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(57) Abstract: A multilayer, flexible planar material for delimiting a matrix supply chamber during the production of fiber-rein-
forced plastic components made of fiber composite semifinished products comprises a multifunction laminate (40), which comprises
a diaphragm (41), a textile layer (42), which is laminated on the diaphragm, and a spacer layer (43), which is disposed on the textile

layer (42).

o (57) Zusammenfassung: Ein mehrlagiges, flexibles Flichenmaterial zum Begrenzen eines Matrix-Zufithrraums bei der Herstel-
lung von faserverstarkten Kunststoff bauteilen aus Faserverbund-Halbzeugen besteht aus einem Multifunktionslaminat (40), das eine
Membran (41), eine auf die Membran auf laminierte Textillage (42) sowie eine auf der Textillage (42) angeordnete Abstandsstands-

halterlage (43) umfasst.
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Multilayer, flexible planar material

The invention relates to a multilayer, flexible planar material for delimiting a matrix supply
space during the production of fibre-reinforced plastic components from fibre composite
semifinished products by means of an injection process for injecting matrix material, the
planar material having a gas-permeable, but matrix-imperméable diaphragm, a gas-
impermeable sheet and also a highly gas-permeable spacer layer which is arranged
between the diaphragm and the sheet and holds the sheet at a distance from the diaphragm

when a reduced pressure is generated between the diaphragm and sheet.

In the production of fibre-reinforced plastic components, use is made, as is known, of initially
dry fibre composite semifinished products ("preforms") which are saturated with free-flowing,
curable matrix material in the form of resin. The dry fibre composite semifinished product
may in this case be in the form of a woven fabric, a multiaxial ply or a warp-reinforced
unidirectional semifinished product and consists in particular of carbon fibres, glass fibres,

aramid fibres, boron fibres or hybrid materials.

A process for producing fibre-reinforced plastic components is known as a resin film infusion
(RF1) process. In this process, a dry carbon fibre woven fabric or ply is deposited in a curing
device and covered from the outside with a defined amount of resin film. Subsequently, the
plastic component, which consists of the carbon fibres and the resin, is cured in an autoclave
or another pressurised vessel under pressure and temperature. However, the use of
pressurised vessels and the complex tools necessary for this purpose are very costly.

Furthermore, a process of this type is difficult to handle with regard to temperatures and
pressures. In addition, the available autoclaves limit the size of the plastic components to be
produced.

In order to avoid these drawbacks, a process which is described in DE 100 13 409 C1 and is

referred to as a "VAP" (vacuum assisted process) has already been developed. In this
process a multilayer, flexible planar material according to the preamble of claim 1 is used to
delimit a matrix supply space in which the semifinished product is arranged. In said
document, the planar material consists of a plurality of layers which are separate from one
another and can be handled independently of one another, namely the gas-permeable, but
matrix-impermeable diaphragm, a highly gas-permeable spacer layer and also a gas-

impermeable sheet. These layers are individually placed, one after another, over a flow aid

T S TR BT I s T e IR S o B B o e SR Ly B P R e VR S M 00 o v
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layer which is placed onto the semifinished product. If the region between the sheet and the
diaphragm is now evacuated and a reduced pressure is as a result built up, the pressure is
accordingly reduced through the diaphragm even in the interior matrix supply space, as a
result of which liquid resin is drawn out of an external resin container into the matrix supply
space. Although the diaphragm in this case allows gases to escape from the matrix supply
space into the spacer layer and from there toward the exterior, it at the same time retains
the resin in the matrix supply space, so the resin can infiltrate the semifinished product.

Although this VAP has considerable advantages over the processes using autoclaves, the
fact that each individual layer of the planar material, namely the diaphragm, the spacer layer
and also the gas-impermeable sheet, has to be successively placed over the semifinished
product very exactly and in a stress-free manner is somewhat prbblematic. This is
correspondingly time-consuming and can, if it I1s not carried out with corresponding
precision, adversely influence process safety and lead to non-uniform accumulations of

matrix material.

The invention is therefore based on the object of providing a multilayer, flexible planar
material of the type mentioned at the outset allowing the VAP to be carried out in a manner

which Is as simple, rapid, cost-effective and precise as possible.

According to the present invention, there is provided a muitilayer, flexible planar material for
delimiting a matrix supply space during the production of fibre-reinforced plastic
components from fibre composite semifinished products by means of an injection process
for injecting matrix material, the planar material having a gas-permeable, but matrix-
Impermeable diaphragm, a gas-impermeable sheet and also a highly gas-permeable spacer
layer which is arranged between the diaphragm and the sheet and holds the sheet at a
distance from the diaphragm when a reduced pressure is generated between the
diaphragm and sheet, wherein:

the diaphragm consists of a microporous polyurethane diaphragm or microporous
ePTFE diaphragm onto which a textile layer reinforcing the diaphragm is laminated,

the spacer layer is arranged on the textile layer, and
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the microporous diaphragm, the textile layer and the spacer layer are jointly
embodied as a multifunctional laminate and as a result are securely connected to one
another prior to delimiting the matrix supply space such that the microporous diaphragm,
the textile fayer and the spacer layer as the multifunctional laminate simultaneously delimit
the matrix supply space and such that the multifunctional laminate is removable after

production of the fibre-reinforced plastic components.

According to the present invention, there is also provided a multilayer flexible planar
material for delimiting a matrix supply space during the production of fibre-reinforced plastic
components from fibre composite semifinished products by means of an injection process
for injecting matrix material, the planar material comprising:

a gas-permeable matrix-impermeable diaphragm formed as a microporous
polyurethane diaphragm or microporous ePTFE diaphragm;

a textile layer laminated on the diaphragm;

a gas impermeable sheet; and

a gas-permeable spacer layer arranged on the textile layer between the diaphragm
and the sheet, the spacer layer holding the sheet at a distance from the diaphragm,

wherein the diaphragm, the textile layer and the spacer layer are jointly embodied as
a multifunctional laminate securely connected to one another into an independent unit prior
to delimiting the matrix supply space such that the multifunctional laminate is independently
applicable to delimit the matrix supply space and such that the multifunctional laminate is

removable after production of the fibre-reinforced plastic components.

Preferably, in the planar material according to the invention, the diaphragm, a textile layer,
which is laminated onto the diaphragm, and also the spacer layer, which is arranged on the
textile layer, are jointly embodied as a multifunctional laminate and as a result securely
connected to one another. The term "multifunctional laminate" refers in this case to the fact
that a laminate is produced that is made up of a plurality of specific layers and performs
simultaneously a plurality of functions, namely on the one hand the function of the
diaphragm, which lets through gas but is impermeable to the matrix material, and on the

other hand the function of the spacer layer which holds the gas-impermeable sheet at a
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impermeable sheet at a distance from the diaphragm when a reduced pressure is
generated between the diaphragm and sheet, so the space between the diaphragm and

the sheet remains open.
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As a result of the secure connection of the individual layers to form a laminate, it is no longer
necessary to apply these layers individually, one after another. Instead, this can be carried
out in a single operation. This considerably shortens the working time for arranging the
planar material over the semifinished product. Furthermore, there is no risk of the individual
layers of the planar material not being properly arranged one above another in a stress-free

manner. Process safety and precision are increased as a result. Production and material
costs can be reduced.

According to an advantageous embodiment, the sheet is securely connected to the spacer
layer, so the sheet is also part of the multifunctional laminate. In this case, the muitifunctional
laminate performs the additional function of outwardly sealing in an air-tight manner the
matrix supply space including the adjacent layers of the multifunctional laminate, so the
space enclosed by the sheet can be effectively evacuated. A multifunctional laminate of this
type again shortens the time it takes to arrange the planar material over the semifinished

product and additionally ensures that the sheet is properly arranged over the spacer layer in
a stress-free manner.

According to an advantageous embodiment, the spacer layer has a large number of
individual spacers embodied in the form of elevations. The spacers can in this case be
purposefully attached in such a way as to optimise the flow of gas through between the
spacers, parallel to the diaphragm or to the sheet. Alternatively thereto, it is however also

possible to use highly gas-impermeable woven fabrics, knitted fabrics, braids or other

materials for the spacer layer.

The invention will be described hereinafter in greater detail by way of example with reference
to the drawings, in which:

Figure 1 is a section through a device for producing fibre-reinforced plastic components In
order to illustrate the VAP according to the prior art;

Figure 2 is a schematic illustration of a first embodiment of the planar material according to

the invention, the individual layers being shown set apart from one another merely for the
sake of clarity; and
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Figure 3 is a schematic illustration of a second embodiment of the planar material according

to the invention, the individual layers being shown set apart from one another merely for the

sake of clarity.

The VAP technology according to the prior art will firstly be described in greater detail with
reference to the device from-Figure 1.

The device shown in Figure 1 displays a component to be produced or dry fibre composite

semifinished product 1 which is arranged on a mould 3, for example by means of a
construction 5. The component or laminate may in this case be a plastic component made of
carbon fibres (CFRP), glass fibres (GFRP), aramid fibres (AFRP), boron fibres (BFRP) or
hybrid materials and be used in particular for producing non-stiffened and stiffened,
extensive panels, plastic tools or for tapered overlap repairs of damaged fibre composite
components. The mould 3 has a shape which is suitable for accommodating the
semifinished product 1 or if appropriate the construction 5 and can be formed from various

suitable materials, for example wood, steel, sheet metal, glass and the like.

The component is covered by a semipermeable diaphragm 7 which is gas-impermeable, but
prevents matrix material from passing through. The diaphragm 7 is sealed outside the
circumferential surface 8, but as close as possible to the component 1, by means of a seal 9
which is used to seal the inner space 25 formed by the diaphragm 7 and the rest 5 or the
mould surface 3. Alternatively, the diaphragm 7 can also be guided all the way round the

component. Between the component 1 and the diaphragm 7, a tear-off woven fabric 13

(optional) and a flow aid 15, the purpose of which is to hold the diaphragm 7 at a distance
from the surface of the component 1, can be arranged over the 'entire surface of the
component 1 that faces the diaphragm 7. The flow aid 15 may be a type of grate or grid or
else a rigid woven fabric or knitted fabric or braid which is not highly compactable under

vacuum and is made for example of metal, plastics or textile semifinished products.

The arrangement made up of the construction 5, fibre composite semifinished product 1,
diaphragm 7 with the seal 9 and also with the tear-off woven fabric 13 and flow aid 15 Is
covered by a sheet 19 which is gas-impermeable. The sheet is sealed around the
circumference of the diaphragm 7 with a seal 21 on the mould 3, so the space 27 formed by
the surface 23 of the mould 3 and the inner wall of the sheet 19 is tightly sealed from the

environment. A spacer layer in the form of a ventilator woven fabric 32, which may for
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example be a glass woven fabric, a formed fabric or the like, is inserted between the sheet
19 and the diaphragm 7. The purpose of this ventilator woven fabric 32 is to guide the air
and gases, which are drawn out of the space 27 inter alia through the diaphragm 7, along

the diaphragm surface and in the process to hold the sheet 19 at a distance from the
diaphragm 7 when the space is evacuated by means of a vacuum pump 29 and a

corresponding gas line 31 leading into the inner space 27.

For introducing matrix material into the component 1, hoses or lines 33, which are connected

to a resin supply container (not shown), lead to the flow aid 15. The inner space 25 is thus a

matrix supply space.

The fibre-reinforced plastic component 1 is produced in the known method in that the dry
fibore composite semifinished product is firstly positioned in accordance with design
requirements and a laminate construction is thus formed from the individual layers of the
semifinished product. The mould 3 is sprayed with release agent, i.e. pretreated by means of
release agent or release film and tear-off woven fabric (together, it forms the construction 5
on the underside of the component 1), in order to prevent the matrix material from sticking to
the mould 3 and to allow the component to be removed (demoulded) from the mould
surface. The dry semifinished product of the component 1 is preferably provided with the
tear-off woven fabric 13. In addition, the flow aid 15 is attached above this construction by
simple application. The diaphragm 7, which is permeable only to air, but not to liquids, is
applied to this flow aid 15 and sealed by means of the seal 21. Subsequently, the ventilator
woven fabric 32 is placed over the diaphragm 7 and sealed from the environment by means

of the sheet 19 and the seal 21. The matrix supply line 33 and the vacuum line 29 are
arranged during this process with conventional commercial sleeves and seals according to
Figure 1.

After the attachment of the aforementioned materials and the air-impermeable sheet 19, the
space 27 is evacuated by means of the vacuum pump 29. At the same time, a matrix
material storage container is connected to the system in order to introduce matrix material
into the inner space 25. The vacuum produces a drop in pressure which draws the matrix
material out of the storage container into the evacuated inner space 25. The matrix material
is now divided by the flow aid 15 and the feed line 33 on the surface of the compon'ent. Air
which is present is in this case removed as a result of the permanent suction extraction of

the inner space 25 through the diaphragm 7. In this case, matrix matenal infiltrates the
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laminate perpendicularly downward from the surface of the component. As soon as complete
saturation has been concluded, the curing is carried out by way of a suitable temperature

while maintaining the same vacuum. The bubbles which are in this case produced as a

result of the chemical process are discharged through the diaphragm 7.

After curing has been carried out, the component is demoulded, all the process auxiliaries

being removed by hand and the component also ultimately being removed from the mould 3.

The foregoing discussion reveals that, in the known process described with reference to
Figure 1, the diaphragm 7, the ventilator woven fabric 32 acting as a spacer layer, and the
air-impemeable sheet 19 have to be arranged individually and successively over the

component 1 or the flow aid 15; this is time-consuming and impairs process safety.

A first embodiment of the planar material according to the invention will be described
hereinafter with reference to Figure 2.

This planar material is a multifunctional laminate 40 which performs the functions of the
diaphragm 7 illustrated in Figure 1 and of the ventilator woven fabric 32. The multifunctional

laminate 40 consists of a diaphragm 41, a textile layer 42 and a spacer layer 43.

The diaphragm 41 is a semipermeable, microporous, hydrophobic polyurethane diaphragm
which can be used in low-temperature and high-temperature VAP technology, or a
semipermeable, microporous, hydrophobic ePTFE diaphragm which is used in particular in a

high-temperature VAP. The multifunctional laminate 40 is arranged, in accordance with the
construction from Figure 1, over the semifinished product 1 or if appropriate over the flow aid

15 (Figure 1) in such a way that the diaphragm 41 rests on the side of the multifunctional
laminate 40 that faces the semifinished product 1. The diaphragm 41 is impermeable to the
matrix material (resin) which is introduced into the inner space 25, but permeable to gases,
so even the inner space 25 can be evacuated through the diaphragm 41 and gases can

issue through the diaphragm 41.

The textile layer 42, which is laminated onto the diaphragm 41, serves primarily to reinforce
the diaphragm 41. The textile layer 42 can consist of a woven fabric, knitted fabric, formed
fabric or knitted article. Polyester, polyamide, aramid or polypropylene may in particular be
used as the material for the textile layer 42. In any case, the textile layer 42 is embodied in

LT LN
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such a way that the gas permeability of the diaphragm 41 is not influenced in an undesired
manner. The diaphragm 41 and the textile layer 42 can be connected to each other by a
lamination process in which a moisture-crosslinking polyurethane adhesive system or

conventional thermal adhesives are used. The adhesive can in this case also be applied in a

point-by-point manner in order to impair the gas permeability of the diaphragm 41 as little as
possible.

The spacer layer 43 performs the task of the ventilator woven fabric 32 (Figure 1) and is
embodied in such a way that a gas-impermeable sheet 44, which is attached to the spacer
layer 43, is held at a distance from the textile layer 42 when the space between the sheet 44
and the textile layer 42 (or diaphragm 41) is evacuated. In the exemplary embodiment of
Figure 2, the spacer layer 43 consists of individual spacers 45 which are separate from one
another and are arranged set apart from one another on the textile layer 43. The height of
the spacer layer 43 may be between 170 ym and 1,000 ym. The spacers 45 are arranged in
such a way that, during the evacuation of the space 27 (Figure 1), the gases can flow
through in as unimpeded a manner as possible between the spacers 45, parallel to the main
plane of the multifunctional laminate 40. The spacers 45 may for example be foam pimples.
Furthermore, it is also possible for the spacer layer 43 to consist of highly gas-permeable
textile woven fabric, knitted fabric or braids. The spacer layer 43 is securely connected to the

textile layer 42, wherein conventional adhesive technologies can be used as depending on
the material.

The multifunctional laminate 40 shown in Figure 2 thus consists of a solid composite

consisting of the diaphragm 41, textile layer 42 and spacer layer 43. In this embodiment, it is

also necessary to subsequently place the air-impermeable sheet 44 shown in Figure 3 onto
the spacer layer 43.

Figure 3 shows a second embodiment of a multifunctional laminate 40' according to the

invention that differs from the embodiment illustrated in Figure 2 merely in that the gas-
impermeable sheet 44 is already a fixed component of the multifunctional laminate 40'. The
sheet 44 is in this case securely fixed, in particular adhesively bonded, to the upper side of
the spacer layer 43 or the spacers 45 and forms as a result a fourth laminate layer. The
remainder of the construction of the multifunctional laminate 40', namely the diaphragm 41,

textile layer 42 and spacer layer 43, is identical to that of Figure 2, so reference is made in

this regard to the section of the present document describing Figure 2.
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The multifunctional laminate 40' has the advantage over the multifunctional laminate 40 that
even the separate subsequent manual application of the gas-impermeable sheet 44 is
dispensed with, thus speeding up the sealing of the space 27 to be evacuated from the

external environment and ensuring that the sheet 44 lies optimally on the spacer layer 43.
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WHAT IS CLAIMED IS
1. Multilayer, flexible planar material for delimiting a matrix supply space during the

production of fibre-reinforced plastic components from fibre composite semifinished
products by means of an injection process for injecting matrix material, the planar material
having a gas-permeable, but matrix-impermeable diaphragm, a gas-impermeable sheet and
also a highly gas-permeable spacer layer which is arranged between the diaphragm and the
sheet and holds the sheet at a distance from the diaphragm when a reduced pressure is
generated between the diaphragm and sheet, wherein:

the diaphragm consists of a microporous polyurethane diaphragm or microporous
ePTFE diaphragm onto which a textile layer reinforcing the diaphragm is laminated,

the spacer layer is arranged on the textile layer, and

the microporous diaphragm, the textile layer and the spacer layer are jointly
embodied as a multifunctional laminate and as a result are securely connected to one
another prior to delimiting the matrix supply space such that the microporous diaphragm,
the textile layer and the spacer layer as the multifunctional laminate simultaneously delimit
the matrix supply space and such that the multifunctional laminate is removable after

production of the fibre-reinforced plastic components.

2. Planar matenal according to claim 1, wherein the sheet is securely connected to the

spacer layer, such that the sheet is also part of the multifunctional laminate.

3. Planar material according to claim 1, wherein the spacer layer has a large number of

iIndividual spacers embodied in the form of elevations.

4. Planar material according to claim 1, wherein the spacer layer has a thickness of
170 to 1,000 ym.

5. Multilayer flexible planar material for delimiting a matrix supply space during the
production of fibre-reinforced plastic components from fibre composite semifinished
products by means of an injection process for injecting matrix material, the planar material

comprising:
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a gas-permeable matrix-impermeable diaphragm formed as a microporous
polyurethane diaphragm or microporous ePTFE diaphragm,;

a textile layer [aminated on the diaphragm;

a gas impermeable sheet; and

a gas-permeable spacer layer arranged on the textile layer between the diaphragm
and the sheet, the spacer layer holding the sheet at a distance from the diaphragm,

wherein the diaphragm, the textile layer and the spacer layer are jointly embodied as
a multifunctional laminate securely connected to one another into an independent unit prior
to delimiting the matrix supply space such that the multifunctional laminate is independently
applicable to delimit the matrix supply space and such that the multifunctional laminate is

removable after production of the fibre-reinforced plastic components.

6. Planar material according to claim 5, wherein the sheet is securely connected to the

spacer layer, such that the sheet is also part of the multifunctional laminate.

/. Planar material according to claim 5, wherein the spacer layer has a large number of

individual spacers embodied in the form of elevations.

8. Planar material according to claim 5, wherein the spacer layer has a thickness of
170 to 1,000 pm.

9. Planar material according to claim 1, wherein the microporous diaphragm comprises

a semipermeable hydrophobic diaphragm.

10. Planar material according to claim 1, wherein the spacer layer comprises a plurality

of individual spacers arranged set apart from one another on the textile layer.
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