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VACUUM BAG WITH INTEGRAL FLUID
TRANSFER CONDUITS AND SEALS FOR
RESIN TRANSFER AND OTHER PROCESSES

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application Ser. Nos. 60/930,677, filed May 18, 2007,
60/998,433, filed Oct. 11,2007, and 61/010,499, filed Jan. 10,
2008; the disclosures of each of which are incorporated
herein by reference in their entireties.

TECHNICAL FIELD

The subject matter described herein relates generally to the
field of vacuum bags for use in resin transfer molding and
other processes. More particularly, the subject matter
described herein relates to fluid transfer and extraction struc-
tures formed in a vacuum bag operable for use in vacuum-
assisted resin transfer molding, debulking, compaction, or
similar processes.

BACKGROUND

Composites are defined broadly as the combination of two
or more dissimilar materials to produce a new material that
has synergistic properties that were not present in the indi-
vidual constituents alone. In practical terms, the word com-
posite is generally associated with reinforced plastic material
such as fiberglass structures. In the case of fiberglass, benefi-
cial synergistic properties including corrosion resistance, low
weight, high strength, and low cost are attainable in a highly
variable array of product geometries.

Fabrication of a composite article such as a fiberglass boat
hull, bridge deck, or wind blade requires the combination of
a solidifiable resin system with a “preform” that could include
various reinforcements such as glass fibers, veils, flow media,
and cores. There are many processes available for the purpose
of impregnating a preform with liquid resin in order to make
a composite. One such process is resin transfer molding,
which involves a preform being constrained between molding
surfaces whereupon resin is introduced into the open spaces
remaining. Resin infusion methods advantageously limit
exposure to Volatile Organic Compounds (VOC) and Hazard-
ous Airborne Pollutants (HAP), which are recognized by the
Environmental Protection Agency (EPA) as potential health
hazards for which alternative control technologies should be
sought. Further, resin infusion methods allow for better con-
trol over part dimensions and fiber volume fraction.

Vacuum Assisted Resin Transfer Molding (VARTM) is a
specific approach to resin transfer molding that achieves pre-
form compaction by removing air located between a single
sided rigid tool and a flexible vacuum bag that encapsulates a
preform placed on the tool. Tooling costs are significantly
reduced because there is only one tool surface, and atmo-
spheric pressure replaces the hydraulic press. VARTM pro-
vides an affordable closed mold solution for many parts that
were previously not considered infusable.

Vacuum bags intended for both vacuum infusion and
debulking rely on an ability to remove air and other fluids that
reside inside the cavity formed between the mold and the bag.
This is typically accomplished by connecting a vacuum pump
to one or more vacuum ports located either in the base mold or
through the vacuum bag. When the bag is in an initial uncom-
pressed state, it is relatively easy to remove fluids through the
discrete vacuum ports. However, as the bag is evacuated, the
force of atmospheric pressure above tends to flatten the bag
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against the base mold and can thus make it progressively more
difficult to remove any remaining fluids from between the
molding surfaces. Current solutions to this issue generally
involve placing pieces of a porous “breather” material in
strategic locations throughout the molding surface so as to
provide active vacuum channels even when the bag is col-
lapsed on the mold surface. This process requires manual
labor to set up, however, and when waste fluids come in
contact with the breather material, the material often needs to
be replaced.

A further issue regarding the use of vacuum bags is the
need to quickly achieve an effective perimeter seal. Common
sealing systems include the use of tapes, adhesives, or reus-
able fasteners. Each of these solutions has problems, though,
including the need for additional labor and the creation of
material waste. In addition, vacuum bags tend to change
shape during a typical life cycle, and therefore the location of
fixed seals may move in time making it difficult to maintain
bag tension, engage the seals, or both.

Inlight of'these factors, it is apparent that despite a growing
interest in the use of reusable vacuum bags, a number of
hurdles exist to reusable vacuum bags being fully embraced
by the composite industry. Specifically, there exists a need for
a vacuum bag that can provide a secure seal to a base mold
while still allowing as much vacuum for as long as possible so
as to remove air from multiple locations on the dry preform
and uniformly infuse the preform without wastefully draining
large volumes of resin from the preform.

SUMMARY

The subject matter described herein includes vacuum bags
with integral fluid transfer conduits and seals for resin transfer
and other processes.

According to one aspect, the subject matter disclosed
herein includes a reusable vacuum bag with integral fluid
transfer channels for use with a base mold, the reusable
vacuum bag including an elastomeric membrane, with the
elastomeric membrane having a first surface, at least a portion
of the first surface defining a preform-contact surface. The
vacuum bag can further include a textured surface on the first
surface of the elastomeric membrane, the textured surface
defining a fluid transfer channel. In addition, at least one fluid
extraction port can be provided in communication with the
fluid transfer channel, the fluid extraction port being adapted
for engagement to a wet or dry vacuum pump to remove fluids
from the fluid transfer channel. The textured surface defining
the fluid transfer channel can be adapted to permit the flow of
fluids between the first surface of the elastomeric membrane
and a base mold surface in communication with the elasto-
meric membrane when the fluid extraction port is engaged to
a vacuum pump.

According to another aspect, the subject matter disclosed
herein includes a reusable vacuum bag including an attach-
ment system for securing the reusable vacuum bag to portions
of'a base mold surface. The reusable vacuum bag can include
an elastomeric membrane. The elastomeric membrane can
have a first surface, at least a portion of the first surface
defining a preform-contact surface. A fluid transfer channel
can be positioned on the first surface separate from the pre-
form-contact surface. In addition, the reusable vacuum bag
can include at least one fluid extraction port in communica-
tion with the fluid transfer channel, the fluid extraction port
being adapted for engagement to a wet or dry vacuum pump
to remove fluid from beneath the elastomeric membrane in
regions where a fluid transfer channel is present. Further, a
section of the elastomeric membrane adjacent to the fluid
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transfer channel can be substantially smooth, and one of the
fluid transfer channel or the base mold surface can have a
textured surface. The textured surface can be adapted to per-
mit the flow of fluid between the elastomeric membrane and
the base mold surface when the fluid extraction port is
engaged to a vacuum pump such that the elastomeric mem-
brane is secured to the base mold surface.

According to yet another aspect, the subject matter dis-
closed herein includes a method of making a membrane for
use as a vacuum bag. The method can include providing a
working surface for forming a vacuum bag. The working
surface can define a preform-contact surface template. One or
more articles having a surface texture can be positioned on the
working surface. At least one layer of an unsolidified elasto-
meric material can be applied over at least a portion of work-
ing surface. The at least one layer of unsolidified elastomeric
material can be solidified to form a membrane having a shape
substantially corresponding to that of the working surface, the
shape and texture of the one or more articles being incorpo-
rated into the membrane as one or more fluid transfer chan-
nels and the membrane being elastically deformable and sub-
stantially impermeable to fluids for functioning as a vacuum
bag. Further, at least one fluid extraction port can be provided
in communication with the fluid transfer channels.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the subject matter described herein will
now be explained with reference to the accompanying draw-
ings, of which:

FIG. 1 illustrates an inverted perspective view of vacuum
bag according to an embodiment of the present subject mat-
ter;

FIG. 2 illustrates a top plan view of a vacuum bag posi-
tioned on a base mold;

FIG. 3 illustrates a cross-sectional side view of a vacuum
bag incorporating a fluid transfer channel according to the
embodiment of FIG. 2;

FIG. 4 illustrates a representative texture profile for a fluid
transfer channel according to an embodiment of the present
subject matter;

FIG. 5 illustrates a method of fabricating a vacuum bag
with an integral fluid transfer channel according to another
embodiment of the present subject matter;

FIG. 6 illustrates another method of fabricating a vacuum
bag with an attached fluid transfer channel according to yet
another embodiment of the present subject matter;

FIG. 7 illustrates a cross-sectional side view of the vacuum
bag compacting a preform against a base mold according to
the embodiment of FIG. 2;

FIG. 8 illustrates another embodiment of a vacuum bag
compacting a preform against a base mold and using a dis-
posable breather between the preform and the fluid transfer
channel;

FIG. 9 illustrates a bottom plan view of a vacuum bag
according to an embodiment of the present subject matter
having a fluid transfer channel with a permeability gradient;

FIG. 10 illustrates a bottom plan view of a vacuum bag
according to another embodiment of the present subject mat-
ter including a disposable breather strip;

FIG. 11 illustrates a bottom plan view of a vacuum bag
according to yet another embodiment of the present subject
matter including a disposable breather strip;

FIG. 12 illustrates a bottom plan view of a vacuum bag
having a fluid transfer channel serving as an attachment
mechanism according to still another embodiment of the
present subject matter;
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FIG. 13 illustrates a cross-sectional side view of the
vacuum bag having an attachment structure according to the
embodiment depicted in FIG. 12;

FIG. 14 illustrates another side view of a vacuum bag
having an attachment structure according to an embodiment
of the present subject matter; and

FIG. 15 illustrates a bottom plan view of a vacuum bag
having a fluid transfer channel serving as an attachment
mechanism and bag locating guide according to yet another
embodiment of the present subject matter.

DETAILED DESCRIPTION

Reference will now be made in detail to possible embodi-
ments of the present subject matter, one or more examples of
which are shown in the figures. Each example is provided to
explain the subject matter and not as a limitation. In fact,
features illustrated or described as part of one embodiment
can be used in another embodiment to yield still a further
embodiment. It is intended that the present subject matter
cover such modifications and variations.

According to one embodiment, as is shown in FIGS. 1
through 3, the present subject matter provides a reusable
vacuum bag 10 for use with a base mold 20. Although a
reusable vacuum bag 10 can include a frame, caul plates,
ports, seals, lift devices, and other components, the primary
element is an elastomeric membrane 12. There are several
families of materials with an inherent flexibility that would
make good candidates for elastomeric membrane 12. These
include natural and synthetic rubbers, silicones, urethanes,
specialty elastomers, and thermoplastic sheets, to name a few.
Exemplary materials suitable for use as elastomeric mem-
brane 12 include those found in commonly-owned, co-pend-
ing U.S. patent application Ser. No. 12/036,642, filed Feb. 25,
2008, the disclosure of which is incorporated herein by ref-
erence in its entirety. In addition, it can be desirable for the
material used to form elastomeric membrane 12 to have the
ability to be transformed from a liquid state into a solid state.
This phase transformation might involve a polymerization
reaction, a melting and crystallization process, an evaporative
drying process, or some other method. In this way, the liquid
elastomer can be applied to a working surface 30 via spraying,
pouring, casting, painting, roll coating, or roto-molding to
form elastomeric membrane 12. Regardless of the material or
method of construction, elastomeric membrane 12 can be
elastically deformable and substantially impermeable to air
or other fluid that may be evacuated from the region between
elastomeric membrane 12 and base mold 20, making it appro-
priate for functioning as vacuum bag 10.

Referring to FIGS. 1 through 3, elastomeric membrane 12
can include a first surface 14 that can serve as the mold-side
surface of elastomeric membrane 12. A preform-contact sur-
face 16 can be formed in first surface 14 of elastomeric
membrane 12. Preform-contact surface 16 generally con-
forms to the compacted shape of an underlying preform 24
which itself conforms to the base mold surface 22 of an
underlying base mold 20 when a pressure is applied to the
outer surface of elastomeric membrane 12 (e.g. the surface
opposite first surface 14), thereby establishing the desired
shape for a composite article created using vacuum bag 10.
Advantageously, preform-contact surface 16 can be shaped to
substantially mimic the final shape of the composite article to
be formed using vacuum bag 10 so that preform-contact
surface 16 does not need to stretch unduly to conform to small
crevices, detailed geometry, or other surface features. As is
depicted in FIG. 2, vacuum bag 10 need not be large enough
so as to cover all of base mold surface 22 so long as the
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entirety of preform 24 is covered and the perimeter of vacuum
bag 10 can be sealed to base mold surface 22; however, it
should be understood that vacuum bag 10 can be sized to
cover all of base mold surface 22 or even extend beyond the
outer periphery of base mold 20.

As is illustrated in FIGS. 5 and 6, at least one layer of the
elastomeric material can be applied over at least a portion of
working surface 30 to form elastomeric membrane 12. Pre-
form-contact surface 16 can be formed by providing a sub-
stantially non-porous working surface 30 for forming vacuum
bag 10, with working surface 30 defining a preform-contact
surface template 32. The elastomeric material can be solidi-
fied (e.g., cured) to form elastomeric membrane 12 defining
preform-contact surface 16 having a shape substantially cor-
responding to that of the preform-contact surface template 32
ofworking surface 30. Alternatively, a substantially unaltered
portion of elastomeric membrane 12 can serve as preform-
contact surface 16. The portion of elastomeric membrane 12
need not define a particular shape but instead can be stretched
over preform 24. In this alternative, the shape of the compos-
ite article is defined by preform-contact surface 16 conform-
ing to preform 24 under the application of a force (e.g.,
vacuum pulling elastomeric membrane 12 and preform 24
against underlying base mold surface 22).

In addition to preform-contact surface 16, FIG. 5 shows
that at least one fluid transfer channel 40 can also be formed
in elastomeric membrane 12. For instance, fluid transfer
channel 40 can be a textured surface 42 formed on the elas-
tomeric membrane 12. Textured surface 42 ensures that fluid
transfer channel 40 remains permeable to fluids while still
providing sufficient resistance to applied forces pressing
vacuum bag 10 against base mold 20 such that fluid transfer
channel 40 does not collapse. During the creation of vacuum
bag 10, one or more articles 34 can be positioned on working
surface 30 to serve as a template upon which to create fluid
transfer channel 40 in elastomeric membrane 12. The mate-
rial from which articles 34 are created can be selected so that
the elastomeric material used to form elastomeric membrane
12 does not adhere to articles 34. In this way, completed
elastomeric membrane 12 can be cleanly removed from
articles 34 and preform contact surface 32, but the shape and
texture or articles 34 is transferred to fluid transfer channel 40.

Alternatively, a textured surface can be formed on base
mold surface 22 rather than on elastomeric membrane 12 to
create a fluid transfer channel 40, although a textured mold
surface can be more difficult to clean than a textured mem-
brane should it become filled with waste fluid. In still another
alternative construction shown in FIG. 6, a separate channel-
forming article 35 can be secured to first surface 14 of vacuum
bag 10 after elastomeric membrane 12 has been constructed,
with channel-forming article 35 containing fluid transfer
channel 40. For instance, a strip of material that is curved
about a longitudinal axis (e.g., a tube cut in a lengthwise
direction) can be secured to first surface of elastomeric mem-
brane 12 to define fluid transfer channel 40. This channel-
forming article 35 can be attached to elastomeric membrane
12 as part of the fabrication of vacuum bag 10. In this regard,
article 35 can be placed on the working surface 30 on which
vacuum bag 10 will be constructed. At least one layer of an
elastomeric material can be applied over working surface 30
and channel-forming article 35, thereby incorporating chan-
nel-forming article 35 into elastomeric membrane 12 as the
elastomeric material solidifies. Alternatively, a separately-
created elastomeric membrane 12 can be otherwise secured to
channel-forming article 35 (e.g., adhesively attached,
mechanically coupled). In any of these configurations, a con-
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duit having a finite permeability is created between elasto-
meric membrane and base mold surface 22.

In addition, referring to FIGS. 7 and 8, at least one fluid
extraction port 44 can be provided in communication with
fluid transfer channel 40, fluid extraction port 44 being
adapted for engagement to a vacuum pump 46 to remove fluid
from within fluid transfer channel 40. In this arrangement,
textured surface 42 of fluid transfer channel 40 is adapted to
permit the flow of gases such as air and/or liquids between
elastomeric membrane 12 and base mold surface 22 in com-
munication with elastomeric membrane 12 when fluid extrac-
tion port 44 is engaged to a vacuum pump 46. Further, fluid
extraction port 44 can be used to draw waste fluids from fluid
transfer channel 40. Waste fluids that are not wanted or
needed in preform 24 or fluid transfer channel 40 can include
air, water, volatile gases, excess resin, and other fluids that are
present in excess quantities between vacuum bag 10 and base
mold surface 22. Fluid extraction port 44 can be attached to
vacuum bag 10 in communication with fluid transfer channel
40, as is illustrated in FIGS. 1, 12, 13, and 15. Alternatively,
fluid extraction port 44 can be formed in base mold 20 and
positioned such that when vacuum bag 10 is positioned on
base mold surface 22, fluid extraction port 44 is in commu-
nication with fluid transfer channel 40, Examples of this
configuration are shown in FIGS. 3, 7, 8, and 14. Similarly, a
resin source (not shown) can be connected through base mold
20 or vacuum bag 10 such that it is in communication with
preform 24 to supply resin to preform 24 during a resin
transfer molding process.

There are various methods of creating textured surface 42
that can define the fluid transfer channel 40. For instance,
textured surface 42 can be achieved by selecting articles 34 to
be positioned on working surface based on their surface tex-
ture. By way of example, a fluid transfer channel 40 having a
textured surface 42 can be created by positioning a strip of
textured material around preform-contact surface template 32
on working surface 30. Specifically, the strip of textured
material can be a strip of sand paper having a desired grit, or
the strip of textured material can be custom designed by
covering an adhesive strip with crushed aggregate or the like.
In this way, when the elastomeric material is applied to work-
ing surface 30 to create elastomeric membrane 12, the shape
and texture of one or more articles 34 is incorporated into
elastomeric membrane 12 as one or more fluid transfer chan-
nels 40. The mirror image of a particular texture material is
transferred to elastomeric membrane 12 formed thereon. As
an example, if a texture defined by a contiguous network of
open passages 47 among raised pillars 48 is desired in fluid
transfer channel 40, an example of which is depicted in FIG.
4, the texture on a surface of articles 34 can include a discon-
tinuous network of open spaces or valleys surrounded by a
contiguous network of hills.

As noted above, textured surface 42 defining fluid transfer
channel 40 can serve as a conduit for the transfer or removal
of fluids from beneath elastomeric membrane 12. Specifi-
cally, as is depicted in FIGS. 7 and 8, when vacuum bag 10 is
sealed against base mold 20, fluid transfer channel 40 can be
used to draw air from within preform 24 as preform 24 is
compacted and/or infused with a resin between base mold 20
and preform-contact surface 16 of elastomeric membrane 12.
In this regard, it is not necessary for fluid transfer channel 40
to be a substantially deep channel to serve its intended pur-
pose. In fact, it can be desirable for fluid transfer channel 40
to be relatively shallow so that the kinds of materials that can
be passed through fluid transfer channel 40 can be limited.
Stated otherwise, fluid transfer channel 40 can be designed to
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be sufficiently permeable to allow the passage of air but not so
permeable that other fluids, such as infusion resins, can
readily pass.

The ability of a fluid to pass through fluid transfer channel
40 (i.e., the permeability of the fluid transfer channel 40) can
be controlled by controlling the profile of surface texture 42
formed thereon. Specifically, a texture profile that has pro-
nounced surface variations (e.g., rough surface) can be used
to create a high-permeability fluid transfer channel 40,
whereas a texture profile that is less pronounced (e.g., nearly
smooth surface) can create a low-permeability fluid transfer
channel 40. The permeability of fluid transfer channel 40 can
also be a function of the thickness of vacuum bag 10 to the
extent that it can resist atmospheric pressure pushing it into
intimate contact with base mold 20 and preform 24, thereby
closing down the open spaces that make up the fluid transfer
channels 40. In addition, a reinforcing mesh or rigid article
can be encapsulated in elastomeric membrane 12, or the
thickness of vacuum bag 10 can be adjusted in these areas to
provide additional resistance to deformation.

Fluid transfer channel 40 can further be designed such that
the permeability is different at different locations along its
length. For instance, referring to FIGS. 7 and 9, fluid transfer
channel 40 can include a bleeder section having a relatively
high permeability first texture profile 50 positioned outside
preform-contact surface 16 of elastomeric membrane 12. The
bleeder section can be connected to a fluid extraction port 44.
In addition, fluid transfer channel 40 can include a breather
section having a relatively low permeability second texture
profile 52 positioned between the bleeder section and specific
portions of preform-contact surface 16. In the case of vacuum
assisted resin transfer molding, the breather section can be
positioned to overlap preform 24 in specific locations where
it is desired to remove waste fluids such as air but not drain
excessive amounts of resin from the infused preform. Alter-
natively, as is depicted in FIGS. 10 and 11, the function of the
breather section can be performed by one or more disposable
breather material strips 54 placed in contact with preform 24
and overlapping the bleeder section of fluid transfer channel
40.

In either arrangement, the variable permeability of the
bleeder and breather elements is intended to maintain vacuum
communication between fluid extraction port 44 and preform
24 without simultaneously providing a resin drain. In other
words, air can be drawn through the relatively lower perme-
ability second texture profile 52 of the breather element, but
the flow of resin is intentionally slowed, thus providing broad
vacuum coverage without drawing large volumes of resin out
of preform 24. If any resin does manage to pass through the
breather section, however, the higher permeability first tex-
ture profile 50 of the bleeder section ensures that the resin can
be cleared out of the way so as to prevent a blockage in fluid
transfer channel 40. Further, at least portions of the breather
section can be designed to extend the distance traveled and
hence prolong the time required for a liquid such as resin to
reach the bleeder 50 portion of fluid channel 40. For instance,
second texture profile 52 of the breather section can be
designed to have a circuitous, maze-like flow path to increase
the effective length of the fluid transfer channel. Therefore, by
connecting such low permeability breather elements with a
high permeability bleeder manifold it is possible to project a
vacuum capacity around preform 24 without presenting a
debilitating resin drain.

Further, because vacuum bag 10 is reusable and fluid trans-
fer channel 40 can be formed as varied surface textures 42,
there is little to no disposable breather or bleeder material
waste. As a result, the disclosed method and apparatus pro-
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vides a “green” fabrication process that can provide economic
advantages for closed molding of composite articles.

As noted above, one specific application of such a fluid
transfer channel 40 is to draw air out from between preform-
contact surface 16 and base mold surface 22 (e.g., to compact
preform 24). For this use, referring again to FIGS. 7 and 8, a
reusable vacuum bag 10 can be positioned over preform 24
and sealed at the perimeter of base mold 20. When air is
removed from the space between vacuum bag 10 and base
mold 20, a differential pressure is created across membrane
12 which forces vacuum bag 10 into intimate contact with the
underlying preform 24 and or mold surface 22. Whereas
many surfaces of elastomeric membrane 12 are thus brought
into intimate contact with either base mold 20 or preform 24,
textured surface 42 defining fluid transfer channel 40 supports
fluid transfer channel 40 against this pressure. In this way,
fluid transfer channel 40 can be positioned around preform-
contact surface 16 to provide multiple exit paths for entrapped
air or whatever other fluid might be present in fluid transfer
channel 40 or preform 24. In particular, one or more fluid
transfer channels 40 can be positioned strategically about
preform-contact surface 16 to help prevent “islanding” and
ensure that air is not left trapped at isolated locations in
preform 24 which can result in regions of a composite article
not having sufficient resin present to completely bind the
preform together. Fluid transfer channel 40 can be positioned
so as not to overlap preform-contact surface 16 except at
selected points around the periphery of preform contact sur-
face 16. Therefore, as opposed to structures intended to aid
the movement of resin into a preform 24, fluid transfer chan-
nel 40 can be specifically located to help draw waste fluids
from preform 24.

In this application as a vacuum conduit, the profile of
textured surface 42 can vary along the length of fluid transfer
channel 40. For instance, as is depicted in FIGS. 7 and 9, fluid
transfer channel 40 can be made up of at least two different
sections having different fluid permeabilities. First, the
bleeder section can be formed in communication with the at
least one fluid extraction port 44. The bleeder section can
have a relatively high permeability first texture profile 50 such
that when fluid is extracted and elastomeric membrane 12
tends to compress against base mold 20, first texture profile 50
supports fluid transfer channel 40 so that it remains open
enough to permit the flow of air, liquid, or any other fluid to be
transported between elastomeric membrane 12 and base mold
surface 22.

Second, at least one breather section can be formed in
communication with preform-contact surface 16. The
breather section can have a second texture profile 52 having a
low permeability relative to that of first texture profile 50 of
the bleeder section, wherein second texture profile 52 permits
the flow of gases between elastomeric membrane 12 and base
mold 20, but the flow of liquids is substantially diminished.
Stated otherwise, fluid transfer channel 40 can be designed
such that a permeability gradient exists along different por-
tions of fluid transfer channel 40.

This arrangement can be used advantageously, for
example, for vacuum-assisted resin transfer molding. Resin
can be supplied to preform 24 held between preform-contact
surface 16 of vacuum bag 10 and base mold surface 22, and air
can be pulled from within preform 24 by means of fluid
transfer channel 40. The specific design of second texture
profile 52 allows gases to be removed from preform 24, but
substantially restricts the removal of the liquids. In this way,
resin provided to preform 24 is maintained within the con-
fines of preform-contact surface 16 to be infused into preform
24 and not siphoned off and wasted. Plus, if any resin does
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somehow pass through the breather section, the higher per-
meability of first texture profile 50 is intended to clear any
fluids so as to minimize any blockage in fluid transfer channel
40.

In addition, referring to FIGS. 8 and 10, it is noted that
discrete pieces of breather material 54 can be used in place of
or in addition to the integral breather section formed in elas-
tomeric membrane 12. Although such breather materials 54
are generally disposable and result in waste, the use of such
materials can be advantageous in certain situations. For
instance, a piece of permeable breather material 54 can be
positioned between the bleeder section of fluid transfer chan-
nel 40 and preform 24 contained between preform-contact
surface 16 and base mold surface 22. The permeable breather
material 54 can have a first end 56 and a second end 58, first
end 56 being positioned in communication with fluid transfer
channel 40, and second end 58 being positioned in commu-
nication with preform 24.

In addition, referring again to FIG. 11, a piece of imper-
meable material 60 can be coupled to the piece of permeable
material 54 between first end 56 and second end 58. For
example, impermeable material 60 can be wrapped around
permeable breather material 54 between first and second ends
56 and 58, but leaving first and second 56 and 58 ends
exposed. In this way, only air entering second end 58 can pass
through permeable breather material 54 to fluid transfer chan-
nel 40. Similarly, a piece of impermeable material 60 can be
coupled to first surface 14 of elastomeric membrane 12 over
at least a portion of an integral breather section in fluid trans-
fer channel 40. In either of these arrangements, air can be
drawn from locations on preform 24 that are not immediately
adjacent to the edge of preform-contact surface 16, effec-
tively creating a fluid transfer bridge from that location. The
use of such breather materials 54 can therefore further help to
eliminate “islanding” and thus reduce the occurrence of dry
spots in a composite article formed by the resin infusion of
preform 24.

In another aspect illustrated in FIG. 12, fluid transfer chan-
nels 40 can be incorporated into vacuum bag 10, but not in
communication with preform-contact surface 16. This kind of
fluid transfer channel 40 can serve as an attachment mecha-
nism between vacuum bag 10 and base mold 20. In this
embodiment, reusable vacuum bag 10 can again include an
elastomeric membrane 12, with elastomeric membrane 12
defining a preform-contact surface 16. In contrast to the pre-
vious embodiment, however, fluid transfer channels 40 can be
formed in elastomeric membrane 12 separate from the air
evacuation system used to compact preform 24. In this regard,
fluid transfer channel 40 can be connected to a separate,
dedicated fluid extraction port 44 adapted for engagement to
a vacuum pump 46 to remove fluid from within fluid transfer
channel 40. In most cases the fluid will be air, and the air will
be removed via a vacuum pump 46. It is conceivable other
fluids would be present in certain situations and that their
removal from fluid transfer channel 40 via fluid extraction
port 44 would require some form of pumping action as well.

Either of fluid transfer channel 40 or base mold surface 22
can include a textured surface 42 adapted to permit the flow of
air between elastomeric membrane 12 and base mold surface
22 when fluid extraction port 44 is engaged to vacuum pump
46. Fluid transfer channels 40 in this embodiment can be
provided as discrete point attachment sites or longer continu-
ous strips for more substantial attachment. In other arrange-
ments, fluid transfer channels 40 can be provided about the
entirety of preform-contact surface 16 of elastomeric mem-
brane 12 to form a seal around preform-contact surface 16.
This sealing arrangement can be provided around a single
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preform-contact surface 16, or fluid transfer channels 40 can
bisect multiple preform-contact surfaces 16 formed in the
same vacuum bag 10. When used in this way as a mold
partition between multiple preform-contact surfaces 16, fluid
transfer channel 40 can be used to isolate distinct preform-
contact surfaces 16 or zones of a mold. By creating a fluid-
tight border between distinct preform-contact surfaces 16 or
zones of a mold it is possible to maintain different pressures
within the various zones and cavities all under a single
vacuum bag 10. This could be useful when different size or
shape parts are being infused under a single bag and the
infusion times are different for each part.

Advantageously, although fluid transfer channel 40 can be
defined by textured surface 42, at least a portion of elasto-
meric membrane 12 adjacent to the fluid transfer channel 40
can be substantially smooth. This substantially smooth sur-
face can be positioned adjacent to a substantially smooth
surface of base mold 20 and fluid can be withdrawn from fluid
transfer channel 40. The net result of removing fluid from
fluid transfer channel 40 is to lower the pressure in fluid
transfer channel 40 relative to the pressure acting outside fluid
transfer channel 40. In the case of elastomeric membrane 12
and base mold 20 being surrounded by atmospheric pressure,
removal of fluid from fluid transfer channel 40 creates differ-
ential pressures and results in the two surfaces being forced
together in the immediate environs of fluid transfer channel
40. This resultant force can be useful because it can provide
the mechanism to pin elastomeric membrane 12 and base
mold 20 together either at discrete points, along lines, or in
any geometric shape formed by fluid transter channel 40. As
a result, this structure serves as a releasable attachment
mechanism.

Although in most applications, the sections of both elasto-
meric membrane 12 and base mold 20 that will be attached
using fluid transfer channel 40 will be substantially flat, the
use of fluid transfer channel 40 as an attachment mechanism
can be more broadly applied. The attachment system
described herein is equally capable of being applied to sur-
faces that are non planar, and in fact, this attachment system
has unique advantages for topographically variable surfaces.
In addition, elastomeric membranes used as reusable vacuum
bags may stretch over their useful life due to thermal cycling,
diffusion of foreign particles, and applied stresses. It is there-
fore helpful to be able to adjust the tension in flexible vacuum
bag 10 relative to the underlying base mold 20. The use of
fluid transter channel 40 as a reusable perimeter attachment
mechanism described herein provides a simple means of
adjusting the tension in vacuum bag 10 because the connec-
tion mechanism is not tied to a single location. Fluid transfer
conduit 40 can be positioned wherever vacuum bag 10 isto be
secured to base mold 20. As a result, vacuum bag 10 can
continue to be used even when elastomeric membrane 12 no
longer exhibits its original shape.

An external force can be used to bring elastomeric mem-
brane 12 into intimate contact with the surface of base mold
surface 22 prior to reducing the pressure in the closed cavity.
For example, soft weighted bags, rigid and semi-rigid perim-
eter frames, and/or the weight of membrane 12 itself can
assist in bringing base mold 20 and vacuum bag 10 into
intimate contact such that the open cavity becomes suffi-
ciently closed for the pressure within to be reduced.

In addition, referring to FIGS. 12 through 14, at least one
fastener 70 can also be secured to elastomeric membrane 12
for fastening elastomeric membrane 12 to a base mold 20,
creating a connection between the components until the
vacuum is applied. Fastener 70 can include a key and groove
arrangement (see, e.g., FIG. 14), wherein at least one groove
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is cutin base mold 20, and a correspondingly-shaped protrud-
ing element is formed in vacuum bag 10. In this configuration,
two protruding locking elements fit into two grooves in base
mold 20 to interlock vacuum bag 10 and base mold 20. Other
forms for fastener 70 can include a zipper seal, cleats, clamps,
hook-and-loop type fasteners (e.g., “Velcro™; see FIG. 13), or
any other fastener capable of providing a releasable connec-
tion between vacuum bag 10 and base mold 20. Fasteners 70
can be secured to elastomeric membrane 12 and or base mold
20 in any way known in the art, including adhesively coupling
fasteners 70 to elastomeric membrane 12 and base mold
surface 22 or securing one element of fasteners 70 to elasto-
meric membrane 12 during the molding process as the elas-
tomeric material solidifies. As is shown in FIG. 12, fasteners
70 can attach vacuum bag 10 to base mold 20 at discrete
points or along continuous portions of elastomeric membrane
12. Either way, fasteners 70 can be used to temporarily secure
elastomeric membrane 12 and base mold 20 in sufficiently
intimate contact such that fluid can be removed from fluid
transfer channel 40 via fluid extraction port 44 without new
fluid entering into fluid transfer channel 40 to replace the
removed fluid.

Further, the use of fluid transfer channel 40 and fasteners
70 in this manner can be useful as a position locator. As molds
become larger and or more complex, it becomes helpful to
have fixed reference points for placing vacuum bag 10 on base
mold 20 in the correct orientation. Also, it can be a challenge
to load larger vacuum bags on a mold without shifting the
preform. As is shown in FIG. 15, fluid transfer channel 40 and
fasteners 70 can thus be used as vacuum bag position locators
to enable vacuum bag 10 to be rolled out on base mold 20 in
proper alignment, minimizing shearing of the underlying pre-
form 24 due to excessive bag rearrangement.

Referring to one example of a fastener used for any one of
these functions shown in FIG. 13, the at least one fastener 70
can be a hook-and-loop type fabric patch having a surface
area equal to or less than the surface area of fluid transfer
channel 40 can be positioned near or more preferably within
fluid transfer channel 40. The hook-and-loop fastener 70 can
have either the hook or the loop portion attachable to elasto-
meric membrane 12 and the opposite meshing portion (not
shown in FIG. 12) attachable to base mold 20, and fluid
extraction port 44 connected through either elastomeric
membrane 12 or base mold 20. Either arrangement provides
a path of fluid communication with fluid transfer channel 40.

There are several different ways to attach the hook-and-
loop fastener 70 to elastomeric membrane 12 and base mold
20. In one configuration, a recessed groove can be formed in
elastomeric membrane 12, wherein either the hook or loop
portion of hook-and-loop fastener 70 can be attached. The
other portion of hook-and-loop fastener 70 can be attached to
base mold 20. In other particular embodiments, a recessed
groove can be formed in the base mold 20, or a low-profile
hook-and-loop fastener 70 can be used. In any of these alter-
natives, the result can be that when the two surfaces are
brought together and the hook-and-loop fastener sections are
engaged, there is no major out-of-plane protuberance that
prevents the two surfaces from being brought into sufficiently
intimate contact. As a result, the fluid can be removed by
means of fluid transfer channel 40 via fluid extraction port 44.

As noted above, elastomeric membranes used as reusable
vacuum bags may stretch over their useful life. When used in
conjunction with fluid transfer channel 40 attachment struc-
ture, hook-and-loop fasteners 70 are thought to be useful
because such fasteners do not require precise placement. That
is, unlike zippers, clasps, or slot and keyway arrangements,
the hook portion and loop portion need not be precisely
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aligned to provide secure attachment. For example, a small
upper portion of the hook-and-loop fastener connected to
vacuum bag 10 can correspondingly engage a much larger
strip of hook-and-loop fastener attached to base mold 20 in
such a way that vacuum bag 10 can be stretched and secured
to base mold 20 in numerous locations, thus allowing for the
taking up of any slack that may form in vacuum bag 10. The
use of hook-and-loop fasteners 70 thus helps make the reus-
able perimeter attachment structure described herein a simple
means of adjusting the tension in vacuum bag 10.

It will be understood that various details of the presently
disclosed subject matter may be changed without departing
from the scope of the presently disclosed subject matter.
Furthermore, the foregoing description is for the purpose of
illustration only, and not for the purpose of limitation.

What is claimed is:

1. A reusable vacuum bag with integral fluid transfer chan-
nels for use with a base mold, the reusable vacuum bag
comprising:

a substantially impermeable elastomeric membrane, the
elastomeric membrane having a first surface configured
for positioning against a base mold and a preform posi-
tioned on the base mold, at least a portion of the first
surface defining a preform-contact surface;

a textured surface integrally formed on the first surface of
the elastomeric membrane, the textured surface defining
a fluid transfer channel; and

at least one fluid extraction port in communication with the
fluid transfer channel, the fluid extraction port being
adapted for engagement to a vacuum pump to remove
fluids from the fluid transfer channel;

wherein the textured surface defining the fluid transfer
channel is adapted to permit the flow of fluids between
the first surface of the elastomeric membrane and a base
mold surface in communication with the elastomeric
membrane when the fluid extraction port is engaged to a
vacuum pump.

2. The reusable vacuum bag of claim 1, wherein the elas-

tomeric membrane comprises a natural rubber membrane.

3. The reusable vacuum bag of claim 1, wherein the elas-
tomeric membrane comprises a silicone membrane.

4. The reusable vacuum bag of claim 1, wherein the fluid
transfer channel is positioned on the first surface outside the
preform-contact surface.

5. The reusable vacuum bag of claim 1, wherein at least a
portion of the fluid transfer channel is positioned on the first
surface in communication with the preform-contact surface.

6. The reusable vacuum bag of claim 1, wherein the tex-
tured surface comprises a texture profile that varies along the
fluid transfer channel such that the fluid transfer channel has
a permeability gradient.

7. The reusable vacuum bag of claim 4, wherein the tex-
tured surface defining the fluid transfer channel comprises a
bleeder section in communication with the at least one fluid
extraction port, the bleeder section having a relatively high
permeability first texture profile, wherein the first texture
profile is adapted to permit the flow of gases and liquids
between the first surface of the elastomeric membrane and the
base mold surface.

8. The reusable vacuum bag of claim 7, wherein the tex-
tured surface defining the fluid transfer channel comprises at
least one breather section in communication with the pre-
form-contact surface, the breather section defining a second
texture profile that has a relatively lower permeability than the
bleeder section, wherein the breather section is adapted to
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permit the flow of gases and substantially slow the flow of
liquids between the preform-contact surface and the bleeder
section.

9. The reusable vacuum bag of claim 8, comprising a piece
of impermeable material coupled to the first surface of the
elastomeric membrane over a portion of the breather section.

10. The reusable vacuum bag of claim 7, further compris-
ing a piece of permeable material having a first end and a
second end, the first end being positioned in communication
with the bleeder section of the fluid transfer channel, and the
second end being positioned in communication with a pre-
form contained beneath the preform-contact surface.

11. The reusable vacuum bag of claim 10, comprising a
piece of impermeable material coupled to the piece of per-
meable material between the first end and the second end.

12. A reusable vacuum bag including an attachment system
for securing the reusable vacuum bag to portions of a base
mold surface, the reusable vacuum bag comprising:

a substantially impermeable elastomeric membrane, the
elastomeric membrane having a first surface configured
for positioning against a base mold and a preform posi-
tioned on the base mold, at least a portion of the first
surface defining a preform-contact surface;

a fluid transfer channel integrally formed on the first sur-
face separate from the preform-contact surface;

at least one fluid extraction port in communication with the
fluid transfer channel, the fluid extraction port being
adapted for engagement to a vacuum pump to remove
fluids from beneath the elastomeric membrane;
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wherein a section of the elastomeric membrane adjacent to
the fluid transfer channel is substantially smooth; and

wherein one of the fluid transfer channel or the base mold
surface has a textured surface adapted to permit the flow
of fluid between the elastomeric membrane and the base
mold surface when the fluid extraction port is engaged to
a vacuum pump such that the elastomeric membrane is
secured to the base mold surface.

13. The reusable vacuum bag of claim 12, wherein the
elastomeric membrane comprises a natural rubber mem-
brane.

14. The reusable vacuum bag of claim 12, wherein the
elastomeric membrane comprises a silicone membrane.

15. The reusable vacuum bag of claim 12, wherein the fluid
transfer channel is formed in the first surface of the elasto-
meric membrane around the preform-contact surface.

16. The reusable vacuum bag of claim 12, wherein the fluid
transfer channel comprises an elongated channel formed in
the first surface of the elastomeric membrane.

17. The reusable vacuum bag of claim 12, further compris-
ing a fastener configured to couple the elastomeric membrane
to the base mold surface.

18. The reusable vacuum bag of claim 17, wherein the
fastener comprises a hook-and-loop fastener.

19. The reusable vacuum bag of claim 17, wherein the
fastener comprises a slot and key fastener.
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