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DESCRIPTION

[0001] A fiber mat, a component for a wind turbine, an apparatus for producing the fiber mat and a method for producing the
fiber mat.

[0002] The present invention relates to a fiber mat, a component for a wind turbine, an apparatus for producing the fiber mat and
a method for producing the fiber mat.

[0003] Wind turbine rotor blades are typically made of fiber-reinforced composite material. A rotor blade may be manufactured
by laying multiple layers of fiber mats into a mold and subsequently impregnating the fiber mats with a resin. The fiber mats may
be impregnated in a so-called vacuum assisted resin transfer molding (VARTM) process. To improve the mechanical and
aerodynamic properties of the rotor blades, the rotor blades may be provided with a swept or curved shape as described in US
7,344,360 B2, for example. When manufacturing rotor blades with a swept shape, it may be desirable to lay the fiber mats along a
curved path in the mold.

[0004] It is one object of the present invention to provide an improved fiber mat for use in the production of a component for a
wind turbine, an improved component for a wind turbine, an improved apparatus for producing the fiber mat and an improved
method for producing the fiber mat.

[0005] Accordingly, a fiber mat for use in the production of a component for a wind turbine, in particular a rotor blade, the
component being curved at least in parts, is provided. The fiber mat comprises several rovings being arranged side by side and
being connected to one another in at least two connection areas, wherein at least one of the rovings is continuous between the at
least two connection areas and wherein at least one of the rovings is discontinuous between the at least two connection areas.

[0006] The fiber mat is advantageous in that the fiber mat can be laid along a curved path without producing wrinkles or crinkles
at an inner edge of the fiber mat. Since at least some of the rovings are discontinuous, i.e. for example cut or otherwise
interrupted, between the connection areas, respective ends of the rovings are free to move closer together or further apart when
bending the fiber mat. Preferably, the rovings are configured as unidirectional rovings.

[0007] When laying the fiber mat in a curved path, the fiber mat is bent within the same plane in which it substantially extends.
[0008] The fiber mat can be impregnated with resin, for example in a VARTM process subsequently to laying it into a mold.
Examples of a resin which may be used for impregnating the fiber mat are epoxy, polyester, vinylester or any other suitable

thermoplastic or duroplastic material.

[0009] "Cured" or "set" refers to a resin being hardened and/or cross-linked to an extent where the shape of the fiber material
impregnated with the resin will not or not change significantly any more.

[0010] According to an embodiment, each roving is divided into sections, wherein gaps are provided between the sections of
each roving.

[0011] Preferably, each roving comprises several sections that are arranged one after another.

[0012] According to a further embodiment, each section is connected to at least one of the connection areas.

[0013] The connection or joining areas may be formed as by a stitching yarn, a seam or an adhesive (e.g. resin or glue).
According to a further embodiment, the gaps are positioned in such a way that the gaps of neighboring rovings are arranged

offset.

[0014] This means that the gaps of neighboring rovings are not positioned side by side. This prevents the provision of weak
areas in the fiber mat.

[0015] According to a further embodiment, a size of the gaps is configured to be variable when laying the fiber mat on a curved
path.

[0016] When laying the fiber mat on a curved path, the size of the gaps is on the one hand increased at rovings that are
positioned near an outer edge of the fiber mat and is on the other rand reduced at rovings that are positioned near an inner edge
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of the fiber mat. In particular, the outer edge has a larger radius of curvature than the inner edge.

[0017] According to a further embodiment, the sections of a single roving are configured for moving relative to each other when
laying the fiber mat on the curved path.

[0018] This further prevents wrinkles in the fiber mat.
[0019] According to a further embodiment, the connection areas comprise stitching yarns.

[0020] The stitching yarns may be made of a plastic material, for example. "Stitching yarns" are to be understood in a broad
sense, preferably also to include threads, fibers or other textile material joining the rovings together.

[0021] According to a further embodiment, the rovings are made of glass fibers.
[0022] Alternatively the rovings may be made of carbon fibers, aramid fibers or the like.

[0023] Further, a component for a wind turbine, in particular a rotor blade, the component being curved at least in parts, is
provided. The component comprises at least one fiber mat as explained above. The component may comprise a plurality of fiber
mats that are arranged on top of each other. The fiber mats are arranged such that the gaps between the sections of the rovings
are positioned offset. The plurality of fiber mats may be placed in a mold. Subsequently to arranging the fiber mats in the mold
they may be impregnated with a resin in a VARTM process. Also, pre-impregnated mats may be used.

[0024] Further, an apparatus for producing a fiber mat for use in the production of a component for a wind turbine, in particular a
rotor blade, the component being curved at least in parts, is provided. The apparatus comprising a connection unit for connecting
several rovings being arranged side by side in at least two connection areas and a cutting unit for cutting the rovings such that at
least one of the rovings is continuous between the at least two connection areas and that at least one of the rovings is
discontinuous between the at least two connection areas. Preferably, the cutting or chopping unit is able to chop the rovings such
that gaps between sections of the rovings are arranged offset.

[0025] According to an embodiment, the connection unit is a stitching unit for stitching the rovings together in the at least two
connection areas.

[0026] Alternatively, the connection unit may be a bonding unit for applying adhesive, e.g. glue or resin, to the fiber mat.

[0027] Further, a method for producing a fiber mat for use in the production of a component for a wind turbine, in particular a
rotor blade, the component being curved at least in parts, is provided. The method comprising the steps: a) arranging several
rovings side by side; b) connecting the rovings in at least two connection areas; c) cutting the rovings such that at least one of the
rovings is continuous between the at least two connection areas and that at least one of the rovings is discontinuous between the
at least two connection areas.

[0028] The fiber mat or multiple fiber mats may be arranged on a mold surface. In a further step, the fiber mats are injected with
aresin, e.g. in a VARTM-process. After curing or setting of the resin, the formed component may be removed from the mold.

[0029] According to an embodiment, when placing the fiber mat in a mold, the rovings are exposed to tension. This prevents the
formation of wrinkles in the rovings.

[0030] According to a further embodiment the rovings are cut before or after connecting the same to each other (in the
connection areas).

[0031] "a)", "b)" and "c)" are not to imply a fixed order of the method steps. Rather, the steps a) to c) may be carried out in a
different order where appropriate in the mind of the skilled person.

[0032] "Wind turbine" presently refers to an apparatus converting the wind's kinetic energy into rotational energy, which may
again be converted to electrical energy by the apparatus.

[0033] Further possible implementations or alternative solutions of the invention also encompass combinations - that are not
explicitly mentioned herein - of features described above or below with regard to the embodiments. The person skilled in the art
may also add individual or isolated aspects and features to the most basic form of the invention.
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[0034] Further embodiments, features and advantages of the present invention will become apparent from the subsequent
description and dependent claims, taken in conjunction with the accompanying drawings, in which:

Fig. 1 is a perspective view of a wind turbine according to one embodiment;

Fig. 2 shows a view of a known fiber mat for use in the production of a component for a wind turbine;

Fig. 3 shows another view of the fiber mat according to Fig. 2;

Fig. 4 shows a view of an embodiment of a fiber mat for use in the production of a component for a wind turbine;
Fig. 5 shows another view of the fiber mat according to Fig. 4;

Fig. 6 shows a block diagram of an embodiment of a method for producing a fiber mat for use in the production of a component
for a wind turbine; and

Fig. 7 shows a view of an embodiment of an apparatus for producing a fiber mat for use in the production of a component for a
wind turbine.

[0035] In the Figures, like reference numerals designate like or functionally equivalent elements, unless otherwise indicated.
[0036] Fig. 1 shows a wind turbine 1 according to an embodiment.

[0037] The wind turbine 1 comprises a rotor 2 connected to a generator (not shown) arranged inside a nacelle 3. The nacelle 3
is arranged at the upper end of a tower 4 of the wind turbine 1.

[0038] The rotor 2 comprises three blades 5. Rotors 2 of this kind may have diameters ranging from, for example, 30 to 160
meters. The blades 5 are subjected to high wind loads. At the same time, the blades 5 need to be lightweight. For these reasons,
blades 5 in modern wind turbines 1 are manufactured from fiber-reinforced composite materials. Therein, glass fibers are
generally preferred over carbon fibers for cost reasons. Oftentimes, glass fibers in the form of unidirectional fiber mats are used.

[0039] Figs. 2 and 3 each show a known unidirectional fiber mat 6' for producing such a blade 5.

[0040] The fiber mat 6' comprises a plurality of unidirectional fibers or rovings 7' that are arranged side by side and that are
attached to each other. The rovings 7' can be fixed relative to each other by at least one stitching yarn 8'. Adistance between two
stitching yarns 8' is designated by the reference numeral L' in Figs. 2 and 3.

[0041] To improve the mechanical properties of the blades 5, the blades 5 may have a swept shape. This means that the blades
5 may have a curvature. To produce such a blade 5 with a swept shape it is necessary to lay the fiber mat 6' along a curved path,
for example in a curved mold (not shown). Fig. 3 shows the fiber mat 6' being laid in a curved path. Since the rovings 7' are
attached to each other by the stitching yarns 8', the rovings 7' provided on an outer edge 9' of the mat 6' are under tension,
wherein the rovings 7' provided on an inner edge 10' of the mat 6' are compressed and therefore tend to wrinkle or crinkle. In
particular, the rovings 7' provided on the inner edge 10" are bent along a smaller radius R;j' than the rovings 7' provided on the

outer edge 9' which are bent along a radius Ry'. Since glass fibers are very strong in taking tensile forces in their longitudinal

direction but are very sensitive to bending, and may crack when they are exposed to bending, wrinkling or crinkling of the fibers
should be avoided.

[0042] Figs. 4 and 5 each show a unidirectional fiber mat 6 according to an embodiment.

[0043] The fiber mat 6 comprises a plurality of unidirectional rovings 7 that are arranged side by side. The rovings 7 may be
constituted by glass fibers, carbon fibers, aramid fibers or the like. The rovings 7 are attached to each other by gluing, stitching or
sewing. For this reason, the fiber mat 6 comprises for example at least one seam or stitching yarn 8 (forming a connection area).
Adistance between two stitching yarns 8 is designated by the reference numeral L. Each roving 7 is chopped or cut into at least
two sections 11, 12, 13. The number of sections 11, 12, 13 is arbitrary. Each section 11, 12, 13 is connected by at least one of
the stitching yarn 8 to a neighboring section 11, 12, 13. Between the sections 11, 12, 13 are provided gaps 14, 15, 140, 150. The
gaps 14, 15, 140, 150 of adjacent rovings 7 are arranged offset in the lengthwise direction with respect to each other. That
means that gaps 14, 15, 140, 150 of adjacent rovings 7 are arranged in such a way that the gaps 14, 15, 140, 150 are not
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positioned side by side.

[0044] In every fiber mat 6, there is provided at least one roving 7 between two stitching yarns 8 that is not cut. In other words,
the uncut roving 7 is continuous between the two stitching yarns 8. As for example shown in Fig. 4, the roving 7 positioned on an
outer edge 9 of the mat 6 is not cut between the stitching yarns 8.

[0045] When laying the fiber mat 6 down on a curved path as shown in Fig. 5, the size S of the gaps 14, 15 increases since the
sections 11, 12, 13 of rovings 7 arranged on the outer edge 9 of the fiber mat 6 are pulled apart to accommodate for the
increased length L between adjacent stitching yarns 8. At the same time, the size S of gaps 140, 150 of rovings 7 arranged on an
inner edge 10 of the mat 6 remains unchanged or is decreased to accommodate for the reduced length L between adjacent
stitching yarns 8. This means, that due to the fact that the rovings 7 of the fiber mat 6 are chopped even when the inner edge 10
has an inner radius Rj that is smaller than an outer radius Rq of the outer edge of the fiber mat 6 the development of wrinkles or

crinkles at the inner edge 10 is avoided.
[0046] Fig. 6 shows a schematically a block diagram of a method for producing a fiber mat 6 according to Figs. 4 and 5.

[0047] The method comprises a step S1 of arranging several rovings 7 side by side. In a step S2, the rovings 7 are stitched
together using a stitching yarn 8 or some other material to form a seam. Before or after stitching the rovings 7 together, in a step
83 each roving 7 is cut into sections 11, 12, 13. The rovings 7 are cut in such a way that gaps 14, 15, 140, 150 are provided
between sections 11, 12, 13 of the rovings 7. During the application of the fiber mat 6 to a mold, tension may be applied to the
rovings 7 to further prevent wrinkling or crinkling thereof.

[0048] Fig. 7 shows an apparatus 16 for producing a fiber mat 6 according to Figs. 4 and 5.

[0049] The apparatus 16 comprises a connecting unit 17 for connecting the rovings 7 and a unit 18 for cutting or chopping the
rovings 7 into sections 11, 12, 13. The unit 17 may be a sewing machine for stitching the rovings together. The chopping unit 18
may be configured to chop the rovings 7 before or after connecting them using the connecting unit 17.

[0050] Although the present invention has been described in accordance with preferred embodiments, it is obvious for the
person skilled in the art that modifications are possible in all embodiments.
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Patentkrav

1. Fiberméatte (6) til anvendelse ved fremstilling af en komponent (5) til en
vindmglle (1), iseer en rotorvinge (5), hvilken komponent (5) er krum mindst
devist, hvilken fibermatte (6) omfatter flere roving'er (7), som er anbragt ved
siden af hinanden og er forbundet med hinanden i mindst to forbindelsesom-
rader (8), hvor mindst en af roving'erne (7) er kontinuert mellem de mindst to
forbindelsesomréader (8), og hvor mindst en af roving'erne (7) er diskontinuert
mellem de mindst to forbindelsesomrader (8).

2. Fibermatte ifglge krav 1, hvor hver roving (7) er opdelt i sektioner (11, 12,
13), og hvor der er tilvejebragt mellemrum (14, 15, 140, 150) mellem sektio-
nerne (11, 12, 13) af hver roving (7).

3. Fibermatte ifalge krav 2, hvor hver sektion (11, 12, 13) er forbundet med
mindst et af forbindelsesomraderne (8).

4. Fibermatte ifalge krav 2 eller 3, hvor mellemrummene (14, 15, 140, 150) er
positioneret pa en sddan made, at mellemrummene (14, 15, 140, 150) af na-
boroving'er (7) er anbragt forskudt.

5. Fibermétte ifglge et hvilket som helst af kravene 2 til 4, hvor en storrelse
(S) af mellemrummene (14, 140, 15, 150) er udformet til at veere variabel, nar
fibermatten (6) laegges pa en krum bane.

6. Fibermatte ifalge krav 5, hvor sektionerne (11, 12, 13) af en enkelt roving
(7) er udformet, s& de kan bevaege sig i forhold til hinanden, nar fiberméatten
(6) laegges pa den krumme bane.

7. Fibermétte ifolge et hvilket som helst af kravene 1 til 6, hvor forbindelses-
omréaderne (8) omfatter heeftegarner (8).

8. Fibermétte ifglge et hvilket som helst af kravene 1 til 7, hvor roving'erne (7)
er fremstillet af glasfibre.
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9. Komponent (5) til en vindmelle, isaer en rotorvinge (5), hvilkken komponent
(5) er krum mindst delvist, omfattende mindst en fibermatte (6) ifalge et af
kravene 1 til 8.

10. Indretning (16) til fremstilling af en fibermatte (6), iseer en fiberméatte (6)
ifalge et af kravene 1 til 8, til anvendelse ved fremstilling af en komponent (5)
til en vindmaglle, iseer en rotorvinge (5), hvilken komponent (5) er krum mindst
delvist, hvilken indretning (16) omfatter

en forbindingsenhed (17) til at forbinde flere roving'er (7), som er anbragt ved
siden af hinanden i mindst to forbindelsesomrader (8), og

en skeereenhed (18) til skaering af roving'erne (7), séledes at mindst en af
rovingerne (7) er kontinuert mellem de mindst to forbindelsesomrader (8), og
at mindst en af rovingerne (7) er diskontinuert mellem de mindst to forbindel-
sesomréder (8).

11. Indretning ifglge krav 10, hvor forbindingsenheden (17) er en heefteenhed
til sammenhaeftning af roving'erne (7) i de mindst to forbindelsesomrader (8).

12. Fremgangsmade til fremstilling af en fibermatte (6), iseer fibermatten (6)
ifalge et af kravene 1 til 8, til anvendelse ved fremstilling af en komponent (5)
til en vindmglle, iseer en rotorvinge (5), hvilken komponent (5) er krum mindst
delvist, hvilken fremgangsmade omfatter trinnene

a) at anbringe (S1) flere roving'er (7) ved siden af hinanden,

b) at forbinde (S2) roving'erne (7) i mindst to forbindelsesomrader (8) og

c) at skaere (S3) roving'erne, saledes at mindst en af roving'erne (7) er konti-
nuert mellem de mindst to forbindelsesomréader (8), og at mindst en af rovin-
gerne er diskontinuert mellem de mindst to forbindelsesomrader (8).

13. Fremgangsmade ifelge krav 12, hvor roving'erne (7) bliver udsat for
spaending, nér fibermatten (6) anbringes i en form.

14. Fremgangsmade ifglge krav 12 eller 13, hvor roving'erne (7) skeeres, for
eller efter de forbindes med hinanden.

15. Fremgangsmade ifolge et af kravene 12 til 14, hvor roving'erne (7) for-
bindes med et heeftegarn (8).
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DRAWINGS
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