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(54) An improved mold core and a method of fabricating a molded part using such a core

(57) The present invention relates to a method of
molding a composite part or a portion of a composite part,
the part being constituted by at least one reinforcing layer
based at least on a composite material comprising fibers,
fabrics, or textiles impregnated with an impregnation res-
in and at least one functional coating 3a that is localized

or complete, to improve the mechanical, thermal, phys-
ical, and/or chemical properties of said part, the method
consisting in particular in: using a mold core 1 including
sealing means 3, and solidifying the composite material
by applying heating, the method being characterized in
that it consists in using the sealing means 3 of said mold
core 1 to constitute the functional coating 3a.
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Description

[0001] The present invention relates to the general
technical field of fabricating hollow parts, e.g. parts based
on metallic or organic materials, and including reinforce-
ment, e.g. based on fibers and a matrix or resin.
[0002] Such parts are obtained for example by meth-
ods of molding a composite material, e.g. reinforced with
fibers, and using a mold core. The reinforcement may be
made from at least one laminar layer of fibers or fabrics
placed on the mold core prior to impregnating with a resin,
or from layers that are preimpregnated with a resin, also
known as semi-finished materials or "Prepreg" materials,
that are placed on said mold core. Such composite ma-
terials comprise for instance epoxy resin based infusion
resins, benzoxazine based infusion resins, phenolic res-
ins, wet laminating resins (epoxy, phenolic) or thermo-
plastic matrices.
[0003] The molding methods used may be constituted,
for example, by vacuum infusion (V.I.) methods or by
resin transfer molding (R.T.M.) methods. This means that
both open and closed mold concepts can be applied in
the frame of the invention.
[0004] These methods are themselves known and
consequently they are not described further in the
present description.
[0005] The present invention relates more particularly
to fabricating reinforced parts, for instance hollow parts
or parts with undercuts, by molding, with the parts pre-
senting shapes that have projecting portions such as
raised portions, enlargements, shoulders, or the like,
from which it is often difficult or even impossible to extract
the mold core.
[0006] In order to handle that kind of problem, it is
known during molding operations to make use of cores
that are removable, for instance soluble in water or in
some other liquid or removable by any other means (e.g.
vibration). By removable one should understand soluble
or any physical or chemical principle that permits to re-
move the core.
[0007] To obtain sufficient solubility together with low
density, the materials constituting such mold cores are
generally open cellular materials.
[0008] Such a structure for mold cores requires them
to be sealed with a material that is suitable for preventing
a material that is to constitute a future molded part, such
as a molten metal or a resin, from infiltrating into said core.
[0009] By way of example, the sealing material is usu-
ally a polyamide (PA) film. The sealing means could also
comprise thermoplastic films or coatings, carbon nano-
tube papers "bucky papers", PTFE films (Tedlar™ films)
or phenolic resins.
[0010] The sealing material also serves to prevent the
material constituting parts that are obtained by molding,
or portions of said parts, from being contaminated by the
material constituting the mold core.
[0011] By way of example, document DE 10 2005 011
930 discloses fabricating removable mold cores that are

provided with sealing means referred to as a "vacuum
film". The cores described present sealing means that
are impermeable to gases and to liquids. The sealing
means are applied intimately over the entire outside sur-
face of the core so as to fit as closely as possible to the
shape thereof. After the step of extracting the mold core
from the solid molded part, the sealing means are either
extracted in turn from the part by performing additional
operations, or else they are left permanently inside the
part. When left inside, the sealing means pointlessly in-
crease the weight of the molded part.
[0012] Molded parts obtained in that way also present
other drawbacks in various applications. Such parts, of-
ten subjected to very high levels of mechanical, chemical,
or thermal stress, require additional treatment, e.g. in the
form of coatings etc. for imparting the required properties
thereto. This requires devising specific fabrication steps
and consequently additional workstations in fabrication
lines.
[0013] Furthermore, it is often difficult, if not impossi-
ble, for hollow parts presenting inside shapes or cavities
that are complex to receive one or more coatings in ac-
curate and uniform manner. It is then not possible to en-
sure that such parts are reliable when placed with various
stresses and constraints.
[0014] It should also be observed that implementing
such fabrication steps gives rise to additional fabrication
costs.
[0015] The object of the present invention consequent-
ly seeks to provide a novel mold core and a sealing con-
cept that is particularly simple to fabricate and that
presents novel properties and functions enabling it to
simplify known methods of fabricating molded parts.
[0016] Another object of the present invention seeks
to propose a novel method of molding reinforced parts
made of composite materials, without presenting the
drawbacks of the above-mentioned known fabrication
methods.
[0017] Another object of the present invention thus
seeks to provide a novel molding method enabling rein-
forced parts to be made that present novel functions and
properties, but without thereby increasing the complexity
of their fabrication.
[0018] The objects given to the invention are achieved
with the help of a molding core for making a composite
part based on at least one composite material comprising
fibers, fabrics, or textiles and an impregnation matrix,
said mold core comprising a solid or liquid filler material
that is removable, said filler material presenting a shape
that is determined as a function of the part to be molded,
said mold core also comprising sealing means covering
the entire outside surface of the filler material, and the
core being characterized in that the sealing means ex-
hibits a physical or chemical bond with the composite
matrix and providing thermal, mechanical, physical,
and/or chemical properties that are additional to those of
the other materials constituting the composite part.
[0019] In an embodiment in accordance with the in-
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vention, the binder material is selected from a family of
materials comprising polyamide (PA) films, thermoplastic
films or coatings, carbon nanotube papers "bucky pa-
pers", PTFE films (Tedlar™ films) or thermoset resins
(e.g. phenolics, benzoxazines, epoxies, ...).
[0020] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials that increase the mechanical
strength, toughness and the resistance to impacts of the
sealing means.
[0021] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials that increase the anti-abrasive
properties of the sealing means.
[0022] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials that increase the surface strength
of the sealing means against chemical or biological at-
tack.
[0023] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials, that make the sealing means non-
flammable or that provide flame retardancy properties or
properties reducing the emissions of smoke or toxic sub-
stances when on fire.
[0024] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials such as thermoplastic materials
that encourage bonding of the sealing means with an-
other element by thermoplastic welding.
[0025] In an embodiment in accordance with the in-
vention, the removable filler material is selected from any
family of removable materials (e.g. soluble).
[0026] The objects given to the invention are also
achieved with the help of a method of molding a part or
a portion of a composite part, the part being constituted
by at least one reinforcing layer based at least on a com-
posite material comprising fibers, fabrics, or textiles im-
pregnated with an impregnation matrix or resin and at
least one functional coating that is localized or complete,
to improve the mechanical, thermal, physical, and/or
chemical properties of said part, the method consisting
in particular in: using a mold core including sealing
means, said mold core being at least partially removable;
wrapping or draping the mold core with a composite ma-
terial to shape the part; and solidifying the composite
material by applying heating, the method being charac-
terized in that it consists in using a mold core as described
above, and in using the sealing means that remain inside
the part to constitute the functional coating.
[0027] In an implementation in accordance with the in-
vention, the method consists in dissolving the removable
filler material after the operation of solidifying the part.
[0028] In an implementation in accordance with the in-
vention, the method comprises steps specific to an
R.T.M. method for performing the resin-impregnation op-
eration and the solidification operation.
[0029] R.T.M. methods (resin transfer molding meth-

ods) are themselves known and are not explained in
greater detail in the present invention.
[0030] In another implementation in accordance with
the invention, the method comprises the steps specific
to a V.I. method for performing the resin-impregnation
operation and the solidification operation.
[0031] V.I. methods (vacuum infusion methods) are
themselves known and are not described in greater detail
in the present description.
[0032] In an implementation in accordance with the in-
vention, the method consists in covering additional inner
and outer surfaces of the composite part with the func-
tional coating.
[0033] In an implementation in accordance with the in-
vention, the method consists in selecting the sealing
means having a melting temperature lying between the
injection/infusion temperature of the matrix/resin and the
curing temperature of the composite part. A bonding be-
tween the sealing means and the composite matrix is
obtained in such an embodiment. The injection/infusion
temperature of the matrix/resin is approximately 120°C
and the curing temperature of the composite part is ap-
proximately 185°C.
[0034] In another implementation in accordance with
the invention, the method consists in selecting the sealing
means having a melting temperature which is higher than
the curing temperature of the composite part. The entire
sealing means remains on the composite part in such an
embodiment.
[0035] In another implementation in accordance with
the invention, the method consists in selecting the sealing
means comprising at least two layers, one layer having
a melting temperature which is lower than the injection/
infusion temperature of the matrix/resin, the other layer
having a melting temperature which is higher than the
injection/infusion temperature of the matrix/resin. Only a
part of the sealing means remains on the composite part
in such an embodiment.
[0036] The mold core in accordance with the invention
presents the huge advantage of being simple to fabricate.
The mold core is fabricated in known manner. It is the
sealing means of said core that incorporate novel and
permanent functions and properties such as resistance
to fire, resistance to chemical attack, adhesive proper-
ties, or mechanical strength to the composite part that is
built with the core acting as a tooling. The method of
fabricating a mold core in accordance with the invention
is practically unaltered. Only the composition and/or the
structure of the sealing means is/are modified.
[0037] The mold core thus enables novel functions and
properties to be transferred into a molded part by using
previously-known molding methods and without modify-
ing said methods. This gives rise to manifest economic
advantages.
[0038] The core in accordance with the invention also
presents the advantage of combining novel functions with
functions such as sealing, semi-permeability, and solu-
bility.
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[0039] In addition, there is no need to confer anti-ad-
hesive properties to the sealing means for preventing it
from bonding with the impregnation resin, insofar as the
sealing means are designed to remain permanently in-
side the molded part. On the contrary, obtaining a strong-
er mechanical and/or chemical bond is desirable
[0040] The molding method in accordance with the in-
vention presents the advantage that it confers novel func-
tions and properties on the molded part directly as a result
of the part being molded, and that it does so without a
subsequent processing or machining step.
[0041] The molding method in accordance with the in-
vention presents the advantage that it confers novel func-
tions and properties on the molded part without that mak-
ing it necessary to modify previously-known molding op-
erations or to transform known molding devices. It is only
the provision of the sealing means for the mold core that
needs to be adapted in order to confer said novel prop-
erties and functions.
[0042] The molding method in accordance with the in-
vention also presents the advantage that the molded part
automatically presents improvements concerning flam-
mability-smoke-toxicity (FST) properties and concerning
its thermal, mechanical, and chemical properties, provid-
ing a suitable additional material is selected.
[0043] The molding method in accordance with the in-
vention also presents the advantage that the molded part
automatically presents a surface adapted to fastening
inserts, e.g. by heat sealing, thermoplastic welding or
any connection/joining technology, without requiring ad-
ditional processing or machining.
[0044] The molding method in accordance with the in-
vention also presents the advantage that the molded part
may automatically present properties that are good for
subsequent processing, e.g. applying and fastening in-
serts or laminar layers of materials reinforced by fibers,
etc.
[0045] The molding method in accordance with the in-
vention also presents the advantage that the molded part
may automatically present a significant improvement in
its impermeability properties relative to liquids and/or
gases.
[0046] The impact protection, the sealing against me-
dia or biological contamination, the chemical resistance
and the resistance against bacteria or other harmful sub-
stances in service are also improved. The surface prep-
aration/optimization, for example the bonding prepara-
tion and/or the anti-abrasive properties and/or the color-
ing properties, are also improved.
[0047] The molding method in accordance with the in-
vention also presents the advantage that the ultrasonic
testing capabilities due to a better quality of the inner
surface of the composite part are enhanced.
[0048] The invention and its advantages appear in
greater detail from the following description of an embod-
iment given by way of illustration with reference to the
accompanying figures, in which:

- Figure 1 is a diagram of a component portion of an
embodiment of a mold core in accordance with the
invention;

- Figure 2 is a diagram showing an embodiment of a
mold core in accordance with the invention;

- Figure 3 is a diagram showing an intermediate step
in an implementation of a method in accordance with
the invention making use of a mold core in accord-
ance with the invention; and

- Figure 4 is a diagram showing an embodiment of a
molded part obtained by the method in accordance
with the invention.

[0049] Elements that are structurally and functionally
identical and that are present in more than one distinct
figure or illustration are given the same single numeric
or alphanumeric reference in each of them.
[0050] Figures 1 and 2 are diagrams showing how a
mold core 1 in accordance with the invention is made.
The mold core 1 comprises a filler material 2 and sealing
means 3. The filler material is solid and is shaped, e.g.
by machining, as a function of the shape of the future
molded part 4.
[0051] The filler material 2 is preferable removable in
a liquid or by any other physical or chemical principle.
[0052] Advantageously, the sealing means 3 includes
at least one binder material, encouraging the establish-
ment of physical and/or chemical bonding with an im-
pregnation resin.
[0053] The sealing means 3 also include at least one
additional material that presents thermal, mechanical,
physical, and/or chemical properties that are additional
or complementary relative to the properties of the other
materials constituting the sealing means 3 and/or of the
composite part.
[0054] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials comprising that increase the me-
chanical strength or toughness and improve the resist-
ance to impacts of the sealing means 3.
[0055] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials that increase the anti-abrasive
properties of the sealing means 3.
[0056] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials that increase the surface strength
of the sealing means 3 against chemical or biological
attack.
[0057] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials that contribute to make the sealing
means 3, and consequently also the part 4, non-flamma-
ble, flame-retardant or low in emission of smoke and toxic
substances.
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[0058] In an embodiment in accordance with the in-
vention, at least one additional material is selected from
any family of materials that encourage bonding of the
sealing means 3 with another element, for instance by
thermoplastic welding.
[0059] It is clear that all of the above-mentioned func-
tions and properties can be found in a single additional
material or in an association of several additional mate-
rials. The term association should be understood as
meaning a mixture or a compound for applying in the
form of a single layer such as a varnish or a laminar as-
sembly of different layers of distinct materials.
[0060] Figures 3 and 4 are diagrams, very much in
outline, showing an implementation of a molding method
in accordance with the invention.
[0061] The method consists in using a mold core 1
including the sealing means 3 and in placing it in a mold-
ing device. The device is a known device and is therefore
not described in greater detail. Figure 3 thus shows the
molded part 4 still unseparated from its mold core 1.
[0062] Once the conventional molding operations
have been completed, including an operation of causing
the part 4 to solidify by providing heat, the mold core 1
is removed, and more precisely, the filler material 2 is
dissolved using a liquid, e.g. water, or removed by any
other physical or chemical method. This dissolving op-
eration is likewise itself known.
[0063] This produces the part 4 presenting a cavity 5,
as shown in Figure 4. Cutting or machining then enables
the sealing means 3 to be fitted to match the dimensions
of the part 4, thereby constituting a functional coating 3a
presenting the same functions as those incorporated in
the sealing means 3. The functional coating 3a, intimately
bonded to the inside surface 4a of the part 4, confers
novel properties to said surface 4a and also to said part 4.
[0064] The method in accordance with the invention
may for example comprise steps specific to an R.T.M.
method for performing the resin-impregnation operation
and the solidification operation.
[0065] In another implementation, the method in ac-
cordance with the invention comprises steps specific to
a V.I. method for performing the resin-impregnation op-
eration and the solidification operation.
[0066] In another implementation, the method in ac-
cordance with the invention comprises steps for covering
additional inner and outer surfaces of the composite part,
with the functional coating.
[0067] Naturally, the present invention may be subject-
ed to numerous variations as to its implementation. Al-
though embodiments and implementations are de-
scribed, it will readily be understood that it is not conceiv-
able to identify exhaustively all possible embodiments
and implementations. It is naturally possible to envisage
replacing any of the means or steps described with equiv-
alent means or steps without going beyond the ambit of
the present invention.

Claims

1. A molding core (1) for making a composite part (4)
based on at least one composite material comprising
fibers, fabrics, or textiles and an impregnation matrix,
said mold core (1) comprising a solid or liquid filler
material (2) that is removable, said filler material (2)
presenting a shape that is determined as a function
of the part (4) to be molded, said mold core (1) also
comprising sealing means (3) covering the entire
outside surface of the filler material (2), and the core
being characterized in that the sealing means (3)
exhibits a physical or chemical bond with the com-
posite matrix and providing thermal, mechanical,
physical, and/or chemical properties that are addi-
tional to those of the other materials constituting the
composite part (4).

2. A mold core (1) according to claim 1 or claim 2,
characterized in that the binder material is selected
from a family of materials comprising polyamide (PA)
films, thermoplastic films or coatings, carbon nano-
tube papers "bucky papers", PTFE films (Tedlar™
films), phenolic resins, or thermoset resins (e.g. phe-
nolics, benzoxazines or epoxies).

3. A mold core (1) according to claim 1 or claim 2,
characterized in that at least one additional mate-
rial is selected from any family of materials that in-
crease the mechanical strength, toughness and the
resistance to impacts of the sealing means (3).

4. A mold core (1) according to any one of claims 1 to 3,
characterized in that at least one additional mate-
rial is selected from any family of materials that in-
crease the anti-abrasive properties of the sealing
means (3).

5. A mold core (1) according to any one of claims 1 to 4,
characterized in that at least one additional mate-
rial is selected from any family of materials that in-
crease the surface strength of the sealing means (3)
against chemical or biological attack.

6. A mold core (1) according to any one of claims 1 to 5,
characterized in that at least one additional mate-
rial is selected from any family of materials that make
the sealing means (3) non-flammable.

7. A mold core (1) according to any one of claims 1 to 6,
characterized in that at least one additional mate-
rial is selected from any family of materials such as
thermoplastic materials that encourage bonding of
the sealing means (3) with another element by ther-
moplastic welding.

8. A mold core (1) according to any one of claims 1 to 7,
characterized in that the removable filler material
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(2) is selected from any family of removable, e.g.
soluble, materials.

9. A method of molding a composite part (4) or a portion
of a part, the part being constituted by at least one
reinforcing layer based at least on a composite ma-
terial comprising fibers, fabrics, or textiles impreg-
nated with an impregnation matrix and at least one
functional coating (3a) that is localized or complete,
to improve the mechanical, thermal, physical, and/or
chemical properties of said part, the method consist-
ing in particular in:

- using a mold core (1) including sealing means
(3), said mold core (1) being at least partially
removable;
- wrapping or draping the mold core (1) with a
composite material to shape the part (4); and
- solidifying the composite material by applying
heating;
the method being characterized in that it con-
sists in using a mold core (1) according to any
one of claims 1 to 8, and in using sealing means
(3) that remain inside the part (4) to constitute
the functional coating (3a) of the part (4).

10. A molding method according to claim 9,
characterized in that it consists in removing, e.g.
dissolving, the removable filler material (2) after the
operation of solidifying the part (4).

11. A molding method according to claim 9 or claim 10,
characterized in that it comprises steps specific to
an R.T.M. method for performing the resin-impreg-
nation operation and the solidification operation.

12. A molding method according to claim 9 or claim 10,
characterized in that it comprises the steps specific
to a V.I. method for performing the resin-impregna-
tion operation and the solidification operation.

13. A molding method according to any one of claims 9
to claim 12,
characterized in that it consists in covering addi-
tional and outer surfaces of the composite part (4)
with the functional coating (3a).

14. A molding method according to any one of claims 9
to claim 13,
characterized in that it consists in selecting the
sealing means (3) having a melting temperature lying
between the injection/infusion temperature of the
matrix/resin and the curing temperature of the com-
posite part (4).

15. A molding method according to any one of claims 9
to claim 13,
characterized in that it consists in selecting the

sealing means (3) having a melting temperature
which is higher than the curing temperature of the
composite part (4).

16. A molding method according to any one of claims 9
to claim 13,
characterized in that it consists in selecting the
sealing means (3) comprising at least two layers,
one layer having a melting temperature which is low-
er than the injection/infusion temperature of the ma-
trix/resin, the other layer having a melting tempera-
ture which is higher than the injection/infusion tem-
perature of the matrix/resin.
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