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(57) Abréegée/Abstract:

A process for producing (part-)annular, fiber reinforced, polymer containing moldings from semifinished fiber composite material
products, comprising the steps of. positioning: a multitude of annular or part-annular shaped pieces on a rotatable drum (3) such

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191

,
L
X
e
e T A
e IR\ VNENEN
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




CA 2711800 A1 2009/0//16

en 2 711 800
13) A1

(57) Abrege(suite)/Abstract(continued):
that they form a loop-like mold with an annular channel (19, 25, 33, 45, 50) to accommodate the semifinished product, applying th

semifinished product to the channel of the loop-like mold, rotating the drum In such a way that, owing to the centrifugal forces, tr
matrix material is forced outward and air present in the channel migrates inward, hardening the semifinished product employing

thermal means to form a polymer ring, removing the polymer ring from the loop-like mold.
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A (57) Abstract: A process for producing (part-)annular, fiber reinforced,
& ¥ . polymer containing moldings from semifinished fiber composite material
2 {3 by products, comprising the steps of: positioning: a multitude of annular or
7N & part-annular shaped pieces on a rotatable drum (3) such that they form a
loop-like mold with an annular channel (19, 25, 33, 45, 50) to accommo-
AN 12 r date the semifinished product, applying the semifinished product to the
channel of the loop-like mold, rotating the drum in such a way that,

7 af— . . . . .
SN / R owling to the centrifugal forces, the matrix material 1s forced outward and
il _ M air present i the channel migrates inward, hardening the semitinished
i fé | product employing thermal means to form a polymer ring, removing the

A a2 AN polymer ring from the loop-like mold.

1 /F (57) Zusammenfassung: Verfahren zur Herstellung (teil-) ringformiger,
42 w’\\: AL fa.serverstéirkt.en Kunst.s.toﬂj enthalt;nde Bauteile aus FVW-Halbgquen,
%/’Z/Q’% mit den Schritten: Positionierung einer Mehrzahl von ring- oder teilrings-
\‘m\&“§/////// > formigen Formstiicken auf einer rotierbaren Trommel (3) derart, dass die

/ ~ M se elne spulenartige Form mit emmem ringformigen Kanal (19, 25, 33, 45,

50) zur Autnahme des Halbzeugs bilden, Auftragen des Halbzeugs in den
Kanal der spulenartigen Form, Rotieren der Trommel derart, dass aut-
grund der Zentrifugalkrifte das Matrix- Material nac aullen gedriickt und
im Kanal enthaltene Luft nach innen wandert, Aushartung des Halbzeugs
unter Anwendung von Temperatur zu einem Kunststotf-Ring, Entnahme
des Kunststoff -Rings aus der spulenartigen Form.
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Method for manufacturing (partly) ring-shaped components, which comprise fibre-

reinforced plastic, from fibre-composite semifinished products

The invention relates to a method for manufacturing ring-shaped or partly ring-shaped
components, which comprise fibre-reinforced plastic, from fibre-composite semifinished

products.

From JP 06247770 A1 (D1) a method for manufacturing a cylindrical component is known, in
which method a CFRP composite material is arranged in a mould cavity of a centrifuge. In
this process resin is placed into the cavity of the centrifuge by way of an aperture. Based on

centrifugal force uniform impregnation of the composite material is achieved.

US 5,393,215 B1 (D2) describes a method and a device for manufacturing a fibre composite
component in which a composite material is placed in a mould cavity of a centrifuge.
Subsequently the cavity is evacuated and is made to rotate so that resin from a container in

the region of the centre of the centrifuge is displaced into the cavity.

DE 29 19 498 A1 discloses an apparatus for rotational moulding with a multitude of mould
cavities that are connected, by way of channels, to a pouring duct that is arranged in the
centre of the apparatus. As a result of centrifugal forces, the resin mixture from the pouring
duct is pressed into the mould cavities. During the process of filling the cavities, the air

contained in the mould is displaced in the direction of the axis of rotation and is released by
way of a venting channel.

US 5,906,836 B1 describes an apparatus for rotational moulding for manufacturing ring-

shaped components from a PU material. A reinforcement wire can have been placed into the
cavity.

Furthermore, from DE 39 35 133 C2 a winding method for manufacturing at least partly ring-
shaped components is known, which method a reel comprising two mould pieces, which reel
Is rotatable on a longitudinal axis so that a unidirectional carbon fibre is wound onto the
surface area. In this process the winding shape is controlled by way of the movement control
system of a process management device, wherein in the region of lateral parts of the

moulded articles a greater number of fibre layers are wound one on top of the other than is
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the case in the middie. The cavity of the reel is closed by means of covers and is filled with

liquid plastic by means of a pouring aperture.

In WO 02/058917 A2 a centrifugal moulding method for manufacturing a product is
described, wherein in this method raw material to be moulded is placed in a centrifuge. To
ensure uniform thickness of the product, a compound is placed into the centrifuge, more
precisely within a volume enclosed by the raw material. From this placed-in compound,
during the moulding process during operation of the centrifuge additional force is exerted on
the material to be moulded; in other words, pressure is exerted from the interior onto the

material so that the material is made to contact the outer wall of the centrifuge.

In DE 2 138 353 A a method for impregnating semifinished products with matrix material is
described, wherein the matrix material is centrifuged at very considerable kinetic energy,

without the admixture of air, onto and into the semifinished product.

In DE 1 886 051 U a plate-mould centrifuge for manufacturing small components is
described, which centrifuge comprises several plate moulds that are arranged one on top of
the other that are together rotated on their shared centre axis and are supplied by way of a
centrally arranged shared feed channel for matrix material.

It is the object of the invention to provide a method for manufacturing ring-shaped
components, which comprise fibre-reinforced plastic, from fibre-composite semifinished

products, by means of which method components with complex cross-sectional shapes can
be manufactured.

This object is met by the characteristics of claim 1. Further embodiments are stated in the
dependent subordinate claims.

According to the invention a method is provided for manufacturing semifinished products or
components, which are ring-shaped or partly ring-shaped and which comprise fibre-

reinforced plastic, from fibre-composite semifinished products, with the method involving the
steps of

(@) positioning at least one ring-shaped or partly ring-shaped mould piece on a rotatable
drum (3) such that they a reel-shaped mould with a ring-shaped or partly ring-shaped
channel section (19, 25, 33, 45, 50) that extends in radial direction and/or in
longitudinal direction of the drum,
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multilayer application of semifinished-product material in the channel section (19, 25,
33, 45, 50) of the reel-shaped mould,

at least one repetition of steps (a) and (b) with the addition of at least one ring-shaped
or partly ring-shaped mould piece on the rotatable drum while forming a further

channel section that continues on from the existing channel section, and placement of
semifinished-product material in the channel section, wherein the created sequence of

channel sections at least in part provides the mould for the component to be

manufactured,

placing matrix material in the channel sections (19, 25, 33, 45, 50) with the insertion of
semifinished-product material in individual channel sections or/and after forming at

least one channel section,

after forming the channel sections (19, 25, 33, 45, 50) with semifinished-product
material and matrix material contained therein, rotating the drum (3) in such a manner
that as a result of the centrifugal forces the matrix material is pressed towards the

outside and air contained in the channel is displaced radially inwards,

curing the matrix material contained in the channel (19, 25, 33, 45, 50) with the

application of temperature to form a plastic ring,

after curing the ring-shaped semifinished product or component, separating the
arrangement of mould pieces into sections, and removing the cured ring-shaped
semifinished product or component.

According to the invention, thus step-by-step creation of the mould tool or of channel

sections that join one another is provided, wherein in each case after completion of one of

several channel sections in a dedicated process step the fibre semifinished product or

semifinished-product material to be used for fibre composite components is inserted into the

channel section created in each case.

According to the invention, prior to rotation of the drum. positioning of a multitude of ring-

shaped or partly ring-shaped mould pieces and multilayer application of the semifinished
product in the channel of the reel-shaped mould can take place several times in an

alternating manner.
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In the method according to the invention it can, in particular, be provided for two adjacent
mould pieces to be designed in such a manner that they interact in a positive-locking manner
so that the mould piece that is situated on the outside in radial direction of the drum is affixed
in axial direction of the drum to the mould piece that is situated radially on the inside, and so
that a sidewall, directed in the axial direction, of the mould piece that is situated on the

outside forms a sidewall of a channel section.

It can be provided for two mould pieces to be placed on the respectively formed
arrangement of mould pieces in such a manner that two opposing sidewalls of the mouid
pieces, which sidewalls extend along the radial direction of the drum, form a channel section
so as to form a component web, which channel section follows on from a channel section
that has already been formed by means of mould pieces, and that on corresponding
receiving surfaces of the mould pieces a cover element that extends in circumferential
direction Is applied, which cover element closes off the formed channel section in radial
direction towards the outside so that during rotation of the drum the end piece prevents the

matrix material from moving out of the channel.

In this arrangement a surface of the cover element and the top of at least one of the mould
pieces can form a channel section that extends in axial direction of the drum, which channel
section follows on from a channel section that extends along the radial direction of the drum
so as to form a component web, and that in order to form an axially extending flange,

semifinished-product material is inserted and matrix material is introduced into the axially
extending channel section.

Furthermore, according to the invention, in the formation of the reel-shaped mould with the
ring-shaped channel comprising a multitude of ring-shaped or partly ring-shaped mould
pieces at least one feed channel is formed for introducing matrix material into the channel. In
this arrangement the feed channel can lead from the interior of the drum into the channel. As
an alternative or in addition, a feed channel can be formed that leads from the channel to the

external surroundings of the drum.

According to the method according to the invention, an end piece or a cover can be used
that is arranged on the reel-shaped mould in such a manner that said end piece or cover
radially closes the channel off on the outside so that during rotation of the drum the end

piece prevents the matrix material from moving out of the channel.
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According to the invention, after completion of the plastic ring, separation of said ring into

sections, and removal of said ring can take place.

A resin or a metal melt can be used as a matrix material. Furthermore, a selection or a

combination of rovings, fabrics, interlaid textile scrim, prepregs and/or yarns can be used as

a semifinished product.
The mould pieces can comprise fibre-reinforced materials.

The arrangement of the mould pieces can be provided in such a manner that the channel of
the reel-shaped mould is formed in such a manner that said channel forms the mould for a

combination comprising at least one bead and at least one web for the component to be

manufactured.

Positioning a multitude of ring-shaped or partly ring-shaped mould pieces on a rotatable
drum can take place in such a manner that on the same drum in longitudinal direction of the

drum side by side several components comprising fibre-composite semifinished products are

manufactured and removed from the drum.

With the method according to the invention, in particular several cured semifinished products
or components can be manufactured in a parallel process on the same drum, i.e. positioning
of a multitude of ring-shaped or partly ring-shaped mould pieces on a rotatable drum can
take place in such a manner that on the same drum mould pieces are positioned and that in
longitudinal direction of the drum several formed semifinished products or components

comprising fibre-composite semifinished products can be manufactured and removed from
the drum.

According to the invention, thus the manufacture of a fibre-reinforced-plastic-containing ring-
shaped or partly ring-shaped semifinished product or component from fibre-composite
semifinished products is provided. The method according to the invention provides for a

channel, by means of mould pieces, to be constructed step-by-step from channel sections in
such a manner that said channel sections gradually form a mould of the component to be
manufactured. Step-by-step the channel is formed from sections, wherein step-by-step, after
manufacturing a channel section, in each case semifinished-product material for
manufacturing a fibre composite component is inserted into said channel section. This

means that the semifinished-product material can be inserted into the channel with the fibre
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orientation necessary for the manufacture of a fibre composite component. In this
arrangement it is possible, for example, to insert fibre material into a channel section by
means of a winding method. This is, in particular, possible if the respectively formed channel
section is formed in such a manner that it extends in a rotation-symmetrical manner on the
drum axis and is open radially towards the outside, thus providing access for the insertion of
fibres or fibre strands or dry or impregnated semifinished products comprising fibres.
According to the invention, furthermore, after formation of a channel section matrix material
is introduced into the same, or after formation of several channel sections,the matrix material
Is introduced into the channel sections. The placement of semifinished products takes place,
In particular, with a predetermined fibre orientation that is to correspond to the fibre
orientation in the semifinished product or component to be manufactured, so that the
manufacture of a complex predetermined mould, e.g. comprising radially extending webs

and flanges that axially adjoin the aforesaid, is technically possible by means of a rotational

method.

Below, exemplary embodiments of the invention are described with reference to the

enclosed figures which show the following:

. Figure 1 a perspective exploded view of the drum and several ring-shaped or partly

ring-shaped mould pieces provided according to the invention for arrangement on the

rotatable drum,

. Figure 2 a partial section of the rotatable drum in longitudinal direction of the latter with

an exemplary completed structure of ring-shaped or partly ring-shaped mould pieces
on the drum,

. Figure 3a a support region of the rotatable drum with two ring-shaped mould pieces
arranged on said drum, which mould pieces are laterally supported by fixing-angle

rings, as well as with an application of a semifinished product to form an inner flange
for the frame element to be manufactured,

. Figure 3b a support region of the rotatable drum, on which support region, starting from
the state shown in Figure 3a, two further ring-shaped mould pieces have been placed

to additionally form an inner bead of the frame element to be manufactured.
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. Figure 3c a support region of the rotatable drum, on which support region, starting from
the state shown in Figure 3b, a further ring-shaped mould piece has been placed, in
exchange for a previously placed mould piece, to additionally form a web of the frame

element to be manufactured,

. Figure 3d a support region of the rotatable drum, on which support region, starting from
the state shown in Figure 3c, two further ring-shaped mould pieces have been placed
in exchange for an already placed mould piece, and two further ring-shaped mould
pieces have been placed to improve the web formed in the preceding step on the

frame element to be manufactured,

. Figure 3e a support region of the rotatable drum, onto which support region, starting
from the state shown in Figure 3d with the already placed ring-shaped mould pieces, in

addition an outer flange of the frame element to be manufactured has been wound,

. Figure 3f a support region of the rotatable drum, on which support region, starting from
the state shown in Figure 3e, a ring-cover element to terminate the placed group of

mould pieces has been placed.

Figure 1 shows a perspective exploded view of the manufacturing device 1 provided
according to the invention, with a drum 3 and with several ring-shaped or partly ring-shaped
mould pieces placed on said drum 3, which mould pieces in one application example of the
method according to the invention can be used to form a ring-shaped frame element for an
aircraft fuselage for arrangement on the rotatable drum. At least one of the placed mould

pieces comprises one or several outer surfaces, on which semifinished-product material can

be placed.

By means of the method according to the invention, or by means of the device according to
the invention, it is not only possible to manufacture a profile, e.g. a frame element, but it is
also possible to manufacture several profiles at the same time. As an example, Figure 2
shows the simultaneous manufacture of two profiles. This increases the machine throughput
and the number of components per time interval that can be manufactured with the
manufacturing device according to the invention.

As a result of the division into several mould segments it is also possible to manufacture

semifinished products or components that are not rotationally symmetrical. For example,
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components comprising basic cross sections that are elliptical can be manufactured. It is
also possible to manufacture components comprising basic cross sections that are not

closed, and that are, for example, partly elliptical or partly parabolic in shape.

The following can, in particular, be used as a semifinished product or as semifinished
products: rovings, fabrics, interlaid textile scrim, prepregs and/or yarns. With the
semifinished product a matrix material is used. The matrix material, for which a resin or a
metal melt is used, is placed in the channel matrix material after the semifinished product
has been placed in the respective channel section. The matrix material can in addition also

be applied to the drum together with the semifinished product, e.g. in the case of prepregs.

For the purpose of the description, the drum 3 has been allocated the longitudinal direction L
(Figure 2), which coincides with its axis of symmetry. This results in a radial direction R and
a circumferential direction U. Figures 3a to 3f show the sequence of the application of ring-
shaped or partly ring-shaped mould pieces onto the drum for a modified application example
in various method-related steps according to the invention. In this arrangement Figure 2
shows a partial section of the rotatable drum in its longitudinal direction with the completed
structure of ring-shaped or partly ring-shaped mould pieces on the drum, which structure is
shown in steps in Figures 3a to 3f.

According to the method according to the invention for manufacturing ring-shaped or partly
ring-shaped semifinished products or components from fibre-composite semifinished
products comprising fibre-reinforced plastic, firstly positioning a multitude of ring-shaped or
partly ring-shaped mould pieces on a rotatable drum takes place in such a manner that they
extend in circumferential direction of the drum, thus forming a reel-shaped mould with a ring-
shaped receptacle or a channel section for taking up the semifinished product, and
subsequently multilayer application of the semifinished product in the ring-shaped receptacle
of the reel-shaped mould. The ring-shaped receptacle is generated in a shape by means of
which the formation of at least part of the component to be manufactured can take place.

In the exemplary embodiment shown in Figures 3a to 3f, at first on a support region or
support area 5 of the rotatable drum 3 two ring-shaped mould pieces 11, 12 are arranged,
which in the presently described exemplary embodiment cannot be exchanged in the course
of the process and can therefore also be designated base-mould pieces. The support area 5
of the rotatable drum 3 can also be the circumferential surface of a sleeve located on the

circumferential surface of the drum. Each mould piece 11, 12 comprises a first lateral
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surface 11a or 12a that faces a first drum end 3a, and a second lateral surface 11b, 12b that
faces a second drum end 3b. The radial inner surfaces 11c¢, 12¢ of the base-mould pieces

11, 12, rest on the support area 5 of the drum 3.

In the exemplary embodiment described, the outer circumference surfaces 11d, 12d
comprise a contour onto which partly a semifinished-product material can be placed or
wound, which contour is suitable for receiving further mould pieces. To this effect, in the
application example presently described, the mould pieces in each case comprise a recess
13 or 14, located at corresponding corners that are situated radially outside, so that the
aforesaid with corresponding positioning of the mould pieces 11, 12 on the drum 3 form a
contiguous recess 15. When viewed in the direction of the drum ends 3a, 3b, this recess 15
Is delimited by an at first exposed, radially extending lateral surface 11b of the first mould
piece 11, which lateral surface 11b faces the second drum end, and by an opposite, at first
exposed, radially extending lateral surface 14a of the second mould piece 12, which lateral
surface 14a faces the first drum end 3a. On each of their lateral surfaces 11a, 12b that face
the respective drum ends 3a, 3b, the mould pieces 11, 12 are supported by a fixing angle

18, 17 when viewed towards the outside, i.e. in longitudinal direction L.

In the application example shown, semifinished-product material of a predetermined
thickness that extends in radial direction R is inserted into the receptacle 15. After the step of
curing the finished component, this semifinished-product layer 19 wifl form an inner bead of
the frame element to be manufactured, wherein the layer thickness corresponds to the

thickness of the inner bead (Figure 3a).

In a further step a first and a second mould piece 21 or 22 are placed on the layer 19
provided for forming the inner bead, which mould pieces 21 or 22 in a subsequent step are
replaced by other mould pieces so that these mould pieces can also be designated
Intermediate mould pieces. In the exemplary embodiment shown, the first intermediate
mould piece 21 is designed and placed in the recess 15 in such a manner that the first
intermediate mould piece 21 covers the second intermediate mould piece 22 radially on the
outside, and the second mould piece 22 is received in a recess on the radial inside of the
first intermediate mould piece 21. In this arrangement the second intermediate mould piece
22 and the second base-mould piece 12 are designed and placed together relative to each
other in such a manner that between the first intermediate mould piece 22 and the adjacent
radially extending sidewall 14a of the second base-mould piece 12 a radially extending
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channel or clearance 23 remains, which in addition extends in circumferential direction U of
the drum 3. In a further step, likewise, semifinished-product material 23a is inserted into or
placed on this radially extending clearance 23 so that a radially extending semifinished-
product web 25 results, which in the component to be manufactured forms a collar to the
end, situated in axial direction of the component, of the inner bead of the frame element to
be manufactured. The first radially extending lateral surface 21a of the first intermediate
mould piece 21, which lateral surface 21a faces the first drum end 3a, rests against the
lateral surface or recess wall 11b, which faces said lateral surface 21a, of the first base

mould piece 11 (Figure 3b).

In a further step the first intermediate mould piece 21 is replaced by a third intermediate
mould plece 30, which is also only used for an intermediate step and is thereafter replaced
(Figure 3c). The third mould piece 30 extends in axial direction L of the drum 3 at the latter's
lateral section 36 along the first mould piece 11 and extends in axial direction beyond the
latter also along a section of the second base-mould piece 12, wherein it rests against this
section. For attachment or stabilisation of the third mould piece 30, on the side which faces
the second base-mould piece 12, said third mould piece 30 comprises a projection 35 that
extends In circumferential direction U and is directed towards the drum axis. Furthermore,
the second base-mould piece 12, on the side facing the third mould piece 30 comprises a
groove 27 for receiving in a positive-locking manner the circumferential projection 35 and for
fixing the third intermediate piece in axial direction L of the drum 3. The third mould piece 30
s designed and located in the recess 15 in such a manner that between its first, radially
extending, sidewall 30a, which faces the first drum end 3a, and the lateral surface 11b or
recess wall of the first base-mould piece 11, said sidewall provides a channel or clearance
33 that extends radially and in circumferential direction U, into which channel or clearance
33 in a further step semifinished-product material 34 is inserted that follows on at a right
angle from the material layer 19 for forming the inner bead (Figure 3c).

In a further step a first profiled mould piece 41 and a second profiled mould piece 42 are
placed onto the mould-piece structure (Figure 3d) which first profiled mould piece 41 and
second profiled mould piece 42 are designed and positioned on the mould-piece structure
established so far that between the aforesaid a clearance or channel 43 that extends in
radial direction R forms, which clearance or channel 43 follows on from the radially
extending clearance 33 with the same width (Figure 3e). In this arrangement the clearance

43 forms between facing radially extending lateral surfaces 41b, 42a, which are opposite
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each other, of the first profiled mould piece 41 or of the second profiled mould piece 42.
Subsequently, again, matrix material and/or semifinished-product material is inserted into the
clearance 33, so that in the component to be manufactured, a radially-extending

semifinished-product web 45 resuits, which in the aforesaid represents an extension of the

web arising as a result of the clearance 33.

At its inner circumference the first profiled mould piece 41 comprises a support area 41c that
Is designed in such a manner and in particular comprises such an inside radius that the first
profiled mould piece 41 can be slid from the first end 3a of the drum 3 in longitudinal
direction L onto the existing mould structure. Likewise, the second profiled mould piece 42 at
its inner circumference comprises a support area 42c that is designed in such a manner and
in particular comprises such an inside radius that the second profiled mould piece 42 from
the direction of the second end 3b of the drum 3 can be slid in longitudinal direction L onto
the existing mould structure (Figure 3d). To reinforce the mould pieces 41 and 42 against
torsion and against forces acting in circumferential direction U, said mould pieces 41 and 42
at their outer sides that face the first 3a or the second 3b drum end comprise ribs 41a or
42b. Furthermore, the mould pieces 41 and 42 at their inner surface 41c or 42c comprise
ring-shaped or other types of projections 45, 46 that project from said inner surface 41c or
42c towards the inside, i.e. towards the centre axis of the drum. When the mouid pieces 41,
42 are slid onto the arrangement of the mould pieces that are already positioned on the
drum 3, said projections come to rest against a lateral surface of the respective mould piece
11 or 30, which lateral surface is directed towards the respective drum end 3a, 3b, onto

which mould piece 11 or 30 the respective mould piece 41 or 42 in the given application

example is pushed from the direction of the respective drum end 3a or 3b.

In the exemplary embodiment shown the mould piece 41 in close proximity to the first drum
comprises a receptacle or indentation or channel 50 whose width extends in the axial
direction of the drum and whose interior is connected to the clearance 43. Further
semifinished-product material is inserted into the channel 50, which semifinished-product
material follows on from the material inserted into the clearance 43. In the component to be
manufactured the material inserted into the clearance 43 forms a ring-shaped outer flange
that extends in axial direction of the drum 3.

To close off the mould structure in the application example according to Figures 3a to 3f,

from the direction of the first drum end 3a a ring-shaped cover element 60 or end piece is
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slid onto said mould structure against a stop face 45 which when viewed from the direction
of the first drum end 3a is situated beyond the outermost channel 50, so that with a
corresponding design of the ring cover element 60 the latter covers the channel 50 (Figure
3f). Under the cover element 60 the channel 50 ends and the cover element 60 closes off '
the channel 50 so that when the drum 3 is rotated the cover element 60 prevents the matrix

material from moving from the channel.

In the mould piece structure it is thus possible to use mould pieces that are in one piece,
and, in particular, that have been manufactured in one piece. In the present application
example this applies to the mould pieces 11, 12, 41, 42. Furthermore, it is possible to use
mould pieces that comprise several, i.e. at least two, circumferential parts, which when
placed together form a ring that is closed in circumferential direction U. In the present
application example this applies to the mould pieces 21, 22, 30. Some of these are mould
pieces that for kinematic reasons cannot be moved to their intended positions by sliding
them on. In these mould pieces that are put together in circumferential direction, the
aforesaid are attached to each other in circumferential direction, and for this purpose it is
possible, for example, to use coupling elements or circumferential straps that are attached to

their ends located in circumferential direction.

According to the invention, preferably components are manufactured in a shape that when
sald components are arranged relative to each other a course of the channel to be formed
results that comprises sections that extend at least in radial direction. In this arrangement a
combination of single-piece mould pieces, or mould pieces that have been manufactured in

a single piece are used, which mould pieces for kinematic reasons necessarily extend in
circumferential direction.

The characteristics of the mould pieces of the described application example can be
combined in a different manner for other application examples, i.e. differently designed
components to be manufactured, depending on the construction of the mould structure and

the resulting kinematic circumstances.

In this arrangement it is, in particular, also possible to provide mould pieces such as the
mould pieces 21 or 22 that are only used for an intermediate step of the placement of
semifinished product, and which thereafter are replaced by other mould pieces in order to
continue the channel into which semifinished-product material is to be placed.
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The semifinished-product material can, for example, be placed in layers as an interlaid scrim
or fibre mats, or it can be wound in as yarn or roving in the respectively prepared channel,
and can be placed in this manner into said channel. In this arrangement it can, in particular,
be provided for the fibres or threads or yarns or rovings of the semifinished products to be

inserted into the channel section in a predetermined orientation.

The respectively prepared channel is preferably designed in such a manner with the mould
pieces used in the respective mould design that said channel can then be filled with the
semifinished-product material in a uniform manner, in other words e.g. with the use of the
same winding technique or application technique. However, it is also possible to use a

combination of different application methods when filling the respectively prepared channel.

The channel to be created, which extends in circumferential direction and in radial direction,
when viewed in axial section of the drum extends in some sections in radial direction or in
axial direction, if applicable with corresponding transitions between an axial and a radial
region. In particular cases it is also possible to form a channel whose cross section when

viewed In axial section of the drum extends transversely to the axial direction L or to the

radial direction R.

Together with, or after, positioning a multitude of ring-shaped or partly ring-shaped mould
pieces on the rotatable drum 3 such that they form a reel-shaped mould with a ring-shaped
channel, formed from channel sections 19, 25, 33, 45, 50, for receiving the semifinished
product, as well as after multilayer application of the semifinished product in the channel of

the reel-shaped mould, optionally the placement of matrix material in the channel filled with
the semifinished-product material takes place. This step can also be done without if the

semifinished product already comprises an adequate quantity of matrix material.

This can take place step-by-step after preparation of a channel section 19, 25, 33, 45, 50, or
after preparation of a multitude of channel sections 19, 25, 33, 45, 50 or after preparation of
the entire channel formed by the channel sections 19, 25, 33, 45, 50, and in particular after

placement of a ring cover element 60.

In this arrangement the semifinished product can already comprise matrix material, e.g. if

prepreg is used as the matrix material.
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As an alternative or in addition, either during the mould-piece construction or thereafter, a
matrix-material feed channel can be formed that communicates with a matrix-material supply
device with a reservoir for the matrix material so that matrix material can be inserted by the
matrix-material supply device into the channel 19, 25, 33, 45, 50 formed by mould pieces.
The matrix-material supply device can be situated within the drum 3a or outside the drum 3
so that the feed channel can extend from the channel 19, 25, 33, 45, 50, formed by mould

pieces, to the region within the drum or into the outer surroundings of the drum.

After placement of semifinished-product material and of matrix material in the channel 19,

29, 33, 45, 50 formed by mould pieces, the drum is rotated in such a manner that due to the
centrifugal forces the matrix material is pressed towards the outside, and air contained in the
channel is radially displaced towards the inside so that the channel filling is prepared for the

creation of a high-quality plastic product.

For the purpose of displacement or escape of air from the channel 19, 25, 33, 45, 50, an
additional outlet channel can be formed that has been created as a result of a clearance
between mould pieces, or that can take place by other means, e.g. the insertion of a drain
tube or cannula in the mould piece situated furthest inwards. The outlet channel extends
from the position situated furthest inwards of the channel 19, 25, 33, 45, 50 formed by mould
pieces. The outlet channel extends into the interior of the drum 3 and at its inner end can be
open or can lead into a receptacle. The outlet channel can also be identical to the feed
channel if the latter, at the radially furthest inwards position of the channel 19, 25, 33. 45, 50
formed from mould pieces, leads into said channel 19, 25, 33, 45 50.

In a further step, curing the semifinished-product material and matrix material, which is
located in the channel 19, 25, 33, 45, 50 formed by mould pieces, takes place with the
application of temperature to form a plastic ring or partial ring, and the removal of the plastic

ring from the reel-shaped mould or of the mould-piece structure comprising mould pieces.

The mould pieces used according to the invention need not be rotationally symmetrical or
partly rotationally symmetrical, in other words they need not comprise edges that are parallel
in circumferential direction; instead they can, for example, be ramp-shaped when viewed in
circumferential direction U, which according to the invention is also covered by the
designation "ring-shaped or partly ring-shaped”. Depending on the design of the component
to be manufactured, the mould pieces can also be non-symmetrical in shape. The essential

part consists of these components being joined to each other in a step-by-step manner so
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that between them a channel is formed for the insertion of semifinished product and/or for
the introduction of matrix material. The channel has a component in circumferential direction

and in radial direction so that during rotation of the drum a centrifugal effect is exerted on the
matrix material.

The characteristics of the mould pieces, e.g. of the base-mould pieces and the intermediate
mould pieces as well as of other mould pieces, can generally be provided or not provided on
sald mould pieces so that an arrangement of said mould pieces can be achieved in which

the manufacture of a component of a predetermined shape can take place according to the
invention.
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Claims

A method for manufacturing a fibre-reinforced-plastic-containing ring-shaped or partly

ring-shaped semifinished product or component from fibre-composite semifinished products,

involving the steps of:

(@)

(d)

positioning at least one ring-shaped or partly ring-shaped mould piece on a rotatable
drum (3) in such a manner that the latter forms a reel-shaped mould with a ring-shaped
or partly ring-shaped channel section (19, 25, 33, 45, 50) that extends in radial

direction and/or in longitudinal direction of the drum,

multilayer application of semifinished-product material in the channel section (19, 25,
33, 45, 50) of the reel-shaped mould,

at least one repetition of steps (a) and (b) with the addition of at least one ring-shaped
or partly ring-shaped mould piece on the rotatable drum while forming a further

channel section that continues on from the existing channel section, and placement of
semifinished-product material in the channel section, wherein the created sequence of

channel sections at least in part provides the mould for the component to be

manufactured,

placing matrix material in the channel sections (19, 25, 33, 45, 50) with the insertion of

semifinished-product material in individual channel sections or/and after forming at
least one channel section,

after forming the channel sections (19, 25, 33, 45, 50) with semifinished-product
material and matrix material contained therein, rotating the drum (3) in such a manner
that as a result of the centrifugal forces the matrix material is pressed towards the

outside and air contained in the channel is displaced radially inwards,
curing the matrix material contained in the channel (19, 25, 33, 45, 50),

after curing the ring-shaped semifinished product or component, separating the

arrangement of mould pieces into sections, and removing the cured ring-shaped

semifinished product or component,
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characterised in that a channel section is a recess that is radially open towards the outside.

2.

A method for manufacturing a fibre-reinforced-plastic-containing ring-shaped or partly

ring-shaped semifinished product or component from fibre-composite semifinished products,

involving the steps of:

(a)

()

positioning at least one ring-shaped or partly ring-shaped mould piece on a rotatable
drum (3) in such a manner that the latter comprises a reel-shaped mould with a ring-
shaped or partly ring-shaped channel section (19, 25, 33, 45, 50) that extends in radial

direction and/or in longitudinal direction of the drum,

multilayer application of semifinished product material in the channel section (19, 25,
33, 45, 50) of the reel-shaped mould,

at least one repetition of steps (a) and (b) with the addition of at least one ring-shaped
or partly ring-shaped mould piece on the rotatable drum while forming a further
channel section that continues on from the existing channel section, and placement of
semifinished-product material in the channel section, wherein the created sequence of
channel sections at least in part provides the mould for the component to be

manufactured,

placing matrix material in the channel sections (19, 25, 33, 45, 50) with the insertion of

semifinished-product material in individual channel sections or/and after forming at

least one channel section,

after forming the channel sections (19, 25, 33, 45, 50) with semifinished product
material and matrix material contained therein, rotating the drum (3) in such a manner
that as a result of the centrifugal forces the matrix material is pressed towards the

outside and air contained in the channel is displaced radially inwards,
curing the matrix material contained in the channel (19, 25, 33, 45, 50),

after curing the ring-shaped semifinished product or component, separating the
arrangement of mould pieces into sections, and removing the cured ring-shaped
semifinished product or component,
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characterised in that

two adjacent mould pieces (12, 30) are designed in such a manner that they interact in a
positive-locking manner so that the mould piece (30) that is situated on the outside in radial
direction of the drum (3) is affixed in axial direction of the drum (3) to the mould piece (12)
that Is situated radially on the inside, and so that a sidewall, directed in the axial direction, of
the mould piece (30) that is situated on the outside forms a sidewall of a channel section
(34a).

3. The method according to one of the preceding claims, characterised in that a channel

section is a recess that is radially open towards the outside.

4. The method according to any one of the preceding claims, characterised in that two
mould pieces are placed on the respectively formed arrangement of mould pieces (11, 30) in
such a manner that two opposing sidewalls of the mould pieces (41, 42), which sidewalls
extend along the radial direction of the drum (3), form a channel section (43) so as to form a
component web that follows on from a channel section (33) that has already been formed by
means of mould pieces (11, 30), and that on corresponding receiving surfaces of the mould
pieces (41, 42) a cover element (60) that extends in circumferential direction is applied,
which cover element (60) closes off the formed channel section in radial direction towards

the outside so that during rotation of the drum (3) the end piece (60) prevents the matrix
material from moving out of the channel.

5. The method according to any one of the preceding claims, characterised in that a
surface of the cover element (60) and the top of at least one of the mould pieces (11, 30)

form a channel section (50) that extends in axial direction of the drum (3), which channel
section (50) follows on from a channel section that extends along the radial direction of the
drum (3) so as to form a component web, and in that in order to form an axially extending
flange, semifinished-product material is inserted and matrix material is introduced into the
axially extending channel section (50).
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6. The method according to any one of the preceding claims, characterised in that in the
formation of the reel-shaped mould with the ring-shaped channel (19, 25, 33, 45, 50)
comprising a multitude of ring-shaped or partly ring-shaped mould pieces at least one feed
channel is formed for introducing matrix material into the channel (19, 25, 33, 45, 50),

through which feed channel matrix material is introduced into the channel sections (19, 25,
33, 45, 50).

7. The method according to claim 7, characterised in that the feed channel leads from

the interior of the drum into the channel.

8. The method according to claim 3 or 4, characterised in that a feed channel is formed
that leads from the channel to the external surroundings of the drum.

9. The method according to any one of the preceding claims, characterised in that the

insertion of semifinished product material in a channel section takes place by means of a
winding method or a laying method.

10.  The method according to any one of the preceding claims, characterised in that the
matrix material is inserted into the channel sections (19, 25, 33, 45, 50) by means of

Inserting prepreg semifinished-product material.

11.  The method according to any one of the preceding claims, characterised in that a
resin, a thermoplast or a metal melt is used as a matrix material.
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12. The method according to any one of the preceding claims, characterised in that fibre
material with a predetermined fibre orientation is used as a semifinished product; in that the
semifinished products are inserted into the channel sections in a predetermined manner in

order to provide the ring-shaped semifinished product or component that is to be
5 manufactured, which semifinished product or component comprises fibre-reinforced plastic,

with a predetermined fibre orientation; and in that rovings, fabrics, interlaid textile scrim,

prepreg and/or yarns are used as a semifinished product.

13.  The method according to any one of the preceding claims, characterised in that the

10  mould pieces comprise fibre-reinforced materials.

14. The method according to any one of the preceding claims, characterised in that the
channel (19, 25, 33, 45, 50) of the ring-shaped mould is formed in such a manner that said
channel (19, 25, 33, 45, 50) forms the mould for a combination comprising at least one bead

15 and at least one web for the component to be manufactured.

15.  The method according to any one of the preceding claims, characterised in that

positioning a multitude of ring-shaped or partly ring-shaped mould pieces on a rotatable
drum (3) takes place in such a manner that on the same drum (3) in longitudinal direction (L)

20  of the drum (3) side by side several components comprising fibre-composite semifinished

products are manufactured and removed from the drum (3).
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