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(54) Composite structure

(57) A method of making a composite
structure upon a solid former 11 having
a low melting point, comprises placing
the former together with the laid-up
composite 15 within a mould 16, raising
the temperature of the mould such as to
melt the former and expand it such that
it consolidates the composite within the
mould. The composite comprises a
fibre reinforced resin, which is applied
to a layer 12 of elastic material coated
on the former.
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GB 2067 455 A 1

SPECIFICATION
Composite structure

5  This invention relates to composite structures and
in particular to a method of manufacturing such
structures from fibre reinforced resin material.

The use of fibre reinforced resin composites for
applications requiring a lightweight but strong struc-

10 ture is well known. The fibres most commonly used
for such applications usually consist of either glass,
carbon or metal, however a variety of other well
known high strength materials could equally well be
utilised. The fibre reinforced resin material is usually

15 laid up in the form of laminations within a mould.
Alternatively, it may be filament wound into a mould
in the form of a resin impregnated multi-filament
tow.

Such methods of making composite structures

20 suffer a disadvantage in that it has proved difficult
when using relatively stiff fibres to ensure that they
follow changes of direction within the mould during
the moulding process. The results in the fibre in
these particular locations being inadequately com-

25 pacted. This has proved a particular problem when
making composite structures of complex three
dimensional shape. This affects the overall strength
of the structure and causes difficulties in maintaining
dimensional tolerances in the completed composite

30 structure.

An object of the present invention is to provide a
method of manufacturing a composite structure in
which the aforementioned disadvantage is substan-
tially eliminated.

35 According to the present invention a method of

manufacturing a composite fibre reinforced resin

structure comprises,

making a solid former, from a low melting point
material,

coating the fcrmer with a layer of substantially
impervious elastic material,

laying up, or filament winding at least one layer of
fibre upon the elastic layer,

which layer of fibre may be pre-impregnated with

45 resin or alternatively be provided with resin either
during or after the laying up, or winding layer.

placing the assembly within a mould,

raising the temperature of the mould and assem-
bly such that the solid former melts and expands to

50 consolidate the fibre reinforced resin material
against the mould walls;

then maintaining or further raising the tempera-
ture to at least pre-cure the resin.

According to a further aspect of the invention, a

55 method of manufacturing a composite reinforced
resin structure comprises,

making a solid former from a low melting point
material,

coating the former with a layer of substantially

60 impervious elastic material,

covering the elastic layer with a layer of bleed
cloth,
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covering the bleed cloth with a perforate release
layer,

laying up or filament winding at least one layer of
fibre upon the release layer,

placing the assembly within a mould,

raising the temperature of the mould and assem-
bly such that the solid former melts and expands to
consolidate the fibre reinforced resin material
against the mould walls;

then maintaining or further raising the tempera-
ture to at least pre-cure the resin.

Preferably the former comprises a male former
and the mould comprises a female mould and furth-
ermore the former may be manufactured from a wax
of the type used in the lost wax casting process, or
alternatively the former may be manufactured from
a low melting point metal.

Preferably the release layer comprises a layer of
perforated P.T.F.E.

According to yet another aspect of the present
invention the former may be provided with pressure
control means such that its pressure may be
adjusted to a predetermined value when itis in the
molten state.

Preferably the composite structure comprises car-
bon, glass or aromatic polyamide fibres secured
together within a resin matrix.

The invention will now be more particularly
described by way of example only and with refer-
ence to the accompanying drawings in which:—

Figure 1 shows a cross-sectional view of a mould
and former assembly suitable for making a compo-
site structure in accordance with the present inven-
tion.

Figure 2 shows a completed composite structure
made in accordance with the present invention.

Referring to Figure 1 of the drawings an apparatus
suitable for making a composite structure is shown
generally at 10, and comprises a cylindrical male
former 11 which is made from a low melting point
material. Radially outwardly of the former 11 is pro-
vided a layer of elastic material 12 which is further
covered with a layer of bleed cloth 13. The bleed
cloth 13 is in turn covered with a perforate release
layer 14 upon which the composite structure 15 is
assembled.

The composite structure 15 may either be laid up
on the release layer 14 in the form of individual
laminations of fibre reinforced resin sheets. Alterna-
tively the composite structure may be filament
wound using a multi-filament tow of fibre reinforced
resin.

The entire assembly of the former 11 and respec-
tive layers 12, 13, 14 and 15 are enclosed within a
female mould 16 which is secured and sealed bet-
ween plattens 17 and 18 of a press not shown in the
drawings. Alternatively the female mould and
assembly may be secured and sealed without the aid
of a press using a suitable form of restraining struc-
ture.

The apparatus and method of performing the
invention will now be described in greater detail. The

The drawings originally filed were informal and the print here reproduced is taken
from a later filed formal copy.
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former 11 is made from a low melting point material
such as for example wax cf the type commonly used
in the lost way casting process, alternatively the
former may be made from a low meliing point metal
for exampile a lead alloy or other suitable material.

The former 11 is covered with a layer of elastic
material 12 which may consist of a silicone rubber
this being applied to the former 11 by either paint-
ing, dipping or spraying. Alternatively the coating
may be injected onto the wax within the mouid. A
number of separate coats of the rubber may be
appiied to build up the appropriate thickness.

A layer of bleed cloth 13 is then wrapped over the
elastic layer 12, the cloth may be made from dry
glass cioth or some similar type of material. The
bleed cioth 13 is subsequently covered with a layer
of perforate release material such as for example
polytetrafluoroethyiene (P.T.F.E.). The material mak-
ing up the composite structure 15 is then applied to
the layer 14 in the manner previously described. This
material may comprise any suitable high strength
fibres, for example carbon, glass, boron or
polyamide fibres secured together in a resin matrix.

The assembly comprising the former 11 carrying
the respective layers 12, 13, 14 and the composite
material 15 is then placed within a female mould 16
and the mould is then placed between the plattens
17 and 18 of a press where its temperature is raised
by iveaters not shown in the drawings to a tempera-
ture sufficient to melt the former, such thatit
expands and compresses the composite material 15
against the walls of the mould.

During the process the pressure exerted by the
molien former 11 upson the composite material layer
15 may be controlled by pressure control means
comprising valves and a pump etc. {(not shown in the
drawings) to a predetermined value.

The temperature of the assembly is then further
increased under controlled pressure such that
excess resin within the material may flow through
the perforate release layer 14 and be absorbed by
the bleed cloth 13, this part of the process could be
further assisted by evacuation of the bleed cloth. The
temperature and pressure may then be further
adjusted such as to effect at least pre-curing of the
resin, or alternatively the resin may be aliowed to
become fuily cured. The completed composite struc-
ture is then subsequently removed from the mould.

It will be appreciated that it may be desirable in
certain instances io removs the compgsite from the
mouid whilst the former is still in a molten state as
then the former 11 may be simply poured from the
structure. This feature permits the manufacture of
structures having shapes wherein it would normally
prove extremely difficult or even impossible to
remove a solid former. Furthermore additional parts
may be simultaneously moulded or bonded into the
composite structure by being embedded within the
former at their respective required positicns. Obvi-
ously such parts may also be made from a compo-
site material if so desired.

The necessary heaters used to raise the tempera-
ture of the assembly may be provided either within
the plattens 17 and 18 of the press or within the

mould. Alternatively the heaters may be actually
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provided within a portion of the former 11.

It will be noted that this particular method of carry-
ing out this invention has involved the use of a per-
forate release layer and a bleed cloth. At present
these are both considered essential features of the
invention as all commercizally available resin pre-
impregnated fibre [aminates or two contains an
excess of resin, which must be removed during the
mould cycle. This obviously is quite conveniently
accomplished by use of an absorbent bleed cloth.

It is believed however that resin pre-impregnated
tape or laminate matertal will shortly be available
which contains only the desired amount of resin and
in this cure the bleed cloth and perforate release
layer would then become unnecessary, thus simp-
lifying the method.

CLAIMS

1. A method of manufacturing a ccmposite fibre
reinforced resin structure comprises,

making a solid former, from a low melting point
material,

coating the former with a layer of substantially
impervious elastic material,

laying up, or filament winding at least one layer of
fibre upon the elastic layer,

which layer of fibre may be pre-impregnated with
resin or alternatively be provided with resin either
during or after the laying up, or winding layer,

placing the assembly within a mould,

raising the temperature of the mould and assem-
bly such that the solid former melts and expands tc
consolidate the fibre reinforced resin material
against the mould walls;

then maintaining or further raising the tempera-
ture to at least pre-cure the resin.

2. A method of manufacturing a composite rein-
forced resin structure comprises,

making a solid former from a low melting point
material,

coating the former with a layer of substantially
impervious elastic material,

covering the elastic layer with a layer of bieed
cloth,

cavering the bleed cloth with a perforate release
layer,

laying up or filament winding at least one layer of
fibre upon the release layer,

piacing the assembly within a mould,

raising the temperature of the mould and assem-
bly such that the solid former melts and expands to
censolidate the fibre reinforced resin material
against the mould walls;

then maintaining or further raising the tempera-
ture to at least pre-cure the resin.

3. Amethod as claimed in claims 1 or 2 in which
the former comprises a male former and the mould
comprises a femate mould and furthermore the
former may be manufactured from a wax of the type
used in the lost wax casting process, or alternatively
the former may be manufactured from a low melting
point metal.

4. Amethod as claimed inclaims 1and 2 in
which the release layer comprises a layer of perfo-
rated P.T.F.E.

5. Amethod as claimed inclaims 1 and 2 in
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which the former may be provided with pressure
control means such that its pressure may be
adjusted to a predetermined value when itis in the
molten state.

6. A method as claimed inclaims 1and 2 in
which the composite structure comprises carbon,
glass or aromatic pollamide fibres secured together
within a resin matrix.

7. Acomposite structure as claimed in any pre-
ceding claim, substantially as hereinbefore
described by way of example only and with refer-
ence to the accompanying drawings.
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