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Description

The present invention relates to a Tibre-composite component from a wound fi-
brous material impregnated with artificial resin, and to a method for manufaciur-

ing the same.

Document US 4273601 discloses the features of the preamble of Claims 1 and
7.

The present invention is based on the object of providing an at least substantiaily
wound fibre-composite component having in the circumferential and longitudinal

directions thereof an adapted disiribution of rigidily and material.

According to the invention, this object is achieved by a fibre-composite compo-
nent according to Claim 1.

Furthermore, this object is achieved by a method for manufacturing a fibre-com-

posite component, according to Claim 7.

in the fibre-composite component, the fibrous material of the first fibrous material
layer is expediently oriented at an angle in the range of 0° o approx. 10° in
relation o the longitudinal direction of the fibre-composite component. This layer

is wound so as o have a slight gradient, preferably so as to be overlapping.

Alternatively or additionally, the fibrous material of the second fibrous material
tayer is cross-wound at an angle of approx. £ 45° or approx. + 90° in relation to
the longitudinal direction of the fibre-composite component. These are preferred

values for the angle. In principle, the angle may assume an arbitrary value.

According to one particular embodiment of the invention, a third fibrous material
fayer lies on top of the first or second fibrous material layer, fibrous material
therein being configured and wound in an analogous manner to that of the first
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fibrous material layer. Here, analogous is not necessarily to mean that the fi-
brous material of the third fibrous material layer is configured and wound in an

identical manner.

According to a further particular embodiment of the invention, at least one further
fibrous material layer lies on top of the first, second, or third fibrous material
layer, having at least one localized reinforcement applied thereon, the fibrous
material therein being configured and wound in an analogous manner to that of
the second fibrous material layer. Analogous here likewise is not necessarily o
mean that the fibrous material of the further fibrous material layer, or the fibrous
materials of the further fibrous material layers, respectively, is/are configured

and wound in an identical mannar.

in particular, it may be provided that the fibre-composite component is a blade
connector for a rotor blade of a wind-energy plant.

in the method according to the invention, the fibrous material of the first fibrous
material layer is wound, preferably in an overlapping manner, preferably at an
angle in the range of 0° to approx. 10° in relation to the longitudinal direction of

the fibre-composite component.

Alternatively or additionally, it may be provided that the fibrous material of the
second fibrous material layer is cross-wound at an angle of approx. £ 45° or
approx. £ 90° in relation to the longitudinal direction of the fibre-composite com-
ponent. These are preferred values for the angle. In principle, the angle may

assume an arbitrary value.

According to one particular embodiment of the invention, the method further-
more comprises that the layer thickness of the third fibrous material layer in the
circumferential direction of the fibre-composite component is at least almost con-
stant and varies in the longitudinal direction of the fibre-compaosite component.

A further particular embodiment of the invention of the method furthermore com-
prises winding at least one further fibrous material layer onto the first or second
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fibrous material layer having at least one localized reinforcement applied
thereon, wherein the fibrous material is a roving and is wound in such a manner
that the layer thickness of the fibrous material layer in the circumferential and
longitudinal direction of the fibre-composite component is at least almost con-
stant.

A further particular embodiment of the method in turn further comprises winding
at least one further fibrous material layer onto the third fibrous material layer
having at least one localized reinforcement applied thereon, wherein the fibrous
material is a roving and is wound in such a manner that the layer thickness of
the fibrous material layer in the circumferential and longitudinal direction of the

fibre-composite component is at least aimost constant.

Finally, the fibre-composite component preferably is a blade connector for a ro-
tor blade of a wind-energy plant.

The invention is based on the surprising finding that the production of a fibre-
compaosite component having in the circumferential and longitudinal directions
thereof an adapted distribution of rigidity and material is enabled by a special
winding method. in particular, a fibre-composite compaonent can thereby be pro-
duced in the winding process, which fibre-composite component on one side
has a preferably rotationally symmetrical connection region (mounting or flange
in which the introduction of force is distributed across the circumference),
wherein the connection region may be established or completed, respectively,
by downsiream processing, such as boring etc., for example, and on the other
side has a region with regions for the concenirated introduction of force, which
are not uniformiy distributed across the circumference and which run by way of
local connection elements, such as, for example, screws, bolls, efc., or adhesive
additions in regions which are primarily disposed in a parallel manner 1o the
component axis. In other words, a transition from said connection region to said
region having regions with a concentrated introduction of force may be estab-
lished. The region having regions with a concentrated introduction of force may

be embodied s0 as o be rotationally symmetrical or so as 1o be adapted to a
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component which adjoins thereto, for example so as o be elliptical or so as {0

approximate a profiled shape or parts thereof,

Further features and advantages of the invention are derived from the appended
claims and the following description in which exemplary embodiments are ex-

plained in detail by means of the schematic drawings. In the drawings:

Figs. 1 to 3 show phases of a method according to one particular embodiment

of the present invention;

Fig. 4 shows a perspective view of a fibre-composite component according to

one particular embodiment of the invention;

Fig. 5 shows a perspective view of a fibre-composite component according to a
further particular embodiment of the invention in the context of rotor-blade com-
ponents of a wind-energy plant; and

Fig. 6 shows a perspective view of a fibre-composite component according to a

further particular embodiment of the present invention.

Fig. 1 shows a shaped winding body or a forming core 10, respectively, being
wound with a fibrous material, here a resin-impregnated fibrous tape 12. Such
fibrous tapes may be manufactured as fibrous structures having an almost un-
tirnited fibre orientation. In the present case, the fibrous tape is composed of a
proportion of fibres in the longitudinal direction of the tape, and of a further pro-
portion which is almost transverse {0 the direction of the fibrous tape. Two or
maore directions, which preferably are symmetrical to the transverse direction of
the fibrous tape, are possible. The fibre proportion of each direction depends on
the requirements of rigidity and strength which are placed on the fibre-composite
component 14. The fibrous tape 12 is wound onto the shaped winding body 10
at a slight gradient, that is to say at an angle in the range of 0° to 10° to the
longitudinal direction of the fibre-composite component, which is identified by an

arrow, wherein the fibrous tapes are muiually overlapping. The transmission of
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force from one fibrous tape 12 to the other is performed in an interlaminary man-

ner by way of the resin and fibre composite.

By way of changing the amount of indexing and reversing the direction of index-
ing at the reversal points during winding of the fibrous tape 12 onto the shaped
winding body 10, almost unlimited consistent distribution of tape strength may
be produced. The shaped winding body 10 thus in the circumferential direction
will in each case be almost identically populated, but may be adapted in the
longitudinal direction. In other words, a first fibrous material layer of which the
layer thickness in the circumferential direction of the fibre-composite component
14 is at least almost constant and in the longitudinal direction of the fibre-com-

posite component 14 is variable resuits.

During the winding operation described above, Tibrous tapes having various ori-
entations may be employed. Moreover, in Fig. 1 the thickness d of the fibre-
composite component across the length | thereof is shown with the exemplary

Hustration of reversal points.

As is shown in Fig. 2a, after a certain layer thickness, which depends on the
geometry of the fibre-composite component and other requirements, has been
applied, one or a plurality of winding(s} having impregnated fibre strands, so-
called rovings 15 (individual threads) or having a tape of a plurality of rovings
arranged in parallel isfare applied so as to achieve adequate consolidation of
the fibre-composite component. These rovings 15 are preferably wound at an
angle of + 45° (for stabilizing the layer consiruction} and 90° {(for consolidating)
in a second fibrous material layer. In the case of winding angles of up to approx.
60°, reversal of the indexing direction without complex aids is only possible by
way of the end sides. This proportion of the population results in a population
which in the longitudinal direction and the circumferential direction is homoge-
nous (see Figs. 2a and 2b). In other words, a longitudinal thickness of the sec-
ond fibrous material layer which is at least aimost constant in the circumferential

direction and the longitudinal direction of the fibre-composite component resulis
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(see aiso the illustration of the thickness d of the second fibrous material layer

across the length | of the fibre-composite material).

Thereafter, either at least one further fibrous material layer as shown in Fig. 1
may be applied (not shown), or reinforcement tapes 22 for distributing the load
may be applied in a targeted manner in certain regions (see Fig. 3), depending
on requirements. These reinforcement tapes 22 lie in the direction of the desired
load distribution and are composed of fibres in the longitudinal direction of the
tape. To the right in Fig. 3 is the region for later concenirated introduction of
force {concentrated in the circumferential direction), for example by way of ad-
hesive bonding, bolting, etc., while to the left in Fig. 3 there is the later connec-
tion region or clamping region, respectively, {introduction of force distributed in
the circumferential direction). Moreover, at the bottom left in Fig. 3, the men-
tioned thickness d, that is to say of all applied fibrous material layers, depending
on the length | of the fibre-composiie component 14 is shown. Additional local-
ized reinforcement tapes or reinforcements, respactively, exist in the longitudinal

direction and transverse direction.

Once the reinforcement tapes have been applied, it may be meaningful to apply
one or a plurality of fibrous material layer(s) for consolidation (not shown}, as is

shown in Figs. 2a and 2b.

Thereafter, depending on the desired layer construction, the method steps
shown in Figs. 1 1o 3 may be compietely or partially repeated once or a plurality

of times.

At the end, the shaped winding body 10 is removed, such that the completed
fibre-composite component resulis.

Fig. 4 shows a completely wound fibre-composite component 14 according to
the present invention, which, explaining the length 21, is embodied as a “double
component” and is subdivided into two individual components by way of later
mechanical separation in the central region. In other words, two fibre-composite

components are simultaneously manufactured in that a shaped winding body 10
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having an extended length is manufactured, or two mutually opposed and mu-
tually twisted cores, 80 as to correspond to the requirements placed on fibre-
composite components, are initially manufactured as a “double component”,
which is thereafter separated in the middle. This offers the advantage of fewer
material offcuts accumulating, since winding otherwise has to take place with

excess length.

Fig. 5 shows a fibre-composite component according to one particular embodi-
ment of the invention, specifically a rotor blade connector 16 for a rotor blade for

a wind-energy plant, having further rotor blade components 18 and 20.

Finally, it may be derived from Fig. © that the fibre-composite component 14
according to one particular embodiment of the present invention may aiso be
produced in a non-rotationally symmetrical manner, using a method according

to one particular embodiment of the present invention.

According to one further particular embodiment of the invention, it may be pro-
vided that the steps shown in Figs. 1 and 2 are not carried out successively but
completely or partially simultaneously (for example by two independently con-

trolled indexing slides).

As has been shown by the above implementations, a defined wall-thickness pro-
file from the flange (rotor blade connector) in the direction of the rotor blade may
be produced at least according to particular embodiments of the method accord-

ing to the invention.

The features of the invention which have been disciosed in the above descrip-
tion, in the drawings, and in the claims may be relevant to the implementation of
the invention in its various embodiments both individually as well as in arbitrary

combination with one another.
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List of reference signs

10
12
14
15
16
18, 20
22

Shaped winding body or forming core, respectively
Fibrous tape

Fibre-composite component

Roving

Rotor blade conneclor

Rotor blade components

Reinforcement tapes

Thickness of the fibre-composite component, or the fibrous ma-
terial layer (fibre-composite layer)
Length of the fibre-composite component
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Patentkrav

1. Fiberkomponent-konstruktionsdel (14) af viklet fibermateriale, som er im-
praegneret med kunstharpiks, og hvor fibermaterialet i del mindste er anbragt i to
ovenpé hinanden liggende fibermaterialelag, og hvor det for et | det folgende som
farst naevnte fibermaterialelag omtalt fibermaterialelag gaelder, at fibermaterialet
er et fiberlag, et fibervaey eller en fibermatie, som er saledes viklet, at dets lag-
tykkelse i fiberkomponent-konstruktionsdelen (14) mindst er naesten konstant,
men varierer | fiberkomponent-konstruklionsdelens (14) leengdereining, som et
pa oversiden beliggende og pé undersiden beliggende efterfpigende andet fiber-
materialelag udgeres af fibermateriale | en Roving (15), som er saledes viklet, at
lagets lagtykkelse i omkreds- og laengdereiningen af fiberkomponent-konstrukti-
onsdelen (14) | det mindste er nagsten konstant, kendetegnet ved, at der pa det
farste eller andet eller et tredje vikiet fibermaterialelag | mindst ét omrade er for-
synet med en lokal forstaerkning med henblik pa fordeling af belasining, og at
forsteerkningen er et forsteerkningsbéand (22}, som bestdr af | deres leengderet-

ning anbragte fibre.

2. Fiberkomponent-konstruktionsdel (14} ifolge krav 1, kendetegnet ved, at
fibermaterialet | det fprste fibermaterialelag er orienteret | en vinkel, som ligger
omradet 0° tit ca. 10° i forhold til fiberkomponent-konstruktionsdelens (14} leeng-

deretning.

3. Fiberkomponent-konstruktionsde! (14) ifglge krav 1 eller 2, kendstegnet
ved, at fibermaterialet i det andet fibermaterialelag pa "krydsagtig” made er viklet
i en vinkel pa ca. £ 45° eller ca. £ 90° i forhold til fiberkomponent-konstruktions-

delens (14} lsengdereining.

4. Fiberkomponent-konstruktionsdel (14} ifalge et af kravene 1 til 3, kendeteg-
net ved, at det tredje fibermaterialelag er anbragt pa det forste eller andet fiber-
materialelag, og hvor fibermaterialet er beskaffent og viklet analogt med fiberma-

terialet i det forste fibermaterialelag.
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5. Fiberkomponent-konstruktionsdel (14) ifoige et af de foregaende krav, ken-
detegnet ved, at mindst ét yderligere fibermaterialelag er anbragt pa det farste,
andet eller tredje fibermaterialelag med derpa pafert mindst ene lokale forstaerk-
ning, og hvor fibermaterialet er beskaffent og viklet analogt med fibermaterialet |

det andet fibermaterialelag.

6. Fiberkomponent-konstruktionsdel (14) ifpige et af de foregaende krav, ken-

detegnet ved, at den er en bladtilslutning til et rotorblad | et vindenergianieeg.

7. Fremgangsmade til fremstilling af en fiberkomponent-konstruktionsdel! (14)
af vikiet kunstharpiksimpraegneret fibermateriale, isaer ifolge et af de foregaende

krav, hvilken fremgangsmade omfatter de trin:

- at man vikler et fibermateriale | form af et fiberlag, et fiberveey elier en
fibermatie i et forste fibermalerialelag pa el formviklingsiegeme (10) pa
en sadan made, at lagtykkelsen af det forste fibermaterialelag i fiberkom-
ponent-konstruktionsdelens (14} omkredsretning i det mindste er nagsten
konstant, men varierer i fiberkomponeni-konsiruktionsdelens {14) leeng-
deretning,

- at man vikler et fibermateriale, som er en Roving (15) — i et andet fiber-
materialelag pé det forste fibermaterialelag, og dette s& at lagtykkelsen
af det andet fibermaterialelag i omkreds- og leengdereiningen af fiber-

komponent-konstruktionsdelen (14} i det mindste er nagsten konstani,

- eller at man anordner det farste og andet fibermaterialelag omvendt,
kendetegnet ved, at det forste eller andet eller et tredje viklet fiberma-
terialelag, | mindst &t omrade pafores en lokal forsteerkning til fordeling
af belastningen, og at forstaerkningen er et forsteerkningsband (22}, som

bestar af fibre, der forlgber i forstaerkningsbandets lsengderetning.
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8. Fremgangsmade ifglge krav 7, kendetegnet ved, at fibermaterialet | det for-

ste fibermaterialelag vikles med en vinkel i omradet 0° til ca. 10° med fiberkom-
ponent-konstruktionsdelens (14) lsengdereining — og fortrinsvis overlappende.

9. Fremgangsmade ifeige krav 7 eller 8, kendetegnet ved, at fibermaterialet |
del andet fibermaterialelag vikles "krydsagtigt” under en vinkel pa ca. £ 45° elier

ca. + 80° med fiberkomponent-konstruktionsdelens (14) lsengderetning.

10. Fremgangsmade ifelge et af kravene 7 til 9, kendetegnet ved, at lagivkkel-
sen af det tredje fibermaterialelag | fiberkomponent-konstruktionsdelens (14) om-
kredsreining er i det mindste naesten konstant, men i fiberkomponent-konstrukii-

onsdelens (14} leengderetning varierer.

11. Fremgangsmade ifglge et af kravene 7 til 9, kendetegnet ved, at den yder-

ligere omfaiter:

- atman vikler mindst ét yderligere fibermaterialelag pa det forste og andet
fibermaterialelag med derpa pafert mindst ene lokale forstaerkning, og at
fibermaterialet er en Roving og saledes viklel, at lagtykkelsen af fiberma-
terialelaget | fiberkomponent-konstruktionsdelens {14) omkreds- og
leengderetning er i det mindste neaasten konstant.

12. Fremgangsmade ifeige krav 10, kendetegnet ved, at det yderligere omfat-

ter:

- at man vikler et yderligere fibermaterialelag pa del tredje fibermateriale-
lag med derpd pafort mindst ene lokale forsteerkning, og at fibermateria-
let er en Roving og vikles saledes, at fibermaterialelagets lagtykkelse |
omkreds- og lsengdereiningen af fiberkomponent-konstruktionsdelen

(14) i det mindste er neesten konstant.
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13. Fremgangsmade ifalge et af kravene 7 til 12, kendetegnet ved, at fiberkom-
ponent-konstruktionsdelen (14} er en bladtilslutning til et rotorbiad i et vindener-
gianierg.
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Figure 23
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Figure 6
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