Office de la Propriete Canadian CA 2803229 C 2016/05/31
Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 803 229
Findustrie Canada Industry Canada (12 BREVEL CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2011/06/20 (51) CLInt./Int.Cl. B29C 70/44 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2012/01/26 B29C 43/36 (2006.01)
2 1s , (72) Inventeurs/Inventors:
(45) Date de delivrance/lssue Date: 2016/05/31 FILSINGER, JUERGEN. DE:
(85) Entree phase nationale/National Entry: 2012/12/19 STRACHAU "R, FQANK D_
(86) N° demande PCT/PCT Application No.: DE 2011/001324 (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2012/010129 EADS DEUTSCHLAND GMBH, DE
(30) Priorité/Priority: 2010/06/25 (DE10 2010 025 068.6) (74) Agent: MARKS & CLERK
(54) Titre : OUTIL DE FORMAGE SERVANT A PRODUIRE DES PIECES RENFORCEES PAR DES FIBRES
(54) Title: MOLD FOR PRODUCTION OF FIBER-REINFORCED COMPONENTS
0 56 3(,7 6(2
\, 14 5&0 SR S = 5 G = = =
A e P = =t e I > CxEmE R
| s | 28
0 3018 22 36, S5 21840 ..... ;
28 03 18 . N .

j r:f/" w .-V//zw/‘ i ol L ﬂf?

12

(57) Abrege/Abstract:

46 52 30

x\m
2 B 4

vvvvvvvvv

54 55 53

553 18

46 38

mmww*_*wwww—'—wwm%

58 68
hoa

A mold (14) for a production device (10) for production of fiber-reinforced components (12) by means of an injection process ahs a
mold surface (30) to form a surface of the fiber-reinforced component (12), the mold surface (30) having a first partial area (32) and
a second partial area (34) and in which the mold (14) has an Injection area (58) for injection of matrix material (37) into fibrous
material (38) situated on the mold surface (30) through the second partial area (34) of the mold surface (30) and evacuation area
(46) for evacuation of a mold volume (36) bounded by the mold (14) through the first partial area (32) of the mold surface (30).
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ABSTRACT

A mold (14) for a production device (10) for production of fiber-reinforced components
(12) by means of an injection process ahs a mold surface (30) to form a surface of the
fiber-reinforced component (12), the mold surface (30) having a first partial area (32) and
a second partial area (34) and in which the mold (14) has an injection area (58) for
injection of matrix material (37) into fibrous material (38) situated on the mold surtace
(30) through the second partial area (34) of the mold surface (30) and evacuation area
(46) for evacuation of a mold volume (36) bounded by the mold (14) through the first
partial area (32) of the mold surface (30).

(Figure 1)
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Mold for Production of Fiber-Reinforced Components

The invention concerns a mold and a production device for production of fiber-reintorced
components by means of an injection process and a method for production ot tiber-

reinforced components by means of an injection process.

Dry fibrous semi-finished products are generally infiltrated with a matrix material and
cured in the injection process. Such methods are also referred to as liquid resin infusion
(LRI) methods. The fibrous semi-finished products can be formed from carbon tibers
(CF-reinforced plastics), glass fibers (GF-reinforced plastics), aramid fibers (Ak-
reinforced plastics), boron fibers (BF-reinforced plastics) or hybrid materials and from

corresponding fabrics or lays.

A known method for producing fiber-reinforced components by means of an injection
process is described in DE 100 13 409 CI. In this case a fibrous semi-finished product is
placed on a mold. A flow aid is arranged on the surface of the fibrous semi-finished
product and a first space is formed by providing a gas-permeable and matrix material-
impermeable membrane around the fibrous material and the flow aid. The second space 1s
formed around the first space by arranging a gas- and matrix material-impermeable tilm
and sealing it against the mold. The flow aid is connected to a supply vessel tor the
matrix material. A vacuum line extends into the second space. A partial vacuum is now
applied via the vacuum line, the matrix material is drawn in from the supply vessel 1nto
the flow aid by the resulting pressure difference, i.e., injected into the first space, and
distributed over the fibrous semi-finished product. The matrix material impregnates the
fibrous semi-finished product and- cures. The air-permeable but matrix material-
impermeable material membrane prevents matrix material from penetrating into the
second space and therefore into the vacuum line but at the same time permits suction of
the air found in the matrix material and fibrous semi-finished products. The matrix
material can then cure without air inclusions and high-grade fiber-reinforced components

can be produced.

An improvement of this process control can be achieved by the arrangement described 1n
DE 101 401 66 B4. Pressure control means are additionally provided here, which

generate a partial vacuum in the supply vessel toward the end of the injection phase or
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after it and in so doing create better controllability of the process and the component

quality.

A device for improved degassing of a fibrous semi-finished product and the matrix
material is described in DE 102 03 975 C1. Here a barrier layer impermeable for the
matrix material is arranged in the first space above the first flow aid and an additional
flow aid provided on it. In the area in which the barrier layer is situated between the tirst
and second flow aid, a gate device is applied to the second flow aid, via which the matrix
material is injected into the first space. When a partial vacuum is applied, the matrix
material now initially flows into the second flow aid, in which case air present in the
matrix material and fibrous semi-finished product can escape because of the applied
partial vacuum. The barrier layer then prevents the matrix material from coming into
contact with the first flow aid in the area of the gate device. The matrix material theretore
initially passes through the second flow aid in the horizontal direction. The barrier layer
is arranged so that the first and second flow aids come in contact at a location away from
the gate device. The matrix material at this location éomes in contact with the first flow
aid and is distributed over it. From there it is further conveyed in the thickness direction
to the fibrous semi-finished product and impregnates it. The extended path of the matrix
material by means of the barrier layer through the evacuated volume of the first space
means that the air present in the matrix material and in the fibrous semi-finished product
initially escapes before it impregnates the fibrous semi-finished product. Air inclusions

can thus be further reduced and the quality of the components further increased.

DE 101 56 123 B4 describes a structure by means of which a prepreg semi-finished
product, which is already impregnated with resin, is joined to a textile semi-finished

product to be impregnated with matrix material.

A common feature of all these devices and methods is that, before the beginning ot the
process, a demanding structure consisting of the puller, flow aid and the gas-permeable
and matrix material-impermeable membrane must initially be produced to form a tirst

space.

An improvement is therefore proposed in DE 10 2008 006 261 B3 in which a gas-
permeable but matrix material-impermeable membrane is described, on which a flow aid

is laminated and puller arranged. By provision of such a multifunction laminate only one
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layer to form the first space need be arranged above the fibrous semi-finished product.

This significantly simplifies the process layout.

In order to be able to also produce components with different curvatures and/or torsions,

DE 10 2008 028 865 A1 describes the provision of a bendable or twistable fibrous semi-
finished product.

It 1s also common to the aforementioned devices and methods that a gas- and matrix
material-impermeable film and a spacer are arranged above the gas-permeable and matrix
material-impermeable membrane to form the second space. In addition, further molds are
sometimes provided above the gas- and matrix material-impermeable membrane to form
a shaped inside surface of the fiber-reinforced component. In particular, the preparation

of this structure entails significant manual expense 1n large components with a complex

internal contour.

The task of the invention 1s therefore to permit production of fiber-reintorced components

by means of an injection process with a less complicated and demanding structure.

The present invention provides a mold for a production device for production of fiber-
reinforced components by means of an injection process, in which the mold has a mold

surface to form a surface of the fiber-reinforced component, the mold surface having a

first partial area and a second partial area and in which the mold has an injection area for
injection of matrix material into fibrous material situated on the mold surface through the
second partial area of the mold surface and evacuation area for evacuation of a mold
volume bounded by the mold through the first partial area of the mold surface.

A puller for easier removal of the component from the mold can be arranged on the mold

surface, and/or the first partial area of the mold surface can have a semipermeable

membrane for passage of gases and for retention of matrix material. In the first partial
area of the mold surface, the semipermeable membrane of the puller can form a

composite, and/or the semipermeable membrane and/or the puller and/or the composite

can be fastened to the mold surface with a peripheral adhesive.

In the second partial area of the mold surface first flow aids to support distribution of the

injected matrix material can be arranged and/or in the first partial area second tflow aids
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are arranged to support evacuation of the mold volume. The first flow aids and/or second

flow aids can have grooves, channels, woven fabric, nonwoven, knit fabric or a mesh.

The first partial area of the mold surface and the second partial area of the mold surface

can be formed 1n partial molds separate from each other but connectable to each other.

A connection device for tight connection of the partial molds can be provided.

The present invention also provides a production device for production of fiber-
reinforced components by means of an injection process with a mold, which has a mold
surface to form a surface of the fiber-reinforced component, a vacuum device for
evacuation of a mold volume Iimited at least partially by the mold surface, within which
the 1mjection process 1s to be conduct, an injection device for injection of matrix material
in to the mold volume, in order to force a fibrous material to be arranged in the area of the

mold surface with the mold volume, in which a mold 1s formed as defined herein.

The 1njection device can have a matrix distribution device for distribution of matrix

material.

A peripheral sealing device can be provided to seal the mold volume to be evacuated on

the mold.

The injection area has matrix line for connection to the injection device and/or that the

evaluation area has vacuum lines for connection to the vacuum device.

The present invention also provides a method for production of fiber-reinforced

components by means of an injection process with the steps:
arrangement of fibrous material in a mold volume, which 1s bounded at least on one

side by a mold surface of a mold;
evacuation of the mold volume through a first partial area of the mold surface; and

injection of matrix material into the mold volume through a second partial area of the

mold surface.
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Evacuation can occur through a semipermeable membrane arranged on the mold surface.

The mold surface can be formed by connection of at least two partial molds formed

separately from each other.

The method can include use of a mold as defined herein, and/or a production device as

defined herein.

A mold for production of fiber-reinforced components by means of an injection process
has a mold surface to form a surface of the fiber-reinforced component with a partial area
and a second partial areca. The mold has an injection area for injection of matrix material
and a fibrous material situated on the mold surface through the second partial area of the
mold surface and an evacuation area for evacuation of a mold volume through the first

partial area of the mold surface, in which the mold volume is limited by the mold.

Both the matrix material feed and the vacuum line are therefore advantageously

introduced to the mold and a complicated and demanding structure becomes unnecessary

1in the devices just described. The method can therefore be significantly stmplitied.
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[n a preferred embodiment a puller for easier removal of the mold from a fiber-reintorced
component is arranged on the mold surface. This puller, after curing of the matrix
material introduced into the fibrous material, permits the mold to be advantageously

removed easily from the surface of the fiber-reinforced component so formed.

The first partial area of the mold surface also preferably has a semipermeable membrane
for passage of gases and for retention of matrix material. The semipermeable membrane
makes it possible for gases to be removed from the mold volume by applying a vacuum
to the evacuation area, in which case the matrix material is simultaneously retained in the
mold volume. On this account matrix material cannot penetrate into the evacuation area

and clog it and thus make it ineffective.

The semipermeable membrane and the puller are preferably formed as a composite in the
first partial area of the mold surface. By using a composite only one step is necessary to
position the membrane and puller, whereas otherwise two individual blanks must be
applied to the mold. This composite is advantageously fixed with a peripheral adhesive to
the mold surface. The peripheral adhesive is provided, on the one hand, to fasten the
composite and, on the other hand, prevents liquid material from flowing over the edge
into the evacuation area. The peripheral adhesive can preferably also be used to fasten

and seal individual blanks of the semipermeable membrane and/or the puller.

Flow aids for better distribution of the injected matrix materials are advantageously
provided in the second partial area of the mold surface. The matrix material can therefore
preferably be distributed quickly and uniformly over the fibrous material. A combination
of one or more point or linear gates with a flat distribution medium can be applied, for
example, an open-structured textile on the mold surface. Because of this the matrix
material is preferably distributed with comparatively limited flow resistance over the
fibrous material surface and essentially impregnates the fibrous material in the thickness
direction. Channels and/or a groove pattern can advantageously be provided to distribute
the matrix material in the second partial area of the mold surface so that additional aids in
the form of gate channels or flat flow aids can be saved. The integrated matrix
distribution is preferably configured so that it is impressed as little as possible into the

surface of the fiber-reinforced component.
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In a preterred embodiment tlow aids are arranged in the first partial area for better
evacuation of the mold volume. In order to advantageously provide adequate air supply in
the first partial area of the mold surface it is advantageous if appropriately dimensioned
flow aids are provided in the first partial area of the mold surface. These can be formed
preferably as grooves. As an alternative, however, a textile, for example, a woven fabric,

knit fabric, nonwoven or mesh can be provided in the first partial area of the mold

surface.

The flow aids and/or the stream aids are therefore formed on a mold surface

advantageously as grooves, channels, woven fabric, nonwoven, knit fabric or mesh.

In a particularly preferred variant the first partial area ot the mold surface and the second
partial area of the mold surface are formed in partial molds separate from each other but
connectable to each other. It is thus advantageously possible, depending on the desired
fiber-reintorced component, to provide an individual number ot evacuation areas and

injection areas on the mold.

A connection device for a tight connection of the partial molds 1s preferably provided. By
means of a connection device the partial molds separated from each other can preterably
be joined together vacuum-tight. The connection device can then preferably be formed
from a flexible adhesive or sealing strip, a liquid or gel-like sealant, from profile seals
glued onto the partial molds or introduced to them or from flexible sealing lips applied to

the partial molds or integrated in them.

Owing to the fact that preferably partial molds are provided with different areas, namely
the injection or evacuation area, the mold can be constructed to form the fiber-reinforced

component in preferably modular fashion. Because of this both different components and

different component sizes can be achieved using the same partial molds.

A production device for production of fiber-reinforced components by means of an
injection process advantageously has a mold with a mold surface to form a surface ot the
fiber-reinforced component and a vacuum device to evacuate a mold volume at least
partially limited by the mold surface, within which the injection process is performed.

The production process also has an injection device for injection of matrix material into



CA 02803229 2012-12-19

2010P00506 WO 6

the mold volume in order for a fibrous material arranged within the mold volume to

penetrate into the area of the mold surface.

Preferably the injection device has a matrix distribution device to distribute a matrix
material. The matrix distribution device includes, on the one hand, lines that supply the
matrix material over different sites of the fibrous material and, on the other hand, a
supply vessel to store the matrix material. [f the vacuum device now generates a vacuum,
the matrix material 1s drawn into the lines by the pressure diftference tfrom the supply
vessel and finally into the mold volume by the injection device. There it impregnates the

fibrous material.

The 1njection area preferably has matrix lines for connection to the injection device. The
matrix material can thus be guided simply to the injection area from a matrix material

supply vessel.

The evacuation area also advantageously has vacuum lines for connection to the vacuum

device. The evacuation area can therefore be simply connected to a vacuum pump.

A surrounding closure device to define the mold volume to be evacuated is preterably

provided on the mold.

The closure device preferably separates the surroundings from the mold volume in the
mold into which the fibrous material is introduced. The closure device 1s advantageously
designed so that the mold volume is closed vacuum-tight relative to the surroundings.
The closure device is preferably designed flexible in order to be able to compensate for
any shifts that occur during the production process for the fiber-reintorced component,
for example, by compaction of the fibrous material under vacuum or during infusion of
the matrix material or because of thermal expansion. The closure device therefore can
advantageously be a flexible adhesive or sealing strip, a liquid or gel-like sealant, a
profile seal glued onto the mold or introduced to it or flexible sealing lip applied to the

mold or integrated in it.

In a method for production of fiber-reinforced components by means of an injection

process with the steps
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—  Arrangement of fibrous material in a mold volume, which is limited at least on
one side by a mold surface of a mold,
_ Evacuation of the mold volume and injection of matrix material into the mold
volume
injection of the matrix material into the mold volume is carried out through a second
partial area of the mold surface and evacuation of the mold volume is carried out through

a first partial area of the mold surface.

Owing to this, complicated arrangement of two spaces above the tibrous material drops

out and the design is significantly simplified.

Evacuation of the mold volume advantageously occurs through a semipermeable
membrane arranged on the mold surface. The semipermeable membrane 1S
advantageously configured so that it does allow gases to pass through but retains the
matrix material. Therefore no matrix material can penetrate into the evacuation area, 1.€.,
the first partial area of the mold surface, and clog it. Preferably the mold surface 1s
formed by connecting at least two partial molds designed separate from each other.
Because of this it is possible to construct the mold surface, which images the surface of
the fiber-reinforced component during the process, flexibly from several partial molds

and thus achieve flexibility with respect to component shape and size.

During production of fiber composite components by means of the vacuum-assisted
process (VAP) a significant manual expense for process preparation has thus far been
required. The invention, which is explained below in a practical example, serves for

automation of the infusion structure.

A typical VAP structure is characterized by a fiber blank situated in a one-sided mold,
i.e., the fibrous material, aids to distribute the fibrous material in the form of resin, a
microporous semipermeable membrane arranged above it and a vacuum sack enclosing
the structure whose film is gas- and matrix-impermeable. Molds (clamping pads ) are also
locally provided partially on the membrane and vacuum sack. It is easy to comprehend
that the preparation of this structure entails signiticant manual expense, especially in
large components with complex inside contour (for example, spherical, with stiffening,
etc.). It is sometimes prescribed to integrate distribution of the matrix material in the form

of appropriately dimensioned channels and grooves in the mold and/or clamping pads,
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but error-free mounting and sealing of the two films (membrane and vacuum film) one

above the other is still a problem.

In an advantageous embodiment of the invention the suction side with membrane,
vacuum distribution and vacuum connections is therefore also integrated in the clamping
pads. The inside of the component is almost completely covered with these clamping
pads (or alternates with them and those with integrated resin distribution). Sealing of the
vacuum structure 1s then only required between the clamping pads and along the
component edge, 1f not even a sealing cord or sealing lip (for example, made of silicone)
1s sufficient. The clamping pads on the suction side can be prepared in a separate
workplace (also easily automated in the case of simple geometry (for example, constant

width)) and positioned on the infusion structure with a corresponding device.

A drastic reduction of manual expense and a reduction in throughput and mold

occupation times can be achieved on this account.

In one aspect, there is provided a mold for a production device for production of fiber-
reinforced components by means of an injection process, the mold comprising:

a first mold comprised of at least a first partial mold and a second partial mold:

a connector device for forming a vacuum-tight connection of the first partial mold
and the second partial mold;

a second mold joined to the first mold;

a mold surface configured to form a surface of the fiber-reinforced component,
the mold surface having a first partial area and a second partial area;

an 1njection area configured for injection of matrix material into fibrous material
situated on the mold surface through the second partial area of the mold surface: and

an evacuation area configured for evacuation of a mold volume bounded by the

mold through the first partial area of the mold surface.

In one aspect, there is provided a production device for production of fiber-reinforced
components by means of an injection process, the production device comprising:
a mold, which includes:
a first mold comprised of at least a first partial mold and a second partial
mold;
a connector device for forming a vacuum-tight connection of the first
partial mold and the second partial mold;

a second mold joined to the first mold;
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a mold surface configured to form a surface of the fiber-reinforced
component, the mold surface having a first partial area and a second partial area;

an 1njection area configured for injection of matrix material into fibrous
material situated on the mold surface through the second partial area of the mold
surface; and

an evacuation area configured for evacuation of a mold volume bounded

by the mold through the first partial area of the mold surface.

In one aspect, there 1s provided a method for production of fiber-reinforced components
by means of an injection process, the method comprising:
making a mold by:
forming a first mold comprised of at least a first partial mold and a second
partial mold;
forming a vacuum-tight connection between the first partial mold and the
second partial mold;
forming a second mold joined to the first mold; and
forming a mold surface configured to form a surface of the fiber-
reinforced component, the mold surface having a first partial area and a second
partial area;
Injecting matrix material into fibrous material situated on the mold surface
through the second partial area of the mold surface; and
evacuating a mold volume bounded by the mold through the first partial area of

the mold surface.

A practical example of the invention is further explained below with reference to the

accompanying drawings. In the drawings:

Figure 1 shows a sectional view of a production device for production of fiber-

reinforced components with a mold having several partial molds;

Figure 2 shows a view from below of the partial molds from Figure 1; and
Figure 3 shows a sectional view through line A-A through the partial mold of
Figure 2.

Figure 1 shows a production device 10 for production of fiber-reinforced components 12

by means of an injection process. The production device 10 has a first mold 14 and a



CA 02803229 2015-07-21

8b

second mold 16. The first mold 14 is formed from several partial molds 18, 20. The
partial molds 18, 20 are connected to each other by connection device 22. The first mold

14 1s joined by peripheral sealing devices 28 to the second mold 16.

The first mold 14 and the second mold 16 each have a mold surface 30 on the sides
facing each other. The mold surface 30 on the first mold 14 is then formed by first partial
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areas 32 on the first partial molds 18 and by second partial areas 34 on the second partial
molds 20.

T'he two mold surfaces 30 of the first mold 14 and the second mold 18 together form with
the closure devices a mold volume 36 to be evacuated, into which a fibrous material can
be 1ntroduced for impregnation with matrix material 37 and for formation of fiber-

reinforced component 12.

A semipermeable membrane is arranged in the first partial area 32 of mold surface 20 on
the first partial mold 18. A puller 40 is also provided on the side of the semipermeable
membrane on the side of the semipermeable membrane 39 facing the mold surface 30 of
the second mold 16, which facilitates loosening of the first partial mold 18 from the
finished fiber-reinforced component 12. The semipermeable membrane 39 and the puller
40 can be formed 1n the first partial area 32 as a composite 42. The semipermeable
membrane 39, the puller 40 or composite 42 are fastened with a peripheral adhesive 44 of
the first partial 32 of the mold surface 30 of the first mold 14.

The first partial mold 18 also has an evacuation area 46 and a vacuum line 48 for
connection to a vacuum device 50. Flow aids 52 for better evacuation of the mold volume

36 are arranged on the side of the first partial mold 18 facing the second mold 16.

The second partial mold 20 has only the puller 40 on its side facing the second mold 16.
Flow aids 54 for better distribution of the matrix material 37 being injected are also
arranged on this side. The second partial mold 20 is arranged around a stiffening element
55, which later remains in the fiber-reinforced component 12. Under the stiffening
element a cavity 55a remains in the later fiber-reinforced component 12 by introducing a

core of foam material or metal.

An mjection device 56 with an injection area 58 for injection of matrix material 37 is
therefore formed on the second partial mold 20. The second partial mold 20 includes

additional matrix line 60, with which the second partial mold 20 can be connected to a

matrix distribution device 62.

Figure 2 shows a lower view of the first partial mold 18. In the center of the first partial

mold 18 the vacuum line 48 is arranged. Flow aids 52 are arranged on the entire body of
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the first partial mold 18 in the form of groove 66 or channel 68. As an alternative, the

flow aids 52 can also be formed from woven fabric 70, nonwoven 72, knit fabric 74 or a
mesh 76.

Figure 3 shows a sectional view through line A-A of Figure 2, i.e., through the line on
which the vacuum line 48 is arranged. Figure 3 therefore shows an enlarged depiction of

the first partial mold 18 already described in Figure 1.

In addition to the vacuum line 48 arranged in the center, the first partial mold 18 has a
plurality of flow aids 52 in the form of groove 66 on its side facing the second mold 16.
A composite 42 from a semipermeable membrane 39 and a puller 40 is also positioned on

this side via a peripheral adhesive 44.

To produce fiber-reinforced components by means of the injection process, the first mold
14 is initially formed by joining several partial molds 18, 20. In the present case three

first partial molds 18 and two second partial molds 20 are connected to each other.

Partial areas 32 of the mold surface 30 of the first mold 14 are initially formed. For this
purpose a vacuum line 48 is provided on the first mold 18, which can be connected to a
vacuum device 50. For better gas feed to the vacuum line 48 flow aids 52 in the form of
groove 66 are provided on one side which faces the second mold 16 in the later structure.
On the side of the partial mold 18 provided with groove 66 a composite 42 of

semipermeable membrane 39 and a puller 50 are fastened by means of a peripheral
adhesive 44.

The matrix line 60 is provided in the second partial mold 20. A flow aid 54 is provided
on the side of the second partial mold 20 facing the second mold 16 in the later structure,

which facilities distribution of matrix material 37. A puller 40 is also fastened here.

After production of the partial molds 18, 20 they are joined vacuum-tight to each other by
means of connection devices 22. The flexible adhesive or sealing strip can be used as
connection device 22, which is applied at the contact points of the partial molds 13, 20.
However, a liquid or gel-like sealant can also be used, which is applied, tor example, by a
nozzle on the contact sites and then crosslinked. Use of profile seals, which are glued to

the edge of the partial molds 18, 20 or introduced to them, is also conceivable. Another
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possibility is the provision of flexible sealing lips, which are mounted on the edges of the

partial molds 18, 20 or integrated in them.

Fibrous material 38 is then placed on the second mold 18 to produce the fiber-reinforced
component 12. The first mold 14 formed from the two partial molds 18, 20 is arranged
above the fibrous material 38. The first mold 14 is now connected vacuum-tight to the
second mold 18 via closure device 28. The mold volume 36 to be evacuated is formed on
this account between the two molds 14, 16. The matrix lines 16 in the second partial mold
20 are now connected to the matrix distribution device 62, while the vacuum lines 48 in

the first partial molds 18 are connected to the vacuum device 50.

By applying a vacuum, for example, by switching on a vacuum pump, a partial vacuum is
produced in the mold volume 36, which pulls the matrix material 37 into the mold
volume 36 through the matrix distribution device 62 and the matrix line 60. The matrix
material 37 1s distributed quickly and uniformly over the fibrous material 38 and
essentially impregnates it in the thickness direction through the flow aids 54 which are
arranged on the side of the second partial molds 20 facing the second mold 16. Gases
present in the fibrous material 38 and/or matrix material 37 can now escape through the

vacuum device 50.

The semipermeable membrane 39 provided on the first partial mold 18 prevents matrix
material 37 from entering the vacuum line 48 and the tlow aids 52. The flow aids 52
cause the air or any other gas present in the mold volume 36 to rapidly enter the vacuum
lines 48 in the first partial molds 18 and the mold volume 36 can thus be uniformly and

quickly evacuated.

The vacuum the mold volume 36 is maintained until the areas of the fibrous material 38
situated beneath the first partial molds 18 are completely impregnated. After the fibrous
material 38 impregnated with matrix material 37 is completely cured, the molds 14, 16
are released from the fiber-reinforced component 12 so formed. This is facilitated by the
puller 40, which prevents sticking of the molds 14, 16 to the finished fiber-reinforced

component 12,
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A fiber-reinforced component 12 can be simply produced in any shape and size and
without demanding structure of several spaces above the fibrous material 38 through the

above described production device and the above described method.

During the vacuum-assisted process (VAP) the liquid-impermeable semipermeable
membrane 39 separates the internal area (the mold volume 36) to be filled with the matrix
material 37, preferably resin, from the vacuum area 38 without removal of gases
(primarily air) from the mold volume 36, i.e., both from the matrix material 37 introduced
into the mold volume 36 and from the fibrous material 38. The vacuum connection in the
structure described here is integrated in the form of a vacuum line 48 and the
semipermeable membrane 39 in one or more first partial molds 18, which are designed as

clamping pads arranged on the component inside.

An important task of this production device consists of the fact that air situated in the
fibrous material 38 is drawn off over the surface. In order to guarantee sufficient air
supply to the vacuum line 48, it can be advantageous to provide appropriately
dimensioned grooves 66 in the body of the first partial mold 18. As an alternative, a
textile (for example, woven fabric 70, knit fabric 74, nonwoven 72) or mesh 76 can also
be used for this purpose between the semipermeable membrane 39 and the bottom of the
first partial mold 18, in which case unduly strong marking in the component surface
should be avoided. A perforated film as puller 40 has the purpose of permitting problem-
free mold release in the first partial mold 18 and the second partial mold 20 after curing
of the fiber-reinforced component 12 and preventing adhesion of the semipermeable
membrane 39 to the fiber-reinforced component 12. The semipermeable 39 and the puller
40 are glued as blanks along the edge on the bottom of partial mold 18, 20, in which this
peripheral adhesive 44, on the one hand, fastens the blank and, on the other hand,
prevents liquid matrix material 37 from flowing over the edge into the vacuum area. It 1S
certainly advantageous to use a composite 42 of semipermeable membrane 39 and puller

40 instead of applying two film blanks individually on the partial molds 18, 20.

Depending on the requirements, the partial molds 18, 20 can be made rigid or flexible

and preferably consist of metal or plastic.

In order to further process a dry fibrous material 38 to fiber-reinforced component 12, it

should be impregnated in an appropriate mold initially with liquid matrix material 37,
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preferably resin, and then cured. In the VAP technology corresponding precautions are
advantageously taken in order to distribute the matrix material 37 sufficiently quickly in
the mold volume. A combination of one or more point or linear gates with a surface
distribution medium (for example, an open structure textile) on the surface of the fiber-
reinforced component 12 works here. The matrix material 37 is therefore primarily
distributed over the surface of the fiber-reinforced component 12 with relatively limited
flow resistance and essentially impregnates the fibrous material 38 in the thickness
direction. It is also conceivable to incorporate channel 68 and groove 66 to distribute the
matrix material 37 in the molds 14, 16 or in the partial molds 18, 20 so that aids (gate
channels and surface flow aids) are saved. The integrated distribution of matrix material
37 is then preferably carried out so that it is impressed as little as possible in the surface

of the fiber-reinforced component 12.

[n the application example explained below of a stringer-reinforced panel, the distribution
of matrix material 37 in the partial molds 20 of the stringer is supposed to be integrated

and other gate variants are naturally also concetvable.

A practical example of an infusion structure for production of a panel with two stiffening
profiles is shown in Figure 1, which involves a section across the stitfenings. The side of
the fiber-reinforced component 12 facing the second mold 16 is referred to as outside and
the side provided with the stiffening profiles is referred to as inside. Two second partial
molds 20 with integrated matrix line 60 are situated above the stringer, the remaining
surface of the component inside is covered by three first partial molds 18 with integrated
vacuum line 48. Only the gap between the partial molds 18, 20 and the outer edge of the
first mold 14 so formed are to be sealed relative to the second mold 16 in order to obtain

a closed infusion chamber or a closed mold volume 36.

For infusion itself the first partial molds 18 with integrated vacuum line 48 are connected
to a vacuum device 50 and the second partial molds 20 with integrated matrix line 60 are
connected accordingly to a matrix distribution device 62. The air situated in the fibrous
material 38 is drawn off by the vacuum. The partial vacuum prevailing in the infusion
chamber therefore acts as driving force for flow of the matrix material 37. The matrix

material 37 flows along the stringer into the mold volume 36 and is distributed downward

and sideward until the areas beneath the first partial molds 18 are completely
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impregnated. The semipermeable membranes 39 apply to these partial molds 18 then

prevent matrix material 37 from entering the vacuum lines 48.

For vacuum-tight closure of the mold volume 36 difterent variants are conceivable. It
must then be kept in mind that sealing in some cases should have a certain flexibility in
order to be able to compensate for any displacements that occur, for example, by
compaction of the fibrous material 38 under vacuum or during infusion or because of

thermal expansion. Some examples will be mentioned here:

I. A flexible adhesive/sealing strip, which is applied to the contact sites of the partial
molds 18, 20 and along the edges of the partial molds 18, 20 relative to the second mold
16.

2. Liquid or gel-like sealant, which is applied by a nozzle to the sealing joints and then
crosslinked.

3. Profile seals glued to the partial molds 18, 20 or inserted in them (for example, groove

with a silicone sealing cord).

4. Flexible sealing lips (for example, made of silicone) applied to the partial molds

18, 20 are integrated in them.
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List of reference numbers

Production device

Fiber-reinforced component

First mold

Second mold

First partial mold

Second partial mold
Connection device

First outer partial mold
Second outer partial mold
Closure device

Mold surface

First partial area

Second partial area

Mold volume

Matrix material

Fibrous material
Semipermeable membrane
Puller

Composite

Peripheral adhesive
Evacuation area

Vacuum line

Vacuum device

Flow aid

Flow aid

Stiffening element

Cavity

[njection device

Injection area

Matrix line

Matrix distribution device
Grooves

Channels

1S
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70 Woven fabric
72 Nonwoven
74 Knit fabric
76 Mesh

CA 02803229 2012-12-19

16



CA 02803229 2015-07-21

17

The embodiments of the invention in which an exclusive property or privilege i1s

claimed are defined as follows:

1. A mold for a production device for production of fiber-reinforced components by
means of an 1njection process, the mold comprising:

a first mold comprised of at least a first partial mold and a second partial mold;

a connector device for forming a vacuum-tight connection of the first partial mold
and the second partial mold;

a second mold joined to the first mold;

a mold surface configured to form a surface of the fiber-reinforced component,
the mold surface having a first partial area and a second partial area;

an injection area configured for injection of matrix material into fibrous material
situated on the mold surface through the second partial area of the mold surtace; and

an evacuation area configured for evacuation of a mold volume bounded by the

mold through the first partial area of the mold surface.

2. The mold according to claim 1, wherein:

a puller configured for removal of the component from the mold 1s arranged on

the mold surface; or
the first partial area of the mold surface has a semi-permeable membrane

configured for passage of gases and for retention of matrix material.

3. The mold according to claim 2, wherein:

the semi-permeable membrane or the puller are formed as a composite in the first

partial area of the mold surface; or

the semi-permeable membrane, the puller, or the composite are tastened to the

mold surface with a peripheral adhesive.

4, The mold according to any one of claims 1 to 3, wherein:

the second partial area of the mold surface includes flow aids configured to

support distribution of the injected matrix material; or
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the first partial area includes flow aids configured to support evacuation of the

mold volume.

J. The mold according to claim 4, wherein the flow aids in the first or second partial

area have grooves, channels, woven fabric, nonwoven, knit fabric, or a mesh.

6. A production device for production of fiber-reinforced components by means of
an 1njection process, the production device comprising:
a mold, which includes:
a first mold comprised of at least a first partial mold and a second partial
mold;
a connector device for forming a vacuum-tight connection of the first
partial mold and the second partial mold;
a second mold joined to the first mold;
a mold surface configured to form a surface of the fiber-reinforced
component, the mold surface having a first partial area and a second partial area;
an 1njection area configured for injection of matrix material into fibrous
material situated on the mold surface through the second partial area of the mold
surface; and
an evacuation area configured for evacuation of a mold volume bounded

by the mold through the first partial area of the mold surface.

7. The production device according to claim 6, wherein the injection device has a

matrix distribution device configured to distribute the matrix material.

8. The production device according to claim 6 or 7, further comprising:
a peripheral sealing device configured to seal the mold volume to be evacuated on

the mold.

9. The production device according to any one of claims 6 to 8, wherein:
the 1njection area has matrix line configured to connect to the injection device, or

the evacuation area has vacuum lines configured to connect to the vacuum device.
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10. A method for production of fiber-reinforced components by means of an injection
process, the method comprising:
making a mold by:
forming a first mold comprised of at least a first partial mold and a second
partial mold;
forming a vacuum-tight connection between the first partial mold and the
second partial mold;
forming a second mold joined to the first mold; and
forming a mold surface configured to form a surface of the fiber-
reinforced component, the mold surface having a first partial area and a second
partial area;
injecting matrix material into fibrous material situated on the mold surface
through the second partial area of the mold surface; and
evacuating a mold volume bounded by the mold through the first partial area of

the mold surface.

11.  The method according to claim 10, wherein the evacuation occurs through a semi-

permeable membrane arranged on the mold surface.

12.  The method according to claim 10, further comprising:
forming the mold surface by connecting at least two partial molds formed

separately from each other.
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