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(57) ABSTRACT 

A container having a working fluid that can be used to build 
freeform fabricated components is disclosed. A distributing 
member and a fluid moving device are used in conjunction 
with the container. The fluid moving device can take the form 
of a pump and the distributing member is moveable across a 
surface of the working fluid to either deposit working fluid or 
withdraw working fluid from the surface. The distributing 
member is in fluid communication with the fluid moving 
device, which is in fluid communication with an opening in 
the container. 
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FLUID REDISTRIBUTION DEVICE FOR 
CONTAINERS HAVING AWORKING FLUID 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application claims the benefit of U.S. 
Provisional Patent Application 61/232,445, filed Aug. 9. 
2009, and is incorporated herein by reference. 

FIELD OF INVENTION 

0002 The present invention generally relates to devices 
used in free form fabrication of components, and more par 
ticularly, but not exclusively, to devices used to redistribute 
freeform fabricating fluid. 

BACKGROUND 

0003 Mitigating inhomogeneous areas within a freeform 
fabricating fluid remains an area of interest. Some existing 
systems have various shortcomings relative to certain appli 
cations. Accordingly, there remains a need for further contri 
butions in this area of technology. 

SUMMARY 

0004 One embodiment of the present invention is a 
unique redistributing device. Other embodiments include 
apparatuses, systems, devices, hardware, methods, and com 
binations for redistributing a working fluid. Further embodi 
ments, forms, features, aspects, benefits, and advantages of 
the present application shall become apparent from the 
description and figures provided herewith. 

BRIEF DESCRIPTION OF THE FIGURES 

0005 FIG. 1 depicts one embodiment of the present appli 
cation. 
0006 FIG. 2 depicts one embodiment of the present appli 
cation. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

0007 For the purposes of promoting an understanding of 
the principles of the invention, reference will now be made to 
the embodiments illustrated in the drawings and specific lan 
guage will be used to describe the same. It will nevertheless 
be understood that no limitation of the scope of the invention 
is thereby intended. Any alterations and further modifications 
in the described embodiments, and any further applications of 
the principles of the invention as described herein are con 
templated as would normally occur to one skilled in the art to 
which the invention relates. 
0008. With reference to FIG. 1, a container 50 having a 
quantity of working fluid 52 useful in building free-form 
fabricated components is shown. The working fluid 52 
includes a mixture of particles Suspended in a binder that can 
be processed into a hardened shape. The particles can take the 
form of ceramic particles, but other types of particles are also 
contemplated. Furthermore, the binder can be a photosensi 
tive Substance capable of being hardened upon activation by 
a device such as, but not limited to, a laser. Other types of 
binders having a variety of compositions and capable of being 
activated by other devices is also contemplated herein. In one 
non-limiting form the working fluid 52 can be a non-Newto 
nian fluid. 
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0009. The working fluid 52 can be used to, among other 
things, build molds for use in investment casting operations. 
Such operations can be used to build among other things 
aircraft gas turbine engine components such a blades and 
Vanes. As used herein, the term “aircraft includes, but is not 
limited to, helicopters, airplanes, unmanned space vehicles, 
fixed wing vehicles, variable wing vehicles, rotary wing 
vehicles, unmanned combat aerial vehicles, tailless aircraft, 
hovercrafts, and other airborne and/or extraterrestrial (space 
craft) vehicles. Further, the present inventions are contem 
plated for utilization in other applications that may not be 
coupled with an aircraft Such as, for example, industrial appli 
cations, power generation, pumping sets, naval propulsion, 
weapon systems, security systems, perimeter defense/secu 
rity systems, and the like known to one of ordinary skill in the 
art. 

0010. A distributing member 54 and a fluid moving device 
58 are in fluid communication with the container 50. During 
operation the working fluid 52 can pass from one portion of 
the container 50 to another after passing between the distrib 
uting member 54 and the fluid moving device 58. The distrib 
uting member 54 includes an orifice 56 and moves relative to 
a surface of the working fluid 52. The orifice 56 can either 
withdraw working fluid 52 from the container 50 or it can 
Supply the working fluid 52 to the container, depending on the 
direction of flow of working fluid 52. In one form the orifice 
56 is a scanned intake orifice. The distributing member 54 can 
move along the surface of the working fluid such that the 
working fluid52 is withdrawn from the surface or is deposited 
on the Surface, againdepending on the direction of flow of the 
working fluid. The orifice 56 can have a front portion at a 
different height thanabackportion. A variety of sizes, shapes, 
numbers, orientations, and configurations of the orifice 56 are 
contemplated. 
0011. The fluid moving device 58 can take the form of a 
pump and can provide for a variety of flow rates of the work 
ing fluid 52. The pump can be a continuous flow pump or a 
discontinuous flow pump and can be capable of providing 
motive force to the working fluid 52 at a variety of flow rates. 
In one application a speed characteristic of the pump may be 
matched with the speed of the distributing member 54. In one 
non-limiting example, the velocity that the working fluid 52 
flows into or out of the distributing member 54 is set equal to 
the speed at which the orifice 56 is travelling which can result 
in an essentially turbulence free material redistribution when 
working fluid 52 is moved from the bottom of the container 50 
to the top. When the working fluid 52 is moved from the top 
to the bottom, matching a pumping characteristic to a motion 
of the distributing member 54 can result in more uniform fluid 
flow at the surface of the working fluid 52 and consequently 
can be used to reduce mounding over previously exposed 
aaS. 

0012. The container 50 includes an opening 60 through 
which the working fluid 52 can pass. In one form of operation 
the working fluid enters the container 50 through the opening 
60, while in another the working fluid 52 is withdrawn from 
the container 50 through the opening 60. In some embodi 
ments the opening 60 can include multiple openings or more 
than one aperture through which the working fluid 52 passes. 
Furthermore, the opening 60 can be placed at various loca 
tions around the container 50. In just one non-limiting 
embodiment, the opening 60 is placed at the bottom of the 
container 50. 
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0013. A shear mixer 62 can be included in the flow circuit 
between the container 50, distributing member 54, and fluid 
moving device 58 to promote mixing of the working fluid 52. 
0014. In one form of operation the operation of the distrib 
uting member 54 in conjunction with the fluid moving device 
58 can be used to redistribute the working fluid. For example, 
if the working fluid 52 is prone to some level of separation 
(e.g. lighter materials migrating toward the Surface) then the 
distributing member 54 can be used to circulate a portion of 
the working fluid in a top to bottom, bottom to top, or both, 
fashion. The working fluid 52 can be moved between the 
opening 60 in the container 50 and the distributing member 
54. As the distributing member 54 moves along the surface, a 
portion of the working fluid 52 can either be removed and 
conveyed to the container 50 through the opening 60, or the 
portion of working fluid 52 can be conveyed from the con 
tainer 50 through the opening 60 and distributed to the sur 
face. 
0015. In one form of operation the working fluid redistrib 
uting device can be used with a layered build process Such as 
free form fabrication. The distributing member 54 can be 
moved across the surface of the working fluid 52 after each 
successive layer is built. The distributing member 54 can also 
be used to continuously dispense or receive the working fluid 
52. 

0016 Turning now to FIG. 2, one embodiment of a work 
ing fluid redistributing device is depicted. The container 50 is 
shown having a quantity of working fluid 52 disposed therein. 
Also disposed in the container 50 is a build platform 64 
capable of being moved within the container 50. In one non 
limiting form the build platform 64 can be lowered into the 
container during a build process of a device such as a mold 66. 
The mold 66 can be produced in layers using free form fab 
rication techniques, among potential others. In the illustrative 
embodiment the distributing member 54 is moved across the 
surface of the working fluid 52. The orifice 56 of the distrib 
uting member 54 is in fluid communication with the working 
fluid 52 and the fluid moving device 58. In one form of 
operation the fluid moving device 58 is capable of causing the 
working fluid 52 to flow through a conduit and to the distrib 
uting member 54 where it is added near the surface. In another 
form of operation the fluid moving device 58 is capable of 
causing the working fluid 52 to be pulled through the distrib 
uting member 54 and be delivered to an area 68 in the con 
tainer 50. In the illustrative embodiment the area 68 is a 
relatively low point in the container 50, but in other embodi 
ments the working fluid 52 can be delivered to other areas 
whether or not at a relatively low point in the container 50. 
0017. Other devices can also be used with the embodiment 
of the working fluid redistributing device depicted in FIG. 2. 
A valve 70 can be incorporated in a fluid passage that conveys 
the working fluid 52 and used to close off and/or regulate the 
flow rate of the working fluid 52. In the illustrative embodi 
ment the valve 70 is disposed between the fluid moving 
device 58 and the container 50, but other embodiments can 
locate the valve 70 elsewhere. In some applications a filter can 
also be used in a passage in which working fluid 52 is flowed. 
For example, in the illustrative embodiment a filter could be 
disposed in the passage leading between the container 50 and 
the fluid moving device 58. Such a filter can be used to remove 
and/or prevent objects of a certain size from pass either to or 
from the fluid moving device58. In one non-limiting example 
the filter could be used to remove a relatively large mass from 
the working fluid 52 as it moves from the container 50 to the 
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fluid moving device 58. Such a filter, or filters, could be 
placed elsewhere in the working fluid redistributing device. 
0018. One aspect of the present application provides an 
apparatus comprising a vat having an upper portion and a 
lower portion and containing a rapid prototyping liquid that 
can be operated upon to produce a solid body, a movable 
device having an opening located near a Surface of the rapid 
prototyping liquid and disposed within the Vatthrough which 
a portion of the rapid prototyping liquid is conveyed when the 
movable device is moved, and wherein the rapid prototyping 
liquid is circulated through the opening between the Surface 
and a location disposed toward the lower portion of the Vat. 
0019. In one refinement the present application further 
includes pump in fluid communication with the opening and 
the location toward the lower portion of the Vat. 
0020. In another refinement the present application pro 
vides wherein the opening of the moveable device is a 
Scanned opening. 
0021 Still another refinement of the present application 
provides wherein the speed of the rapid prototyping liquid 
through the opening is matched with a speed of the opening 
relative to the surface to mitigate a turbulence behind the 
moveable device. 

0022. Yet still refinement of the present application pro 
vides wherein a speed characteristic of the pump is matched 
with the speed of the opening relative to the surface. 
0023. A still further refinement of the present application 
provides wherein a front and a back of the opening are at 
different heights relative to the surface. 
0024. A yet still further refinement of the present applica 
tion provides wherein the rapid prototyping liquid can be 
conveyed in two directions. 
0025. A further refinement of the present application pro 
vides wherein the rapid prototyping liquid can be conveyed 
toward the surface from the location disposed toward the 
lower portion of the Vat. 
0026. A further still refinement of the present application 
provides wherein the rapid prototyping liquid can be con 
veyed away from the Surface and toward the location disposed 
toward the lower portion of the Vat. 
0027. A yet another refinement of the present application 
provides wherein the rapid prototyping liquid can be con 
veyed toward the surface from the location disposed toward 
the lower portion of the vat or away from the surface and 
toward the location disposed toward the lower portion of the 
Vat. 

0028. Another refinement of the present application fur 
ther includes a fluid shearing device in flow communication 
with the movable device. 
0029. Another aspect of the present application provides 
an apparatus comprising a vessel having a rapid prototyping 
multi-component fluid that can be formed into a solid object, 
the vessel having an opening located beneath a Surface of the 
rapid prototyping multi-component fluid, a pump for convey 
ing the rapid prototyping multi-component, the pump in fluid 
communication with the opening in the vessel, and a moving 
orifice having an orifice opening located near the Surface of 
the rapid prototyping multi-component fluid and operable to 
pass a portion of the rapid prototyping multi-component fluid, 
the pump operable to provide work to convey the portion 
between the surface and the opening of the vessel. 
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0030. A refinement of the present application provides 
wherein the pump conveys the portion from the opening in the 
vessel to the Surface of the rapid prototyping multi-compo 
nent fluid. 
0031. Another refinement of the present application pro 
vides wherein the pump conveys the portion from the surface 
of the rapid prototyping multi-component fluid to the opening 
in the vessel. 
0032 Still another refinement of the present application 
provides wherein the pump is operable to provide work that 
conveys the rapid prototyping multi-component from a rela 
tively deeper part of the vessel to the surface. 
0033. A yet further refinement of the present application 
provides wherein the speed between the moveable device 
relative to the Surface and a rate of the rapid prototyping 
multi-component fluid through the orifice is different 
0034. A still further refinement of the present application 
provides wherein the rapid prototyping multi-component 
fluid is a non-Newtonian fluid. 
0035. A yet still further refinement of the present applica 
tion further includes a fluid shearing device in communica 
tion with the pump. 
0036 Still another aspect of the present application pro 
vides an apparatus comprising a vat of rapid prototyping 
fluid, a pump for conveying the rapid prototyping fluid, and 
means for distributing the rapid prototyping fluid. 
0037 Yet still another aspect of the present application 
provides a method comprising filling a vessel with a rapid 
prototyping liquid, Scanning an orifice across a Surface of the 
rapid prototyping liquid, and circulating the rapid prototyp 
ing fluid between the surface and a relatively deeper part of 
the vessel. 
0038 A further aspect of the present application provides 
a method comprising filling a vessel with a rapid prototyping 
liquid, moving an orifice across a Surface of the rapid proto 
typing liquid, and circulating the rapid prototyping fluid 
between the surface and a relatively deeper part of the vessel. 
0039. A refinement of the present application further 
includes powering a pump to drive the circulating. 
0040 Another refinement of the present application fur 
ther includes mixing a relatively lower density portion of the 
rapid prototyping liquid with a relatively higher density por 
tion of the rapid prototyping liquid. 
0041. A still another refinement of the present application 
further includes building a layer of a freeform fabricated 
object from the rapid prototyping liquid. 
0042. A further refinement of the present application fur 
ther includes scanning the orifice after the building. 
0043. A still further refinement of the present application 
further includes shear mixing the rapid prototyping liquid. 
0044) While the invention has been illustrated and 
described in detail in the drawings and foregoing description, 
the same is to be considered as illustrative and not restrictive 
in character, it being understood that only the preferred 
embodiments have been shown and described and that all 
changes and modifications that come within the spirit of the 
inventions are desired to be protected. It should be understood 
that while the use of words such as preferable, preferably, 
preferred or more preferred utilized in the description above 
indicate that the feature so described may be more desirable, 
it nonetheless may not be necessary and embodiments lack 
ing the same may be contemplated as within the scope of the 
invention, the scope being defined by the claims that follow. 
In reading the claims, it is intended that when words such as 
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a,” “an.” “at least one.” or “at least one portion' are used 
there is no intention to limit the claim to only one item unless 
specifically stated to the contrary in the claim. When the 
language 'at least a portion' and/or “a portion' is used the 
item can include a portion and/or the entire item unless spe 
cifically stated to the contrary. 
What is claimed is: 
1. An apparatus comprising: 
a vat having an upper portion and a lower portion and 

containing a rapid prototyping liquid that can be oper 
ated upon to produce a solid body; 

a movable device having an opening located near a surface 
of the rapid prototyping liquid and disposed within the 
vat through which a portion of the rapid prototyping 
liquid is conveyed when the movable device is moved; 
and 

wherein the rapid prototyping liquid is circulated through 
the opening between the Surface and a location disposed 
toward the lower portion of the Vat. 

2. The apparatus of claim 1, which further includes pump in 
fluid communication with the opening and the location 
toward the lower portion of the Vat. 

3. The apparatus of claim 1, wherein the opening of the 
moveable device is a scanned opening. 

4. The apparatus of claim 2, wherein the speed of the rapid 
prototyping liquid through the opening is matched with a 
speed of the opening relative to the Surface to mitigate a 
turbulence behind the moveable device. 

5. The apparatus of claim 1, wherein a front and a back of 
the opening are at different heights relative to the surface. 

6. The apparatus of claim 1, wherein the rapid prototyping 
liquid can be conveyed toward the surface from the location 
disposed toward the lower portion of the vator away from the 
surface and toward the location disposed toward the lower 
portion of the Vat. 

7. The apparatus of claim 7, which further includes a fluid 
shearing device in flow communication with the movable 
device. 

8. An apparatus comprising: 
a vessel having a rapid prototyping multi-component fluid 

that can be formed into a solid object, the vessel having 
an opening located beneath a Surface of the rapid proto 
typing multi-component fluid; 

a pump for conveying the rapid prototyping multi-compo 
nent, the pump in fluid communication with the opening 
in the vessel; and 

a moving orifice having an orifice opening located near the 
Surface of the rapid prototyping multi-component fluid 
and operable to pass a portion of the rapid prototyping 
multi-component fluid, the pump operable to provide 
work to convey the portion between the surface and the 
opening of the vessel. 

9. The apparatus of claim 8, wherein the pump conveys the 
portion from the opening in the vessel to the surface of the 
rapid prototyping multi-component fluid. 

10. The apparatus of claim 8, wherein the pump conveys 
the portion from the Surface of the rapid prototyping multi 
component fluid to the opening in the vessel. 

11. The apparatus of claim 8, wherein the speed between 
the moveable device relative to the surface and a rate of the 
rapid prototyping multi-component fluid through the orifice 
is different 

12. The apparatus of claim8, wherein the rapid prototyping 
multi-component fluid is a non-newtonian fluid. 
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13. The apparatus of claim 8, which further includes a fluid 
shearing device in communication with the pump. 

14. An apparatus comprising: 
a vat of rapid prototyping fluid; 
a pump for conveying the rapid prototyping fluid; and 
means for distributing the rapid prototyping fluid. 
15. A method comprising: 
filling a vessel with a rapid prototyping liquid; 
moving an orifice across a Surface of the rapid prototyping 

liquid; and 
circulating the rapid prototyping fluid between the Surface 

and a relatively deeper part of the vessel. 
16. The method of claim 15, which further includes pow 

ering a pump to drive the circulating. 
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17. The method of claim 19, which further includes mixing 
a relatively lower density portion of the rapid prototyping 
liquid with a relatively higher density portion of the rapid 
prototyping liquid. 

18. The method of claim 15, which further includes build 
ing a layer of a freeform fabricated object from the rapid 
prototyping liquid. 

19. The method of claim 18, which further includes scan 
ning the orifice after the building. 

20. The method of claim 15, which further includes shear 
mixing the rapid prototyping liquid. 

c c c c c 


