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TRI-LAYER BLADDER AND RELATED SYSTEMS AND METHODS
FOR FABRICATING COMPOSITE STRUCTURES

Cross-Reference to Related Application

[0001] The present application claims priority to U.S. Provisional Application No.
62/337,621, filed on May 17, 2016, the entire contents of which are incorporated by reference

as if fully set forth herein.

Technical Field

[0002] The present disclosure relates generally to the field of composites fabrication
and, more particularly, to tooling for the manufacturing of composites, and even more

particularly to a tri-layer bladder, and related systems and methods.

Background

[0003] Composite materials can be used to form very durable and lightweight
structures. Composite materials generally have better strength-to-weight ratios than metals
such as aluminum or steel. Composite materials can also be more readily formed into complex
shapes and configurations. For at least these reasons, composite materials are competitive
with, if not replacing, metal materials in the manufacture of items such as tennis racquets, golf

clubs, bicycle frames, and parts for automobiles, aircraft, and spacecraft.
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[0004] Composite materials are typically formed of fibers (e.g., glass and/or carbon
fibers) embedded in a resin matrix. The fibers introduce anisotropic mechanical properties that
can be used to optimize the weight and reduce the material usage for structures. In addition,
advanced composites frequently use stiffening elements or hollow features that can be co-
cured or co-bonded during the composite consolidation process, eliminating secondary

fastening and bonding operations.

[0005] A common challenge for fabricating composite structures is the need for tooling
that, while initially trapped in cavities within the composite structure, can be extracted after
the curing process. Elastomeric tooling can be used that permits removal through openings in
the composite structure due to the elastomeric tooling’s ability to change cross-section when a
force is applied, such as a vacuum or a pull force on an end. Elastomeric tooling can also allow
pressure to be transferred in a controlled manner to a laminate or a surface of a composite

structure, which can be critical for the composite fabrication process.

[0006] A technical problem related to elastomeric tooling is the gas permeability of the
elastomeric material. The permeability increases with temperature and is significantly higher at
the elevated temperatures used during composite manufacturing processes. At the same time,
the less permeable elastomeric materials are not able to withstand repeated uses at high
temperatures. The relatively soft elastomeric material can also be prone to mechanical damage.
It is often the case that some or all of the elastomeric tooling presses against the composite

structure during the curing process. In such processes, the elastomeric tooling may contain gas
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at a significantly higher pressure than the pressure between the composite structure and the
outer surface of the elastomeric tooling. This is particularly true given that the composite
structure may be under vacuum and the gas on the inside of the elastomer can be under
pressure in a molding application. This can be problematic, in that it promotes gas permeation
or flow through the elastomer to the composite due to the pressure differential between the
gas on the inside of the elastomer and the outer surface of the elastomer on the composite
side, thereby amplifying the risk of damage or quality issues of the composite material in the
vicinity of the elastomeric tooling. Both the inherent gas permeability of the elastomeric
material and/or possible damage to the elastomer allow gases to reach the composite and can
potentially result in porosity, dry spots, and/or inadequate pressure on the composite during
consolidation. Barrier layers of a low permeability material can be added to the elastomeric
tooling to attempt to overcome some of these problems. However, barrier layers are generally
mismatched in modulus as they are almost universally less elastic and have a different
coefficient of thermal expansion than the elastomeric material they are attached to, which can
lead to delamination during cure cycles and extraction. Even with such barrier layers, the
elastomeric tooling is still prone to manufacturing defects and punctures, which limit the re-use

of such tooling and raise the risk of gas permeation after repeated use.

[0007] Another technical problem related to elastomeric tooling is that it is difficult to
discriminate between the natural permeability of the material and small punctures or other

leaks. Leak check testing is often not reliable for finding small leaks as the leaks can close by
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self-sealing under pressure or under vacuum or be undetectable due to variation in the
permeability of the elastomeric tooling. Also, the often large interior volume of the elastomeric
tooling makes such checks very sensitive to changes in atmospheric pressure or ambient

temperature.

Summary of the Invention

[0008] The present disclosure may be embodied in an elastomeric bladder tool that
comprises an elastomeric inner layer substantially defining an inner cavity of the elastomeric
bladder tool, an elastomeric outer layer substantially defining an outer surface of the
elastomeric bladder tool, and a permeable middle layer positioned between the elastomeric
inner layer and the elastomeric outer layer. The permeable middle layer has greater
permeability than both the elastomeric outer layer and the elastomeric inner layer to allow for

evacuating of gases that have entered the permeable middle layer.

[0009] In an embodiment, the permeable middle layer comprises a fibrous material.
[0010] In an embodiment, the fibrous material is a woven, fibrous material.
[0011] In an embodiment, the permeable middle layer comprises a fiber selected from

the group consisting of glass fibers and polymer fibers.

[0012] In an embodiment, the permeable middle layer is a textured surface on at least

one of the elastomeric outer layer and the elastomeric inner layer.
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[0013] In an embodiment, the elastomeric outer layer contains an embedded heater.
[0014] In an embodiment, the permeable middle layer comprises an embedded heater.
[0015] The present disclosure may also be embodied in a method in which a composite

is laid on an elastomeric bladder tool. The elastomeric bladder tool may comprise an
elastomeric inner layer substantially defining an inner cavity of the elastomeric bladder tool, an
elastomeric outer layer substantially defining an outer surface of the elastomeric bladder tool,
and a permeable middle layer positioned between the elastomeric inner layer and the
elastomeric outer layer. The permeable middle layer can be connected to a low pressure
source, and gas can be evacuated from between the elastomeric outer layer and the

elastomeric inner layer via the permeable middle layer.

[0016] In an embodiment, connecting the permeable middle layer to a low pressure
source comprises securing the elastomeric bladder tool to a vent plug assembly, and connecting
the vent plug assembly to a low pressure source or a vent path that is at lower pressure than,
for example, the autoclave pressure used to consolidate the composite part. The vent plug
assembly can be a device terminating the bladder tool thereby providing a mechanical
connection to the elastomeric bladder and forming isolated flow paths to the inside cavity of

the bladder and the permeable middle layer.

[0017] In an embodiment, the vent plug assembly comprises an inner plug and a vent

plug body, and securing the elastomeric bladder tool to the vent plug assembly comprises
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securing an open end of the elastomeric bladder tool between the inner plug and the vent plug

body.

[0018] In an embodiment, when the open end of the elastomeric bladder tool is
secured between the inner plug and the vent plug body, the permeable middle layer of the
elastomeric bladder tool terminates within a cavity formed by the inner plug and the vent plug

body.

[0019] In an embodiment, connecting the permeable middle layer to a low pressure
source comprises connecting the permeable middle layer to a breather layer used in the
manufacturing of the composite, wherein the breather layer is connected to a low pressure

source.

[0020] The present disclosure may also be embodied in a composite fabrication system
comprising: an elastomeric bladder tool, wherein the elastomeric bladder tool comprises an
elastomeric inner layer substantially defining an inner cavity of the elastomeric bladder tool, an
elastomeric outer layer substantially defining an outer surface of the elastomeric bladder tool,
and a permeable middle layer positioned between the elastomeric inner layer and the
elastomeric outer layer. The composite fabrication system can also comprise a low pressure

source in communication with the permeable middle layer.

[0021] In an embodiment, the composite fabrication system further comprises a

composite laid on the elastomeric bladder tool, and a breather layer used in the composite
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manufacturing process. The low pressure source is in communication with both the breather

layer and the permeable middle layer.

[0022] In an embodiment, the composite fabrication system further comprises a vent
plug assembly secured to the elastomeric bladder tool, wherein the vent plug assembly is in

communication with the low pressure source.

[0023] In an embodiment, the vent plug assembly comprises an inner plug, and a vent
plug body configured to receive the inner plug. The vent plug assembly is configured to secure
an open end of the elastomeric bladder tool between the inner plug and the vent plug body
such that when the open end of the elastomeric bladder tool is secured between the inner plug
and the vent plug body, the permeable middle layer of the elastomeric bladder tool terminates
within a cavity formed by the inner plug and the vent plug body. The cavity is in fluid

communication with the low pressure source.

[0024] Although various combinations of limitations have been disclosed respecting
each of the systems and methods described above, it should be appreciated that these do not
constitute every limitation disclosed herein, nor do they constitute every possible combination
of limitations. As such, it should be appreciated that additional limitations and different
combinations of limitations presented within this disclosure remain within the scope of the

disclosed invention.

~-7 -



WO 2017/200742 PCT/US2017/030625

[0025] These and other features and advantages of the invention should become more
readily apparent from the detailed description of the preferred embodiments set forth below
taken in conjunction with the accompanying drawings, which illustrate, by way of example, the

principles of the invention.

Brief Description of the Drawings

[0026] The drawings are provided for purposes of illustration only and merely depict
typical or example implementations. These drawings are provided to facilitate the reader’s
understanding and shall not be considered limiting of the breadth, scope, or applicability of the
disclosure. For clarity and ease of illustration, these drawings are not necessarily drawn to

scale.

[0027] FIGURE 1 provides a cross-sectional view of a tri-layer bladder tool, in

accordance with an embodiment of the present disclosure.

[0028] FIGURE 2 provides a cross-sectional view of an alternative tri-layer bladder tool,

in accordance with another embodiment of the present disclosure.

[0029] FIGURE 3A provides a perspective view of a composite fabrication system in
which an elastomeric bladder tool is mechanically secured to a vent plug assembly, in

accordance with an embodiment of the present disclosure.
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[0030] FIGURE 3B provides a cross-sectional view of the composite fabrication system of
FIGURE 3A.
[0031] FIGURE 3C provides another cross-sectional view of the composite fabrication

system of FIGURE 3A.

[0032] FIGURE 3D provides a close-up view of the composite fabrication system of
FIGURE 3C.
[0033] FIGURE 4 provides a cross-sectional view of a composite fabrication system

having multiple channels for inserting and/or extracting gases, liquids, or other materials,

according to an embodiment of the present disclosure.

[0034] FIGURE 5A provides a perspective view of a composite fabrication system in
which an elastomeric bladder tool is adhesively secured to a vent plug assembly, in accordance

with an embodiment of the present disclosure.

[0035] FIGURE 5B provides a cross-sectional view of the composite fabrication system of
FIGURE 5A.
[0036] FIGURE 5C provides a close-up view of the composite fabrication system of
FIGURE 5A.
[0037] FIGURE 5D provides a close-up view of the composite fabrication system of
FIGURE 5A.
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[0038] FIGURE 6 provides a cross-sectional view of a composite fabrication system in
which a composite has been laid over an elastomeric bladder tool, in accordance with an

embodiment of the present disclosure.

[0039] FIGURE 7 provides a cross-sectional view of a composite fabrication system

without a vent plug assembly, in accordance with an embodiment of the present disclosure.

[0040] FIGURE 8 provides a flow chart of an example method associated with composite

fabrication, in accordance with an embodiment of the present disclosure.
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Detailed Description of Various Embodiments

[0041] The present invention addresses problems in conventional approaches to
composite manufacture by offering an elastomeric bladder tool and related systems and
methods that mitigate the permeability and leak risks of elastomeric materials through an
integrated, internally vented structure. In certain embodiments, the present invention provides
for a tri-layer elastomeric bladder tool comprising an elastomeric outer layer, a permeable
middle layer, and an elastomeric inner layer. The elastomeric inner and outer layers may be
substantially impermeable, but, as discussed above, it is possible that the elastomer used to
form these layers allows for some permeation of gases or fluids through the material, or
through openings in the material caused by damage. The tri-layer elastomeric bladder tool
addresses the problem of potential gas permeability by allowing gases that could potentially
leak out to a composite structure in contact with the elastomeric bladder tool to be removed
via the permeable middle layer. The relatively small volume of the middle layer in the present
invention also provides a smaller volume for leak checks, overcoming limitations in leak
checking systems and methods currently available. In various embodiments, the present
invention can also include a vent plug assembly to be used in conjunction with the elastomeric
bladder tool. The vent plug assembly can include a first gas channel in communication with an
inner cavity of the elastomeric bladder tool, and a second gas channel in communication with
the permeable middle layer for removal of gases via the permeable middle layer. The invention

will be described in greater detail with reference to the figures.
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[0042] FIGURE 1 illustrates an example elastomeric bladder tool 100 in a cross-sectional
view, in accordance with an embodiment of the present disclosure. The elastomeric bladder
tool 100 comprises an elastomeric outer layer 102, a permeable middle layer 104, and an
elastomeric inner layer 106. As discussed above, the inner layer 106 and the outer layer 102 can
be formed of elastomeric materials that are of lower permeability than the middle layer.
However, such elastomeric materials may allow for some permeation of gases, liquids, resins,

volatiles, etc., through the material or through punctures or other defects.

[0043] The outer layer 102 can act as a gas/fluid barrier between the elastomeric
bladder tool 100 and a composite laid on the outer layer 102. The outer layer 102 can interface
directly with a composite during composite fabrication, or have additional barrier layers located
between the composite and the elastomeric bladder tool. The outer layer 102 can be made of
various elastomeric materials, such as, for example, silicone, fluoropolymers, ethylene
propylene diene, natural rubber, copolymers of isobutylene and isoprene, or other elastomers
or elastomer mixtures or co-polymers capable of withstanding curing conditions while being
flexible. In certain embodiments, the outer layer 102 may include more than one individual
layer, and can comprise a barrier material. For example, the outer layer 102 may include a
barrier material that is compatible with the resin system used for the composite. In addition,
fillers or reinforcements can be incorporated into the outer layer 102 such as woven or non-

woven glass and/or polymer fibers. The outer layer 102 can also include heating elements such
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as electrical heating mats that are connected to the outside of the elastomeric bladder tool

100.

[0044] The elastomeric inner layer 106 terminates the inside of the elastomeric bladder
tool 100 and defines an inner surface or inner cavity of the elastomeric bladder tool 100. In
certain embodiments, the inner layer 106 can act to stabilize the permeable middle layer 104.
The inner layer 106 can be made out of the same or similar elastomeric materials as the outer
layer 102, or different elastomeric materials that satisfy any required flexibility and/or
temperature stability requirements. The inner layer 106 can include fillers or reinforcements
such as woven or non-woven glass and/or polymer fibers. The inner layer 106 can also consist
of more than one layer. For example, additional inner layers can be added to add stiffness,

friction with the permeable middle layer 104, and/or a barrier to limit permeation.

[0045] Elastomeric materials for either the inner layer 106 or the outer layer 102 may
be selected from various groups of elastomers, such as silicone, fluoroelastomers, butyl, EPDM,
or various combinations of these groups. Materials may be selected based on various factors,
such as durability, durometer, temperature stability, permeability, cost, manufacturing
requirements, dimensional stability, contamination concerns, and compatibility with particular
composite curing conditions. The inner and outer layers may have different material selection
criteria, and may, therefore, be formed of different materials. For example, in a particular use
scenario, butyl may not be a desirable choice for the outer layer because of its tendency to set

under compression, but may be desirable for the inner layer because of its low permeability.
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Similarly, silicone may not be a desirable choice for the outer layer for contamination concerns,
but may be desirable for the inner layer due to manufacturing advantages. The selection of
materials for the inner and/or outer layers can vary based on the particular use scenario

involved.

[0046] The permeable middle layer 104 can be configured to allow gas and/or fluid
transport to various regions of the elastomeric bladder tool 100. It should be understood that

n u

the terms “fluid communication,” “gas communication,” and “gaseous communication” are
used interchangeably, and include any communication that allows for the flow of gases and/or
fluids. In various embodiments, the permeable middle layer 104 allows for extraction of gases,
volatiles, fluids, and/or resins, and the like, that have permeated through the outer layer 102 or
the inner layer 106 due, for example, to the material’'s permeability, imperfections in the
material, or damage to the inner and/or outer layers. The permeable middle layer 104 can be
made of flexible breather materials. Such materials can include synthetic polymer or glass
fabrics, or other materials that will not collapse under the pressure exerted on this layer during
the composite fabrication process. In certain embodiments, the permeable middle layer 104
can be placed between the inner and outer layers 102, 106. In various embodiments, the
permeable middle layer 104 can be attached to the inner layer 106, the outer layer 102, or
both. The permeable middle layer 104 can be attached to either or both of the inner layer 106

and/or the outer layer 102 by, for example, molding, gluing, co-vulcanizing or other any other

method that will not substantially block the flow of gases, fluids, and/or volatiles through
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various parts of the permeable middle layer 104 so as not to restrict flow to the edges or other
convenient locations of the disclosed elastomeric bladder tool 100. In one embodiment, the
permeable middle layer 104 is attached to the inner layer 106 using a narrow strip of the same

elastomeric material used for the inner layer 106.

[0047] The permeable middle layer 104 can be exposed to a low pressure source, such
as a vacuum or a vent at lower pressure than the pressure used to consolidate the composite
part, to remove any liquids, gases, volatiles, resins, or other materials that have permeated
through the inner layer 106 or the outer layer 102. The permeable middle layer 104 can be
exposed directly to the vacuum source or vent, or exposed to the vacuum source or vent
through another breather layer, or exposed to the vacuum source or vent using a vent plug

assembly, which will be discussed in greater detail herein.

[0048] In certain embodiments, the inner layer 106 and the outer layer 102 can be
fabricated by extrusion of the individual layers, by co-extrusion, by seaming elastomeric sheets,
by the lay-up of uncured rubber, or by casting uncured material to include the permeable
middle layer 104 as a preformed, porous material. The elastomeric bladder tool 100 can also be
formed by compression molding of the inner and outer layers 106, 102, or by compression
molding or seaming of the combined layers. The outer layer 102 can be produced with or
without an additional barrier layer. The elastomeric bladder tool 100 can be terminated by
molding an elastomer layer or plug to the end of the elastomeric bladder tool or by adding a

vent plug assembly. Either end, or both ends of the elastomeric bladder tool 100 can be closed
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or left open. The elastomeric bladder tool 100 can be used with or without a vent plug

assembly.

[0049] In an embodiment, the permeable middle layer can be formed of one or more
textured surfaces on the inside of the outer layer and/or the outside of inner layer. The
textured surface allows for gas, volatile, and/or liquid flow between the inner and outer layers.
FIGURE 2 illustrates an example embodiment of an elastomeric bladder tool 200 having an
elastomeric outer layer 202, an elastomeric inner layer 206, and a permeable middle layer 204.
In the embodiment shown in FIGURE 2, the permeable middle layer 204 is created by a textured
surface formed on an inner surface of the outer layer 202. The textured surface can be formed
on either or both of the inner layer 206 or the outer layer 202. In this embodiment, the
permeable middle layer 204 is not a distinct material layer, as was the case in the embodiment
shown in FIGURE 1, but is rather a textured pattern formed on either or both of the outer layer
202 and the inner layer 206. The textured grooves in the permeable middle layer 204 allow for

fluids, gases, and/or volatiles to flow between the inner layer 206 and the outer layer 202.

[0050] As discussed briefly above, in certain embodiments, the elastomeric bladder tool
may be used in conjunction with a vent plug assembly. FIGURE 3A illustrates a perspective view
of a composite fabrication system 300, in accordance with an embodiment of the present
disclosure. FIGURE 3B illustrates a cross-sectional view of the composite fabrication system 300
to provide greater detail as to its operation. The composite fabrication system 300 includes a

vent plug assembly 302 and an elastomeric bladder tool 304 secured to the vent plug assembly
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302. The elastomeric bladder tool 304 can be substantially similar to the elastomeric bladder
tool 100, 200 described above with reference to FIGURES 1 and 2, and includes an elastomeric
outer layer, an elastomeric inner layer, and a permeable middle layer between the inner and

outer layers.

[0051] Referring now to FIGURE 3B, the vent plug assembly 302 includes a vent plug
body 306 and an inner plug 308. The vent plug assembly 302 and its various components can be
made of suitable metals such as aluminum alloys or steel or a polymer material able to
withstand the composite curing conditions. The vent plug body 306 is shaped with a concave
end 310 shaped to receive the inner plug 308. An open end of the elastomeric bladder tool 304
is inserted between the vent plug body 306 and the inner plug 308, such that when the inner
plug 308 is tightened into the concave end 310 of the vent plug body 306, the elastomeric
bladder tool 304 is clamped between the vent plug body 306 and the inner plug 308. In the
embodiment shown in FIGURE 3B, clamping force is applied between the vent plug body 306
and the inner plug 308 by a tension rod 312 and a compression spring 314 (which, in certain
embodiments, may also be Belleville washers). The tension rod is inserted through an opening
in the inner plug 308, and received into a threaded through-bore 316 in the vent plug body 306.
Complementary threads 318 are located near the approximate end of the tension rod 312 to
allow the tension rod 312 to be screwed into the vent plug body 306. A hexagonal coupling
socket 324 is formed on an end of the tension rod 312. A threading tool (not shown) having a

complementary hexagonal male fitting can be inserted through the vent plug body 306 via an
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opening 322 to engage the hexagonal coupling socket 324. It should be understood that the
male/female relationship can be flipped, such that the hexagonal coupling socket 324 is a male
configuration, and the threading tool is a female configuration. Once engaged, the threading
tool can be rotated to either draw the tension rod 312 further into the vent plug body 306 or to
push the tension rod 312 out of the vent plug body 306. As the tension rod 312 is screwed
further into the vent plug body 306, the compression spring 314 applies greater pressure to the
inner plug 308, resulting in sufficient compressive forces to clamp the elastomeric bladder tool
304 between the inner plug 308 and the vent plug body 306. The compression spring or
Belleville washers 314 continue to apply compressive forces on the inner plug 308 as the
temperature and pressure conditions within the composite fabrication system 300 change
during the composite fabrication process and the Coefficient of Thermal Expansion (CTE) of the

materials results in dimensional changes of the components.

[0052] The sealing function of the inner plug 308 can be enhanced with additional seals
on the inner plug 308. In addition to, or in place of the compressive forces described above
with reference to FIGURE 3B, the vent plug assembly 302 can also be bonded to the elastomeric
bladder tool 304 using adhesives or other materials, similar to the elastomeric materials used

for the inner and outer layers of the elastomeric bladder tool 304.

[0053] When the elastomeric bladder tool 304 is secured to the vent plug assembly 302,
a path, or channel, 330 is formed via an opening 340 in the vent plug body 306 to connect a

hollow inner cavity 320 of the elastomeric bladder tool 304 to a gas source for insertion of gas
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into the cavity 320 (e.g., to support or compress a composite structure formed on the
elastomeric bladder tool 304), or to a low pressure source for extraction of gas from the cavity
320 (e.g., to deflate the elastomeric bladder tool 304 to assist extraction). The tension rod 312
is hollow so as to allow gases to flow through the tension rod 312 into or out of the cavity 320

via the opening 340.

[0054] As described above with reference to FIGURES 1 and 2, the elastomeric bladder
tool 304 can include three layers, a substantially impermeable elastomeric outer layer, a
permeable middle layer, and a substantially impermeable elastomeric inner layer. The
permeable middle layer allows for extraction of gases, fluids, volatiles, and the like, that have
leaked through the elastomeric outer layer and/or the elastomeric inner layer. FIGURE 3C
provides another cross-sectional view of the composite fabrication system 300 that
demonstrates how the vent plug assembly 302 and the elastomeric bladder tool 304 can be
used together to remove unwanted gases, fluids, or other materials from the inner and outer

layers of the elastomeric bladder tool 304.

[0055] As was described above in describing FIGURE 3B, the vent plug assembly 302
includes a first path, or channel, for gaseous communicastion with an inner cavity 320 of the
elastomeric bladder tool 304. As can now be seen in FIGURE 3C, the vent plug assembly 304
also includes a second channel 350 for gaseous communication with the permeable middle
layer of the elastomeric bladder tool 304. As can be seen in greater detail in FIGURE 3D, an

open end of the elastomeric bladder tool 304 terminates within a cavity 352 formed between
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the inner plug 308 and the vent plug body 306. The cavity 352 leads to the channel 350. The
channel 350 can be connected to a low pressure source, such as a vacuum, for drawing any
materials (e.g., gases, liquids, volatiles) out through the permeable middle layer of the
elastomeric bladder tool 304. It should be appreciated that selection of the material and/or
structural design of the permeable middle layer should take into account the compressive
forces between the vent plug body 306 and the inner plug 308, which will be exerting crushing
forces on the permeable middle layer. The permeable middle layer should be such that even
with the forces exerted by the vent plug body 306 and the inner plug 308, gases can still flow
through the permeable middle layer for evacuation out of the permeable middle layer. In
certain embodiments, the permeable middle layer can comprise a fibrous material that is
porous and flexible enough to allow for gases to continue to flow through the permeable
middle layer even after the elastomeric bladder tool 304 is secured to the vent plug assembly
302. Examples of such materials can include woven or non-woven glass and/or polymer fibers.
In certain embodiments, the material in the compressed area of the middle layer can be made

thicker than in the rest of the elastomeric tool.

[0056] FIGURE 4 depicts an alternative cross-sectional view of the composite fabrication
system 300 to more clearly demonstrate the two separate channels 330, 350. The composite
fabrication system 300 has been amended to show the second channel 350 as being located on
a lower portion of the vent plug body 306, whereas FIGURES 3A and 3B depict it as being

positioned on an upper portion of the vent plug body 306. However, it should be understood
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that the actual location of the channel 350 can vary, so long as it is in communication with the
permeable middle layer of the elastomeric bladder tool 304. The first channel 330 can be
connected to a first gas source or low pressure source, for insertion or withdrawal of gases
from the inner cavity 320 of the elastomeric bladder tool 304. The second channel 350 can be
connected to a low pressure source for evacuation of any unwanted gases, liquids, or other
materials that have permeated through the inner or outer layers of the elastomeric bladder

tool 304 via the permeable middle layer.

[0057] FIGURE 5A provides a perspective view of a composite fabrication system 500, in
accordance with an embodiment of the present disclosure. FIGURE 5B provides a cross-
sectional view of the composite fabrication system 500 to more clearly illustrate certain
operational details of the composite fabrication system. The composite fabrication system 500
includes a vent plug assembly 502 secured to a tri-layer elastomeric bladder 504. Whereas the
composite fabrication system 300 of FIGURES 3A-D had a vent plug assembly that was
mechanically secured to a tri-layer elastomeric bladder, the vent plug assembly 502 of the
composite fabrication system 500 is adhesively secured to the tri-layer elastomeric bladder 504.
For example, a vent plug body 506 can be secured to an outer surface of the tri-layer
elastomeric bladder 504 using an adhesive such as a butyl-based or silicone based adhesives, or
other sealants known in the industry. Aside from the distinction of mechanical securement
versus adhesive securement of the vent plug assembly to the tri-layer elastomeric bladder, the

operation of the composite fabrication system 500 is largely similar to the operation of the
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composite fabrication system 300 described above. An opening 540 in the vent plug assembly
502 creates a channel 530 into an inner cavity 520 of the tri-layer elastomeric bladder 504. The
channel 530 allows for insertion or extraction of gases from the inner cavity 520. For example,
the inner cavity 520 can be exposed to an autoclave, for autoclave applications, or to
atmosphere for applications where the composite is cured without autoclave assistance via the
channel 530. The vent plug assembly also includes a cavity 552 and a channel 550 in
communication with the permeable middle layer of the tri-layer elastomeric bladder 504. The
cavity 552 and the channel 550 allow for extraction of gases or other materials from the

permeable middle layer of the elastomeric bladder tool 504.

[0058] FIGURES 5C and 5D provide close-up views of the composite fabrication system
500 to more clearly demonstrate how unwanted materials can be extracted from a permeable
middle layer of the elastomeric bladder 504. The close-up view more clearly depicts an outer
layer 560, a permeable middle layer 562, and an inner layer 564 of the elastomeric bladder 504.
In FIGURE 5C, unwanted materials are permeating through both the outer layer 560 and the
inner layer 564. In FIGURE 5D, a tear 572 in the inner layer 564 and a tear 574 in the outer layer
560 are permitting unwanted materials to enter the permeable middle layer 562. It can be seen
in both figures that the inner layer 564 of the elastomeric bladder 504 terminates just prior to
the cavity 552 so that the permeable middle layer 562 is exposed to the cavity 552. The cavity

552 is connected to the channel 550, which can be connected to a low pressure source to
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extract gases, volatiles, or other unwanted materials from the permeable middle layer 562 of

the elastomeric bladder 504.

[0059] FIGURE 6 provides a cross-sectional view of a composite fabrication system 600,
in accordance with an embodiment of the present disclosure. The composite fabrication system
600 is similar to that shown and described with respect to FIGURES 5A-D, but a composite
material (or simply “a composite”) has been laid on the composite fabrication system 600 for
curing and/or fabrication. The composite fabrication system 600 includes a vent plug assembly
602 that is adhesively secured to an elastomeric bladder tool 604. The elastomeric bladder tool
604 includes an elastomeric inner layer 606, a permeable middle layer 608, and an elastomeric
outer layer 610. A composite 612 is laid on the outer layer 610. In certain embodiments, the
composite 612 may be laid on the outer layer 610 with additional layers placed between the
two layers. The composite 612 may be an uncured composite that is being prepared for curing
on the bladder tool 604. The composite 612 is covered by an inner bag 614. The inner bag 614
is typically made of fluorinated ethylene propylene, and is a high temperature, semi-permeable
release membrane. The inner bag 614 is generally designed to keep the composite 612 from
leaking out resin. The inner bag 614 is sealed to the outer layer 610 of the elastomeric bladder
tool 604 using sealing tape 615 or other sealant to keep the composite 612 within the inner bag
614. The inner bag 614 can be somewhat permeable to gases to allow air and volatiles to leave

the outer surface of the composite 612 and into the next layer.
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[0060] The next layer is a breather layer 616, which is surrounded by a vacuum bag 618.
The vacuum bag 618 seals the entire system from the outer environment, which may be, for
example, an autoclave environment, which is typically at around 100 PSI. The vacuum bag 618
and the breather layer 616 work in tandem to ensure constant pressure along the composite
612. The breather layer 616 is utilized to ensure constant pressure across the composite 612 by
making sure that gas has been fully evacuated from the vacuum bag 618. The breather layer
616 also removes any entrapped air that was in the composite 612 and any volatiles that may
come off the composite 612 during the curing process. The breather layer 616 is typically
connected to a low pressure source to constantly evacuate the breather layer 616 throughout
the curing process. The vacuum bag 618 is sealed to the vent plug assembly 602 and to an
underlying surface 621 using sealing tape 619 (or other sealant) to seal the entire fabrication

assembly within the vacuum bag 618.

[0061] A first channel 630 allows for insertion or extraction of gases to or from an inner
cavity 620 of the elastomeric bladder tool 604. In certain embodiments, the inner cavity 620
may be under high pressure from an autoclave environment. A second channel 650 is in
communication with the permeable middle layer 608 to evacuate gases and other unwanted
materials from the permeable middle layer 608. In the embodiment shown in FIGURE 6, the
second channel 650 is in communication with the permeable middle layer 608 and the breather
layer 616. As discussed above, the breather layer 616 is typically connected to a low pressure

source to evacuate gases or volatiles from the breather layer 616. By connecting the permeable
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middle layer 608 to the breather layer 616, the same vacuum source can pull gases and other

materials from both the breather layer 616 and the permeable middle layer 608.

[0062] While several of the previously discussed embodiments of composite fabrication
systems have involved an elastomeric bladder tool secured to a vent plug assembly, it is
contemplated that the elastomeric bladder tool disclosed herein can be used without a vent
plug assembly. FIGURE 7 shows a composite fabrication system 700, in accordance with an
embodiment of the present disclosure. The composite fabrication system 700 includes an
elastomeric bladder tool 704 having an elastomeric inner layer 706, a permeable middle layer
708, and an elastomeric outer layer 710. A composite 712 is laid on the elastomeric outer layer
710, and an inner bag 714 surrounds the composite 712. The inner bag 714 is sealed using a
sealant 715 to keep the composite 712 within the inner bag 714. A breather layer 716 is laid
over the inner bag 714, and a vacuum bag 718 surrounds all the other layers. The vacuum bag
718 is sealed to the elastomeric inner layer 706 using a sealant 719. An inner cavity 720 of the
elastomeric bladder tool 704 can be exposed to a gas path, for example, to an autoclave, for
autoclave applications, or to atmosphere for applications where the composite is cured without

autoclave assistance.

[0063] It can be seen in FIGURE 7 that in this embodiment, the elastomeric outer layer
710 terminates before the permeable middle layer 708, so that the permeable middle layer 708
is exposed and in communication with the breather layer 714. As discussed previously, the

breather layer 714 is typically connected to a low pressure source to remove gases and other
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unwanted materials from the breather layer 714. By exposing the permeable middle layer 708
to the breather layer 714, the same low pressure source can extract gases from both the
breather layer 714 and the permeable middle layer 708. While exemplary embodiments have
been shown using particular layers arranged in a particular order, it should be understood that
each “layer” described above may comprise multiple layers, or various layers may be ordered
differently, or additional layers not described may be incorporated. For example, whereas
FIGURES 6 and 7 show a composite layer applied directly to an elastomeric outer layer of a
bladder tool, additional layers may be placed between the bladder tool and the composite

layer.

[0064] FIGURE 8 depicts a flow chart of an example method 500 associated with
composite fabrication using a tri-layer elastomeric bladder tool. At block 502, the example
method 500 can lay a composite on a tri-layer elastomeric bladder tool, the tri-layer
elastomeric bladder tool comprising an elastomeric inner layer substantially defining an inner
cavity, an elastomeric outer layer substantially defining an outer surface, and a permeable
middle layer between the elastomeric inner and outer layers. At block 504, the example
method 500 can connect the permeable middle layer to a low pressure source. At block 508,

the example method 500 can evacuate gas from the permeable middle layer.

[0065] While various embodiments of the disclosed technology have been described
above, it should be understood that they have been presented by way of example only, and not

of limitation. Likewise, the various diagrams may depict an example structure or configuration
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for the disclosed technology, which is done to aid in understanding the features and
functionality that can be included in the disclosed technology. The disclosed technology is not
restricted to the illustrated example structures or configurations, but the desired features can
be implemented using a variety of alternative structure and configurations. Indeed, it will be
apparent to one of skill in the art how alternative functional, logical or physical partitioning and
configurations can be implemented to implement the desired features of the technology
disclosed herein. Additionally, with regard to flow diagrams, operational descriptions and
method claims, the order in which the steps are presented herein shall not mandate that
various embodiments be implemented to perform the recited functionality in the same order

unless the context dictates otherwise.

[0066] Although the disclosed technology is described above in terms of various
exemplary embodiments and implementations, it should be understood that the various
features, aspects and functionality described in one or more of the individual embodiments are
not limited in their applicability to the particular embodiment with which they are described,
but instead can be applied, alone or in various combinations, to one or more of the other
embodiments of the disclosed technology, whether or not such embodiments are described
and whether or not such features are presented as being a part of a described embodiment.
Thus, the breadth and scope of the technology disclosed herein should not be limited by any of

the above-described exemplary embodiments.
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[0067] Terms and phrases used in this document, and variations thereof, unless
otherwise expressly stated, should be construed as open ended as opposed to limiting. As
examples of the foregoing: the term “including” should be read as meaning “including, without
limitation” or the like; the term “example” is used to provide exemplary instances of the item in

o n

discussion, not an exhaustive or limiting list thereof; the terms “a” or “an” should be read as

n u

meaning “at least one,” “one or more” or the like; and adjectives such as “conventional,”
“traditional,” “normal,” “standard,” “known” and terms of similar meaning should not be
construed as limiting the item described to a given time period or to an item available as of a
given time, but instead should be read to encompass conventional, traditional, normal, or
standard technologies that may be available or known now or at any time in the future.
Likewise, where this document refers to technologies that would be apparent or known to one

of ordinary skill in the art, such technologies encompass those apparent or known to the skilled

artisan now or at any time in the future.

n

[0068] The presence of broadening words and phrases such as “one or more,” “at
least,” “but not limited to” or other like phrases in some instances shall not be read to mean
that the narrower case is intended or required in instances where such broadening phrases may
be absent. Additionally, various embodiments set forth herein are described in terms of
exemplary block diagrams, flow charts and other illustrations. As will become apparent to one

of ordinary skill in the art after reading this document, the illustrated embodiments and their

various alternatives can be implemented without confinement to the illustrated examples. For

-28 -



WO 2017/200742 PCT/US2017/030625

example, block diagrams and their accompanying description should not be construed as

mandating a particular structure or configuration.

[0069] Although the disclosure has been presented with reference only to the presently
preferred embodiments, those of ordinary skill in the art will appreciate that various
modifications can be made without departing from this disclosure. As such, the disclosure is

defined only by the following claims and recited limitations.
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Claims

1. An elastomeric bladder tool comprising

an elastomeric inner layer substantially defining an inner cavity of the
elastomeric bladder tool,

an elastomeric outer layer substantially defining an outer surface of the
elastomeric bladder tool, and

a permeable middle layer positioned between the elastomeric inner layer and
the elastomeric outer layer;

wherein the permeable middle layer has greater permeability than both the
elastomeric outer layer and the elastomeric inner layer to allow for evacuation of gases

that have entered the permeable middle layer.

2. The elastomeric bladder tool of claim 1, wherein the permeable middle layer comprises

a fibrous material.

3. The elastomeric bladder tool of claim 2, wherein the fibrous material is a woven, fibrous
material.
4. The elastomeric bladder tool of claim 2, wherein the fibrous material comprises a fiber

selected from the group consisting of glass fibers and polymer fibers.

5. The elastomeric bladder tool of claim 1, wherein the permeable middle layer is a

textured surface on at least one of the elastomeric outer layer and the elastomeric inner layer.

6. The elastomeric bladder tool of claim 1, wherein the elastomeric outer layer comprises

an embedded heater.
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7. The elastomeric bladder tool of claim 1, wherein the permeable middle layer includes an

embedded heater.

8. A method comprising:
laying a composite on an elastomeric bladder tool, wherein the elastomeric
bladder tool comprises

an elastomeric inner layer substantially defining an inner cavity of the
elastomeric bladder tool,

an elastomeric outer layer substantially defining an outer surface of the
elastomeric bladder tool, and

a permeable middle layer positioned between the elastomeric inner layer
and the elastomeric outer layer;
connecting the permeable middle layer to a low pressure source; and
evacuating gas from between the elastomeric outer layer and the elastomeric

inner layer via the permeable middle layer.

9. The method of claim 9, wherein the permeable middle layer comprises a fibrous
material.

10. A method of claim 9, wherein the fibrous material is a woven, fibrous material.

11. The method of claim 9, wherein the fibrous material comprises a fiber selected from the

group consisting of glass fibers and polymer fibers.

12. The method of claim 8, wherein the permeable middle layer is a textured surface on at

least one of the elastomeric outer layer or the elastomeric inner layer.
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13. The method of claim 8, wherein connecting the permeable middle layer to a low
pressure source comprises:
securing the elastomeric bladder tool to a vent plug assembly, and

connecting the vent plug assembly to a low pressure source.

14. The method of claim 13, wherein
the vent plug assembly comprises an inner plug and a vent plug body, and
securing the elastomeric bladder tool to the vent plug assembly comprises
securing an open end of the elastomeric bladder tool between the inner

plug and the vent plug body.

15. The method of claim 14, wherein:
when the open end of the elastomeric bladder tool is secured between the inner
plug and the vent plug body, the permeable middle layer of the elastomeric bladder tool

terminates within a cavity formed by the inner plug and the vent plug body.

16. The method of claim 8, wherein the connecting the permeable middle layer to a low
pressure source comprises connecting the permeable middle layer to a breather layer laid over

the composite, wherein the breather layer is connected to a low pressure source.

17. A composite fabrication system comprising:
an elastomeric bladder tool comprising
an elastomeric inner layer substantially defining an inner cavity of
the elastomeric bladder tool,
an elastomeric outer layer substantially defining an outer surface
of the elastomeric bladder tool, and
a permeable middle layer positioned between the elastomeric

inner layer and the elastomeric outer layer; and
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a low pressure source in communication with the permeable middle layer.

18. The composite fabrication system of claim 17, further comprising:
a composite laid on the elastomeric bladder tool; and
a breather layer laid on the composite, wherein
the low pressure source is in communication with both the breather layer and

the permeable middle layer.

19. The composite fabrication system of claim 17 further comprising:
a vent plug assembly secured to the elastomeric bladder tool, wherein
the vent plug assembly is in communication with the low pressure

source.

20. The composite fabrication system of claim 18, wherein
the vent plug assembly comprises
an inner plug, and
a vent plug body configured to receive the inner plug, wherein
the vent plug assembly is configured to secure an open end of the
elastomeric bladder tool between the inner plug and the vent plug body
such that when the open end of the elastomeric bladder tool is secured
between the inner plug and the vent plug body, the permeable middle
layer of the elastomeric bladder tool terminates within a cavity formed
by the inner plug and the vent plug body, and

the cavity is in fluid communication with the low pressure source.
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Lay a Composite on a Tri-layer Elastomeric Bladder Tool,
the Tri-layer Elastomeric Bladder Tool Comprising an
Elastomeric Inner Layer Substantially Defining an Inner
Cavity, an Elastomeric Outer Layer Substantially Defining
an Outer Surface, and a Permeable Middle Layer Between
the Elastomeric Inner and Outer Layers
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Connect the Permeable Middle Layer to a
Low Pressure Source
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Evacuate Gas from the Permeable Middle Layer

FIG. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/030625

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29C33/50 B29D30/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B29C B29D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/151983 Al (PATEL NIMESH [CA] ET 1-5
AL) 5 July 2007 (2007-07-05)
"said bladder is formed from a flexible
sheet material";
paragraphs [0060] - [0070]; claims 1,17;
figure 2a
A EP 1 308 257 A2 (TEIJIN LTD [JP]; KOBE 1-20
STEEL LTD [JP]) 7 May 2003 (2003-05-07)
paragraph [0049]
A US 2010/015265 Al (VONTELL JOHN H [US]) 1-20
21 January 2010 (2010-01-21)
paragraphs [0023], [0024], [0027]
A US 20117277918 Al (LEE MICHAEL A [US] ET 1
AL) 17 November 2011 (2011-11-17)
paragraph [0037]; claim 8

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 July 2017

Date of mailing of the international search report

31/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Boone, John

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/030625
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007151983 Al 05-07-2007 US 2007151983 Al 05-07-2007
WO 2007076597 Al 12-07-2007
EP 1308257 A2 07-05-2003  EP 1308257 A2 07-05-2003
KR 20030036100 A 09-05-2003
US 2003122284 Al 03-07-2003
US 2010015265 Al 21-01-2010  NONE
US 2011277918 Al 17-11-2011 EP 2402134 A2 04-01-2012
JP 5828662 B2 09-12-2015
JP 2011235635 A 24-11-2011
US 2011277918 Al 17-11-2011
US 2013233478 Al 12-09-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report
	Page 46 - wo-search-report

