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SOLID FREEFORM FABRICATION USINGA 
PLURALITY OF MODELING MATERALS 

RELATED APPLICATIONS 

0001. This application is a continuation of PCT Patent 
Application No. PCT/IL2008/001025 having International 
Filing Date of Jul. 24, 2008, which claims the benefit of U.S. 
Provisional Patent Application No. 60/935,090, filed on Jul. 
25, 2007. The contents of the above Applications are all 
incorporated herein by reference. 

FIELD AND BACKGROUND OF THE 
INVENTION 

0002 The present invention relates to solid freeform fab 
rication and, more particularly, to a solid freeform fabrication 
using a plurality of modeling materials. 
0003 Solid Freeform Fabrication (SFF) is a technology 
enabling fabrication of arbitrarily shaped structures directly 
from computer data via additive formation steps. The basic 
operation of any SFF system consists of slicing a three-di 
mensional computer model into thin cross sections, translat 
ing the result into two-dimensional position data and feeding 
the data to control equipment which fabricates a three-dimen 
sional structure in a layerwise manner. 
0004 Solid freeform fabrication entails many different 
approaches to the method of fabrication, including three 
dimensional printing, electron beam melting, Stereolithogra 
phy, selective laser sintering, laminated object manufactur 
ing, fused deposition modeling and others. 
0005. In three-dimensional printing processes, for 
example, a building material is dispensed from a dispensing 
head having a set of nozzles to deposit layers on a Supporting 
structure. Depending on the building material, the layers may 
then be cured or solidified using a suitable device. The build 
ing material may include modeling material, which forms the 
object, and Support material, which Supports the object as it is 
being built. Various three-dimensional printing techniques 
exist and are disclosed in, e.g., U.S. Pat. Nos. 6.259,962, 
6,569,373, 6,658,314, 6,850,334, 6,863,859, 7,183,335 
7,209,797, 7,300,619 and 7,225,045 and U.S. Published 
Applications Nos. 20050104241 and 20060054039, all of the 
same Assignee, the contents of which are hereby incorporated 
by reference. 
0006 Solid freeform fabrication is typically used in 
design-related fields where it is used for visualization, dem 
onstration and mechanical prototyping. Thus, SFF facilitates 
rapid fabrication of functioning prototypes with minimal 
investment in tooling and labor. Such rapid prototyping short 
ens the product development cycle and improves the design 
process by providing rapid and effective feedback to the 
designer. SFF can also be used for rapid fabrication of non 
functional parts, e.g., for the purpose of assessing 
0007 various aspects of a design such as aesthetics, fit, 
assembly and the like. Additionally, SFF techniques have 
been proven to be useful in the fields of medicine, where 
expected outcomes are modeled prior to performing proce 
dures. It is recognized that many other areas can benefit from 
rapid prototyping technology, including, without limitation, 
the fields of architecture, dentistry and plastic surgery where 
the visualization of a particular design and/or function is 
useful. 
0008 Although numerous improvements and different 
approaches which have been developed over the years for 
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solid freeform fabrication, the number of techniques which 
allow the additive formation of objects using more than one 
modeling material is limited. 
0009 U.S. Pat. No. 5,149,548 of Yamane et al., for 
example, discloses a three-dimensional printing technique 
using two-part curable material. The material is jetted from an 
inkjet head to a stage and laminated thereon. The inkjet head 
is disposed under the stage. Such that the two-part curable 
material is jetted from a downward side to an upward side and 
is cured every jetting process. The apparatus may include 
several inkjet nozzles and the two-part curable material can 
be exchanged for another during the process. Since the jetting 
is from a downward side to an upward side, a newly-ex 
changed two-part curable material is not mixed or combined 
with the previously-used two-part curable material. 
(0010 U.S. Pat. No. 6,508,971 of Leyden et al., discloses a 
technique for creating a three-dimensional object by depos 
iting a build material on a working Surface from a plurality of 
dispensing orifices in a print head. The build material is 
selectively dispensed from the print head while Scanning the 
working Surface. Subsequently, the print head is repositioned 
and the scan is repeated along a path which is offset from the 
previous path. The scans are repeated until the three-dimen 
sional object is formed. The disclosure contemplates the use 
of different materials on different raster lines or drop loca 
tions. 

0011 U.S. Pat. No. 6,658.314 of Gothait et al. and incor 
porated herein by reference, discloses a printing system and a 
method for printing complex three-dimensional models uti 
lizing two dispensing heads which eject building material. A 
“modeling material is dispensed from a dispensing head, and 
a “Support material is dispensed from a second dispensing 
head. The two materials may be combined to produce layers 
for forming the three-dimensional model, while a different 
combination is used to build the support structure or the 
release structure. 

0012. The two building materials may have different hard 
ness characteristics So as to control the hardness of the layers. 
The construction layers of the model are formed with a harder 
modulus of elasticity than the release layers. 
(0013 U.S. Pat. No. 7,300.619, of the present Assignee, the 
contents of which are hereby incorporated by reference, dis 
closes apparatus for management and control of the Supply of 
building materials to three-dimensional printing systems. A 
Supply system having a set of valves or a valve matrix is used 
for controlling the Supply. Management and control of mate 
rials are achieved by measuring data on the status of building 
material in the printing cartridge or the Supply system, and 
processing the building material status data to determine 
parameters of the building material. The Supply system can 
include several cartridges each containing one type of build 
ing material, either modeling material or Support material. 
Different cartridges can contain different types of materials 
and colors. 

(0014 U.S. Published Application No. 20040187714 of the 
same Assignee specifies use of modeling materials having 
different properties, in different combinations, in order to 
obtain different regions, forming a homogeneous or non 
homogeneous three-dimensional structure in which different 
regions may be structurally different, chemically different or 
have different properties. The different combinations com 
prise composite materials having properties that vary within 
the material. 
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0.015 U.S. Published Application No. 200601598.69 of 
Krameret al., discloses a solid freeform fabrication technique 
in which two reactive build compositions which include the 
same material property but with different attributes (typically, 
one composition is mechanically flexible while the other is 
mechanically rigid), are dispensed onto a Substrate to form a 
mixed composition. The mixed composition is Subsequently 
cured to form a layer of cured composition, which includes 
the same material property but with an attribute which differs 
from, and depends upon the respective amounts of each of the 
individual attributes of the dispensed compositions. The dis 
closure also contemplates the solid freeform fabrication of 
three-dimensional objects having regions which vary in the 
material property. 
0016 U.S. Pat. No. 7,500,846 of the present Assignee, the 
contents of which are hereby incorporated by reference, 
teaches the use of one or more types of photopolymers dis 
pensed separately or together, simultaneously or consecu 
tively. 
0017 U.S. Pat. No. 6,989,115 (Russell et al.) discloses a 
three-dimensional printer including multiple printheads for 
printing binder and/or colorant onto a bed of build material in 
a build chamber. The printer can include determining the total 
amount of binder liquid needed to solidify the build material 
at the particular location, determining the amount of each of 
the colored binder liquids needed to produce the desired color 
at the particular location and determining the amount of col 
orless binder liquid that needs to be added to the colored 
binder liquids to obtain the predetermined total binder liquid 
requirement 

SUMMARY OF THE INVENTION 

0018. It was found by the inventors of the present inven 
tion that the throughput associated with traditional techniques 
in which more than one modeling material is used for the 
fabrication of an object is considerably lower compared to 
single modeling material techniques. The present inventors 
also found that the number of building materials that can be 
used or produced in conventional techniques is very limited, 
and the properties of the materials that can be obtained are 
still far inferior compared to the properties of standard engi 
neering polymers. 
0019. The present invention provides system and methods 
suitable for solid freeform fabrication. The system comprises 
Solid freeform fabrication apparatus having a plurality of 
dispensing heads. The system preferably has two or more 
modes of operation, in which in a first operation mode all the 
dispensing heads of the system are operational throughout a 
building scan cycle in each location of the layer, and in a 
second operation mode at least one dispensing head of the 
system is not operative during at least a part of the building 
scan cycle of the layer. 
0020. In various exemplary embodiments of the invention, 
the first operation mode is used for fabricating objects made 
of a single material, e.g., a single modeling material, and the 
second operation mode is used for fabricating objects made of 
two or more materials, e.g. two or more modeling materials. 
0021. In some embodiments of the invention, the first 
operation mode is used for fabricating objects using a com 
bination of equal amounts of more than one modeling mate 
rial, wherein the combination is produced by dispensing the 
different materials from different dispensing heads, to form a 
single uniform material after deposition. 
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0022. In some embodiments, the second operation mode is 
used for fabricating objects using two or more modeling 
materials in different predetermined combinations, wherein 
the combinations are produced by dispensing the different 
modeling materials from different dispensing heads. 
0023. In some embodiments, the second operation mode is 
used for the simultaneous building of more than one object, 
each object being fabricated using a different modeling mate 
rial or a different modeling material combination, wherein the 
combination is produced by dispensing different materials 
from different dispensing heads. 
0024. In some embodiments, the second operation mode is 
used for the simultaneous building of different areas or 
regions of a single object, each area or region being fabricated 
using a different modeling material or a different modeling 
material combination. 
0025. The mode of operation can be selected automati 
cally by the system or may be selected by the operator, 
according to the final model or object desired to be produced. 
For example, the system can automatically choose the first 
operation mode when the object/s or parts thereof to be fab 
ricated are specified as built of the same single modeling 
material, and when this modeling material is already fed into 
all the modeling material dispensing heads, or when it is 
desired to build an object using an uniform mix of the mod 
eling materials already fed into the modeling material dis 
pensing heads. 
0026. In the first operation mode, an object formed of a 
single modeling material may be fabricated for example by 
dispensing a single modeling material via all of the dispens 
ing heads. Alternatively, in the first operation mode, an object 
made of a mix of modeling materials can be fabricated in first 
operation mode using two or more modeling materials, 
where, for example, two different modeling materials are 
dispensed from different dispensing heads, simultaneously 
and in equal amounts throughout the object, to form a uniform 
mix of materials. 
0027. In some embodiments of the invention an object is 
fabricated by dispensing two or more materials, each from a 
different dispensing head, where one or both of the materials 
may have a valuable property, but not have the properties 
required to function as a modeling material on its/their own. 
In these embodiments the combination of the two materials 
provides the properties required to build the desired object. 
One example is dispensing liquid resin from a first head and 
dispensing liquid hardener from a second head, where the 
combination of both leads to a solid material. 
0028. In another embodiment, one of the materials may be 
non-solidifiable, while the other material is non-solidifiable. 
The first material is non-solidifiable in that it does not solidify 
during the fabrication process, but remains in liquid, gel. 
paste or other non-solid or semi-solid form. The second mate 
rial is solidifiable in that it can be solidified by an appropriate 
solidification procedure. The solidifiable material can fully 
surround or contain the non-solidifiable material. The non 
solidifiable material can remain within the object, or alterna 
tively be drained, burnt out or otherwise removed once the 
process is complete. In this way, for example, a hollow or 
porous model can be provided. 
0029. In some embodiments, two materials are non-solidi 
fiable but their combination is solidifiable. 
0030. In some embodiments, at least one of the modeling 
materials has a required property other than a building prop 
erty. For example, the surrounded (“contained') material may 
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be a material which has a valuable property, e.g., biological, 
pharmaceutical, or other activity, and the “containing struc 
ture and material type allow the release of the contained 
material over time, e.g. controlled release or Sustained release 
or slow release of the material, in order to enable it, for 
example, to express its biological or pharmaceutical activity, 
according to its intended use. All these alternatives can be 
carried out in the second operation mode of the present 
embodiments. 
0031. The second operation mode provides various 
options to operate the system. In one embodiment, the system 
fabricates objects which have different parts consisting of 
different materials, e.g., two separate parts of a specific 
object, each part consisting of a different modeling material. 
In another embodiment, an object may have two parts, each of 
which may consist of a different combination of more than 
one modeling material. In an additional embodiment, a num 
ber of different objects are 
0032 simultaneously fabricated on a single working sur 
face or tray, where some objects on the tray are made of a 
single modeling material while others are made of another 
single material or different combinations of more than one 
modeling material. 
0033 Preferred embodiments of the invention provide the 
possibility to fabricate an object made of a composite mate 
rial, which is comprised of two or more individual modeling 
materials having different properties. The individual model 
ing materials are selected for use on the basis of their prop 
erties so as to obtain a material with a third, different property 
or a combination of their properties. The composite material 
can, for example, have a property or properties different to 
those of each of the two or more individual modeling mate 
rials used, depending on the relative amounts of each indi 
vidual modeling material dispensed and the order or 'struc 
ture of their deposition. 
0034. The ability of the system of the present embodi 
ments to utilize two or more different modeling materials, 
makes it is possible to use and/or produce many more, and 
more varied materials in solid freeform fabrication than has 
been possible to date in conventional solid freeform fabrica 
tion techniques, as well as providing many different possi 
bilities for combining multiple materials, according to the 
final object and/or object properties desired to be obtained. 
0035. The ability of the system of the present embodi 
ments to utilize two or more different modeling materials, 
allows the fabrication of parts or objects having properties 
which are difficult, if not impossible, to achieve using con 
ventional solid freeform fabrication techniques. For example, 
modeling materials which have a great tendency to shrink as 
a result of the polymerization process are not usually suitable 
for use in traditional solid freeform fabrication apparatus. A 
modeling material Suffering from high shrinkage during 
Solidification makes especially difficult the manufacturing of 
bulky three dimensional geometries but may allow the fabri 
cation of thin shell like three dimensional geometries, for 
example, around a bulky object which is fabricated of a mate 
rial with acceptable shrinkage. The system of the present 
embodiments usefully provides a solution to this problem. 
For example, the system of the present embodiments can 
fabricate parts or objects in which the surfaces of the part or 
object are made of one material, while the internal regions of 
the part or object comprise a different material. In this 
example, the internal regions may be fabricated of a material 
which lacks mechanical strength, Such as a gel or liquid, but 
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having other desirable properties such as being easily burnt 
without leaving ash or other traces. 
0036. The ability of the system of the present embodi 
ments to utilize two or more different modeling materials, 
also allows the fabrication of objects via a segmentation pro 
cess, wherein layers are built in segments or “tiles'. Such 
process is described in U.S. Application No. 60/430,362 and 
U.S. Pat. No. 7,300,619, the contents of which are hereby 
incorporated by reference. The segments or tiles may be 
comprised of one material, and joined by dispensing a differ 
ent material, e.g., a binder or glue-like material, in the breaks 
between the segments. By building in Smaller segments or 
tiles instead of a full layer, this method serves to overcome 
problems of material shrinkage which may occur during the 
curing process. 
0037 According to the present embodiments, the digital 
representation of a three-dimensional object may be created 
by using suitable software such as CAD (Computer Aided 
Design) software, a scanning system, or an imaging system 
e.g., CT system or MRI system, which produces data which 
may be converted to a standard communication file format, 
e.g., STL (Standard Tessellation Language) format, legible 
by the solid freeform fabrication apparatus. STL files are read 
by the system of the present embodiments and sliced into 
thin layers (also referred to as slices). A controller preferably 
converts the thin slices into physical layers of building mate 
rial to be deposited, according to the digital slices, during the 
course of fabricating the three-dimensional object. 
0038. The STL file may include information regarding a 
number of separate regions. Typically, an object is commu 
nicated from CAD to an SFF machine by a single STL file. 
After retrieving region information from that STL (or speci 
fying regions by other means) the object information can be 
saved as a bunch of STL files, each of which describes a 
region in the object, and all having common coordinate sys 
tem and origin. The process of retrieving regions in an object 
from an STL file may be carried out generally as known in the 
art, for example, as described in U.S. Pat. No. 5,768,134, 
assigned to Materialise N.V. 
0039. Before fabrication, the virtual object is preferably 
sliced by the system into thin slices, which may be described 
as bitmaps, and transferred to the fabrication engine for trans 
forming into layers forming the three-dimensional object. 
0040. In a preferred embodiment of the present invention, 
the specific modeling materials to be used, and their combi 
nation and/or spatial deposition within the object layer are 
defined in the system's Software for each region, according to 
the pre-defined properties desired for each part of the final 
object. For example, in a preferred embodiment, an STL is 
divided by an SFF system into a number of new STL-s, each 
defining a sub region in the object. The new STLs are then 
assembled to form a group of STLs, which describe the same 
original object. Then, a modeling material or modeling mate 
rial combination to be used in the fabrication of each new STL 
is assigned to each STL. The system then slices the group of 
STLs. The resulting slices are in-turn divided into respective 
slices for each of the different dispensing heads. Finally the 
system sends the slices to the fabrication apparatus or printer 
to build layers of material. In another embodiment, a set of 
communication files, for example, a set of STL files, each 
defining a region in the object and referring to a common 
coordinate system and origin, is prepared by the object design 
software, i.e. CAD software. 
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0041. In an alternative embodiment, for any given region, 
a user or operator of the apparatus of the invention may 
introduce user-defined definitions, e.g., via user interface 
Software for the apparatus of the invention. For example, a 
user or operator may select a specific region and define within 
the region, Sub-areas of the region, and select modeling mate 
rials and/or modeling material combinations for the thus 
defined Sub-areas of the region, according to the properties 
desired for each respective sub-area. One example of this is 
defining one modeling material or material combination for 
the boundary of the region and a different modeling material 
or material combination for the inside of the region. 
0042. According to an aspect of some embodiments of the 
present invention there is provided a system for solid freeform 
fabrication of an object. The system comprises: a solid free 
form fabrication apparatus having a plurality of dispensing 
heads; a building material Supply apparatus configured to 
Supply a plurality of building materials to the fabrication 
apparatus; and a control unit configured for controlling the 
fabrication apparatus and the building material Supply appa 
ratus, based on an operation mode selected from a plurality of 
predetermined operation modes. 
0043. According to some embodiments of the invention 
the plurality of operation modes comprises at least a first 
operation mode in which all dispensing heads operate 
0044 during a single building scan cycle of the fabrication 
apparatus, and a second operation mode in which at least one 
dispensing head is not operative during at least a part of the 
single building scan cycle. 
0045. According to an aspect of some embodiments of the 
present invention there is provided a method of fabricating a 
three-dimensional object, comprising operating the system so 
as to form the three-dimensional object. 
0046 According to some embodiments of the present 
invention at least one operation mode allows the dispensing 
heads to dispense one type of modeling material and a Support 
material. 

0047 According to some embodiments of the present 
invention at least one operation mode allows the dispensing 
heads to dispense at least two types of modeling materials and 
a Support material. 
0048. According to some embodiments of the present 
invention at least Some of the plurality of dispensing heads is 
included in one mechanical unit 
0049 According to some embodiments of the present 
invention a throughput characterizing the first operation 
mode is larger than a throughput characterizing the second 
operation mode. 
0050. According to some embodiments of the present 
invention a throughput characterizing the first operation 
mode is at least two times larger than a throughput character 
izing the second operation mode. 
0051. According to some embodiments of the present 
invention the plurality of dispensing heads has generally 
similar characteristic dispensing rates. 
0052 According to some embodiments of the present 
invention the plurality of dispensing heads comprises at least 
two modeling material dispensing heads for dispensing the 
same modeling material. 
0053 According to some embodiments of the invention 
the plurality of dispensing heads comprises at least one Sup 
port material dispensing head for dispensing Support mate 
rial, and wherein the control unit is designed and configured 
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to reduce a dispensing rate of the at least one Support material 
dispensing head when the operation mode is the second 
operation mode. 
0054 According to some embodiments of the invention 
the control unit is designed and configured to control the at 
least two modeling material dispensing heads Such as to 
0055 maintain a predetermined ratio between amounts 
per unit area of the at least two types of modeling materials for 
each layer formed by the plurality of dispensing heads. 
0056. According to some embodiments of the invention 
the control unit is designed and configured to control the at 
least two modeling material dispensing heads and the at least 
one Support material dispensing head such as to maintain the 
same amounts per unit area of modeling material and Support 
material for each layer formed by the plurality of dispensing 
heads. 
0057 According to some embodiments of the invention 
the control unit is designed and configured to control the at 
least two modeling material dispensing heads such as to 
maintain a predetermined amount per unit area of modeling 
material for each layer formed by the plurality of dispensing 
heads 
0.058 According to some embodiments of the invention 
the control unit is designed and configured to control the 
heads to dispense the at least two types of modeling material 
So as to dynamically vary relative amounts of modeling mate 
rials per unit area dispensed thereby. 
0059. According to some embodiments of the present 
invention the solid freeform fabrication system comprises a 
controller capable of accessing a pixel map characterized by 
an even density of pixels, and composed of N different head 
pixel maps, each corresponding to a different dispensing 
head. 
0060 According to some embodiments of the invention at 
least one operation mode is characterized in that all head pixel 
maps are similar to each other and include Substantially the 
same number of pixels. 
0061 According to some embodiments of the invention at 
least one operation mode is characterized in that at least two 
head pixel maps differ from each other and include different 
number of pixels. 
0062 According to some embodiments of the present 
invention the Supply apparatus comprises a building material 
flow unit, controllable by the control unit and arranged for 
selectively allowing flow of building materials to the fabrica 
tion apparatus. 
0063. According to some embodiments of the invention 
the Supply apparatus comprises a plurality of containers for 
holding the plurality of building materials, and wherein the 
flow unit is arranged to allow flow of different building mate 
rials to different dispensing heads. 
0064. According to some embodiments of the invention 
the Supply apparatus comprise a plurality of containers for 
holding the plurality of building materials, and wherein the 
flow unit is characterized by at least a first state and a second 
state, the second state being defined such that at least two 
different dispensing heads are fed by different modeling 
materials, and the first state being defined such that all dis 
pensing heads are Supplied by the same modeling material. 
0065 According to some embodiments of the present 
invention the control unit is configured to allow dispensing of 
more than one modeling material at the same time. 
0066. According to some embodiments of the present 
invention the control unit is operative to dynamically change 
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the operation mode by selecting a different operation mode 
from the plurality of operation modes. 
0067. According to some embodiments of the invention 
the selection of the different operation mode is according to 
the number of different modeling materials being dispensed 
by the dispensing heads. 
0068 According to some embodiments of the present 
invention the plurality of dispensing heads comprises a plu 
rality of modeling heads having a total of N nozzle arrays, 
wherein the nozzles in each array are disposed along an 
indexing direction, the plurality of modeling heads being 
operable to scana working Surface along a scanning direction 
being at an angle to the indexing direction so as to form on the 
working Surface a plurality of rows of modeling material 
along the scanning direction, wherein each row is formed by 
a nozzle. 
0069. According to some embodiments of the invention 
the N noZZle arrays are aligned along the Scanning direction in 
a manner Such that the rows of modeling material are formed 
on the working Surface in a Substantially uniform distribution 
along the indexing direction. 
0070 According to some embodiments of the invention 
the plurality of dispensing heads comprises a plurality of 
Support heads having a total of N nozzle arrays wherein the 
noZZles in each array are disposed along an indexing direc 
tion, wherein each nozzle of Support material is aligned along 
the indexing direction with one nozzle of modeling material. 
0071. According to some embodiments of the invention 
the N is a power of 2, and wherein the N nozzle arrays of 
modeling material are sequentially ordered with respect 
0072 to the scanning direction at locations 1 to N such that 
rows formed by any nozzle array of modeling material at 
location Kare symmetrically disposed between rows formed 
by all nozzle arrays of modeling material at locations 1 to 
K-1. 
0073. According to some embodiments of the present 
invention the plurality of dispensing heads comprises a plu 
rality of nozzle arrays arranged in an interlaced manner, and 
wherein when the same material is supplied to all nozzle 
arrays, the object is fabricated during not more than half the 
required dispensing scans compared to when building the 
object by a single nozzle array. 
0074 According to some embodiments of the present 
invention the control unit is designed and constructed to 
ensure that the object's dimensions are rescaled along at least 
one direction so as to compensate for post-formation shrink 
age of the object along the at least one direction. 
0075 According to some embodiments of the present 
invention regions having different modeling materials are 
rescaled according to a different rescaling factor. 
0076 According to some embodiments of the invention 
regions having different modeling material combinations 
contacting each other are rescaled according to a common 
rescaling factor. 
0077 According to some embodiments of the present 
invention the Solid freeform fabrication apparatus comprises 
a three-dimensional printing apparatus. According to some 
embodiments of the present invention the solid free form 
fabrication apparatus comprises binder jet powder based 
apparatus. According to Some embodiments of the present 
invention the Solid freeform fabrication apparatus comprises 
a fused deposition modeling apparatus. 
0078. According to an aspect of some embodiments of the 
present invention there is provided an article of manufactur 
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ing, fabricated by solid freeform fabrication and having a 
distinguishable pattern thereon. According to Some embodi 
ments of the invention the pattern forms a relief on a surface 
of the article. According to some embodiments of the inven 
tion the pattern forms an intaglio in a surface of the article. 
According to some embodiments of the invention the pattern 
is flush with a surface of the article. 
0079 According to an aspect of some embodiments of the 
present invention there is provided a method of solid freeform 
fabrication of an object from at least two different modeling 
materials, comprising: (a) determining a proportion of the at 
least two different 
0080 modeling materials, using a lookup table or a math 
ematical formula; and (b) dispensing the at least two different 
modeling materials according to the proportion using a solid 
freeform fabrication apparatus having a plurality of dispens 
ing heads. 
I0081. According to an aspect of some embodiments of the 
present invention there is provided a method of solid freeform 
fabrication of an object from at least two different modeling 
materials, comprising: (a) determining a proportion of the at 
least two different modeling materials; and (b) dispensing the 
at least two different modeling materials using the Solid free 
form fabrication system. 
I0082. According to some embodiments of the invention 
the determination of the proportion comprises Boolean com 
parison between bitmaps representing the at least two differ 
ent modeling materials with bitmaps representing the object. 
I0083. According to some embodiments of the invention 
the object comprises a spatial Zone in which at least one 
attribute of the material continuously changes from one point 
to another. 
I0084. According to some embodiments of the invention 
the at least one attribute is selected from the group consisting 
of hardness, solidity, elasticity, flexibility, color, translu 
cency, electrical and/or magnetic behavior. 
I0085. According to some embodiments of the invention 
the at least two modeling materials comprise a first non 
solidifiable solidifiable modeling material and a second non 
solidifiable modeling material, and wherein the first and the 
second non-Solidifiable modeling materials mix after the dis 
pensing to form a solidifiable mixed material. 
I0086 According to an aspect of some embodiments of the 
present invention there is provided a method for solid free 
form fabrication, comprising fabricating at least two separate 
objects on a building tray using different modeling material 
combinations, wherein the dimensions of the at least two 
objects are rescaled along a direction so as to compensate for 
post-formation shrinkage of the objects along the direction, 
and wherein the scalefactors along the direction of the at least 
two different objects are different. 
I0087. According to some embodiments of the invention 
regions having different modeling material combinations that 
touch each other are rescaled according to a common rescal 
ing factor. 
I0088 According to an aspect of some embodiments of the 
present invention there is provided a printing device for a 
three-dimensional printing apparatus, comprising: a 
I0089 movable printing assembly having a plurality of 
printing units; and a service assembly having a plurality of 
service stations; wherein the printing assembly is configured 
for docking near the service assembly such that a temporary 
fluid communication is established between at least one print 
ing unit and at least one service station during the docking. 
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0090 According to an aspect of some embodiments of the 
present invention there is provided a three-dimensional print 
ing apparatus, comprising: the printing device; a control unit 
for controlling the printing assembly and the service assem 
bly; and a building tray for receiving building material from 
the printing assembly and for carrying an object formed by 
the building material. 
0091. According to an aspect of some embodiments of the 
present invention there is provided a system for solid freeform 
fabrication of an object, comprising: the printing apparatus; 
and a building material Supply apparatus configured to Supply 
a plurality of building materials to the printing apparatus. 
0092. According to some embodiments of the present 
invention the service assembly is stationary. 
0093. According to some embodiments of the present 
invention the service assembly is movable. 
0094. According to some embodiments of the present 
invention the at least one service station is configured for 
refilling building material into the at least one printing unit via 
the temporary fluid communication. 
0095 According to some embodiments of the present 
invention the at least one service station is configured for 
cleaning the at least one printing during the docking. 
0096. According to some embodiments of the present 
invention at least one of the service assembly and the printing 
assembly comprises a plurality of actuating units configured 
for disconnecting and connecting the at least one printing unit 
from the printing assembly. 
0097. According to some embodiments of the present 
invention the service assembly comprises an arrangement of 
sensors for sensing presence of service means at the plurality 
of service stations, and the printing assembly comprises an 
arrangement of sensors for sensing presence of the plurality 
of printing units. 
0098. According to some embodiments of the invention 
the sensors are configured for sensing amount of building 
material in the plurality of printing units. 
0099. According to an aspect of some embodiments of the 
present invention there is provided a method of registering 
data for Solid freeform fabrication of an object, comprising: 
(a) selecting at least one material combination, and determin 
ing relative amounts of different materials in the material 
combination; and (c) recording the at least one material com 
bination and the relative amounts in a computer readable 
medium; thereby registering the data. 
0100. According to some embodiments of the invention 
(a) further comprises associating a three-dimensional spatial 
distribution with each material combination. 
0101. According to some embodiments of the invention 
the determining the relative amounts, comprises performing 
experimentations with the different materials. 
0102) According to some embodiments of the invention 
the determining the relative amounts, comprises estimating 
the relative amounts based on properties of each of the dif 
ferent materials. 
0103) According to an aspect of some embodiments of the 
present invention there is provided a method of registering 
data for Solid freeform fabrication of an object, comprising: 
(a) selecting a plurality of material combinations, each mate 
rial combination being defined by at least two different mate 
rials and at least two relative amounts respectively corre 
sponding to the at least two different materials; (b) for each 
material combination, associating three-dimensional spatial 
distribution for each material in the combination; and (c) 
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recording the plurality of material combinations, the relative 
amounts and the three-dimensional spatial distribution in a 
computer readable medium; thereby registering the data. 
0104. According to some embodiments of the invention 
the method further comprising determining at least one mate 
rial property corresponding to the material combination. 
0105. According to some embodiments of the invention 
the determining the at least one material property, comprises 
performing experimentations with the different materials. 
0106. According to some embodiments of the invention 
the determining the at least one material property, comprises 
estimating the at least one material property based on prop 
erties of each of the different materials. 
0107 According to an aspect of some embodiments of the 
present invention there is provided a method of solid free 
form fabrication, comprising; using a solid freeform fabrica 
tion apparatus having a plurality of dispensing heads for 
dispensing a plurality of different modeling materials such as 
to form a three-dimensional object, wherein the three-dimen 
sional object comprises of at least two regions which differ 
from each other by at least one attribute. 
0108. According to some embodiments of the invention 
the at least two regions are made of different modeling mate 
rial combinations, each combination comprising at least two 
different modeling materials, and the method further com 
prises selecting relative amounts of the at least two different 
modeling materials based on an attribute of a respective 
region. 
0109 According to an aspect of some embodiments of the 
present invention there is provided a method of solid freeform 
fabrication of an object, the object having a plurality of 
regions, the method comprising: (a) inputting data pertaining 
to shapes of the object and each of the plurality of regions; (b) 
for each region, inputting pre-registered data pertaining to a 
material combination corresponding to a respective region 
and to relative amounts of at least two different materials in 
the material combination; and (c) operating a solid freeform 
fabrication system for dispensing the at least two different 
materials based on the relative amounts. 
0110. According to some embodiments of the invention 
the pre-registered data pertaining to the material combination 
comprises data pertaining to a three-dimensional spatial dis 
tribution associated with the material combination. 
0111. According to some embodiments of the present 
invention the at least two different materials comprise a first 
non-Solidifiable modeling material and a second non-Solidi 
fiable modeling material, and wherein a combination of the 
first and the second non-solidifiable modeling materials 
forms a solidifiable mixed material. 
0112 According to some embodiments of the invention 
(a) comprises: inputting data pertaining to shapes and prop 
erties of the object; and dividing the data into a plurality of 
datasets each representing a different region. 
0113. According to an aspect of some embodiments of the 
present invention there is provided a method of solid freeform 
fabrication, comprising: operating a solid freeform fabrica 
tion system for dispensing at least two different modeling 
materials such as to 
0114 form a three-dimensional object having a bulk 
region at least partially Surrounded by a skin region, wherein 
the bulk region and the skin region are formed of different 
modeling material or modeling material combinations. 
0115 According to some embodiments of the invention 
the bulk region and the skin region have different elasticity. 
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0116. According to some embodiments of the invention 
the method further comprising at least one buffer layer inter 
posed between the bulk region and the skin region, the at least 
one buffer layer being formed of a modeling material or 
modeling material combination which is different from a 
modeling material or modeling material combination form 
ing the bulk region. 
0117. According to an aspect of some embodiments of the 
present invention there is provided a method of solid freeform 
fabrication, comprising: dispensing at least one modeling 
material, at least one Support material, and at least one addi 
tional material other than a modeling material and a Support 
material, and at least partially solidifying the at least one 
modeling material. Such as to form a three-dimensional 
object. 
0118. According to some embodiments of the invention 
the at least one additional material is at least partially inter 
laced with the modeling material. 
0119. According to some embodiments of the invention 
the at least one additional material comprises at least one 
non-solidifiable material. 

0120 According to an aspect of some embodiments of the 
present invention there is provided the solidification is 
executed Such that at least part of the modeling material 
Solidifies and the at least one additional material does not 
solidify. 
0121 According to some embodiments of the invention 
the at least one additional material and the at least one mod 
eling material mix after the dispensing to form a solidifiable 
mixture. 

0122) According to some embodiments of the invention 
the method further comprising removing the at least one 
additional material so as to form a porous or hollow three 
dimensional object. 
0123. According to an aspect of some embodiments of the 
present invention there is provided a method of solid freeform 
fabrication, comprising: operating a solid freeform fabrica 
tion system for dispensing at least one Support material and at 
least two non-solidifiable materials, such as to form a three 
dimensional object, wherein the at least two non-solidifiable 
material mix after the dispensing to form a solidifiable mix 
ture. 

0.124. According to an aspect of some embodiments of the 
present invention there is provided a method of solid freeform 
fabrication, comprising: providing a plurality of modeling 
materials and dividing the plurality of modeling materials 
into at least two categories; for each category, sorting the 
modeling materials in the category according to a predeter 
mined criterion and using the sort for generating graphical 
representation of the modeling materials; using the graphical 
representation for selecting at least some modeling materials; 
and using a solid freeform fabrication system for fabricating 
the object from the at least some modeling materials. 
0125 Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, Suitable methods and 
materials are described below. In case of conflict, the patent 
specification, including definitions, will control. In addition, 
the materials, methods, and examples are illustrative only and 
not intended to be limiting. 
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0.126 Implementation of the method and system of the 
present invention involves performing or completing selected 
tasks or steps manually, automatically, or a combination 
thereof. Moreover, according to actual instrumentation and 
equipment of preferred embodiments of the method and sys 
tem of the present invention, several selected steps could be 
implemented by hardware or by Software on any operating 
system of any firmware or a combination thereof. For 
example, as hardware, selected steps of the invention could be 
implemented as a chip or a circuit. As software, selected steps 
of the invention could be implemented as a plurality of soft 
ware instructions being executed by a computer using any 
Suitable operating system. In any case, selected Steps of the 
method and system of the invention could be described as 
being performed by a data processor, such as a computing 
platform for executing a plurality of instructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

I0127. The invention is herein described, by way of 
example only, with reference to the accompanying drawings. 
With specific reference now to the drawings in detail, it is 
stressed that the particulars shown are by way of example and 
for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented 
in the cause of providing what is believed to be the most 
useful and readily understood description of the principles 
and conceptual aspects of the invention. In this regard, no 
attempt is made to show structural details of the invention in 
more detail than is necessary for a fundamental understand 
ing of the invention, the description taken with the drawings 
making apparent to those skilled in the art how the several 
forms of the invention may be embodied in practice. 
I0128. In the drawings: 
I0129 FIG. 1a is a schematic illustration of a system for 
Solid freeform fabrication of one or more objects, according 
to various exemplary embodiments of the present invention; 
0.130 FIGS.1b-dare schematic illustrations of dispensing 
heads of the system, according to various exemplary embodi 
ments of the present invention; 
I0131 FIG. 2a is a cross sectional view of two objects 
fabricated from a single modeling material, according to vari 
ous exemplary embodiments of the present invention; 
I0132 FIG. 2b is a cross sectional view of two objects 
fabricated from three different modeling materials, according 
to various exemplary embodiments of the present invention; 
0.133 FIGS. 3a-c and 4a-c are fragmentary schematic 
illustrations of a Supply apparatus, according to various 
exemplary embodiments of the present invention; 
0.134 FIG. 5 is a schematic illustration of the supply appa 
ratus and the dispensing heads in a preferred embodiment in 
which there are four modeling heads, each composed of two 
nozzle arrays, and one Support head composed of eight nozzle 
arrays; and 
0.135 FIGS. 6-7 are schematic illustrations of the registra 
tion of the nozzle arrays of the various dispensing heads along 
the indexing direction Y, according to various exemplary 
embodiments of the present invention. 
0.136 FIG. 8 is a schematic illustration of a cross section of 
an object having a buffer layer near the outer surfaces of the 
object, according to various exemplary embodiments of the 
present invention. 
0.137 FIG. 9 is a schematic illustration of a three-dimen 
sional object fabricated by SFF, having a pattern formed on its 
Surface. 
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0138 FIGS. 10a-bare schematic illustrations of cross sec 
tions of a deep pattern. 
0139 FIG. 11 is a schematic illustration of an object 
shaped as a cube made of composite material. 
0140 FIGS. 12a-b are schematic representations of bit 
maps for two materials in a dispersed phase material struc 
ture, according to various exemplary embodiments of the 
present invention. 
0141 FIGS. 13a-b are schematic representations of bit 
maps for two materials in laminate (XY) model structure, 
according to various exemplary embodiments of the present 
invention. 
0142 FIGS. 14a–b are schematic representations of bit 
maps for two materials in IPN model structure, according to 
various exemplary embodiments of the present invention. 
0143 FIG. 15 is a schematic illustration of a construction 
according to the bitmap shown in FIG. 14a. 
014.4 FIG. 16 is a schematic illustration of a construction 
according to the bitmap shown in FIG. 14b. 
0145 FIG. 17 is a schematic illustration of a construction 
according to the bitmap shown in FIGS. 14a-b. 
0146 FIG. 18 is a schematic illustration of construction of 
a first material in an IPN model structure. 
0147 FIG. 19 is a schematic illustration of construction of 
a second material in an IPN model structure. 
0148 FIG.20 is a schematic illustration of construction of 
a first material and a second material in an IPN model struc 
ture. 

0149 FIGS. 21a-b are schematic illustrations of a side 
view (FIG. 21a) and a top view (FIG. 21b) of a printing 
device, according to various exemplary embodiments of the 
present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
OF THE INVENTION 

0150. The present embodiments comprise a system and 
method which can be used for solid freeform fabrication of an 
object. Specifically, the embodiments can be used to fabricate 
an object by dispensing different types of materials from 
different dispensing heads. 
0151. The principles and operation of a system and 
method according to the present invention may be better 
understood with reference to the drawings and accompanying 
descriptions. 
0152 Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is 
capable of other embodiments or of being practiced or carried 
out in various ways. Also, it is to be understood that the 
phraseology and terminology employed herein is for the pur 
pose of description and should not be regarded as limiting. 
0153. The method and system of the present embodiments 
fabricate three-dimensional objects in a layerwise manner by 
forming a plurality of layers in a configured pattern corre 
sponding to the shape of the objects. 
0154 The term “object' as used herein refers to a whole 
object or a part thereof. 
(O155 Each layer is formed by solid freeform fabrication 
apparatus which scans a two-dimensional Surface and pat 
terns it. While scanning, the apparatus visits a plurality of 
target locations on the two-dimensional layer or Surface, and 
decides, for each target location or a group of target locations, 
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whether or not the target location or group of target locations 
is to be occupied by building material, and which type of 
building material is to be delivered thereto. The decision is 
made according to a computer image of the Surface. 
0156 The solid freeform fabrication apparatus dispenses 
building material in target locations which are to be occupied 
and leaves other target locations Void. The apparatus typically 
includes a plurality of dispensing heads, each of which can be 
configured to dispense a different building material. Thus, 
different target locations can be occupied by different build 
ing materials. The types of building materials can be catego 
rized into two major categories: modeling material and Sup 
port material. The Support material serves as a Supporting 
matrix for Supporting the object or object parts during the 
fabrication process and/or other purposes, e.g., providing hol 
low or porous objects. 
0157. The modeling material is generally a composition 
which is formulated for use in solid freeform fabrication and 
which is able to form a three-dimensional object on its own, 
i.e., without having to be mixed or combined with any other 
Substance. 

0158. The final three-dimensional object is made of the 
modeling material or a combination of modeling and Support 
material or modification thereof (e.g., following curing). All 
these operations are well-known to those skilled in the art of 
solid freeform fabrication. 
0159. Unless otherwise stated, the term modeling material 
refers to a material contained in a particular container of a 
solid freeform fabrication apparatus or a combination of 
modeling materials deposited from different containers of the 
apparatus. The modeling material may, for example, contain 
a component with biological or pharmaceutical activity, or 
with other activity or property. This component can, for 
example, be dispersed or dissolved in the modeling material. 
Alternatively, the modeling material itself may have Such 
biological or pharmaceutical activity or property. 
0160. As further detailed hereinbelow the present embodi 
ments contemplate the fabrication of an object by dispensing 
different materials from different dispensing heads. The 
present embodiments provide, interalia, the ability to select 
materials from a given number of materials and define desired 
combinations of the selected materials and their properties. 
According to the present embodiments, the spatial locations 
of the deposition of each material with the layer is defined, 
either to effect occupation of different three-dimensional spa 
tial locations by different materials in, or to effect occupation 
of substantially the same three-dimensional location or adja 
cent three-dimensional locations by two or more different 
materials so as to allow post deposition mixing of the mate 
rials thereby to form a composite material at the respective 
location or locations. 
0.161 Any post deposition combination or mix of materi 
als is contemplated. For example, once a certain material is 
dispensed may preserve its original properties. However, 
when it combines with another material or other dispensed 
materials which are dispensed at the same or nearby location 
a composite material having a different property or properties 
to the dispensed materials is formed. 
0162 The present embodiments thus enable the deposi 
tion of a broad range of material combinations, and the fab 
rication of an object which may consist of multiple different 
combinations of materials, in different parts of the object, 
according to the properties desired to characterize each part of 
the object. 
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0163 The present embodiments also contemplate several 
modes of operation, depending on the number of different 
materials which are to be used. In a first operation mode, all 
the dispensing heads of the system are operational throughout 
a building scan cycle in each location of the layer. 
0164. A building scan cycle can include one or more scans 
of the dispensing heads over the work area, e.g., a tray on 
which the object is formed. A single building scan cycle of the 
dispensing heads forms one layer of the object. 
0.165. In this mode, post deposition combination can form 
a uniform mix or combination of materials. In a second opera 
tion mode, one or more dispensing head of the system is not 
operative during at least apart of the building scan cycle of the 
layer. This operation mode facilitates both post deposition 
combination, in which case the combination is not necessarily 
uniform or homogenous, and the deposition of different mate 
rials at different three-dimensional spatial locations. 
0166 Referring now to the drawings, FIG. 1 illustrates a 
system 10 for solid freeform fabrication of one or more 
objects 12, according to various exemplary embodiments of 
the present invention. 
0167 System 10 comprises a solid freeform fabrication 
apparatus 14 having a plurality of dispensing heads 21. Each 
head preferably comprises one or more nozzle arrays 22, 
through which a building material 24 is dispensed. Head 21 is 
better illustrated in FIGS. 1b-c, showing a dispensing head 
with one (FIG. 1b) or two (FIG. 1c) nozzle arrays. 
0168 Preferably, but not obligatorily, apparatus 14 is a 
three-dimensional printing apparatus, in which case dispens 
ing heads 21 are printing heads, and the building material is 
dispensed via inkjet technology. This need not necessarily be 
the case, since, for Some applications, it may not be necessary 
for the solid freeform fabrication apparatus to employ three 
dimensional printing techniques. Representative examples of 
Solid freeform fabrication apparatus contemplated according 
to various exemplary embodiments of the present invention 
include, without limitation, binderjet-powder base apparatus 
and fused deposition modeling apparatus. 
0169. Each dispensing head is optionally and preferably 
fed via a building material reservoir (not shown, see FIGS. 
3a-C and 4a-c) which may optionally include a temperature 
control unit (e.g., a temperature sensor and/or a heating 
device), and a material level sensor. To dispense the building 
material, a Voltage is applied to the dispensing heads to selec 
tively deposit droplets of material via the dispensing head 
noZZles, for example, as in piezoelectric inkjet printing tech 
nology. The dispensing rate of each head depends on the 
number of nozzles, the type of nozzles and the applied volt 
age. Such dispensing heads are known to those skilled in the 
art of solid freeform fabrication. 
(0170 Preferably, but not obligatorily, the overall number 
of dispensing nozzles or nozzle arrays is selected Such that 
half of the dispensing nozzles are designated to dispense 
Support material and half of the dispensing nozzles are des 
ignated to dispense modeling material. In the representative 
example of FIG. 1d, three dispensing heads 21a, 21b and 21c 
are illustrated. Each of heads 21a and 21b has one nozzle 
array, while head 21c has two nozzle arrays. In this Example, 
heads 21a and 21b can be designated for modeling material 
and head 21c can be designated for Support material. Thus, 
head 21a can dispense a first modeling material, head 21b can 
dispense a second modeling material and head 21c can dis 
pense Support material. In an alternative embodiment, head 
21C, for example, may comprise 2 physically separate struc 
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tures, each having a single nozzle array. In this embodiment 
each of the two structures can physically be similar to heads 
21a and 21b. 

(0171 Yet it is to be understood that it is not intended to 
limit the scope of the present invention and that the number of 
modeling heads and the number of Support heads may differ. 
Generally, the number of modeling heads, the number of 
Support heads and the number of nozzles in each head are 
selected Such as to provide a predetermined ratio, a, between 
the maximal dispensing rate of the Support material and the 
maximal dispensing rate of modeling material. The value of 
the predetermined ratio, a, is preferably selected to ensure 
that at each fabricated layer, the height of modeling material 
equals the height of Support material. Typical values for a is 
from about 0.6 to about 1.5. 

0172 
0173 For example, for a-1, the overall dispensing rate of 
Support material is generally the same as the overall dispens 
ing rate of the modeling material when all modeling heads 
and Support heads operate. 
0.174. In a preferred embodiment, there are M model heads 
each having marrays of p nozzles, and S Support heads each 
having Sarrays of q nozzles Such that MXmxp=SxSXq. Each 
of the MXm modeling arrays and SxS Support arrays can be 
manufactured as a separate physical unit, which can be 
assembled and disassembled from the group of arrays. In this 
embodiment, each Such array optionally and preferably com 
prises a temperature control unit and a material level sensor of 
its own, and receives an individually controlled voltage for its 
operation. 
0.175 One configuration in which one support material 
head 21c and two modeling material heads 21a, 21b are 
employed is illustrated in FIG. 1d. In this configuration, the 
number of nozzle arrays in the support head is twice the 
number of nozzle arrays in each modeling head, but the over 
all number of nozzle arrays designated to dispense Support 
material equals the overall number of nozzle arrays desig 
nated to dispense modeling material. When all nozzle arrays 
are characterized by the same dispensing rate, this embodi 
ment corresponds to a 1, and when the nozzle arrays of head 
21c are characterized by a dispensing rate which differ from 
the dispensing rate of the nozzle arrays of each of heads 21a 
and 21c, this embodiment corresponds to az1. 
0176 Apparatus 14 can further comprise one or more 
radiation Sources 26, which can be, for example, an ultraviolet 
or visible or infrared lamp, or other sources of electromag 
netic radiation, or electron beam source, depending on the 
modeling material being used. Radiation source 26 serves for 
curing or Solidifying the modeling material. 
0177 Dispensing head 21 and radiation source 26 are 
preferably mounted in a frame or block 28 which is preferably 
operative to reciprocally move over a tray 30, which serves as 
the working Surface. According to the common conventions, 
tray 30 is positioned in the X-Y plane. Tray 30 is preferably 
configured to move vertically (along the Z direction), typi 
cally downward. In various exemplary embodiments of the 
invention, apparatus 14 further comprises one or more level 
ing devices 32 which can be manufactured as a roller 34 or a 
blade. Leveling device 32 serves to straighten the newly 
formed layer prior to the formation of the successive layer 
thereon. Leveling 
0.178 device 32 preferably comprises a waste collection 
device 36 for collecting the excess material generated during 

As used herein the term “about” refers to +10%. 
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leveling. Waste collection device 36 may comprise any 
mechanism that delivers the material to a waste tank or waste 
cartridge. 
0179 Preferably, apparatus 14 comprises a sensing device 
44 which may be, for example, embedded within leveling 
device 32 or may be external thereto. Sensing device 44 
serves to determine whether a collision with object 12 has 
occurred or is expected to occur. Such a collision may be, for 
example, as a result of dispensed layers being toothick and/or 
inconsistent in thickness, and/or because of a mechanical 
malfunction of the dispensing head. Collision may also occur 
as a result of material spill or faulty material dispensing that 
may occur anywhere in the path of the dispensing head. For 
example, sensing device 44 may be or include an accelera 
tion-sensing device, a shock sensor and the like. 
0180 According to a preferred embodiment of the present 
invention, apparatus 14 further comprises a cooling unit 38 
for cooling object 12 and or apparatus 14. Unit 38 may com 
prise a blowing unit and/or a Sucking unit, for respectively 
cooling apparatus 14 by Sucking hot air or other substances 
out of apparatus 14 and/or drawing cool air or other Sub 
stances in to apparatus 14 from the Surroundings. 
0181. In use, dispensing heads 21 move in a scanning 
direction, which is referred to herein as the X direction, and 
selectively dispense building material in a predetermined 
configuration in the course of their passage over tray 30. The 
building material typically comprises one or more types of 
Support material and one or more types of modeling material. 
The passage of heads 21 is followed by the curing of the 
modeling material(s) by radiation source 26. In the reverse 
passage of heads 21, back to their starting point for the layer 
just deposited, an additional dispensing of building material 
may be carried out, according to predetermined configura 
tion. In the forward and/or reverse passages of heads 21, the 
layer thus formed may be straightened by leveling device 32, 
which preferably follows the path of heads 21 in their forward 
and/or reverse movement. Once heads 21 return to their start 
ing point along the X direction, they may move to another 
position along an indexing direction, referred to herein as the 
Y direction, and continue to build the same layer by reciprocal 
movement along the X direction. Alternately, heads 21 may 
move in the Y direction between forward and reverse move 
ments or after 

0182 more than one forward-reverse movement. The 
series of scans performed by heads 21 to complete a single 
layer is referred to herein as a single scan cycle. 
0183) Once the layer is completed, tray 30 is lowered in the 
Z direction to a predetermined Z level, according to the 
desired thickness of the layer subsequently to be printed. The 
procedure is repeated to form three-dimensional object 12 in 
a layerwise manner. 
0184. In another embodiment, tray 30 may be displaced in 
the Z direction between forward and reverse passages of head 
21, within the layer. Such Z displacement is carried out in 
order to cause contact of the leveling device with the surface 
in one direction and prevent contact in the other direction. 
0185 System 10 further comprises a building material 
supply apparatus 50 which supplies a plurality of building 
materials to fabrication apparatus 14 and a control unit 52 
which controls fabrication apparatus 14 and Supply apparatus 
50 based on the operation mode of system 10. Control unit 52 
preferably communicates with a data processor 54 which 
transmits digital data pertaining to fabrication instructions 
based on computer object data, e.g., in a form of a Standard 
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Tessellation Language (STL) or a StereoLithography Con 
tour (SLC) format. Typically, control unit 52 controls the 
Voltage applied to each dispensing head or nozzle array and 
the temperature of the building material in the respective 
reservoir. 
0186. In various exemplary embodiments of the invention 
system 10 has at least two operation modes: in a first opera 
tion mode all modeling material heads operate, preferably at 
the same dispensing rate, during a building scan cycle, 
namely, all nozzles are operative throughout the building scan 
cycle in every location of the object layer. Since the different 
heads are not necessarily located in the same place (e.g., they 
can be located one after the other in the Scanning direction), 
there is a certain time delay between each of the heads and 
nozzle rows. The term “location of the layer refers to a small 
collection of pixels in the X-Y plane. 
0187. In a second operation mode at least one dispensing 
head is not operative during the building scan cycle in at least 
one location. In this mode, in order to provide a layer of the 
same thickness and resolution as would be produced by oper 
ating in the first operation mode, heads 21 are required to 
carry out more scans in order to complete a full layer. 
0188 In the first operation mode, the dispensing heads 
may dispense one type of modeling material and a Support 
material or alternatively may dispense more than one type of 
modeling material and a Support material, where the more 
than one modeling materials are uniformly dispensed at a 
fixed ratio throughout the building scan cycle. For example, 
using 2 modeling materials, the ratio can be 1:1, and for 3 
modeling materials, the ratio can be 1:1:1. 
0189 In the second operation mode, the dispensing heads 
dispense at least two types of modeling materials and a Sup 
port material. The second operation mode can be employed in 
more than one way: in one embodiment, not all heads are used 
or activated in a building scan cycle. In another embodiment, 
all model heads are activated to deposit their modeling mate 
rials in the course of building up a layer, however at any given 
point or time during build up of the layer, not all heads are 
activated to deposit their material. For example, in a single 
layer scan, materials A and B can be deposited in a ratio of 3:1 
in one region of the object layer, and materials A and C (where 
material C is deposited from another, separate head) depos 
ited in a 2:1 ratio in another region of the same object layer. In 
any case, the second operation mode is characterized in that at 
any given point of the Solid freeform fabrication process, at 
least one of the heads may not be activated to deposit material 
in a scan cycle. 
0190. The operation mode can be selected automatically 
by control unit 52 or may be selected by the operator e.g., 
using data processor 54 or a user interface 16 communicating 
with unit 52, according to the final model or object desired to 
be produced. For example, control unit 52 or can automati 
cally choose the first operation mode when the object or 
object parts to be fabricated are specified as built of the same 
single modeling material, and when this modeling material is 
already fed into all the modeling material dispensing heads, 
or when it is desired to build an object using a uniform mix of 
the modeling materials already fed into the modeling material 
dispensing heads. Control unit 52 or can automatically 
choose the second operation mode when the object or object 
parts to be fabricated are specified as built of more than one 
modeling material without mixing or with partial mixing (i.e., 
mixing only at Some, but not all, three-dimensional locations) 
or with nonuniform mixing. The automatic selection of 
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operation mode can be manually bypassed at any time using 
processor 54 or interface 16, at the user's discretion. 
0191 The system of the present embodiments enables 
selection of modeling materials from a given number of mod 
eling materials and/or materials intended to comprise part of 
the object being fabricated, to define desired combinations of 
the selected materials and define the spatial location of their 
deposition (combined or separate) within the layer, thus 
enabling the formation of a broad range of materials (i.e., 
material combinations), having a broad range of material 
attributes or properties, and enabling the fabrication of an 
object which may consist of multiple different combinations 
of modeling materials, in different parts of the object, accord 
ing to the properties desired to characterize each part of the 
object. 
0.192 A three-dimensional object may be created by using 
suitable software such as CAD software, which exports the 
virtual object to an SFF machine by a standard portable file 
format, e.g., STL format which is legible by the controller of 
the SFF machine. The SFF user may divide or split the virtual 
object to be fabricated into a number of separate parts or 
Zones, which are referred to herein as “regions'. A region in 
the object is thus a sub-volume of the object confined in one 
or more close surfaces which do not intersect with each other. 

0193 Division of the virtual object is done in order to 
enable assigning of different modeling materials or modeling 
material combinations or structures to the different regions. 
In one embodiment, the different regions are saved as differ 
ent STL files or different parts of an STL file, all files or parts 
of files referring to the same axes system and origin. The 
process of division into separate regions and their conversion 
to STL files may be carried out generally as known in the art, 
for example, generally as described in U.S. Pat. No. 5,768, 
134, assigned to Materialise N.V. A group of regions or STLs 
may therefore make up a whole object or whole part thereof. 
0194 In a preferred embodiment of the present invention, 
deposition of the modeling material(s) is determined accord 
ing to the thus defined regions, e.g., the specific modeling 
materials to be used, and their combination and/or spatial 
deposition within the region are defined in the Software, as 
well as the spatial definition of the regions themselves within 
the object layer, all according to the pre-defined properties 
desired for each part of the final object. Typically, definition 
of region attributes, e.g., types of modeling material and their 
combination in a given region may be defined by the Software 
at or after the time of division of the virtual object into 
regions. In a preferred embodiment, for any given region, a 
user or operator of the apparatus of the invention may intro 
duce definitions, e.g., via user interface Software of the appa 
ratus. For example, the operator may select a specific region 
and select modeling materials and/or material combinations 
for the thus defined region, according to the properties desired 
for each respective region. A non typical example of this is 
defining one modeling material or material combination for 
the periphery or boundary of the region and a different mate 
rial or material combination for the remainder. A useful 
example of this is printing objects with hard material in the 
bulk but soft material on the skin. 
0.195 Control unit 52 controls supply apparatus 50 so as to 
distribute the various building materials between the different 
dispensing heads according to the selected operation mode. 
0196. As aforesaid, the first operation mode can be 
selected either for fabricating objects using a modeling mate 
rial from a single material container, or for fabricating objects 
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made of a uniform mix from different modeling material 
containers. The relative amount of the ith modeling material 
is preferably Ni/m where m is the number of modeling heads 
and Ni is the number of heads that receive the i-th modeling 
material. A cross-sectional view of two objects, which are 
simultaneously fabricated on tray 30 according to a preferred 
embodiment of the present invention from a single modeling 
material 14.0a is illustrated in FIG. 2a. 
0197) The second operation mode is preferably selected 
when it is desired to fabricate objects using different model 
ing materials and/or different combinations of modeling 
materials in different regions, or when a single scan cycle is 
used to simultaneously fabricate layers of different objects 
with different modeling materials and/or material combina 
tions on the same working Surface. A cross sectional view of 
two objects, which are simultaneously fabricated on tray 30 
from three different modeling materials 140a, 140b and 140c, 
according to a preferred embodiment of the present invention, 
each occupying a distinct region, is illustrated in FIG. 2b. 
0198 The second operation mode is particularly useful for 
the fabrication of objects made of (or made partially of) 
composite material. For example, objects made of two or 
more materials having different physical properties e.g., 
mechanical, thermo-mechanical, optical, acoustic or electri 
cal, either in isotropic or anisotropic manner, either singly or 
in any combination. For example, in one embodiment the 
second operation mode is selected to fabricate objects having 
ananisotropic or nonuniform mechanical-strength; in another 
embodiment the second operation mode is selected to fabri 
cate objects having an anisotropic or nonuniform elasticity; in 
an additional embodiment the second operation mode is 
selected to fabricate objects having an anisotropic or nonuni 
form refractive index; in a further embodiment the second 
operation mode is selected to fabricate objects having an 
anisotropic or nonuniform color and the like. 
0199 Predetermined combinations of different modeling 
materials having different properties may be selected to be 
deposited in different regions, to create a composite material 
having properties different to those of the dispensed material, 
or that exhibit a combination of their properties. The resulting 
properties may differ according to the combination and/or 
relative amounts of the materials dispensed. The materials to 
be used in different combinations as well as the structure, e.g., 
spatial/relative deposition, of their combinations are prede 
termined according to the properties desired to be achieved in 
the final composite material forming the object or parts of the 
object. 
0200. A resulting object, according to various exemplary 
embodiments of the present invention, can thus have proper 
ties which differ within the object itself, e.g., a property which 
increases or decreases from one side of the object to another, 
or alternating properties within the object. For example, 
selecting one modeling material which is rigid after curing 
and another which is flexible or elastic after curing, can result 
in a composite material object in which some parts of the 
object are be more rigid than others, some more flexible than 
others, or the object may be rigid, e.g., on the outside and in 
the center, but flexible everywhere else. If, for example, a 
greater amount of rigid material is dispensed than the amount 
offlexible material, the fabricated object material is less rigid 
than the selected rigid material, but not as flexible as the 
selected flexible material. Different regions of the fabricated 
object can thus have differing material properties, where a 
region can be a layer, part of a layer or a number of layers, e.g., 
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a horizontal block of layers, or other structural arrangements, 
and thus the material properties may vary within a layer or 
between different blocks of layers. A composite material may 
also have colors that differ throughout the composite mate 
rial, depending on relative amounts and spatial dispensing of 
a number of different colored materials. 
0201 The different types of modeling materials may 
remain separate and distinct within the fabricated object or 
they may be mixed during the fabrication process. In the 
single material mode, if for example, two modeling materials 
are used, the materials themselves may combine into a single 
material, or they may be deposited Such that each material 
remains distinct, however their uniform deposition in drop 
lets of material next to one another forms a uniform, homog 
enous mix. In multimaterial modes, two or more modeling 
materials may be selected to be dispensed individually in 
parts or regions, and/or combined in others, where the com 
bination may be made by dispensing relative amounts of each 
material in different specified target locations or groups of 
target locations, or by dispensing two or more types of mod 
eling materials within the same group of target locations. 
0202 The relative amounts of different modeling materi 
als which are dispensed per layer or a portion thereof can be 
dynamically varied by unit 52 during the fabrication of the 
object, particularly when it is desired to fabricate an object 
having nonuniform oranisotropic properties. Unit 52 prefer 
ably receives from processor 54 digital data describing the 
relative amounts and controls the dispensing rate of the indi 
vidual dispensing rate according to the data. The variation of 
relative amounts can be made either in continuous or discrete 
a. 

0203 The ability of the system of the present embodi 
ments to utilize two or more different modeling materials, 
makes it is possible to use many more and more varied mate 
rials in solid free fabrication than has been possible to date in 
conventional Solid freeform fabrication techniques as well as 
providing many different possibilities for combining multiple 
materials, according to the final object and/or object proper 
ties desired to be obtained. 

0204 For example, building materials which have a 
greater tendency to shrink as a result of the polymerization 
process are not usually Suitable for use in traditional Solid 
freeform fabrication apparatus. The system of the present 
embodiments usefully provides a solution to this problem. 
For example, the system of the present embodiments can 
fabricate parts or objects in which the outside surfaces of the 
part or object are made of one material, while the rest of the 
part or object comprises a different material. In this example, 
the internal regions may be fabricated of a material which 
lacks mechanical strength, such as a gel or liquid, but having 
other desirable properties such as being easily removable, 
e.g., in order to create a hollow object, or easily burnt without 
leaving ash or other traces. 
0205. In one embodiment of the invention, two or more 
modeling materials may be dispensed, where one or both of 
the materials may not have the properties required to allow the 
building of the desired object. The combination of the two 
materials can provide a functional modeling material. For 
example, one of the materials may not solidify during the 
fabrication process, but remain in liquid, gel, paste or other 
non-solid or semi-solid form, while the other material does 
solidify during the fabrication process. The solidified mate 
rial can "contain' the non-solidified material, or, alterna 
tively, the non-solidified material can be drained, burnt out or 
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otherwise removed once the process is complete so as to 
provide a model which is hollow or porous. 
0206. In another embodiment of the invention, two or 
more modeling materials may be dispensed where one mate 
rial may have too low reactivity to be used as a modeling 
material in a specific system, as if used alone it would produce 
an object having poor definition and low printing quality, 
while another material has the appropriate reactivity. In this 
example, it may be noted that one of the basic properties of a 
UV curable formulation is its reactivity to UV radiation. 
Reactivity is generally obtained by a suitable combination of 
monomers, oligomers, photoinitiator and photoinitiator con 
centration. Acrylic monomers and oligomers (as opposed to 
methacrylic) are especially appropriate due to their relatively 
high intrinsic reactivity, meaning that acrylic formulations 
can use relatively low concentrations of photoinitiator. Due to 
the relatively low intrinsic reactivity of methacrylic compo 
nents, it is rather difficult to use them in the preparation of 
formulations. The lack of reactivity of a formulation directly 
affects its printing quality. The use of a formulation with low 
reactivity would produce an object with undefined and inex 
act edges and/or surfaces. 
0207 Methacrylic components generally have valuable 
properties such as a lower shrinkage ratio and higher Tg (glass 
transition temperature) than acrylic components, however 
they have lower reactivity than acrylic components. This 
problem may be solved using the system of the present inven 
tion, wherein one modeling material is used which has high 
reactivity, e.g., an acrylic formulation, and another modeling 
material which has low reactivity, e.g., methacrylic formula 
tion. The high reactivity formulation may be used to surround 
the low reactivity formulation in each layer and thus the 
object's surfaces would consist of the reactive formulation 
and the core of the object of the low reactivity formulation. As 
a consequence the quality of the periphery of the object is 
assured; since this characteristic requires high reactivity (the 
quality of periphery comprises wall Smoothness and edge 
sharpness). The accuracy of the object is assured too since 
deformation of the bulk, which is brought about by shrinkage, 
is minimized. In this way, the valuable properties of low 
reactivity components can be exploited. Other types of low 
reactivity formulations may be used, including, for example, 
UV cationically initiated polymerizable formulations. 
0208 Although the system according to embodiments of 
the invention enables users to build articles comprised of 
combinations of building materials, e.g., composite materi 
als, and offers the use of a large number of different material 
combinations for this purpose, the present inventors discov 
ered that there is need for a method and/or utilities for pro 
viding the user with Such information, e.g., possible combi 
nations and their properties, in a user-friendly and systematic 
way, e.g., via user interface Software. 
0209. In one embodiment of the present invention, a user 
or operator specifies using processor 54 the modeling mate 
rials to be dispensed and their combinations, in order to build 
an object or object part with desired properties. Processor 54 
may provide information via a table, Scale, spectrum, matrix, 
drop-down menus or other means about available materials 
and/or possible material combinations as well as tools for 
selection of Such materials and/or material combinations. For 
example, a scale may be provided ranging from a material 
having 100% of property A and 0% of property Bat one end, 
and another material having 0% of property A and 100% of 
property B at the other end, where along the scale are a 
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number of different materials providing increasing/decreas 
ing percentages of each property accordingly. 
0210 Generally, the modeling materials can be divided 
into two or more categories. For each category, the modeling 
materials in the category can be sorted according to a prede 
termined criterion. A graphical representation of the sorted 
materials can then be generated. From the graphical repre 
sentation, at least some modeling materials can be selected 
for the solid freeform fabrication of the object. As a represen 
tative example for this procedure, consider the following 
protocol. 
0211 (i) sort the possible material combinations into to 2 
categories: rubber-like (elastomer) and plastic-like (rigid); 
0212 (ii) sort the rubber-like materials according to per 
cent of elongation and shore; 
0213 (iii) sorting the plastic like materials according to 
percent of elongation and heat distortion temperature (HDT): 
0214 (iv) graphically depict the sorted combinations (see, 

e.g., Tables 1 and 2 below, in which M1-M10 represent mate 
rials or material combinations); and 
0215 (v) provide the user with the option and ability to 
select one or more combinations and assign them to an article 
or part of an article to be built. 

TABLE 1. 

Rigid 

HDT 

60 M4 
50 M1 
40 M2 
30 
2O 
10 M5 M3 
O 2 4 6 8 10 12 14 16 18 20 22 24 26 

TABLE 2 

Elastomer 

Shore A 

O M6 
2O 
40 M7 
60 
8O M10 

100 M8 
O 2O 40 60 80 100 120 140 160 180 200 220 

0216. In various exemplary embodiments of the invention 
the throughput characterizing the first operation mode is 
larger than the throughput characterizing the second opera 
tion mode. In the second operation mode, some dispensing 
heads may not be fully operative during the entire scan cycle 
or parts of it, resulting in lower throughput. In the first opera 
tion mode, the throughput is higher because all the dispensing 
heads operate throughout the scan cycle. 
0217. In the second operation mode, for example, some of 
the dispensing heads dispense one modeling material and 
Some dispense another modeling material, requiring the 
heads to make more scan passes in order to complete a full 
scan cycle while producing a layer with the same thickness 
and resolution as in first operation mode. 
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0218 For example, Suppose that apparatus 14 comprises 
N modeling material heads (N22) each capable of dispensing 
modeling material at certain maximal rate. According to a 
preferred embodiment of the present invention the overall 
throughput of apparatus 14 when the same modeling material 
is Supplied to all dispensing heads is N times larger (i.e., at 
least to times larger) than the overall throughput when a 
different modeling material is Supplied to each dispensing 
head. Control unit 52 preferably controls the modeling mate 
rial dispensing heads and the Support material dispensing 
heads such as to maintain a predetermined ratio between the 
amounts of modeling material and Support material for each 
layer. 
0219. The modeling material dispensing heads are prefer 
ably selected such that at least two, or preferably all modeling 
material dispensing heads have generally similar character 
istic dispensing rates. Similarly, at least two, more preferably 
all Support material dispensing heads have generally similar 
characteristic dispensing rates. 
0220. As used herein the term “generally similar, when 
used in conjunction to a miserable quantity (such as dispens 
ingrate) refers to the same +10%. 

Elongation 

M9 

240 260 Elongation 

0221) Similar characteristic dispensing rates can be 
readily achieved by providing each respective head (model 
ing or Support) with the same number and type of nozzles in 
array 22. Additionally or alternatively, the operation of sys 
tem 10 can be preceded by a calibration step in which the 
Voltage Supplied to each head is tuned to achieve the desired 
rate. 

0222. As stated, the overall dispensing rate of support 
material is preferably the same (or multiplied by a) as the 
overall dispensing rate of modeling material when all heads 
operate. In various exemplary embodiments of the invention 
control unit 52 is designed and configured to reduce the 
dispensing rate of the Support material heads when system 10 
is in the second operation mode. This can be done, for 
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example, by reducing the bias Voltage on the Support material 
heads or by temporarily disabling some of the nozzles in array 
22. This can also be achieved by disabling one or more of the 
Support heads (if more than one Support head exists). 
0223) The advantage of the reduction of the dispensing 
rate of the Support material in the second operation mode is to 
maintain equal layer heights for the modeling and Support 
material. In various exemplary embodiments of the invention, 
for N different modeling materials, the reduction in dispens 
ingrate is by a factor of N. For example suppose that there are 
3 modeling heads each having 2 linear arrays of the same 
number of nozzles, and that there is a single Support head 
having 6 arrays of nozzles of the same number. Suppose 
further that each modeling head is designated to dispense a 
different modeling material, i.e., in this example N=3. 
0224. In the above example, when system 10 operates in 
the first operation mode, all 6 arrays of modeling materials 
and all 6 arrays of Support material dispense their respective 
materials throughout a scan cycle in every location, according 
to the model (bit) map and Support (bit) map respectively. 
When system 10 operates in the second operation mode, in 
which each model head dispenses a different material, the 
building speed of objects is reduced to one third because there 
are locations in which only one head (one third of the model 
noZZles in the present example) dispenses material. This is 
despite the fact that the dispensing rate of the modeling heads 
or of the heads noZZles is unchanged. 
0225. The model map in other locations where a mix of 
different materials is dispensed, is planned in such a way that 
in every location the material from all 3 heads together is 
dispensed at 1/3 rate (in one example this is achieved by 
reduced density of pixels in the model map of the individual 
heads). In order to prevent the support structure being built at 
a greater pace than the model, the Support head is operated at 
a lower dispensing rate than that of the first operation mode. 
For example, in the last example of 6 support arrays, when 
printing double or triple modeling material mode, only 2 or 3 
Support arrays are operated respectively. 
0226. In this example therefore, when building an object 
or part thereof from a single material in the second operation 
mode, the 2 arrays of the desired modeling material would 
have to scan the layer three times more than if all 6 arrays of 
modeling material were active to deposit the desired model 
ing material, while interlacing between each scan (moving 
the heads in the Y direction between each scan), in order to 
deposit the same amount of modeling material to form a layer 
as in the first operation mode. 
0227 Reference is now made to FIGS. 3a-c and 4a-c, 
which are fragmentary Schematic illustrations of a Supply 
apparatus 50, according to various exemplary embodiments 
of the present invention. Apparatus 50 preferably comprises a 
plurality of containers 58 for holding the building materials. 
In the fragmentary illustration of FIGS. 3a-c and 4a-c there 
are two such containers 58a and 58b, for holding modeling 
materials to be supplied to dispensing heads 21a and 21b, but 
it is to be understood that apparatus 50 can comprise any 
number of containers, including one or more containers for 
holding Support materials. Apparatus 50 further comprises a 
building material flow unit 60 arranged for selectively allow 
ing flow of building materials to fabrication apparatus 14. 
More specifically, unit 60 selectively allows flow of materials 
to reservoirs 56a and 56b of dispensing heads 21a and 21b. 
0228. The flow of materials into reservoirs 56 is selective 
in the sense that a material from a particular container can be 
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either delivered or not delivered to a particular reservoir. In 
various exemplary embodiments of the invention, unit 60 is 
designed and constructed Such that there is at least one opera 
tion mode in which at least one container of modeling mate 
rial Supplies modeling material to two or more reservoirs of 
modeling head. Optionally and preferably unit 60 is designed 
and constructed Such that there is at least one operation mode 
in which at least one container of Support material Supplies 
Support material to two or more reservoirs of Support heads. 
Additionally, unit 60 is designed and constructed such that 
there is at least one operation mode in which different con 
tainers supply materials to different reservoirs. 
0229. This can be achieved in more than one way. In the 
embodiments illustrated in FIGS. 3a-c, unit 60 comprises an 
arrangement of conduits 62, Valves 64 and/or pumps 66. Each 
valve canassume an open state in which material is allowed to 
flow in the conduit at which the valve is introduced and a 
closed state, in which it does not allow flow of material 
therethrough. An open valve is illustrated in FIGS. 3a-c as a 
square and a closed valve is illustrated as a square filled with 
a COSS. 

0230 Valves and conduits suitable for the present embodi 
ments are found in, e.g., U.S. Patent No. 200601271.53, the 
contents of which are hereby incorporated by reference. 
0231 Unit 60 canassume several states. FIG.3a illustrates 
a state of unit 60 in which the valves at the exits of the 
containers are open but no mixing of materials is allowed. 
Thus, in this configuration, container 58a Supplies material to 
reservoir 56a but not to reservoir 56b, and container 58b 
supplies material to reservoir 56b, but not to reservoir 56a. 
This configuration is useful in embodiments in which differ 
ent heads dispense different materials (e.g., in the second 
operation mode, or in the first operation mode in which mate 
rials are mixed during their deposition). 
0232 FIG. 3b illustrates the same combination of valve 
states as in FIG. 3a, but with the same modeling material in 
both containers. This embodiment is useful in the first opera 
tion mode whereby all heads dispense the same material. 
0233 FIG. 3c illustrates a state of unit 60 in which the 
valve at the exit container 58a is closed, the valve at the exit 
of container 58b is open, and the valves on conduits which 
allow flow of material from container 58b to reservoirs 56a 
and 56b are open. Thus, in this configuration, container 58a 
does not supply material, and container 58b Supplies material 
to both reservoirs 56a and 56b. This embodiment is also 
useful in the first operation mode. 
0234 FIGS. 4a-c illustrate an embodiment in which unit 
60 comprises an arrangements of conduits 62 and pumps 66. 
0235. Each pump can assume an operative state in which it 
generates flow of material and a non-operative state in which 
it does not allow flow of material. An operative pump is 
illustrated in FIGS. 4a-cas a circle with circular arrow, and a 
non-operative pump is illustrated in FIGS. 4a-c as an empty 
circle. 
0236 FIG. 4a illustrates a state of unit 60 in which the 
pumps generate flow of material from container 58a to reser 
voir 56a but not to reservoir 56b, and flow of material from 
container 58b to reservoir 56b but not to reservoir 56a. This 
configuration is useful in embodiments in which different 
heads dispense different materials (e.g., in the second opera 
tion mode, or in the first operation mode in which materials 
are mixed during their deposition). 
0237 FIG. 4b illustrates the same combination of pump 
states as in FIG. 4a, but with the same modeling material in 
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both containers. This embodiment is useful in the first opera 
tion mode mode whereby all heads dispense the same mate 
rial. 
0238 FIG. 4c illustrates a state of unit 60 in which the 
pumps at the exit of container 58a are not operative, but the 
pumps at the exit of container 58b are operative, such that 
container 58a does not supply material, and container 58b 
supplies material to both reservoirs 56a and 56b. This 
embodiment is also useful in the first operation mode. 
0239. Also contemplated are different combinations of the 
above states. For example, when there are four modeling 
heads, unit 60 can assume the state as illustrated in FIG. 3b or 
4b for two heads and the state as illustrated in FIG.3c or 4c for 
the other two heads, thus allowing flow of materials from 
three containers to four heads. 
0240. When it is desired to dispense a single modeling 
material during a particular scan cycle of apparatus 14, Sys 
tem 10 can operate either in the first operation mode, or in the 
second operation mode. In the latter case, only dispensing 
heads designated to dispense the particular modeling material 
(or materials to be uniformly combined) operate during the 
scan cycle, while other modeling material heads are not 
operative and consequently the Support material heads are 
also partially operative, according to the desired ratio 
between the overall dispensing rates of modeling materials 
and Support material. 
0241. In the former case (the first operation mode) all the 
heads are operative throughout the scan cycle, and are fed by 
the same modeling material or materials. This can be 
achieved, for example, using the combination of valve states 
illustrated in FIG. 3b-c or the combination of pump states 
illustrated in FIGS. 4b-c. In the embodiment in which all the 
containers of apparatus 50 hold the same modeling material 
(e.g., FIGS. 3b and 4b), the scan cycle is preferably preceded 
by a step in which containers holding other modeling mate 
rials are replaced. Additionally, reservoirs and conduits filled 
with other modeling materials are preferably emptied, e.g., by 
performing one or more purging cycles, before commencing 
or continuing the fabrication step. If so required, unit 52 can 
adjust the applied Voltage and/or temperature in the respec 
tive reservoirs. In the embodiment in which one or more 
containers Supply the modeling material to all the heads (e.g., 
FIGS. 3c and 4c), the scan cycle is preferably preceded only 
with purging cycles and optionally Voltage and temperature 
adjustments, without replacement of containers. 
0242 For scan cycles of a single modeling material, the 
operation in the first operation mode is preferred from the 
stand point of higher throughput. The first operation mode, as 
described herein, may also comprise deposition, for example 
of two different materials, where such two different materials 
are dispensed in a fixed ratio throughout the layer. 
0243 When it is desired to dispense a mix or a varying mix 
of modeling materials during a scan cycle, system 10 prefer 
ably functions in the second operation mode according to the 
above or similar principles. For example, when a number of 
different objects are being printed on a tray, each object 
comprising different materials and/or different combinations 
of materials, or when an object comprises a number of differ 
ent parts or regions, each comprising different materials and/ 
or different combinations of materials. 
0244 Thus, according to the presently preferred embodi 
ment of the invention unit 60 assumes the state in which 
different containers supply different building materials to 
different dispensing heads (e.g., as illustrated in FIG. 3a or 
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4a). In the first operation mode, where all heads operate 
during the scan cycle, all heads may be fed by the same 
containers, or all containers may contain the same material. In 
multiple modeling material mode, each modeling material is 
dispensed from a different head, each head being supplied by 
a different container, and the dispensed materials are option 
ally mixed or interspersed amongst each other, upon contact 
ing the working Surface. 
0245. When all dispensing heads are operative at the same 
time, the combined dispensing rate is higher than the dispens 
ingrate of each individual head. When two materials are used 
in the first operation mode, unit 52 controls apparatus 50 such 
that the materials are dispensed at a fixed dispensing rate 
according to a fixed 1:1 ratio. The above procedure ensures 
that the layer is fabricated with a homogenous mixture of 
modeling materials. 
0246. In some cases a layer made of a mixture of different 
modeling materials at uneven, but predetermined mix ratio 
can be obtained in the first operation mode, either by intro 
ducing the same modeling material to more than one con 
tainer, or by selecting the state of unit 60 such that one or each 
of several modeling material containers Supplies material to 
more than one modeling heads. A representative example is 
shown in FIG. 5, which is a schematic illustration of supply 
apparatus 50 and heads 21 in an embodiment in which there 
are four modeling heads 21a-d having the same dispensing 
rate, and one Support head 21e with a dispensing rate which is 
four times the dispensing rate of a model head. The dispens 
ing rates of heads 21a-d are represented in FIG. 5 by two 
nozzle arrays 22 perhead, and dispensing rate of head 21e is 
represented by eight nozzle arrays 22. 
0247. In the present example, apparatus 50 comprises one 
Support material container 58e holding a Support material 
140c and four modeling material containers 58a-d, where 
containers 58a and 58c hold a first type of modeling material 
140a and containers 58b and 58d hold a second type of 
modeling material 140b. Unit 60 comprises an arrangement 
of conduits 62 and pumps 66, as described above. The state of 
unit 60 is selected such that all the pumps at the exits of 
container 58b are non-operative, container 58a supplies 
material 14.0a to reservoirs 56a and 56b of heads 21a and 21b, 
respectively, container 58c supplies material 14.0a to reser 
voir 56c of head 21c and container 58d supplies material 140b 
to reservoir 56d of head 21d. When system 10 operates in the 
first operation mode, all the nozzle arrays of all modeling and 
Support heads dispense the respective material during a scan 
cycle at any location along the scanning location, and the 
layer is formed at an elevated throughput from a mixture of 
materials 14.0a and 140b, for example at a mix ratio of 3:1. 
0248. During the fabrication of one or more objects having 
multiple layers, selected layers can be formed at high 
throughput from an even mixture of modeling materials while 
system 10 operates in the first operation mode, e.g., according 
to the principles described above in conjunction with FIG. 5, 
while other layers can be formed at lower throughput from 
one modeling material or a plurality of non-mixed modeling 
materials while system 10 operates in the second operation 
mode. The present embodiments thus facilitate dynamic 
switching between different operation modes of system 10 
during the fabrication process of the object(s). The Switching 
can be done either by the operator who instructs unit 52, e.g., 
using data processor 54 or user interface 16, to change the 
operation mode or it can be done automatically by unit 52 
according to fabrication data received from processor 54. 
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0249 Reference is now made to FIG. 6 which schemati 
cally illustrates the registration of the nozzle arrays of the 
various heads along the indexing direction Y, according to 
various exemplary embodiments of the present invention. 
Shown in FIG. 6 are three nozzle arrays 22a-c each desig 
nated to dispense a different modeling material, and three 
noZZle arrays 42a-c designated to dispense Support material. 
In the present example, each array includes 9 nozzles, uni 
formly distributed along the indexing direction Y. Other num 
bers of nozzles per array are not excluded from the scope of 
the present invention. NoZZle arrays 22a-c and 42a-c can 
correspond to four different dispensing heads, three modeling 
heads each having one of arrays 22a-c, and one Support head 
having all three arrays 42a-c. But this need not necessarily be 
the case. For example, nozzle arrays 22a-c and 42a-c can 
correspond to six different dispensing heads (three modeling 
heads and three Support heads), two different dispensing 
heads (one modeling head and one Support head), or any other 
combination. 
0250. According to a preferred embodiment of the present 
invention, the nozzle arrays are aligned along the scanning 
direction X in a manner such that a plurality of rows of 
modeling material are formed on the working Surface in a 
Substantially uniform distribution along the indexing direc 
tion Y. In other words, when all arrays operate during a single 
Scan, there is a generally similar distance, d, between every 
two Successive rows. In various exemplary embodiments of 
the invention, the nozzle arrays of Support material (arrays 
42a-c in the representative example of FIG. 6) are disposed 
along the indexing direction Y Such that nozzles of each 
noZZle array of Support material are aligned along the scan 
ning direction X with nozzles of one nozzle array of modeling 
material. In the present example, the nozzles of array 42a are 
preferably aligned with the nozzles of array 22a, the nozzles 
of array 42b are preferably aligned with the nozzles of array 
22b and the nozzles of array 42c are preferably aligned with 
the nozzles of array 22c. 
0251 For a plurality of head arrays, the arrays are prefer 
ably configured in sequential manner with respect to the 
scanning direction X (one behind the other) at locations 
denoted by integer numerals from 1 to N, where N is the 
number of arrays (three in the present example). The arrays 
are registered in an interlaced fashion in the indexing direc 
tion. Hence, when there are M nozzles (nine in the present 
example) in each array, a single scan in which all heads 
operate results in the formation of NXM rows (27 rows in the 
present example). Formation of NXM rows using a single 
modeling array and a single Support array, on the other hand, 
requires a cycle of N scans (three in the present example), 
with intermediate shifts of the arrays along the indexing 
direction. 
0252. When N, the total number of arrays designated for 
dispensing modeling material, is an integer power of 2 (i.e., 
N=2, 4, 8, ...), such that, for any positive integer KsN, lines 
of modeling material formed by nozzle array Kare symmetri 
cally disposed between lines of modeling material formed by 
all nozzle arrays of at locations 1 to K-1. 
0253) The term symmetrically disposed refers to an align 
ment along the indexing direction Such that a newly formed 
row is formed at half the distance between the two previously 
formed mostly adjacent rows. 
0254 The situation is exemplified in FIG. 7 which sche 
matically illustrates the registration of the nozzle arrays along 
the indexing direction, in a preferred embodiment in which 
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N=4. Shown in FIG. 7 are four nozzle arrays 22a-d each 
designated to dispense a different modeling material, and four 
nozzle arrays 42a-d designated to dispense Support material. 
Similarly to the example illustrated in FIG. 6, each array in 
the present example includes 9 nozzles, uniformly distributed 
along the indexing directionY.Yet, as stated, other numbers of 
nozzles per array are not excluded from the scope of the 
present invention. NoZZle arrays 22a-d and 42a-d can corre 
spond to any combination of modeling heads and Support 
heads, as explained above in conjunction with FIG. 6. The 
nozzles of arrays 42a-d are respectively aligned along the 
indexing direction with the nozzles of arrays 22a-d. 
0255. In the exemplified configuration illustrated in FIG. 
7, the four arrays 22a, 22b. 22c and 22d are arranged with 
respect to the Scanning direction X in sequential order at 
locations 1, 2, 3 and 4 respectively. The alignment along the 
indexing direction is such that lines of modeling material 
formed by the nozzle array at location 2 (array 22b in the 
present example) are symmetrically disposed between lines 
of modeling material formed by the nozzle arrays at location 
1 (array 22a in the present example). Lines of modeling 
material formed by the nozzle array at location 3 (array 22c in 
the present example) are symmetrically disposed between 
lines of modeling material formed by the nozzle arrays at 
locations 1 and 2 (arrays 22a 22b in the present example); and 
lines of modeling material formed by the nozzle array at 
location 4 (array 22d in the present example) are also sym 
metrically disposed between lines of modeling material 
formed by all nozzle arrays of at locations land 2 (arrays 22a 
and 22b in the present example). 
0256 The advantage of using such symmetry is that it 
prevents or reduces sticking of adjacent lines to each other, 
and formation of asymmetrical gaps between adjacent lines. 
If a new line of modeling material is deposited between two 
formerly deposited lines, but closer to one than to the other, it 
will stick to or merge with the closer line and not with the line 
on its other side causing uneven layer thickness and formation 
of asymmetrical grooves between adjacent lines. 
0257. In various exemplary embodiments of the invention 
each layer of the object is formed at a predetermined and 
optionally different thickness, such that post-formation 
shrinkage is compensated for. This can be done using any 
procedure known in the art, such as, for example, the proce 
dure disclosed in International Application No. PCT/IL2007/ 
000429, the contents of which are hereby incorporated by 
reference. Generally, the required scale correction in Z direc 
tion after the fabrication finishes, as well as similar scale 
correction in the scanning X and indexing Y directions, 
depend on the formation duration of the layers. Although the 
heat generated and absorbed at each point of the layer does 
not depend on the formation duration, the cooling amount of 
the layer is proportional to the formation duration. Therefore 
the larger the formation duration, the cooler the layer is. 
Hence, objects of large layer formation time are cooler than 
objects of small layer formation time after the printing fin 
ishes, and therefore the former contract less than the latter 
after cooling to room temperature. The contraction factor 
may differ for X, Y and/or Z directions. In particular global 
contraction in Z is preferably smaller than in X-Y. This is 
because part of the contraction in Z (from the very first high 
temperature of a newly built layer to the steady state tempera 
ture of the object during building) is constantly compensated 
by the leveling apparatus and constant Z step during building. 
The contraction in the X-Y direction, on the other hand, takes 
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place consistently from the initial temperature of a newly 
built layer until the object cools to room temperature. 
0258. In various exemplary embodiments of the invention 
the rescaling factors also depend on the type or types of 
modeling material used to fabricate the layer. This is because 
different materials may have different contraction character 
istic after being cured and cooled. Thus, regions or objects 
having different modeling materials are preferably rescaled 
according to a different rescaling factor. Alternatively, objects 
that are formed of different modeling materials in different 
distinct regions (cf. FIG. 2b) the rescaling factor can be 
according to the hardest material in the fabricated object. For 
layers or objects formed from mixture of modeling materials, 
the scale factor is preferably a weighted average of the con 
stituent modeling materials forming the mixture. 
0259. The present embodiments successfully provide a 
technique for forming internal or external structures of dif 
ferent materials. Such formation is particularly useful to 
improve the mechanical properties of the object being fabri 
cated. For example, an object generally made of one or more 
rigid material, can include one or more layers or regions such 
as a skin layer made of less rigid materials so as to impart the 
object with additional surface flexibility thus making it more 
compliant and reducing its tendency to break under load. 
Conversely, an object generally made of one or more compli 
ant materials can include one or more layers or regions such 
as a skin layer made of rigid materials so as to enhance its 
rigidity. One or more of the layers or regions can be applied by 
the system of the present embodiments. Regions or layers of 
different materials can be continuous, e.g., Surrounding the 
core of the object, or discontinuous, e.g., in the form of 
islands of one material distributed in a bulk of another mate 
rial. 

0260 Reference is now made to FIG. 8, which is a sche 
matic illustration of a cross sectional view of an object 70 
having a continuous buffer layer 76 located near the object's 
surface. The interior 72 of object 70 is made of a generally 
hard modeling material which is being surrounded by buffer 
layer 76 of an elastic material. Elastic layer 76 is surrounded 
by an additional continuous layer 78 of a hard modeling 
material, which, in the representative illustration of FIG. 8 is 
the outer layer of object 70. Each of layers 76 and 78 is 
preferably thinner than interior 72, but can be made of one or 
more sub-layers of modeling material. A typical thickness of 
layers 76 and 78 is about 100 um. It is to be understood that 
object 70 can also comprise other internal or external struc 
tures which may be continuous or discontinuous. Two adja 
cent structures can be made of different materials. 
0261 The present embodiments also contemplate coating 
an object by one or more layers of materials wherein two or 
more of the layers are made of different materials. 
0262 Skin regions or layers, according to some embodi 
ments of the present invention can have various thicknesses. 
Representative examples, include, without limitation, from 
about 50 microns to about 1 millimeters, or from about 50 
microns to about 500 microns. 
0263. The use of two or more modeling materials during 
the fabrication of the object can also be exploited for manu 
facturing objects having a predetermined pattern, such as a 
drawing or an image formed on their Surface. 
0264 FIG. 9 is a schematic illustration of a three-dimen 
sional object 90 fabricated by solid freeform fabrication and 
having a pattern 92 formed on the surface 94 of object 90. 
Pattern 92 can be a black and white pattern, a grayscale 
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pattern or a colored pattern, as desired. Any type of pattern 
can be formed. Representative examples include, without 
limitation, a drawing, an image, a symbol, a plurality of 
symbols, a text, Braille alphabet, a barcode or any combina 
tion thereof. 

0265 Pattern 92 can beformed on the surface of the object 
in more than one way. In one embodiment, one or more layers 
of modeling material are dispensed according to the shape of 
the pattern on the surface of the object to form a patterned 
relief. The modeling material is preferably selected such that 
the pattern is distinguishable, preferably visible, on the sur 
face of the object. For example, the surface can be made of a 
modeling material of one colorand the pattern can be made of 
a modeling material of another color. Alternatively, both the 
Surface and the pattern can be made of the same color, but 
with different level of gray component. Thus, the present 
embodiment is suitable for color, grayscale or black and white 
pattern. A typical thickness of pattern 92 above surface 94 is 
about 0.3 mm, but other thicknesses are not excluded from the 
Scope of the present invention. 
0266. In another embodiment, the pattern is embedded in 
the surface of the object such that pattern 92 is flush with 
surface 94. This can be achieved by selectively dispensing 
more than one type of modeling material during the fabrica 
tion of surface 94 such that one type of modeling material is 
dispensed according to pattern 92 while another type is dis 
pensed to form different sections of surface 94. This embodi 
ment is also Suitable for color, grayscale or black and white 
pattern. 
0267. In an additional embodiment, also suitable for color, 
grayscale or black and white, pattern 92 forms an intaglio in 
surface 94. This can be achieved, for example, by fabricating 
the Surface of the object in a manner Such that locations on the 
Surface corresponding to pattern 92 are excluded during the 
fabrication process. The pattern can be visually enhanced by 
ensuring the layers beneath the outermost Surface of the 
object are of a different color or of the same color but with 
different gray component. 
0268. In any of the above embodiments, the pattern can be 
made of a modeling material having a different mechanical 
property, such as, but not limited to, different elasticity or 
flexibility. Alternatively, the pattern can be made of a model 
ing material having the same mechanical property, but differ 
ent optical property. For example, if it is desired to fabricate 
an object having a certain degree of elasticity, the pattern can 
be fabricated using a mix of materials which ensure that the 
elasticity of the object is intact in the patterned as well as the 
non-patterned regions of the object. 
0269. In any of the above embodiments, the color, gray 
component or Saturation of the pattern can be controlled by 
selecting the modeling material according to the desired color 
or gray component, or by varying the thickness of the pat 
terned layer. For example, the material in a layer under pattern 
92 may be red as opposed to the bulk material which can be 
translucent or white. When the thickness of the layer varies 
according to the pattern, the resulted pattern comprises dif 
ferent levels of redness saturation. 

0270. The use of a plurality of different modeling material 
also facilitates fabrication of thick patterns such as a drawing 
or a picture as further detailed hereinabove. This can be done 
by repeatedly printing a two dimensional pattern (e.g., repre 
sented by a bitmap) in a plurality of successive layers until the 
desisted thickness is achieved. 
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0271. A representative example of a deep pattern is illus 
trated in FIG. 10a, which illustrates an X-Z cross section of 
the object. The fabrication process is preferably as follows: a 
first layer of building material of uniform thickness is formed 
on a work Surface according to a given multimaterial pattern. 
Subsequent layers, successively elevated in the Z direction, 
are built one on another, each depicting the same pattern as 
depicted in the first layer. The material combinations in the 
layer can be, for example, an appropriate mix of basic color 
materials (that are Supplied to the machine heads). In this way 
the same color pattern appears at both the bottom of the object 
and at its top Surface. 
0272. In another embodiment, illustrated in FIG. 10b, 
which illustrates an X-Z cross section of the object, image 
information of the deep pattern can be combined with image 
information of another three-dimensional object in a manner 
Such that only common parts of the deep pattern and three 
dimensional object are fabricated by the solid freeform fab 
rication. In other words, when the deep pattern is fabricated, 
its surface is trimmed according to the outer Surface of the 
three-dimensional object. 
0273. According to an embodiment of the present inven 

tion, there is provided a method suitable for solid freeform 
fabrication. The method uses a plurality of dispensing 
noZZles, such that at least two noZZles dispense modeling 
materials which differ from each other. The method fabricates 
and object which comprises material with a predetermined 
value of an attribute (such as, but not limited to, hardness, 
solidity, elasticity, flexibility, color, translucency, electrical 
and/or magnetic behavior). In some embodiments of the 
present invention the method fabricates an object having a 
predetermined attribute other than color (e.g., hardness elas 
ticity, flexibility). 
0274. In various exemplary embodiments of the invention 
the method comprises the following method steps in which in 
a first step a required proportion of the different modeling 
materials is calculated using a lookup table, a mathematical 
expression and the like; and in a second step the different 
modeling materials are dispensed according to the calculated 
proportion of materials. In some embodiments of the present 
invention the method uses the proportion for fabricating an 
object having a predetermined attribute other than color (e.g., 
hardness elasticity, flexibility). 
0275. In exemplary embodiments of the invention the fab 
ricated object comprises a spatial Zone in which at least one 
attribute of the material continuously changes from one point 
to another. 
0276 According to an additional embodiment of the 
present invention, there is provided a method in which at least 
two separate objects are fabricated by solid freeform fabrica 
tion on a building tray. The separate objects are fabricated 
from different modeling material combinations. According to 
the present embodiment of the invention, the dimensions of 
the objects are rescaled along a direction so as to compensate 
for post-formation shrinkage of the objects along the direc 
tion. The scale factors of the different can be different. 
Regions having different modeling material combinations 
that touch each other can be rescaled according to a common 
rescaling factor. 
0277 Techniques of various exemplary embodiments of 
the invention can be realized using a printing apparatus hav 
ing a tray on which objects are created, at least two printheads 
and at least two building material containers, where each 
printhead is associated with a material container, a gantry 
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with at least one socket for the printheads, means for provid 
ing relative movement between said gantry and said tray, and 
control means for dispensing building material from at least 
one printhead that is installed in the socket(s), in accordance 
with an input pixel map. Replacement of building material 
which relates to a socket can be accomplished by replacing 
the printhead in the socket and its associated material con 
tainer. 
0278 Techniques of various exemplary embodiments of 
the invention can also be realized using a printing apparatus 
having a tray, gantry, means for providing relative movement 
and control means as described above, and additionally 
means for feeding material from a container to a printhead 
upon command. In various exemplary embodiments of the 
invention there is no liquid pipe connection between the con 
tainer and head. 
0279. It is expected that during the life of this patent many 
relevant types of solid freeform fabrication apparatus will be 
developed and the scope of the term solid freeform fabrica 
tion apparatus is intended to include all Such new technolo 
gies a priori. 
0280 Additional objects, advantages, and novel features 
of the present invention will become apparent to one ordi 
narily skilled in the art upon examination of the following 
examples, which are not intended to be limiting. Additionally, 
each of the various embodiments and aspects of the present 
invention as delineated hereinabove and as claimed in the 
claims section below finds experimental Support in the fol 
lowing examples. 

EXAMPLES 

0281 Reference is now made to the following examples, 
which together with the above descriptions, illustrate the 
invention in a non limiting fashion. 

Example 1 
System Operation Protocols 

0282. In the present Example, an object is defined as a 
Volume in space (usually specified in an X, Y, Z coordinate 
system) which is confined by one or more close Surfaces 
which do not intersect with each other (see, e.g., FIG. 2a). A 
region in the object is a sub-volume of the object which is 
confined in one or more close surfaces which do not intersect 
with each other (see, e.g., FIG.2b) 
0283. A communication file is a file in which the specifi 
cation of an object is saved by the CAD Software and from 
which the solid freeform fabrication apparatus retrieves the 
full information on the object. The structure and format of the 
communication file is known to both the CAD and the soft 
ware controlling the solid freeform fabrication apparatus. 
0284 An STL file is an example of communication files 
that both CAD and the software controlling the solid freeform 
fabrication apparatus recognize. In an STL file, the object is 
specified by a series of triangles that optimally fit all the 
object surfaces. The triangles touch each other along their 
chords or at their vertices and never a vertex of a triangle lies 
on a chord of a neighbor triangle. Since an object is always 
confined in one or more close surfaces which do not intersect 
with each other, the group of triangles always consists of 
close sets of triangles which refer to close Surfaces. 
0285. The user retrieves objects from communication files 
by operating the solid freeform fabrication software. The user 
places a plurality of different objects on a virtual printing tray, 
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and specifies printing parameters. For example, the user can 
assign different materials to different objects or objects 
regions etc. 
0286. When an object is to be composed of regions of 
different materials, the regions are specified and identified in 
the CAD design. There is an option to attribute a property 
(e.g., color, rigidness) or a name of material to a region. Upon 
writing the information to a communication file, the region 
information is also written, with or without its attributes. 
0287. The region information can be written to the com 
munication file in more than one way. 
0288. In one embodiment, the group of elements which 
describe the object is composed of Subgroups, each describ 
ing a region in the object. 
0289. In another embodiment, a group of communication 

files which describes the object is prepared. Each communi 
cation file describes a region in the object, and all files refer to 
the same X-Y-Z coordinate system. 
0290. In an additional embodiment, several sets of tri 
angles are specified. In an STL format, for example, the 
borderline between two regions is regarded as both part of a 
Surface of the first region and part of a Surface of the second 
region. Consequently two sets of triangles can be specified on 
the borderline, one belongs to a close set of triangles which 
describes a Surface in the first region and another that 
describes a surface in the second region. When the object is 
retrieved in the controller or user station, the closed surface of 
both the object and the regions are retrieved. The operator can 
specify region in accordance with the retrieved surfaces and 
by using additional instructions by the designer. 
0291. The operator of the solid freeform fabrication appa 
ratus of the present embodiments can specify additional 
regions in the object, and ascribe different materials to the 
additional regions. For example, the operator can create a soft 
layer at the outer surface of a hard object. 
0292. The operator of the solid freeform fabrication appa 
ratus of the present embodiments can specify additional 
regions in the object, and ascribe different materials to the 
additional regions. For example, the operator can creating a 
soft layer at the outer surface of a hard object. 
0293 Each material has its own contraction characteristic 
after being cured and cooled. Therefore each material needs a 
specific contraction correction factor (scale) to compensate 
for said contraction. According to a preferred embodiment of 
the present invention the Software assigns the respective scale 
factor to each object, depending on the material that com 
prises the object. For materials that are comprised of a mix of 
materials (uniform as well as composite) the scale factor is 
preferably a weighted average of the constituents. For objects 
that are comprised of a plurality of regions, each made of 
different material, the scale is preferably determined accord 
ing to the material which is harder. 

Example 2 

Exemplified Workflow 

0294 The present Example describes a workflow for 
building one or more three-dimensional objects from several 
materials, according to some embodiments of the present 
invention. The workflow includes several stages which can be 
executed by the user or automatically. 
0295 The solid freeform fabrication apparatus is fed by 
different input materials, each being fed into a different con 
tainer. In the following, N represents the number of different 
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input materials. It is noted that the number of occupied con 
tainers in the Solid freeform fabrication apparatus can be more 
thanN, in which case two or more containers include the same 
material. 
0296. A computer, which is capable of communicating 
with the solid freeform fabrication apparatus, receives a list of 
groups of input materials which are allowed to be fed together 
into the apparatus. Each group can comprise from 2 to N 
combinable input materials. Materials which are not allowed 
to combine are not included in the same group. 
0297. The computer can comprise a display device which 
displays the material characteristics (e.g., mechanical char 
acteristics, thermo-mechanical characteristics, optical char 
acteristics, etc.) of each of the N input materials and option 
ally each possible combination of materials. Thus, for 
example, when there are G groups of combinable input mate 
rials (Gs2'-N-1), the computer can display the character 
istics of up to N+G different materials and material combi 
nations. 
0298. Once the various characteristics are displayed, the 
user selects the desired groups of input materials for the 
fabrication of the object. Optionally, the user specifies over 
coat of at least some of the shells or of the object as a whole. 
For each shell or overcoat, the user can assign a specific 
material combination, based on the various characteristics of 
the groups. 
0299 All data pertaining to the coordinates of each part of 
the object, together with materials or groups of materials 
associated with each part, are referred to as the virtual design 
of the object. The virtual design can be saved in a format 
readable by the solid freeform fabrication apparatus. 
0300. The above group selection procedure can be 
repeated one or more time so as to design a fabrication tray on 
which more than one object or more than one separate parts of 
the same object can be fabricated simultaneously, Such that all 
parts or objects are fabricated using at least some of the N 
input materials. 
0301 The user can load the input materials into the solid 
freeform fabrication apparatus. 
0302. Once the virtual design of each object or part is 
saved in the computer and all input materials are loaded, the 
user can start the fabrication process. The solid freeform 
fabrication reads the virtual design from the computer and 
selects the materials and dispensing locations on the tray 
based on the virtual design. 

Example 3 

Software Application for Combining 2 Materials in 
an Object 

0303. The background art fails to teach how different 
building materials can be used in order to build complex 
object assemblies and how a communication file representing 
a three dimensional object can be manipulated in order to 
build a three dimensional object comprising more than one 
material. 
0304. The following example describes a method suitable 
for designing and building an object from a composite mate 
rial. The method enables the definition of composite material 
structures, without the need for standard CAD software in 
order to design the full three-dimensional structure, thus sav 
ing on the time that would be required for the design process 
as well as saving computer memory resources which would 
usually be required in order to design three-dimensional 
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structures and for the analysis of Such three-dimensional 
structure during the building process. 

General 

0305 The method comprises Boolean comparison 
between bitmaps representing the desired composite material 
structure and bitmaps representing the three-dimensional 
object. 
0306 Bitmaps representing a cross-section of the desired 
composite material can be designed, for example, width 
parameters and space parameters as Summarized in the Table 
3: 

TABLE 3 

X Y Z. 

Width 
Space 

0307 Table 3 can be used to define an elementary three 
dimensional body whose dimensions include a width param 
eter along each of the three X-Y-Z Cartesian coordinates. For 
example, for a (0.1 mm)x(0.1 mm)x(0.1 mm) cube, the values 
in the first row of Table 3 are: width (X)=width (Y)=width 
(Z)=0.1 mm. 
0308. The layout defined by Table 3 can be repeated a 
plurality of times within the three-dimensional volume 
defined by a relevant communication file, e.g., STL. 
0309 The second row of Table 3 can be used to define the 
distance between adjacent elementary three-dimensional 
bodies. This is conveniently done using a space parameter 
along each of the three X-Y-Z Cartesian coordinates. For 
example, when width (X)=width (Y) width (Z)=0.1 mm, and 
space (X)=Space (Y)-space (z)=0.2 mm, Table 3 defines a 
composite material wherein 0.1x0.1x0.1 cubes of a material 
are uniformly distributed in a second material, and wherein 
the distance between the cubes along each of the X, Y and Z 
axes equals 0.2 mm. 
0310. In some embodiments of the present invention one 
or more additional parameters is added to Table 3 so as to 
increase the possibilities available in the composite material 
definition process. These additional parameters can include 
“thickness” and “offset'. For example, when the thickness 
parameter is defined as thickness=1 mm and the XY “offset 
as offset=0.05 mm, the bitmap defined by the Table 3 is first 
built up to a 1 mm height (thickness). Then, the same bitmap 
is built offset a distance of 0.05 mm from the first bitmap’s 
axes, up to a 1 mm further height, at which point the bitmap 
returns to the former position and so on, alternating between 
the two positions offset from one another until the entire 
three-dimensional structure has been built. 

0311. The present embodiments contemplate the use of 
any number of bitmaps in order to define the desired compos 
ite material structure and any combination of bitmap defini 
tions. 

0312 The Boolean comparison between the composite 
material defined by each bitmap and the bitmaps defining 
different three-dimensional object cross-sections enables the 
building of a three-dimensional object using a composite 
material. For example, comparing the bitmap defined Table 4 
below and the bitmaps which define the cross sections of a (50 
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mm)x(50 mm)x(50 mm) cube results in a cube sequentially 
made of a composite material as Schematically shown in FIG. 
11. 

TABLE 4 

X Y Z. 

Width O.2 O.1 O.1 
Space O.2 O.S O 

0313 The following procedure can be used in accordance 
with Some embodiments of the present invention for design 
ing composite materials using two tables, referred to here 
inunder as Tables A and B. The procedure requires definition 
of the materials to be used in order to build the composite 
material as well as their spatial deposition. 
0314 For each table, the modeling material is defined and 
the appropriate values for the parameters (e.g., width and 
space) are selected. These definitions are transformed into 
bitmaps, where, for example, each table can define up to 2 
different bitmaps as explained above. To help the design, the 
values introduced in Tables A and B can be depicted graphi 
cally in the form of bitmaps, one bitmap for each table. In 
Some embodiments of the present invention a three-dimen 
sional representation of the model structure defined by Tables 
A and B is also presented. 
0315 Before building each layer of the object, a Boolean 
comparison is made between the bitmaps defined by the two 
tables and each three-dimensional object cross-section. Then, 
the materials selected in the tables are deposited in layers 
according to the bitmaps. For example, in one embodiment, 
firstly a deposition is carried out according to Table A up to 
the height (Z) defined in Table A, and secondly a deposition is 
carried out according to Table B up to the height defined in 
Table B. Building is continued by alternating between the 
bitmaps until the object is completed. 
0316 Following are examples of 3 basic composite mate 
rial structures designed according to the method delineated 
above. In examples (i)-(iii) below, M1 represents a first type 
of modeling material, M2 represents a second type of mod 
eling material and S represents a Support material. 

(i) Dispersed Phase Material Structure 
0317. In this structure, one modeling material is dispersed 
within another. Representative examples for the two tables 
are provided below, where the table corresponding to material 
M1 is denoted Table 5-A and the table corresponding to 
material M2 is denoted Table 5-B: 

TABLE 5-B 

X Y Z. 

Width O O O 
Space 1 1 2 

TABLE 5-A 

X Y Z. 

Width 1 1 1 
Space 2 2 2 
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The values introduced in Tables 5-A and 5-B can be graphi 
cally presented as bitmap, as illustrated in FIGS.12a and 12b, 
respectively. 

(ii) Laminate (XY) Model Structure 
0318 Representative examples for the two tables in this 
structure are provided below, where the table corresponding 
to material M1 is denoted Table 6-A and the table correspond 
ing to material M2 is denoted Table 6-B: 

TABLE 6-A 

X Y Z. 

Width 1 1 1 
Space 

TABLE 6-B 

X Y Z. 

Width 1 1 1 
Space O O O 

0319. The values introduced in Tables 6-A and 6-B can be 
graphically presented as bitmap, as Schematically illustrated 
in FIGS. 13a-b, respectively. 

Interpenetrating Network (IPN) Model Structure 

0320 In this type of structure, two continuous phases are 
built. The continuous phases may be of 2 different modeling 
materials or one modeling material and one Support material. 
0321 Representative examples for the two tables in this 
structure are provided below, where the table corresponding 
to material M1 is denoted Table 7-A and the table correspond 
ing to material M2 is denoted Table 7-B: 

TABLE 7-A 

X Y Z. 

Width 1 1 O.S 
Space O.S O.S O 

TABLE 7-B 

X Y Z. 

Width O.S O.S 1 
Space 1 1 O 
Offset -0.5 -0.5 

The values introduced in Tables 7-A and 7-B can be graphi 
cally presented as bitmap, as Schematically illustrated in 
FIGS. 14a-b, respectively. Note the effect of the offset param 
eter on the coordinate system shown in FIG. 14b. 
0322 FIG. 15 schematically illustrate a three-dimensional 
representation of the bitmap according to Table 7-A. In FIG. 
15, elementary bodies made of material M1 are shown as 
transparent, and elementary bodies made of material M1 are 
shown as shown in gray color. As shown elementary bodies 
made of material M1 are surrounded by elementary bodies 
made of material M2 to a height of 0.5 mm. 
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0323 FIG. 16 schematically illustrates a three-dimen 
sional representation of the bitmap according to Table 7-B, as 
built over the bitmap shown in FIG. 15. As shown, elementary 
bodies made of material M2 are built surrounded by elemen 
tary bodies made of material M1 to a height of 1 mm. 
0324 FIG. 17 schematically illustrate a three-dimensional 
representation of an object constructed according to tables, 
similar to Tables 7-A and 7-B but with different width, space 
and offset parameters 
0325 The deposition of material M1 according to Table 
7-A results in the construction illustrated in FIG. 18, and the 
deposition of material M2 according to Table 7-B results in 
the construction shown in FIG. 19. The combined object 
which includes both material (M1—black and M2 gray) is 
illustrated in FIG. 20. 

Example 4 

Exemplary Three-Dimensional Printing Apparatus 

0326. The present inventors found that three-dimensional 
printing in accordance with some embodiments of the present 
invention can be performed using a three-dimensional print 
ingapparatus having a printing assembly and a service assem 
bly. 
0327. Reference is now made to FIGS. 21a-b, which are 
schematic illustrations of a side view (FIG. 21a) and a top 
view (FIG.21b) of a combined printing device 200, according 
to various exemplary embodiments of the present invention. 
Combined printing device 200 comprises a printing assembly 
202 having a plurality of printing units 218, and a service 
assembly 204 having a plurality of service stations 216. At 
least one of the two assemblies 202 and 204, preferably 
printing assembly 202 is movable, and in any event a relative 
motion can be established between printing assembly 202 and 
service assembly 204. 
0328. For example, printing assembly 202 can be movable 
and service assembly 204 can be made static, such that when 
printing assembly 202 moves a relative motion is established 
between the two assemblies. 
0329. In some embodiment in which printing assembly 
202 is movable, there are no movable flexible tubes which are 
connected to printing assembly 202. In some embodiments in 
which service assembly 204 is movable, there are no movable 
flexible tubes which are connected to service assembly 204. 
0330 Aprinting unit 218 of assembly 202 can comprise at 
least one active printing element, such as, but not limited to, 
a printing head (which may include one or more nozzle array, 
as further detailed hereinabove) for dispensing building mate 
rial (either modeling material or Support material as further 
detailed hereinabove), a radiation source for curing or Solidi 
fying the modeling material, and the like. Assembly 202 can 
include a body 212 such as a cassette with a plurality of 
holders 215 on which the printing units are mounted. Yet, 
Some holders may be vacant so as to make assembly 202 
modular in the sense that printing units can be added or 
removed from the assembly if desired. 
0331. A service station 216 of assembly 204 can comprise 
service means 227 such as, but not limited to, means for 
refilling building material, means for cleaning an active print 
ing element, a replacementactive printing element and means 
for replacing an active printing element of printing assembly 
202 and the like. Assembly 204 can include a body 221 such 
as a cassette with a plurality of holders 224 on which the 
service units are mounted. Some holders may be vacant so as 
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to make assembly 204 modular in the sense that service units 
can be added or removed from the assembly if desired. 
0332 Printing assembly 202 is configured for docking 
near service assembly 204 such that service assembly 204 
performs one or more service tasks, e.g., refilling of building 
material, or cleaning or replacing an active printing element, 
during the docking. One or more of these service tasks can be 
effected via a plurality of actuating units 220 which in various 
exemplary embodiments of the invention are mounted on at 
service assembly 204 and/or printing assembly 202. Actuat 
ing units 220 can be configured for disconnecting and/or 
connecting printing units from or to the service assembly 204. 
0333 Before providing a further detailed description of 
the printing device, as delineated hereinabove and in accor 
dance with some embodiments of the present invention, atten 
tion will be given to the advantages offered thereby. 
0334. An advantage of the present embodiment over tra 
ditional three-dimensional apparatus in which flexible tubes 
are employed (see, e.g., U.S. Pat. No. 6,989,115 supra and 
International Patent Application, Publication No. 
WOO4044816), is that the flexible tubes make the mainte 
nance of the apparatus more complicated. For example, since 
flexible tubes accumulate used building material, it is com 
plicated to remove the used material from the tubes before 
using another building material. Since the printing assembly 
of device 200 is not connected to movable flexible tubes, 
maintenance. Such as replacement of building material 
becomes simpler. 
0335 Another advantage of the present embodiments is 
that a three-dimensional printing apparatus which includes 
combined printing device 200 is smaller and less expensive 
compared to conventional three-dimensional printing appa 
ratus, since the movable flexible tubes make the apparatus 
bulky and expensive. 
0336 Another advantage of the present embodiments is 
that device 200 can facilitate automatic replacement of active 
printing elements, which is not achievable when the movable 
printing elements are connected to flexible tubes. 
0337 Another advantage of the present embodiments is 
that printing device 200 can facilitate modification of active 
printing elements without imposing a change on the design of 
the printing device. This is not practical in traditional appa 
ratus because traditional apparatus are rigid in their design 
and generally do not allow any modification without Substan 
tially redesigning the printing device. 
0338 Combined printing device 200 can be incorporated 
in any a three-dimensional printing apparatus. For example, 
when apparatus 14 described hereinabove is a printing appa 
ratus, device 200 can be incorporated in apparatus 14. Gen 
erally, such printing apparatus may comprise building tray 30 
with a working Zone 206 for receiving building material 209 
from printing assembly 202 and for carrying an object (not 
shown) formed by building material 209, and a control unit 
230 which controls printing assembly 202 and service assem 
bly 204. 
0339 Printing assembly 202 can be mounted on a holder 
236 of a positioning mechanism 239, which can perform 
three-dimensional movements. Printing assembly 202 can 
thus scan tray 30 and dispense the building material to form 
the three-dimensional object, as further detailed hereinabove. 
The object can be formed from a single modeling material or 
a plurality of modeling materials as further detailed herein 
above in connection to the operation modes of apparatus 14. 
Combined printing device 200 can also be incorporated in a 
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system which includes device 200, a printing apparatus (e.g., 
apparatus 14), and a building material Supply apparatus (e.g., 
apparatus 50) which supplies a plurality of building materials 
to the printing apparatus, as further detailed hereinabove. For 
example, device 200 can be incorporated in system 10. In this 
embodiment, control unit 52 can be configured to also have 
the functionality of control unit 230. 
0340 Control unit 230 can receive printing commands 
from a data processor (not shown), for example, based on 
bitmaps describing the layers of the object, as further detailed 
hereinabove. Both before and during the printing process, 
control unit 230 may decide to dock printing assembly 202 
near service assembly 204 to allow the various service tasks to 
be executed. 
0341 One such service task is the feeding of the printing 
heads with the appropriate building materials. In various 
exemplary embodiments of the invention a temporary fluid 
communication 210 is established between at least one print 
ing unit 218 and at least one service station 224 during dock 
ing. Fluid communication 210 is “temporary' in the sense 
that the fluid communication exists while docking and ceases 
to exists when there is a relative motion between assemblies 
202 and 204 or when assembly 202 does not dock near assem 
bly 204. Once the temporary fluid communication is estab 
lished, unit 230 can signal the respective service station to 
Supply building material to the respective printing unit. The 
use of temporary fluid communication is advantageous 
because there is no need for movable flexible tubes. 
0342 Another task is the cleaning of the printing units. 
This can also be performed via fluid communication 210. For 
example, unit 230 can signal the respective service station to 
apply rinsing liquid and/or Suction for cleaning the respective 
printing unit. 
0343 An additional service task which can be executed 
while docking is the replacement of an active printing ele 
ment. A technique for performing such replacement, accord 
ing to some embodiments of the present invention is illus 
trated in FIG. 21b. Suppose that a particular printing unit, 
designated by reference sign 2.18a, is to be replaced, and that 
assembly 202 docks such that unit 218a is near (e.g., opposite 
to) a particular service station, designated by reference sign 
216.a. Suppose further that a replacement printing unit, des 
ignated by reference sign 218b, is mounted on another service 
station, designated by reference sign 216b, which is away 
from unit 218.a. Firstly, unit 230 signals service station 216a 
to disconnect unit 218a from assembly 202. In response to the 
signal, actuator unit 220 of station 216a disconnects unit 218a 
and mounts it on station 216a (e.g., via a holder 224a). for 
example, using an installed in station 216a). As a result, the 
holder 215 (not shown) which held unit 218a on assembly 
202 becomes vacant. Secondly, unit 230 signals assembly 202 
to maneuver and dock such that that the vacant holder of 
assembly 202 is near service station 216b of assembly 204. 
Thirdly, unit 230 signals service station 216b to connect unit 
218b to assembly 202. In response to the signal, actuator unit 
220 of station 216b disconnects unit 218b from assembly 204 
and mounts it on the vacant holder of assembly 202. 
0344 Any of the above tasks can be executed automati 
cally by control unit 230 without additional user input. In 
these embodiments, device 200 preferably comprises an 
arrangement of sensors for sensing the presence of the service 
means and printing units on assemblies 204 and 202, respec 
tively. Preferably, a sensor 233 is positioned at each location 
(e.g., near or on the respective holder) of the assemblies. 
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Sensors which are located on assembly 202 can also be con 
figured for sensing the amount of building material in the 
respective printing head. Sensors 233 transmit sensor data to 
control unit 230. Based on the sensor data, unit 230 decides 
whether or not a service task is required. 
0345 Following is a description of an exemplary three 
dimensional printing of an object which can be executed 
according to various exemplary embodiments of the present 
invention. 

0346 Before the printing process is initiated, assemblies 
202 and 204 can be brought to a position where holders 215 
and 224 can be manually accessed. The operator mounts the 
various printing units and service means onto at least some of 
holders 215 and 224. The operator may also mount replace 
mentactive printing elements holders 224. One or more of the 
holders can remain vacant. 

0347 Control unit 230 receives the printing command and 
the corresponding data for printing the three-dimensional 
object. 
0348 Via sensors 233, control unit 230 checks the pres 
ence ofrequired printing units 218 on holders 215 and service 
means 227 on holders 224. Unit 230 can also check the 
presence and amount of building material in the respective 
printing units. 
0349. If control unit 230 determines that not all the print 
ing units and service means are in place control unit 230 
signals the operator to mount the missing component(s) on 
the respective assembly. 
0350. If control unit 230 determines that all the printing 
units and service means are in place and that there is a suffi 
cient amount of building material, control unit 230 begins the 
building of the three-dimensional object by scanning tray 30 
and dispensing building material thereon as further detailed 
hereinabove. 

0351 When control unit 230 determines that a service task 
is to be executed (e.g., when one or more printing heads are to 
be cleaned, replaced or refilled with building material), unit 
230 signals assembly 202 to temporarily cease the printing 
process dock near assembly 204. Docking may also be per 
formed irrespectively of input from sensors 233, for example, 
at predetermined times or following a predetermined number 
of scans over tray 30. 
0352. When control unit 230 identifies an acute opera 
tional deficiency which cannot be remedied by the service 
stations (for example, malfunction of a printing unit and lack 
of compatible replacement unit on the service assembly), unit 
230 preferably cease the printing process and issues a report 
regarding the acute operational deficiency. 
0353. According to some embodiments of the present 
invention there is provided a method of registering data for 
solid freeform fabrication of an object. The method com 
prises selecting one or more material combinations, and 
determining, for each material combination the relative 
amounts of different materials in the combination. In some 
embodiments of the present invention the relative amounts 
can correspond to a property of the material combination. 
0354. In various exemplary embodiments of the invention 
a three-dimensional spatial distribution is associated with 
each material combination. The special distribution of each 
material within the combination of materials represents the 
composite material phase structure. 
0355 The relative amounts and/or spatial distribution can 
be determined by performing experimentations with the dif 
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ferent materials and/or by estimating the relative amounts 
based on properties of each of different materials. 
0356. The material combinations and the relative amounts 
can be recorded in a computer readable medium. In embodi 
ments in which the relative amounts and/or spatial distribu 
tion correspond to a property of the material combination, the 
property of the combination can also be recorded. Thus, a 
computer readable medium can comprise a list of combina 
tions, each being defined by relative amounts and optionally 
spatial distributions of the relative amounts, where each 
member of the list is optionally associated with a property 
(such as, but not limited to, elasticity, hardness, Solidity, elas 
ticity, flexibility, color, translucency, electrical and/or mag 
netic behavior, etc.). 
0357. In some embodiments of the present invention there 

is provided a method of registering data for solid freeform 
fabrication of an object. The method comprises, selecting a 
plurality of material combinations, each material combina 
tion being defined by at least two different materials and at 
least two relative amounts respectively corresponding to the 
at least two different materials. For each material combina 
tion, a three-dimensional spatial distribution can be associ 
ated for the materials in the combination. 

0358 Optionally, one or more material property corre 
sponding to the material combination is determined, by per 
forming experimentations with the different materials and/or 
by estimating the relative amounts based on properties of 
each of different materials. 

0359 The material combinations, the relative amounts 
and spatial distributions can be recorded in a computer read 
able medium. In embodiments in which the relative amounts 
and spatial distribution correspond to a property of the mate 
rial combination, the property of the combination can also be 
recorded. 

0360. The computer readable medium can be used for 
fabricating an object. Thus, data pertaining to shapes of the 
object and each of the regions of the object is inputted to the 
solid freeform fabrication system. The data pertaining to 
shapes and properties of the object can be divided into a 
plurality of datasets each representing a different region of the 
object. 
0361 For each region, pre-registered data from the com 
puter readable medium is inputted. The solid freeform fabri 
cation system is then operated based on the inputted combi 
nations. 

0362. In some embodiments of the present invention there 
is provided a method of solid freeform fabrication. The 
method comprises operating a solid freeform fabrication sys 
tem for dispensing at least one modeling material, at least one 
Support material and at least one additional material. In vari 
ous exemplary embodiments of the invention the additional 
material is other than a modeling material and other than a 
Support material. Such material is not formulated for use in 
three-dimensional building. 
0363 The additional material may have one or more of the 
following properties: (i) the additional material can be non 
solidifiable or it may have a slow solidification rate (too slow 
for solid freeform fabrication), (ii) the additional material can 
be a material which is inhibited by the support material, (iii) 
the additional material can mix with the Support material to 
produce a layer covering the object, (iv) the additional mate 
rial can have poor mechanical properties without having a 
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second material used to reinforce it, (v) the additional mate 
rial can mix with the modeling material after the dispensing to 
form a solidifiable mixture. 
0364. Once the materials are dispensed, the modeling 
material is at least partially solidified such as to form a three 
dimensional object. The partial solidification can be executed 
such that at least part of modeling material solidifies but 
additional material does not solidify. 
0365. In some embodiments of the present invention the 
additional material is at least partially interlaced with mod 
eling material. In some embodiments of the present invention 
the additional material is removed after the fabrication so as 
to form a porous or hollow three-dimensional object. 
0366 Although the invention has been described in con 
junction with specific embodiments thereof, it is evident that 
many alternatives, modifications and variations will be appar 
ent to those skilled in the art. Accordingly, it is intended to 
embrace all Such alternatives, modifications and variations 
that fall within the spirit and broad scope of the appended 
claims. All publications, patents and patent applications men 
tioned in this specification are herein incorporated in their 
entirety by reference into the specification, to the same extent 
as if each individual publication, patent or patent application 
was specifically and individually indicated to be incorporated 
herein by reference. In addition, citation or identification of 
any reference in this application shall not be construed as an 
admission that such reference is available as prior art to the 
present invention. 

What is claimed is: 
1. A system for solid freeform fabrication of an object, 

comprising: 
a solid freeform fabrication apparatus having a plurality of 

dispensing heads: 
a building material Supply apparatus configured to Supply 

a plurality of building materials to said fabrication appa 
ratus; and 

a control unit configured for controlling said fabrication 
apparatus and said building material Supply apparatus, 
based on an operation mode selected from a plurality of 
predetermined operation modes. 

2. The system of claim 1, wherein said plurality of opera 
tion modes comprises at least a first operation mode in which 
all dispensing heads operate during a single building scan 
cycle of said fabrication apparatus, and a second operation 
mode in which at least one dispensing head is not operative 
during at least a part of said single building scan cycle. 

3. A method of fabricating a three-dimensional object, 
comprising operating the system of claim 1 so as to form the 
three-dimensional object. 

4. The system or method of claim 1 or 3, wherein at least 
one of said operation modes allows said dispensing heads to 
dispense one type of modeling material and a Support mate 
rial. 

5. The system or method of claim 1 or 3, wherein at least 
one of said operation modes allows said dispensing heads to 
dispense at least two types of modeling materials and a Sup 
port material. 

6. The system or method of claim 1 or 3 wherein at least 
Some of said plurality of dispensing heads are included in one 
mechanical unit 

7. The system or method of claim 1 or 3, whereina through 
put characterizing a first operation mode is larger than a 
throughput characterizing a second operation mode. 
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8. The system or method of claim 1 or 3, whereina through 
put characterizing a first operation mode is at least two times 
larger than a throughput characterizing a second operation 
mode. 

9. The system or method of claim 1, 5, 7 or 8, wherein said 
plurality dispensing heads has generally similar characteristic 
dispensing rates. 

10. The system or method of claim 1, 3, 5, 7 or 8, wherein 
said plurality of dispensing heads comprises at least two 
modeling material dispensing heads for dispensing the same 
modeling material. 

11. The system or method of claim 10, wherein said plu 
rality of dispensing heads comprises at least one Support 
material dispensing head for dispensing Support material, and 
wherein said control unit is designed and configured to reduce 
a dispensing rate of said at least one Support material dispens 
ing head when said operation mode is said second operation 
mode. 

12. The system or method of claim 5, wherein said control 
unit is designed and configured to control said at least two 
modeling material dispensing heads such as to maintain a 
predetermined ratio between amounts per unit area of the at 
least two types of modeling materials for each layer formed 
by said plurality of dispensing heads. 

13. The system or method of claim 5, wherein said control 
unit is designed and configured to control said at least two 
modeling material dispensing heads and said at least one 
Support material dispensing head such as to maintain the 
same amounts per unit area of modeling material and Support 
material for each layer formed by said plurality of dispensing 
heads. 

14. The system or method of claim 10, wherein said control 
unit is designed and configured to control said at least two 
modeling material dispensing heads such as to maintain a 
predetermined amount per unit area of modeling material for 
each layer formed by said plurality of dispensing. heads 

15. The system or method of claim 11, wherein said control 
unit is designed and configured to control said heads to dis 
pense said at least two types of modeling material so as to 
dynamically vary relative amounts of modeling materials per 
unit area dispensed thereby. 

16. The system or method of any of claims 1-15, wherein 
the solid freeform fabrication system comprises a controller 
capable of accessing a pixel map characterized by an even 
density of pixels, and composed of N different head pixel 
maps, each corresponding to a different dispensing head. 

17. The system or method of claim 16, wherein at least one 
operation mode is characterized in that all head pixel maps are 
similar to each other and include Substantially the same num 
ber of pixels. 

18. The system or method of claim 16, wherein at least one 
operation mode is characterized in that at least two head pixel 
maps differ from each other and include different number of 
pixels. 

19. The system or method of any of claims 1-15, wherein 
said Supply apparatus comprises a building material flow unit, 
controllable by said control unit and arranged for selectively 
allowing flow of building materials to said fabrication appa 
ratuS. 

20. The system or method of claim 19, wherein said supply 
apparatus comprises a plurality of containers for holding said 
plurality of building materials, and wherein said flow unit is 
arranged to allow flow of different building materials to dif 
ferent dispensing heads. 
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21. The system or method of claim 19, wherein said supply 
apparatus comprise a plurality of containers for holding said 
plurality of building materials, and wherein said flow unit is 
characterized by at least a first state and a second State, said 
second state being defined such that at least two different 
dispensing heads are fed by different modeling materials, and 
said first state being defined Such that all dispensing heads are 
Supplied by the same modeling material. 

22. The system or method of any of claims 1-21, wherein 
said control unit is configured to allow dispensing of more 
than one modeling material at the same time. 

23. The system or method of any of claims 1-22, wherein 
said control unit is operative to dynamically change said 
operation mode by selecting a different operation mode from 
said plurality of operation modes. 

24. The system or method of claim 23, wherein said selec 
tion of said different operation mode is according to the 
number of different modeling materials being dispensed by 
said dispensing heads. 

25. The system or method of any of claims 1-23, wherein 
said plurality of dispensing heads comprises a plurality of 
modeling heads having a total of NnoZZle arrays, wherein the 
noZZles in each array are disposed along an indexing direc 
tion, said plurality of modeling heads being operable to Scan 
a working Surface along a scanning direction beingatanangle 
to said indexing direction so as to form on said working 
surface a plurality of rows of modeling material along said 
scanning direction, wherein each row is formed by a nozzle. 

26. The system or method of claim 25, wherein said N 
noZZle arrays are aligned along said Scanning direction in a 
manner Such that said rows of modeling material are formed 
on said working Surface in a Substantially uniform distribu 
tion along said indexing direction. 

27. The system or method of claim 25, wherein said plu 
rality of dispensing heads comprises a plurality of Support 
heads having a total of Nnozzle arrays wherein the nozzles in 
each array are disposed along an indexing direction, wherein 
each nozzle of support material is aligned along said indexing 
direction with one nozzle of modeling material. 

28. The system or method of claim 27, wherein said N is a 
power of 2, and wherein said N nozzle arrays of modeling 
material are sequentially ordered with respect to said scan 
ning direction at locations 1 to N such that rows formed by 
any nozzle array of modeling material at location Kare sym 
metrically disposed between rows formed by all nozzle arrays 
of modeling material at locations 1 to K-1. 

29. The system or method of any of claim 1-28, wherein 
said plurality of dispensing heads comprises a plurality 
noZZle arrays are arranged in an interlaced manner, and 
wherein when the same material is supplied to all nozzle 
arrays, the object is fabricated during not more than half the 
required dispensing scans compared to when building the 
object by a single nozzle array. 

30. The system or method of any of claims 1-28, wherein 
said control unit is designed and constructed to ensure that the 
object's dimensions are rescaled along at least one direction 
So as to compensate for post-formation shrinkage of said 
object along said at least one direction. 

31. The system or method of any of claims 30, wherein 
regions having different modeling materials are rescaled 
according to a different rescaling factor. 
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32. The system or method of claim 30, wherein regions 
having different modeling material combinations contacting 
each other are rescaled according to a common rescaling 
factor. 

33. The system or method of any of claims 1-31, wherein 
said Solid freeform fabrication apparatus comprises a three 
dimensional printing apparatus. 

34. The system or method of any of claims 1-31, wherein 
said Solid free form fabrication apparatus comprises binder 
jet powder based apparatus. 

35. The system or method of any of claims 1-31, wherein 
said Solid freeform fabrication apparatus comprises a fused 
deposition modeling apparatus. 

36. An article of manufacturing, fabricated by solid free 
form fabrication and having a distinguishable pattern thereon. 

37. The article of claim 36, wherein said pattern forms a 
relief on a surface of the article. 

38. The article of claim 36, wherein said pattern forms an 
intaglio in a surface of the article. 

39. The article of claim 36, wherein said pattern is flush 
with a surface of the article. 

40. A method of solid freeform fabrication of an object 
from at least two different modeling materials, comprising: 

(a) determining a proportion of said at least two different 
modeling materials, using a lookup table or a math 
ematical formula; and 

(b) dispensing the at least two different modeling materials 
according to said proportion using a solid freeform fab 
rication apparatus having a plurality of dispensing 
heads. 

41. The method of claim 40, wherein said proportion is 
determined so as to provide the object with an attribute other 
than color. 

42. A method of solid freeform fabrication of an object 
from at least two different modeling materials, comprising: 

(a) determining a proportion of said at least two different 
modeling materials; and 

(b) dispensing the at least two different modeling materials 
using the system of claim 1. 

43. The method of claim 42, wherein said determination of 
said proportion comprises Boolean comparison between bit 
maps representing said at least two different modeling mate 
rials with bitmaps representing the object. 

44. The method of claim 42, wherein the object comprises 
a spatial Zone in which at least one attribute of the material 
continuously changes from one point to another. 

45. The method of claim 44, wherein the at least one 
attribute is selected from the group consisting of hardness, 
Solidity, elasticity, flexibility, color, translucency, electrical 
and/or magnetic behavior. 

46. The method of claim 42, wherein said at least two 
modeling materials comprise a first non-solidifiable Solidifi 
able modeling material and a second non-Solidifiable model 
ing material, and wherein said first and said second non 
Solidifiable modeling materials mix after said dispensing to 
form a solidifiable mixed material. 

47. A method for solid free form fabrication, comprising 
fabricating at least two separate objects on a building tray 
using different modeling material combinations, wherein the 
dimensions of the at least two objects are rescaled along a 
direction so as to compensate for post-formation shrinkage of 
said objects along said direction, and wherein the scale fac 
tors along said direction of the at least two different objects 
are different. 
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48. The method of claim 47, wherein regions having dif 
ferent modeling material combinations that touch each other 
are rescaled according to a common rescaling factor. 

49. A printing device for a three-dimensional printing 
apparatus, comprising: 

a movable printing assembly having a plurality of printing 
units; and 

a service assembly having a plurality of service stations; 
wherein said printing assembly is configured for docking 

near said service assembly Such that a temporary fluid 
communication is established between at least one print 
ing unit and at least one service station during said 
docking. 

50. A three-dimensional printing apparatus, comprising: 
the printing device of claim 49; 
a control unit for controlling said printing assembly and 

said service assembly; and 
a building tray for receiving building material from said 

printing assembly and for carrying an object formed by 
said building material. 

51. A system for solid freeform fabrication of an object, 
comprising: 

the printing apparatus of claim 50; and 
a building material Supply apparatus configured to Supply 

a plurality of building materials to said printing appara 
tuS. 

52. The device, apparatus or system of claim 49, 50 or 51, 
wherein said service assembly is stationary. 

53. The device, apparatus or system of claim 49, 50 or 51, 
wherein said service assembly is movable. 

54. The device, apparatus or system of claim 49, 50 or 51, 
wherein said at least one service station is configured for 
refilling building material into said at least one printing unit 
via said temporary fluid communication. 

55. The device, apparatus or system of claim 49, 50 or 51, 
wherein said at least one service station is configured for 
cleaning said at least one printing during said docking. 

56. The device, apparatus or system of claim 49, 50 or 51, 
wherein at least one of said service assembly and said printing 
assembly comprises a plurality of actuating units configured 
for disconnecting and connecting said at least one printing 
unit from said printing assembly. 

57. The device, apparatus or system of claim 49, 50 or 51, 
wherein said service assembly comprises an arrangement of 
sensors for sensing presence of service means at said plurality 
of service stations, and said printing assembly comprises an 
arrangement of sensors for sensing presence of said plurality 
of printing units. 

58. The device, apparatus or system of claim 57, wherein 
said sensors are configured for sensing amount of building 
material in said plurality of printing units. 

59. A method of registering data for solid freeform fabri 
cation of an object, comprising: 

(a) selecting at least one material combination, and deter 
mining relative amounts of different materials in said 
material combination; and 

(c) recording said at least one material combination and 
said relative amounts in a computer readable medium; 

thereby registering the data. 
60. The method of claim 59, wherein (a) further comprises 

associating a three-dimensional spatial distribution with each 
material combination. 
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61. The method of claim 59, wherein said determining said 
relative amounts, comprises performing experimentations 
with said different materials. 

62. The method of claim 59, wherein said determining said 
relative amounts, comprises estimating said relative amounts 
based on properties of each of said different materials. 

63. A method of registering data for solid freeform fabri 
cation of an object, comprising: 

(a) selecting a plurality of material combinations, each 
material combination being defined by at least two dif 
ferent materials and at least two relative amounts respec 
tively corresponding to said at least two different mate 
rials; 

(b) for each material combination, associating three-di 
mensional spatial distribution for each material in said 
combination; and 

(c) recording said plurality of material combinations, said 
relative amounts and said three-dimensional spatial dis 
tribution in a computer readable medium; 

thereby registering the data. 
64. The method of claim 63, further comprising determin 

ing at least one material property corresponding to said mate 
rial combination. 

65. The method of claim 64, wherein said determining said 
at least one material property, comprises performing experi 
mentations with said different materials. 

66. The method of claim 64, wherein said determining said 
at least one material property, comprises estimating said at 
least one material property based on properties of each of said 
different materials. 

67. A method of solid free form fabrication, comprising: 
using a solid freeform fabrication apparatus having a plu 

rality of dispensing heads for dispensing a plurality of 
different modeling materials such as to form a three 
dimensional object, wherein said three-dimensional 
object comprises of at least two regions which differ 
from each other by at least one attribute. 

68. The method of claim 67, wherein said at least two 
regions are made of different modeling material combina 
tions, each combination comprising at least two different 
modeling materials, and the method further comprises select 
ing relative amounts of said at least two different modeling 
materials based on an attribute of a respective region. 

69. A method of solid freeform fabrication of an object, the 
object having a plurality of regions, the method comprising: 

(a) inputting data pertaining to shapes of the object and 
each of the plurality of regions; 

(b) for each region, inputting pre-registered data pertaining 
to a material combination corresponding to a respective 
region and to relative amounts of at least two different 
materials in said material combination; and 

(c) operating a solid freeform fabrication system for dis 
pensing said at least two different materials based on 
said relative amounts. 

70. The method of claim 69, wherein said pre-registered 
data pertaining to said material combination comprises data 
pertaining to a three-dimensional spatial distribution associ 
ated with said material combination. 

71. The method of any of claims 59-70, wherein said at 
least two different materials comprise a first non-solidifiable 
modeling material and a second non-Solidifiable modeling 
material, and wherein a combination of said first and said 
second non-Solidifiable modeling materials forms a Solidifi 
able mixed material. 
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72. The method of claim 69, wherein (a) comprises: 
inputting data pertaining to shapes and properties of the 

object; and 
dividing said data into a plurality of datasets each repre 

senting a different region. 
73. A method of solid freeform fabrication, comprising: 
operating a solid freeform fabrication system for dispens 

ing at least two different modeling materials such as to 
form a three-dimensional object having a bulk region at 
least partially Surrounded by a skin region, 

wherein said bulk region and said skin region are formed of 
different modeling material or modeling material com 
binations. 

74. The method of claim 73, wherein said bulk region and 
said skin region have different elasticity. 

75. The method of claim 73, further comprising at least one 
buffer layer interposed between said bulk region and said skin 
region, said at least one buffer layer being formed of a mod 
eling material or modeling material combination which is 
different from a modeling material or modeling material com 
bination forming said bulk region. 

76. A method of solid freeform fabrication, comprising: 
dispensing at least one modeling material, at least one 

Support material, and at least one additional material 
other than a modeling material and a Support material, 
and 

at least partially solidifying said at least one modeling 
material, such as to form a three-dimensional object. 

77. The method of claim 76, wherein said at least one 
additional material is at least partially interlaced with said 
modeling material. 
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78. The method of claim 76, wherein said at least one 
additional material comprises at least one non-Solidifiable 
material. 

79. The method of claim 76, wherein said at least partially 
Solidifying said at least one modeling material is executed 
Such that at least part of said modeling material Solidifies and 
said at least one additional material does not solidify. 

80. The method of claim 76, wherein said at least one 
additional material and said at least one modeling material 
mix after said dispensing to form a solidifiable mixture. 

81. The method of claim 76, further comprising removing 
said at least one additional material So as to form a pours or 
hollow three-dimensional object. 

82. A method of solid freeform fabrication, comprising: 
operating a solid freeform fabrication system for dispens 

ing at least one Support material and at least two non 
solidifiable materials, such as to form a three-dimen 
sional object, wherein said at least two non-solidifiable 
material mix after said dispensing to form a solidifiable 
mixture. 

83. A method of solid freeform fabrication, comprising: 
providing a plurality of modeling materials and dividing 

said plurality of modeling materials into at least two 
categories: 

for each category, Sorting the modeling materials in said 
category according to a predetermined criterion and 
using said sort for generating graphical representation of 
said modeling materials; 

using said graphical representation for selecting at least 
Some modeling materials; and 

using a solid freeform fabrication system for fabricating 
the object from said at least Some modeling materials. 
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