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(57) Adhesive sheet for mounting a protective shell
(15) to a wind turbine blade (13), wherein the adhesive
sheet (1) consists of a hot-melt adhesive layer (2), where-

in on at least one surface of the adhesive layer (2), at
least one fixation structure (3) consisting of a pres-
sure-sensitive adhesive is attached.
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Description

[0001] The invention relates to an adhesive sheet for
mounting a protective shell to a wind turbine blade. Fur-
thermore, the invention relates to a method for mounting
a protective shell to a wind turbine blade.
[0002] The blades of wind turbines, especially the lead-
ing edges of the wind turbine blades, can suffer from
erosion during their lifetime. This erosion can particularly
occur, when particles such as rain, hail, sand, and/or dust
impact on the leading edge of the wind turbine blade while
the wind turbine blade is rotating at high speeds. This
erosion can lead to structural damage and to a decreased
performance of the airfoil of the wind turbine blade. It is
therefore important to provide a means of repairing and
protecting the wind turbine blades and especially the
leading edges of wind turbine blades.
[0003] For protection of the edges of wind turbine
blades and/or for the repair of damaged wind turbine
blades, it is known to apply a protective layer or a pro-
tective shell to the wind turbine blade, in particular to the
leading edge, before an installation of the wind turbine
blade and/or as a repair solution on already operative
wind turbines.
[0004] However, a positioning of both the protective
shell and a hot-melt adhesive, which is used to fixate the
protective shell on the wind turbine blade, can be difficult,
especially when repairing an already operative wind tur-
bine. Both the protective shell and the hot-melt adhesive
have to be aligned and kept in position prior to an acti-
vation of the hot-melt adhesive by a heat treatment lead-
ing to a permanent fixation of the protective shell to the
wind turbine blade.
[0005] It is therefore an object of the invention to pro-
vide an improved adhesive sheet, which facilitates the
mounting of a protective shell to a wind turbine blade.
[0006] According to the invention, this object is
achieved by an adhesive sheet consisting of a hot-melt
adhesive layer, wherein on at least one surface of the
adhesive layer, at least one fixation structure consisting
of a pressure-sensitive adhesive is attached.
[0007] The pressure-sensitive adhesive allows a re-
versible attachment of the adhesive sheet to the wind
turbine blade. The pressure-sensitive adhesive sticks to
the wind turbine blade by forming a bond when pressure
is applied to the adhesive sheet after aligning it on the
wind turbine blade. However, since the bond between
the pressure-sensitive adhesive and the wind turbine
blade is not permanent, a subsequent removal of the
adhesive sheet remains possible. Advantageously, in
case of a misalignment of the adhesive sheet, the adhe-
sive sheet can be removed from the wind turbine blade
and it can be fixated against the wind turbine blade again
by using the fixation structures consisting of the pressure-
sensitive adhesive.
[0008] The usage of pressure-sensitive adhesive for
the at least one fixation structure enables a fixation of
the adhesive sheet to the wind turbine blade, especially

to a leading edge of the wind turbine blade, prior to an
activation of the hot-melt adhesive layer of the adhesive
sheet. This facilitates the arrangement of both the adhe-
sive sheet and the protective shell since the adhesive
sheet can be aligned and attached in the correct position
prior to a positioning of the protective shell. Additionally,
the usage of the pressure-sensitive adhesive for the fix-
ation structures enables a repositioning of a misaligned
adhesive sheet without damaging an outer surface of the
wind turbine blade.
[0009] In a preferred embodiment of the invention, the
hot-melt adhesive layer comprises at least one fixation
structure on both of two opposing surfaces. The adhesive
sheet can have a rectangular shape and a thickness,
which is small compared to the width and the length, so
that the adhesive sheet consists substantially of two op-
posing surfaces. Of course, also other shapes than a
rectangular shape are possible, for instance a triangular
shape, a trapezoid shape and so on. Prior to the mounting
of a protective shell to the wind turbine blade, the adhe-
sive sheet can be mounted for instance to the leading
edge of the wind turbine blade in such manner, that one
of the surfaces of the adhesive sheet abuts the surface
of the wind turbine blade. Due to the fixation structures
consisting of the pressure-sensitive adhesive, the adhe-
sive sheet is attached to the wind turbine blade. After-
wards, the protective shell can be attached to the other
surface of the adhesive sheet. Due to the fixation struc-
tures consisting of pressure-sensitive adhesive also on
the other surface of the adhesive sheet, also an attach-
ment of the protective shell to the adhesive sheet is pos-
sible. This enables advantageously also a reversible at-
tachment of the protective shell to the adhesive sheet or
to the wind turbine blade, respectively. By a usage of the
fixation structures on each of two opposing surfaces of
the adhesive sheet, both an attachment of the adhesive
sheet and the protective shell to the wind turbine blade
can be obtained and a possibility of realignment of both
the adhesive sheet and the protective shell is provided.
[0010] Preferably, the fixation structure comprises a
plurality of fixation areas, which are arranged spaced
from one another on the surface. The fixation areas can
have for example rectangular or triangular shapes cov-
ering each a part of the surface of the hot-melt adhesive
layer. The fixation areas are arranged spaced from an-
other, so that a gap or a dimple is formed in between two
or more neighbouring fixation areas. It may be provided
that the areas cover a large portion of the surface of the
hot-melt adhesive layer, wherein only a small portion of
the surface of the hot-melt adhesive layer is not covered
by the fixation areas forming the gaps between the fixa-
tion areas. The provision of gaps between the fixation
areas enables at least partly an evacuation of air under-
neath the adhesive sheet which can be performed prior
to an activation of the hot-melt of the adhesive sheet.
[0011] In a preferred embodiment of the invention, the
fixation structure comprises a plurality of fixation ele-
ments, which are arranged spaced from each other. The
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fixation elements can be for instance dot-shaped or rec-
tangular. Due to the spacing of the fixation elements, a
portion of the surface of the hot-melt adhesive layer is
not covered by fixation structures facilitating an evacua-
tion underneath the adhesive sheet. It is of course pos-
sible that both fixation areas and fixation elements are
used on the same or on different surfaces of the hot-melt
adhesive layer. There can be for instance sections on
the surface of the adhesive layer which comprise fixation
areas and additional sections, which comprise fixation
elements. It is also possible, that the fixation structures
on one surface differ from the fixation structure on the
other surface.
[0012] The fixation elements or at least a part of the
fixation elements may preferably be arranged along at
least one straight line and/or along at least one curve
with a sinusoidal shape. The lines can be for instance
parallel or under an angle to two opposing edges of a
rectangular adhesive sheet. It is possible that for instance
at least one straight line of fixation elements is arranged
parallel to the longer edges of a rectangular and stripe-
shaped adhesive sheet. This straight line of fixation ele-
ments can be for instance arranged in the centre or sub-
stantially in the centre of the shorter edges of the rectan-
gular and straight shaped adhesive sheet, so that a fix-
ation of the adhesive sheet along this centre line to an
edge of the wind turbine blade is possible. Of course,
additional straight lines of fixation elements can be pro-
vided circumferentially to the adhesive sheet or parallel
to the edges of the adhesive sheet, respectively.
[0013] Preferably, the fixation structure is printed on
the at least one surface of the hot-melt adhesive layer.
By printing the fixation structure on the hot-melt adhesive
layer of the adhesive sheet, a fabrication of the adhesive
sheet can be facilitated since the printing of the pressure-
sensitive adhesive enables a quick and reproduceable
production of the adhesive sheet.
[0014] A method for mounting a protective shell to a
wind turbine blade according to the invention comprises
the following steps:

• arranging an adhesive sheet according to the inven-
tion on a wind turbine blade, wherein the fixation
structure is used to fixate the adhesive sheet on the
wind turbine blade,

• arranging a protective shell on the adhesive sheet.

[0015] After the arrangement of both the adhesive
sheet and the protective shell, a heat treatment can be
performed for activation of the hot-melt adhesive layer
of the adhesive sheet resulting in a permanent attach-
ment of the protective shell to the wind turbine blade. The
attachment using the pressure-sensitive adhesive may
be not strong enough and not enduring enough for a per-
manent fixture of the protective shell to the wind turbine
blade but it provides a temporal fixation suitable for fa-
cilitating the arrangement of the adhesive sheet and/or
the protective shell. However, the permanent fixture of

the protective shell to the wind turbine blade can be ob-
tained using the hot-melt adhesive layer of the adhesive
sheet.
[0016] In a preferred embodiment of a method accord-
ing to the invention, an adhesive sheet with at least one
fixation structure on each of two opposing surfaces of
the hot-melt adhesive layer is used, wherein the protec-
tive shell is fixated to the adhesive sheet using the fixation
structure on the surface of the adhesive layer directed
towards the protective shell. The other surface of the ad-
hesive layer is directed towards the wind turbine blade
for a fixation of the adhesive sheet on the wind turbine
blade. By using an adhesive sheet comprising fixation
structures on both surfaces, also an attachment of the
protective shell to the adhesive sheet is obtained prior to
a heating of the hot-melt adhesive layer of the adhesive
sheet. Due to the usage of the pressure-sensitive adhe-
sive for the fixation structures, both a repositioning of the
adhesive sheet and of the protective shell is possible
prior to their permanent fixation.
[0017] Preferably, a vacuum is applied to the adhesive
sheet and to the protective shell after their arrangement
on the wind turbine blade. A vacuum can be applied for
instance by the use of a vacuum bag surrounding the
adhesive sheet, the protective shell, and at least a part
of a wind turbine blade. Additionally or alternatively, also
a heating blanket, which enables an evacuation of a vol-
ume underneath the blanket, can be used. Advanta-
geously, an adhesive sheet with a fixation structure com-
prising a plurality of spaced fixation areas and/or fixation
elements is used facilitating the creation of a vacuum
between the adhesive sheet and the wind turbine blade
or the protective shell, respectively.
[0018] Additional advantages and features of the in-
vention become evident from the embodiments dis-
cussed below as well as from the figures. The figures
show:

Fig. 1 a first embodiment of an adhesive sheet ac-
cording to the invention,

Fig. 2 a second embodiment of an adhesive sheet ac-
cording to the invention,

Fig. 3 a third embodiment of an adhesive sheet ac-
cording to the invention,

Fig. 4 a fourth embodiment of an adhesive sheet ac-
cording to the invention,

Fig. 5 a cross-sectional view of an adhesive sheet ac-
cording to the invention,

Fig. 6 an adhesive sheet according to the invention in
a protective shell mounted to a wind turbine
blade, and

Fig. 7 a cross section of an adhesive sheet according
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to the invention in a protective shell mounted
on a wind turbine blade.

[0019] In fig. 1, a first embodiment of an adhesive sheet
1 according to the invention is shown. The adhesive sheet
1 comprises a hot-melt adhesive layer 2 and a fixation
structure 3. In this embodiment, the fixation structure 3
comprises a plurality of square-shaped adhesive areas
4 consisting of a pressure-sensitive adhesive attached
on the surface of the hot-melt adhesive layer 2. The fix-
ation areas 4 are arranged spaced from one another on
the surface of the hot-melt adhesive layer 2, so that gaps
5 are formed between neighbouring fixation areas 4. The
gaps 5 facilitate an evacuation of the volume underneath
the adhesive sheet 1 when the adhesive sheet 1 is ar-
ranged on a wind turbine blade in its mounted state. Be-
sides having a square-shape, the fixation areas 4 can
have also rectangular, triangular or a polygonal shape.
[0020] In fig. 2, a second embodiment of an adhesive
sheet 1 according to the invention is depicted. The fixa-
tion structure 3 comprises a plurality of fixation elements
6 consisting of pressure-sensitive adhesive, which are
aligned on the surface of the hot-melt adhesive layer
along a centre straight line 7 and a plurality of additional
straight lines 8. The adhesive sheet 1 comprises a rec-
tangular shape, wherein the centre straight line 7 is
aligned parallel to the longer edges 9 of the adhesive
sheet 1. Also, the centre line 7 is aligned within the centre
or close to the centre of the shorter edges 10 of the ad-
hesive sheet 1. The additional straight lines 8 are ar-
ranged under an angle to the centre straight line 7 or the
longer edges 9 of the adhesive sheet 1, respectively. The
centre straight line 7 can be used for instance to fixate
the adhesive sheet to an edge of a wind turbine blade,
wherein the additional straight lines 8 are used for at-
tachment of the adhesive sheet to the surfaces of the
wind turbine blade adjacent to the edge of the wind tur-
bine blade. It is also possible that more than one centre
line 7 is provided, which are arranged parallelly in a short
distance to a geometrical centre of the shorter edges 10
of the rectangular adhesive sheet 1.
[0021] In fig. 3, a third embodiment of an adhesive
sheet 1 according to the invention is shown. In this em-
bodiment, the fixation structure 3 comprises a plurality
of dot-shaped fixation elements 11, which are arranged
along two curves 12 with a sinusoidal shape. Of course,
more than two curves 12 with a sinusoidal shape can be
provided on one or both surfaces of the hot-melt adhesive
layer 2.
[0022] In fig. 4, a fourth embodiment of an adhesive
sheet 1 according to the invention is shown. Thereby,
the fixation structure 3 comprises fixation elements 6 ar-
ranged along two center straight lines 7, a plurality of
additional straight lines 8 and a sinusoidal curve 12. Of
course, also other combinations and/or arrangements of
fixation elements can be provided as well.
[0023] In fig. 5, a schematical side view of an adhesive
sheet 1 according to the invention is shown. The adhesive

sheet 1 can be fixated with the fixation elements 6, 11 to
a surface of the wind turbine blade, so that underneath
a portion 17 of the adhesive sheet, which is not covered
by the fixation structure 3, air can be removed by applying
a vacuum. Both the usage of the fixation elements 6
shown in fig. 2 and 4 as well as the dot-shaped fixation
elements 11 depicted in fig. 3 or the fixation areas 4 with
the gaps 5 in between shown in fig. 1 facilitate the creation
of a vacuum underneath the adhesive sheet 1. The fix-
ation areas 4 and the fixation elements 6, 11 can be
formed by printing the pressure-sensitive adhesive on
the hot-melt adhesive layer 2 of the adhesive sheet 1.
[0024] In fig. 6, a wind turbine blade 13 is shown. In a
tip area 14 of the wind turbine blade 13, an adhesive
sheet 1 and a protective shell 15 are arranged on a lead-
ing edge 16 of the wind turbine blade 13. A method for
mounting a protective shell 15 to a wind turbine blade 1
according to the invention can be performed for instance
during fabrication of the wind turbine blade 13 or during
a repair process on a wind turbine blade 13, which is
mounted on an already operative wind turbine. In such
a method, first the adhesive sheet 1 is arranged on the
leading edge 16 of the wind turbine blade 13, wherein
the fixation structure 3 of the adhesive sheet 1 is used
to fixate the adhesive sheet 1 on the wind turbine blade
13. Afterwards, the protective shell 15 is arranged on the
adhesive sheet 1. Afterwards, it is possible that the ad-
hesive sheet 1 is heated for activation of the hot-melt
adhesive layer 2. This can be done for instance using a
heating blanket covering both the adhesive sheet 1 and
the protective shell 15. For improvement of the attach-
ment of the protective shell 15 to the adhesive sheet 1
or the wind turbine blade 13, respectively, a vacuum can
be applied for removing the air underneath the protective
shell 15 and the adhesive sheet 1. This can be done for
instance using a vacuum heating blanket, which is
formed to create a vacuum underneath the heating blan-
ket and/or by application of a vacuum bag to the wind
turbine blade 13, wherein the vacuum bag covers the
protective shell 15, the adhesive sheet and at least a part
of the wind turbine blade 13, so that by the evacuation
of the vacuum bag, also the air between the adhesive
sheet 1 and the protective shell 15 as well as in between
the wind turbine blade 13 and the adhesive sheet 1 can
be removed.
[0025] When using an adhesive sheet 1 which exhibits
fixation structures 3 on each of two opposing surfaces,
both the adhesive sheet 1 and the protective shell 15 can
be attached prior to the activation of the hot-melt adhe-
sive layer 2 to the surface of the wind turbine blade 13.
This facilitates both the arrangement of the adhesive
sheet 1 and the protective shell 15 on the wind turbine
blade and enables, for instance in the case of misalign-
ment, a removal of the protective shell 15 and/or the ad-
hesive sheet 1 and their reattachment.
[0026] In fig. 7, a cross-section according to the dashed
line VII - VII in fig. 6 is shown. Besides a cross section
of the wind turbine blade 13, also the adhesive sheet 1
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and the protective shell 15 are shown in a state mounted
to the leading edge 16 of the wind turbine blade 13. Both
the adhesive sheet 1 and the protective shell 15 are ar-
ranged on the leading edge 16 of the wind turbine blade
13, so that they wrap a circumference of the wind turbine
blade 13 at least partially. Due to the large contact area
between the adhesive sheet 1 and the wind turbine blade
13 and/or the protective shell 15, respectively, a stable
attachment of both the adhesive sheet 1 to the wind tur-
bine blade 13 and the protective shell 15 to the adhesive
sheet 1 or the wind turbine blade 13, respectively, is ob-
tained by using the fixation structures consisting of pres-
sure-sensitive adhesive. An attachment of the adhesive
sheet 1 to the wind turbine blade 13 can occur for instance
by pressing the adhesive sheet 1 to a surface of the wind
turbine blade 13 activating the pressure-sensitive adhe-
sive enabling the fixation of the adhesive sheet 1 to the
wind turbine blade 13. Also a fixation of the protective
shell 15 can occur by pressing the protective shell 15 to
the already attached adhesive sheet 1.
[0027] After a curing of the hot-melt adhesive layer 2
by a thermal treatment, a trimming and/or grinding of the
surface of the wind turbine blade 13 can occur for flat-
tening the edges of the adhesive sheet 1 or the remainder
of the adhesive, respectively, and of the protective shell
15, so that a flat and smooth surface of the wind turbine
blade 13 is obtained. This can increase the aerodynamic
properties of the wind turbine blade 13. The trimming
and/or grinding can be performed for instance manually
using respective trimming and/or grinding devices or ma-
chines.
[0028] Although the present invention has been de-
scribed in detail with reference to the preferred embodi-
ment, the present invention is not limited by the disclosed
examples from which the skilled person is able to derive
other variations without departing from the scope of the
invention.

Claims

1. Adhesive sheet for mounting a protective shell (15)
to a wind turbine blade (13), wherein the adhesive
sheet (1) consists of a hot-melt adhesive layer (2),
wherein on at least one surface of the adhesive layer
(2), at least one fixation structure (3) consisting of a
pressure-sensitive adhesive is attached.

2. Adhesive sheet according to claim 1, characterized
in that the hot-melt adhesive layer (2) comprises at
least one fixation structure (3) on each of two oppos-
ing surfaces.

3. Adhesive sheet according to claim 1 or 2, charac-
terized in that the fixation structure (3) comprises a
plurality of fixation areas (4), which are arranged
spaced from one another on the surface.

4. Adhesive sheet according to one of the preceding
claims characterized in that the fixation structure
(3) comprises a plurality of fixation elements (6, 11),
which are arranged spaced from each other.

5. Adhesive sheet according to claim 4, wherein the
fixation elements (6, 11) or at least a part of the fix-
ation elements (6, 11) are arranged along at least
one straight line (7, 8) and/or along at least one curve
(12) with a sinusoidal shape.

6. Adhesive sheet according to one of the preceding
claims, characterized in that the fixation structure
is printed on the at least one surface of the hot-melt
adhesive layer (2).

7. Method for mounting a protective shell (15) to a wind
turbine blade (13), comprising the following steps:

• arranging an adhesive sheet (1) according to
one of the preceding claims on a wind turbine
blade (13), wherein the fixation structure (3) is
used to fixate the adhesive sheet (1) on the wind
turbine blade,
• arranging a protective shell (15) on the adhe-
sive sheet (1) .

8. Method according to claim 7, characterized in that
an adhesive sheet with at least one fixation structure
(3) on each of two opposing surfaces of the hot-melt
adhesive layer (2) is used, wherein the protective
shell (15) is fixated to the adhesive sheet (1) using
the fixation structure (3) on the surface of the adhe-
sive layer (2) directed towards the protective shell
(15).

9. Method according to claim 7 or 8, characterized in
that a vacuum is applied to the adhesive sheet (1)
and the protective shell (15) after their arrangement
on the wind turbine blade (13).
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