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(B) of the core material (20.2) of the second portion (11.2, 13.2, 15.2). Further, the invention relates to a method for manufacturing a
wind turbine blade (10). Moreover, the invention relates to the structural element (11, 13, 15) and the wind turbine blade (10).
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Description

Method for manufacturing a structural element of a wind tur-
bine blade, method for manufacturing a wind turbine blade,
structural element of a wind turbine blade and wind turbine
blade

The invention relates to a method for manufacturing a struc-
tural element of a wind turbine blade, a method for manufac-
turing a wind turbine blade, a structural element of a wind

turbine blade and a wind turbine blade.

One way to produce more power using a wind turbine under giv-
en wind conditions is to increase the size of the wind tur-
bine blades. However, the manufacturing of wind turbine
blades and their transportation to wind harvesting sites 1is
particularly difficult for large wind turbine blade sizes.
Therefore, wind turbine blades are, for example, manufactured
portion-wise and joined on-site. The wind turbine portions
are typically connected to each other either by bonding,
bolting or by a combination of both. However, the joints have
to be sufficiently strong to withstand the forces acting on

the wind turbine blade during operation of the wind turbine.

It 1is an object of the invention to provide an improved meth-
od for manufacturing a structural element of a wind turbine
blade, an improved method for manufacturing a wind turbine
blade, an improved structural element of a wind turbine blade
and an improved wind turbine blade, in particular by means of
which the wind turbine blade may be manufactured in a quick

and cost-effective yet sufficiently strong manner.

This object is solved by the subject-matter of the claims. In
particular, the object is solved by a method for manufactur-
ing a structural element of a wind turbine blade according to
claim 1, a method for manufacturing a wind turbine blade ac-
cording to claim 13, a structural element of a wind turbine

blade according to claim 14 and a wind turbine blade accord-
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ing to claim 15. Further details of the invention unfold from
the other claims as well as the description and the drawings.
Thereby, the features and details described in connection
with the method for manufacturing a structural element of a
wind turbine blade of the invention apply in connection with
the method for manufacturing a wind turbine blade of the in-
vention, the structural element of a wind turbine blade of
the invention and the wind turbine blade of the invention, so
that regarding the disclosure of the individual aspects of

the invention it is or can be referred to one another.

According to a first aspect of the invention, the object is
solved by a method for manufacturing a structural element of
a wind turbine blade, comprising the steps of:

(a) providing a first portion of the structural element and
a second portion of the structural element, whereby each
of the first portion and the second portion comprise a
core material,

(b) arranging an end of the core material of the first por-
tion to face an end of the core material of the second
portion, whereby a gap is formed between the end of the
core material of the first portion and the end of the
core material of the second portion,

(c) providing laminates on top sides of the core materials
of the first portion and the second portion and on bot-
tom sides of the core material of the first portion and
the second portion, whereby a cavity enclosing the gap
is formed between the end of the core material of the
first portion, the end of the core material of the sec-
ond portion and at least two of the laminates,

(d) forming at least one injection hole in at least one of
the laminates, so that the at least one injection hole
is fluidically connected to the cavity, and

(e) 1injecting adhesive through the at least one injection
hole into the cavity, curing the adhesive injected into
the cavity and thereby forming a structural joint be-
tween the end of the core material of the first portion

and the end of the core material of the second portion.
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In particular due to the provision of the at least one injec-
tion hole and the injection of adhesive into the cavity, the
structural elements of the wind turbine blade may be manufac-
tured in a quick and cost-effective yet sufficiently strong

manner.

The laminates may be stacks of layers of fibrous composite
materials. Such layers may be oriented with principal materi-
al directions in various geometric directions to satisfy
loading and/or thermal requirements of the laminate. Thus,
such a composite laminate is an assembly of layers of fibrous
composite materials joined together to provide required engi-
neering properties, including in-plane stiffness, bending
stiffness, strength, and coefficient of thermal expansion.
Fibers of the layers may be embedded in a polymeric, metal-
lic, or ceramic matrix material. As fibers, cellulose, glass,
carbon, aramid, natural, boron, and/or silicon carbide fibers
may be used, for example. For example, epoxies, polyimides,
polyurethanes, polyesters, aluminum, titanium, and/or alumina

may be used for the matrix material.

In particular, the first portion of the structural element
and the second portion of the structural element may be pro-
vided with laminate being arranged on the top sides of the
core materials of the first portion and the second portion
and laminate being arranged on the bottom sides of the core
materials of the first portion and the second portion. In
other words, the laminate on the top sides and the bottom
sides of the core materials may be provided before the ends

of the core materials are arranged facing each other.

The at least one injection hole may be formed in the at least
one laminate by means of drilling or laser cutting, for exam-
ple. The at least one injection hole may in particular be
formed in a proximity of the cavity, in particular the gap.

In particular, multiple injection holes may be formed in at
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least one or multiple of the laminates, so that the multiple
injection holes are fluidically connected to the cavity. The
adhesive may then be injected through the multiple injection
holes into the cavity. It is possible to provide the multiple
injection holes in a pattern. An example of a pattern may be
a line along which at least three, at least four or more in-
jecting holes are arranged at distance from one another. The
distance may be an equidistant distance between each of the
injection holes. Further, there may be at least two, at least
three or more adjacent lines with at least three, at least
four or more injecting holes provided at distance from one
another. The adjacent lines may be arranged at a distance
from one another in a direction transverse, in particular
perpendicular, to their extension. Injection holes arranged
along one line may further be offset from injection holes ar-

ranged along an adjacent line of that line.

The adhesive may be a self-curing adhesive. In particular,
the adhesive may be an adhesive curing at room temperature or
at a temperature below room temperature. Alternatively, the
adhesive may be an adhesive curing at a temperature above
room temperature, in which case it must be heated to be
cured. Thus, the step of curing the adhesive may comprise
heating the adhesive. Heating of the adhesive may be addi-
tionally or alternatively performed prior to injecting the
adhesive to decrease its viscosity. It is preferable to use
an adhesive of low viscosity to improve flow of the adhesive
through the cavity. That adhesive may be heated to further
decrease its viscosity. The adhesive may be an epoxy adhesive

or a polyurethane adhesive, for example.

As core material, wood, balsa, PET foam and/or PVC foam may
be used, for example. The same or different material may be
used for the core material of the first portion and the sec-

ond portion.

The ends of the core materials may be longitudinal ends of

the core material. Such longitudinal ends are ends of sides
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of the core material having the largest extension of all
sides of the core material in any direction of the core mate-

rial.

According to the described method of manufacturing the struc-
tural element of the invention, a first portion and a second
portion are Jjoined together. However, there may be further
portions, such as a third portion, fourth portion and so on
joined according to the method of manufacturing the structur-
al element of the invention. Such further portions may be

joined with other portions simultaneously or consecutively.

It is preferred, that the joint is a scarf joint or a butt
joint. The scarf joint or butt joint are still provided with
the gap between the ends of the core materials. In a butt
joint, one of the ends of the core materials may be provided
with a larger cross section than the other one of the ends of
the core material. Thereby, the cavity may run along the bot-
tom side and/or top side of one of the ends of the core mate-
rial. Thus, the adhesive will also be located at the bottom
side and/or top side of one of the ends of the core material
and further strengthen the joint between the ends of the core
materials. Further, the joint may be a double scarf joint or
a double butt joint. In such an arrangement, two scarf joints
or two butt joints are provided, which has the advantage of

taking up manufacturing imperfections.

It is further preferred, that at least one of the laminates
is tapered at its end, so that it forms a lip. By means of
the lip it is possible to connect, in particular form-fit, a
laminate provided on one of the core materials with a lami-
nate provided on another one of the core materials. There-
fore, in particular, at least two of the laminates facing
each other may be correspondingly tapered at their ends. They
may be connected to each other by means of a scarf joint.
Thereby, stress distribution from one laminate to the other

laminate may be improved.
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Moreover, it is preferred, that at least one of the laminates

extends beyond the end of the core material on which it is

provided. In particular, the laminate extending beyond the

end of its core material may be arranged underneath the bot-

tom side of the core material facing its core material or

above the top side of the core material facing its core mate-

rial. Thereby, a larger cavity extending in between the lami-

nate extending beyond the end of the core material and the

laminate being opposite thereof may be provided. Further,

this measure provides more adhering surface. Thus, the joint

may be strengthened.

Also, it is preferred, that during the injection of the adhe-

sive, an adhesive stopper is provided adjacent to the lami-

nate provided on the bottom side of the core material of the

first portion and the laminate provided on the bottom side of

the core material of the second portion. In particular, the

adhesive stopper may be provided contacting the laminate pro-

vided on the bottom side of the core material of the first

portion and the laminate provided on the bottom side of the

core material of the second portion. The laminate on the bot-

tom side of the core material of the first portion may be ta-

pered at its end, so that it forms the lip. Thereby, the ad-

hesive may be effectively stopped from leaving the cavity

during injection and curing. The adhesive stopper may have a

round shape, in particular convex shape, towards the cavity,

thereby improving the stress distribution at an area of tran-

sition of the adhesive to the laminates.

It is further preferred, that the step of providing the lami-

nates includes

overlaminating a laminate on the laminates provided on the
top sides of the core materials of the first portion and
the second portion, so that the overlaminated laminate
connects the laminates provided on the top sides of the
core materials of the first portion and the second portion

with each other, and/or
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- overlaminating a laminate on the laminates provided on the
bottom sides of the core materials of the first portion
and the second portion, so that the overlaminated laminate
connects the laminates provided on the bottom sides of the
core materials of the first portion and the second portion
with each other.

By overlaminating the laminates with a laminate, the strength

of the joint may further be strengthened. The at least one

injection hole may be provided only in the overlaminated lam-
inate, only in the laminate provided on the bottom sides or

the top sides or in both.

It is also preferred, that the method comprises the further
step of arranging at least one intermediate piece connecting
the end of the core material of the first portion with the
end of the core material of the second portion. In this case,
the cavity is formed between the ends of the core materials
of the first portion and the second portion, the laminates
and the intermediate piece. The intermediate piece may also
comprise core material, in particular the same core material
as used for the first portion and the second portion. By
means of the intermediate piece, the Jjoint may be manufac-

tured particularly strong.

In addition, it is preferred, that the at least one interme-
diate piece comprises spacers on its surface, whereby the
spacers create space for the cavity between the intermediate
piece and the end of the core material of the first portion
and between the intermediate piece and the end of the core
material of the second portion. The spacers may in particular
be arranged at distance from one another. The spacers may be
arranged along at least one or multiple adjacent lines along
the intermediate piece. The spacers may comprise a substan-
tially circular shape, for example. The spacers may further
be arranged so that they create space between the intermedi-

ate piece and at least one of the laminates.
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Moreover, it is preferred, that the at least one intermediate
plece is tapered at its ends, and that the end of the core
material of the first portion and the end of the core materi-
al of the second portion are tapered correspondingly to the
ends of the intermediate piece for fitting, in particular
form-fitting, therewith. Thereby, particularly strong scarf

joints are provided at both ends of the intermediate piece.

Further, it is preferred, that ends of the at least one in-
termediate piece are being fitted into corresponding recesses
of the end of the core material of the first portion and the
end of the core material of the second portion. The recess
may, for example, have a V-Shape and the ends of the interme-
diate piece may have a thereto corresponding triangular shape
or in other words the shape of a spike, for insertion into
the V-shaped recesses. Each of the V-shaped recess and the
spike shaped end of the intermediate pieces provides two ta-
pered surfaces, by means of which the joint may be further

strengthened.

It is also preferred, that two separate intermediate pieces
are being arranged to connect the end of the core material of
the first portion with the end of the core material of the
second portion. The two separate intermediate pieces may be
of equal or different size. Thereby, the overall tapered sur-
face of the joint may be enlarged and the joint strengthened

even further.

Further it is preferred, that the first portion and the sec-
ond portion are shell portions, spar web portions and/or spar
cap portions. Thereby, two or more shell portions joined with
each other according to the invention may form the shell of
the wind turbine blade, two or more spar web portions Jjoined
with each other according to the invention may form the spar
web of the wind turbine blade and/or two or more spar cap
portions joined with each other according to the invention

may form the spar cap of the wind turbine blade.
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According to a second aspect of the invention, the object is
solved by a method for manufacturing a wind turbine blade,
whereby the method comprises the method for manufacturing a
structural element of the wind turbine blade according to the
invention, by means of which at least two of a shell, a spar
web and a spar cap of the wind turbine blade are manufactured
and joined together using overlamination and/or adhesive in-
Jjection. In particular, the overlamination may be performed
such that laminate or in other words overlaminate is overlam-
inated on top of at least two laminates of the at least two
of the shell, spar web and/or spar cap, each of the at least
two laminates being provided on a separate one of the at
least two of the shell, spar web and/or spar cap. In particu-
lar, the adhesive injection may be provided by means of form-
ing injection holes in at least one of the laminates of the
at least two of the shell, spar web and/or spar cap and/or
the overlaminated laminate and injecting adhesive through the

injection holes and curing the injected adhesive.

According to a third aspect of the invention, the object is
solved by structural element of a wind turbine blade manufac-
tured by means of the method for manufacturing the structural
element of the wind turbine blade according to the invention,
whereby the structural element is a shell, a spar web or a
spar cap. Such a structural element has the injection holes
provided in the at least one laminate and the cavity filled
with the cured adhesive. Thereby, a structural element of a
wind turbine blade consisting of at least two portions is

provided with a joint of high strength.

According to a fourth aspect of the invention, the object is
solved by a wind turbine blade comprising at least one struc-
tural element according to invention. In particular, the wind
turbine blade may comprise the shell, the spar web and the
spar cap formed according to the method of manufacturing the
structural element of the wind turbine blade of the inven-

tion.
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Further advantages, features and details of the invention un-
fold from the following description, in which by reference to
drawings FIG. 1 to 21 embodiments of the present invention
are described in detail. Thereby, the features from the
claims as well as the features mentioned in the description
can be essential for the invention as taken alone or in an

arbitrary combination. In the drawings, there is schematical-

ly shown:

FIG. 1 a side perspective view on a wind turbine,

FIG. 2 a partial side perspective view of the wind turbine
blade of the wind turbine of FIG. 1 and according
to an embodiment of the invention,

FIG. 3 a side perspective schematic view on a setup for
performing the method of manufacturing a structural
element of the wind turbine blade of FIG. 2 accord-
ing to a first embodiment of the invention,

FIG. 4 shows a top view on the laminates arranged on the
top sides of the core materials of the structural
element shown in FIG. 3,

FIG. 5 shows a side perspective sectional cut through the
structural element of FIG. 3,

FIG. 6 a side perspective schematic view on a setup for
performing the method of manufacturing a structural
element of the wind turbine blade of FIG. 2 accord-
ing to a second embodiment of the invention,

FIG. 7 shows a side perspective sectional cut through a
structural element similar to the one of FIG. 6,

FIG. 8 shows a side perspective view on the structural el-
ement (designed as a spar web) of FIG. ¢,

FIG. 9 a side perspective schematic view on a setup for

performing a first phase of the method of manufac-
turing a structural element of the wind turbine
blade of FIG. 2 according to a third embodiment of
the invention,

FIG. 10 the side perspective schematic view of FIG. 9 show-
ing a second phase of the method of manufacturing

the structural element of the wind turbine blade of



10

15

20

25

30

35

WO 2021/069272

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

11

12

13

14

15

le

17

18

11 PCT/EP2020/077316

FIG. 2 according to the third embodiment of the in-
vention,

the side perspective schematic view of FIG. 9 show-
ing a third phase of the method of manufacturing
the structural element of the wind turbine blade of
FIG. 2 according to the third embodiment of the in-
vention,

shows a side perspective view on the intermediate
piece used in the method of manufacturing the
structural element of the wind turbine blade ac-
cording to the third embodiment of the invention as
shown in FIGS. 9 to 11,

shows a top view on the intermediate piece shown in
FIG. 12,

a side perspective schematic view on a setup for
performing a first phase of the method of manufac-
turing the structural element of the wind turbine
blade of FIG. 2 according to a fourth embodiment of
the invention,

the side perspective schematic view of FIG. 14
showing a second phase of the method of manufactur-
ing the structural element of the wind turbine
blade of FIG. 2 according to the fourth embodiment
of the invention,

the side perspective schematic view of FIG. 14
showing a third phase of the method of manufactur-
ing the structural element of the wind turbine
blade of FIG. 2 according to the fourth embodiment
of the invention,

a side perspective schematic view on a setup for
performing a first phase of the method of manufac-
turing a structural element of the wind turbine
blade of FIG. 2 according to a fifth embodiment of
the invention,

the side perspective schematic view of FIG. 17
showing a second phase of the method of manufactur-

ing the structural element of the wind turbine
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blade of FIG. 2 according to the fifth embodiment
of the invention,

FIG. 19 the side perspective schematic view of FIG. 17
showing a third phase of the method of manufactur-
ing the structural element of the wind turbine
blade of FIG. 2 according to the fifth embodiment
of the invention,

FIG. 20 the side perspective schematic view of FIG. 17
showing a fourth phase of the method of manufactur-
ing the structural element of the wind turbine
blade of FIG. 2 according to the fifth embodiment
of the invention,

FIG. 21 a side perspective schematic view on a structural
element manufactured according to a method of manu-
facturing the structural element of the wind tur-
bine blade of FIG. 2 according to a sixth embodi-

ment of the invention.

Same objects in FIGS. 1 to 21 are denominated with the same
reference number. If there is more than one object of the
same kind in one of the figures, the objects are numbered in
ascending order with the ascending number of the object being
separated from its reference number by a dot or the objects
are provided with letters in alphabetical order with the al-
phabetically ordered letter separated from its reference num-
ber by a dot. The specific dimensions of features and parts
in the figures are exemplary and may be scaled up or down for

ease of reference only.

FIGURE 1 shows a wind turbine 1 according to an exemplary em-
bodiment. The wind turbine 1 comprises a rotor 4 having three
wind turbine blades 10.1, 10.2, 10.3 connected to a hub 5.
However, the number of wind turbine blades 10 may be at least
one wind turbine blade 10, two wind turbine blades 10 or more
than three wind turbine blades 10 and chosen as required for
a certain setup of a wind turbine 1. The hub 5 is connected
to a generator (not shown) arranged inside a nacelle 6. Dur-

ing operation of the wind turbine 1, the blades 10 are driven
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by wind to rotate and the wind's kinetic energy is converted
into electrical energy by the generator in the nacelle 6. The
nacelle 6 is arranged at the upper end of a tower 7 of the
wind turbine 1. The tower 7 is erected on a foundation 8 such
as a monopile or tripile. The foundation 8 is connected to

and/or driven into the ground or seabed.

FIGURE 2 shows a partial side perspective view of a wind tur-
bine blade 10 of the wind turbine 1 of FIG. 1 and according
to an embodiment of the invention. In this illustration, the
wind turbine blade 10 is sectionally cut from two sides run-
ning perpendicular to a longitudinal axis of the wind turbine
blade 10. The wind turbine blade 10 comprises a shell 11 made
from a first shell portion 11.1 and a second shell portion

11.2, which are joined together by means of a shell joint 12.

Further, the wind turbine blade 10 comprises a spar web 13.
The spar web 13 is shown having a first spar web portion 13.1
and a second spar web portion 13.2, whereby the first spar
web portion 13.1 and the second spar web portion 13.2 are
separated from one another by means of a gap. The gap has the
purpose of enabling joining the first shell portion 11.1 with
the second shell portion 11.2 by means of the shell joint 12.
The gap may afterwards be closed by means of a third spar web

portion 13, which is not shown in this illustration.

Moreover, the part of the wind turbine blade 10 comprises two
spar caps 15.A, 15.B. The two spar caps 15.A, 15.B are con-
nected to one another by means of the spar web 13. Each of
the spar caps 15.A, 15.B is also formed by means of two spar
cap portions 15.1, 15.2 joined together by means of a spar
cap joint 16. However, this cannot be taken from this illus-
tration but from the FIGS. 9 to 11 and 14 to 21.

The shell 11 and the spar web 13 comprise a core material
20.1, 20.2 being covered by a laminate 21 (referenced in
FIGS. 3 to 7). The spar caps 15.A, 15.B also comprise a core

material 20.3, 20.4 covered by a laminate 21 (referenced in
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FIGS. 9 to 11 and 14 to 21). Further, each of the two spar
caps 15.A, 15.B comprises two reinforcement profiles 17.1,
17.2, 17.3, 17.4 embedded in the respective core material
20.3, 20.4. The reinforcement profiles 17.1, 17.2, 17.3, 17.4
may be pultruded profiles, in particular stacks of pultruded

profiles, having glass fibers or carbon fibers, for example.

The wind turbine blade 10 as shown in FIG. 2 has a spar of an
I-beam type. However, it is also possible to provide the wind
turbine blade 10 with a spar of a different type, such as a
box type. In a box type, there are four spar caps 15, whereby
two pairs of the four spar caps 15 are connected by means of

separate spar webs 13.

FIGURE 3 shows a side perspective schematic view on a setup
for performing the method of manufacturing a structural ele-
ment 11 of the wind turbine blade 10 of FIG. 2 according to a
first embodiment of the invention. In this first embodiment,
the structural element 11 is the shell 11 or a part of the
shell 11 of the wind turbine blade 10, in the following re-
ferred to as the shell 11.

The shell 11 comprises the first shell portion 11.1 and the
second shell portion 11.2. On a top side D.1 of the first
shell portion 11.1 a first laminate 21.1 made from composite
material is laminated. This first laminate 21.1 is tapered at
its end, thereby forming a first lip 22.1. The first laminate
21.1 terminates at the end A of the first core material 20.1
of the first shell portion 11.1, on which it is provided.
Further, a top side D.2 of the second shell portion 11.2 is
provided with a third laminate 21.3 made from composite mate-
rial. This third laminate 21.3 is tapered at its end, thereby
forming a third lip 22.3. The third laminate 21.3 terminates
at the end B of the second core material 20.2 of the second
shell portion 11.2, on which it is provided. Also, the bottom
sides E.1, E.2 of the first shell potion 11.1 and the second
shell portion 11.2 are laminated with respective second and

fourth laminates 21.2, 21.4 made from composite material. The
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fourth laminate 21.4 is also tapered at its end, thereby
forming a fourth lip 22.4. The fourth laminate 21.3 also ter-
minates at the end B of the second core material 20.2, on
which it is provided. However, the second laminate 21.1 pro-
vided on the first core material 20.1 does not terminate at
the end A of the first core material 20.1 but extends beyond
the end A of the first core material 20.1 and underneath, in
particular in parallel to, the second core material 20.2. The
second laminate 21.2 is also tapered at its end and thereby

forms a second lip 22.2.

The first core material 20.1 and 20.2 are arranged facing
each other and such that they form a but joint having a gap C
in between them. The first core material 20.1 is provided
with a greater thickness at its end A than the second core

material 20.2.

After providing and arranging the core materials 20.1, 20.2
with their laminates 21.1, 21.2, 21.3, 21.4 as described
above, a fifth laminate 24, which may also be referred to as
an overlaminate 24, is overlaminated on top of the first lam-
inate 21.1 and the third laminate 21.3. The overlaminate 24
is tapered at both of its end corresponding for fitting to
the lips 22.1, 22.3 of the laminates 21.1, 21.3. Thereby, a
form-fitting and high-strength connection is provided between
both of the laminates 21.1, 21.3 and by means of these be-

tween the core materials 20.1, 20.2.

After providing the overlaminate 24, at least one injection
hole 25 is formed in at least one, two or all of the first
laminate 21.1, the third laminate 21.3 and the overlaminate
24 such that the at least one injection hole 25 is fluidical-
ly connected with the gap C. The gap C is included in a cavi-
ty 23 formed between all laminates 21.1, 21.2, 21.3, 21.4,
24. An adhesive stopper 30 is provided contacting the second
lip 22.2 and the fourth laminate 21.4. Afterwards, an adhe-
sive 26 (referenced in FIG. 5) is injected through the at

least one injection hole 25 into the cavity 23 and cured
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therein. Thereby, a structural joint, the shell joint 12 as

shown in FIG. 2, is formed.

Although the method of manufacturing the structural element
11 of the wind turbine blade 10 according to the first embod-
iment of the invention has been explained with reference to
FIG. 3 with respect to the shell 11 of the wind turbine blade
10 and the shell portions 11.1, 11.2, it is possible to manu-
facture the spar web 13 and/or one or both of the spar caps
15.A, 15.B of the wind turbine blade 10 of FIG. 2 according

to the same method.

FIGURE 4 shows a top view on the laminates 21.1, 21.3 ar-
ranged on the top sides D.1, D.2 of the core materials 20.1,
20.2 of the structural element 11 shown in FIG. 3. In this
exemplary embodiment, the at least one injection hole 25 are
multiple injection holes 25.1, 25.2, 25.3, 25.4, 25.5, 25.6,
25.7, 25.8, 25.9, 25.10, 25.11 formed in the third laminate
21.3. The injection holes 25.1, 25.2, 25.3, 25.4 are provided
along a first line, the injection holes 25.5, 25.6, 25.7 are
provided along a second line and the injection holes 25.8,
25.9, 25.10, 25.11 are provided along a third line. The
first, second and third line are arranged adjacent and at
distance to one another. The injection holes 25.5, 25.6, 25.8
0of the second line are offset from the injection holes 25.1,
25.2, 25.3, 25.4, 25.9, 25.10, 25.11 of the first and third

line.

FIGURE 5 shows a side perspective sectional cut through the
structural element 11 of FIG. 3 after the injected adhesive
26 has been cured and the shell joint 12 has thereby been es-
tablished. The adhesive 26 is provided in the cavity 26,
which essentially includes the gap C between the ends A, B of
the core materials 20.1, 20.3 and a space in between the sec-
ond laminate 21.2 extending beyond the end A of the first
core material 20.1 and the fourth laminate 21.4. By means of
the second laminate 21.2 extending beyond the end A of the

first core material 20.1, a particular strong joint is pro-



10

15

20

25

30

35

WO 2021/069272 17 PCT/EP2020/077316

vided due to the large surface area of the laminate 21.2 be-
ing adhered to the fourth laminate 21.4.

At the location at which the adhesive stopper 30 had been ar-
ranged during the injection of the adhesive 26, the cured ad-
hesive 26 has been formed having a round shape. In particu-
lar, the cured adhesive 26 is concavely formed between the
second laminate 21.2 or second lip 22.2 and the fourth lami-
nate 21.4. This 1is because the adhesive stopper 30 used dur-
ing the injection of the adhesive 26 has a corresponding con-
vex surface, which is however not shown in FIG. 3. Thereby,
stress distribution of the shell joint 12 between the lami-
nates 21.2, 21.4 is improved. It is possible to provide the
adhesive stopper 30 such that it is not removed after inject-
ing the adhesive 26 or curing the adhesive 26 but remains ad-
hered to the adhesive 26.

FIGURE 6 shows a side perspective schematic view on a setup
for performing the method of manufacturing the structural el-
ement 13 of the wind turbine blade 10 of FIG. 2 according to
a second embodiment of the invention. In this second embodi-
ment of the invention, the structural element 13 is the spar
web 13 of the wind turbine blade 10 of FIG. 2. However, it is
also possible to manufacture the shell 11 or one or both of
the spar caps 15.A, 15.B of the wind turbine blade 10 of FIG.
2 according to the method of this second embodiment of the

invention.

In this second embodiment, the joint 14 as spar web joint 14
is provided as a scarf joint contrary to the but joint ac-
cording to the first embodiment of the invention of the meth-
od of manufacturing the structural element 11 of the wind
turbine blade 10 as shown in FIGS. 3 and 5. Therefore, the
core materials 20.1, 20.2 are tapered at their ends A, B. The
first laminate 21.1 and the fourth laminate 21.4 extend be-
yvond the ends A, B of their respective core material 20.1,
20.2. The second laminate 21.2 and the third laminate 21.3

terminate at the ends A, B of their respective core material
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20.1, 20.2. However, this may be amended such that any other
of the laminates 21.1, 21.2, 21.3, 21.4 may also extend be-
yvond or terminate at the end A, B of its respective core ma-
terial 20.1, 20.2.

Further, in contrast to the first embodiment of the invention
of the method of manufacturing the structural element 11 of
the wind turbine blade 10, there is no overlamination 24 in
this embodiment. However, an overlamination 24 may be provid-
ed additionally on the top sides or the bottom sides of the
core materials 20.1, 20.2 to further strengthen the spar web

Joint 14.

FIGURE 7 shows a side perspective sectional cut through a
structural element 13 similar to the one of FIG. 6 after the
injected adhesive 26 has been cured and the spar web joint 14
thereby been established. The adhesive 26 is provided in the
cavity 26, which essentially includes the gap C between the
ends A, B of the core materials 20.1, 20.3 and a space in be-
tween the first lip 22.1 of the first laminate 21.1 and the
third lip 22.2 of the third laminate 21.3 and a space in be-
tween the second lip 22.2 of the second laminate 21.1 and the
fourth lip 22.4 of the fourth laminate 21.4. Because the re-
spective lips 22.1, 22.2, 22.3, 22.4 are tapered towards each
other, an adhesive stopper 30 is not necessary, may however
be provided. In contrast to the structural element 13 formed
according to FIG. 6, the ends A, B, of the core materials
20.1, 20.2 are provided with different tapering angles. That
is, each of the end A, B of the core materials 20.1, 20.2 is
tapered towards its respective end A, B first along a first
tapering angle and afterwards along a second tapering angle,
which is different from the first tapering angle. The second
tapering angle is larger than the first tapering angle in
this case. Thereby, it is possible to provide a space between
the respective lips 22.1, 22.2, 22.3, 22.4 and thus to en-
large the cavity 23 and the strengthening of the spar web
Joint 14.
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FIGUE 8 shows a side perspective view on the structural ele-
ment 13 in form of the spar web 13 of FIG. 6. Here, it can be
seen that the first spar web portion 13.1 and the second spar
web portion 13.2 are joined together by means of the spar web
joint 14 over a large surface of the first spar web portion

13.1 and the second spar web portion 13.2.

FIGURE 9 shows a side perspective schematic view on a setup
for performing a first phase of the method of manufacturing
the structural element 15 of the wind turbine blade 10 of
FIG. 2 according to a third embodiment of the invention. In
this case, the structural element 15 is one of the spar caps
15.A, 15.B of the wind turbine blade 10 of FIG. 2. However,
the structural element 15 manufactured by means of the method
of manufacturing it according to the third embodiment of the
invention may alternatively be the shell 11 or the spar web
13. However, due to the spar cap 15 being subjected to par-
ticularly high loads, it is preferred that this method using
at least one intermediate piece 28 is used for manufacturing

the spar cap 15.

The first spar cap portion 15.1 and the second spar cap por-
tion 15.2 are in the first phase of the method arranged fac-
ing each other. The spar cap portions 15.1, 15.2 are provided
with respective core materials 20.1, 20.2 and at least one or
at least two embedded reinforcement profiles 17, as previous-

ly explained with reference to FIG. 2.

The first spar cap portion 15.1 and the second spar cap por-
tion 15.2 are tapered at their ends. On a top side of each of
the spar cap portions 15.1, 15.2 laminates 21.1, 21.3 are
provided. The laminates 21.1, 21.3 extend beyond the tapered
ends A, B of the spar cap portions 15.1, 15.2 They are ta-
pered counteractive that their tapered surface cannot be fit-
ted onto each other. On a bottom side of each of the spar cap
portions 15.1, 15.2 further laminates 21.2, 21.4 are provid-
ed. The laminates 21.2, 21.4 are terminated before the taper-

ing of the ends A, B of the spar cap portions 15.1, 15.2.
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Fach of the laminates 21.1, 21.2, 21.3, 21.4 is tapered at
its end and thereby forms a lip (not denominated in this il-

lustration, for reference see FIG. 3).

FIGURE 10 shows the side perspective schematic view of FIG. 9
showing a second phase of the method of manufacturing the
structural element 15 of the wind turbine blade 10 of FIG. 2
according to the third embodiment of the invention. In the
second phase, a fifth laminate 24.1 or first overlaminate
24.1 is provided tapered at both of its ends so as to fit
with the lips of the laminates 21.1, 21.3 provided on the top
sides of the spar cap portions 15.1, 15.2.

Further, in the second phase, the intermediate piece 28 is
arranged between the ends of the core materials 20.1, 20.2.
The intermediate piece 28 is tapered at both of its ends F,
G, which in particular are longitudinal ends F, G due to the
largest extension of the intermediate piece 28 being in the
direction from the one end F to the other end G, thereby
forming the longitudinal direction. The ends F, G of the in-
termediate piece 28 and the ends A, B of the spar cap por-

tions 15.1, 15.2 form two scarf joints.

FIG. 11 shows the side perspective schematic view of FIG. 9
showing a third phase of the method of manufacturing the
structural element 15 of the wind turbine blade 10 of FIG. 2
according to the third embodiment of the invention. In the
third phase, a sixth laminate 24.2 or second overlaminate
24.2, which is tapered at both of its ends so as to conform
to the laminates 21.2, 21.4 provided on the bottom sides of
the spar cap portions 15.1, 15.2, is overlaminated on the
laminates 21.2, 21.4 and the intermediate piece 28. After
this, the at least one injection hole 25 may be formed in any
of the laminates 21.1, 21.2, 21.3, 21.4, 24.1, 24.2 so that
it connects the cavity 23 formed at least between the spar
cap portions 15.1, 15.2 and the intermediate piece 28 and the
adhesive 26 may be injected and cured inside the cavity 23.

The cavity 23 may further be formed between the spar cap por-
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tions 15.1, 15.2, the intermediate piece 28 and the first

overlaminate 24.1 and/or the second overlaminate 24.2.

FIGURE 12 shows a side perspective view on the intermediate
piece 28 used in the method of manufacturing the structural
element 15 of the wind turbine blade 10 according to the
third embodiment of the invention as shown in FIGS. 9 to 11.
It can be seen that the intermediate piece 28 may not just be
tapered towards its longitudinal ends F, G or the spar cap
portions 15.1, 15.2 but also towards the widthwise sides
along its length. Accordingly, the spar cap portions 15.1,
15.2 are tapered towards its ends not only in the length but
also in their width direction and correspondingly to the in-
termediate piece 28 to fit therewith. The intermediate piece
28 further has a top surface, which is not tapered, and runs
parallel to the bottom surface. That the top surface is not
tapered facilitates the overlamination with the first over-
laminate 24.1. Thereby, the intermediate piece 28 has the
shape of a flat pyramidal frustum, in particular a flat
square frustum or a flat hexagonal frustum. The reinforcement
profiles 17 are tapered along with the core material 20 in

the intermediate piece 28.

FIGURE 13 shows a top view on the intermediate piece 28 shown
in FIG. 12. As can be taken from this illustration, the in-
termediate piece 28 having the flat hexagonal frustum shape
with its nine top surfaces 28.1, 28.2, 28.3, 28.4, 28.5,
28.6, 28.7, 28.8, 28.9 is provided with multiple spacers 29,
of which only the spacers 29.1, 29.2, 29.3, 29.4 are denomi-

nated.

By means of the spacers 29, the size and location of the cav-
ity 23 may be controlled. For example, when the spacers 29
are provided on the surface 28.1 as shown, then the cavity 23
will include a space between the intermediate piece 28 and
the first overlaminate 24.1. Moreover, when the spacers 29
are provided on the surfaces 28.1, 28.2, then the cavity 23

will include a space between the reinforcement profiles 17.1,
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17.2 and the tapered ends A, B of the spar cap portions 15.1,
15.2.

FIGURES 14 to 16 show a side perspective schematic view on a
setup for performing a first, second and third phase of the
method of manufacturing a structural element 15 of the wind
turbine blade of FIG. 2 according to a fourth embodiment of
the invention. This fourth embodiment may in particular refer
to an alternative of the third embodiment for manufacturing
the spar cap 15 of the wind turbine blade 10 according to
FIGS. 9 to 11.

In this embodiment, the spar cap portions 15.1, 15.2 are pro-
vided with triangular shaped recesses conforming for form-
fitting to V-shaped ends F, G of the intermediate piece 28.
The laminates 21.2, 21.4 provided on the bottom sides of the
spar cap portions 15.1, 15.2 are extending beyond the ends A,
B of the spar cap portions 15.1, 15.2, whereas the laminates
21.1, 21.3 provided on the top sides of the spar cap portions
15.1, 15.2 terminate at the ends A, B of the spar cap por-
tions 15.1, 15.2.

In the first phase, as shown in FIG. 14, the spar cap por-
tions 15.1, 15.2 are arranged facing each other and the in-

termediate piece 28 is introduced therebetween.

In the second phase, as shown in FIG. 15, the intermediate
piece 28 is form-fitted with the spar cap portions 15.1,
15.2, the intermediate piece 28 being provided with spacers
29 so as to provide space for the cavity 23. Further, the ta-
pered ends of the laminates 21.2, 21.4 are fitted with each

other.

In the third phase, as shown in FIG. 16, the intermediate
piece 28 and the laminates 21.1, 21.3 are overlaminated by an
overlaminate 24. Thereby, the cavity 23 between the interme-
diate piece 28, the spar cap portions 15.1, 15.2 and the lam-
inates 21.1, 21.2, 21.3, 21.4, 24 is essentially closed and
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injection holes 25 may be provided in the overlaminate 24,
for example, and adhesive 26 injected into the cavity 23 and

cured therein to form the spar cap joint 16.

FIGURES 17 to 20 show a side perspective schematic view on a
setup for performing a first, second, third and fourth phase
of the method of manufacturing a structural element 15 of the
wind turbine blade of FIG. 2 according to a fifth embodiment
of the invention. This fifth embodiment may in particular re-
fer to an alternative of the fourth embodiment for manufac-
turing the spar cap 15 of the wind turbine blade 10 according
to FIGS. 14 to 16 or to an alternative of the third embodi-
ment for manufacturing the spar cap 15 of the wind turbine 10
blade according to FIGS. 9 to 11.

In this embodiment, two intermediate pieces 28.1, 28.2 are
provided having tapered ends. The spar cap portions 15.1,
15.2 have ends A, B tapered from both sides, top and bottom,
or, in other words, the ends A, B of the spar cap portions

15.1, 15.2 form the shape of a spike.

In the first phase, as shown in FIG. 17, the first intermedi-
ate piece 28.1 is arranged underneath the tapered bottoms of

the ends A, B of the spar cap portions 15.1, 15.2.

In the second phase, as shown in FIG. 18, the spar cap por-
tions 15.1, 15.2 are moved relative towards each other so as

to enclose the first intermediate piece 28.1

In the third phase, as shown in FIG. 19, the second interme-
diate piece 28.2 is arranged on top of the tapered tops of
the ends A, B of the spar cap portions 15.1, 15.2 and the

first intermediate piece 28.1.

In the fifth phase, as shown in FIG. 20, an overlaminate 24
is laminated onto the second intermediate piece 28.2 and the
laminates 21.3, 21.4. Adhesive is now injected into the

formed cavity 23 through injection holes 25, which may be
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provided in the overlaminate 24, for example, the adhesive

being cured therein to form the spar cap joint 16.

FIGURE 21 shows a side perspective schematic view on a struc-
tural element 15 manufactured according to a method of manu-
facturing the structural element 15 of the wind turbine blade
10 of FIG. 2 according to a sixth embodiment of the inven-
tion. In this embodiment, different from the fifth embodi-
ment, the two intermediate pieces 28.1, 28.2 are of different
size. Therefore, the geometry of the tapered ends A, B of the
spar cap portions 15.1, 15.2 has also changed. The top and
bottom of the tapering of the ends A, B of the spar cap por-
tions 15.1, 15.2 are non-symmetric, whereas in the fifth em-

bodiment they are symmetric.
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Claims

1.

(a)

Method for manufacturing a structural element (11, 13, 15)

of a wind turbine blade (10), comprising the steps of:

providing a first portion (11.1, 13.1, 15.1) of the
structural element (11, 13, 15) and a second portion
(11.2, 13.2, 15.2) of the structural element (11, 13,
15), whereby each of the first portion (11.1, 13.1,
15.1) and the second portion (11.2, 13.2, 15.2) comprise
a core material (20.1, 20.2),

arranging an end (A) of the core material (20.1) of the
first portion (11.1, 13.1, 15.1) to face an end (B) of
the core material (20.2) of the second portion (11.2,
13.2, 15.2), whereby a gap (C) is formed between the end
(A) of the core material (20.1) of the first portion
(11.1, 13.1, 15.1) and the end (B) of the core material
(20.2) of the second portion (11.2, 13.2, 15.2),
providing laminates (21.1, 21.2, 21.3, 21.4, 24.1, 24.2)
on top sides (D.1, D.2) of the core materials (20.1,
20.2) of the first portion (11.1, 13.1, 15.1) and the
second portion (11.2, 13.2, 15.2) and on bottom sides
(E.1, E.2) of the core materials (20.2) of the first
portion (11.1, 13.1, 15.1) and the second portion (11.2,
13.2, 15.2), whereby a cavity (23) enclosing the gap (C)
is formed between the end (A) of the core material

20.1) of the first portion (11.1, 13.1, 15.1), the end
B) of the core material (20.2) of the second portion
11.2, 13.2, 15.2) and at least two of the laminates
21.1, 21.2, 21.3, 21.4, 24.1, 24.2),

forming at least one injection hole (25) in at least one
of the laminates (21.1, 21.2, 21.3, 21.4, 24.1, 24.2),

so that the at least one injection hole (25) is fluidi-

(
(
(
(

cally connected to the cavity (23), and

injecting adhesive (26) through the at least one injec-
tion hole (25) into the cavity (23), curing the adhesive
(26) injected into the cavity (23) and thereby forming a
structural joint (12, 14, 16) between the end (A) of the
core material (20.1) of the first portion (11.1, 13.1,
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15.1) and the end (B) of the core material (20.2) of the
second portion (11.2, 13.2, 15.2).

2. Method according to claim 1,
characterized in that,

the joint (12, 14, 16) is a scarf joint or a but joint.

3. Method according to claim 1 or 2,
characterized in that,
at least one of the laminates (21.1, 21.2, 21.3, 21.4,
24.1, 24.2) 1is tapered at its end, so that it forms a lip
(22).

4., Method according to any of the previous claims,
characterized in that,
at least one of the laminates (21.1, 21.2, 21.3, 21.4) ex-
tends beyond the end (A, B) of the core material (20.1,
20.2) on which it is provided.

5. Method according to any of the previous claims,
characterized in that,
during the injection of the adhesive (26), an adhesive
stopper (30) is provided adjacent to the laminate (21.2)
provided on the bottom side (E) of the core material
(20.1) of the first portion (11.1) and the laminate (21.4)
provided on the bottom side (E) of the core material
(20.2) of the second portion (11.2).

6. Method according to any of the previous claims,

characterized in that,

the step of providing the laminates (21.1, 21.2, 21.3,

21.4) includes

- overlaminating a laminate (24.1) on the laminates (21.1,
21.3) provided on the top sides (D) of the core materi-
als (20.1, 20.2) of the first portion (11.1) and the
second portion (11.2), so that the overlaminated lami-
nate (24.1) connects the laminates (21.1, 21.3) provided
on the top sides (D) of the core materials (20.1, 20.2)
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of the first portion (11.1) and the second portion
(11.2) with each other, and/or

- overlaminating a laminate (24.2) on the laminates (21.2,
21.4) provided on the bottom sides (E) of the core mate-
rials (20.1, 20.2) of the first portion (11.1) and the
second portion (11.2), so that the overlaminated lami-
nate (24.2) connects the laminates (21.2, 21.4) provided
on the bottom sides (E) of the core materials (20.1,
20.2) of the first portion (11.1) and the second portion
(11.2) with each other.

7. Method according to any of the previous claims,
characterized in that,
the method comprises the further step of arranging at
least one intermediate piece (28) connecting the end (A)
of the core material (20.1) of the first portion (15.1)
with the end (B) of the core material (20.2) of the second
portion (15.2).

8. Method according to claim 7,
characterized in that,
the at least one intermediate piece (28) comprises spacers
(29) on its surface, whereby the spacers (29) create space
for the cavity (23) between the intermediate piece (28)
and the end (A) of the core material (20.1) of the first
portion (15.1) and between the intermediate piece (28) and
the end (B) of the core material (20.2) of the second por-
tion (15.2).

9. Method according to claim 7 or 8,
characterized in that,
the at least one intermediate piece (28) is tapered at its
ends (F, G), and that the end (A) of the core material
(20.1) of the first portion (15.1) and the end (B) of the
core material (20.2) of the second portion (15.2) are ta-
pered correspondingly to the ends (F, G) of the intermedi-

ate piece (28) for fitting therewith.
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10.

11.

12.

13.

14.

28

Method according to any of claims 7 to 9,
characterized in that,

ends (F, G) of the at least one intermediate piece (28)
are being fitted into corresponding recesses of the end
(A) of the core material (20.1) of the first portion
(15.1) and the end (B) of the core material (20.2) of the

second portion (15.2).

Method according to any of claims 7 to 10,
characterized in that,

two separate intermediate pieces (28.1, 28.2) are being
arranged to connect the end (A) of the core material
(20.1) of the first portion (15.1) with the end (B) of

the core material (20.2) of the second portion (15.2).

Method according to any of the previous claims,
characterized in that,

the first portion (11.1, 13.1, 15.1) and the second por-
tion (11.2, 13.2, 15.2) are shell portions (11.1, 11.2),
spar web portions (13.1, 13.2) and/or spar cap portions
(15.1, 15.2).

Method for manufacturing a wind turbine blade (10),
whereby the method comprises the method for manufacturing
a structural element (11, 13, 15) of the wind turbine
blade (10) according to any of claims 1 to 12, by means
of which at least two of a shell (11), a spar web (13)
and a spar cap (15) of the wind turbine blade (10) are
manufactured and joined together using overlamination

and/or adhesive injection.

Structural element (11, 13, 15) of a wind turbine blade
(10) manufactured by means of the method according to any
of claims 1 to 12, whereby the structural element (11,
13, 15) is a shell (11), a spar web (13) or a spar cap
(15).
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15. Wind turbine blade (10) comprising at least one structur-

al element (11, 13, 15) according to claim 14.
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