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(57) Abrege(suite)/Abstract(continued):

matrix composite comprising a UV-curable matrix material and a fiber material; - applying the fiber-matrix composite onto the local
working area of the fiber-plastic composite; and - curing the matrix material. The Iinvention provides for the curing of the matrix
material to take place with the help of UV radiation.
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Abstract

The invention relates to a method for treating a fiber-plastic composite of a rotor blade,
comprising the steps of:

- providing the fiber-plastic composite to be treated at the rotor blade;

- preparing a local working area of the fiber-plastic composite;

- providing a fiber-matrix composite comprising a UV-curable matrix material and a

fiber material
- applying the fiber-matrix composite onto the local working area of the fiber-plastic

composite; and
- curing the matrix material. The invention provides for the curing of the matrix

material to take place with the help of UV radiation.

(Fig. 1)
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Method for treating a fiber-plastic composite of a rotor blade,
semifinished product in form of a composite structure and UV lamp for curing a
UV-curable matrix material

The present invention relates to a method for treating a fiber-plastic composite of a rotor
blade as described below and a semifinished product in form of a composite, in particular

of a composite structure and a UV lamp for curing a UV-curable matrix material at a rotor
blade.

Over their period of operation, rotor blades will often suffer damage, for example through
erosion, wear or lightning stroke, that will minimize their output. Repair methods that can
be applied on site at the wind power plant, are particularly suited for remedying especially
minor damages quickly and cost-efficiently. Repairs are mostly carried out by using fiber-
reinforced composite materials. The matrix materials commonly used in this context
include two-component adhesives, as described for example in WO 2012/084949 Af,
radical-curing resins with peroxide as catalyst or temperature-curing resins.

Two-component adhesives have the disadvantage that they must be used quickly upon
preparation of the mixture, which is difficult in particular if repairs must be carried out to

mounted rotor blades.

Temperature-curing resins, on the other hand, start to cure only once an increased tem-
perature is applied, which means that they can be used longer; the curing times for com-
mon systems that are used for rotor blade repairs are, however, approx. 6 hours. Not only
must the curing temperature be ensured by means of corresponding heaters during such
time, but this will also lead to longer downtimes of the wind power plant. Moreover,
temperature curing may also lead to strains due to different expansion coefficients in the
respective fiber-reinforced composite materials. Also, temperature-curing resins can be
stored only to a limited extent at room temperature and may require a cold chain in order

for the resin not to cure prematurely.

It is desirable to carry out repairs to rotor blades quickly and cost-efficiently, in particular
without being limited in terms of the components’ open time or storage time. This is
exactly the objective of the invention, namely to provide an enhanced method for treating

a fiber-plastic composite of a rotor blade and a corresponding apparatus.
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According to the invention, this object concerning the method is solved by a method for

treating a fiber-plastic composite of a rotor blade, comprising the steps of:

- providing the fiber-plastic composite to be treated at the rotor blade:

- preparing a local working area of the fiber-plastic composite;

- providing a fiber-matrix composite comprising a UV-curable matrix material and a

fiber material;

- applying the fiber-matrix composite onto the local working area of the fiber-plastic
composite; and

- curing the matrix material. The invention provides for the curing of the matrix ma-

terial to take place with the help of UV radiation.

The method according to the invention will help to clearly reduce the repair times for rotor
blade repairs and hence the downtimes of wind power plants. The use of UV-curable
matrix materials allows for clearly shorter curing times than the use of common methods:
also, the longer open time allows for taking preparatory measures at the tower base
instead of at the rotor blade, which makes the work safer and more efficient. This method

can be applied not only for repairing rotor blades, but also for manufacturing rotor blades.

The concept of the invention leads also to a semifinished product as described below in
form of a composite structure, having a fiber-matrix composite comprising a UV-curable
matrix material and a fiber material, which fiber-matrix composite is arranged between a
supporting film that is applied beneath the fiber-matrix composite and a UV protection that
IS applied on top of the fiber-matrix composite. Such composite structure, in particular
with a double-layer supporting film, is particularly advantageous for performing the meth-

od according to the invention.

The concept of the invention also leads to a UV lamp as described below, which is de-
signed for curing a UV-curable matrix material at a rotor blade comprising a source of UV
light inside a casing. The invention provides for the casing to be attachable, in a lightproof
manner, onto a local working area at the rotor blade.
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Advantageous further embodiments of the method can be gathered from the description
below, which further develop the concept of the invention in relation to further ad-

vantages.

In one method according to the invention, the fiber-matrix composite can be provided as a
prepreg or fiber-matrix semifinished product. In such cases, the prepregs and/or semifin-
ished products can be prefabricated in larger quantities; an individual on-site preparation

of the fiber-matrix composite can be waived, which is advantageous.

It may also be advantageous for the provision of the fiber-matrix composite to already
comprise the sub-steps of providing a dry fiber material and introducing the UV-curable
matrix material into the fiber material. This way, the fiber-matrix composite can be pro-
duced, for example, at the tower base during preparation of the respective local working

drea.

The matrix material is favorably a UV-curable resin, in particular an acrylic resin, in par-
ticular a vinyl ester resin. Preferably, vinyl ester resin will show more impact resistance

and fatigue resistance than common epoxy resins.

Preferably, certain photoinitiators or rather certain specifically balanced combinations of

resin and photoinitiator will be used.

In a particularly preferred further embodiment of the concept, the fiber material is provid-
ed in a composite structure on a supporting film, and the supporting film is removed when
the fiber-matrix composite is applied onto the local working area. The supporting film
facilitates the application of the fiber-matrix composite onto the fiber-plastic composite. It
is particularly preferred for the supporting film to have a double layer, so that it can be

easily removed from the fiber-matrix composite when the latter is applied onto the rotor
blade.

The fiber-matrix composite is preferably provided with UV protection, once the matrix
material has been introduced to the fiber material. This will avoid an unwanted curing that
otherwise would take place due to natural UV radiation. Preferably, the UV protection

should be removed before curing of the matrix material sets in.

The curing time for the matrix material by means of UV radiation is preferably less than

30 min.
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Preferably, the method is applied when the rotor blade comprising the fiber-plastic com-

posite is mounted to a wind power installation.

The rotor blade comprising the fiber-plastic composite may also be present as a single

component, for example in case of repair or manufacture at the factory.

In another further embodiment, the fiber-plastic composite features a series of resin-
impregnated laminate composite layers, which are applied on a primary layer, and one or
more cover layers applied thereto, in particular an outer protective layer, and preparation
comprises the removal, in particular the abrasion and/or chamfering, of cover and lami-

nate layers, preferably all the way to the primary layer.

Preferably, curing will be done by means of a UV lamp, wherein a source of UV light is
accommodated in a casing of the UV lamp, which casing is placed - in particular in a
lightproof manner - on the local working area. The advantage here is that curing can take

place locally in a targeted manner.

Another aspect of the present invention is a UV lamp for curing a UV-curable matrix
material at a rotor blade, which comprises a source of UV light in a casing. The invention
provides for the casing to be attachable, in a lightproof manner, onto a local working area

at the rotor blade.

In one advantageous embodiment, the UV lamp features a mold rim and is preferably

covered with a reflective layer.

Other advantageous further embodiments of the UV lamp comprise, in a first variant, a
casing featuring a flat attachment section that is defined by a casing rim. In a second
variant, the casing may feature an arched attachment area that is defined by a casing rim.
In a third variant, the casing may feature a flexed attachment section that is defined by a
casing rim. Such or other attachment sections allow for attaching the casing to the rotor

blade in an accurately fitting and lightproof manner.

The casing's attachment section is preferably realized through additional casing parts that
can be modularly mounted to a basic casing part comprising the source of UV light, which
additional casing parts feature a flat or arched or flexed attachment section. Thanks to
such modular additional casing parts, one basic casing part can be used in all places of

the rotor blade by employing different additional parts, depending on the working area.
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Exemplary embodiments of the invention will now be described below based on the
drawing. They are not necessarily intended to illustrate the exemplary embodiments to
scale, but where it serves as an explanation, the drawing is rather presented in a sche-
matic and/or slightly distorted form. In this context, it has to be considered that a large
variety of modifications and changes regarding the form and the detail of an embodiment
can be made without needing to deviate from the general idea of the invention. The
features of the invention disclosed in the description, in the figures and in the claims may
be essential for the further embodiment of the invention individually as well as in any
combination with each other. Furthermore, all combinations of at least two of the features
disclosed in the description, the figures and/or the claims fall within the scope of the
invention. The general idea of the invention is not limited to the exact form or the detail of
the preferred embodiments shown and described below, nor is it limited to subject matter
which would be limited in comparison to the subject matter asserted in the claims. Within
a specified range of dimension values, values within the specified limits shall also be
disclosed and be able to be used and asserted at will as threshold values. Further ad-
vantages, features and details of the invention can be inferred from the following descrip-

tion of the preferred exemplary embodiments as well as from the drawing; the drawing

shows In:

Fig. 1: a flow chart of a preferred embodiment of a method for treating the fiber-
plastic composite of a rotor blade;

Fig. 2: a schematic presentation of an embodiment of a fiber-matrix composite used
in the method of Fig. 1;

Fig. 3A: a schematic presentation of a rotor blade of a wind power installation in
which the method of Fig. 1 is used; and

Fig. 3B: a schematic sectional presentation of a preferred embodiment of a UV lamp

that can be used in the method of Fig. 1 at the rotor blade of the wind power

installation shown schematically in Fig. 3A.

Fig. 1 shows a flow chart of a method for treating the fiber-plastic composite of a rotor
blade. Initially, the fiber-plastic composite is provided in step S1, either in form of a rotor
blade that is mounted to a wind power installation or in form of a single component. The
area to be treated is then prepared in step S2. Steps S1 and S2 may be performed simul-

taneously to steps S3 through S7.
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Step S3 comprises the optional step of providing the fiber material on a supporting film,
which may also be double-layered. After that, either a fiber-matrix composite is provided
in form of a prepreg or fiber-matrix semifinished product (S4), or a dry fiber material is first

provided (S5), into which the UV-curable matrix material is introduced in step S6.

In step S7, UV protection may be optionally applied onto the fiber-matrix composite, for
example in form of a UV protective film. The fiber-matrix composite is then applied onto
the fiber-plastic composite in step S8. If the fiber-matrix composite has been provided on
a supporting film, the latter is partially removed from the fiber-matrix composite, the now
exposed area of which is then applied onto the local working area of the fiber-plastic
composite. The fiber-matrix composite is now fixed to the fiber-plastic composite. The
remaining supporting fiilm can then be removed, and the fiber-matrix composite can be
gradually pressed onto the local working area. This allows for an even application and
avoids air pockets. In step S9, finally, the matrix material is cured by means of UV light.
Preferably, this will be done by means of a UV lamp that has been applied to the local

working area in a lightproof manner.

Fig. 2 shows a schematic presentation of a preferred embodiment of a fiber-matrix com-
posite used in the method. Here, fiber-matrix composite 1 consisting of fiber material 2
and UV-curable matrix material 3 has been applied onto a double-layered supporting film
4 and is protected from natural UV radiation by means of a UV protective film 5. The fact
that the supporting film is double-layered clearly facilitates the removal of the supporting
film when the fiber-matrix composite is applied onto the local working area of the fiber-

plastic composite.

Fig. 3 is a schematic presentation of a particularly preferred embodiment of a UV lamp
that can be used at the rotor blade of a wind power installation. Fig. 3A shows wind power

installation 100; Fig. 3B shows a sectional view of part of the rotor blade 10 with mounted
UV lamp in position A-A. In order to treat rotor blade 10, it is preferably brought to 6
o'clock position (dashed line). UV lamp 30 has been mounted above local working area
15, where fiber-matrix composite 20 has already been applied to. UV lamp 30 consists of
a basic casing part 32 containing source of UV light 31, and of an additional casing part
33, which - in this area - is adapted to the curve of the rotor blade to allow for a lightproof
mounting of UV lamp 30. With the aid of such additional casing parts, the UV lamp can be

used in all areas of the rotor blade.



Claims

1. A method for repairing a fiber-plastic composite of a rotor blade, the method
comprising:
applying a fiber-matrix composite comprising a UV-curable matrix material and a
5  fiber material onto a local working area of the rotor blade, wherein applying the fiber-
matrix composite comprises removing a double-layered supporting film located beneath
the fiber-matrix composite as the fiber-matrix composite is being applied onto the local
working area; and
after applying the fiber-matrix composite, removing a UV protection layer located
10  over the fiber-matrix composite;
in a lightproof manner, attaching a casing of a UV famp to the rotor blade at the
local working area, wherein the casing includes a mold rim and is covered with a
reflective layer; and

using the UV lamp, curing the matrix material using UV radiation.

15
2. The method according to claim 1, wherein:
the fiber-matrix composite is a prepreg, fiber-matrix semifinished product; or
applying the fiber-matrix composite comprises applying a dry fiber material and
introducing the UV-curable matrix material into the fiber material.
20
3. The method according to claim 1, wherein the matrix material is a UV-curable
resin.
4. The method according to claim 1, wherein curing the matrix material using UV

25 radiation occurs for less than 30 minutes.

5. The method according to claim 1, wherein the rotor blade comprising the fiber-

plastic composite Is mounted to a wind power instaliation while the steps of the method
are being performed.
30

6. The method according to claim 1, wherein the rotor blade comprising the fiber-
plastic composite is present as a single component while the steps of the method are

being performed.

35 1. The method according to claim 1, wherein the fiber-plastic composite of the rotor

blade includes a series of resin-impregnated laminate composite layers that are applied

CA 2889244 2017-08-16



on a primary layer, and one or more cover layers are applied to the resin-impregnated
laminate composite layers, wherein the method further comprises preparing the local
working area by removing the one or more cover layers and at [east some of the series of

resin-impregnated laminate composite layers.

8. A semifinished product adapted to be used in the method of claim 1, wherein the
semifinished product includes a fiber-matrix composite comprising a UV-curable matrix
material and a fiber material, a double-layered supporting film located on a first side of the
fiber-matrix composite, and a UV protection layer on a second side of the fiber-matrix

10 composite.

9. A semifinished product in form of a composite structure, the semifinished product
comprising:
a double-layered supporting film;
15 a UV protection layer; and
a fiber-matrix composite comprising a UV-curable matrix material and a fiber
material, wherein the fiber-matrix composite is arranged between the supporting film and
the UV protection layer, wherein the semifinished product is for repairing a rotor blade of
a wind power installation, wherein the fiber material is provided in a composite structure
20  on the supporting film, wherein the supporting film is removed when the fiber-matrix
composite is applied onto a local working area of the rotor blade, wherein after applying
the fiber-matrix composite to the working area of the rotor blade, the UV protection is

configured to be removed.

25 10. A UV lamp for curing a UV-curable matrix material at a rotor blade comprising:
a source of UV light in a casing, wherein the casing is attachable, in a lightproof

manner, to a local working area of the rotor blade, wherein the casing includes a mold rim

and is covered with a reflective layer.

30 11.  The UV lamp according to claim 10, wherein the casing includes at least one of the
following:
a flat attachment section that is defined by a casing rim;
an arched attachment section that is defined by a casing rim; and
a flexed multiplex attachment section that is defined by a casing rim.
35
12. The UV lamp according to claim 11, wherein the casing's flat attachment section

includes additional casing parts that can be modularly mounted to a casing part

CA 2889244 2017-08-16



comprising the source of UV light, wherein the additional casing parts include a flat,

arched, or flexed attachment section.

13. The method according to claim 3, wherein the UV-curable resin is an acrylic resin

5  oravinyl ester resin.

14. The method according to claim 1, wherein:
the fiber-matrix composite is provided with a UV protection layer on top of the fiber-
matrix composite prior to applying the fiber-matrix composite;
10 applying the fiber-matrix composite comprises applying a dry fiber material and
introducing the UV-curable matrix material into the fiber material; and
after introducing the UV-curable matrix material into the fiber material, the UV

protection is removed.

CA 2889244 2017-08-16
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