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(57) Abstract: A vacuum bagging system (250) includes a layer assembly (320) defining a fluid flow channel (252). The layer as-
sembly includes a contact layer (258) mounted to a composite part positionable within an outer mold line (OML) tool (152). The
contact layer has a contact layer width defined by opposing contact layer side edges. The layer assembly includes an inner layer
(300) mounted to the contact layer and having inner layer side edges located between the contact layer side edges. The fluid flow
channel may extend along at least a portion of the composite part to at least one part end. The vacuum bagging system includes an
internal vacuum bag (206) positionable against the inner layer. An inner mold line (IML) tool (200) supports the internal vacuum

bag.

The contact layer width is less than an IML tool width.
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SYSTEM AND METHOD FOR FACILITATING FLUID MOVEMENT IN CLOSED MOLDS
FOR COMPOSITE PARTS

BACKGROUND

Composite structures are used in a wide variety of applications. In aircraft construction,
composites are used in increasing quantities to form the fuselage, wings, and other components
of the aircraft. The wings of an aircraft are generally hollow structures that may require a
smooth and dimensionally-accurate outer mold line (OML) surface. The wings may be
constructed of composite skin members and may include internal components such as ribs, spars,
and/or stiffeners to increase the strength and bending stiffness of the wings.

In conventional construction techniques for forming three-dimensional composite
structures such as an aircraft wing, cured composite components such as wing spars may be
assembled to composite skin members by mechanical fastening. The process of assembling the
composite components may require the use of a large quantity of mechanical fasteners and
specialized tooling for maintaining the relative positions of the composite components.
Unfortunately, the process of forming cured composite components in a separate step and then
later assembling such components using mechanical fasteners is a time-consuming and labor-
intensive process.

A composite structure may also be formed by fitting together uncured composite
components using a tool. Consolidation of the composite components may require a path for
evacuation of gas from the part interior during the application of vacuum pressure to the tool.
The path may also be required for resin movement when the composite material is heated to
allow for uniform compaction pressure of the composite part against the tool surface.

Unfortunately, conventional composite tools require a relatively thick stack-up of
materials against the surface of the composite part to provide a path for evacuation of gas. For
composite parts having relatively tight geometry, the relatively thick stack-up of materials
against the part surface presents challenges in applying uniform compaction pressure.
Conventional methods may resort to multiple consolidation steps in an attempt to consolidate

composite parts.
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As can be seen, there exists a need in the art for a system and method for providing a
low-thickness path for the evacuation of gas from a composite part such as during consolidation

and which also allows for resin movement.

SUMMARY

The above-noted needs associated with composite tooling systems are specifically
addressed and alleviated by the present disclosure which provides a vacuum bagging system that
may include a layer assembly defining a fluid flow channel. The layer assembly may include a
contact layer mounted to a composite part having three-dimensional geometry and being
positionable within an outer mold line (OML) tool. The contact layer may have a contact layer
width defined by opposing contact layer side edges. The layer assembly may further include an
inner layer mounted to the contact layer and having inner layer side edges located between the
contact layer side edges. The fluid flow channel may extend along at least a portion of the
composite part to at least one part end. The vacuum bagging system may include an internal
vacuum bag that may be positionable against the inner layer. An inner mold line (IML) tool may
support the internal vacuum bag. The contact layer width may be less than an IML tool width.

In a further embodiment, disclosed is a vacuum bagging system for processing a
composite part. The vacuum bagging system may include a layer assembly defining a fluid flow
channel. The layer assembly may include a contact layer mounted to a part inner surface of a
composite part positionable within an outer mold line (OML) tool. The contact layer may have a
contact layer width defined by opposing contact layer side edges. The layer assembly may
further include an inner layer mounted to the contact layer and having inner layer side edges
located between the contact layer side edges. The fluid flow channel may extend along at least a
portion of the composite part to at least one part end. The vacuum bagging system may include
an internal vacuum bag positionable against the inner layer. An inner mold line (IML) tool may
support the internal vacuum bag. The contact layer width may be less than an IML tool width.

Also disclosed is a method of forming a fluid flow channel in a vacuum bagging system.
The method may include mounting a contact layer to a part inner surface of a composite part that
may be positionable within an OML tool. The contact layer may have a contact layer width
defined by opposing contact layer side edges. The method may further include mounting an
inner layer to the contact layer wherein the inner layer may have an inner layer width that is no

greater than the contact layer width. The inner layer may have inner layer side edges that may be
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positioned between the contact layer side edges. The method may include extending the contact
layer to at least one part end of the composite part, and positioning an internal vacuum bag on a
side of the inner layer opposite the contact layer. The internal vacuum bag may cover an IML
tool having an IML tool width. The contact layer width may be less than the IML tool width.
The features, functions and advantages that have been discussed can be achieved
independently in various embodiments of the present disclosure or may be combined in yet other
embodiments, further details of which can be seen with reference to the following description

and drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the present disclosure will become more apparent upon
reference to the drawings wherein like numbers refer to like parts throughout and wherein:

Figure 1 is a perspective view of an embodiment of a closed mold tooling system having
an outer mold line (OML) tool and one or more inner mold line (IML) tools positioned within a
hollow part interior of a composite part that may be processed within the OML tool;

Figure 2 is a perspective view of a composite part that may be fabricated using the
tooling system of Figure 1;

Figure 3 is an enlarged perspective view of the composite part illustrating the three-
dimensional geometry and inside corners of the composite part;

Figure 4 is a schematic side view of the tooling system taken along line 4 of Figure 1 and
illustrating an embodiment of a vacuum bagging system having a contact layer, an inner layer,
and an internal vacuum bag collectively forming a fluid flow channel for evacuating fluid such
as gas from the composite part interior;

Figure 5 is a flat pattern view of the vacuum bagging system taken along line 5 of Figure
4 and illustrating an embodiment of the fluid flow channel and the evacuation of fluid under
vacuum pressure;

Figure 6 is a flat pattern view of an alternative embodiment of the vacuum bagging
system having a fluid channel network comprised of a plurality of fluid flow channels;

Figure 7 is a schematic side view of an embodiment of a vacuum bagging system having
a single inner layer positioned between the contact layer and the internal vacuum bag;

Figure 8 is a schematic side view of an embodiment of a vacuum bagging system having

a plurality of inner layers positioned between the contact layer and the internal vacuum bag;
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Figure 9 is a flow diagram illustrating one or more operations that may be included in a
method of forming a fluid flow channel in a closed mold tooling system; and
Figure 10 is a cutaway perspective view of an embodiment of the tooling system

illustrating the arrangement of components that make up the fluid flow channel.

DETAILED DESCRIPTION

Referring now to the drawings wherein the showings are for purposes of illustrating
preferred and various embodiments of the disclosure, shown in Figure 1 is a closed mold tooling
system 150 as may be implemented for processing a composite part 100. The composite part
100 may have a three-dimensional geometry 130. The closed mold tooling system 150 may
include an outer mold line (OML) tool 152 and one or more inner mold line (IML) tools 200.
Each IML tool 200 may include one or more internal vacuum bagging systems 250. One or
more of the vacuum bagging systems 250 may advantageously include one or more fluid flow
channels 252 (Figure 4) which may facilitate the evacuation of trapped air, gas, volatiles, and
other by-products that may be generated during the processing (e.g., consolidation, curing, co-
curing, co-bonding, etc.) of the composite part 100. In addition, the fluid flow channels 252 may
facilitate the movement of liquid resin to facilitate the application of uniform compaction
pressure during consolidation of the composite part 100. Advantageously, each fluid flow
channel 252 may be configured in a relatively narrow width and a relatively thin stack-up of
materials to facilitate consolidation of relatively tight geometry including inside corners 120
having a relatively small radius.

In Figure 1, the embodiment of the OML tool 152 may be comprised of two OML tool
halves 156 collectively defining an OML tool surface 154. The OML tool surfaces 154 may
define the part outer surface 118 for the composite part 100. The OML tool 152 may encapsulate
the composite part 100 and one or more IML tools 200. Each IML tool 200 may comprise a bag
carrier or a mandrel that may be positioned within the part interior 114 of the composite part 100.
The OML tool 152 may be formed of Invar or any metallic or non-metallic material including
composite material (e.g., carbon fiber) that is compatible with the composite part 100 with regard
to the coefficient of thermal expansion of the composite part 100 material. The tool halves 156
may include tool flanges 162 to facilitate mating of the tool halves 156 along a tool seam 164

using a plurality of mechanical fasteners 166 or other means.
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The OML tool 152 may include external ribs or other stiffening members which may
extend lengthwise and/or chordwise along the OML tool 152 and which may provide the OML
tool 152 with sufficient stiffness to react internal compaction pressure generated by the internal
vacuum bags 206 for consolidating the composite part 100. In addition, the OML tool 152 may
also be configured with sufficient stiffness to react autoclave pressure under repeated cycles at
relatively high processing (e.g., consolidating, curing, molding, glass transition, etc.)
temperatures. The OML surface 154 may have a relatively high level of surface finish (e.g., a
relatively low level of surface roughness) to provide a smooth surface finish to the composite
part 100.

In Figure 1, the illustrated embodiment of the OML tool 152 may include one or more
tool ends 158 that may be generally open. External vacuum bags 170 may be sealed over the
tool ends 158 using a bag edge sealant 172 (not shown) such as vacuum bag sealant or a high-
temperature vacuum bag sealant tape to sealingly enclose the tool interior 168. One or more of
the external vacuum bags 170 may be fluidly coupled to a vacuum source 174 such that vacuum
pressure may be applied to the tool interior 168 to generate internal compaction pressure against
the part inner surface 116 of the composite part 100 for consolidation thereof. Although not
shown, the OML tool 152 may optionally include one or more rigid end caps that may be
mounted to one or more of the tool ends 158 for embodiments wherein each IML tool 200
comprises an expandable mandrel for generating internal compaction pressure against the part
inner surface 116 of the composite part 100.

Referring to Figure 2, shown is an embodiment of a composite part 100 that may be
fabricated using the vacuum bagging system 250 and method disclosed herein. The IML tools
200 have been omitted from the part interior 114 of the composite part 100. In the embodiment
shown, the composite part 100 may comprise an acrodynamic structure 104 having a leading
edge 106, a trailing edge 108, and opposing part ends 110. The composite part 100 may be
comprised of one or more skins 124 and one or more internal components 126. The skin 124
and/or the internal components 126 may be formed as a composite layup 102 such as a laminate
of uncured or pre-cured composite material such as, but not limited to, pre-impregnated fiber-
reinforced material (e.g., pre-preg). In this regard, one or more of the composite layups 102 may
comprise thermosetting composite material, thermoplastic composite material, pre-impregnated
composite material, and/or resin-infused composite material polymer matrix. The composite

layup 102 may include carbon fibers, glass fibers, ceramic fibers, or other fiber types which may
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be unidirectional, woven, chopped, or other fiber arrangements. The composite layup 102 may
include a polymeric material or resin matrix such as epoxy. The resin matrix may comprise a
thermosetting resin, or the resin matrix may comprise a thermoplastic resin.

The tooling system 150 may facilitate the co-bonding and/or co-curing of the composite
layup 102 of the skin 124 with one or more composite layups 102 of the internal components 126
during the application of heat and internal compaction pressure. Advantageously, the vacuum
bagging system 250 and method disclosed herein provides for the application of substantially
uniform internal compaction pressure to the composite part 100 positioned between the IML
tools 200 and the OML tool 152. During the application of the internal compaction pressure, the
composite part 100 may be heated to a predetermined temperature for a predetermined period of
time to allow for consolidation and curing of the composite part 100 into a unitized, monolithic
composite structure.

Advantageously, the vacuum bagging system 250 and method disclosed herein provides a
means for forming a hollow composite article without the need for assembling separate
components such as by bonding or mechanical fastening. In this regard, the vacuum bagging
system 250 and method provides a means for manufacturing composite articles having complex
three-dimensional geometry. Such three-dimensional geometry 130 may include internal
components 126 such as composite stiffeners or other components that extend laterally from the
part inner surfaces of one or more skins 124. For example, the composite part 100 shown in
Figure 1 includes an internal composite spar 128 that extends between the part inner surfaces 116
of the opposing composite skins 124 of the composite part 100.

The vacuum bagging system 250 and method disclosed herein advantageously provides a
means for producing unitized, integrally-formed, composite parts 100 having dimensionally-
accurate part inner surfaces 116 and dimensionally-accurate part outer surfaces 118. The
vacuum bagging system 250 may be implemented for manufacturing an aecrodynamic structure
104 such as a wing, a fuselage, a control surface, a winglet, or any one of a variety of other
acrodynamic structures 104 such as for an aircraft. Although the present disclosure is described
in the context of an acrodynamic structure 104 having a leading edge 106 and trailing edge 108,
the vacuum bagging system 250 may be implemented for manufacturing acrodynamic structures
104 or non-acrodynamic structures of any size, shape, and configuration, and for any vehicular

application or non-vehicular application, without limitation.
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Referring to Figure 3, shown is a view of the composite part 100 illustrating one or more
inside corners 120 that may be consolidated with the application of substantially uniform
compaction pressure due to fluid flow channels 252 (Figure 4) that may be included with the
vacuum bagging system 250 and method disclosed herein. As described below, the fluid flow
channels 252 may be positioned adjacent to relatively tight geometry on the part inner surface
116 to facilitate the evacuation of trapped air, gas, and other fluids 254 from the composite layup
102. For example, fluid flow channels 252 may be positioned adjacent to and outside of the
tangent lines 122 that define the boundaries of the inside corners 120 of the composite part 100.
Such inside corners 120 may have a relatively small radius at a leading edge 106 or trailing edge
108 of an aerodynamic structure 104. Inside corners 120 or tight geometry may also occur at the
juncture of internal components 126 such as spars with the part inner surface 116 of the skins
124.

Referring to Figure 4, shown is a schematic side view of a vacuum bagging system 250
having a fluid flow channel 252. In the embodiment shown, the fluid flow channel 252 may be
defined by a layer assembly 320 comprised of a plurality of films or layers. For example, the
layer assembly 320 may include a contact layer 258 mounted to a part inner surface 116 of the
composite part 100. The contact layer 258 may be removably secured to the part inner surface
116 of the composite part 100 at one or more discrete locations along the contact layer length
262. For example, the contact layer 258 may be removably secured to the composite part 100
with pressure-sensitive adhesive tape 270 at one or more discrete location or continuously along
the contact layer 258 length. However, the contact layer 258 may be removably secured to the
composite part 100 using any removable contact layer attachment device 268 including adhesive
that may be removably applied to the part-side surface of the contact layer 258. The adhesive
may preferably be chemically compatible with the material (e.g., resin, fiber reinforcement) of
the composite part 100 under all temperature and pressure conditions during processing of the
composite part 100.

In an embodiment, the contact layer 258 may be removably secured to the composite part
100 such that the contact layer side edge 266 is located adjacent to and outside of relatively small
inside corners 120 (e.g., less than approximately 1.0 inch radius) of the composite part 100.
Such inside corners 120 may occur at a variety of different locations within the composite part
100. For example, inside corners 120 having relatively small radii may occur at the leading edge

106, the trailing edge 108, and within the geometry of the internal components 126 such as in the
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spar 128 of the acrodynamic structure 104 illustrated in Figure 4. In an embodiment, the contact
layer side edge 266 nearest an inside corner 120 may be located within approximately three (3)
inches of the tangent line 122 of the inside corner 120 to allow for gas evacuation in the inside
corner 120. As described below, the contact layer 258 may be formed of a material that may be
relatively stiffer than the internal vacuum bag 206 material such that positioning the contact layer
258 within the inside corner 120 may prevent the application of uniform internal compaction
pressure on the inside corner 120. However, by locating the contact layer 258 outside of such
inside corner 120, the relatively flexible internal vacuum bag 206 may extend into the inside
corner 120 and apply a uniform internal compaction pressure which may avoid bridging and may
lead to improved compaction and reduced porosity in the composite part 100.

In Figure 4, the layer assembly 320 may also include one or more inner layers 300 that
may be mounted to or attached to the contact layer 258. The contact layer 258 may have a
contact layer width 264 defined by opposing contact layer side edges 266. Likewise, the inner
layer 300 may have an inner layer width 304 defined by opposing inner layer side edges 306.
The inner layer width 304 may be less than the contact layer width 264. Furthermore, the inner
layer 300 may be positioned such that the inner layer side edges 306 are located between the
contact layer side edges 266. However, an inner layer side edge 306 may be aligned with a
contact layer side edge 266. As described in greater detail below, the layer assembly 320
defining the fluid flow channel 252 may extend along at least a portion of the composite part 100
and may terminate at one or more part ends 110 to allow for evacuation of gas from the part
interior 114. The fluid flow channel 252 may also facilitate the flow of liquid resin during the
consolidation process.

In Figure 4, the vacuum bagging system 250 may include the internal vacuum bag 206
that may be positioned on a side of the inner layer 300 opposite the contact layer 258. The
internal vacuum bag 206 may be supported by the IML tool 200. The IML tool 200 may
comprise a bag carrier and/or a mandrel for supporting the vacuum bag. The bag carrier may be
hollow and may be formed of composite, polymer, ceramic, or metallic material that may
preferably have a coefficient of thermal expansion that is compatible with the composite part
100. However, the IML tool 200 may comprise a mandrel or other IML tool 200 configuration
and is not limited to a bag carrier.

The IML tool 200 may be located on a side of the internal vacuum bag 206 opposite the
inner layer 300. The IML tool 200 may have an IML tool width 204. For example, in Figure 4,

-8-
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the composite part 100 may include two IML tools 200. One of the IML tools 200 may have an
IML tool width 204 that may extend between the leading edge 106 and the spar 128 of the
composite part 100. The other IML tool 200 may have an IML tool width 204 that may extend
between the spar 128 and the trailing edge 108 of the composite part 100. In an embodiment, the
contact layer width 264 is relatively narrow (e.g., 0.5 to 3.0 inches) and may be less than the
IML tool width 204.

The inner layer 300 is preferably fixedly positioned relative to the contact layer 258 such
that at no time do the inner layer side edges 306 move past the contact layer side edges 266. The
inner layer 300 may be removably secured to the contact layer 258 using one or more contact
layer attachment devices 268 at one or more discrete locations along the inner layer 300 length.
For example, the inner layer 300 may be removably secured to the contact layer 258 with
pressure-sensitive adhesive tape 270 at one or more discrete locations or continuously along the
inner layer 300 length. However, the inner layer 300 may be attached to the contact layer 258
using other means such as stitching and/or heat welding in a manner such that the inner layer
side edges 306 do not move past the contact layer side edges 266.

In Figure 4, the internal vacuum bag 206 may be formed as an assembly of two layers of
material including a part-side bag layer 210 and a non-part side layer. The part-side bag layer
210 may be in contact with the inner layer 300. As described in greater detail below, the part-
side bag layer 210 may be formed of material that is chemically non-reactive with composite part
material. The non-part-side bag layer 212 of the internal vacuum bag 206 may be chemically
compatible with the composite part material. As described below, the two materials of the part-
side bag layer 210 and the non-part-side bag layer 212 may be bonded together with an adhesive
or the two materials may be integrally formed such as by extruding the internal vacuum bag 206.
The non-part-side bag layer 212 may be in contact with the IML tool 200. The internal vacuum
bag 206 functions as a gas seal barrier and may provide uniform internal compaction pressure on
the part inner surface 116.

In Figure 4, the IML tool 200 comprises at least one of a bag carrier and a mandrel or
other configuration for supporting the vacuum bag. Each one of the IML tools 200 may be sized,
shaped, and configured to provide a substantially net fit with minimal gap between the IML tool
surface 202 and the part inner surface 116 of the composite part 100. In an embodiment, the

composite part 100 may include multiple IML tools 200 each having an internal vacuum bag 206
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enclosing the IML tool 200. Two or more of the IML tools 200 may be configured to provide a
net fit with internal components 126 such as a spar 128 of the composite part 100.

Advantageously, the fluid flow channel 252 of the internal vacuum bagging system 250
has a relatively narrow width and a relatively small collective layer assembly thickness 322 as
described below. The layer assembly thickness 322 is collectively defined by the thicknesses
260, 302, 208 of the contact layer 258, the inner layer 300, and the internal vacuum bag 206. By
minimizing the width of the fluid flow channel 252, a majority of the part inner surface 116 is in
direct contact with the relatively thin internal vacuum bag 206. In this manner, the gap between
the IML tool 200 (e.g., bag carrier) and the part inner surface 116 along the majority of the
composite part 100 may be minimized. By minimizing the gap between the IML tool 200 and
the part inner surface 116, movement of the fiber-reinforced material such as in the internal
components 126 (e.g., spar 128) may be minimized during consolidation and curing and which
may minimize waviness in the cured composite part 100 and may improve dimensional accuracy
in the cured composite part 100.

Referring to Figure 5, shown is a flat pattern view of an embodiment of a fluid flow
channel 252 of the vacuum bagging system 250 and illustrating the evacuation of fluid 254 under
vacuum pressure. The layer assembly 320 defining the fluid flow channel 252 is located
adjacent to a tangent line 122 of an inside corner 120 of the composite part 100. However, the
layer assembly 320 may be installed at any location along the composite part 100 and is not
limited to locations that are adjacent to inside corners 120 of the composite part 100. As
indicated above, the layer assembly 320 may comprise at least one contact layer 258 mounted to
the composite part 100 with one or more contact layer attachment devices such as adhesive tape
270 positioned at one or more discrete locations.

The layer assembly 320 may further include one or more inner layers 300 mounted to the
contact layer 258 using one or more inner layer attachment devices 308 such as adhesive tape
270 positioned at one or more discrete locations. The inner layer width 304 may be less than the
contact layer width 264. The fluid flow channel 252 is bounded by the internal vacuum bag 206.
The layer assembly 320 in Figure 5 is shown as a relatively straight fluid flow channel 252 and is
shown oriented along a lengthwise direction of the composite part 100. However, the layer
assembly 320 may be formed in a non-straight configuration and is not limited to a relatively
straight configuration as shown. Furthermore, the layer assembly 320 may be oriented in any

direction relative to the composite part 100 and is not limited to a lengthwise direction.
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In Figure 5, the vacuum bagging system 250 may include one or more external vacuum
bags 170 that may be applied over the OML tool 152 such as an external vacuum bag 170
applied at each tool end 158. One or more of the external vacuum bags 170 may include one or
more vacuum ports (not shown) to fluidly couple the vacuum source 174 to one or more fluid
flow channels 252 that may be formed on the composite part 100 between the part inner surface
116 and the internal vacuum bag 206. The vacuum sources 174 may draw a vacuum on the tool
interior 168 in such a manner causing compaction of the composite part 100 between the OML
tool surface 154 and the internal vacuum bag 206, and the evacuation of fluid 254 such as gas
out of the composite part 100 and into the fluid flow channel 252 for discharge through the
vacuum port.

Referring to Figure 6, shown is a flat pattern view of a flow channel network comprising
a plurality of fluid flow channels 252. Each one of the fluid flow channels 252 may comprise a
contact layer 258 removably mounted to the part inner surface 116 at one or more discrete
locations. Each one of the fluid flow channels 252 may further comprise one or more inner
layers 300 that may be attached to one or more of the contact layers 258. The OML tool 152 in
Figure 6 has a closed end 160 with no external vacuum bag 170 or connection to a vacuum
source 174. An opposite end of the OML tool 152 is sealed with an external vacuum bag 170
having a vacuum port for coupling to a vacuum source 174. In this regard, Figure 6 represents
one of a variety of different configurations of fluid flow channels 252 that may be implemented
in a vacuum bagging system 250 to facilitate evacuation of fluid 254 such as gas from an interior
of a composite part 100.

Referring to Figure 7, shown is a schematic view of an embodiment of a vacuum bagging
system 250 having a single inner layer 300 attached to the contact layer 258. Although not
shown, the contact layer 258 may be removably attached to the part inner surface 116 such as
with adhesive tape 270. The contact layer 258 may be formed of a material that is chemically
compatible with the composite part material. For example, the contact layer 258 may be formed
of fluorinated ethylene propylene (FEP) and commercially available as Teflon™. However, the
contact layer 258 may be formed of any material that is chemically compatible with the
composite part 100 and which is preferably chemically non-reactive with the resin and/or the
fiber reinforcement of the composite part 100.

In an embodiment, the contact layer 258 may have a contact layer width 264 that is less

than approximately ten (10) inches. In a further embodiment, the contact layer width 264 may be
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between approximately 0.5 and 3.0 inches. The contact layer 258 may have a contact layer
thickness 260 of no greater than approximately 0.005 inch although the contact layer 258 may be
provided in a thickness greater than 0.005 inch. In an embodiment, the contact layer 258 may
have a contact layer thickness 260 of between approximately 0.001 and 0.005 inch. The contact
layer 258 may be porous in a through-thickness direction to facilitate the movement of fluid 254
such as gas, liquid resin, or by-products through the contact layer 258 and into the inner layer
300. The contact layer 258 may also be porous along a contact layer length 262. A lengthwise
direction may be defined as the direction toward a part end or toward a tool end 158 of the OML
tool 152. A tool end 158 may be defined as an end of the composite part 100 where the OML
tool 152 is open to the exterior environment and/or where the OML tool 152 may be sealed with
an external vacuum bag 170.

In Figure 7, the inner layer 300 may be formed of a material that is chemically
compatible with the composite part material. In addition, the inner layer 300 may be formed of a
material that is non-outgassing and non-liquid-producing at processing temperatures (e.g., resin
curing temperature, adhesive curing temperature, consolidating temperature, glass transition
temperature, etc.) associated with the composite part 100. The inner layer 300 is preferably
formed of a material that remains flexible when elevated to the processing temperature of the
composite part 100. The inner layer 300 may be formed of a material that may be removed from
the composite part 100 following curing. In an embodiment, the inner layer 300 may be formed
of a polyamide material such as a material commercially available as Nylon™. In an
embodiment, the inner layer 300 may be formed of woven Nylon™ fabric that may be coated
with a release agent to facilitate removal from the composite part 100.

In an embodiment, the inner layer 300 may have an inner layer thickness 302 of no
greater than approximately 0.050 inch although the inner layer 300 may be provided in a
thickness greater than 0.050 inch. In an embodiment, the inner layer 300 may be provided in a
thickness of between approximately 0.001 and 0.050 inch. The inner layer 300 may be porous or
contoured along a through-thickness direction and along an inner layer 300 length to allow air,
gas, liquid resin, and other by-products to move into and through the inner layer 300 toward the
composite part 100 end for discharge out of the OML tool 152.

In Figure 7, the internal vacuum bag 206 may be positioned on a side of the inner layer
300 opposite the contact layer 258. The internal vacuum bag 206 may be provided as a multi-

material vacuum bag that provides a gas seal barrier to the IML tool 200. As indicated above,
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the internal vacuum bag 206 may be comprised of a part-side bag layer 210 and a non-part-side
bag layer 212 in contact with the inner layer 300 and the IML tool 200, respectively. The part-
side bag layer 210 may be formed of material that is chemically non-reactive with the resin of
the composite material. In an embodiment, the part-side bag layer 210 may be formed of
fluorinated ethylene propylene (FEP). The FEP may be applied to the non-part side bag layer
212 by adhesive bonding, coating, or integrally forming with the non-part side bag layer 212
such as by extruding the FEP with the non-part-side bag layer 212 material. The non-part-side
bag layer 212 may be formed of polymeric material that is compatible with the part-side bag
layer 210 and with the IML tool 200. The part-side 210 and non-part-side bag layer 212
materials and any joining adhesive preferably have a net stiffness such that during stretching
under the application of vacuum pressure, the internal vacuum bag 206 may strain within the
plastic deformation stress limits of the layer materials and the adhesive under the processing
temperatures associated with the consolidating and curing the composite part 100.

In Figure the 7, the internal vacuum bag 206 may have a thickness of no greater than
approximately 0.020 inch although thicknesses of greater than 0.020 inch are contemplated for
the internal vacuum bag 206. In an embodiment, the internal vacuum bag 206 may have a
thickness of between approximately 0.003 to 0.010 inch. The fluid flow channel 252 preferably
has a relatively low stack-up thickness. In an embodiment, the contact layer 258, the inner layer
300, and the internal vacuum bag 206 may have a total layer assembly thickness 322 of no
greater than approximately 0.10 inch although the layer assembly thickness 322 may be greater
than 0.10 inch. By minimizing the layer assembly thickness 322, the gap between the IML tool
200 (e.g., bag carrier) and the part inner surface 116 may be minimized which may improve the
dimensional accuracy of the cured composite part 100.

Referring to Figure 8, shown is a schematic view of an embodiment of a vacuum bagging
system 250 having a plurality of inner layers 300 attached to the contact layer 258. By providing
a plurality of inner layers 300, the flow of gas and/or liquid resin may be increased relative to the
flow through a fluid flow channel 252 having a single inner layer 300. Each one of the inner
layers 300 may be formed of the above-described inner layer 300 materials described above.
Each one of the inner layers 300 may have an inner layer width 304 that is less than the contact
layer width 264. In addition, each one of the inner layers 300 may have an inner layer thickness
302 that is no greater than approximately 0.050 inch although each inner layer 300 may have a
thickness greater than 0.050 inch. The plurality of inner layers 300 may be attached together
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using chemically compatible adhesive tape 270, by stitching, by heat welding, or by any one of a
variety of other means for interconnecting the inner layers 300 in a manner such that the inner
layers 300 do not move past the contact layer side edge 266. As indicated above, the layer
assembly thickness 322 of the contact layer 258, the inner layer 300, and the internal vacuum bag
206 1s preferably, but optionally, no greater than approximately 0.10 inch.

Referring to the flow diagram of Figure 9 with additional reference to the tooling system
150 of Figure 10, shown in Figure 9 are one or more operations that may be included in a method
400 of forming a fluid flow channel 252 (Figure 10) in a vacuum bagging system 250 (Figure
10) such as for a closed mold tooling system 150 (Figure 10). The vacuum bagging system 250
may be implemented for processing a composite part 100 (Figure 10) positioned within an OML
tool 152 (Figure 10) for consolidating and curing the composite part 100 into a unitized,
monolithic structure. The composite part 100 may be comprised of composite material including
laminates of uncured (e.g., prepreg) plies. The composite part 100 may have a three-dimensional
geometry 130 defined by the skin 124 member (Figure 10) and one or more internal components
126 (e.g., spar 128) shown in Figure 10.

Step 402 of the method 400 of Figure 9 may include mounting a contact layer 258
(Figure 10) to a part inner surface 116 of the composite part 100. The composite part 100 may
be installed within the OML tool 152 and positioned against an OML tool surface 154. The
method may include removably securing the contact layer 258 to the composite part 100 using
adhesive such as pressure-sensitive adhesive tape 270 (Figure 10) or other means. The contact
layer 258 may have a contact layer width 264 (Figure 10) defined by opposing contact layer side
edges 266 as described above. The method may include positioning the contact layer side edge
266 outside of an inside corner 120 (Figure 10) of the composite part 100 such as within
approximately 3.0 inches if a tangent line 122 (Figure 10) of the inside corner 120. The method
may include providing the contact layer 258 in a contact layer width 264 that may be less than
the IML tool width 204 (Figure 10). In an embodiment, the contact layer width 264 may be no
greater than approximately 3.0 inches although larger widths are contemplated. The contact
layer 258 may be provided in a contact layer thickness 260 (Figure 7) of no greater than
approximately 0.005 inch although larger thicknesses are contemplated. The method may
include forming the contact layer 258 of polymeric material such as FEP.

Step 404 of the method 400 of Figure 9 may include mounting one or more inner layers

300 (Figure 10) to the contact layer 258. The method may include removably securing the inner
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layer 300 to the contact layer 258 at one or more discrete locations such as with pressure-
sensitive adhesive tape 270 (Figure 10), stitching, heat welding, or other means. The inner layer
300 may be positioned such that the inner layer width 304 is within the contact layer side edges
266. The method may include providing each one of the inner layers 300 at an inner layer
thickness 302 (Figure 7) of no greater than approximately 0.050 inch although greater
thicknesses are contemplated. The contact layer 258 / inner layer 300 assembly may be applied
to the composite part 100 and extended along at least a portion of a length 112 of the composite
part 100 to at least one part end 110 (Figure 10) of the composite part 100.

Step 406 of the method 400 of Figure 9 may include positioning an internal vacuum bag
206 (Figure 10) within the part interior 114 and locating the internal vacuum bag 206 on a side of
the inner layer 300 opposite the contact layer 258. The method may include providing the
contact layer 258, the inner layer 300, and the internal vacuum bag 206 to have a total layer
assembly thickness 322 (Figure 7) of no greater than approximately 0.10 inch although larger
thicknesses are contemplated. The method may include providing the internal vacuum bag 206
as an assembly comprised of two layers including a part-side bag layer 210 (Figure 7) and a non-
part side bag layer 212 (Figure 7) in respective contact with the inner layer 300 and the IML tool
200. However, the internal vacuum bag 206 may be formed of more than two (20 layers. As
indicated above, the internal vacuum bag 206 may cover or envelope the IML tool 200.

The positioning of the IML tool 200 and internal vacuum bag 206 within the part interior
114 of the composite part 100 may be facilitated by drawing a vacuum on an interior (not shown)
of the internal vacuum bag 206 containing the IML tool 200 (e.g., bag carrier). The method may
further include installing or assembling the internal vacuum bag 206 / IML tool 200 with the
composite part 100 while drawing the vacuum on the interior of the internal vacuum bag 206.
The vacuum may draw the internal vacuum bag 206 against the sides of the IML tool 200 which
may allow the IML tool 200 and internal vacuum bag 206 to fit within the part interior 114.
Once the IML tool 200 and internal vacuum bag 206 are installed, the method may include
halting the application of vacuum to the interior of the internal vacuum bag 206.

Step 408 of the method 400 of Figure 9 may include sealing an external vacuum bag 170
(Figure 10) over one or more tool ends 158 of the OML tool 152. The external vacuum bag 170
may be sealed over a tool end 158 by using a bag edge sealant 172 such as tape sealant or tacky
tape. Vacuum fittings (not shown) may be mounted to the external vacuum bag 170. A vacuum

fitting may be mounted to the external vacuum bag 170 for each one of the IML tools 200 of the
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composite part 100. The vacuum fittings may be fluidly coupled to a vacuum source 174 (Figure
10).

Step 410 of the method 400 of Figure 9 may include elevating a temperature of the
composite part 100. The temperature of the composite part 100 may be increased by positioning
the OML tool 152 / composite part 100 within an autoclave (not shown) or a convection oven
(not shown). Alternatively, the temperature of the composite part 100 may be clevated by
applying heating elements (not shown) such as electrically resistive heating pads to an exterior of
the OML tool 152. The elevation of the temperature of the composite part 100 may facilitate a
reduction in the viscosity of the resin. Preferably, the increase in the temperature of the inner
layer 300 to the processing temperature may occur without the inner layer 300 producing a
gaseous or liquid by-product.

Step 412 of the method 400 of Figure 9 may include drawing a vacuum on the tool
interior 168 (Figure 10). The vacuum may be drawn by opening a fluid connection at a vacuum
fitting between the external vacuum bag 170 and the vacuum source 174. The tool interior 168
may include the region where the composite part 100 is located between the OML tool surface
154 and the internal vacuum bag 206.

Step 414 of the method 400 of Figure 9 may include drawing fluid 254 (Figure 10) such
as gas out of the composite part 100 and into the fluid flow channel 252 as shown in Figure 10.
The fluid flow channel 252 may be defined by the contact layer 258, the inner layer 300, and the
internal vacuum bag 206 as indicated above. Gas and other volatiles may be drawn out of the
composite part 100 and into the fluid flow channel 252 in response to drawing the vacuum on the
tool interior 168. Trapped air may also be drawn out of the tool interior 168 in response to
drawing the vacuum.

Step 416 of the method 400 of Figure 9 may include compacting the composite part 100
in response to drawing the vacuum on the tool interior 168. The drawing of the vacuum may
facilitate the removal of trapped air, gas, and other by-products and fluids 254, and may promote
the consolidation of the composite part 100. The drawing of the vacuum may also facilitate the
movement of liquid resin (Figure 10) such as along the fluid flow channel 252. In this regard,
the fluid flow channel 252 may provide a path for movement of controlled amounts of liquid
resin within the composite part 100 in a manner such that a substantially uniform internal

compaction pressure may be applied to the fiber reinforcement of the composite part 100.
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Step 418 of the method 400 of Figure 9 may include curing the composite part 100 to
form a cured composite article (not shown). In this regard, the composite part 100 may be held
at a predetermined temperature profile and at a predetermined pressure profile for a
predetermined period of time to allow for consolidation and curing of the composite part 100
into a unitized, monolithic composite article.

Advantageously, the vacuum bagging system 250 disclosed herein provides a means for
fabricating monolithic composite articles having relatively tight geometry such as tight inner
corners and/or relatively shallow sections (e.g., shallow airfoil section — Figure 2) with improved
dimensional accuracy finer contour details on the part inner surfaces 116. In this regard, the
fluid flow channel 252 disclosed herein provides a relatively narrow, selectively-located, gas and
liquid flow path which allows for a reduced gap between the IML tool 200 and the inner mold
line of the composite part 100. The fluid flow channel 252 is advantageously provided by a
chemically compatible, multi-material, internal vacuum bag 206 in combination with a
chemically-compatible contact layer 258 and inner layer 300.

Additional modifications and improvements of the present disclosure may be apparent to
those of ordinary skill in the art. Thus, the particular combination of parts described and
illustrated herein is intended to represent only certain embodiments of the present disclosure and
is not intended to serve as limitations of alternative embodiments or devices within the spirit and

scope of the disclosure.
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WHAT IS CLAIMED IS:

1. A vacuum bagging system (250), comprising;:
a layer assembly (320) defining a fluid flow channel (252) and including:

a contact layer mounted to a composite part positionable within an outer
mold line (OML) tool and having a contact layer width defined by opposing
contact layer side edges;

an inner layer mounted to the contact layer and having inner layer side
edges located between the contact layer side edges;

the fluid flow channel extending along at least a portion of the composite
part to at least one part end;
an internal vacuum bag positionable against the inner layer;
an inner mold line (IML) tool supporting the internal vacuum bag; and

the contact layer width being less than an IML tool width.

2. The vacuum bagging system (250) of Claim 1 further comprising:
an external vacuum bag (170) mounted to the OML tool and fluidly coupling a

vacuum source fluidly to the fluid flow channel.

3. The vacuum bagging system (250) of Claim 1 wherein:
the layer assembly is positioned such that a contact layer side edge (266) is

located adjacent to and outside of an inside corner (120) of the composite part (100).

4. The vacuum bagging system (250) of Claim 1 wherein:
the contact layer has a contact layer width (264) of between 0.5 and 3.0 inch.

5. The vacuum bagging system of Claim 1 wherein:
the contact layer having a contact layer thickness (260) of no greater than

approximately 0.005 inch.

6. The vacuum bagging system (250) of Claim 1 wherein:
the inner layer having an inner layer thickness (302) of no greater than

approximately 0.050 inch.
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7. The vacuum bagging system of Claim 1 wherein:
the internal vacuum bag (206) has a thickness of no greater than approximately

0.020 inch.

8. The vacuum bagging system of Claim 1 wherein:
the contact layer, the inner layer, and the internal vacuum bag (206) having a

collective layer assembly thickness of no greater than approximately 0.10 inch.

9. The vacuum bagging system of Claim 1 wherein:
at least one of the contact layer and the inner layer is removably secured to the

composite part at one or more discrete locations along a contact layer length (262).

10.  The vacuum bagging system of Claim 1 wherein:

the inner layer comprises a plurality of inner layers.

11.  The vacuum bagging system of Claim 1 wherein:

the internal vacuum bag (206) is comprised of at least two layers including a part-
side bag layer and a non-part side bag layer;

the part-side bag layer being in contact with the inner layer, and

the non-part side bag layer being in contact with the IML tool; and

the part-side bag layer being formed of material that is chemically non-reactive

with composite part material.

12. The vacuum bagging system of Claim 1 wherein:
the IML tool comprises at least one of a bag carrier and a mandrel for supporting
the internal vacuum bag and being configured complementary to a part inner surface of

the composite part.

13. A vacuum bagging system for processing a composite part, comprising:

a layer assembly defining a fluid flow channel (252) and including:
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a contact layer mounted to an inner surface of a composite part having a
three-dimensional geometry and being positionable within an outer mold line
(OML) tool, the contact layer having a contact layer width (264) defined by
opposing contact layer side edges;
a plurality of inner layers each having an inner layer width that is no
greater than the contact layer width and being positioned between the contact
layer side edges;
the contact layer and the inner layers forming a layer assembly extending
along at least a portion of the composite part to at least one part end thereof;
an internal vacuum bag positioned on a side of the inner layer opposite the contact
layer;

an IML tool supporting the internal vacuum bag on a side thereof opposite the
inner layer and having an IML tool width (204); and

the contact layer width being less than the IML tool width.

14. A method of forming a fluid flow channel (256) in a vacuum bagging system,

comprising the steps of:

mounting a contact layer to a part inner surface of a composite part positionable
within an OML tool, the contact layer having a contact layer width defined by opposing
contact layer side edges (266);

mounting an inner layer to the contact layer, the inner layer having an inner layer
width (304) that is no greater than the contact layer width and being positioned between
the opposing contact layer side edges;

extending the contact layer to at least one part end of the composite part; and

positioning an internal vacuum bag on a side of the inner layer opposite the
contact layer, the internal vacuum bag covering an IML tool having an IML tool width,

the contact layer width being less than the IML tool width.
15. The method of Claim 14 further comprising the step of:

positioning the contact layer side edge (266) adjacent to and outside of an inside

corner (120) of the composite part.
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16.

The method of Claim 14 further comprising the step of:

drawing a vacuum on a tool interior (168) between the part inner surface (116)

and the internal vacuum bag; and

drawing fluid along the fluid flow channel (252) in response to drawing the

vacuum on the tool interior.

17.

18.

The method of Claim 16 wherein the step of drawing the vacuum on the tool

interior comprises:

sealing an external vacuum bag over a tool end of the OML tool.

The method of Claim 14 further comprising the step of:

compacting the composite part positioned between an OML tool surface (154)

and the internal vacuum bag in response to drawing the vacuum.

19.

The method of Claim 14 further comprising the step of:

removably securing the contact layer to the part inner surface (116) of the

composite part at one or more discrete locations.

20.

The method of Claim 14 further comprising the step of:

providing the contact layer in a contact layer width (264) of no greater than

approximately 3 inches.

21.

The method of Claim 14 further comprising the step of:

providing the contact layer at a contact layer thickness (260) of no greater than

approximately 0.005 inch.

22.

The method of Claim 14 further comprising the step of:

providing the inner layer at an inner layer thickness (302) of no greater than

approximately 0.050 inch.

23.

The method of Claim 14 further comprising the step of:
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providing the contact layer, the inner layer, and the internal vacuum bag (206)

such that a total layer assembly thickness is no greater than approximately 0.10 inch.

24. The method of Claim 14 further comprising the step of:
providing the internal vacuum bag (206) as an assembly of at least two layers
including a part-side bag layer and a non-part side layer, the part-side bag layer being in

contact with the inner layer, the non-part side layer being in contact with the IML tool.

25. The method of Claim 14 further comprising the step of:

the step of positioning an internal vacuum bag on a side of the inner layer
comprises

drawing a vacuum on an interior of the internal vacuum bag(206);

installing the internal vacuum bag (206) and the IML tool (200) within the
composite part while drawing the vacuum on the interior of the internal vacuum bag; and

halting the vacuum applied to the interior of the internal vacuum bag.

20
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MOUNTING A CONTACT LAYER TO A COMPOSITE PART POSITIONED
AGAINST AN OML TOOL SURFACE OF AN OML TOOL

~— 402

MOUNTING AN INNER LAYER TO THE CONTACT LAYER

~— 404

POSITIONING AN INTERNAL VACUUMBAG ON A SIDE OF THE INNER
LAYER OPPOSITE THE CONTACT LAYER, THE INTERNAL VACUUM
BAG COVERING AN IML TOOL

I~ 406

SEALING AN EXTERIOR VACUUM BAG TO THE OML TOOL

~— 408

DRAWING A VACUUM ON A TOOL INTERIOR

~ 410

ELEVATING A TEMPERATURE OF THE COMPOSITE PART

~ 412

DRAWING FLUID OUT OF THE FLUID FLOW CHANNEL

~ 414

COMPACTING THE COMPOSITE PART

L~ 416

4

CURING THE COMPOSITE PART

~ 418

FIG. 9
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