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SOLID FREEFORM FABRICATION USINGA 
PLURALITY OF MODELING MATERIALS 

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 bene?t of US. 
Provisional Patent Application No. 60/935,090, ?led 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 solidi?ed 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., US. 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 US. 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 ?elds 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, ?t, 
assembly and the like. Additionally, SFF techniques have 
been proven to be useful in the ?elds of medicine, Where 
expected outcomes are modeled prior to performing proce 
dures. It is recogniZed that many other areas can bene?t from 
rapid prototyping technology, including, Without limitation, 
the ?elds 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] US. 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 j etted from an 
ink jet head to a stage and laminated thereon. The ink jet 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] US. Pat. No. 6,508,971 ofLeyden 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 ori?ces 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] US. 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] US. Pat. No. 7,300,619, ofthe 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] US. PublishedApplicationNo. 20040187714 ofthe 
same Assignee speci?es 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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[0015] Us. Published Application No. 20060159869 of 
Kramer et 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 ?exible 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] Us. Pat. No. 7,500,846 ofthe 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] Us. 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 ?rst 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 ?rst 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, eg tWo or more modeling materials. 

[0021] In some embodiments of the invention, the ?rst 
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 ?nal model or object desired to be produced. 
For example, the system can automatically choose the ?rst 
operation mode When the obj ect/ s or parts thereof to be fab 
ricated are speci?ed 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 ?rst 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 ?rst operation mode, an object 
made of a mix of modeling materials can be fabricated in ?rst 
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 ?rst 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-solidi?able, While the other material is non-solidi?able. 
The ?rst material is non-solidi?able 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 solidi?able in that it can be solidi?ed by an appropriate 
solidi?cation procedure. The solidi?able material can fully 
surround or contain the non-solidi?able material. The non 
solidi?able 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 
?able but their combination is solidi?able. 
[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 speci?c 
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 
?nal 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 dif?cult, 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 
solidi?cation makes especially dif?cult 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 Us. Application No. 60/430,362 and 
Us. 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 ?le format, 
e.g., STL (Standard Tessellation Language) format, legible 
by the solid freeform fabrication apparatus. STL ?les 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 ?le 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 ?le. 
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 ?les, 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 ?le may be carried out generally as knoWn in the 
art, for example, as described in Us. Pat. No. 5,768,134, 
assigned to Materialise NV. 

[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 speci?c modeling materials to be used, and their combi 
nation and/or spatial deposition Within the object layer are 
de?ned in the system’s softWare for each region, according to 
the pre-de?ned properties desired for each part of the ?nal 
object. For example, in a preferred embodiment, an STL is 
divided by an SFF system into a number of neW STL-s, each 
de?ning 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 ?les, for example, a set of STL ?les, each 
de?ning 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-de?ned de?nitions, e.g., via user interface 
software for the apparatus of the invention. For example, a 
user or operator may select a speci?c region and de?ne Within 
the region, sub-areas of the region, and select modeling mate 
rials and/or modeling material combinations for the thus 
de?ned sub-areas of the region, according to the properties 
desired for each respective sub-area. One example of this is 
de?ning 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 con?gured to 
supply a plurality of building materials to the fabrication 
apparatus; and a control unit con?gured 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 ?rst 
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 ?rst 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 ?rst 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 con?gured 
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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 con?gured 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 con?gured 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 con?gured 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 
[0058] According to some embodiments of the invention 
the control unit is designed and con?gured 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 
?oW unit, controllable by the control unit and arranged for 
selectively alloWing How 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 
How unit is arranged to alloW How 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 
How unit is characterized by at least a ?rst state and a second 
state, the second state being de?ned such that at least tWo 
different dispensing heads are fed by different modeling 
materials, and the ?rst state being de?ned 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 con?gured 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 scan a 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 K are symmetrically disposed betWeen roWs formed 
by all noZZle arrays of modeling material at locations 1 to 
K-l. 
[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 ?ush 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. 
[0081] 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. 
[0082] 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. 
[0083] 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. 
[0084] According to some embodiments of the invention 
the at least one attribute is selected from the group consisting 
of hardness, solidity, elasticity, ?exibility, color, translu 
cency, electrical and/ or magnetic behavior. 
[0085] According to some embodiments of the invention 
the at least tWo modeling materials comprise a ?rst non 
solidi?able solidi?able modeling material and a second non 
solidi?able modeling material, and Wherein the ?rst and the 
second non-solidi?able modeling materials mix after the dis 
pensing to form a solidi?able mixed material. 
[0086] 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 scale factors along the direction of the at least 
tWo different objects are different. 
[0087] 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. 
[0088] 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 
[0089] movable printing assembly having a plurality of 
printing units; and a service assembly having a plurality of 
service stations; Wherein the printing assembly is con?gured 
for docking near the service assembly such that a temporary 
?uid 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 con?gured 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 con?gured for 
re?lling building material into the at least one printing unit via 
the temporary ?uid communication. 
[0095] According to some embodiments of the present 
invention the at least one service station is con?gured 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 con?gured 
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 con?gured 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 de?ned 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 ?rst 
non-solidi?able modeling material and a second non-solidi 
?able modeling material, and Wherein a combination of the 
?rst and the second non-solidi?able modeling materials 
forms a solidi?able 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. 












































