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Die Erfindung stellt ein Verfahren zum Fertigen eines Faserverbundbauteils, msbesondere emes Faserverbundbauteils fiir em
Rotorblatt emer Windenergicanlage, mit folgenden Verfahrensschritten bereit: Einbringen von Fasermaterial (40) fiir das
Faserverbundbauteil in eine Fertigungstform (10), - Zufithren von flie3fidhigem Matrixmaterial fiir das Faserverbundbauteil iiber
einen eine Léangserstreckung aufweisenden Angusskanal (20) der Fertigungstorm (10) unter Anwendung eines
Vakuumintfusionsvertahrens, so dass das Fasermaterial (40) in der Fertigungstorm (10) mit quer zur Langserstreckung des
Angusskanals (20) tlieBendem Matrixmaterial aus dem Angusskanal (20) getrankt wird, wobel ein erster Bereich (42, 42', 42") des
Fasermaterials (40) im Wesentlichen mit Matrixmaterial aus einem ersten Abschnitt (22, 22', 22") des Angusskanals (20) und ein
zwelter Bereich (42, 42', 42") des Fasermaterials (40) im Wesentlichen mit Matrixmaterial aus emem zweiten Abschnitt (22, 22',
22"y des Angusskanals (20) getrankt wird, und Vorgeben einer ersten Matrixmaterialflussrate fiir den ersten Abschnitt (22, 22,
22"y des Angusskanals (20) in Abhéangigkeit einer Dicke des Fasermaterials (40) im ersten Bereich (42, 42, 42") sowie Vorgeben
einer zwelten Matrixmaterialtlussrate fiir den zweiten Abschnitt (22, 22', 22") des Angusskanals (20) in Abhingigkeit einer Dicke
des Fasermaterials (40) im zweiten Bereich (42, 42, 42").
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Manufacturing Method, Manufacturing Mold and Use

DESCRIPTION

The invention relates to a method for manufacturing a fiber composite component, in
particular a fiber composite component for a rotor blade of a wind turbine. The invention
additionally relates to a manufacturing mold for manufacturing a fiber composite
component, in particular a fiber composite component for a rotor blade of a wind turbine.
The invention further relates to the use of a manufacturing mold for manufacturing a fiber

composite component having a longitudinal extension.

Rotor blades of modern wind turbines generally comprise a plurality of components
connected together which are manufactured individually in fiber composite construction
techniques. The individual components are typically planar having lengths of up to a few
tens of meters, widths of up to several meters and in comparison to that, small
thicknesses. Here, the components are typically not flat, but rather for reasons of stability
and/or aerodynamics, have complex two-dimensional shapes. Often, the thickness

varies over the surface of the component, for the same reasons.

So-called vacuum infusion has proven itself with the manufacture of such components.
Here, the fiber preform, such as fiber mats, fiber fabrics, etc. is placed in an open mold
device, which provides the three-dimensional shape of the component to be
manufactured. The mold device having the fiber preform is then sealed for example using
vacuum film, and placed under vacuum, or respectively low-pressure. Liquid resin,
supplied using hoses or runners, flows into the mold under the effect of the low-pressure,

and saturates the fiber preform. After the resin hardens, the corresponding component IS

then provided.

Problems here are faulty saturation, such as accumulations of resin or air inclusions,
because they severely impair the durability and resilience of the finished component.

Faulty saturations can arise for example in that regions of different thicknesses of the fiber

preform are saturated with resin at different speeds.

Based on this prior art, the object of the present invention is to improve durability and

A
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resilience of a component of a fiber composite technique for a rotor blade of a wind
turbine having various thicknesses, and in particular to correspondingly improve the

manufacturing of such a component using vacuum infusion.

This object is solved by a method for manufacturing a fiber composite component, In

particular a fiber composite component for a rotor blade of a wind turbine, comprising the

following method steps:

— introducing a fiber material for the fiber composite component into a

manufacturing mold,

— supplying a flowable matrix material for the fiber composite component via a
longitudinally extending runner of the manufacturing mold, using a vacuum
infusion method, such that the fiber material in the manufacturing mold is
soaked with matrix material from the runner flowing transversely to the
longitudinal extension of the runner, wherein a first region of the fiber
material is substantially soaked with the matrix material from a first section
of the runner, and a second region of the fiber material is substantially

soaked with matrix material from a second section of the runner, and

— setting a first matrix material flow rate for the first section of the runner
depending on a thickness of the fiber material in the first region, and setting
a second matrix material flow rate for a second section of the runner

depending on the thickness of the fiber material in the second region.

Using the invention, two regions of the fiber material, which each have different
thicknesses, are supplied or provided the matrix material with, in each case, a different
matrix material flow rate. As a result of this, a uniform soaking of the fiber material is
attained even with different thicknesses. In particular, more than two regions and more

than two matrix material flow rates can be provided, wherein the matrix material flow rates

can be adapted in particular to the thickness of the fiber material.

In the scope of the invention matrix materials are understood to be, in particular flowable

natural or synthetic resins that harden under the effects of air, heat and/or light, including



CA 02880913 2015-02-04

-3 -

the effects of UV light. Fiber material identifies, in particular glass fiber preform, carbon
fiber preform or plastic fiber preform in the form of fiber mats, webs, fleece or continuous
fibers. The fiber material is introduced or laid out, in particular in layers into the
manufacturing mold, wherein fill material such as balsa wood can be provided between

the layers of fiber material.

According to the invention the fiber material is soaked with flowable matrix material which
bonds with the fibers of the fiber material into a permanent fiber composite material,
wherein in the fiber composite material the fibers of the fiber material are embedded in a

matrix of hardened matrix material.

Preferably all layers which can be soaked with matrix material are considered for setting a
matrix material flow rate. The matrix material flow rate is or will be set depending on a
thickness of the fiber material, for example the overall thickness of the fiber material, or
the overall thickness of the fiber material and the fill material in a region. The thickness of
the fiber material and/or the fill material averaged over a region is also a suitable
thickness of the fiber material, depending upon which the matrix material flow rate is or

can be set.

In this context, matrix material flow rate is understood in particular to be a quantity of
matrix material which is supplied or provided per unit time and per unit length over the

corresponding section of the runner for soaking the fiber material.

A more uniform spreading of the matrix material is advantageously attained in the entire
fiber material, when, in particular with a small thickness of the fiber material, a small
matrix material flow rate is set, and with a large thickness of the fiber material a large
matrix material flow rate is set. Hereby, in particular a dependency of the flow speed of the

matrix material in the fiber material is advantageously influenced by the thickness of the

fiber material.

With a preferred design of the method according to the invention itis provided that the first
matrix material flow rate is or will be set through a first cross-sectional area at or in the first

section of the runner, and/or that the second matrix material flow rate Is or will be set
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through a second cross-sectional area at or in the second section of the runner.

In the scope of the invention, a cross-sectional area is understood in particular to be the
shape and/or size of a matrix material volume flow in or at a section of the runner in a
plane transverse to a spreading direction of the matrix material volume flow. For example,
cross-sectional areas in the sense of the invention are the cross-section of the runner at a
given point along its longitudinal extension, or the clearance through area of an inlet for

matrix material from a matrix material store to a section of the runner.

The object underlying the invention is also solved by a manufacturing mold for
manufacturing a fiber composite component, in particular a fiber composite component
for a rotor blade of a wind turbine, comprising a runner having a longitudinal extension for
supplying flowable matrix material for the fiber composite component, wherein fiber
material for the fiber composite component can be soaked in the manufacturing mold with
matrix material from the runner flowing transverse to the longitudinal extension of the
runner, wherein the runner has at least a first section having a first cross-sectional area,
preferably for creating a first matrix material flow rate depending on a thickness of the
fiber material in a first region, and at least a second section having a second
cross-sectional area, preferably for creating a second matrix material flow rate depending

on a thickness of the fiber material in the second region.

The first cross-sectional area is preferably matched to the thickness of the fiber material in

the first region, and the second cross-sectional area is preferably matched to the
thickness of the fiber material in the second region. A matrix material flow rate matched to

the thickness of the fiber material is hereby attained in the different regions in a simple

Mmanner.

The manufacturing mold according to the invention is suited in particular for the use with

an aforementioned method according to the invention for manufacturing a fiber composite

component.

The invention also comprises embodiments with which the runner has more than two

sections each with a corresponding cross-sectional area, wherein the number of sections
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and the design of cross-sectional areas thereof can be set, and in particular can be

matched to the number of fiber layers having different thicknesses.

Depending on the design of the fiber composite component to be manufactured it can be
advantageous in the individual case if the runner has a substantially continuously varying
cross-sectional area at least in sections along its longitudinal extension. This would
correspond to a runner having any arbitrary number of short sections and Is
advantageous in particular if a continuously or substantially continuously varying matrix

material flow rate can be set along the longitudinal extension.

A particularly preferred embodiment of the manufacturing mold according to the invention

is characterized in that the runner is designed having a variable cross-sectional area at
least in sections.

A variable cross-sectional area in this context is in particular a cross-sectional area which

is designed reversible and non-destructively variable.

This results in the advantage that the cross-sectional area of the runner, or respectively
the cross-sectional area of at least a section of the runner, and thus the matrix material
flow rate set through the cross-sectional area can be optimized quickly and easily, or can
be matched to changed requirements. In particular, the manufacturing mold itself, which

generally is very elaborate and costly to manufacture, can be used further.

Preferably the manufacturing mold comprises a mold body having a channel, wherein the
channel at least in sections is designed as a runner by means of an inlay having a
complementary shape to the channel. According to the invention, an iniay is specified for
a channel of a mold body which has formed an outlet channel, and is formed on a side
opposite to the outlet channel with a shape complementary to the channel, wherein the

outlet channel has a first section having a first cross-sectional area and a second section

having a second cross-sectional area.

The runner can hereby be adapted and optimized quickly, easily and cost-effectively, in
particular, by exchanging the inlay. Such inlays also permit a retrofitting of the

manufacturing mold according to the invention with existing manufacturing molds having
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a channel.

The object underlying the invention is further solved by the use of a manufacturing mold
according to the invention for manufacturing a fiber composite component having a
longitudinal extension, wherein the manufactured fiber composite component has along
its longitudinal extension at least a first region having a first thickness and a second
region having a second thickness.

Advantageously, a manufacturing mold is used for this in which the longitudinal extension
of the runner is arranged substantially parallel to the longitudinal extension of the fiber

composite component to be manufactured in the manufacturing mold.

Particularly preferred is the use of a manufacturing mold in which the first section of the
runner is arranged near the first region of the fiber composite component to be
manufactured in the manufacturing mold, and the second section of the runner is

arranged near the second region of the fiber composite component to be manufactured in

the manufacturing mold.

The first cross-sectional area preferably has a different size than the second

cross-sectional area.

Further characteristics of the invention will become apparent from the description of the
embodiments according to the invention together with the claims and the included

drawings. Embodiments according to the invention can fulfill individual characteristics or

a combination of several characteristics.

The invention is described below, without restricting the general idea of the invention,
using exemplary embodiments with reference to the drawings, whereby we expressly

refer to the drawings with regard to the disclosure of all details according to the invention

that are not explained in greater detail in the text. The figures show In:

Fig. 1 a schematic side representation of a manufacturing mold according to the invention

with fiber material for a fiber composite component;

Fig. 2 a schematic top view of the manufacturing mold according to the invention from Fig.
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Fig. 3a a schematic sectional representation along the line A-A in Fig. 2;

Fig. 3b a schematic sectional representation along the line B-B in Fig. 2;

Fig. 3c a schematic sectional representation along the line C-C in Fig. 2;

Fig. 4a-c a schematic sectional representation corresponding to the representations in

Fig. 3a-c for a further manufacturing mold according to the invention;

Fig. 5 schematically a further embodiment of a manufacturing mold according to the

invention.

In the drawings, the same or similar types of elements and/or parts are provided with the

same reference numbers so that a corresponding re-introduction can be omitted.

Fig. 1 schematically shows a side view of the manufacturing mold 10 according to the
invention for a fiber composite component. The mold is an open manufacturing mold 10
having a mold body 12. The mold body 12 on its top side has a mold surface 14 that
specifies the shape and surface properties of a side of the fiber composite component to

be manufactured.

Fiber material 40, for the fiber composite component to be manufactured is inserted or

applied in the manufacturing mold 10, or respectively on the mold surface 14. The fiber
material is laid out having different thicknesses corresponding to the desired properties ot

the fiber composite component to be manufactured. In the schematically represented

example, a center region 42 has the largest thickness, to which are connected on each of
both sides a region 42' of average thickness, and to each region 42’ of average thickness,

a region 42" of the smallest thickness. The different thicknesses of different regions 42,

42', 42" are given for example by a different number of layers on the fiber preform and/or

fill maternial.

Fig. 2 shows a top view of the open manufacturing mold 10 from Fig. 1 having the inserted

or applied fiber material 40.
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The fiber material 40 has a two-dimensional contour with a longitudinal extension and a
transverse extension corresponding to the fiber composite component to be
manufactured. In the example shown, the longitudinal extension of the longer side and
the transverse extension of the shorter side correspond to the rectangular contour of the

fiber material 40 shown schematically in Fig. 2.

The fiber material 40, along the longitudinal extension, has the previously represented
regions 42, 42', 42" of different thicknesses, whereas transverse to this, i.e. In the

direction of the transverse extension. the thickness of the fiber material 40 remains

substantially constant.

The fiber material 40 in the manufacturing mold 10, or respectively on the mold surface
14. is soaked with flowable resin for manufacturing the fiber composite component. For
this, the manufacturing mold 10 has a runner 20 having a supply connection 26 for resin
from a resin store, not shown. The runner 20 has a longitudinal extension which is
aligned substantially parallel to the longitudinal extension of the fiber composite
component to be manufactured, or respectively to the longitudinal extension of the fiber

material 40 in the manufacturing mold 10.

A vacuum infusion method is used for example for soaking the fiber material 40 with the
resin. Here, the fiber material 40 in the manufacturing mold 10 is covered with a vacuum
film, not shown, which is or will be sealed with respect to the mold body 12 of the

manufacturing mold 10. The air is then pumped out of the thusly arising airtight, sealed
cavity between vacuum film and manufacturing mold 10, or respectively mold body 12.

Due to the thusly arising low-pressure, or vacuum, resin from the resin store arrives via
the supply 26 into the runner 20, is distributed along the longitudinal extension of the
runner 20. and flows out of the runner 20 into the fiber material 40. Here, a resin flow front

forms in the fiber material 40 which progresses substantially transverse to the longitudinal

extension of the runner 20.

The runner 20 here has a plurality of sections 22, 22', 22", wherein the resin for a region
42 42' 42" flows substantially out of one of the sections 22, 22',22" of the runner 20 into

the fiber material 40. Resin for the center region 42 of the fiber material is provided
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correspondingly mainly in the center section 22 of the runner 20, resin for the outer
regions 42" of the fiber material is provided mainly via the two outer sections 22" of the
runner 20, and resin for the regions 42' of the fiber material 40 lying in between Is

provided mainly via the sections 22' of the runner 20.

The sections 22, 22'. 22" of the runner each have a different channel cross-section 24,
24' 24" as shown in Fig. 3a, 3b and 3c.

In the center of the runner 20, i.e. in section 22, the channel cross-section 24 is at its
largest relative to the channel cross-sections 24', 24" in the other sections 22', 22"
Thereby, resin from the center section 22 of the runner 20 arrives unhindered in the
center region 42 of the fiber material, however there it flows only relatively slowly due to

the greater thickness of the fiber material 40 in comparison to the other regions 42", 42"

The resin in the regions 42' would in contrast flow more quickly because in particular the
thickness of the fiber material 40 in the regions 42' is smaller than in region 42. In order to
avoid different speeds of the progressing resin flow front in the region 42 and the adjacent
regions 42', the runner 20 in the sections 22' has a smaller channel cross-section 24" than
the channel cross-section 24 in section 22. Correspondingly, the channel cross-section
24" of the outer sections 22" of the runner 20, via which resin for the region 42" of the fiber
material 40 is also provided with smaller thickness, is reduced in comparison to the

channel cross-section 24' of the section 22'.

Using the invention achieves that the resin flowing out of the sections 22, 22' 22" of the
runner 20 into the regions 42, 42', 42" of the fiber material is quantitatively limited such
that in particular independent of the thickness of the fiber material 40 in the different
regions 42, 42', 42", a resin flow front is formed that proceeds with uniform flow speed

over the entire longitudinal extension of the fiber material 40.

Fig. 4a, 4b and 4c show an alternative design to the runner 20 according to the Fig. 3a, 3b

and 3c with the sections 22, 22', 22" which each have a different channel cross-section
24, 24' 24"

Here, it is initially provided that the mold body has a channel 16 that has a substantially
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constant cross-section along its longitudinal extension. In section 22, shown in Fig. 4a,

the runner 20 is formed by a corresponding section of the channel 16 having the channel

cross-section 24.

In the sections 22', shown in Fig. 4b, in each case there is an inlay 30 in the channel 16
which is formed on the bottom side, having a shape complementary to the cross-section
of the channel 16, and partially closing the channel 16. A channel cross-section 24’ for a

section 22' of the runner 20 is formed on the top side of the inlay 30.

A corresponding inlay for the runner 20 with the channel cross-section 24 " is located In

the sections 22".

It is also conceivable that a single inlay 30 is provided in the runner 20 with all necessary
sections 22, 22', 22",

The advantage of a runner 20 formed having inlays 30 lying therein, is that the channel
cross-sections 24, 24 ', 24 " in the different sections 22, 22 ', 22 " of the runner can be
changed quickly, easily and cost-effectively. A flexible modification and optimization with
the manufacturing of fiber composite components is thereby possible. The described

inlays 30 also allow retrofitting with existing manufacturing molds 10 having a channel 16.

Regardless of the example shown, the invention is not limited to rectangular, planar fiber

composite components with significantly stepped thicknesses. Fiber composite
components with curved shapes and complex contours can also be readily manufactured

with the method according to the invention or using a correspondingly modified

manufacturing mold 10 according to the invention.

Fig. 5 shows a further manufacturing mold 10 according to the invention. This

embodiment of the invention also provides a mold body 12 having a mold surface 14 and

a runner 20.

The runner 20 has a plurality of resins supplies, or respectively supply connections 26,
26' 26", which each provide a section 22, 22", 22" of the runner 20 with resin from a resin

store. not shown. The modification according to the invention of the quantity of resin
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provided in the individual section 22, 22', 22" of the runner 20 is also possible using

suitable measures, such as adapted supply cross-sections or valves.

All named characteristics, including those taken from the drawings alone, and individual
characteristics, which are disclosed in combination with other characteristics, are
considered individually and in combination as essential to the invention. Embodiments
according to the invention can be realized through individual characteristics or a
combination of several characteristics. In the scope of the invention, characteristics,

which are designated with "in particular" or "preferably” are facultative features.

List of reference numbers

10 manufacturing mold

12 mold body
14 mold surface
16 channel

20 runner

22 22' 22"  section

24 24' 24"  channel

26 26', 26"  supply connection
30 Inlay
40 fiber layers

42 42' 42" region
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CLAIMS

1. A method for manufacturing a fiber composite component, comprising the

following method steps:

- Introducing a fiber material (40) for the fiber composite component into a

manufacturing moid (10),

- supplying a flowable matrix material for the fiber composite component via
a longitudinally extending runner (20) of the manufacturing mold (10),
using a vacuum infusion method, such that the fiber material (40) in the
manufacturing mold (10) is soaked with matrix material from the runner
(20), said matrix material flowing transversely to the longitudinal extension
of the runner (20), wherein a first region (42, 42', 42") of the fiber material
(40) is substantially soaked with matrix material from a first section (22,
22", 22") of the runner (20), and a second region (42, 42', 42") of the fiber
material (40) is substantially soaked with matrix material from a second
region (22, 22', 22") of the runner (20), and

- setting a first matrix material flow rate for the first section (22, 22', 22") of
the runner (20) depending on a thickness of the fiber material (40) in the

first region (42, 42', 42"), and setting a second matrix material flow rate for

the second section (22, 22', 22") of the runner (20) depending on a
thickness of the fiber material (40) in the second region (42, 42', 42").

2. The method according to claim 1, characterized in that a smaller matrix maternial
flow rate is set with a smaller thickness of the fiber material (40), and a greater matrix

material flow rate is set with a larger thickness of the fiber material (40).

3. The method according to claim 1 or 2, characterized in that: i) the first matrix

material flow rate through a first cross-sectional area (24, 24', 24", 26, 26', 26") is or will
be set at or in the first section (22, 22', 22") of the runner (20), ii) that the second matrix
material flow rate through a second cross-sectional area (24, 24', 24", 26, 26', 26") is or

will be set at or in the second section (22, 22', 22") of the runner (20) or 1ii) both i) and
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i),

4. The method of any one of claims 1 to 3, wherein the fiber composite component

IS a fiber composite component for a rotor blade of a wind turbine.

5. A manufacturing mold (10) for manufacturing a fiber composite component
comprising a runner (20) having a longitudinal extension for supplying flowable matrix
material for the fiber composite component, wherein fiber material for the fiber
composite component can be soaked in the manufacturing mold (10) with matrix

material from the runner (20) flowing transverse to the longitudinal extension of the
runner (20), characterized in that the runner (20) has a first section (22, 22', 22") having
a first cross-sectional area (24, 24', 24", 26, 26', 26") and a second section (22, 22', 22")

having a second cross-sectional area (24, 24', 24", 26, 26', 26").

0. The manufacturing mold (10) according to claim 5, characterized in that the
runner (20) has a substantially continuously varying cross-sectional area (24, 24', 24")

at least in sections along its longitudinal extension.

7. The manufacturing mold (10) according to claim 5 or 6, characterized in that the

runner (20) is formed at least in sections having a variable cross-sectional area (24, 24',
24", 26, 26', 26").

8. The manufacturing mold (10) according to claim 7, characterized in that the

manufacturing mold (10) comprises a mold body (12) having a channel (16), wherein

the channel (16) is formed as the runner (20) at least in sections by means of an inlay

(30) complementary in shape to the channel (16).

9. A use of a manufacturing mold (10) according to one of the claims 5 to 8 for
manufacturing a fiber composite component having a longitudinal extension, wherein
the manufactured fiber composite component along its longitudinal extension has at
least a first region (42, 42', 42") having a first thickness and a second region (42, 42",

42") having a second thickness.

10. The use according to claim 9, characterized in that the manufacturing moid (10) is
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used with which the longitudinal extension of the runner (20) is arranged substantially
parallel to the longitudinal extension of the fiber composite component to be
manufactured in the manufacturing mold (10).

11.  The use according to claim 9 or 10, characterized in that the manufacturing mold
(10) 1s used with which the first section (22, 22', 22") of the runner (20) is arranged near
the first region (42, 42', 42") of the fiber composite component to be manufactured in the
manufacturing mold (10), and the second section (22, 22', 22") of the runner (20) Is

arranged near the second region (42, 42', 42") of the fiber composite component to be

manufactured in the manufacturing mold (10).

12.  The manufacturing mold (10) according to any one of claims 5 to 10 wherein the

fiber composite component is a fiber composite component for a rotor blade of a wind
turbine.
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