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INFLATABLE PRESSURE INTENSIFIER
FIELD OF INVENTION

The present invention relates to manufacturing and processing apparatus that can
used to produce, repair and co-cure composite parts of varying sizes and shapes.
This apparatus is modular in design and can be made from a combination of rigid
and non-rigid materials, It can be used for processing materials at low internal
pressure and temperatures required to process composites. As part of the invention,
an inflatable pressure intensifier can be used instead of an oven or an autoclave for
processing Fiber-Reinforced Polymer (FRP) composite systems for such

application in markets such as acrospace, automotive, commercial, or wind energy.
BACKGROUND OF THE INVENTION

Composites have been manufactured using several techniques and processes that
can be categorized into open mold and closed mold categories. Autoclaves are
traditionally used to manufacture both large and small, high quality composite
parts with complex shapes that require simultaneous input of isotactic high
pressure and high temperature. However, autoclave equipment is capital intensive
to purchase and the operational/facility costs associated with autoclave processing
are very high. Autoclaves also limit the size or shape of the parts being
manufactured because of practical limitations of these pressure vessels, and
therefore cause manufacturers to make components with joints to form larger
systems (aircraft wings, rocket casings, etc.) that add mass and reduce reliability.
In some industries, such as in the manufacture of wind turbine blades & towers
where mass inefficiencies can be tolerated, simple vacuum bag processing of large
parts is conducted. This creates parts that are heavy and often have less than

desirable part quality. There has recently been a sustained effort to develop
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manufacturing methods that do not require an Autoclave and can produce
composites parts of high quality. The development in composite prepregs that can
be processed at lower temperatures and pressures can accelerate the growth of
composite products and usage in different markets. There are other manufacturing
methods such as resin transfer molding (RTM) and Vacuum assisted resin transfer
molding, compression molding, etc... that are increasingly being used to produce
composite parts. However, no one has yet developed a technology that will enable
the processing of large parts with uniform external pressure application above one

atmosphere (vacuum bagging), outside of a rigid autoclave.
SUMMARY OF THE INVENTION

This invention comprises a pressure intensifier in the form of an inflatable chamber
that serves as the apparatus to manufacture and process composite materials. This
inflatable chamber can also act as the apparatus that can be used to cure
composites by applying pressure and temperature, The wall of the inflatable
chamber is made from an assembly of multiple layers of flexible materials. In one
embodiment of the invention this assembly of multiple layers of flexible materials
are joined or seamed in a manner that allows for the chamber to take a shape of a
horizontal cylinder with hemi-spherical ends when the chamber is inflated with air
pressure.  The chamber resembles and functions as a pressure vessel when it is

inflated with air pressure.

The fundamental design of the pressure intensifier of the invention permits it to be
made available to the composites manufacturer in any size ranging from a small
table top module to a large structure spanning hundreds of feet in length and tens
of feet in diameter. The pressure intensifier can be a simple shape such as a

straight cylinder, or it can be manufactured with angles or include protrusions to
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accommodate unusually shaped parts. The pressure intensifier can be a
freestanding single volume or it can be attached to a rigid base or tool at its
perimeter.  Attaching to the perimeter of a tool is important for industries such as
wind turbine component manufacture where large tools are already in existence
and the addition of the pressure intensifier will greatly improve part consolidation

beyond current vacuum bagging approaches.

The flexible wall of the chamber is made from an integrated assembly of various
layers of softgoods materials. The wall of the inflatable chamber is comprised of
multiple flexible layers that are attached together to form a single assembly, The
outermost layer of the assembly is called the restraint and is made from high
strength webbings that are woven and or connected to one another to form a
structural shell or net that can withstand the stresses induced by pressurization
foads. High strength fabrics, braided tubes, or cord nets can also be used to form
the structural restraint.  Numerous types of fibers can be used in the restraint
assembly including, but not limited to, Kevlar, Vectran, Nylon, polyester, and
stainless steel. The next layer (sometimes the middle layer) of the flexible wall of
the chamber is made from flexible materials with good thermal insulation
properties such as fabrics, foams, or batting. This layer enables the interior of the
chamber to be maintained at an elevated temperature, as required to produce and
process the contents inside the chamber, while protecting the structural layer from
exposure to elevated temperatures that could degrade its structural performance. A
third layer of the flexible wall, which is also the innermost layer of the assembly
and referred to as the bladder, is made from a film or coated fabric that is thermally
welded or bonded together. This innermost layer contains the pressurization
medium that applies the consolidation pressure for composite parts being

processed inside the chamber, and is manufactured from materials that can
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withstand the temperatures associated with processing polymeric composites of all
types. The bladder {or other layers) of the flexible wall can be fitted with
integrated sensors of an externally applied type or an integral electronic textile type
for process monitoring and control, or for structural health monitoring of the
pressure intensifier itsell.  Although we have described three layers of the flexible
wall, additional layers can be added as required to improve functionality or safety.
For example, a structural fabric layer is sometimes added between the webbing

restraint and the insulation to provide structural redundancy.

The flexible wall of the chamber is designed such that it can incorporate a pressure
sealing zipper and means for opening and closing the structural layer such that
parts can be inserted and removed from the pressure intensifier assembly, One
way to accomplish this is to locate the closure system where one of the
hemispherical ends is attached to the main body of the cylinder. This will enable
parts to be fransferred in and out through the endcap similar to a standard
autoclave. The closure mechanism can also be applied to the sidewall of the
pressure intensifier such that parts can be loaded and unloaded through the side of
the vessel, or so that the vessel can be deployed over the part(s) being consolidated
in the vessel. This approach also facilitates the removal of the vessel over the part
to facilitate the use of overhead crane systems 1o access the parts before and after

cure.

The flexible wall of the inflatable chamber can be fitted with any number of sealed
pass-through systems to facilitate pressurization, thermal regulation, sensor use,
visual assessment, or other needs for part consolidation in the vessel. One way to
do this is through the addition of rigid metal panels attached to the vessel such that
all the layers function in an uninterrupted manner, and support the addition of

ports.

£
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For larger sizes, or higher pressure applications of the pressure intensifier, an
interconnected frame work of metal beams is provided. A skeletal framework of
metal beams is also useful in sharing the forces exerted on the wall of the pressure
vessel and therefore permits the vessel to grow in size and shape bevond the
practical limits of an unsupported inflatable structure. The softgoods wall of the
intensifier protrudes between the support beams such that it looks like a quilted
mattress. This design reduces the skin stress of the fobed sections by reducing their
local radius of curvature, which is the variable, along with internal pressure, that
dictates skin stress. Lower skin stresses are desirable because they increase safety
for the user, and allow the chamber to be used at higher pressures. The {lexible
material assembly of the chamber wall has a provision to be attached to the
external metal frame such that it does not collapse onto the base when the chamber
is not inflated, thus facilitating the simple loading and unloading of the vessel. The
metal support beams can be made to be easily removable for access to the parts
(end or side) with closures in the vessel as described previously, The metal
framework can be configured such that any part shape can be made including
straight high aspect ratio parts, fong angled parts, parts with protruding features,
etc. The framework can even be built in “L”, “Y”,“T”- shapes or other three-
dimensional shapes, if desired. This approach can be extremely low cost in
application because the metal frame and bag can be made inexpensively,

transported, and thereafter assembled easily in comparison to a large autoclave.

The pressure intensifier can also be configured to include the rigid metal frame on

the inside. If the rigid frame is in the inside of the chamber, it acts like a skeleton
to support the weight of the flexible material assembly of the chamber wall when

the chamber is not inflated. When the chamber is inflated, the wall is self-
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supporting as a result of the pressurization. The inflatable chamber module

preferable has a spherical or cylindrical cross-sectional profile when it’s inflated.

The inflatable chamber can be fixed in one location or attached to a base that is
movable. Many configurations are possible to create a pressure intensifier system
that is usable with existing equipment or can be an entirely new asset in a
manufacturing facility.

The interior of the chamber typically contains a rigid metal platform that is
connected to the rigid base via the legs on the rigid frame. This rigid platform is for
the purpose of holding the part(s) being processed inside the pressure intensifier,
The rigid platform can be heated directly by using heater elements attached to the
platform, or can be heated by heating of the air in the chamber, use of heat lamps,

or heat blankets.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: llustrates the view from outside of flexible and inflatable pressure

mtensifier equipment;
Figure 2: Ulustrates the inside view of pressure intensifier equipment;

Figure 3. Cross-sectional view of the flexible layers that form the inflatable shell of

the pressure intensifier;

Figure 4Ar Illustrates a mechanism wherein two modules of the pressure

intensifier equipment can be linearly attached;
Figure 4B: [llustrates a partially cut away view of Figure 4A;

Figure SA: IHustrates multiple modules of the pressure intensifier equipment

attached laterally (with external rigid frame);
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Figure 5B: Hlustrates muitiple modules of the pressure intensifier with attached

lateral and longitudinal rigid external framework; and,
Figure 6: Hlustrates the pressure intensifier design with rigid metal restraint.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a perspective view of a single module of the inflatable pressure
intensifier when it is in its fully pressurized state. The inflatable chamber wall
made from the softgoods 161 as shown in the Figure 1 has pressure sealable
opening 102 integrated into it to allow access inside the chamber to place the
payload inside the intensifier. Another pressure sealable opening 103 provides a
way to attach one of hemi-spherical ends of the inflatable chamber to the main
cylindrical body. The inflatable chamber is connected to a rigid base 164 at the
bottom. The rigid base 104 allows for the pressure intensifier to be stable in its
pressurized state and wheels 105 can be added to the base 104 to make it possible

to move the equipment with ease.

Figure 2 illustrates a cross-sectional view of the single module of the inflatable
pressure intensifier when it is fully pressurized. A rigid metal frame is inscribed in
the inflatable shell, with the flat platform 204 in the center and the rigid structural
support 201 for the softgoods 208, The platform 204 and the structural support 201
are connected to the base 105. The hemispherical end of the inflatable shell has
rigid panel integrated into the softgoods 265. This panel is configured to attach the
required interfaces to provide the input, such as circulated hot air and pressure and

process monitoring and control equipment.

Figure 3 shows the cross-sectional assembly of different layers of softgoods
materials that comprise the inflatable shell of the pressure intensifier equipment.
The outermost layer 301 represents the member that is load bearing as it carries the

7
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skin stress developed due to inflation pressure. This layer is constructed from high
strength webbings made out of high strength textiles, such as Keviar®, Vectran®,
polyester or Nylon. This restraint layer is configured of high strength webbings,
ropes, or by braiding into a pattern that maximizes its strength, durability, and
safety. The middle layer 302 of the assembly is made from materials that can offer
thermal insulation and the function of the middle layer 302 is to maintain the
internal temperature of the pressure intensifier within a desired range while
minimizing power inputs. This middle layer 302 can be made from numerous kinds
of flexible materials including aerogels, fiberglass, lofled polyester, Vfoams, and
other fiber based insulation materials. The innermost layer 303 of the assembly is
referred to as the “bladder” and has a main function of retaining the air pressure
without leaking. The bladder is made from coated fabrics or membranes which are
sealed or bonded together, and are able to function through a wide range of

temperatures encountered in polymeric composites processing.

Figure 4A shows an embodiment of the pressure intensifier in which two modules
401 and 403 are joined together via a mechanism 402. The mechanism 402 that
attaches two or more modules together can be a pressure sealing zipper and/or
employ a method of connecting the structural restraint such as buckles or
carabineers. This feature enables the processing of parts that have a high aspect
ratio which can then be accommodated in a single module of the pressure

intensifier.

Figure 48 shows a cut-away view of the two modules attached together such that
the rigid frames of the two modules are placed in tandem to form a pressure
intensifier module that has an increased internal volume to support processing of

larger payloads.
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Figure 5A shows an embodiment in which three modules of the pressure intensifier
equipment are attached laterally to provide an increased volume that will
accommodate large and asymmetrically shaped payloads for processing in the
chamber, with Figure 5B illustrating an alternative embodiment in which three
modules of the pressure intensifier are attached both laterally and longitudinally to
provide an increased volume that will accommodate large and asymmetrically

shaped payloads for processing in the chamber.

Figure 6 shows an embodiment of the pressure intensifier where a metal frame
with several rigid elements is used in conjunction with softgoods to form the
pressure mtensitier equipment that can be scaled to any size or shape, and allows

the chamber to be used at higher pressures with greater safety,
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We Claim:

A

A flexible walled pressure intensifier for processing composite materials
including curing, post curing, co-curing, bonding composite parts.

'The pressure intensifier of claim 1, wherein the pressure intensifier is
constructed of a plurality of interconnected modules such that the pressure
intensifier can be configured in any size or shape to accommodate different
sizes and shapes of the composite materials to be processed.

The pressure intensifier of claim 1, wherein the pressure intensifier provides
a volume inside the pressure intensifier to which inputs of pressure and
temperature can be applied.

The pressure intensifier of claim 1, comprising an inflatable shell made from
a plurality of layers comprising softgoods selected from the group consisting
of textile webbings, woven {abrics, nonwoven fabrics, ropes, coated fabrics,
polymeric films and flexible insulation materials.

The pressure intensifier of claim 4, further comprising an interconnected
framework of rigid beams that support and constrain the softgoods.

The pressure intensifier of claim 1, further comprising a rigid base with
wheels to make the pressure intensifier mobile.

The pressure intensifier of claim 1, further comprising a rigid internal
platform to support the composite materials to be processed.

10
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8. The pressure intensifier of claim 1, further comprising softgoods mechanical
interfaces to connect different sections of the softgoods to create a door of
any size and shape.

9. The pressure intensifier of claim 8, wherein the mechanical interfaces are
selected from the group consisting of pressure sealing zippers, clips, buckles
and carabineers.

10.The pressure intensifier of claim 8, wherein the mechanical interfaces allow
access into the equipment when the interfaces are not connecting the
different sections of the softgoods.

F1.The pressure intensifier of claim 1, further comprising rigid panels on the
softgoods to provide at least one of ports and pass-through connectors;
wherein the pass-through connectors supply at least one of inputs selected
from the group consisting of heat, vacuum, and air; or sensors for process
monitoring and control.

12.Fhe pressure intensifier of claim 4, wherein the plurality of layers are
attached at various points through the thickness of the layers to form a
flexible laminate.

13.The pressure intensifier of claim 4, wherein the plurality of layers are used
to achieve the function of structural loading, air retention and thermal

insulation.

11
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14. The pressure intensifier of claim 4, wherein an innermost layer of the shell is
a bladder layer which comprises a coated textile material, wherein the
coating is capable of withstanding temperatures associated with processing
polymeric composite materials,

15.The pressure intensifier of claim 1, configured from the group consisting of
a single component and joined multiple components.

16. The pressure intensifier of claim 3, further comprising a rigid support
framework which inscribes or circumscribes the softgoods to support the
softgoods when the chamber is not inflated.

17.The pressure intensifier of claim 4, further comprising sensors embedded in
the softgoods layers to provide the functions of process monitoring and
control of the process in the vessel or structural health monitoring of the
vessel itself.

18.The pressure intensifier of claim 4, wherein the textile webbings are either
woven together and joined periodically or overlapped and joined
periodically,

19.The pressure intensifier of claim 1, wherein a portion of the pressure
intensifier can be attached to a tool or other surface to form a pressurizable

volume.
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20.The pressure intensifier of claim 2, wherein modules of the pressure
intensifier can be partially disassembled to ease the loading and unloading of
parts into the pressure intensifier,

21. The pressure mtensifier of claim 2, in a shape selected from the group
consisting of a straight cylinder and a cylinder with angles or protrusions to

accommodate unusually shaped parts,

i3
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