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(57) Abstract: The invention relates to a method of manufacturing a shell part for a wind turbine blade also comprising an add-on
component connected to the shell part along a connection face. The method comprises the steps of providing an insert with a side
surface of approximately the same shape as the connection face, positioning the insert in an open mould, and placing one or more
layers of material in the mould to form the shell part wherein the layers are placed in abutment to the side surface of the insert
thereby forming a side surface of the shell part of approximately the same shape as the connection face. After resin cure, the insert is
removed. The invention further relates to a method of manufacturing a wind turbine blade shell member comprising such a shell
part, and layers of material are placed in the mould in abutment to the side surface of the shell part to form the add-on component.
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WIND TURBINE BLADE

Field of the invention

The present invention relates to a method of manufacturing a part of a wind turbine blade
shell member where the wind turbine blade shell member comprises the shell part and an
add-on component connected along a connection face. The invention further relates to a
wind turbine blade comprising a shell part manufactured according to such method.

Background

Modern wind turbines comprise a plurality of wind turbine rotor blades, typically three blades,
each blade having a weight of up to 35 tons and a length of up to 80 meters or longer.

As the size of wind turbines and thus wind turbine blades are still growing, the production
facilities and the transport means must be increased to handle blades of the required size.
This also increases the demand on logistics and increases the associated costs.

Also, the different parts of a wind turbine blade have different requirements to factors such
as the material and structural properties and to the manufacturing processes. This can lead
to the blade manufacturing process being complex, labour intensive, and prolonging the
production time. As an example the shape and stiffness of the trailing edge significantly
influence the overall aeroelastic parameters of the blade as well as the level of noise emitted
from the blade. Also, the often rather sharp trailing edge makes this blade part especially
sensitive and prone to damage during manufacture and transport. The trailing edge
therefore often involves the use of other materials or additional manufacturing steps than for
the remaining blade shell.

Wind turbine blades manufactured in parts or in sections for later joining are known.
However, there may be problems with obtaining the necessary precision and strength of the
joints between the connected blade parts and for safe transfer of loads and moments across
the joint. Further, difficulties may arise in connecting the often very large sections without
jeopardizing the final shape, stiffness and weight considerations on the blades.
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Description of the invention

It is therefore an object of embodiments of the present invention to overcome or at least
reduce some or all of the above described disadvantages of the known wind turbine blades
manufactured in parts and to provide an improved method of manufacturing such a blade.

A further object of embodiments of the invention is to provide a wind turbine blade which
may be manufactured effectively in sections or in parts yet assembled with sufficient joint
precision, strength, and stiffness.

A further object of embodiments of the inventions is to provide an efficient method of
manufacture of such parts of blade shells prepared for joining and later connection to

another component.

A further object is to provide a method for the manufacture of a part of a wind turbine with
improved control on the geometry of bonding or joining surfaces.

A further object of the invention is to provide a method reducing the costs on tooling and
moulds for the production of wind turbine blades.

In accordance with the invention this is obtained by a method of manufacturing a part of a
wind turbine blade shell member, wherein the wind turbine blade shell member comprises
the shell part and an add-on component connected along a connection face. The method
comprises providing an insert with a side surface of approximately the same shape as the
connection face, positioning the insert in an open mould, and placing one or more layers of
material in the mould to form the shell part wherein the layers are placed in abutment to the
side surface of the insert thereby forming a side surface of the shell part of approximately
the same shape as the connection face. The method further comprises providing a resin to
the layers and allowing the resin to at least partly cure and removing the insert.

The wind turbine blade shell member may form the entire wind turbine shell, or the leeward
side shell or the windward side shell, or a portion hereof. The wind turbine blade shell
member may comprise one or more spar caps acting as reinforcing beams running

lengthways in the shell, i.e. in the longitudinal direction of the blade.
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The add-on component may for example form a trailing edge portion or a leading edge
portion of the wind turbine blade, flap parts, or a tip portion, or a root portion of the blade.
The add-on component may also or alternatively form the main portion of the wind turbine
shell member and the shell part form e.g. a leading or trailing edge portion or a tip or root
portion of the blade. The add-on component may be pre-manufactured and bonded onto the
blade shell part when placed in the mould or later after demoulding.

The connection face forms the joint face between the shell part and the add-on component

when connected.

The method step of providing a resin to the layers may comprise injection and/or infusion of
resin to the layers placed in the mould. Additionally or alternatively the resin may be
provided by the use of pre-impregnated material. The pre-impregnated material may form
one or more of the layers of material or may be a material placed in the mould additional to
the layers.

By the use of an insert in the manufacturing method according to the above is obtained that
components of the wind turbine shell can be omitted during the building in a first step but in
such a way that the components can be bonded effectively to the shell part later. The insert
in the mould enables precise side surface details to be incorporated in the shell part of the
blade. Also the insert ensures a more precise position and shape of the side surface of the
shell part and thereby of the later joint line to the add-on component. Hereby the shell part is
prepared for an effective connection to the add-on component where the precise side
surface details and geometry enables a connection and a joint of a well-controlled geometry
and therefore with a high strength.

The proposed method and use of the insert means that you can obtain a connection face of
different and potentially more complex shapes than possible without the use of an insert.
Traditionally, a shell part to be connected to another part is laid up with a gradual or tapered
side surface. According to the invention, the connection face and thereby joint geometry is
given by the shape and geometry of the side surface of the insert and it can thereby be
controlled and well-defined with a predefined and fixed geometry. It is hereby possible to
make, for example, a more trim surface of joint line, or to make, for example, a trapped or

stepped joint, or fingers or dentations for increased joint strength.

Due to the well-controlled position and geometry of the side surface of the shell part, the
shell part does not need, or only minimally needs to be processed or machined before
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connection to the add-on component. Hereby the production time and cost is reduced
significantly while at the same time obtaining connections and joints of increased quality and
strength.

The proposed method allows the construction and preparation of wind turbine blade shell
members with components or sections missing. As mentioned above these add-on
components could, for example, be parts of the blade leading edge section or trailing edge
section or a tip portion. This then allows these add-on components to be manufactured
differently to the shell part for example by a different manufacturing method more optimal for
the component, or to allow tailoring to specific requirements such as enhanced erosion
properties, low cost, low weight, lightning protection means etc. The add-on component
could likewise advantageously be manufactured separately to thereby be able to use for
example different materials such as a different resin otherwise incompatible with the
manufacturing process of the shell part, or to use pre-impregnated materials in either the
add-on component or the shell part but resin impregnation in the other. In another example,
the shell part may be formed from a first material, such as carbon fibre reinforced plastic and
the add-on component is formed from a second component such as glass reinforced plastic.

The proposed method is further advantageous in allowing for the reuse of the mould for
different purposes. Due to the very large size of modern wind turbine blades, the moulds are
extremely expensive. Further, only very few moulds are prepared for each blade type due to
their size and their cost. Therefore it is advantageous to be able to reuse the same mould for
different purposes, - both for the traditional manufacture of one blade shell member in one
piece, for the manufacture of the shell part prepared for connection to the add-on
components which may also be performed later in the mould, and/or for the manufacture of
the add-on components separately. The tooling expenses are hereby greatly reduced.

The proposed method further advantageously allows for the add-on component to be
connected to the shell part after the blade shell part has been demoulded or while the shell
part is still in the mould. Hereby the connection of the shell part and the add-on component
may be performed as most efficient in view of the production line and the available
production facilities.

In an embodiment of the invention, the shell part forms at least a central portion of the wind
turbine blade shell extending from a root region to a tip region.
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In an embodiment of the invention the add-on component forms at least a part of a blade
trailing edge, a blade leading edge, and/or a blade tip.

As mentioned previously this allows for the manufacture of modular blades where the
different modules and the main part of the blade shell may be manufactured in different
processes, at different times as convenient, and/or in different places. Further, this allows for
the main part of the wind turbine shell to be retrofitted with e.g. one trailing edge optimal for
the specific wind turbine site out of a series of different trailing edges or e.g. meeting special

demands such as to noise emission etc.

The shell part and add-on component may be connected later such as closer to or at the
erection site. This may simplify the transportation of the wind turbine blade greatly.

In an embodiment of the invention, the side surface of the insert is provided with an angled
surface portion so that the shell part is adapted to be connected to the add-on component in
a scarf joint. Hereby is obtained a surface side of the shell part with a well-controlled
geometry and thereby a well-controlled geometry of the joint to the add-on component. The
angled surface portion enables the shell part and add-on component to be connected in a
scarf joint yielding increased contact surface area between the connecting part and thereby
a high joint strength.

In an embodiment of the invention the side surface of the insert is provided with a stepped
surface. This enables different types of stepped joints between the shell part and add-on
component and the possibility to obtain a joint or connection of high precision and strength.

In a further embodiment of the invention the side surface of the insert is provided with
surface portions at different angles whereby different types of joints such as joints of
dentations or fingers, hooked scarf joints, or double sided scarfed joints may be obtained
between the shell part and add-on component.

The geometry of the side surface of the insert according to the embodiments above further
allows for different geometries of the side surface of the shell part where at the abutment of
the shell part to the insert both the insert can form the outermost part or the shell part can
form the outermost part against the mould surface.

In an embodiment, the insert is positioned in the mould according to a marker in or on the
mould indicating a desired position of the insert relative to the mould and/or positioned in the
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mould such as to follow an outer edge of the mould. Hereby is obtained a precise positioning
of the insert and thereby a precise geometry of the side surface of the shell part and the later
joint between the shell part and the add-on component. Further, this allows for repeatedly
obtaining the same position of the insert and thereby of the joint line when producing more
shell parts.

In a further embodiment, the method further comprises the step of at least temporarily
fixating the insert to the mould such as by an adhesive, such as a curable or non-curable
hot-melt resin or by a double-coated tape; or a mechanical fastening means, such as a
clamp, wires, or an elastic member. Hereby the insert can be held effectively in position by
simple means improving the precision of the geometry and position of the side surface and
thereby of the joint.

According to an embodiment of the invention, the method further comprises the step of
placing an outer surface layer material and/or an inner surface layer material in the mould.
This may for example be layer of gel coat and/or resin distribution layers. Additionally or

alternatively such inner and/or outer layers may comprise infused inner and outer skins.

In an embodiment, the method comprises the step of placing one or more elements of a
different material in the mould such as for example pultruded slabs of fibre-reinforced
material and/or blocks of a core material.

According to an embodiment of the invention, the step of providing a resin comprises placing
one or more layers of pre-impregnated material in the mould and/or at least partly
impregnating the layers with the resin. The shell part may be manufactured with all the resin
provided in pre-impregnated materials, or with all the resin provided by resin injection or

resin infusion, or by combinations hereof.

In a further embodiment the layers of material comprise fibre-reinforced sheet material such
as glass fibres and/or carbon; and the resin comprises a thermosetting resin, such as an
epoxy-based resin or a vinyl ester-based resin.

According to a further embodiment, the insert is made of a plastic, wood, metal or
combinations hereof. Hereby the insert made be made at relatively low cost yet with the
possibility to make the insert with a detailed side surface to obtain a precise and well-
controlled side surface of the shell part. The insert may be coated with a material such as
silicone so that the shell part does not adhere to the insert.



10

15

20

25

30

WO 2015/003719 PCT/DK2014/050210

The invention further concerns a wind turbine blade comprising a wind turbine blade shell
part manufactured according to any of embodiments of the method as described above. The
advantages hereof are as described in relation to the method.

The invention further concerns a method of manufacturing a wind turbine blade shell
member comprising a shell part manufactured as described in the previous, and where the
method further comprises placing layers of material in the mould to form the add-on
component wherein the layers are placed in abutment to the side surface of the shell part,
and introducing a resin to the layers and allowing the resin to at least partly cure to bond the
add-on component to the shell part. Hereby the connection of the shell part and the add-on
component can be performed in the same mould as the production of the blade shell part.
Hereby the tooling expenses are reduced.

Further, the proposed method allows for the shell part to be manufactured differently from
the add-on component, for example by different materials such as different resin types, or
different process parameters such as different temperatures or pressure, yet obtaining a
precise, well-controlled and strong bond between the two connecting members. Further, the
method advantageously allows for the bonding of the shell part and the add-on component
without the need for intermediate preparation or adaption of the connecting surfaces to
obtain the desired fit.

Furthermore, the connection and bonding of the add-on component onto the shell part may
be established without demoulding of the shell part first. Further advantages are as
mentioned previously in relation to the manufacturing method of the shell part.

In a further aspect, the invention provides a method of manufacturing a wind turbine blade
shell member comprising a shell part manufactured as described in the previous and where
the method further comprises providing the add-on component and bonding the add-on
component to the shell part. Hereby the add-on component may be pre-manufactured in the
same or in another mould or mould part as the shell part.

A further aspect of the invention relates to a method of manufacturing a wind turbine blade
comprising an upper shell and a lower shell, the method comprising manufacturing two shell
parts according to the methods described in the above to form a part of the upper shell of
the blade and a part of the lower shell of the blade, and connecting the shell parts by one or
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more interconnecting shear webs extending in a longitudinal direction of the blade and
between the two shell parts. Further the method comprises providing an add-on component,
and connecting the add-on component to the two shell parts. Hereby is obtained a method of
manufacturing a wind turbine blade in modules, where the add-on component(s) can be
connected and bonded to the main part of the wind turbine blade shell after the upper and
lower shell parts of the blade have been prepared and connected by webs. Hereby the
position of the joints between the different parts and components of the blade can be moved
away from the more troublesome or complicated positions such as at the leading edge or at
the trailing edge, and instead placed for example where the area of the contacting faces are
larger and/or where the aeroelastic properties of the wind turbine blade are not so easily
affected.

Brief description of the drawings

In the following different embodiments of the invention will be described with reference to the

drawings, wherein:

Fig. 1 shows a mould for a wind turbine blade with the build-up of a shell part using an insert

as seen in a cross sectional view,

Fig. 2 illustrates in a cross sectional view the connection of two shell parts according to an

embodiment of the invention, and

Fig. 3 illustrates the steps in manufacturing a sectional blade according to embodiments of
the invention by the connection of the connection of a trailing edge and a leading edge to the
blade illustrated in figure 2.

Detailed description of the drawings

Figure 1 illustrates the manufacture and lay-up of a part 101 of a wind turbine blade shell
(seen in a cross sectional view) according to an embodiment of the invention. Here a shell
member 100 of a wind turbine is laid up in the mould 103, but parts of the leading edge and
trailing edge are omitted to be later added as add-on components. Instead inserts 102 are
placed in the mould 103. The inserts each comprise a side surface 104 of a shape



10

15

20

25

30

WO 2015/003719 PCT/DK2014/050210

corresponding to the desired shape of the connection face between the shell part 101 and
the add-on components.

Layers of material 105 such as inner and outer skins are then placed in the mould to form
the shell part. The layers may comprise layers of fibre-reinforced material such as woven or
non-woven sheets or layers of UD material. Some or all of the layers may be pre-
impregnated with resin or resin may be introduced into the mould by infusion or injection.
Also further elements constituting the blade shell may be placed in the mould, such as spar
caps 107 and core elements 106 in between. The spar caps may advantageously comprise
pultruded slabs of carbon fibre-reinforced material, and the core material may typically be

materials of low weight such as foam materials or balsa.

The layers 105 of the shell part are placed in abutment to the side surface 104 of the insert
102. Hereby a side surface 108 of the shell part is formed which is of approximately the
same shape as the desired connection face between the shell part and the add-on
components to be connected. The resin is then allowed to cure at least partly and the inserts
are removed. The hereby manufactured shell part may then be demoulded or may be left in
the mould to be bonded to the add-on component(s).

The add-on components may be pre-manufactured (for example in the same mould 103) or
may be build-up and cured onto the blade shell directly in the mould.

As outlined in figure 1, the surface side 104 of the insert may have for example stepped
surface portions or surface portions at different angles. Hereby the surface side 108 of the
shell part is shaped correspondingly to yield joints of different types when connected to the
add-on components. For example different variations of stepped, finger, or scarf joints or the
joggle feature as sketched in figure 1.

Figure 2 illustrates in a cross sectional view the two shell parts 101 connected by shear
webs 201. The dashed lines 202 show the outline of the desired final shape of the wind
turbine blade 200. The side surfaces 108 of the shell parts 101 have been shaped by means
of inserts as described in relation to figure 1, and therefore correspond to the corresponding
side surfaces of the add-on components to be joined to the shell parts.

In the embodiment shown in figures 2 and 3, the leading edge 301 and the trailing edge 302
form two pre-manufactured add-on components. These are then bonded onto the connected
shell parts 101 in a separate operation. A jig 303 is provided which locates and attaches the
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shell parts 101 and the add-on components to each other. This allows for the leading and
trailing edges to be fabricated in separate processes optimized for optimal manufacture of
these components.

While preferred embodiments of the invention have been described, it should be understood
that the invention is not so limited and modifications may be made without departing from
the invention. The scope of the invention is defined by the appended claims, and all devices
that come within the meaning of the claims, either literally or by equivalence, are intended to
be embraced therein.
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Claims
1. A method of manufacturing a part of a wind turbine blade shell member, the wind turbine
blade shell member comprising the shell part and an add-on component connected along a

connection face, which method comprises:

— providing an insert with a side surface of approximately the same shape as the

connection face;

— positioning the insert in an open mould;

— placing one or more layers of material in the mould to form the shell part wherein the
layers are placed in abutment to the side surface of the insert thereby forming a side
surface of the shell part of approximately the same shape as the connection face;

— providing a resin to the layers and allowing the resin to at least partly cure; and

— removing said insert.

2. A method according to any of the preceding claims, wherein the shell part forms at least a
central portion of the wind turbine blade shell extending from a root region to a tip region.

3. A method according to any of the preceding claims, wherein the add-on component forms
at least a part of a blade trailing edge, a blade leading edge, and/or a blade tip.

4. A method according to any of the preceding claims wherein the side surface of the insert
is provided with an angled surface portion so that the shell part is adapted to be connected
to the add-on component in a scarf joint.

5. A method according to any of the preceding claims wherein the side surface of the insert
is provided with a stepped surface.

6. A method according to any of the preceding claims wherein the side surface of the insert
is provided with surface portions at different angles.
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7. A method according to any one of the preceding claims, wherein the insert is positioned in
the mould according to a marker in or on the mould indicating a desired position of the insert
relative to the mould.

8. A method according to any one of the preceding claims, wherein the insert is positioned in
the mould such as to follow an outer edge of the mould.

9. A method according to any one of the preceding claims, further comprising the step of at
least temporarily fixating the insert to the mould.

10. A method according to claim 9, wherein the insert is fixated to the mould by an
adhesive, such as a curable or non-curable hot-melt resin or by a double-coated tape; or a

mechanical fastening means, such as a clamp, wires, or an elastic member.

11. A method according to any one of the preceding claims, further comprising the step of

placing an outer surface layer material and/or an inner surface layer material in the mould.

12. A method according to any one of the preceding claims, further comprising the step of

placing one or more elements of a different material in the mould.

13. A method according to claims 12, wherein the elements comprise pultruded slabs of
fibre-reinforced material and/or blocks of a core material.

14. A method according to any one of the preceding claims, wherein the step of providing a
resin comprises placing one or more layers of pre-impregnated material in the mould and/or

at least partly impregnating the layers with the resin.

15. A method according to any one of the preceding claims, wherein the layers of material
comprise fibre-reinforced sheet material such as glass fibres and/or carbon; and the resin
comprises a thermosetting resin, such as an epoxy-based resin or a vinyl ester-based resin.

16. A method according to any of the preceding claims, wherein the insert is made of a

plastic, wood, metal or combinations hereof.

17. Wind turbine blade comprising a wind turbine blade shell part manufactured according to
the method of any one of the claims 1 to 16.
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18. A method of manufacturing a wind turbine blade shell member comprising a shell part
manufactured according to any of claims 1-16, the method further comprising

— placing layers of material in the mould to form the add-on component wherein the layers
are placed in abutment to the side surface of the shell part; and

— introducing a resin to the layers and allowing the resin to at least partly cure to bond the
add-on component to the shell part.

19. A method of manufacturing a wind turbine blade shell member comprising a shell part
manufactured according to any of claims 1-16, the method further comprising providing the
add-on component and bonding the add-on component to the shell part.

20. A method of manufacturing a wind turbine blade comprising an upper shell and a lower
shell, the method comprising manufacturing two shell parts according to any of the claims 1-
16 to form a part of the upper shell of the blade and a part of the lower shell of the blade;
connecting the shell parts by one or more interconnecting spar webs extending in a
longitudinal direction of the blade and between the two shell parts; providing an add-on
component; and connecting the add-on component to the two shell parts.
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