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STRUCTURE INCLUDING A PLURALITY OF 
CELLS OF CURED RESINOUS MATERIAL, 

METHOD OF FORMING THE STRUCTURE AND 
APPARATUS FOR FORMING THE STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a structure that 
may be formed of a plurality of resinous cells, a method and 
an apparatus for forming such a structure. The structure may 
be formed in place Where it is to be utiliZed. 

[0003] 2. Description of Related Art 

[0004] In many situations, it may be desirable to form a 
structure in place Where it is to be utiliZed. Sometimes, a 
structure is preformed and then assembled in place. One 
proposed application of such structures is in outer space. For 
example, it has been proposed to form spacecraft or portions 
of spacecraft from prefabricated in?atable structures. Pre 
fabricated in?atable structures have also been proposed for 
forming structures on other celestial bodies, such as moon 
bases and underground caverns. Such structures have also 
been proposed for use in terrestrial applications. 

[0005] Space-based structures that are assembled and/or 
formed in place can include a plurality of layers of material 
With various functions. In the context of a spacecraft, the 
structures can include layers for meteorite resistance, gas 
retention for in?atable structures, layers for helping the 
structure to maintain its shape, layers to help retain heat, 
and/or layers for other functions. 

[0006] Space based structures have been proposed that are 
prefabricated and then in?ated in space. For example, sat 
ellites have been proposed and deployed, Which include an 
in?atable structure. According to one example, the satellite 
referred to as Explorer XIX, Which Was launched in Decem 
ber 1963, included a 20 inch in?atable structure. The struc 
ture Was in?ated With gas and included 40 gore plies of 
preform over a hemispherical mold. The skin Was a four-ply 
laminate consisting of alternating layer so aluminum foil and 
mylar ?lm, each 0.5 or 0.013 mm thick. The in?atable 
structure maintained its shape after evacuation of the in?at 
ing gas. 

[0007] Other satellites formed from in?ating structures 
include the ECHO satellites, such as the PAGEOS satellite 
launched in June of 1966. This satellite included 84 gore 
plies sealed With adhesive tape. The structure Was in?ated 
utiliZing a mixture of subliming poWders. During ground 
based tests, the in?ated structure Was found to differ from 
the designed dimensions by less than one-half of one per 
cent. This accuracy Was obtained at least in part by utiliZing 
an accurate gore ply pattern, by maintaining seal tolerances 
and by loWering sealing temperature. 

[0008] Another proposed use of in?atable structures is as 
a protective expandable enclosure for astronauts. In particu 
lar, an enclosure Was built that included a composite Wall 
having an inner three-barrier pressure bladder for gas reten 
tion, a four-ply Dacron cloth structural layer, a 2-inch thick 
polyether foam meteoroid barrier, and a ?lm-cloth laminate 
outer cover With thermal coating. The expandable composite 
Wall could be structurally bonded to a rigid aluminum 
honeycomb sandWich ?oor. 
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[0009] Another example includes an in?atable antenna. 
The antenna as it has been proposed includes a large, 
pressuriZed antennae. In a structure shaped by internal 
pressure, using a loW modulus plastic ?lm, the pressure level 
decreases With the third poWer of the linear dimension. As 
a result, lost in?atant mass Would decrease With increasing 
antenna siZe. This Would make it possible to build loW-mass 
in?atable systems With 5- to 10-year lifetimes. One design 
incorporates a stabiliZation torus, With a pressure suf?ciently 
high to Warrant the use of a rigidiZing structure. 

[0010] Another proposal includes an in?atable, space 
rigidiZed structure (ISRS). One example of this structure is 
a 10-m antenna re?ector. The antenna consisted of a thin, 
?ber-reinforced composite lamina. The materials used Were 
a lightWeight KEVLAR cloth in an imide-modi?ed, cata 
lytically cured, cycloaliphatic epoxy resin, Which may be 
cured either thermally or by an external gaseous catalyst. 
The area mass of the resulting composite Wall, including a 
plastic foil gas barrier, Was of the order of 0.1 kg/mZ. 

[0011] According to another example, the SOLARES Was 
a 1000 m diameter ?at light-re?ective membrane stretched 
by an in?atable toroidal hoop stabiliZed by tension lines to 
tWo masts normal to the membrane at the center. Also, an 
in?atable antenna has been created that includes a large 
microWave or light collecting or re?ecting dish fabricated 
using an in?ated torus for the rim and either parabolically 
shaped or spherical shaped plastic membranes attached to 
the torus. The membranes Were stretched to shape by air 
pressure. The concave surface Was metalliZed to produce the 
desired microWave re?ectivity. 

[0012] It has been proposed to form a structure by bloWing 
large bubbles in space using self-rigidiZing liquids. This 
Would alloW the fabrication of large ?at structures. Then, 
self-rigidiZing foam could be used to in?ate and subse 
quently rigidiZe in?atable structures. 

[0013] As apparent from the above discussion, a number 
of methods for fabrication of structures in space have been 
postulated. Anumber of the proposals have involved in?ated 
structures, clever mechanisms that unfold and lock into 
position, or polymeric based component systems that can be 
processed real time. Each has bene?ts and draWbacks. 

[0014] Attempts to in?ate a structure have been successful 
in initial deployment, but require a method of maintaining 
the pressure or stabiliZing the structural elements once the 
gas has been used to position them. Long-term gas supply 
requires dedicated mission payload capacity. The gas must 
be maintained in a leak free containment or the structure Will 
collapse. Any gas that does leak or diffuse through the 
structure over time Will be a possible contaminant to sensors 
and solar cell arrays. This is rue even for a structure that only 
depends on the gas for deployment, not to maintain struc 
tural rigidity. 

[0015] A mechanical approach has been successful in a 
number of cases, but it is limited to smaller structures due to 
the inef?ciencies inherent in joints, fasteners and sliding 
surfaces. A number of deployment failures have occurred 
that Were traced to environmental effects, such as thermal 
expansion and contraction or to tribological effects. 

[0016] It has also been proposed to fabricate polymeric 
based composite structures in space, by pultruding or 
extruding the materials through a heated processing device. 
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However, the energy requirements for heating can be very 
taXing on a spacecraft’s power system. The residual stresses 
developed in a composite structure as it is heated during 
curing and cooled to ambient, and possibly very loW, tem 
peratures add complication to the design. Another detrimen 
tal factor of such techniques is outgassing of the resin as it 
is processed. Again, this presents a contamination issue. One 
approach to get around this issue has been the exploration of 
using ultraviolet (UV) curing resin systems. The primary 
draWback to this technology has been the inability to 
develop a process that alloWs the resin to be cured With UV 
While the composite material is being compacted. A com 
posite structure cured With no compacting load Will have a 
substantially reduced performance due to loW ?ber volume 
fraction. 

[0017] Another research path has been the use commercial 
closed cell foam technology to produce a lightWeight rigid 
structure that eXpands to shape during processing. Unfortu 
nately, all of the commercial foaming technology produces 
a gas that can become a contaminant as it diffuses through 
the polymer. A tWo component foaming technology is very 
dif?cult to control in terms of cell siZe and cell siZe distri 
bution throughout a structure’s cross-section. 

[0018] With respect to boom structures utiliZed in space, 
boom structures currently are considered to fall into one of 
the ?ve categories discussed beloW. The simplest boom 
structure is based on the use of tension members, typically 
Wire. These structures have limited application, as the space 
craft must be spinning. Centrifugal force deploys and main 
tains the boom structure. 

[0019] To date, probably the most common type of boom 
is the tubular boom. It consist of a thin metallic strip Which 
is spool-Wound during storage, but upon controlled release 
is automatically formed into a tubular shape giving it its 
stiffness. The tubular boom is, hoWever, limited by its 
buckling strength at the root. 

[0020] Another type of boom is the telescoping boom. A 
telescoping boom is typically shorter but has greater strength 
than a tubular boom. A telescoping boom is typically 
deployed using a lead screW or similar type device. 

[0021] A fourth type of boom employs a series of con 
tinuous longerons, Which are bent and tWisted into a heliX 
for stoWage in a cylindrical container. Batten frames are 
arranged perpendicular to the longerons to provide the 
required separation, While diagonal cables are used to pro 
vide the required shear stiffness. This technology is limited 
by the amount of strain that can be placed on the longerons 
in the storage container. Booms of this type have been built 
in eXcess of 100 feet long. 

[0022] The ?nal boom type is similar to the one previously 
described eXcept it uses articulated longerons instead of 
continuous longerons. In this type of structure, the longerons 
are in segments and connected With hinged joints to the 
batten frames. This approach also utiliZes diagonal cables to 
provide the required shear stiffness. 

SUMMARY OF THE INVENTION 

[0023] The present invention provides a structure that 
includes a plurality of cells of a cured resinous material. 
Each cell is joined to at least one other cell. 
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[0024] Additionally, the present invention provides a 
method of forming a structure. According to the method, a 
plurality of individual cells are formed. Each cell includes a 
mass of uncured resin. Some of the cells are contacted With 
others. The resin is cured. 

[0025] Furthermore, the present invention provides an 
apparatus for creating a structure that includes a plurality of 
cells of cured resinous material. The apparatus includes a 
plurality of resin ?oW apertures arranged to permit cells 
formed at one aperture to contact cells formed at directly 
adjacent apertures. The apparatus also includes a resin ?oW 
control member arranged in each resin ?oW aperture and 
operable to control a How of resin from the resin ?oW 
apertures. 

[0026] Still other objects and advantages of the present 
invention Will become readily apparent by those skilled in 
the art from a revieW of the folloWing detailed description. 
The detailed description shoWs and describes preferred 
embodiments of the present invention, simply by Way of 
illustration of the best mode contemplated of carrying out 
the present invention. As Will be realiZed, the present 
invention is capable of other and different embodiments and 
its several details are capable of modi?cations in various 
obvious respects, Without departing from the invention. 
Accordingly, the draWings and description are illustrative in 
nature and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Objects and advantages of the present invention 
Will be more clearly understood When considered in con 
junction With the accompanying draWings, in Which: 

[0028] FIGS. 1 and 2 represent perspective vieWs tWo 
different embodiments of a structure formed according to the 
present invention in the process of being formed; 

[0029] FIGS. 3 and 4 represent perspective vieWs tWo 
different embodiments of a structure formed according to the 
present invention; 

[0030] FIG. 5 represents an overhead vieW of an embodi 
ment of a forming plate according to the present invention; 

[0031] FIG. 6 represents a cross-sectional vieW of an 
embodiment of a resin ?oW aperture, resin ?oW control 
member, ?uid ?oW aperture and ?uid ?oW control member 
according to the present invention; 

[0032] FIG. 7 represents an overhead vieW of the embodi 
ment illustrated in FIG. 6; 

[0033] FIGS. 8-10 represent cross-sectional vieWs the 
embodiment of the apparatus illustrated in FIGS. 6 and 7 at 
various stages of an embodiment of a process according to 
the present invention; 

[0034] FIG. 11 represents a cross-sectional vieW of an 
embodiment of a cell-retaining member according to the 
present invention; 

[0035] FIG. 12 represents a perspective vieW of another 
embodiment of a structure according to the present inven 
tion; and 

[0036] FIG. 13 represents a perspective vieW of an 
embodiment of a device that includes an embodiment of a 
contour forming surface according to the present invention. 



US 2002/0161062 A1 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0037] The present invention can satisfy the need or desire 
to form structures in place. Additionally, the present inven 
tion can ful?ll the need to create lightweight high strength 
structures. In particular, the present invention can be utiliZed 
to form elongated lightWeight high strength structures. 
While the present invention may be particularly useful in 
space, it may be utiliZed for terrestrial as Well as undersea 
applications. 

[0038] Structures according to the present invention 
include a plurality of cells of cured resinous material. The 
cells may be arranged in a plurality of planes. Each plane 
may include the same or a different number of cells. The 
cells may all be aligned With each other in a direction 
perpendicular to the planes. Alternatively, the cells may be 
arranged aligned in another direction. For example, the cells 
in one plane could be arranged With their centers spaced 
one-half cell diameter aWay from the cells in an adjacent 
plane. The cells could be aligned in directions other than in 
a direction perpendicular to the planes. Also, the cells in one 
plane may be aligned With each other. In some cases, the 
cells in one plane or among the planes could be arranged in 
another pattern. While the cells may be arranged in a variety 
of patterns, they typically are arranged in a pattern. 

[0039] NotWithstanding the above, any arrangement of 
cells may be possible. The description herein is illustrative 
and not exhaustive. Those of ordinary skill in the art may be 
able to determine any number of arrangements of cells 
Without undue experimentation once aWare of the disclosure 
contained herein. 

[0040] The structures according to the present invention 
that are formed of a plurality of cells may have any desired 
shape. According to some embodiments, the structures are 
tubular having any desired cross-sectional shape. The struc 
tures could also be solid With any shape. Some embodiments 
can include a netWork of cells, such as a beam of crisscross 
ing lines of cells. The structures can be holloW or solid 
masses of cells. 

[0041] FIGS. 1-4 and 12 illustrate exemplary embodi 
ments of structures according to the present invention. 
Along these lines, FIG. 1 illustrates a rectangular mass of 
cells. On the other hand, FIG. 2 illustrates a solid tube of 
cells. The structures shoWn in both FIGS. 1 and 2 are in the 
process of being formed, as described beloW in greater 
detail. FIGS. 3 and 4 illustrate tWo different embodiments 
of a beam member according to the present invention. Each 
beam member includes a cylinder of cells. The cylinder 
shoWn in FIG. 3 has an inner volume and an outer surface 
that both have a hexagonal cross-section. On the other hand, 
the exterior and/or interior surfaces of such structures may 
have different contours. 

[0042] Other examples of structures include a solid struc 
ture, a holloW tubular structure, a structure With struts at 
orthogonal angles across the tube, an open grid Work like a 
truss, a helical structure and a cross helical structure. In 
reality, the structures that may be formed according to the 
present invention are almost endless. The arrangement of 
cells to form a structure Would be determined and then the 
cells assembled accordingly. FIG. 12 illustrates such an 
embodiment. Along these lines, FIG. 12 illustrates an 
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embodiment of a structure according to the present invention 
that includes a latticeWork of cells. This embodiment 
includes a different arrangement of cells from layer to layer. 

[0043] Cells according to the present invention typically 
have a generally spherical shape, at least during formation 
and prior to contacting other cells. HoWever, the cells may 
have other shapes. In a ?nished structure, cells could have a 
generally hexagonal, square or triangular shape. The shape 
of each cell may at least in part depend upon the relative 
positions of adjacent cells and the presence or absence of 
cells in positions adjacent a cell. If a cell abuts another cell 
it Will have a different shape than if no cell is adjacent the 
cell. The cells on the top, bottom and sides Will have a 
spherical outWard-facing contour. On the other hand, if a cell 
is surrounded on all sides by other cells, the cell could be 
generally cube shaped. Alternatively, the cell could have a 
shape With hexagonal sides. 

[0044] On a side of a cell that does not abut an adjacent 
cell, the surface of the cell may have a curvature similar to 
the surface of a sphere. As a result, a structure formed 
according to the present invention typically Will have a 
bumpy, rounded surface. If necessary, a portion of the 
fabrication device could be designed to constrain the exter 
nal dimension of the outermost cells before they are cured, 
causing their Walls to form against a non-stick surface, and 
thus producing a smooth outer surface. On the other hand, 
Where a ?rst cell abuts against another cell, the ?rst cell may 
have a more planar contour or a spherical contour indented 
toWard the center of the ?rst cell. Where tWo cells abut 
against each other, the cells do not really have a surface 
since they actually contact each other. 

[0045] It is important to keep in mind that since the cells 
abut each other and may contact each other during the 
formation process, prior to curing, in situations Where one 
cell abuts another, the cells may not be considered to have 
a surface. Along these lines, the uncured resin from one cell 
may intermingle With the uncured resin from an adjacent cell 
during the formation process. In such a case, neither cell 
may actually have a Wall at that point. HoWever, Where a cell 
in the process of being formed contacts an existing cell, then 
each cell may be considered to have a Wall, but the Walls are 
in contact. In some cases, adjacent cells may only contact 
each other at a single point. 

[0046] The siZe of the cells may vary, depending upon the 
application. In some cases, dense netWorks of small cells 
may be more desirable in a structure than utiliZing larger 
cells. For example, the embodiments shoWn in FIGS. 3 and 
4 have Walls that include a plurality of small cells. Rather 
than having Walls many cells thick, this embodiment could 
have a Wall one cell thick. Typically, the cells making up a 
structure all have the same or substantially the same siZe. 
HoWever, it is also possible to have different siZe cells in one 
structure. One embodiment includes a plurality of larger 
similarly siZed cells arranged in a pattern, With a plurality of 
smaller cells arranged in a regular pattern to close up spaces 
among the larger cells. For example, the larger cells could be 
arranged in a square pattern With smaller cells arranged in 
the interstices betWeen the larger cells. 

[0047] The cells according to the present invention may 
have a variety of internal structures. For example, a cell may 
have a uniform, or substantially uniform, composition 
throughout. In other Words, the cell may be a solid mass of 
resin. Alternatively, a cell may include a shell of resin. 
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[0048] If a cell includes a shell of resin, the shell may be 
?lled With another material. The shell could be ?lled With a 
?uid, including liquid or gas. Alternatively, the shell could 
be substantially empty. 

[0049] In cases Where the cell includes a shell, the interior 
of the shell could have an interior pressure similar to an 
ambient pressure outside the shell. In space, this could mean 
that the interior pressure of the cell is quite loW. On the other 
hand, the interior pressure of the cell could be lesser or 
greater than the ambient pressure surrounding the cell and 
the structure including the cell. In the event that the shell is 
?lled With gas, the gas could be the same gas utiliZed to 
in?ate a mass of uncured resin. Alternatively, other gas(es) 
could be utiliZed. In underWater applications, the cells could 
be ?lled With seaWater. One skilled in the art could deter 
mine a suitable ?uid to ?ll a cell With as Well as an 

appropriate internal pressure suitable to an application once 
aWare of the disclosure contained herein Without undue 
experimentation. 

[0050] Resinous materials that may be utiliZed include 
commercially available polymers. The type of polymer 
utiliZed may vary based upon the desired structural proper 
ties of the ?nished structure. Typically, polymers Would be 
desired that have high stiffness, or modulus, such as for 
many space-based applications. In some applications, 
greater ?exibility may be desired. Also, polymers that have 
high strength typically are desirable, such as in many 
space-based applications. HoWever, in some applications 
high strength may be less important or desirable. 

[0051] Another physical property that may be of impor 
tance is the coef?cient of thermal expansion. In some cases, 
it Would be desired to have a loW coef?cient of thermal 
expansion. 

[0052] In some cases, the propensity of the polymer to 
release gas that may be utiliZed to in?ate the resin may be 
important. Along these lines, it may be desirable that the 
cured resin not release gas at a high rate. This can help to 
maintain an internal pressure Within a cell if the cell has a 
shell that is ?lled With gas. In such applications Where it is 
desired for the interior of the cell to have an internal pressure 
equal to the pressure outside the cell, then the outgassing 
characteristics can be important. 

[0053] Another property of the resin that can be important 
is the coef?cient of thermal expansion. If it is desired that the 
structure have a high degree of thermal stability then it Will 
be desirable for the coef?cient of thermal expansion to be 
loW. HoWever, the coef?cient may be high. Typically, it is 
desired for the resin to have a uniform coefficient of thermal 
expansion. This can help to eliminate deformation of a 
structure formed With the cells as the cells undergo heating 
and cooling. 

[0054] The environmental durability of the cured resin 
may be taken into consideration. Typically, it is desirable for 
the cured resin to have a high resistance to degradation by 
environmental elements, such as, for example, radiation, 
temperature, impact from particles. In different applications, 
different factors may be of greater or lesser importance. For 
example, in space, radiation and particle resistance may be 
of paramount importance. On the other hand, in an under 
Water application, resistance to the corrosive nature of 
seaWater may be signi?cant. 
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[0055] Other factors that may be of importance to select 
ing a resin can include moisture or biological groWth resis 
tance, electrical conductivity, electrical insulation, RF trans 
parency, optical properties, chemical susceptibility, and/or 
other properties. 

[0056] In some cases, the properties of the resin When 
uncured may also be of importance. Among the character 
istics that can be considered are viscosity, surface tenacity, 
cure rate and/or others. In some cases, the ease With Which 
the uncured resin may be stored and handled may be 
important. 
[0057] Another factor that may be important in identifying 
polymers to utiliZe can include the type energy required to 
cure the polymers. For example, in space-based applica 
tions, Where ultraviolet radiation is abundant, resins cured 
With ultraviolet radiation may be the most desirable. In other 
cases, thermosetting resins may be desirable. 

[0058] The structure of a cell may also in?uence the resin 
utiliZed. For example, if the cells are to include a shell, then 
it may be particularly important to select a resin that Will 
permit the formation of repeatable dimension stable cells. 

[0059] In the particular example of a truss or strut for use 
in a space structure, UV cured epoxies may Work better than 
other resins. Other resins that could be utiliZed in a space 
based application include polyurethanes, acrylics, and sili 
cones, particularly UV cured examples of each of these. 
HoWever, it is important to understand that the discussion 
herein only provides examples of factors that may be 
considered in selecting a resin for use in a structure accord 
ing to the present invention. Other factors may alternatively 
or additionally be considered in selecting a resin. Those of 
ordinary skill in the art, once aWare of the disclosure 
contained herein Would be able to determine an appropriate 
resin or mixture of resins With required properties Without 
undue experimentation. 
[0060] The type of resin utiliZed may also take into 
account the process utiliZed for forming a cell according to 
the present invention. A method for forming a structure 
according to the present invention includes forming a plu 
rality of individual cells each including a mass of uncured 
resin. The cells may be formed in planes, With each cell in 
a plane being formed at about the same time. Alternatively, 
Whether formed in planes or not, the cells may be formed 
individually at different times. When the cells are formed 
can depend at least in part upon the apparatus utiliZed to 
form the cells. 

[0061] Some of the cells are contacted With some of the 
other cells. Which cells are contacted With Which others Will 
depend at least in part upon the type of structure that is being 
formed. Along these lines, in a structure that includes a solid 
mass of cells, such as the structure shoWn in FIG. 1, most 
cells Will contact many other cells. On the other hand, if the 
structure is a strut, many cells Will contact feWer other cells. 

[0062] After forming the masses of resin, the resin is 
cured. The curing may be carried out by exposing the resin 
to Whatever type of energy cures the resin. In some cases, 
Where the masses are formed in planes, each mass in a plane 
may be cured at the same time. Alternatively, the masses 
may be formed and cured at different times. 

[0063] As the masses are formed, they may be formed in 
the shape of a sphere. In embodiments that include solid 
cells of resin, the resin may be formed as a mass. 
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[0064] Alternatively, Where the cells include a shell, a 
mass of resin may be formed. The mass may then be in?ated 
by injecting ?uid into the mass of resin. Depending upon the 
embodiment, the ?uid may be liquid or gas. An amount of 
liquid sufficient to in?ate the resin mass to a desired siZe in 
injected into the resin masses. Typically, the gas Will not 
react With the resin and/or the curing process. Examples of 
such gasses can include nitrogen, argon, helium and/or any 
other gas that is non-reactive With the resins or the curing 
process. HoWever, if the gas is needed in the curing process, 
for example to catalyZe or as a reactant, then other gases may 
be utiliZed. For example, hydrogen or oxygen could be 
utiliZed in such an embodiment. Such gases may also be 
utiliZed if it Were desired to create an explosive structure. If 
the ?uid is a liquid, then the ?uid could be solidi?ed after 
injection. In some embodiments, one ?uid is utiliZed to 
in?ate the masses of resin and another ?uid is injected into 
the cured cell. In such embodiments, the ?uid utiliZed to 
in?ate the resin mass is evacuated from the resin mass after 
in?ation and curing or the resin. 

[0065] In embodiments of structures described above that 
include planes of cells, the structures may be formed one 
plane at a time. As each plane is formed, it is joined to the 
plane formed just prior. Cells in each plane are contacted 
With the cells in an adjacent plane as needed to form the 
desired structure. As described above, the cells in adjacent 
planes may be arranged in a line perpendicular to the planes. 
Alternatively, the cells in adjacent planes may be arranged 
in a line inclined With respect to a line perpendicular to the 
planes. 

[0066] The planes may be formed With the same number 
or a different number of cells. Some cells in a structure may 
have the same number of cells in some planes and different 
numbers in other planes. The masses of resin are created and 
cured until the desired structure is formed. 

[0067] The present invention also includes an apparatus 
for forming a structure according to the present invention. 
Other apparatuses may also be utiliZed to form a structure 
according to the present invention. 

[0068] An apparatus according to the present invention 
includes a plurality of resin ?oW apertures. The resin ?oW 
apertures are arranged to permit cells formed at one aperture 
to contact cells formed at adjacent apertures. A resin ?oW 
control member is arranged at each resin ?oW aperture to 
control the ?oW of resin from the resin ?oW aperture. 

[0069] The resin ?oW control member could include any 
suitable valve that can control the ?oW of resin. The opening 
and closing of the resin ?oW control member is controlled to 
permit an amount of resin to ?oW out that is sufficient to 
form What ever siZe cell is desired. 

[0070] If it is desired that the cells according to the present 
invention include a shell rather than a solid mass of resin, 
then an apparatus according to the present invention may 
also include a ?uid injection port to inject ?uid into the 
uncured resin. By injecting ?uid into the resin, the mass of 
resin may be in?ated. FloW of ?uid through the ?uid 
injection port and into the uncured resin may be controlled 
by a ?uid ?oW control member. The ?uid ?oW control 
member may be any ?oW control member suitable to control 
the ?oW of a ?uid. As described above, the ?uid may be gas 
or liquid. If the ?uid is a gas, then any valve or other member 
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capable of controlling the ?oW of gas could be utiliZed. 
Similarly, if the ?uid is a liquid, then any valve or other 
member could be utiliZed to control the ?oW of liquid. When 
a sphere is formed the surface tension tends to either keep 
expanding the sphere if the material alloWs or to fail the 
sphere as it reaches the tensile strength of the membrane 
formed. 

[0071] The ?uid ?oW control member can control ?oW of 
?uid into and out of the cell, as described above. Along these 
lines, if it is desired to equaliZe the pressure of the interior 
of the cell With the ambient pressure outside of the cell, then 
the ?uid ?oW control member could control the ?oW of ?uid 
out of the cell. Additionally, if another ?uid is introduced 
into the cell after curing, then the ?uid ?oW control member 
can control the ?oW of ?uid back into the cell. 

[0072] To form embodiments of the present invention that 
include a plurality of cells arranged in planes, the resin ?oW 
apertures may be arranged in a forming plate. Such a plate 
can include a plurality of ?uid ?oW apertures arranged in any 
pattern. Some embodiments may include resin ?oW aper 
tures arranged in concentric circles. Other embodiments can 
include resin ?oW apertures arranged in a rectangular grid. 
Any desired arrangement of resin ?oW apertures may be 
utiliZed. If the pattern of holes that generate individual cells 
is sWitched on and off in various geometric patterns, differ 
ent morphology structures can be formed. 

[0073] FIG. 5 illustrates an embodiment of a forming 
plate according to the present invention. Along these lines, 
FIG. 5 illustrates a forming plate 1 that includes a plurality 
of resin ?oW apertures 3. The resin ?oW apertures are 
arranged in a hexagonal grid. 

[0074] To form a structure, ?oW of resin may be turned on 
and off in the resin ?oW apertures in the plate. For example, 
if a beam including a skeleton of members Were being 
formed, some times, resin might ?oW out of only three or 
four of the apertures that Would be arranged at the corners 
of the beam and a feW apertures arranged in the center of the 
beam to form interior skeletal members. To form a cylin 
drical shape such as that shoWn in FIGS. 3 and 4, a ring of 
apertures Would be permitting resin to ?oW to form the Wall 
of the structure, With all other apertures being closed off 
entirely during the entire process of forming the structure. 
Of course, resin Would only periodically ?oW from the 
apertures as each plane is formed. 

[0075] Some embodiments of an apparatus according to 
the present invention include resin ?oW apertures With 
positions that are alterable. Such apertures may not be 
formed in a plate. HoWever, the position of the plate may be 
altered to alter the position of the resin ?oW apertures, as 
Well. This can permit a desired cell pattern to be produced 
as Well. Even if the position of the resin ?oW apertures is 
alterable, the ?oW of resin may be controlled to ?oW from 
only selected apertures. 

[0076] The resin ?oW apertures may all have the same 
diameter. This can permit the apparatus to form cells of resin 
having the same diameter. Alternatively, the apertures may 
have different diameters. In some cases, the diameter of the 
resin ?oW apertures may be varied to permit the apparatus to 
form different siZe cells. 

[0077] According to an embodiment that includes a form 
ing plate that includes a plurality of resin ?oW apertures, a 
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resin ?oW control member may be arranged at each aperture. 
The resin ?oW control members may be controlled to 
generate the desired resin ?oW pattern. 

[0078] FIG. 6 illustrates an embodiment of a resin ?oW 
control member that may be included in a forming plate. 
Along these lines, FIG. 6 illustrates a portion of a forming 
plate 5. A resin ?oW aperture 7 eXtends through the forming 
plate 5. 

[0079] This embodiment of a resin ?oW control member 
includes a shutter plate. The shutter plate includes tWo 
elements 9 and 11. Resin 13 is arranged in an area beneath 
the shutter plates. The shutter plates may be moved laterally 
in the vieW shoWn in FIG. 6 to permit resin to ?oW out of 
the resin reservoir located beneath the shutter plates. The 
broken line 15 indicates resin ?oWing from the resin ?oW 
aperture. The resin reservoir may be pressuriZed to cause the 
resin to ?oW out of the resin reservoir. After a su?icient 
amount of resin has ?oWed out of the resin ?oW aperture, the 
shutter plates maybe moved laterally to close off the ?oW of 
resin. 

[0080] The embodiment shoWn in FIG. 6 may be utiliZed 
to form cells that include a shell of cured resin. Along these 
lines, the embodiment includes a ?uid injection port 17. A 
?uid ?oW control member 19 is arranged in a ?uid supply 
line 21. Fluid may be injected into the resin as the resin ?oWs 
out of the resin ?oW aperture. Alternatively, the ?uid may 
not be injected into the resin until all of the resin has ?oWed 
out of the resin ?oW aperture and the ?oW of resin has been 
cut off. 

[0081] The amount of gas needed to in?ate the resin cell 
depends upon the amount of resin and the desired siZe of the 
in?ated cell. In embodiments that produce uniform siZe 
cells, the amount of gas could be controlled to alWays be the 
same, as could the amount of resin ?oWing from the aper 
ture. This could permit a structure to be more easily, quickly, 
and cheaply formed. 

[0082] Although the ?uid injection port is arranged adja 
cent the resin ?oW aperture, it may be arranged in any 
location that permits the ?uid to be injected into the resin as 
it ?oWs out of the resin ?oW aperture. Typically, the ?uid 
injection port is located to inject ?uid into the resin on a side 
of the resin cell that faces the neXt plane of cells. 

[0083] As described above, the ?uid that may be injected 
to in?ate the resin may be WithdraWn. WithdraWing the ?uid 
may be carried out for a variety of reasons. WithdraWing the 
in?ating ?uid may be carried out to equaliZe the pressure 
Within a cell to the ambient pressure outside the cell. The 
?uid may also be WithdraWn to conserve the in?ating ?uid 
that might be lost to the environment. Such Would typically 
be the case in space-based applications. Also in space-based 
applications, WithdraWing an in?ating gas can serve to 
prevent diffusion of the gas out of the cell structure and 
subsequent condensation back onto cold surfaces on a 
spacecraft, its solar cells or instruments. Also, in a space 
based application, reuse of the in?ation gas Will minimiZe 
the mass and volume of materials needed to construct a 
structure according to the present invention in space. This 
can result in loWer costs and free up payload capacity for 
other functions, instead of gas that Will be throWn aWay. 

[0084] FIG. 7 illustrates an overhead vieW of the embodi 
ment shoWn in FIG. 6. 
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[0085] Other arrangements are possible for the resin ?oW 
control and ?uid ?oW control. Along these lines, the present 
invention could include an iris valve to control the ?oW of 
resin. The resin and in?ating ?uid could ?oW through nested 
or concentric tubes or noZZles. Any other suitable dispensing 
mechanism could also be employed. 

[0086] The thickness of the Wall produced by injecting a 
?uid into a resin may depend at least in part upon the 
viscosity of the resin. UtiliZing a resin having a knoWn 
viscosity that maintains a ?lm When in?ated into a “bubble”, 
the Wall thickness of the bubble Will be determined by a 
balance of forces. The gas pressure outWard, the viscosity of 
the resin resisting ?oW, the effect of gravity or any other 
inertial effect pulling on the resin mass, and the time over 
Which it can ?oW. Typically, it Would be desired to quickly 
in?ate and cure the resin before the bubble Walls can thin out 
or develop a thickness gradient from top to bottom. In space 
this Would not be as big of a problem, although studies of 
bubbles in Weightlessness have still shoWn a movement of 
material in a bubbles Wall based on surface tension differ 
ences from point to point. 

[0087] FIGS. 8-10 illustrate the embodiment shoWn in 
FIGS. 6 and 7 at various stages of the formation of a cell 
that includes a shell of cured resin. Along these lines, FIG. 
8 shoWs the shutter valve as it has moved laterally to initiate 
the ?oW of resin. In FIG. 9, the shutter valve has closed and 
the ?uid has been injected into the resin to in?ate the resin. 
In FIG. 10, the resin has been in?ated a desired amount and 
energy to cure the resin impacts on the resin, as indicated by 
arroWs 23 and 25. 

[0088] In space, the sun could act as the source of energy 
to cure the resin, if the resin is cured by the available 
Wavelength(s) of ultraviolet radiation. Alternatively, a 
source of curing energy could be included in the apparatus. 
While the resin may be self-curing, if it requires energy to 
be cured, the energy source could produce Whatever type of 
energy is required. As described above, the resin could be 
cured by heat, visible light, electron beam, microWave or 
other form of energy. 

[0089] In embodiments that include a source of curing 
energy, the apparatus could include a source of curing 
energy. The source of curing energy could be located Where 
ever it Would be effective. For eXample, a UV light distri 
bution system could be arranged above the opening either on 
the surface of the plate or built into the plate betWeen the 
resin ?oW apertures. The UV light distribution system could 
include, for eXample, ?ber optic or light pipes arranged in 
patterns to distribute the curing light to all of the surfaces of 
a just formed cell. FIGS. 8-10 illustrate an embodiment of an 
apparatus according to the present invention that includes a 
source of curing energy 31 arranged on the surface of the 
forming plate. The energy source shoWn in FIGS. 8-10 
includes a distribution light pipe for supplying UV curing 
energy. Such an energy source can permit distribution of 
energy to each cell, independent of the siZe of the structure 
and/or the cells. This can address problems associated With 
supplying curing energy equally to all cells as the cross 
sectional siZe of a structure groWs. A variation of this 
embodiment features the curing energy source that is inte 
gral to the plate surface. 

[0090] After curing the resin, the forming plate may be 
moved aWay from the cured resin cells a distance of about 








