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IMPROVEMENTS IN OR RELATING TO MOULDING

This invention relates to improvements in or relating to moulding and in particular relates to

improvements in compression moulding.

Compression moulding has been known and widely used for many years and is used in the
production of a wide range of articles. It is desirable that the mouldings are as uniform as
possible and have the desired physical properties across the entire cross section of the
moulding. However in order to produce the mouldings it is necessary firstly to place the
material within the mould and then to bring the elements of the mould together to exert
pressure on the moulding material and to force the material to the extremities of the mould.
As the mould elements of the mould are brought together gas (air, or other fluid) between the
elements will be forced out towards the sides of the mould. In certain situations particularly
with the production of complicated shaped mouldings these fluids cannot escape and they
may be intermingled with the edges of the moulding material resulting in irregularities and
faults in the edges of the moulding that is produced leading to reduced performance of the
moulding. This problem can be particularly acute in the production of mouldings from fibre
reinforced thermosetting resins which are often moulded as stacks of layers of the fibre

reinforced thermosetting resins and more so if the mouldings are of complicated structure.

The present invention provides a solution these problems by providing a modified mould and

providing a moulding process.

According to the invention there is provided a system, a mould, and a preform as defined in

any one of the accompanying claims.

In an embodiment, there is provided a moulding system comprising a mould cavity containing
a moulding material to be moulded under pressure, a recess being provided at the edge of the
moulding material to allow the escape of entrapped gas from within the mould cavity during

moulding of the moulding material under pressure.

The moulding system may comprise a mould, the mould comprising at least two corresponding
mould elements moveable relative to one another towards and away from each other, the
towards movement exerting pressure on a moulding material positioned within a cavity formed
within the mould, wherein upon the mould elements being in contact the mould cavity
comprises a recess, the recess being located beyond the edge of the moulding material to

allow escape of gas during moulding.
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The moulding material for use in a system as hereinbefore described comprises a preformed
thermosetting material such as a prepreg wherein the preform is shaped to provide one or
more channels at its edges to provide a recess to allow the escape of air beyond the extremity

of the preform during moulding.

The channels are in the form of a wavy edge or serration or corrugation. In a preferred
embodiment, the preform comprises multiple layers and the wavy edge or serration or
corrugation is provided in one or more layers of the preform. Preferably, the wavy edge or
serration or corrugation is provided in a bonding layer and more preferably only in the bonding

layer.

The preform preferably comprises a bonding layer containing an adhesive for bonding the

preform to a substrate. The bonding layer

The preform may comprise a fibrous material such as carbon fibre, glass fibre or aramid fibre,
embedded in a matrix of a thermosetting resin such as epoxy resin or a polyester resin

containing a curing agent for the resin.

In an embodiment of the invention the moulding material comprises a preform comprising a
corrugation extending at its edge beyond the extremity of the preform to permit flow of gas

into the recess formed by the corrugation and the cavity during moulding.

The moulding material comprises layers of different materials. In one embodiment the

moulding material comprises a layer for bonding the moulding material to a metal layer.

In a further embodiment, the moulding material comprises a plurality of partially or fully cured

layers of a fibre reinforced sheet material.

In another embodiment, the mould is capable of being heated so that it can soften a

thermoplastic material or cure a thermosetting material.

In a further embodiment, there is provided a preform comprising a curable thermosetting resin,
the preform having corrugated edges. The preform may comprise a fibrous material embedded

in a matrix of a thermocurable resin such as a material commonly known as a prepreg.
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In an embodiment, the preform comprises a prepreg and an adhesive layer provided on one
or both surfaces of the prepreg the adhesive layer having corrugated edges. The adhesive

layer is adapted to bond the preform to a metal.

The preform may comprise a resin impregnated fibrous reinforcement layer, an adhesive layer

and a metal layer.

The preform may be used as the moulding material in any of the embodiments as described

herein.

The invention therefore provides a mould for the moulding of flowable materials that
subsequently solidify within the mould comprising at least two mould elements moveable
relative to one another towards and away from each other, the towards movement together
exerting pressure on a moulding material positioned within the mould, wherein at least one of
the elements is provided with a recess at its extremity beyond the edge of the moulding to

allow escape of air as the elements exert pressure on the moulding material within the mould.

The mould is capable of being heated.

In an alternative embodiment there is provided a method comprising moulding a preformed
thermosetting material such as a prepreg comprising a fibrous material such as carbon fibre,
glass fibre or aramid fibre, embedded in a matrix of a thermosetting resin such as epoxy resin
or a polyester resin typically containing a heat activated hardener (curing agent) for the resin,
the preformed thermoset material being shaped so that it provides one or more channels at
its edges to allow the escape of gas beyond the extremity of the preform during moulding, In
this embodiment the invention further provides a preform comprising a curable thermosetting

resin, the preform having corrugated edges.

It is preferred that the preform be a fibrous material embedded in a matrix of a thermocurable
resin such as a material commonly known as a prepreg. The preform may also comprise
unimpregnated fibrous reinforcement (dry fibrous reinforcement). The preform may also

comprise a combination of prepreg an dry fibrous reinforcement.

In a further alternative method comprising moulding a preform a further layer is provided on at
least one side of the preform within the mould and the further layer is provided with
corrugations, preferably at its edges extending beyond the extremity of the preform in order to

permit flow of air into the spaces formed by the corrugations during the moulding process.

3
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In these embodiments of the invention spaces are provided within the mould cavity to allow
gas that is entrapped by the moulding process to escape beyond the boundaries of the
moulding. The space required will depend upon the size and shape of the moulding and the
nature of the fibrous material and curable resin matrix. For example, the fibrous material may
be a woven material which may be tightly or loosely woven, the loosely woven material may
contain more gas and accordingly a larger space may be required for evacuation of any
entrapped gas. In many instances preforms such as prepregs are stacked in a mould prior to
moulding and curing, and the larger the stack the greater the potential for entrapped gas and

a greater space may be needed to enable it to be evacuated.

The amount of entrapped gas and the ability to remove it according to this invention also
depends upon the complexity of the shape of the part being produced and the complexity of

the mould that is required.

Generally, the more complex the shape of the part the more difficult it is to remove entrapped
gas such as air and with mouldings of more complicated shape, it is preferred to use an

alternative embodiment of the invention, the superimposed adhesive film layer.

The invention is also useful in the formation of mouldings from layers of different materials.
For example it may be used in the bonding of metal layers to prepregs in particular to produce
materials useful as automobile and aerospace components by means of an adhesive layer.
In an embodiment the preform comprises an adhesive layer which may be provided with

corrugations at its edges which provide the space for evacuation of the entrapped gas.

It is known in the art that bent fibres, linear distortion, wrinkles or humps of fibres in a fibre
reinforced composite material greatly degrade the mechanical properties, particularly the
strength and E-modulus of the composite. Manufacturing of composites with highly aligned
fibres is therefore very desirable. Particularly in VARTM lay ups containing dry fibre layers,
maintaining fibre alignment during both lay-up and processing is a problem. The present
invention helps maintain fibre alignment by reducing the likelihood of the alignment being

disturbed by gas entrapped between the fibres.

Cured or partly cured woven or non-woven fibre reinforced sheet material having weft and
wrap fibres are sometimes used as interlayers in a preform in the form of a stack of one or
more prepregs particularly if the prepreg contains unidirectional fibres. Laminate parts may

be formed from any combination of one or more layers of prepreg, dry fibrous material and

4
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fibre reinforced sheet material. Each layer may contain gas that can be evacuated by the

techniques of this invention.

In an embodiment of the invention a lay-up within the mould contains a plurality of partially or
fully cured layers of a fibre reinforced sheet material. In a preferred embodiment these layers
are laid up with interlayers of a material containing weft and wrap fibres which ensures that
the alignment of the fibres within the prepregs in the stack is retained. This invention enables

gas to be evacuated from the stack.

The use of partially or fully cured fibre reinforced sheet material allows for the production of
articles of very high fibre content and from large stacks of materials with highly aligned fibres
in the sheets. In addition, the combination of the sheet shape with the cured state facilitates
adjustment of the sheets to the shape of the mould without compromising the alignment, or
in other words the straightness, of the fibres in the lay-up forming the composite member or
part. This is particularly important to complex shapes such as an airfoil of wind turbine blade,
where the desired fibre distribution is a complicated three-dimensional shape. The use of this

invention has been found to improve the uniformity of the properties of such materials.

The structural fibres may comprise cracked (i.e. stretch-broken), selectively discontinuous or
continuous fibres. The structural fibres may be made from a wide variety of materials, such
as carbon, graphite, glass, metalized polymers, aramid and mixtures thereof. Glass and
carbon fibres are preferred carbon fibre, being preferred for wind turbine shells of length
above 40 metres such as from 50 to 60 metres. The structural fibres may be individual tows
made up of a multiplicity of individual fibres and they may be woven or non-woven fabrics.
The fibres may be unidirectional, bidirectional or multidirectional according to the properties
required in the final laminate. Typically the fibres will have a circular or almost circular cross-

section with a diameter in the range of from 3 to 20 ym, preferably from 5 to 12 ym.

Exemplary layers of unidirectional structural fibres are made from HexTow® carbon fibres,
which are available from Hexcel Corporation. Suitable HexTow® carbon fibres for use in
making unidirectional fibre layers include: IM7 carbon fibres, which are available as fibres
that contain 6,000 or 12,000 filaments and weight 0.223 g/m and 0.446 g/m respectively; IM8-
IM10 carbon fibres, which are available as fibres that contain 12,000 filaments and weigh from
0.446 g/m to 0.324 g/m; and AS7 carbon fibres, which are available in fibres that contain
12,000 filaments and weigh 0.800 g/m.
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The thermosetting material may comprise a resin composition. The resin composition
comprises one or more resin components in combination with a curing agent. Preferably, the

resin component comprises an epoxy resin.

The reactivity of an epoxy resin is indicated by its epoxy equivalent weight (EEW) the lower
the EEW the higher the reactivity. The epoxy equivalent weight can be calculated as follows:
(Molecular weight epoxy resin)/(Number of epoxy groups per molecule). Another way is to
calculate with epoxy number that can be defined as follows: Epoxy number = 100/epoxy eq.
weight. To calculate epoxy groups per molecule: (Epoxy number x mol. weight)/100. To
calculate mol. weight: (100 x epoxy groups per molecule)epoxy number. To calculate mol.

weight: epoxy eq. weight x epoxy groups per molecule.

The epoxy resin has a high reactivity as indicated by an EEW in the range from 150 to 1500
preferably a high reactivity such as an EEW in the range of from 200 to 500 and the resin
composition comprises the resin and an accelerator or curing agent. Suitable epoxy resins
may comprise blends of two or more epoxy resins selected from monofunctional, difunctional,

trifunctional and/or tetrafunctional epoxy resins.

Suitable difunctional epoxy resins, by way of example, include those based on: diglycidyl ether
of bisphenol F, diglycidyl ether of bisphenol A (optionally brominated), phenol and cresol
epoxy novolacs, glycidyl ethers of phenol-aldelyde adducts, glycidyl ethers of aliphatic diols,
diglycidyl ether, diethylene glycol diglycidyl ether, aromatic epoxy resins, aliphatic polyglycidyl
ethers, epoxidised olefins, brominated resins, aromatic glycidyl amines, heterocyclic glycidyl
imidines and amides, glycidyl ethers, fluorinated epoxy resins, glycidyl esters or any

combination thereof.

Difunctional epoxy resins may be selected from diglycidyl ether of bisphenol F, diglycidyl

ether of bisphenol A, diglycidyl dihydroxy naphthalene, or any combination thereof.

Suitable trifunctional epoxy resins, by way of example, may include those based upon phenol
and cresol epoxy novolacs, glycidyl ethers of phenol-aldehyde adducts, aromatic epoxy
resins, aliphatic triglycidyl ethers, dialiphatic triglycidyl ethers, aliphatic polyglycidyl amines,
heterocyclic glycidyl imidines and amides, glycidyl ethers, fluorinated epoxy resins, or any
combination thereof. Suitable trifunctional epoxy resins are available from Huntsman
Advanced Materials (Monthey, Switzerland) under the tradenames MY0500 and MY0510
(triglycidyl para- aminophenol) and MY0600 and MY0610 (triglycidyl meta-aminophenol).

Triglycidyl meta-aminophenol is also available from Sumitomo Chemical Co. (Osaka, Japan)
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under the tradename ELM-120.Suitable tetrafunctional epoxy resins include N,N, N’,N’-
tetraglycidyl-m- xylenediamine (available commercially from Mitsubishi Gas Chemical
Company under the name Tetrad-X, and as Erisys GA-240 from CVC Chemicals), and
N,N,N’,N’-tetraglycidylmethylenedianiline (e.g. MY0720 and MY0721 from Huntsman
Advanced Materials). Other suitable multifunctional epoxy resins include DEN438 (from Dow
Chemicals, Midland, MI) DEN439 (from Dow Chemicals), Araldite ECN 1273 (from Huntsman
Advanced Materials), and Araldite ECN 1299 (from Huntsman Advanced Materials).

As mentioned the layers used in the present invention may form a stack of prepregs which is
cured in the mould to produce a finished article. Prepreg is the term used to describe fibres
and fabric impregnated or in combination with a resin in the uncured state and ready for
curing. The fibres may be in the form of tows or fabrics and a tow generally comprises a
plurality of thin fibres called filaments. The fibrous materials and resins employed in the
prepregs will depend upon the properties required of the cured fibre reinforced material and
also the use to which the cured laminate is to be put. The fibrous material is described herein
as structural fibre. The resin may be combined with fibres or fabric in various ways. The resin
may be tacked to the surface of the fibrous material. The resin may partially or completely
impregnate the fibrous material. The resin may impregnate the fibrous material so as to
provide a pathway to facilitate the removal of gas such as air during processing of the prepreg

material.

The fibres in the prepreg may be unidirectional fibres oriented parallel to the length of the
cured fibre-reinforced sheet material. This provides for very high strength and stiffness in the
length of the cured fibre reinforced sheet material. Other orientations or combinations of
orientations may be suitable in some applications. Examples of other suitable orientations
are bi-axial fibres oriented at +-45°, +-30°, or 0-90° relative to the length of the sheet material;
and triaxial fibres oriented at +-45° and in the length of the sheet material. Such orientations

increase the edgewise and/or twisting strength and stiffness of the composite material.

From an economic point of view it is desirable that the moulding cycle time be as short as
possible. As well as requiring heat to enhance curing of the resin, the curing reaction itself is
exothermic and this needs to be taken into account in the time/temperature curing cycle in
particular for the curing of large and thick stacks of prepregs as is increasingly the case with
the production of laminates for industrial application where large amounts of epoxy resin are
employed and high temperatures can be generated within the stack due to the exotherm of

the resin curing reaction. Excessive temperatures are to be avoided as they can damage the
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mould reinforcement or cause some decomposition of the resin. Excessive temperatures can

also cause loss of control over the cure of the resin leading to run away cure.

The invention is illustrated by reference to the accompanying drawings in which

Figure 1 shows a diagrammatic view of a first moulding process and

Figure 2 shows a diagrammatic view of a moulding process according to an embodiment of

the present invention.

Figure 3 shows a cured preform comprising no serrations (a) and a preform comprising

serrations (b) according to embodiments of the invention.

Figure 1 shows part of a conventional moulding system (10) comprising a mould cavity formed
by mould elements (14, 16, 18, 20) containing a moulding material (carbon fiber reinforced
plastic, CFRP) being moulded under pressure. Mould element (18) is a metal layer. The cavity
is enclosed when the mould is closed and all elements (14, 16, 18, 20) have moved towards
one another so that upon the application of pressure and heat causing the resin in the
moulding material to flow and cure filling any cavities in the mould cavity with resin and gas
(12) in the form of air is entrapped in the cured moulding material (Figure 1 and Figure 3(a) ).
This reduces the mechanical performance (tensile strength and interlaminar shear strength)

of the cured moulding material.

Figure 2 shows part of a moulding system (100) according to the invention which comprises a
mould cavity containing a moulding material (CFRP) being moulded under pressure, a recess
being provided at the edge of the moulding material (CFRP) to allow the escape of entrapped
gas from within the mould cavity. In this way entrapped gas in the form can escape the closed

cavity

The mould in Figure 2 comprises corresponding mould elements (140, 160, 180, 200)
moveable relative to one another towards and away from each other, the towards movement
exerting pressure on a moulding material (CFRP) positioned within a cavity formed with the
mould wherein upon the mould elements (140, 160, 180, 200) being in contact the mould
cavity comprises a recess (120), the recess (120) being located beyond the edge of the

moulding to allow escape of gas during moulding.
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Figure 3(a) shows a conventional moulding material which has a straight edge. This material
is used in the moulding system as shown in Figure 1. Figure 3(b) shows a moulding material
according to the invention. This moulding material comprises a preform of a preformed
thermosetting material wherein the preform is shaped to provide one or more channels at its
edges to provide one or more recesses to allow the escape of gas beyond the extremity of the

preform during moulding. The channels are in the form of a serration.
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CLAIMS

1.

A moulding system comprising a mould cavity containing a moulding material to be
moulded under pressure, a recess being provided at the edge of the moulding material
to allow the escape of entrapped gas from within the mould cavity during moulding of

the moulding material under pressure.

A moulding system according to claim 1, wherein the moulding material comprises a
reinforcement part and a bonding part for bonding the reinforcement part to a
substrate, preferably a metal substrate, the recess being provided at the edge of the

bonding part to prevent entrapped air within or at the surface of the reinforcement part.

A moulding system according to claim 2, wherein the recess is only provided beyond

the edge of the bonding part.

A moulding system according to claim 2 or 3 wherein the reinforcement part comprises
one or more layers of a fibrous reinforcement material which is impregnated with a

reinforcement resin material.

A moulding system according to Claim 4 wherein the moulding material comprises a

layer for bonding the moulding material to a metal layer.

A moulding system according to any of the preceding claims wherein the moulding
material comprises a preform comprising a serration or wavy lip extending at its edge
beyond the extremity of the preform to permit flow of air into the recess formed by the

serration or wavy lip and the cavity during moulding.

A moulding system according to any of the preceding claims wherein the moulding

material is contained within a cavity formed by mould elements and a metal layer.

A moulding system according to any of the preceding claims wherein the mould is
capable of being heated so that it can soften a thermoplastic material or cure a

thermosetting material.

A mould for moulding materials for use in a system according to any of the preceding
claims, the mould comprising at least two corresponding mould elements moveable
relative to one another towards and away from each other, the towards movement
exerting pressure on a moulding material positioned within a cavity formed with the

mould wherein upon the mould elements being in contact the mould cavity comprises

10
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10.

11.

12.

13.

14

15.

16.

a recess, the recess being located beyond the edge of the moulding material to allow

escape of gas during moulding.

A moulding material for use in a system according to claims 1 to 8 for use in a mould
according to claim 9, wherein the moulding material comprises a preformed
thermosetting material such as a prepreg wherein the preform is shaped to provide
one or more channels at its edges to provide one or more recesses to allow the escape

of air beyond the extremity of the preform during moulding.

A preform comprising a curable thermosetting resin, the preform having a serrated

edge or wavy lip or corrugated edges.

A preform according to Claim 11 comprising a fibrous material embedded in a matrix

of a thermocurable resin such as a material commonly known as a prepreg.

A preform according to any of claims 11 or 12, comprising a prepreg and an adhesive
layer provided on one or both surfaces of the prepreg the adhesive layer having

serrations or a wavy lip or wavy edge.

. A preform according to claim 13, wherein the adhesive layer is adapted to bond the

preform to a metal.

A preform according to any of claims 11 to 14, wherein the preform comprises a resin

impregnated fibrous reinforcement layer, an adhesive layer and a metal layer.

A mould for moulding materials, the mould comprising at least two corresponding
mould elements moveable relative to one another towards and away from each other,
the towards movement exerting pressure on a moulding material positioned within a
cavity formed within the mould, wherein upon the mould elements being in contact the
mould cavity comprises a recess, the recess being located beyond the edge of the

moulding material to allow escape of gas during moulding.

11
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