invention.

[0015] Tt will be appreciated that for simplicity and clarity
of illustration, elements shown in the drawings have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements may be exaggerated relative
to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the
drawings to indicate corresponding or analogous elements
throughout the serial views.

DETAILED DESCRIPTION

[0016] The following description is presented to enable
one of ordinary skill in the art to make and use the invention
as provided in the context of a particular application and its
requirements. Various modifications to the described
embodiments will be apparent to those with skill in the art,
and the general principles defined herein may be applied to
other embodiments. Therefore, the present invention is not
intended to be limited to the particular embodiments shown
and described, but is to be accorded the widest scope
consistent with the principles and novel features herein
disclosed. In other instances, well-known methods, proce-
dures, and components have not been described in detail so
as not to obscure the present invention.

[0017] Ttis noted that the term “building material” as used
herein may include model or “modeling” material, support
material, and/or any suitable combination of model material
and/or support material, used in the building, forming,
modeling, printing or other construction of three-dimen-
sional (3D) objects or models. Building material may
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include material used to create models, material used to
modify such material (e.g., dyes, fillers, etc), support mate-
rial, or other material used in the creation of objects, whether
or not appearing in the final object.

[0018] In some 3D printing systems completion of a 3D
object may take, for example, a number of hours, during
which time the building material from one or more supply
sources (e.g., cartridges, reservoirs, bags, etc.) may run dry
or be depleted. According to some embodiments of the
present invention, the building material sources required for
object printing, for example one or more three dimensional
building material storage containers such as printer car-
tridges or other suitable sources, may be monitored and, for
example, the supply of materials may be controlled so as to
provide building materials on demand. In addition, the
supply of building materials of multiple colors or types
required for the printing of a given object may be monitored
and selectively controlled. Embodiments of the present
invention may provide apparatuses and methods for man-
agement and control of the supply of material or materials
required for the printing of three-dimensional prototype
objects, such as models, in three-dimensional printing sys-
tems. In some embodiments, such control apparatuses and
methods may help to ensure continuous and uninterrupted
supply of required material(s) to a 3D printing apparatus,
and may negate the necessity for manual monitoring of
materials and on-hand replacement of containers during
printing.

[0019] The printing system and system components
according to embodiments of the present invention may be
similar to and use or be based on aspects of embodiments
described in U.S. Pat. No. 6,259,962, issued Mar. 1, 1999,
titled “APPARATUS AND METHOD FOR THREE
DIMENSIONAL MODEL PRINTING”; and U.S. Pat. No.
6,569,373, issued May 27, 2003, titled “COMPOSITIONS
AND METHODS FOR USE IN THREE DIMENSIONAL
MODEL PRINTING”, as well as U.S. patent applications
Ser. No. 09/412,618, filed Oct. 6, 1999, titled “SYSTEM
AND METHOD FOR THREE DIMENSIONAI, MODEL
PRINTING”; Ser. No. 10/424,732, filed Apr. 29, 2003, titled
“COMPOSITIONS AND METHODS FOR USE IN
THREE DIMENSIONAL MODEL PRINTING”; Ser. No.
10/101,089, filed Mar. 20, 2002, titled “SYSTEM AND
METHOD FOR PRINTING AND SUPPORTING THREE
DIMENSIONAL OBIJECTS”; Ser. No. 09/484,272, filed
Jan. 18, 2000, titled “SYSTEM AND METHOD FOR
THREE DIMENSIONAL MODE”; and/or Ser. No. 10/336,
032, filed Jan. 3, 2003, titled “DEVICE, SYSTEM AND
METHOD FOR ACCURATE PRINTING OF THREE
DIMENSIONAL OBJECTS”, all assigned to the common
assignee of the present invention and fully incorporated
herein by reference. However, the printer system according
to some embodiments of the present invention may also
have other configurations and/or other methods of operation.
For example, the printer system according to the present
invention may include more than one printing head, and/or
more than one material dispenser, positioner, curer, imager,
illuminator, leveler, sensor, cartridge, cartridge valve, etc. In
further embodiments, layer-by-layer deposition need not be
used, and other curing or solidifying methods may be used.

[0020] FIG. 1 is a block diagram of a 3D printer system
100 according to an exemplary embodiment of the present
invention. 3D printer system 100 may include, for example,
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a controller 105, printing apparatus 140, and one or more
three dimensional modeling material supply sources such as
cartridge apparatuses 180 or cartridge arrays 190. In a
typical configuration, a set of cartridge apparatuses outside
of cartridge arrays is not used with a separate cartridge array,
but such a configuration is within the scope of the invention.

[0021] Controller 105 may include, for example, a pro-
cessor 110, a memory unit 115, software code 120, and a
communications unit 125. Other configurations may be used
for a controller or control unit. Control functionality may be
spread across units, and not all control functionality may be
within system 100. For example, a separate unit, such as a
personal computer or workstation, or a processing unit
within a supply source such as a cartridge may provide some
control or data storage capability. Communications unit 125
may, for example, enable transfer of data and instructions
between controller 105 and printing apparatus 140, and/or
between controller 105 and one or more cartridge appara-
tuses 180 or cartridge arrays 190.

[0022] Printing apparatus 140 may include for example a
printing head 145, a material dispenser 150, a positioner
155, a printing tray 170, a set of valves (wherein set may
include one item) such as a valve matrix 175, a leveler 157,
and curer 159 and any other suitable components. Printing
apparatus 140 may include other suitable combinations of
components.

[0023] Material supply sources, such as cartridge appara-
tus 180, may be situated within printing apparatus 140 or
external to printing apparatus 140, and may be situated in a
separate unit connected to printing apparatus 140. One or
more cartridge arrays 190 may be situated in one or more
independent units, connectable to printing apparatus 140.
One or more cartridge apparatuses 180 and/or cartridge
arrays 190 may be connected to valve matrix 175 or other set
of valves via, for example, tubes carrying building material.
Cartridge apparatuses 180 and/or cartridge arrays 190 may
include one or more sensors 185 for each cartridge, to
determine the status of the modeling material in one or more
cartridges. Cartridge apparatus 180 may provide, for
example, model material and/or support material for use by
printing apparatus 140, to print 3D objects. Suitable material
supply units other than cartridges may be used; for example,
storage tanks, internal refillable tanks, bags or other units
without external casings, etc. One or more sensors 185 may
be part of cartridge apparatus 180.

[0024] Controller 105 may utilize Computer Object Data
(COD) representing an object or a model, such as CAD data
in Stereo Lithography (STL) format. Other data types or
formats may be used. Controller 105 may convert such data
to instructions for the various units within 3D printer system
100 to print a 3D object. Controller 105 may be located
inside printing apparatus 140 or outside of printing appara-
tus 100. Controller 105 may be located outside of printing
system 100 and may communicate with printing system 100,
for example, over a wire and/or using wireless communi-
cations. In some embodiments, controller 105 may include
a CAD system. In alternate embodiments, controller 105
may be partially external to 3D printer system 100. For
example, an external control or processing unit (e.g., a
personal computer, workstation, computing platform, or
other processing device) may provide some or all of the
printing system control capability.
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[0025] In some embodiments, a printing file or other
collection of print data may be prepared and/or provided
and/or programmed, for example, by a computing platform
connected to 3D printer system 100. The printing file may be
used to determine, for example, the order and configuration
of deposition of building material via, for example, move-
ment of and activation and/or non-activation of one or more
nozzles 147 of printing head 145, according to the 3D object
to be built.

[0026] Controller 105 may be implemented using any
suitable combination of hardware and/or software. In some
embodiments, controller 105 may include, for example, a
processor 110, a memory 115, and software or operating
instructions 120. Processor 110 may include conventional
devices, such as a Central Processing Unit (CPU), a micro-
processor, a “computer on a chip”, a micro controller, etc.
Memory 115 may include conventional devices such as
Random Access Memory (RAM), Read-Only Memory
(ROM), or other storage devices, and may include mass
storage, such as a CD-ROM or a hard disk. Controller 105
may be included within, or may include, a computing device
such as a personal computer, a desktop computer, a mobile
computer, a laptop computer, a server computer, or work-
station (and thus part or all of the functionality of controller
105 may be external to 3D printer system 100). Controller
105 may be of other configurations, and may include other
suitable components.

[0027] Controller 105 may receive data from one or more
material supply sources, and control the supply of building
material to printing apparatus 140, for example, by control-
ling the extraction or flow of materials from the printing
material sources, such as printing cartridges. For example,
controller 105 may use software code 120 to process data
related to the status of building material in one or more
supply sources to compute material parameters for building
material(s), material required to construct one or more
objects, and supply parameters for materials in one or more
cartridges. For example, material status data may indicate
types, volumes, masses, or other measures, quality, status
etc. of building material in one or more supply sources. For
example, material parameters may indicate potential yields
during printing usage etc. For example, computations of
material required may indicate how much material from one
or more material supply sources may be used in constructing
one or more objects. For example, supply parameters may
indicate or help determine, by controller 105 and/or one or
more operators, whether or not to use building material from
at least one selected cartridge or other source (e.g., to
prevent the need for a source switch during an object build),
when to extract building material from one or more car-
tridges, and how much building material to extract from one
or more cartridges at any given time, according to the
requirements of printing apparatus 140 for a particular
object being printed. Controller 105 may be suitably coupled
and/or connected to various components of printing appa-
ratus 140, to one or more cartridge apparatuses 180, and to
one or more cartridge arrays 190. For example, controller
105 may control valves, pumps, switches, compression or
inflation devices, positioning units, dispensing units, level-
ing devices, curing devices, or any other system compo-
nents.

[0028] Reference is now made to FIG. 2, which is a
schematic illustration of an exemplary material supply
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source, such as, for example, cartridge apparatus 200
according to some embodiments of the present invention.
Cartridge apparatus 200, which may be integrated into
printing system 100, may include a cartridge housing or
holder 210, to house a typically disposable cartridge 250,
which may store building material required by printing
apparatus 140. Cartridges or supply units need not be
disposable. Building material may include any suitable kind
of object building material, such as, for example, photo-
polymers, wax, powders, plastics, metals, and may comprise
model material or support material or any combination of
model and support material, or other suitable 3D object
printing materials. Building material may be inserted within
cartridge 250 and/or removed from cartridge 250. In other
embodiments a cartridge apparatus may be an apparatus to
hold, store or interface with supply units other than car-
tridges. Cartridge housings or receiving units of other forms
may be used.

[0029] In some embodiments of the present invention, the
model and support materials used for construction of the 3D
object are in a liquid form. Such materials may be similar to
those described in embodiments of U.S. Pat. No. 6,569,373
and U.S. patent application Ser. Nos. 09/412,618 and
10/424,732, all of the same Assignee, and incorporated
herein by reference. In an exemplary embodiment of the
present invention, the model and/or support materials used
are photopolymers that may contain material curable by
electro-magnetic radiation and/or electron beams etc. The
materials may come in different forms, textures, colors, etc.
Other materials may be used.

[0030] Cartridge holder or housing 210 may be con-
structed to house cartridge 250. Cartridge 250 may include
a handle 265 on one end for easy manual handling, and one
or more apertures (not shown) on one or more sides, through
which tubes or other components may extrude or be inserted.
Cartridge housing 210 may include an interface unit or
memory device reader, such as a memory chip reader 225
that may be connected to printing controller 105, to read data
from one or more memory devices such as memory chips or
other data storage units associated with cartridge 250, and
transfer data to controller 105. Other suitable data interface
units or data storage units may be used. For example, chips
need not be used. Cartridge housing 210 may include a
connection unit, or example, load cell 230, which may, for
example, include one or more sensors (e.g., sensor 185) to
gauge mechanical load properties. Load cell 230 may, for
example, secure cartridge housing 210 to printing system
100, translate mechanical load of cartridge 250 to voltage,
transmit signals to controller 105 and/or execute other
suitable functions. Controller 105 may, for example, trans-
late a signal sent from load cell 230 into weight (mass) status
data or other suitable data, thus, for example, helping to
determine the status of building material within a cartridge
at any given time. One or more sensors, for example, weight
sensors, may be located within load cell 230, however
sensors need not be located in load cell 230. Other suitable
sensors, such as volume sensors, may be used.

[0031] Cartridge housing 210 may be connected to the
printing apparatus 140 via, for example, a connection
mechanism 245, or any other suitable connection mecha-
nism. Cartridge housing 210 may include a cartridge-sens-
ing unit (e.g., 550 in FIG. 5), which for example may sense
whether or not a cartridge 250 is in place within cartridge
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housing 210, and may transmit this data to controller 105.
Sensors (e.g., sensors 185 in FIG. 1), which may be located
within load cell 230, may continually or periodically gauge
the status of material within cartridge 250 or of cartridge
250. Sensors 185 may gauge the mass of cartridge 250 or of
a portion of cartridge 250 thereby indicating the mass of
building material within cartridge 250. Data from sensors
185 may be transferred to processor 110, optionally by load
cell 230. Load cell 230 may be situated anywhere on
cartridge housing 210, for example, on top of cartridge
housing 210, beneath housing 210, or on any other part of
the housing, to enable gauging and/or translating of
mechanical load characteristics of a cartridge 250 housed in
cartridge holder 210 into electrical signals, for example, for
transmission to controller 105. Cartridge holder 210 may be
transparent, opaque, or impervious to light. Load cell 230
may be connected to controller 105 by for example a cable
connection or any other suitable connection. Other suitable
devices and methods for gathering data about materials may
be used.

[0032] Cartridge 250 may be, for example, flexible, dis-
posable, and replaceable. Reusable supply sources may also
be used. Cartridge 250 may have, for example, an external
rigid and/or inflexible casing or shell 255, and an internal
material holder such as a bag. External casing need not be
inflexible, and other numbers and combinations of shells or
casing/holders may be used. An example of an internal bag
of cartridge 250 can be seen with reference to FIG. 3, which
is a graphical illustration of an inner cartridge bag 300 in an
inflated state, which may contain building material, for
example, model and/or support material, to be used by
printing apparatus 140. Cartridge bag 300 may be con-
structed, for example, from flexible and typically imperme-
able material, such as flexible and impermeable metallic
material or any other suitable flexible and impermeable
material, and may be transparent, opaque or impenetrable to
light. Internal bag 300 may include an inner tube 310, which
may be, for example, a rubber-sealed protruding tube
through which the building material may be drawn or
channeled. Tube 310 may protrude outside of bag 300 for
connection to tubing of printing apparatus 140. The protrud-
ing end of inner tube 310 may extend through an aperture/s
(not shown) in external cartridge shell 255 of cartridge 250.
For example, inner tube 310 may have a sloping shape that
may be placed with one end extending from the lowest point
of inner bag 300, and the other end protruding through
another end 315 of bag 300. Other configurations for car-
tridges or material supply systems may be used. For
example, cartridge units or material supply units need not
use internal holders or bags. Tubes need not be included
within storage devices.

[0033] When cartridge 250 is inserted into cartridge hous-
ing 210, tube 310 may be punctured by, for example, a
needle or other piercing or cutting unit connected to car-
tridge housing 210, thereby enabling material flowing or
being moved through tube 310 to flow or be moved through
the tubing within printing apparatus 140, and enabling
printing apparatus 140 to draw building material from
cartridge 250 through the thus extended and connected
tubing. In one embodiment, cartridge bag 300 may generally
be square or oblong in shape, or may have a ‘sloping’ base
that may enable building material to concentrate towards the
lowest point of the ‘sloping’ bag, where inner tubing 310
may draw out the building material. Alternatively, cartridge
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shell 255 may contain the building material and internal tube
310, without requiring inner bag 300. In such a case, tube
310 may protrude outside of cartridge casing 255, for
example, for connection to printing apparatus 140. Other
suitable shapes and configurations may be used. Connection
and transport units other than tubes may be used.

[0034] According to one embodiment, an aperture 270
may be located at a low point of cartridge shell 255 or inner
bag 300. Air or other suitable fluid or gas, for example, air
or other gas under pressure, may be introduced into cartridge
250 or inner bag 300 from printing apparatus 140, via the
aperture, for example, by way of a tube 275, needle or other
suitable device. The material within cartridge 250 or inner
bag 300 may be squeezed out of cartridge 250 or inner bag
300 into the tubes leading into printing apparatus 140, due,
for example, to the introduction of air pressure. Such air
pressure may be controlled, for example, by valve matrix
175 or other set of valves in printing apparatus 140, as is
described in detail below.

[0035] According to some embodiments a memory device
such as a memory chip 260 or other suitable data storage
device may be associated with cartridge 250. Memory chip
260 may, for example, store and/or record information
relating to the material stored within cartridge 250, for
example, the type of building material in the cartridge bag
300, the material’s color, manufacturing date, optimal opera-
tion parameters (e.g., recommended jetting temperature),
optimum building parameters (e.g., for building or support),
and material parameters (e.g., viscosity and surface tension
at the recommended temperature etc.) etc. Other suitable
data may be stored. Building material information may
include, for example, material density, material mass per
volume, and other suitable data from which material status
may be computed.

[0036] In some embodiments information relating to the
material stored within cartridge 250 may be preprogrammed
onto a memory chip, e.g., chip 260. Such information may
include, for example, material mass per volume. During the
course of printing such information may be continuously
updated such that when cartridge 250 is emptied or is
significantly depleted, cartridge memory chip 260 may be
marked accordingly. For example, memory chip 260 may
aid in prevention of re-use of a cartridge 250 by, for
example, marking a cartridge casing 255 or another part of
cartridge 250 as having been already used. For example,
chip 260 may be marked by a “0” (zero) for zero mass, or
a value relatively close to a predetermined minimum mass,
and “1” (one) for a mass indicating a full or substantially full
cartridge etc. In this way, for example, if the same cartridge
casing 255 is replaced into one or more cartridge holders
210, the cartridge holder 210 will be recognized as having
already been used. Chip 260 may additionally or alterna-
tively be marked to indicate degrees of building material
fullness or depletion, for example, by providing a grading
from 1-10 or a percentage point etc., to indicate the level of
building material in a cartridge. Chip 260 may be marked in
any other way. Other suitable memory devices or data
storage devices may be used. Other suitable data or coding
systems may be used to mark the status of a material supply.

[0037] According to some embodiments, a memory chip
reader 225 may be associated with cartridge housing 210, to
read data stored in memory chip 260. A memory device

10
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reader such as memory chip reader 225 may be connected to
controller 105, and may transfer data to controller 105, for
example, using a cable connection. Controller 105 may use
the data received, for example, data from memory chip
reader 225, data from load cell 230, and other data, to
compute printing parameters, including, for example, guide-
lines for which cartridges to use, how many to use, if and
when any replacements are necessary etc., as is described in
detail below.

[0038] In one embodiment, the printer system 100 or
another component such as a material source, cartridge,
cartridge holder, etc. may include the capability to cure,
solidify, or otherwise render inert or useless remnant mate-
rial within a material source. In one embodiment cartridge
housing 210 may include at least one source of electromag-
netic radiation 215, for example a bulb or other suitable
device, which may generate wavelengths similar to those of
curing apparatus 159. Electromagnetic radiation source may
be activated by controller 105 or another suitable control
units, or for example by user command, to cure remnant
materials within a used cartridge, for example, for easy,
disposal of remnant materials after use. For example, when
placing a cartridge 250 in the cartridge housing 210, an
electromagnetic bulb may be linked to a source of energy
via, for example, cartridge housing 210. When cartridge 250
empties or is at a certain low level, for example, controller
105 may initiate activation of the electromagnetic source
within cartridge 250, or the generated electromagnetic radia-
tion may be channeled into cartridge 250. The material
remaining in the disposable cartridge 250 may be cured
within cartridge 250, and may then be more easily disposed
of. The source of electromagnetic radiation may be situated
in another location; for example within inner bag 300 of
cartridge 250, and may be activated by, for example, elec-
trical impulses or radio waves etc. Such an internally placed
source of electromagnetic radiation may be connected to the
exterior of bag 300, to the cartridge shell 255, or to the
cartridge housing 210 by, for example, electrical wiring or
radio frequency radiation from a source of energy, thereby
inducing emission of said curing electromagnetic radiation.
Examples of such sources of energy may include LED’s,
antennas, and any other suitable energy sources. In other
embodiments, other curing or solidifying systems may be
used, and other systems may be used allowing material
within a supply unit to be rendered solid, inert, useless for
use, and so on.

[0039] In one embodiment, the source of electromagnetic
radiation may be internally placed, for example, within
cartridge shell 255. In such a case, prior to activation of
radiation, the bag or other container may be inflated with air
or other gas or fluid pumped into it from, for example,
printing system 100, in order to regain the initial open form
of the bag or to otherwise increase the volume of the bag or
container, thereby enabling the electromagnetic radiation to
reach substantially all parts of inner bag 300.

[0040] In other embodiments, the source of electromag-
netic radiation may be situated within external shell 255 of
the disposable cartridge 250, and connected via an opening
in the shell 255 to a source of energy in printing apparatus
140, via the cartridge housing 210. In such a case, for
example, casing 255 may be made of material impervious to
light and inner bag 300 may be made of transparent material,
enabling curing of the remnant materials within the used

Jun. 15, 2006

cartridge. In other embodiments, other containers may be
wholly or partially transparent, to enable curing or other
solidification or rendering material useless or inert.

[0041] In further embodiments, the source of electromag-
netic radiation or other curing energy may be situated within
cartridge housing 210 and may penetrate the disposable
casing 255 via, for example, an aperture. A hole may be
created before the curing, solidifying or other transformation
of the material is performed. The source of electromagnetic
radiation may penetrate the disposable inner bag via, for
example, a needle which may puncture inner bag 300 and
thus enable penetration of the source of the electromagnetic
light into bag 300.

[0042] Reference is now made to FIG. 4, which is a
schematic illustration of an array 400 of cartridges 410, each
of which may contain building material, according to an
exemplary embodiment of the present invention. A plurality
of cartridges 410 may be located within array 400. Array 400
may be located within printing apparatus 140, or externally
to printing apparatus 140, for example in a separate unit.
Cartridges 410 may be any suitable material supply or
storage system, and may include a cartridge bag 415, which
may contain, for example, building material 420 and/or
support material 425. Other types of materials may be
contained, and other numbers of materials (e.g., one). Build-
ing material may be stored in, for example, a liquid form,
and may have different forms, colors, compositions etc.
Each type and/or color or suitable combination etc. of
building material may be contained separately within one or
more cartridges. Each cartridge 410 may be connected
separately and individually to printing apparatus 140 via, for
example, a valve matrix 175 or other suitable set of valves
or switching devices. In the case where matrix 400 has
cartridges having identical material, cartridges 410 may be
jointly connected to printing apparatus 140. Any number or
ratio of modeling material and/or support material-contain-
ing cartridges 410 may be inserted into or removed from
array 400, according the requirements of one or more 3D
objects to be printed. Switching or valving systems, or sets
of valves, other than a valve matrix, may be used.

[0043] Each cartridge 410 may be connected to, for
example, a sensor 430, for example, a weight sensor, to
measure or otherwise determine the status of building mate-
rial 415 in the cartridge, for example, the mass of the
material within a cartridge bag. Sensor 430 may be con-
nected to controller 105, and may transmit recorded data to
controller 105. Each cartridge 410 may be associated with a
memory or storage device such as a memory chip 260 and
reader or data transfer device such as a memory chip reader
225, as described in detail herein. Controller 105 may select
which cartridges 410 to use for object printing based on, for
example, data received from sensor(s) 430, memory chip
reader(s) 225, cartridge sensor 550, and any other suitable
sensor elements. For example, cartridge 250 availability,
weight, material types, material color, or any other param-
eters may be factored into such a selection. For example,
during printing, controller 105 may first select a cartridge
with the lowest measured weight. Once the cartridge is
emptied or is at a certain low level, controller 105 may, for
example, shut off a valve connected to the tube from the
emptied cartridge, and open a valve for an available car-
tridge 250 containing the same type of material. Other
methods of stopping material flow may be used.
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[0044] In one embodiment, when construction of any
given three-dimensional object may continue, for example,
over a period of many hours, printing system 100 may
provide a substantially continuous and uninterrupted flow of
building materials to one or more printing heads 145, by
continuously drawing materials from selected cartridges 410
using automated switching of material supply sources,
enabled by computer-controlled valve selection. For
example, when one material source, such as a cartridge, is
depleted or reaches a pre-determined low amount of mate-
rial, the system may switch to the use of a different material
source. Such switching may be automated, not requiring
user intervention. Such switching may be the result of a
request or alert to a user.

[0045] Reference is now made to FIG. 5, which is a
schematic illustration of the back of cartridge housing 510
with associated components. One or more transter units such
as tubes 520 may emanate from cartridge 250, and may
protrude through cartridge housing 510, through which
building material may flow to printing apparatus 140. Each
tube 520 may include, for example, a valve 525, which may
be situated in valve matrix 175, by which the flow of
material through respective internal tubes 530, into printing
head 145 may be controlled. Valve matrix 175 may enable
routing of respective incoming tube(s) 520, and enable
selective control over the usage of available building mate-
rials from the respective cartridges 250. For example, valves
in valve matrix 175 may have open and closed states. The
state of each separate valve may be either open or closed as
determined by the controller. Controller 105 may, for
example, toggle valves from open to closed or closed to
open, as relevant. Other valve states may be used. Internal
tubes 530 may lead to one or more pumps 540, to pump or
draw building material into printing apparatus 140, as
required according to printing controller 105 instructions.
Pump 540 may be, for example, a peristaltic pump, but other
types of liquid pumps may be used. For example, when one
or more cartridges such as 250 of FIG. 2 are inserted into
one or more respective cartridge holders 510, tubes 520 may
connect to one or more respective internal tubes 530 of
printer apparatus 140, via valve matrix 175. In one embodi-
ment, at least two tubes may emanate from valve matrix 175
and may be routed to printing head 145, at least one tube
bearing modeling material or materials, and at least one
other tube bearing support material or materials. Controller
105 may toggle opening or closing of specific valves 525,
and thus determine from which cartridge 250 material may
be drawn into the modeling material tube(s) and/or the
support material tube(s) respectively. Other tube types or
number of tubes may be utilized.

[0046] According to some embodiments of the present
invention, a method is provided to monitor and calculate the
amount of building material required for printing a particular
object or series of objects. In other embodiments, a method
is provided for providing required building material to
printing apparatus 140, according to the object or objects
being printed. Still other embodiments provide a method for
alerting a system operator when, for example, additional
building materials are required.

[0047] FIG. 6 is a flow chart diagram of a method to
monitor, compute, and control building material supply in a
3D printing system, according to some embodiments of the
present invention. The method of FIG. 6 may be used, for
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example, with 3D printer system 100 of FIG. 1 and/or with
other suitable 3D printers. As indicated at block 600, the
status of the building material in one or more cartridges may
be measured by respective sensors, for example, weighing or
other sensors associated with the individual cartridges. Sup-
ply units other than cartridges may be used. At block 605 this
data, as well as other data, for example, from a memory chip
associated with a cartridge, may be transmitted to a printer
controller. At block 610 various parameters of the materials
within the various cartridges may be computed by the
controller, for example, the amount of material of each type
and/or color presently available in each cartridge, by, for
example, utilizing the data provided by the respective sen-
sors and respective memory chips attached to the respective
cartridges. For example, the memory devices or chips may
store data relating to the material type, properties, etc. The
sensor may weigh the material in the cartridge. The con-
troller may calculate the quantity of material in the cartridge
by, for example, subtracting the current weight of the
cartridge from the known weight of a full cartridge. The
controller may also detect the presence of one or more empty
cartridges. The controller may utilize data relating to the
object to be printed, such as print data, CAD data, control
data, etc.

[0048] At block 615 the printer controller may compute,
for example, the amount of modeling material, support
liquid, or combination of modeling and support materials
required for printing a given three-dimensional object. The
printer controller may also compute the expected order and
quantity of uptake and deposition of each type of material
into the printing apparatus, for the printing or construction
of a given object.

[0049] At block 620 the printer controller may compute,
based on the materials required for printing a given object,
supply parameters for the material in each cartridge. For
example, the controller may determine whether the amount
of modeling and/or support material in the available car-
tridges is sufficient to complete a three-dimensional object to
be built or printed, and the order of usage of the available
cartridges to meet these needs. The controller may also
determine, for example, based on expected usage of material
and actual availability of materials, for example, the length
of time remaining until one or more cartridges may be
expected to empty, and should therefore be replaced. The
relevant information may be displayed on, for example, a
computer screen.

[0050] During the printing process the controller may
continue to monitor, for example, the status of the building
material(s) remaining in one or more respective cartridge
bags, the total amount of building material of each type still
required to complete the construction of one or more three-
dimensional objects, and the length of time remaining before
each respective cartridge may need to be replaced by another
cartridge in line etc.

[0051] At block 625 the printer controller may control the
transfer of materials from the various cartridges to the
printing apparatus. For example, the controller may provide
instructions to close a valve of an empty cartridge, or a
cartridge or source where, for example, there is not enough
material to continue to extract, via for example the valve
matrix system, and transfer the uptake or extraction of
required modeling material to one or more additional car-
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tridges that contain relevant building materials, by opening
one or more relevant valves. These additional cartridges may
be arranged, for example, in a line or in an array etc. to be
used as reserve material sources for use by the printing
apparatus. Suitable methods of switching material source
other than valving may be used.

[0052] According to an embodiment of the present inven-
tion, at block 630 the printer controller may, for example,
initiate curing, solidifying, the making useless of, etc., of
remnant material within one or more used cartridges, as
described in detail herein.

[0053] According to some embodiments, at block 635, if
controller 105 determines that the amount and/or type of
material in one or more cartridges 250 requires replacement,
controller 105 may, for example, transmit an alert message
to one or more system operators. Such an alert message may
be, for example, in the form of an email message and/or an
SMS message to one or more computing or communication
devices. Such messages may include content or details
noting, for example, the amount and/or type of material left
in one or more cartridges, the length of time left until one or
more cartridges may empty, and/or an estimated time at or
by which one or more cartridges should be replaced. Con-
troller may also send reminder messages or messages with
alternative content relating to a printing process, for example
using email, SMS etc., to one or more operators. For
example, such messages may describe the estimated time for
total job (printing job) completion, internal reference num-
bers, or other relevant information about the printing job or
jobs. Other methods of transmitting messages may be used.
Communication of messages may be, for example, via an
external interface. For example, controller may be connect-
able to a computer and/or communications network, and
may communicate messages or other data to an operator or
alternative target via an email account or server, a cellular
operator, a Web server, or any other suitable communication
mediums.

[0054] Any combination of the above steps may be imple-
mented. Further, other steps or series of steps may be used.
For example, in one embodiment the curing of unused
material in a supply container may be performed without
other operations disclosed, such as without calculating
remaining material, etc. Alerts may be sent without other
operations or computing steps disclosed. Other embodi-
ments or combinations may be used.

[0055] The foregoing description of the embodiments of
the invention has been presented for the purposes of illus-
tration and description. It is not intended to be exhaustive or
to limit the invention to the precise form disclosed. It should
be appreciated by persons skilled in the art that many
modifications, variations, substitutions, changes, and
equivalents are possible in light of the above teaching. It is,
therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall
within the true spirit of the invention.

1-39. (canceled)
40. A three-dimensional printing system, comprising:

a printing apparatus to print three-dimensional objects,
wherein said printing apparatus comprises:

a printing head;

a cartridge apparatus to provide modeling material to
print said objects;
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a sensor to determine the status of modeling material in
said at cartridge apparatus; and

a controller to control said printing apparatus, to
receive data from said sensor, and to control switch-
ing of material supply sources from one cartridge
apparatus to another.

41. The system of claim 40, wherein said sensor com-
prises also part of said cartridge apparatus.

42. The system of claim 40, wherein the sensor is a mass
Sensor.

43. The system of claim 40, wherein said cartridge
apparatus comprises a cartridge array.

44. The system of claim 40, wherein said cartridge
apparatus comprises a cartridge casing, said casing includ-
ing a memory device reader.

45. The system of claim 40, wherein said cartridge
apparatus comprises a memory device to record data relating
to modeling material in a cartridge.

46. The system of claim 40, wherein said cartridge
apparatus comprises a bag to store said modeling material.

47. The system of claim 40, wherein said printing appa-
ratus includes a valve matrix connecting said printing appa-
ratus to said cartridge apparatus, to control supply of mod-
eling materials from said cartridge apparatus to said printing
apparatus.

48. The system of claim 47, wherein said valve matrix
includes an outgoing tube for each type of material required
by said printing apparatus.

49. The apparatus of claim 47, wherein upon lowering of
the level of said material in any one cartridge in said array
of catridges to a pre-determined amount, said valve matrix
is adapted to automatically switch material sources.

50. The system of claim 40, wherein said controller is to
calculate material parameters from materials in one or more
cartridge apparatuses, based on data of modeling material in
said cartridge apparatus.

51. The system of claim 40, further comprising a source
of electromagnetic radiation

52. The system of claim 51, wherein the source of
electromagnetic radiation is disposed within said cartridge
apparatus.

53. The system of claim 40, further comprising a curing
unit adapted to cure three-dimensional printing material
within said cartridge apparatus using electromagnetic radia-
tion.

54. The system of claim 40, wherein said printing appa-
ratus is to inflate a cartridge bag and to cure material within
a cartridge apparatus.

55. A printing method, comprising:

measuring data on the status of three-dimensional mod-
eling material in a modeling material source;

determining parameters of said modeling material; and

controlling a supply of said modeling material from two
or more said material sources according to said param-
eters
56. The method of claim 55, wherein said controlling of
material supply is enabled by controlling a valve matrix.
57. The method of claim 55, further comprising sending
an alert to an operator.
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58. The method of claim 55, wherein measuring material
status includes measuring the mass of said modeling mate-
rial in a printing cartridge.

59. The method of claim 55, comprising computing an
amount of modeling material required to print an object.

60. The method of claim 55, comprising computing an
amount of time remaining before a printing cartridge
requires replacement.

61. The method of claim 55, comprising alerting an
operator if a printing cartridge requires replacement.

62. The method of claim 55, comprising automatically
switching supply sources for said modeling material if a
printing cartridge requires replacement.

14
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63. A method comprising:
generating electromagnetic radiation;

channeling said electromagnetic radiation into a printing
cartridge;

curing three dimensional modeling material contained
within said cartridge; and

controlling said generating, channeling and curing from a
three dimensional printer.
64. The method of claim 24, comprising inflating a
cartridge bag to enable said electromagnetic radiation to
reach substantially all parts of said cartridge bag.
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