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A volume element (voxel) printing system for printing a 
(21) Appl. NO.I 12/559,308 three-dimensional object is provided. The system includes a 

_ ?rst printhead group, at least one second printhead group, a 
(22) Flled? seP- 14: 2009 conveyor and a control system. The ?rst printhead group 

_ _ includes a plurality of ?rst printheads con?gured to print a 
Related U‘s‘ Apphcatlon Data ?rst voxel layer on a substrate. The second printhead group 

(63) cominuaiiOn of applicaiiOn NO 11/934,071, ?led on includes a plurality of second printheads located downstream 
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Jan 9 200 4 HOW Pat NO_ 7 146 236 s s to operatively convey the substrate past the printhead groups. 

3 s s s The control system controls and monitors the printhead 

(30) Foreign Application Priority Data groups and the conveyor, and is con?gured to dynamically 
recon?gure the second printheads if failure of a ?rst printhead 
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THREE-DIMENSIONAL OBJECT PRINTING 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuation of US. 
application Ser. No. 11/934,071 ?led on Nov. 1, 2007, Which 
a continuation of US. application Ser. No. 11/501,774 ?led 
on Aug. 10, 2006, noW issued as US. Pat. No. 7,306,319, 
Which is a continuation of US. application Ser. No. 10/753, 
439 ?led on Jan. 9, 2004, noW issued as US. Pat. No. 7,146, 
236, all of Which is herein incorporated by reference. 

FIELD OF INVENTION 

[0002] This invention relates to the creation of objects 
using digital additive manufacturing and more particularly to 
creating Working objects that may be electrically and/or 
mechanically active. 

CO-PENDING APPLICATIONS 

[0003] Various methods, systems and apparatus relating to 
the present invention are disclosed in the folloWing patents 
and applications ?led by the applicant or assignee of the 
present invention: 

7,206,654 7,162,324 7,162,325 7,231,275 7,278,847 10/753,499 
6,997,698 7,220,112 7,231,276 7,373,214 7,195,475 

[0004] The disclosures of these co-pending applications are 
incorporated herein by cross-reference. 

BACKGROUND 

[0005] Digital additive manufacturing is a process by 
Which an object is de?ned three dimensionally by a series of 
volume elements (hereinafter referred to as voxels). The 
object is then produced by creating/ laying doWn each voxel 
one at a time, in roWs at a time, sWaths at a time or layers at a 
time. 
[0006] There exists systems that use modi?ed inkjet type 
technology to ‘print’ material onto a substrate, so building the 
object. HoWever, these systems typically utiliZe a single scan 
ning printhead and are only useful for producing non-Work 
ing models. 

SUMMARY OF INVENTION 

[0007] In the present invention We digitally de?ne objects 
as a series of voxels and have a production line that creates 
objects by creating each voxel. The production line simulta 
neously creates different portions of objects With eachportion 
produced by a separate subsystem. In the preferred embodi 
ments each portion is for different products and so the system 
builds up multiple objects simultaneously. The ?nished 
objects may be of identical or of different designs. The por 
tions may be of any shape that may be digitally described. 
Portions produced by different subsystems may have differ 
ent shapes. 
[0008] In the preferred embodiments each and every voxel 
has the same dimension. HoWever, a product may be de?ned 
by voxels of more than one siZe. 

[0009] The portions are preferably created or laid doWn 
onto one or more substrates. In the preferred embodiments 
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one or more substrates are provided, each having a substan 
tially planar surface upon Which material is deposited. Each 
of the surfaces preferably moves in it’s oWn plane past the 
subsystems but does not otherWise move relative to the sub 
systems. Each substrate need not have a planar surface upon 
Which material is deposited and the surface may be of any 
shape desired. The substrate may move past the subsystems at 
a constant velocity along a path or may move in steps. The 
substrate may also be caused to rotate about one or more axes, 
as it moves betWeen subsystems, as it moves past subsystems, 
as it is stationary or in combinations of these. In the preferred 
embodiments a continuous substrate moves past the sub 
systems of the production line at a substantially constant 
velocity. 
[0010] The portions of the object produced by successive 
subsystems preferably lie on top of each other but could be 
spaced apart from each other, positioned end on end, adjacent 
to each other or in any other con?guration. As an example, a 
substrate having a cylindrical surface may be caused to rotate 
about its axis as it moves past a subsystem, so that material 
deposited extends in a helix on the cylindrical surface. 

[0011] The portions are preferably layers of the object and 
the layers are preferably tWo dimensional, i.e. they lie in a ?at 
plane. HoWever, the layers need not be planar. The layers may 
have a constant thickness. Layers having differing thickness 
Within the one layer are Within the scope of the invention. 
Similarly objects may be made With multiple layers that do 
not have the same thickness characteristics. 

[0012] In the preferred embodiments each layer is planar, is 
made up of voxels of constant siZe and all layers have the 
same dimensions. Alternate layers may be offset relative to 
each other. Preferably alternate layers are offset by half a 
voxel in one or both of tWo mutually orthogonal directions. 

[0013] Because voids may be formed in the object, When 
We refer to a ‘layer’ We mean a layer as de?ned, Which may 
include voids, not a continuous layer of material or materials. 

[0014] In preferred embodiments each layer is created by 
one or more printheads. In the preferred embodiments the 
printheads are arranged along a longitudinally extending pro 
duction line and one or more substrates move past the print 
heads, and apart from the ?rst layer, the printheads print onto 
a previously printed layer of material(s). The printheads for 
all layers operate simultaneously and so Whilst the ?rst print 
head is printing a ?rst layer of a ?rst set of one or more 
products, the second printhead is printing a second layer of a 
second set of one or more products and the third printhead is 
printing a third layer of a third set. Thus if We have a product 
1000 layers high We have 1000 different subsystems, one for 
each layer. These 1000 subsystems operate to simultaneously 
produce 1000 different layers of 1000 sets of products. 
[0015] In the preferred embodiments the printheads extend 
across the Width of the substrate and are capable of printing 
across the full substrate Width simultaneously i.e. they do not 
scan or raster When printing but are stationary. This enables a 
substrate to be moved past the printheads at a substantially 
constant speed, With the printheads printing roWs of material 
onto the substrate. The substrate speed is matched to the roW 
Width and printhead cycle time so that the substrate has 
moved the Width of the roWs printed for each printhead cycle. 
Thus the next roW or roWs printed by each printhead Will be 
printed next to a previously printed roW or roWs. In the pre 
ferred embodiments the printheads each print tWo roWs 
simultaneously for increased substrate speed. 




























