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FOAM STIFFENED STRUCTURE AND
METHOD OF MAKING THE SAME

BACKGROUND
[0001] 1. Field of the Invention
[0002] The system of the present application relates to a

structure for a vehicle, such as a rotorcraft. In particular, the
system of the present application relates to a foam stiffened
structure and method of making the foam stiffened structure.
The system of the present application can be applied to many
different structures, both static and mobile. Furthermore, the
system of the present application is described herein with
regard to a rotorcraft structure for exemplary purposes.
[0003] 2. Description of Related Art

[0004] One typical aerospace structural assembly includes
an exterior aerodynamic skin with a plurality of internal struc-
tural members. Referring to FIG. 1, an exemplary prior art
airfoil structure 101 is illustrated. Structure 101 includes a
plurality of ribs 103 and spars 105. The ribs 103 and spars 105
are configured to provide structural integrity to structure 101,
as well as to provide support to a skin 107 (shown partially
removed for clarity). Structure 101 requires a substantial
amount of expense and effort to assembly. For example, each
rib 103 and spar 105 represents an individual part that must be
fabricated, recorded, stocked, and assembled. Further, the
ribs 103, spars 105, and skin 107 are typically assembled with
fasteners, usually requiring a considerable amount of effort
and expense to install. Moreover, the fasteners may promote
corrosion, stress concentrations, and otherwise shorten the
life of the structure. Further, tolerance variations between the
plurality of parts can lead to irregularities in the surface
quality of skin 107.

[0005] Although the developments in aerospace structures
have produced significant improvements, considerable short-
comings remain.

DESCRIPTION OF THE DRAWINGS

[0006] The novel features believed characteristic of the
system of the present application are set forth in the appended
claims. However, the system itself, as well as a preferred
mode of use, and further objectives and advantages thereof,
will best be understood by reference to the following detailed
description when read in conjunction with the accompanying
drawings, in which the leftmost significant digit(s) in the
reference numerals denote(s) the first figure in which the
respective reference numerals appear, wherein:

[0007] FIG. 1 is a perspective view of a prior art airfoil
structure;
[0008] FIG. 2 is perspective view of an aircraft, according

to the preferred embodiment of the present application;
[0009] FIG. 3 is a perspective view of a foam stiffened
structure, according to the preferred embodiment of the
present application;

[0010] FIG. 4 is an exploded perspective view of a foam
stiffened structure, according to the preferred embodiment of
the present application;

[0011] FIG.Sisacross-sectional view of the foam stiffened
structure, according to the preferred embodiment of present
application, taken along the section lines 5-5, shown in FIG.
3;

[0012] FIG. 6A is a schematic block diagram of a method
for manufacturing a foam stiffened structure, according to the
preferred embodiment of present application;
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[0013] FIG. 6B is a schematic block diagram of'a process of
the method for manufacturing a foam stiffened structure,
according to the preferred embodiment of present applica-
tion;

[0014] FIG. 7A is a top view of a mold for manufacturing a
molded foam member, according to the preferred embodi-
ment of present application;

[0015] FIG. 7B is a front view of a mold for manufacturing
a molded foam member, according to the preferred embodi-
ment of present application;

[0016] FIG. 8 is a schematic view of components of the
foam system used to manufacture a molded foam member,
according to the preferred embodiment of present applica-
tion;

[0017] FIG. 9 is a perspective view of a mixer used to mix
the foam system, according to the preferred embodiment of
present application;

[0018] FIG. 10is a schematic view of a mixture of the foam
system used to manufacture a molded foam member, accord-
ing to the preferred embodiment of present application;
[0019] FIG. 11 is a cross-sectional view of an uncured foam
member in a mold tool, according to an embodiment of
present application;

[0020] FIG. 12 is a cross-sectional view of an uncured foam
member in a mold tool, according to another embodiment of
present application;

[0021] FIGS. 13A and 13B are cross-sectional views of an
uncured foam member in a mold tool, according to another
embodiment of present application;

[0022] FIG. 14A is a cross-sectional view of an uncured
foam member in a mold tool, according to another embodi-
ment of present application;

[0023] FIG. 14B is a cross-sectional view of an uncured
foam member in a mold tool, taken along the section lines
14B-14B, shown in FIG. 14A;

[0024] FIG. 15is a cross-sectional view of an uncured foam
member in a mold tool, according to another embodiment of
present application;

[0025] FIG. 16 is a perspective view of a skin being applied
to a foam member, according to the preferred embodiment of
present application;

[0026] FIG. 17A is a cross-sectional view of an uncured
foam member in a mold tool, according to another embodi-
ment of present application; and

[0027] FIG. 17B is a cross-sectional view of an uncured
foam member in a mold tool, taken along the section lines
17B-17B, shown in FIG. 17A.

[0028] While the system of the present application is sus-
ceptible to various modifications and alternative forms, spe-
cific embodiments thereof have been shown by way of
example in the drawings and are herein described in detail. It
should be understood, however, that the description herein of
specific embodiments is not intended to limit the method to
the particular forms disclosed, but on the contrary, the inten-
tion is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the application as defined
by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0029] Illustrative embodiments of the system of the
present application are described below. In the interest of
clarity, not all features of an actual implementation are
described in this specification. It will of course be appreciated
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that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made
to achieve the developer’s specific goals, such as compliance
with system-related and business-related constraints, which
will vary from one implementation to another. Moreover, it
will be appreciated that such a development effort might be
complex and time-consuming but would nevertheless be a
routine undertaking for those of ordinary skill in the art hav-
ing the benefit of this disclosure.

[0030] In the specification, reference may be made to the
spatial relationships between various components and to the
spatial orientation of various aspects of components as the
devices are depicted in the attached drawings. However, as
will be recognized by those skilled in the art after a complete
reading of the present application, the devices, members,
apparatuses, etc. described herein may be positioned in any
desired orientation. Thus, the use of terms such as “above,”
“below,” “upper,” “lower,” or other like terms to describe a
spatial relationship between various components or to
describe the spatial orientation of aspects of such components
should be understood to describe a relative relationship
between the components or a spatial orientation of aspects of
such components, respectively, as the device described herein
may be oriented in any desired direction.

[0031] Referring to FIG. 2, an aircraft 201 is illustrated.
Aircraft 201 includes main rotor blades 203, a fuselage 209,
a landing gear 207, and a wing 211. Aircraft 201 further
includes a tail boom assembly 212, which is an assembly of a
tail boom 214, a tail fin 213, an elevator 301, and tail rotor
blades 205. Elevator 301 functions to provide pitch control
during flight of aircraft 201. Elevator 301 is illustrated and
described herein as an embodiment of a foam stiffened struc-
ture. Further, it should be appreciated that elevator 301 is
simply one example of a foam stiffened structure that can be
manufactured in accordance with the method of the present
application. For example, a variety of structures on aircraft
201 may be manufactured in accordance with the method of
the present application. For example, main rotor blade 203,
tail rotor blade 205, wing 211, tail boom 214, tail fin 213, and
fuselage 209 are all parts that may be manufactured in accor-
dance with the method of the present application, so as to be
stiffened by a molded foam member. Furthermore, aircraft
201 is merely exemplary of the wide variety of vehicles that
may have foam stiffened structures formed from the method
of the present application. For example, other exemplary
vehicles may include fixed wing aircraft, boats, ships, auto-
mobiles, and skateboards, to name a few.

[0032] Referring now to FIGS. 3-5, a right hand side eleva-
tor 301 is illustrated. For clarity, the left hand side elevator is
not shown, but in the illustrated embodiment, the left hand
side elevator is a mirror image of the right hand side elevator
301. Elevator 301 includes a foam member 311 and a skin
307. In the preferred embodiment, foam member 311 is
molded in a tool. In a subsequent operation, skin 307 is
preferably formed by placing uncured composite material
onto foam member 311, such that foam member 311 acts as a
tooled surface for the composite material. The composite
material is subsequently cured to become a rigid skin 307. In
an alternative embodiment, skin 307 is formed on a unique
tooled surface and then cured. In such an embodiment, foam
member 311 is formed by using the skin 307 as a tool by
allowing the foam to expand and form inside the skin 307,
thereby allowing skin 307 to act as a tool for the foam. In
another alternative embodiment, skin 307 is not formed from
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a composite material, but rather thin sheet metal, or other
semi-rigid material. In such an embodiment, the thin sheet
metal is formed and bonded to foam member 311, such that
foam member 311 acts partly as tool by dictating final surface
contour location of the sheet metal. In the illustrated embodi-
ment, skin 307 includes an upper airfoil surface 315 and a
lower airfoil surface 313.

[0033] Further, elevator 301 may include an inboard rib
303, an outboard rib 305, and a trailing edge member 309.
Inboard rib 303, outboard rib 305, and trailing edge member
309 are exemplary of members that may be formed integrally
with foam member 311, or assembled to foam member 311 in
an assembly operation subsequent to the formation of foam
member 311. Inboard rib 303, outboard rib 305, and trailing
edge member 311 can be formed from any conventional
manufacturing operation, such as machining, molding, cast-
ing, injection molding, compression molding, to name a few.
Further, an adhesive can be used to promote a bond between
any of the skin 307, foam member 311, inboard rib 303,
outboard rib 305, and trailing edge member 309.

[0034] Foam member 311 provides structural stiffness to
elevator 301. Skin 307 preferably comprise a plurality of
reinforcing fibers disposed in a polymeric matrix. As dis-
cussed further herein, skin 307 is preferably placed onto foam
member 311 as a plurality of uncured composite plies, and
then later cured to form a rigid composite laminate. It should
be appreciated that skin 307 can be formed from a variety of
fiber and resin systems. It should also be appreciated that the
specific composite material, or sheet metal, is implementa-
tion specific. For example, carbon fiber may be desirable in
one application, while fiberglass fiber may be desirable in
another application.

[0035] The molded foam member 311 is preferably formed
with a pourable and expandable structural foam in a mold, as
discussed further herein. The molded foam member 311 is
configured to provide the structural integrity to elevator 301
in a wide variety of geometries and contours. Curing of skin
307 may require pressure, such as autoclave curing pressure,
for proper curing. As such, foam member 311 is configured to
provide structural resistance to the pressure so as to preserve
the desired surface geometry of skin 307. Foam member 311
is configured to be isotropic, thus the isotropic properties of
foam member 311 allow it to retain structural integrity in a
wide variety of geometries and contours.

[0036] Referring now to FIG. 6A, a method 601 for manu-
facturing a foam stiffened structure, such as elevator 301, is
schematically illustrated. A step 603 of method 601 includes
fabricating inboard rib 303, outboard rib 305, and trailing
edge member 309, which may be included in some embodi-
ments of elevator 301. As discussed further herein, any of
inboard rib 303, outboard rib 305, and trailing edge member
309 maybe located in the mold during the manufacturing of
foam member 311.

[0037] A process 605 of method 601 includes fabricating
foam member 311. Referring now also to FIG. 6B, process
605 is schematically illustrated in further detail. A step 613 of
process 605 includes manufacturing a mold for which foam
member 311 is formed within.

[0038] Referring now also to FIGS. 7A and 7B, a mold 701
is illustrated. Mold 701 preferably includes a first member
701 and a second member 703. Mold 701 also includes a
cavity 707 formed partly in each of the first member 701 and
a second member 703. It should be appreciated that mold 701
may be divided up into any number of separate members.
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Cavity 707 represents the desired geometry of foam member
311. A release agent is preferably applied to the interior of
cavity 707 in order to promote the release and removal of
foam member 311 from the mold 701.

[0039] A step 615 of process 605 includes creating a foam
mixture 807. Referring now also to FIGS. 8-10, the foam
system used in the creation of foam member 311 is preferably
aurethane foam system that expands to fill cavity 707 of mold
701. Upon curing, the foam is preferably rigid and flexible,
while having a relatively low density. The preferred foam
system is a polyisocyanurate pour foam system marketed
under the name of Stepanfoam BX 450, by the Stepan Chemi-
cal Company. It should be fully appreciated that other foam
systems may be used in the molding of foam member 311.
The Stepanfoam BX 450 includes two separate resin compo-
nents, namely a resin T (70% by weight) 805 and a resin R
(30% by weight) 803. The desired weight amounts of resin T
805 and resin R 803 are measured and poured into a container
801. The resin T 805 and resin R 803 are mechanically agi-
tated to form a homogenous mixture 807. A mixer 901 is used
in rotation in order to mix resin T 805 and resin R 803 to form
mixture 807. Mixer 901 includes a shaft 903, the shaft 903
being configured to be driven by a drill motor, or the like.
Mixer 901 may include a plurality of blades located on a first
blade disc 905 and a second blade disc 907. In the preferred
embodiment, mixer 901 is rotated at 3500 revolutions per
minute for 10-15 seconds when mixing resin T 805 and resin
R 803 to form mixture 807.

[0040] The total weight amount of mixture 807 is at least
partially dependent upon the desired density and the volume
of foam member 311. For example, because density is the
relationship of mass per unit volume, the desired density of
foam member 311 at least partially dictates the weight
amount of mixture 807. However, a portion of the mixture 807
may escape from within cavity 707, which may affect the final
density determination of foam member 311.

[0041] A step 617 of process 605 includes pouring foam
mixture 807 into cavity 707. Once the mixing in step 615 is
complete, it is preferred that mixture 807 is poured into cavity
707 mold 701 as quickly as possible.

[0042] A step 619 includes controlling expansion of foam
mixture 807 in cavity 707. Referring to FIG. 11, one embodi-
ment of step 619 is illustrated. As shown in FIG. 11, foam
mixture 807 is allowed to “free rise” within cavity 707 so as
to form foam member 311 at a “free rise” density. In the
“free-rise” embodiment, a density of approximately 8.0
pounds/ft* and less can be achieved. The “free rise” embodi-
ment of foam member 311 may be particularly desirable
when the geometry and contours of foam member 311 are
relatively simple. This is because the exposed surface would
require a cutting or shaving operation to trim the exposed
surface of foam member 311 to the desired contour. As shown
in FIG. 11, a “free rise” embodiment includes allowing foam
mixture 807 to expand and polymerize without constraint.
Expansion and polymerization of foam mixture 807 allows
any volatiles to escape during the polymerization stage, and
also to facilitate complete homogeneous fill of cavity 707.
The polymerization stage is the expansion from a chemical
reaction of the foam mixture 807.

[0043] Referring now also to FIG. 12, another embodiment
of step 619 includes using a “captive process” to tailor the
density of foam member 311. The captive process involves
using a lid member 709 to generate pressure within cavity
707, thus inhibiting the expansion of foam mixture 807 dur-
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ing polymerization. Lid member 709 includes one or more
openings 711a and 7115, which allow volatiles to escape
during the polymerization of mixture 807. The size and num-
ber of openings 711a and 7115 are also configured so as to
selectively tailor the density of foam member 311. In one
embodiment, the openings 711a and 7115 in lid member 709
are sized to create a foam member 311 having a density of
approximately 12-16 pounds/ft>. However, this size and
quantity of openings 711a and 7115 can be increased/de-
creased to produce a foam member 311 of lower/higher den-
sity, respectively. The expected operational loading of eleva-
tor 101 is a factor that may contribute to the customization of
the density of foam member 311. The density of foam mem-
ber 311 can be customized in accordance with the desired
structural strength of foam member 311.

[0044] Referring now also to FIGS. 13A and 13B, another
embodiment of step 619 includes selectively positioning lid
member 709 to create volumes of different densities. For
example, a first volume having a density of D1 is created by
selectively positioning lid member 709 by a locator tool 713.
Locator tool 713 is configured to selectively position lid
member 709 as desired position. In the illustrated embodi-
ment, lid member 709 has a single opening 711« in order to
produce a density of D1. It should be appreciated that density
D1 can also be produced by decreasing the size of openings
711a and 7115. After the first volume having the density D1
has fully expanded and polymerized, then locator tool 713 is
repositioned and another batch of foam mixture 807 is intro-
duced so that a second volume is built between the first
volume and lid member 709. In the illustrated embodiment,
the second volume has a density D2 which is less than density
D1 due to the use of both venting openings 711a and 7115. In
such an embodiment, the density of foam member 311 can be
fully customized in accordance with the predicted loading of
foam member 311 in a specific implementation. For example,
the inboard portion of elevator 301 may experience higher
loading than the outboard portion, as such, it may be desirable
for foam member 301 to have a higher density, thus higher
strength, near the inboard portion. It should be appreciated
that even though FIG. 13B is illustrated with regard to first
and second volumes having densities of D1 and D2, step 619
may involve creating any number of volumes having a variety
of densities. Further, the number of volumes and densities is
implementation specific. For example, if the foam stiffened
structure is a large wing on an aircraft, the foam stiffened
wing may have a foam member with a dozen different vol-
umes of varying densities.

[0045] Referring now also to FIGS. 14A and 14B, another
embodiment of process 605 includes locating a form 1401 in
cavity 707 so as to create a void 1403 in foam member 311.
The inclusion of void 1403 in foam member 311 may be
particularly desirable for routing wiring, or other system
components, through foam member 311. Moreover, void
1403 may also be desirable to reduce the weight of foam
member 311. In one embodiment, form 1401 may be a rigid
tool that is removed from foam member 311. In another
embodiment, form 1401 is a structure that forms a bond with
foam member 311 and integral with foam member 311. In
such an embodiment, form 1401 acts as a fly-away tool in that
form 1401 dictates the geometry of void 1703, and form 1401
also remains with foam member 311. It should be appreciated
that the geometry and size of void 1403 is implementation
specific and may take on a wide variety of configurations.
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[0046] Referring now also to FIG. 15, another embodiment
of'process 605 includes incorporating components into cavity
707 of mold 701 so that such components are integral to foam
member 311. For example, inboard rib 303, outboard rib 305,
and trailing edge member 309 can be located in cavity 707
prior to the introduction of foam mixture 807. As foam mix-
ture 807 expands and polymerizes, foam member 311
becomes integral with inboard rib 303, outboard rib 305, and
trailing edge member 309. In such an embodiment, an aper-
ture 1501 in outboard rib 305 is configured to allow the escape
of'volatiles during expansion of foam mixture 807, similar to
vent openings 711a and 7115.

[0047] Referring now also to FIGS. 17A and 17B, another
embodiment of process 605 includes incorporating a rib 1701
into cavity 707 ofmold 701 so that rib 1701 is integral to foam
member 311. For example, rib 1701 can be located chord-
wise in cavity 707 prior to the introduction of foam mixture
807. In one embodiment, an aperture in rib 1701 functions as
a pour opening for foam mixture 807, as well as a vent
opening to allow volatiles to escape during expansion of foam
mixture 807. However, venting through rib 1701 may be
accomplished in a variety of ways, such as through a gap
between rib 1701 and form 1401. In such an embodiment,
foam member 311 is formed in multiple steps, similar to the
procedure described above in regard to FIGS. 13A and 13B.
However, in contrast to the lid member 709 shown in FIGS.
13A and 13B, rib 1701 is integral with foam member 311. Rib
1701 can be used to provide supplemental structural support
in elevator 301. In the illustrated embodiment, rib 1701 is
located approximately mid-span, but it should be appreciated
that rib 1701 may be located in a variety of locations along the
span of the foam member 311. Further, it should be appreci-
ated that even though FIGS. 17A and 17B are illustrated with
form 1401 and void 1403, these are optional features such that
some embodiments may not include form 1401 and void
1403. In another alternative embodiment, rib 1701 is intro-
duced after a first part of foam member 311 is formed in mold
701. In such an embodiment, rib 1701 may be “L” shaped in
order to facilitate mating of rib 1701 to the first part of foam
member 311. It should be appreciated that even though only
a single rib 1701 is illustrated, one embodiment includes a
plurality of ribs 1701 spaced through foam member 311.

[0048] Referring again to FIG. 6B, process 605 continues
with a step 621 for curing foam member 311. A full cure of
foam member 311 is preferred before foam member 311 is
removed from mold 701. The full cure is achieved by first
allowing the foam member 311 to remain within mold 701 for
at least 24 hours after the expanding of the foam mixture 807
within mold 701. Thereafter, the mold 701, with foam mem-
ber 311 remaining therein, is cured approximately between
350° F. and 375° F. for approximately two hours. It should be
appreciated that alternative foam systems may require difter-
ent curing requirements. It is preferred that foam member 311
and mold 701 are cooled to 150° F. or below, before demold-
ing. A step 623 includes demolding foam member 311.
Demolding foam member includes removing foam member
311 from mold 701. Demolding of foam member 311 may
require pliable tools to facilitate separation of the foam mem-
ber 311 from within cavity 707.

[0049] Referring again to FIG. 6A, method 601 continues
with a step 607 for applying skin material to foam member
311. Once foam member 311 is removed from mold 701 in
step 623 of process 605, then skin material for skin 307 can be
applied to foam member 311 in a manufacturing process. The
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geometry and contours of foam member 307 are accurateto a
high tolerance because of being molded in mold tool 703. As
such, foam member 311 is configured to act as a “fly-away
tool” such thatitnot only acts as a tooling surface for skin 307
during assembly of elevator 301, but also remains with eleva-
tor 301 during operation of the aircraft.

[0050] In one embodiment of elevator 301, a structural
bond exists between skin 307 and foam member 311 such that
shearing loads are transferred between skin 307 and foam
member 311 through the structural bond. In such an embodi-
ment, the bond can be formed from the resin in the composite
skin. The structural bonding can also be created or supple-
mented with an adhesive layer located between foam member
311 and skin 307. In an alternative embodiment, a release
material may be applied to prevent a structural bond between
skin 307 and foam member 311.

[0051] In the preferred embodiment, step 607 includes
applying uncured composite material onto foam member
311. It should be appreciated that the composite manufactur-
ing process may take on a wide variety of processes because
skin 307 may be formed from a wide variety of composite
fiber/resin systems, or from metallic materials. Referring now
also to FIG. 16, in one exemplary embodiment a fiber place-
ment machine 1601 is used to apply tape strips of composite
material in a certain configuration. Alternative embodiments
can employ any number of composite manufacturing tech-
niques known in the art. Foam member 311 acts as a tool by
dictating the geometry of skin 307. Because foam member
311 was formed in mold 701, the geometry and contours are
highly accurate. As such, foam member 311 acts as a high
tolerance support of skin 307.

[0052] A step 611 of method 601 includes final assembly
elevator 301. If inboard rib 303, outboard rib 305, and trailing
edge member 309 are not already integrated with foam mem-
ber 311, then step 611 includes assembling these parts with
foam member 311 and skin 307. Step 611 can include assem-
bling any other parts and performing final finish to elevator
301.

[0053] Still referring to FIG. 6A, skin 307 is cured in a step
609 of method 601. Skin 307, while on foam member 311,
may be vacuum bagged and cured in accordance with one of
a variety of conventional composite curing processes. In
some embodiments, such as when skin 307 is simply a metal
sheet, curing of the skin itself is not required. However, if skin
307 is a metal sheet, an adhesive may be used between the
metal sheet and foam member 311, as such; the adhesive may
require heat and pressure for curing.

[0054] The system of the present application provides sig-
nificant advantages, including: (1) providing a stiffness pro-
ducing foam member in a composite structure that can be
molded in a variety of geometries and contours; (2) providing
a stiffness producing foam member in a composite structure
that can withstand autoclave curing pressure; (3) providing a
stiffness producing foam member in a composite structure,
the density of the foam member being selectively tailored; (4)
providing a stiffness producing foam member in a composite
structure that provides tooled support for a skin, such that the
foam member not only provides structural stiffness, but also
a tooling surface for the skin; and (5) providing a stiffness
producing foam member in a structure, the foam member
having a plurality of volumes of varying densities so that the
strength/weight of the foam member is optimized for the
predicted loading.
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[0055] The particular embodiments disclosed above are
illustrative only, as the application may be modified and prac-
ticed in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein.
Furthermore, no limitations are intended to the details of
construction or design herein shown, other than as described
in the claims below. It is therefore evident that the particular
embodiments disclosed above may be altered or modified and
all such variations are considered within the scope and spirit
of the application. Accordingly, the protection sought herein
is as set forth in the claims below. It is apparent that a system
with significant advantages has been described and illus-
trated. Although the system of the present application is
shown in a limited number of forms, it is not limited to just
these forms, but is amenable to various changes and modifi-
cations without departing from the spirit thereof.

1. A structure, comprising:

afoam member, the foam member having an outer molded

surface; and

a skin member located at least partially around the outer

molded surface of the foam member;

wherein the outer molded surface of the foam member is

configured to provide a tooling surface for the skin mem-
ber during assembly of the structure.

2. The structure according to claim 1, wherein the skin is a
composite material.

3. The structure according to claim 1, wherein the skin is a
metallic material.

4. The structure according to claim 1, wherein the foam
member has a side portion left exposed such that the skin
member only partially envelopes the foam member.

5. The structure according to claim 1, wherein the foam
member is adhesively bonded to the skin member with an
adhesive layer, so that the foam member is capable of carrying
a shear load upon the skin member.

6. The structure according to claim 1, wherein a release
agent is used to prevent the foam member from being in
bonding contact with the skin member, so as to substantially
prevent a shear load from the skin member from being carried
through the foam member.

7. The structure according to claim 1, wherein a density of
the foam member is tailored so that the foam member is able
to withstand a predicted pressure load that the foam member
will experience during a curing cycle.

8. The structure according to claim 1, wherein a density of
the foam member is tailored so that a strength of the foam
member is tailored to withstand a predicted load that the foam
member will experience during the lifetime of the structure.

9. The structure according to claim 1, wherein the skin is an
airfoil shape.

10. The structure according to claim 1, wherein the struc-
ture is an airfoil member for an aircraft.

11. A method of making a foam member for a structure,
comprising:
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creating a mold having an interior cavity which resembles
a desired shape of the foam member;

introducing a foam mixture into the mold;

allowing the foam mixture to polymerize so as to expand

and distribute within the cavity of the mold;

selectively controlling a density of the foam member in the

mold; and

curing the foam member.

12. The method according to claim 11, wherein the step of
selectively controlling a density of the foam member involves
allowing the foam mixture to free rise by not constricting a
pressure within the cavity.

13. The method according to claim 11, wherein the step of
selectively controlling a density of the foam member involves
using a lid member to restrict the expansion of the foam
mixture.

14. The method according to claim 13, wherein a vent
opening is located in the lid member.

15. The method according to claim 11, further comprising:

applying a release agent in the cavity of the mold prior to

pouring the liquid mixture into the pour opening.

16. The method according to claim 11, wherein the step of
selectively controlling a density of the foam member in the
mold includes selectively sizing a vent opening in a lid mem-
ber.

17. A method of making a composite structure, compris-
ing:

manufacturing an at least partially cured foam member;

laying up an uncured composite skin onto an outer surface

of the foam member such that the foam member acts as
a tool for the uncured composite skin;

curing the composite skin while foam member supports the

portion of the composite skin.

18. The method according to claim 17, wherein the step of
manufacturing an at least partially cured foam member com-
prises:

creating a mold having an interior cavity which resembles

a desired shape of the foam member;

introducing a foam mixture into the mold;

allowing the foam mixture to polymerize so as to expand

and distribute within the cavity of the mold;

selectively controlling a density of the foam member in the

mold; and

at least partially curing the foam member.

19. The method according to claim 17, further comprising:

applying an adhesive layer between the foam member and

the uncured composite skin.

20. The method according to claim 17, wherein the step of
laying up an uncured composite skin onto an outer surface of
the foam member is achieved with a fiber placement machine.

21. The method according to claim 18, wherein the step of
manufacturing an at least partially cured foam member fur-
ther comprises:

locating a rib within the mold.
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