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Joining composite elements of wind turbine blades

The present disclosure relates to methods for joining a first composite element and a
second composite element of a wind turbine blade and wind turbine blade comprising
the first composite element joined to the second composite element according to any
of these methods.

BACKGROUND

Modern wind turbines are commonly used to supply electricity to the electrical grid.
Wind turbines of this kind generally comprise a rotor with a rotor hub and a plurality of
blades. The rotor is set into rotation under the influence of the wind on the blades.
The rotation of the rotor shaft drives the generator rotor either directly (“directly
driven”) or through the use of a gearbox. The gearbox (if present), the generator, and
other systems are usually mounted in a nacelle on top of a wind turbine tower.

Wind turbine blades have a root portion to be attached to the rotor hub and a tip
portion at an opposite end. The root portion of the wind turbine blade usually has a
generally round cross-section. Some other regions, such as a profiled or an airfoil
portion that is furthest away from the rotor hub, have a cross-section with an
aerodynamic profile.

Wind turbine blades are generally made from fiber-reinforced polymers or plastics
(FRP’s), which are composite materials consisting of a polymer matrix and reinforced
with fibers. The fibers are usually glass or carbon and provide longitudinal stiffness
and strength. The polymer matrices allow for the fibers to be bound together and add
toughness and delamination strength. Polymer matrices are usually made from
thermoset materials, e.g. thermoset resins.

Wind turbine blades are commonly manufactured by joining several pieces of fiber-
reinforced polymers, e.g. glass or carbon fiber reinforced polymers. These pieces or
segments are firstly produced and then joined. These pieces may be molded using a
resin infusion technology or a prepreg technology. In resin infusion technology, fibers
are placed in a mold and then, the resin is injected into the mold cavity under
pressure. This resin fills the volume between the cavity and then the resin is cured or
hardened. Examples of resin infusion technology may be Resin Transfer Molding
(RTM) or Vacuum Assisted Resin Transfer Molding (VARTM). In VARTM, the resin is
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injected under a vacuum or pressure lower than atmospheric.

Blade shell parts may be molded, e.g. by using a VARTM technique, and then
bonded through an adhesive. For example, a pressure side blade shell may be
bonded to a suction side blade shell through joining lines along the leading edge and
the trailing edge. A load-carrying structure may be arranged between the pressure
side blade shell and the suction side blade shell. The load-carrying structure may
comprise opposite spar caps bonded to the respective blade shell.

In recent times there has been a trend to increase the size of wind turbine blades to
capture more wind. Larger blades may involve larger molds during manufacturing and
may complicate transporting the blades to the wind turbine site.

Wind turbine blades may be manufactured in several segments to reduce
transporting constraints. These blade segments are transported to the wind turbine
site and assembled at this site. Connecting these blade segments generally involves
adding metal parts to the blade segments and connecting these metal parts together.
The metal parts may be bolted or welded. However, the use of these metal parts may
increase the weight of the wind turbine blade. Furthermore, these metallic joints may
suffer from fatigue and corrosion.

The size of the molds may be reduced by using more molds with a reduced size.
Accordingly, wind turbine blades may be formed by joining several blade parts. For
example, the blade shell may be formed by joining a plurality of blade shell parts.
These blade parts may be joined through adhesive or glue. However, the use of
adhesive or glue may require a complex preparation of the areas to be glued.
Furthermore, a glue joint involves a relatively long curing time and inspecting the glue
joint is generally required for safety reasons. For this reason, glue joints in wind
turbine blades may be complex and time-consuming. Furthermore, glue joints may
suffer from fatigue and surface degradation which may adversely affect the bonding
strength. Cracks may also be easily propagated in glue or adhesive joints.

The present disclosure provides examples of systems and methods that at least
partially resolve some of the aforementioned disadvantages.

SUMMARY
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In a first aspect, a method for joining a first composite element and a second
composite element of a wind turbine blade is provided. Each of the first and the
second composite elements comprises one or more edge joining portions having a
thermoplastic material. The method comprises positioning one edge joining portion of
the first composite element to face one edge joining portion of the second composite
element and plastic welding the one edge joining portion of the first composite
element to the one edge joining portion of the second composite element.

According to this aspect, composite elements of a wind turbine blade may be joined
together in a simple process. As plastic welding thermoplastic materials is a relatively
simple joining technique, joining times may be reduced. The method may allow using
a plurality of composite elements for manufacturing a wind turbine blade. Each of
these composite elements may be molded in a specific mold. The complexity of the
molding process may be consequently reduced. Longer blades may thus be
manufactured efficiently.

Furthermore, as plastic welding is used, joint strength may thus be further increased.
The structural integrity of the wind turbine blade may thus be further increased.
Adhesive joints may thus be avoided, or at least reduced. Stronger joints and
increasing blade life may thus be obtained. As the adhesive or glue joints are
replaced by plastic welding, the overall weight of the wind turbine blade may also be
reduced.

Contrary to thermoset materials, thermoplastic materials can melt under heat after
curing. The joint of these composite elements can be repaired by melting again the
thermoplastic material that forms the joint. Maintenance or retrofitting operations of
wind turbine blades may thus be enhanced. Furthermore, thermoplastic materials
may also be recycled.

In a further aspect, a wind turbine blade comprising the first composite element joined
to the second composite element according to the joining method according to any of

the examples herein disclosed is provided.

Advantages derived from this aspect may be similar to those mentioned regarding the
first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
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Non-limiting examples of the present disclosure will be described in the following,
with reference to the appended drawings, in which:

Figure 1 illustrates a perspective view of a wind turbine according to one example;

Figure 2 shows a perspective view of a wind turbine blade according to one example;

Figure 3 shows a cross-sectional view of the wind turbine blade of figure 2;

Figure 4 is a block diagram of a method for joining a first composite element and a
second composite element of a wind turbine blade according to an example of the
present disclosure;

Figure 5a schematically represents a first composite element to be joined to a second
composite element according to an example of the present disclosure;

Figure 5b schematically represents the edge joining portion of the first composite
element of figure 5a facing the edge joining portion of the second composite element
of figure 5a;

Figure 5c schematically represents the first composite element of figures 5a-5b
plastic welded to the second composite element of figures 5a - 5b;

Figures 6a and 6b are examples of a first composite element 100 according to an
example of the present disclosure;

Figures 7a — 7¢ schematically represent joining the first composite element and the
second composite element comprising inserting a connector between the first
composite element and the second composite element according to an example of
the present disclosure;

Figures 8a — 8c schematically represent joining a first composite element to a second
composite element according to an example of the present disclosure; and

Figure 9 schematically represents a wind turbine blade comprising a first composite
element joined to a second composite element according to an example of the
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present disclosure.

DETAILED DESCRIPTION OF EXAMPLES

In these Figures, the same reference signs have been used to designate matching
elements.

Figure 1 illustrates a perspective view of one example of a wind turbine 1. As shown,
the wind turbine 1 includes a tower 2 extending from a support surface 3, a nacelle 4
mounted on the tower 2, and a rotor 5 coupled to the nacelle 4. The rotor 5 includes a
rotatable hub 6 and at least one wind turbine blade 7 coupled to and extending
outwardly from the rotor hub 6. For example, in the illustrated example, the rotor 5
includes three wind turbine blades 7. However, in an alternative embodiment, the
rotor 5 may include more or less than three blades 7. Each wind turbine blade 7 may
be spaced from the rotor hub 6 to facilitate rotating the rotor 5 to enable kinetic
energy to be transferred from the wind into usable mechanical energy, and
subsequently, electrical energy. For instance, the rotor hub 6 may be rotatably
coupled to an electric generator 10 positioned within the nacelle 4 or forming part of
the nacelle to permit electrical energy to be produced.

Blades 7 are coupled to the rotor hub 6 with a pitch bearing in between the blade 7
and the rotor hub 6. The pitch bearing comprises an inner ring and an outer ring
(shown). A wind turbine blade may be attached either to the inner bearing ring or to
the outer bearing ring, whereas the hub is connected to the other. A blade 7 may
perform a relative rotational movement with respect to the rotor hub 6 when a pitch
system is actuated. The inner bearing ring may therefore perform a rotational
movement with respect to the outer bearing ring.

Figure 2 illustrates an example of a wind turbine blade 7. The wind turbine blade 7
extends in a longitudinal direction or spanwise direction 37 from a blade root end 71
to a blade tip end 72. The blade 7 comprises a blade root region or portion 50 closest
to the rotor hub, a profiled or an airfoil portion 52 furthest away from the rotor hub and
a transition portion 51 between the blade root portion 50 and the airfoil portion 52.
The blade 7 comprises a leading edge 53 facing the direction of rotation of the blade
7 when mounted on the rotor hub, and a trailing edge 54 facing the opposite direction
of the leading edge 53.
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In the herein disclosed examples, the length of the wind turbine blade 7 from the
blade root end 71 to the blade tip end 72 is above 60 meters, for instance, above 100
meters. However, wind turbine blades 7 of any length may be used as well.

The airfoil portion 52 has a shape designed to generate lift, whereas the blade root
portion 50 has a circular or elliptical cross-section for structural considerations and
easy mounting of the blade to the rotor hub. The diameter or the chord of the blade
root portion 50 may be constant along the entire blade root portion 50. At the
transition portion 51, the profile gradually changes from the circular or elliptical cross-
section of the blade root portion 50 to the airfoil profile of the airfoil portion 52.

The wind turbine blade 7 comprises a blade shell 73. The blade shell 73 comprises
an outer side or surface that defines the external shape of the blade, e.g. the outer
shape at the blade root portion and the outer shape at the airfoil portion. The blade
shell 73 also comprises an inner side or surface that defines the internal volume of
the blade and faces a load-carrying structure (not shown). The blade shell 73 may be
made of fiber-reinforced polymer or plastics, e.g. glass fiber and/or carbon fiber.

The blade shell may be formed by a plurality of blade shell parts. The plurality of
blade shell parts may be joined together to form the blade shell. The blade shell parts
may be formed and then joined according to any of the examples herein disclosed.
Resin infusion technology, e.g. RTM or VARTM, or prepreg technology may be used
for manufacturing the blade shell parts.

In some examples, the blade shell parts are arranged in a lengthwise end-to-end
configuration. In some examples, two or more blade shell parts are arranged between
the leading and the trailing edge.

In some examples, the blade shell comprises a pressure side blade shell part and a
suction side blade shell part. The pressure side blade shell part may be joined to the
suction side blade shell part along joining lines along the leading edge 53 and the
trailing edge 54. The pressure side blade shell part and/or the suction side blade shell
part may be formed by joining a plurality of blade shell parts.

The blade shell parts of this example comprise a composite material. The composite
material may comprise reinforcement fibers and resin. The reinforcement fibers may
be glass fibers, carbon fibers, aramid, or basalt. The resin of this example may be
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thermoplastic or thermosetting resin. Examples of thermosetting resins may include
epoxy, polyester, or vinyl ester resin.

In some examples, the blade shell parts are formed from a composite material. The
laminate material may comprise a plurality of layers of reinforcement fibers
embedded in a resin. The orientation of the fibers of each of the layers may vary. For
example, some layers comprise unidirectional fibers and other layers biaxial fibers.
Some layers may also comprise triaxial fibers. The laminate composite material may
comprise a thickness between 20 mm and 80 mm.

In some examples, the blade shell parts comprise a core material arranged between
laminate composite materials. The core material generally includes lightweight
materials such as wood, e.g. balsa, foam, e.g. extruded polystyrene foam, or any
combination of them. The thickness of the core material may be between 20 mm and
100 mm. The thickness of the laminate composite material enclosing the core
material may be according to any of the examples herein disclosed. Blade shell parts
of this kind may be known as sandwich panels.

Figure 3 shows a cross-sectional view of the wind turbine blade of figure 2. A suction
side 57 and a pressure side 56 extend from the leading edge 53 to the trailing edge
54. The wind turbine blade 7 further comprises a chord line 38 between the leading
edge 53 and the trailing edge 54. The chord line 38 extends in an edgewise direction.

The wind turbine blade 7 comprises a blade structure that provides stiffness to the
wind turbine blade. The blade structure of this example comprises the blade shell 73
and a load-carrying structure. In further examples, the blade structure may also
comprise a plurality of structural ribs arranged along the length of the blade. In this
example, the load-carrying structure comprises shear webs, such as a leading edge
shear web 43 and a trailing edge shear web 44. The load-carrying structure of this
figure also comprises a pressure side spar cap 74 arranged at the pressure side 56
and a suction side spar cap 76 at the suction side 57. In some examples, the shear
webs 43 and 44 could be a spar box with spar sides, such as a trailing edge spar side
and a leading edge spar side.

The spar caps of this example are formed from a composite material, e.g.
reinforcement fibers and resin. The spar caps may comprise a laminate composite
material, i.e. layers of reinforcement fibers. The spar caps are joined to the blade
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shells. In some examples, the spar caps comprise a plurality of spar cap parts
extending edge to edge in the lengthwise direction.

The spar caps may be joined to the blade shell according to any of the examples
herein disclosed.

Figure 4 is a block diagram of a method for joining a first composite element and a
second composite element of a wind turbine blade according to an example of the
present disclosure. The first composite element comprises one or more edge joining
portions. The second composite element also comprises one or more edge joining
portions. The edge joining portions comprise a thermoplastic material. In some
examples, the edge joining portions may comprise reinforcement fibers and a
thermoplastic resin. The reinforcement fibers comprise glass, carbon, aramid and/or
basalt.

The thermoplastic material allows plastic welding the composite elements. In some
examples, the thermoplastic material comprises a thermoplastic resin. The structural
properties of this thermoplastic resin may be at least similar to the thermoset resin,
e.g. to the epoxy resin. Examples of thermoplastic materials are polystyrene,
poly(acrylonitrile butadiene styrene), poly(acrylonitrile styrene acrylate), poly(styrene
acrylonitrile), polycarbonate, polyether ether ketone, polybutylene terephthalate,
thermoplastic elastomer or any combination of them. The selected thermoplastic
material, e.g. a thermoplastic resin, comprises a melting point higher than 60°C. In
some examples, the thermoplastic material, e.g. a thermoplastic resin comprises a
melting point higher than 100°C, e.g. higher than 120°C. The thermoplastic material
can thus remain solid, i.e. not melting, when the wind turbine blade is in operation.

The first and the second composite elements may be blade shell parts and/or spar
cap parts. For example, the first composite element may be a first blade shell part
and the second composite element may be a second blade shell part. In other
examples, the first composite element is a first blade shell part and the second
composite element may be a spar cap part. In further examples, the first composite
element may be a first spar cap part and the second composite element may be a
second spar cap.

These composite elements may comprise a laminate composite material. In some
examples, a core material is arranged between two laminates forming a sandwich
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panel.

In some examples, the first composite element comprises a main portion attached to
the one or more edge joining portions. The main portion comprises reinforcement
fibers and resin. Alternatively, or additionally, the second composite element
comprises a main portion attached to the one or more edge joining portions. The
main portion and the edge joining portions may be molded and infused together.

The method 900 comprises positioning one edge joining portion of the first composite
element to face one edge joining portion of the second composite element as
represented at block 910. The first composite element and the second composite
element may thus be arranged at a position suitable for plastic welding. The
thermoplastic material of the corresponding edge joining portions may at least
partially melt to join the two composite elements.

In some examples, at least a zone of the edge joining portions is arranged in contact.
In some examples, positioning 910 one edge joining portion of the first composite
element to face one edge joining portion of the second composite element comprises
positioning the edge joining portions in a butt-welding configuration. The first and the
second composite element are placed end-to-end with the corresponding edge
joining portions having the thermoplastic material facing each other. In some
examples, the edge joining portions is substantially straight. In other examples, the
edge joining portions is beveled. In these examples, the first and the second
composite elements may be arranged in a U-groove or V-groove configuration. For
example, a butt-welding configuration may be used for plastic welding blade shell
parts.

In other examples, the first and the second composite element may be arranged in a
lap-welding configuration. The edge joining portion of the first composite element may
overlap the edge joining portion of the second composite element. This welding
configuration may be used for plastic welding a blade shell part with a spar cap part.

In addition, the method 900 comprises plastic welding the one edge joining portion of
the first composite element to the one edge joining portion of the second composite
element as represented at block 920. The first composite element may thus be joined
to the second composite by plastic welding the thermoplastic material of the
respective edge joining portions.



WO 2024/062009 PCT/EP2023/076021

10

15

20

25

30

35

10

In some examples, plastic welding 920 comprises heating a region of the one edge
joining portion of the first composite element and/or of the second composite
element. The thermoplastic material of the heated region may be melted to fill the gap
between the edge joining portion of the first composite element and the edge joining
portion of the second composite element. A weld is thus formed between the
respective edge joining portions.

In some examples, the heated region is heated to a temperature higher than the
melting temperature and lower than the degradation temperature of the thermoplastic
material to be melted. Plastic welding may include heating a region of the joining
edge portion of the first composite element to a temperature equal to or higher than
150° C. In some examples, the heating temperature is between 150 °C and 300 °C,
e.g. 200 °C and 250°C.

Plastic welding may additionally comprise supplying a filler to a weld zone. The filler
may thus be supplied between the respective edge joining portions. The filler may be
heated to melt and fill the gap between the edge joining portion of the first composite
element and the edge joining portion of the second composite element. The filler may
comprise a thermoplastic material.

In some examples, plastic welding comprises melting the filler to at least partially mix
the melted filler with a region of the one edge joining portion of the first composite
element and/or of the second composite element in the weld zone. The thermoplastic
material of the heated region may be melted and may be mixed with the melted filler.
In some examples, the filler is melted and mixed with the melted thermoplastic
material of the edge joining portion of the first composite element and of the edge
joining portion of the second composite element.

Plastic welding may comprise at least one of laser welding, direct heating welding,
induction welding, ultrasonic welding, resistance welding and infrared welding. These
methods cause a bonding fusion process. Clamping devices may be used for
positioning and maintaining the composite elements in a welding position. These
clamping devices may also be used to press one of the composite elements against
the other.

Laser welding, direct heating welding and infrared welding are thermal welding
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methods. Direct heating welding may comprise heating the adjacent edge joining
portions and pressing one of the composite elements against the other. Direct
heating welding may comprise hot gas welding which involves melting a filler. Direct
heating welding may also comprise hot plate welding in which the composite
elements are arranged on a hot plate the melt a zone of the adjacent edge joining
portions.

In infrared welding, the edge joining portion of the first composite element and the
edge joining portion of the second composite element are brought into close
proximity, e.g. in contact. An infrared source heats the edge joining portions and a
zone of the edge joining portions is melted, thereby a weld between the composite
elements is formed.

Laser welding involves irradiating the thermoplastic material of the edge joining
portions. Laser welding may comprise pressing one of the composite elements
against the other and then moving a laser beam along the welding line. A diode laser
is a type of laser that may be employed for laser welding two thermoplastic materials.

In resistance welding, an electrically conductive implant is inserted between the edge
joining portion of the first composite element and the edge joining portion of the
second composite element. An electric current is applied to this electrically
conductive implant to cause resistive heating. This heat directly causes the melting of
the surrounding thermoplastic material. Pressure may be applied to maintain the first
and the second composite elements in the welding position.

Similar to resistance welding, induction welding employs an implant to heat the
thermoplastic material. In induction welding, the implant comprises an electrical
conductor embedded in an electrical insulator material. An induction coil is energized
to generate an electromagnetic field that acts on the electrical conductor. The
electrical conductor is then heated, and this heat is applied to the thermoplastic
material.

In ultrasonic welding, high-frequency amplitude vibration is used to create heat by
way of friction between the edge joining portion of the first composite element and the
edge joining portion of the second composite element. The first composite element
and the second composite are held together, e.g. with a clamping device, and then
the ultrasonic vibrations are applied.
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Figure 5a schematically represents a first composite element 100 to be joined to a
second composite element 200. The first composite element 100 comprises a main
portion 110 and one edge joining portion 120. The second composite element 200 of
this example also comprises a main portion 210 and one edge joining portion 220. In
other examples, the first composite element and/or the second composite element
may comprise a plurality of edge joining portions. These additional edge joining
portions may be used for joining the composite element to an additional composite
element.

Prior to joining the first composite element 100 to the second composite element 200,
the composite elements 100, 200 are formed. The edge joining portions 120, 220 are
attached to the corresponding main portions 110, 210. The main portion 110 and the
edge joining portion 120 of the first composite element 100 may be molded and
infused together. The first composite element is thus an integral molded composite
element. Similarly, the main portion 210 and the edge joining portion 220 of the
second composite element 200 may be molded and infused together. Joining the first
composite element 100 to the second composite element 200 may comprise forming
the first composite element 100 and/or the second composite element 200. Forming
one of the first composite element 100 and/or the second composite element 200
may comprise molding the main portion 110, 210 and the corresponding edge joining
portions together. Structural integrity of the composite elements 100, 200 is thus
enhanced.

The edge joining portions 120, 220 comprise a thermoplastic material. In some
examples, the edge joining portions 120, 220 further comprise reinforcement fibers.
The reinforcement fibers may be for example glass fiber and/or carbon fiber. The type
and the density of fibers of the edge joining portion 120 of the first composite element
100 and of the edge joining portion 220 of the second composite element 200 may be
different. For example, one edge joining portion may comprise glass fiber and the
other edge joining portion may comprise carbon fiber. In other examples, the type
and/or the density of the edge joining portion 120 of the first composite element 100
may be substantially the same as of the edge joining portion 220 of the second
composite element 200.

In some examples, the thermoplastic material of the edge joining portion 120 of the
first composite element 100 is different from the thermoplastic material of the edge



WO 2024/062009 PCT/EP2023/076021

10

15

20

25

30

35

13

joining portion 220 of the second composite element 200. In some examples, both
edge joining portions 120, 220 are made from the same type of thermoplastic
material.

In some examples, the reinforcement fibers of the main portion 110, 210 and of the
edge joining portions 120, 220 of a composite element 100, 200 may be the same. In
other examples, the edge joining portions 120, 220 may comprise different types of
reinforcement fibers. In some examples, the edge joining portions 120, 220 and the
main portion 110, 210 comprise a similar density of reinforcement fiber. In other
examples, the density of reinforcement fibers in the main portion 110, 210 and in the
edge joining portion 120, 220 of a composite element 100, 200 may be different.

In some examples, the reinforcement fibers and/or the resin of the main portion 110
of the first composite element 100 and of the main portion 210 of the second
composite element 200 are different. In some examples, the reinforcement fibers
and/or the resin of the main portion 110 of the first composite element 100 and of the
main portion 210 of the second composite element 200 are the same.

In some examples, the resin of the main portion of the first and/or the second
composite element is a thermoset resin. Accordingly, the main portion 110 of the first
composite element 100 may comprise a thermoset resin and the main portion 210 of
the second composite element 200 may also comprise a thermoset resin.

In the example of figure 5a, the main portion 110, 210 of both the first composite
element 100 and the second composite element 200 comprise thermoset resin. The
reinforcement fibers of the main portions 110, 210 are thus embedded in thermoset
resin.

However, in other examples, the main portions may comprise a thermoplastic
material. This thermoplastic material may be the same as the thermoplastic material
of the edge joining portions 120, 220. For example, the main portions may comprise a
thermoplastic resin. This thermoplastic resin may be the same as the thermoplastic
resin of the edge joining portions 120, 210.

The first composite element 100 and the second composite element 200 of this figure
are blade shell parts. In other examples, the component elements may be spar cap
parts or one spar cap part and one blade shell part. In this example, the first



WO 2024/062009 PCT/EP2023/076021

10

15

20

25

30

35

14

composite element 100 and the second composite element 200 are formed from a
laminate composite material that comprises a plurality of layers of reinforcement
fibers embedded in a resin, e.g. a thermoplastic resin. In other examples, the
composite elements may be formed by an upper and a lower laminate composite
material and a core material arranged therebetween.

Figure 5b schematically represents the first composite element 100 and the second
composite element 200 of figure 5a facing the corresponding edge joining portions.
The edge joining portion 120 of the first composite element 100 faces the edge
joining portion 220 of the second composite element 200. The composite elements
are arranged in a position suitable for being plastic welded.

In this example, the edge joining portions 120, 220 are substantially straight and are
arranged in a butt-welding configuration. In other examples, the edge joining portions
120, 220 may be beveled. In these examples, the edge joining portions may be
arranged in a V-shape or U-shape butt-welding configuration. In V-shape or U-shape
butt-welding configuration, a filler may be used for filling the space formed between
edge joining portions.

In some examples, the edge joining portions 120, 220 are in contact. In other
examples, there may be a gap between the edge joining portions 120, 220. The gap
may be less than 5 mm.

A tool may be used to move at least one of the composite elements towards the
other. The tool may comprise clamping devices to retain the composite elements in
position for being plastic welded. In some examples, the tool may be used to press
one of the composite elements towards the other.

Figure 5¢ schematically represents the first composite element of figures 5a - 5b
plastic welded to the second composite element of figures 5a - 5b. A weld zone 90 is
formed between the edge joining portion 120 of the first composite element 100 and
the edge joining portion 220 of the second composite element 200. During plastic
welding, a weld zone 90 is formed between the edge joining portion 120 of the first
composite element 100 and the edge joining portion 220 of the second composite
element 200. The weld zone 90 allows bonding of the thermoplastic material of the
edge joining portions 120 and 220.
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The weld zone 90 is generated by applying heat. Heat may be applied according to
any of the plastic welding methods herein disclosed. A part of the thermoplastic
material of the edge joining portion 120 of the first composite element 100 and a part
of the thermoplastic material of the edge joining portion 220 of the second composite
element 200 are melted. Then, these melted parts are mixed to form the weld zone
90.

In some examples, during plastic welding, a filler may be supplied to the weld zone
90. The filler may be mixed with the melted zones of the edge joining portions 120
and 220.

Figures 6a and 6b are examples of a first composite element 100 according to an
example of the present disclosure. Although in this figure only a first composite
element is depicted, it should be noted that the second composite element may
according to any of the first composite elements herein described.

In this example, the composite element is the first composite element. However, in
other examples, the composite element of this figure is the second composite
element.

The first composite element 100 of these figures comprises a main portion 110
attached to an edge joining portion 120. In these figures, the first composite element
100 is molded together, e.g. in a VARTM process. The main portion 110 of these
figures comprises an upper surface 115 that is aligned with an upper surface 125 of
the edge joining portion 120. Similarly, a lower surface 116 of the main portion 110 is
aligned with a lower surface 126 of the edge joining portion 120.

In these figures, the first composite element 100 comprises a beveled shape. This
allows butt-welding in a V-shape configuration. the first composite element comprises
a first composite element outer side 107 comprising an inclined surface. The first
composite element outer side 107 is defined by an outer surface 127 of the edge
joining portion 120. The outer surface 127 extends between the lower surface 126
and the upper surface 125 of the edge joining portion 120. The outer surface 127 is
inclined. This inclination forms the beveled shape. In other examples, the outer
surface 127 may be substantially straight. In further examples, the outer surface 127
may comprise a rounded shape.
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In these figures, the main portion 110 and the edge joining portion 120 are molded
together to form the first composite element 100. After curing, the resin used during
molding bonds the main portion 110 to the edge joining portion 120. In these
examples, in addition to resin bonding, the main portion 110 is mechanically engaged
with the edge joining portion 120. The main portion 110 comprises an engagement
surface 130 and the edge joining portion 120 comprises an engagement surface 140.
The engagement surface 130 of the main portion 110 is configured to mechanically
engage the engagement surface 140 of the edge joining portion 120. A frictional force
is generated between the engagement surfaces 130 and 140. The attachment of the
main portion 110 to the edge joining portion is enhanced.

In some examples, one of the engagement surfaces 130, 140 comprises a plurality of
protrusions and the other of the engagement surfaces 130, 140 comprises a plurality
of depressions configured to receive the plurality of protrusions. The protrusions fit
the depressions to further enhance the connection between the main portion 110 and
the edge joining portion 120. The plurality of depressions may be formed by a
plurality of channels or holes.

Referring now to figure 6a, the engagement surface 130 of the main portion 110
comprises an engagement inclined surface 112. The engagement inclined surface
112 extends from the lower surface 116 to the upper surface 115. The engagement
inclined surface 112 of the main portion 110 is oriented in such a way that the upper
surface 115 is shorter than the lower surface 116.

In figure 6a, the engagement inclined surface 112 of the engagement surface 130 of
the main portion 110 engages an engagement inclined surface 122 of the
engagement surface 140 of the edge joining portion 120. The engagement inclined
surfaces 112 and 122 are in contact so as to generate a friction force to mechanically
attach the main portion 110 to the edge joining portion 120.

In this figure, the engagement inclined surface 122 of the edge joining portion 120
extends from the lower surface 126 to the upper surface 125. A corner 128 is formed
between the upper surface 125 and the engagement inclined surface 122. The edge
joining portion 120 extends a length from the outer surface 127 to the corner 128
towards the main portion 110. This length may be between 50 mm and 200 mm, e.g.
between 50 mm and 100 mm.
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The length of the lower surface 126 of the edge joining portion 120 may be between
15% and 60 % of the length of the edge joining portion 120. This increases the
surface in contact between the main portion 110 and the edge joining portion 120.

In this example, the engagement inclined surface 112 of the main portion 110
comprises a plurality of depressions. The engagement inclined surface 122 of the
edge joining portion 120 comprises a plurality of the protrusions that fits the plurality
of depressions of the engagement surface 130 of the main portion 110. Mechanical
adhesion of the edge joining portion 120 to the main portion 110 may thus be
increased. In other examples, the engagement inclined surface 122 of the edge
joining portion 120 comprises the plurality of depressions and the engagement
inclined surface 112 of the main portion 110 comprises the plurality of protrusions.

Referring now to figure 6b, the edge joining portion 120 is similar to the edge joining
portion of figure 6a. However, the engagement surface 140 of the edge joining
portion 120 of figure 6b comprises a lower engagement inclined surface 123 and an
upper engagement inclined surface 124. The lower engagement inclined surface 123
and the upper engagement inclined surface 124 are joined at an inner end 129. In
this figure, the upper engagement inclined surface 124 extends to the upper surface
125 and the lower engagement inclined surface 123 extends to the lower surface
126. As the edge joining portion 120 of figure 6a, the edge joining portion 120 of
figure 6b comprises an outer surface 127 connecting the upper surface 125 to the
lower surface 126. The outer surface 127 of the edge joining portion 120 defines the
first composite element outer side 107.

In figure 6b, the lower engagement inclined surface 123 of the edge joining portion
120 is attached to a lower engagement inclined surface 113 of the main portion 110
and the upper engagement inclined surface 124 of the edge joining portion 120 is
attached to an upper engagement inclined surface 114 of the main portion 110. The
upper engagement inclined surface 114 of the main portion 110 extends between the
lower engagement inclined surface 113 and the upper surface 115. The lower
engagement inclined surface 113 of the main portion 110 of this figure extends
between the upper engagement inclined surface 114 and the lower surface 116.

In the example of figure 6b, the region of the edge joining portion 120 defined by the
upper engagement inclined surface 114 and the lower engagement inclined surface
113 is enclosed by the main portion 110. A region of the edge joining portion 120 is
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thus embedded into the main portion 110.

The edge joining portion 120 of figure 6b extends a length from the outer surface 127
to the inner end 129. This length may be between 50 mm and 200 mm, e.g. between
50 mm and 100 mm. Between 40% and 85 % of the length of the edge joining portion
120 is embedded into the main portion 110. This enhances the connection between
the main portion 110 and the edge joining portion 120.

In this example, the upper engagement inclined surface 114 and the lower
engagement inclined surface 113 of the main portion 110 comprises a plurality of
depressions. The upper engagement inclined surface 124 and the lower engagement
inclined surface 123 of the edge joining portion 120 comprises a plurality of the
protrusions that fits the plurality of depressions of the engagement surface 130 of the
main portion 110. Mechanical adhesion of the edge joining portion 120 to the main
portion 110 may thus be increased. In other examples, the plurality of depressions
may be arranged in the upper engagement inclined surface 114 or in the lower
engagement inclined surface 113 of the main portion 110. In other examples, the
depressions may be arranged in the engagement surfaces 140 of the one edge
joining portion 120.

Figures 7a — 7¢ schematically represent joining the first composite element and the
second composite element comprising inserting a connector between the first
composite element and the second composite element.

In these figures, the first composite element 100 and the second composite element
200 are blade shell parts, each of them formed from a laminate composite material.
In other examples, the composite elements may be spar cap parts made from a
laminate composite material.

In these figures, a connector 160 is moved along a direction 190 to be inserted
between the first composite element 100 and the second composite element 200.
The connector 160 of these figures comprises a first side portion 161 and a second
side portion 162. The first side portion 161 and the second side portion 162 comprise
a thermoplastic material.

In some examples, the connector 160 is manufactured from a thermoplastic material.
Extrusion or injection processes may be used for manufacturing these types of
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connectors. In other examples, the first side portion 161 and the second side portion
162 are coated with a thermoplastic material.

The connector 160 of these examples fills the gap between the edge joining portion
120 of the first composite element 100 and the edge joining portion 220 of the second
composite element 200. The connector 160 is configured to engage the shape of the
edge joining portions 120 and 220. In these examples, the first side portion 161 of the
connector 160 engages the outer surface 127 of the edge joining portion 120 of the
first composite element 100 and the second side portion 162 of the connector 160
engages the outer surface 227 of the edge joining portion 220 of the second
composite element 200. Sealing of the joining is further improved.

In these figures, the outer surface 127 of the edge joining portion 120 of the first
composite element 100 defines a first composite element outer side. The outer
surface 227 of the edge joining portion 220 of the second composite element 200
defines a second composite element outer side. The first composite element outer
side faces the second composite element outer side.

In these examples, plastic welding the edge joining portion 120 of the first composite
element 100 to the edge joining portion 220 of the second composite element 200
comprises plastic welding the first side portion 161 of the connector 160 and the edge
joining portion 120 of the first composite element 100 and plastic welding the second
side portion 162 of the connector 160 and the edge joining portion 220 of the second
composite element 200. The first side portion 161 of the connector 160 is thus
bonded to the outer surface 127 of the edge joining portion 120 of the first composite
element 100. Similarly, the second side portion 162 of the connector 160 is bonded to
the outer surface 227 of the edge joining portion 220 of the second composite
element 200.

In these examples, the connector 160 comprises a cross-section comprising a lower
portion 163 and an upper portion 164. The first side portion 161 and the second side
portions 162 outwardly extend from the lower portion 163 to the upper portion 164.

In figure 7a, the outer surface 127 of the edge joining portion 120 of the first
composite element 100 and the outer surface 227 of the edge joining portion 220 of
the second composite element 200 are an inclined straight surface. The first
composite element 100 and the second composite element 200 are arranged in a V-
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shape butt-welding configuration. The first side portion 161 and the second side
portion 162 comprise an inclined straight surface. The connector 160 of this figure
comprises a triangular cross-sectional shape.

In figure 7b, the first composite element 100 and the second composite element 200
are arranged in a U-shaped butt-welding configuration. The first side portion 161 and
the second side portion 162 comprise a rounded shape. This shape is configured to
fit the rounded shape of the outer surfaces 127 and 227 of the composite elements
100 and 200.

The connector 160 of figure 7c¢ is similar to the connector 160 of figure 7a. However,
in figure 7¢, the connector 160 comprises a first side extension 165 and a second
side extension 166. The first side extension 165 is arranged at the upper portion 164
of the connector 160 and extends outwardly from the first side portion 161. Similarly,
the second side extension 166 is arranged at the upper portion 164 of the connector
160 and extends outwardly from the second side portion 162.

When inserted, the first side extension 165 engages the upper surface 125 of the
edge joining portion 120 of the first composite element 100 and the second side
extension 166 engages the upper surface 225 of the edge joining portion 220 of the
second composite element 200. The stability of the connector 160 may thus be
enhanced. In some examples, the upper surfaces 125 and 225 may be stepped. The
first side extension 165 and the second side extension 166 may respectively fit the
step of the upper surfaces 125 and 225.

In this figure, the first side portion 161 and the second side portion 162 comprise an
inclined straight surface, however, in other examples, the first side portion 161 and
the second side portion 162 may be rounded, e.g. as the example depicted in figure
7b.

Figures 8a — 8c schematically represent joining a first composite element to a second
composite element according to an example of the present disclosure.

In these figures, the first composite element 100 comprises a main portion 110 and
an edge joining portion 120. The main portion 110 of the first composite element 100
comprises an upper main portion 110a and a lower main portion 110b. Similarly, the
edge joining portion 120 comprises an upper edge joining portion 120a and a lower
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edge joining portion 120b. The upper edge joining portion 120a is attached to the
upper main portion 110a and the lower edge joining portion 120b is attached to the
lower main portion 110b. The edge joining portions 120a and 120b may be attached
to the corresponding main portions 110a and 110b according to any of the examples
herein disclosed.

In these figures, the upper main portion 110a and the upper edge joining portion 120a
form a laminate composite material. Furthermore, the lower main portion 110b and
the lower edge joining portion 120b form a laminate composite material. These
laminates may be according to any of the examples herein disclosed.

In these figures, a core material 180 is arranged between the upper main portion
110a and the lower main portion 110b. The core material 180 is thus arranged
between two laminate composite materials. The core material 180 may be according
to any of the examples herein disclosed. The first composite element 100 of these
figures is a sandwich panel. The first composite element 100 may be a blade shell
sandwich panel.

As the first composite element 100, the second composite element 200 of these
figures is a sandwich panel, e.g. a blade shell sandwich panel. The main portion 210
of the second composite element 200 comprises an upper main portion 210a and a
lower main portion 210b. In these figures, the edge joining portion 220 of the second
composite element 200 comprises an upper edge joining portion 220a attached to the
upper main portion 210a and a lower edge joining portion 220b attached to the lower
main portion 210b.

An upper laminate composite material is formed by the upper main portion 210a and
the upper edge joining portion 220a. A lower laminate composite material is formed
by the lower main portion 210b and the lower edge joining portion 220b. A core
material 180 is arranged between the two laminate composite materials.

The core material 180 of the first composite element and/or of the second composite
element includes a lightweight material, such as wood, foam, or any combination of
them. The core material 180 may be a solid core, a honeycomb core, or a corrugated
core. The thickness of the core material 180 may be between 20 mm and 100 mm.
The thickness of the upper laminate composite material and the lower laminate
composite material of both the first composite element 100 and the second composite
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element 200 may be between 20 mm and 80 mm.

In these figures, the first composite element 100 and the second composite element
200 are positioned with the respective edge joining portions 120 and 220 facing each
other. The first composite element 100 and the second composite element 200 of
these figures are beveled to define a V-shaped butt-joint welding configuration. The
first composite element 100 comprises a first composite element outer side 107 and
the second composite element 200 comprises a second composite element outer
side 207. The first composite element outer side 107 and the second composite
element outer side 207 extend inwardly from the lower edge joining portions 120b
and 220b to the upper edge joining portions 120a and 220a. In these figures, the first
composite element outer side 107 faces the second composite element outer side
207. In other examples, other welding configurations may also be suitable, e.g. U-
shaped butt-joint welding configuration.

In these figures, the first composite element outer side 107 comprises a lower edge
joining portion outer side 127b and an upper edge joining portion outer surface 127a.
Between the lower edge joining portion outer side 127b and the upper edge joining
portion outer surface 127a, the first composite element outer side 107 comprises a
core material outer side. Similarly, the second composite element outer side 207
comprises a lower edge joining portion outer side 227b, a core material outer side
and an upper edge joining portion outer surface 227a.

In figure 8b, a connector 160 is intended to be inserted through the direction 190
between the first composite element 100 and the second composite element 200.
The connector 160 may be inserted after plastic welding the lower edge joining
portion 120b of the first composite element 100 to the lower edge joining portion 220b
of the second composite element 200.

In figure 8b, the lower edge joining portion 120b of the first composite element 100 is
plastic welded to the lower edge joining portion 220b of the second composite
element 200. The lower edge joining portions 120b and 220b may be plastic welded
according to any of the examples herein disclosed. The lower edge joining portion
outer side 127b and the lower edge joining portion outer side 227b may be heated
and bonded together. A weld zone 90 is thus formed between the lower edge joining
portion outer side 127b and the lower edge joining portion outer side 227b. The lower
edge joining portion outer side 127b is thus joined to the lower edge joining portion
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outer side 227b. A filler may be used for filling a gap between the lower edge joining
portion 120b of the first composite element 100 and the lower edge joining portion
220b of the second composite element 200.

The V-shape configuration of the first composite element 100 and the second
composite element 200 allows the lower edge joining portions 120b and 220b to be
accessed from above. A welding tool, e.g. a laser head, may be positioned between
the first composite element outer side 107 and the second composite element outer
side 207. This may allow plastic welding the lower edge joining portions 120b and
220b from above.

The connector 160 fills the space formed by the first composite element outer side
107 and the second composite element outer side 207. The connector 160 of figure
8b may be according to any of the examples herein disclosed. The first side portion
161 and the second side portion 162 outwardly extend from the lower portion 163 to
the upper portion 164. At least a region of the first side portion 161 and the second
side portion 162 comprise a thermoplastic material. The first side portion 161 of the
connector 160 substantially fits the first composite element outer side 107 and the
second side portion 162 of the connector 160 substantially fits the second composite
element outer side 207.

In some examples, regions of the upper portion 164 of the connector also comprise a
thermoplastic material. For example, the corner between the upper portion 164 and
the first side portion 161 and the corner between the upper portion 164 and the
second side portion 162 may comprise a thermoplastic material.

In this figure, the lower portion 163 is configured to be arranged on the weld zone 90
formed by the lower edge joining portion 120b of the first composite element 100 and
the lower edge joining portion 220b of the second composite element 200. The
connector 160 may thus cover the weld zone 90 between the lower edge joining
portion 120b and the lower edge joining portion 220b.

In figure 8¢, the connector 160 is joined to the first composite element 100 and to the
second composite element 200. The connector 160 is inserted between the first
composite element outer side and the second composite element outer side. The first
side portion 161 of the connector 160 substantially fits the first composite element
outer side and the second side portion 162 of the connector 160 substantially fits the
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second composite element outer side.

In this figure, the first side portion 161 of the connector 160 is plastic welded to the
edge joining portion 120 of the first composite element 100. Plastic welding the edge
joining portion 120 to the first side portion 161 of the connector 160 comprises plastic
welding the upper edge joining portion 120a of the first composite element 100 to the
first side portion 161. An upper region of the first side portion 161 and an upper
region of the upper edge joining portion outer surface 127a of the upper edge joining
portion 120a are heated and melted. A weld zone 90 is thus created between the first
side portion 161 and the upper edge joining portion 120a of the first composite
element 100.

In figure 8c, the second side portion 162 of the connector is also plastic welded to the
edge joining portion 220 of the second composite element 200 by plastic welding the
upper edge joining portion 220a of the second composite element 200 to the second
side portion 162. An upper region of the second side portion 162 and an upper region
of the upper edge joining portion outer surface 227a are heated and melted. The
connector 160 is thus bonded to the second composite element 200 through a weld
zone 90 created between the second side portion 162 and the upper edge joining
portion 220a of the second composite element 200.

The connector is thus welded to the first composite element 100 and to the second
composite element 200. Accordingly, sandwich panels may be plastic welded from
above. This may allow the joining of several sandwich panels to form the blade shell
of a wind turbine blade in a simple manner. Automatization of blade manufacturing
may also be improved. Furthermore, the repair of connections between different
blade shell parts may be performed from outside the wind turbine blade.

Figure 9 schematically represents a wind turbine blade comprising a first composite
element joined to a second composite element according to an example of the
present disclosure.

The wind turbine blade 7 of this example comprises a plurality of composite
elements. In this example, the composite elements are blade shell parts. The blade
shell parts may be laminate composite structures or blade shell sandwich panels. The
composite elements may be according to any of the examples herein disclosed. The
composite elements of this example are joined according to any of the examples
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herein disclosed.

A first composite element 100 is joined to a second composite element 200. The first
composite element 100 is also joined to a third composite element 300. The first
composite element 100 of this example comprises one edge joining portion 120
plastic welded with the second composite element 200 and another edge joining
portion 120 plastic welded to the third composite element 300.

A weld zone 90 is thus formed between the one edge joining portion 120 of the first
composite element 100 and one edge joining portion 220 of the second composite
element 200. In this example, the weld zone 90 between the first composite element
100 and the second composite element 200 extends in a direction substantially
parallel to a lengthwise direction extending from the blade root end 71 to the blade tip
end 72.

In this figure, the first composite element 100 is joined to the third composite element
300 through a weld zone formed between the corresponding edge joining portions
120 and 320. The weld zone 90 joining the first composite element 100 to the third
composite element 300 extends in a direction substantially parallel to a chord
extending from the leading edge 53 to the trailing edge 54.

The third composite element 300 of these examples comprises three edge joining
portions: one plastic welded to the first composite element 100, another plastic
welded to a fourth composite element 400 and the last one plastic welded to a fifth
composite element 500. Accordingly, the third composite element 300 is joined to the
first composite element, to the fourth composite element 400 and to the fifth
composite element 500 along the corresponding weld zone 90.

In this figure, the fourth composite element 400 is also joined to the second
composite elements 200 and to the sixth composite elements 600 through the
corresponding edge joining portions. In addition, the sixth composite element 600 and
the fifth composite element 500 are joined together.

In other examples, the wind turbine blade 7 may comprise a different number of
composite elements having the edge joining portion with a thermoplastic material. In
other examples, the shape or the size of the composite elements may be different.
For example, the wind turbine blade 7 may comprise more than two composite
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elements extending between the leading edge 53 and the trailing edge 54. The
position of the composite elements may also vary, e.g. depending on the length on
the wind turbine blade.

For reasons of completeness, various aspects of the present disclosure are set out in
the following numbered clauses:

Clause 1: A method (900) for joining a first composite element (100) and a second
composite element (200) of a wind turbine blade (7), wherein each of the first
composite element (100) and the second composite element (200) comprises one or
more edge joining portions (120, 220) having a thermoplastic material, the method
(900) comprising:

positioning (910) one edge joining portion (120) of the first composite element
(100) to face one edge joining portion (220) of the second composite element (200);

plastic welding (920) the one edge joining portion (120) of the first composite
element (100) to the one edge joining portion (220) of the second composite element
(200).

Clause 2: The method (900) according to clause 1, wherein plastic welding (920)
comprises heating a region of the one edge joining portion (120, 220) of the first
composite element (100) and/or of the second composite element (200).

Clause 3: The method (900) according to clause 2, wherein plastic welding (920)
comprises supplying a filler to a weld zone (90).

Clause 4: The method (900) according to clause 3, wherein plastic welding (920)
comprises melting the filler to at least partially mix the melted filler with the region of
the one edge joining portion (120, 220) of the first composite element (120) and/or of
the second composite element (220) in the weld zone (90).

Clause 5: The method (900) according to any of clauses 3 - 4, wherein the filler
comprises a thermoplastic material.

Clause 6: The method (900) according to any of clauses 1 — 5, wherein plastic
welding (920) comprises at least one of laser welding, direct heating welding,
induction welding, ultrasonic welding, resistance welding and infrared welding.

Clause 7: The method (900) according to any of clauses 1 — 6, wherein positioning
(910) one edge joining portion (120) of the first composite element (100) to face one
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edge joining portion (220) of the second composite element (200) comprises
positioning the edge joining portions (120, 220) in a butt-welding configuration.

Clause 8: The method (900) according to any of clauses 1 - 7, wherein at least one of
the first composite element (100) and the second composite element (200) comprises
a main portion (110, 210) attached to the one or more edge joining portions (120,
220), the main portion (110, 210) comprising reinforcement fibers and a resin.

Clause 9: The method (900) according to clause 8, wherein the reinforcement fibers
and/or the resin of the main portion (110, 210) of the first composite element (100)
and of the second composite element (200) are different.

Clause 10: The method (900) according to any of clauses 8 — 9, wherein the
reinforcement fibers and/or the resin of the main portion (110, 210) of the first
composite element (100) and of the second composite element (200) are the same.

Clause 11: The method (900) according to any of clauses 8 - 10, wherein the
thermoplastic material of the one or more edge joining portions (120, 220) of the first
composite element (100) and of the second composite element (200) are different.

Clause 12: The method (900) according to any of clauses 8 — 11, wherein the resin of
the main portion (110, 210) of the first composite element (100) and/or the second
composite element (200) is a thermoset resin.

Clause 13: The method (900) according to any of clauses 8 — 12, wherein the main
portion (110, 210) and the one or more edge joining portions (120, 220) comprise an
engagement surface (130, 140) to mechanically engage the main portion (110, 210)
with the one or more edge joining portions (120, 220).

Clause 14: The method (900) according to clause 13, wherein the engagement
surfaces (130, 140) comprise an engagement inclined surface (112, 122, 113, 123,
114, 114).

Clause 15: The method (900) according to any of clauses 13 — 14, wherein one of the
engagement surfaces (130, 140) comprises a plurality of protrusions and the other of
the engagement surfaces (130, 140) comprises a plurality of depressions configured
to receive the plurality of protrusions.

Clause 16: The method (900) according to any of clauses 8 - 15, further comprising
forming the first composite element (100) and/or the second composite element
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(200), wherein forming one of the first composite element (100) and/or the second
composite element (200) comprises molding the main portion (110, 210) and the one
or more edge joining portions (120, 220) together.

Clause 17: The method (900) according to any of clauses 8 - 16, further comprising
inserting a connector (160) between the first composite element (100) and the
second composite element (200), the connector (160) comprising a first side portion
(161) and a second side portion (162), at least a region of the side portions (161,
162) comprising a thermoplastic material; and
wherein plastic welding (920) the one edge joining portion (120) of the first
composite element (100) to the one edge joining portion (220) of the second
composite element (200) comprises:
plastic welding the first side portion (161) of the connector (160) and
the one edge joining portion (120) of the first composite element (100); and
plastic welding the second side portion (162) of the connector (160)
and the one edge joining portion (220) of the second composite element
(200).

Clause 18: The method (900) according to clause 17, wherein the main portion (110)
of the first composite element (100) comprises an upper main portion (110a) and a
lower main portion (110b), and wherein the one or more edge joining portions (120)
of the first composite element (100) comprises an upper edge joining portion (120a)
attached to the upper main portion (110a) and a lower edge joining portion (120b)
attached the lower main portion (110b); and wherein the first composite element
(100) comprises a core material (80) arranged between the upper main portion
(110a) and the lower main portion (110b);

wherein the main portion (210) of the second composite element (200)
comprises an upper main portion (210a) and a lower main portion (210b); and
wherein the one or more edge joining portions (220) of the second composite
element (200) comprises an upper edge joining portion (220a) attached to the upper
main portion (210a) and a lower edge joining portion (220b) attached to the lower
main portion (210b);

wherein plastic welding (920) the one edge joining portion (120) of the first
composite element (100) to the one edge joining portion (220) of the second
composite element (200) comprises plastic welding the lower edge joining portion
(120b) of the first composite element (100) to the lower edge joining portion (220b) of
the second composite element (200);

wherein plastic welding the first side portion (161) of the connector (160) and
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the one edge joining portion (120) of the first composite element (100) comprises
plastic welding the first side portion (161) of the connector (160) and the upper edge
joining portion (120a) of the first composite element (100); and

wherein plastic welding the second side portion (162) of the connector (160)
and the one edge joining portion (220) of the second composite element (200)
comprises plastic welding the second side portion (162) of the connector (160) and
the upper edge joining portion (220a) of the second composite element (200).

Clause 19: The method (900) according to any of clauses 17 - 18, wherein the
connector (160) comprises a cross-section having a lower portion (163) and an upper
portion (164), wherein the first side portion (161) and the second side portion (162)
outwardly extend from the lower portion (163) to the upper portion (164).

Clause 20: A wind turbine blade (7) comprising a first composite element (100) joined
to a second composite element (200) according to the method of any of the clauses 1
-19.

This written description uses examples to disclose the invention, including the
preferred embodiments, and also to enable any person skilled in the art to practice
the invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages
of the claims. Aspects from the various embodiments described, as well as other
known equivalents for each such aspects, can be mixed and matched by one of
ordinary skill in the art to construct additional embodiments and techniques in
accordance with principles of this application. If reference signs related to drawings
are placed in parentheses in a claim, they are solely for attempting to increase the
intelligibility of the claim, and shall not be construed as limiting the scope of the claim.
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CLAIMS

1. A method (900) for joining a first composite element (100) and a second
composite element (200) of a wind turbine blade (7), wherein each of the first
composite element (100) and the second composite element (200) comprises one or
more edge joining portions (120, 220) having a thermoplastic material, the method
(900) comprising:

positioning (910) one edge joining portion (120) of the first composite element
(100) to face one edge joining portion (220) of the second composite element (200);

plastic welding (920) the one edge joining portion (120) of the first composite
element (100) to the one edge joining portion (220) of the second composite element
(200).

2. The method (900) according to claim 1, wherein plastic welding (920)
comprises heating a region of the one edge joining portion (120, 220) of the first
composite element (100) and/or of the second composite element (200).

3. The method (900) according to any of claims 1 — 2, wherein plastic welding
(920) comprises at least one of laser welding, direct heating welding, induction
welding, ultrasonic welding, resistance welding and infrared welding.

4. The method (900) according to any of claims 1 — 3, wherein positioning (910)
one edge joining portion (120) of the first composite element (100) to face one edge
joining portion (220) of the second composite element (200) comprises positioning
the edge joining portions (120, 220) in a butt-welding configuration.

5. The method (900) according to any of claims 1 - 4, wherein at least one of the
first composite element (100) and the second composite element (200) comprises a
main portion (110, 210) attached to the one or more edge joining portions (120, 220),
the main portion (110, 210) comprising reinforcement fibers and a resin.

6. The method (900) according to claim 5, wherein the reinforcement fibers
and/or the resin of the main portion (110, 210) of the first composite element (100)
and of the second composite element (200) are different.

7. The method (900) according to any of claims 5 — 6, wherein the reinforcement
fibers and/or the resin of the main portion (110, 210) of the first composite element
(100) and of the second composite element (200) are the same.
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8. The method (900) according to any of claims 5 — 7, wherein the resin of the
main portion (110, 210) of the first composite element (100) and/or the second
composite element (200) is a thermoset resin.

9. The method (900) according to any of claims 5 — 8, wherein the main portion
(110, 210) and the one or more edge joining portions (120, 220) comprise an
engagement surface (130, 140) to mechanically engage the main portion (110, 210)
with the one or more edge joining portions (120, 220).

10. The method (900) according to claim 9, wherein one of the engagement
surfaces (130, 140) comprises a plurality of protrusions and the other of the
engagement surfaces (130, 140) comprises a plurality of depressions configured to
receive the plurality of protrusions.

11. The method (900) according to any of claims 5 - 10, comprising forming the
first composite element (100) and/or the second composite element (200), wherein
forming one of the first composite element (100) and/or the second composite
element (200) comprises molding the main portion (110, 210) and the one or more
edge joining portions (120, 220) together.

12. The method (900) according to any of claims 5 - 11, comprising inserting a
connector (160) between the first composite element (100) and the second composite
element (200), the connector (160) comprising a first side portion (161) and a second
side portion (162), at least a region of the side portions (161, 162) comprising a
thermoplastic material; and
wherein plastic welding (920) the one edge joining portion (120) of the first
composite element (100) to the one edge joining portion (220) of the second
composite element (200) comprises:
plastic welding the first side portion (161) of the connector (160) and
the one edge joining portion (120) of the first composite element (100); and
plastic welding the second side portion (162) of the connector (160)
and the one edge joining portion (220) of the second composite element
(200).

13. The method (900) according to claim 12, wherein the main portion (110) of the
first composite element (100) comprises an upper main portion (110a) and a lower
main portion (110b), and wherein the one or more edge joining portions (120) of the
first composite element (100) comprises an upper edge joining portion (120a)
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attached to the upper main portion (110a) and a lower edge joining portion (120b)
attached the lower main portion (110b); and wherein the first composite element
(100) comprises a core material (80) arranged between the upper main portion
(110a) and the lower main portion (110b);

wherein the main portion (210) of the second composite element (200)
comprises an upper main portion (210a) and a lower main portion (210b); and
wherein the one or more edge joining portions (220) of the second composite
element (200) comprises an upper edge joining portion (220a) attached to the upper
main portion (210a) and a lower edge joining portion (220b) attached to the lower
main portion (210b);

wherein plastic welding (920) the one edge joining portion (120) of the first
composite element (100) to the one edge joining portion (220) of the second
composite element (200) comprises plastic welding the lower edge joining portion
(120b) of the first composite element (100) to the lower edge joining portion (220b) of
the second composite element (200);

wherein plastic welding the first side portion (161) of the connector (160) and
the one edge joining portion (120) of the first composite element (100) comprises
plastic welding the first side portion (161) of the connector (160) and the upper edge
joining portion (120a) of the first composite element (100); and

wherein plastic welding the second side portion (162) of the connector (160)
and the one edge joining portion (220) of the second composite element (200)
comprises plastic welding the second side portion (162) of the connector (160) and
the upper edge joining portion (220a) of the second composite element (200).

14. The method (900) according to any of claims 12 - 13, wherein the connector
(160) comprises a cross-section having a lower portion (163) and an upper portion
(164), wherein the first side portion (161) and the second side portion (162) outwardly
extend from the lower portion (163) to the upper portion (164).

15. A wind turbine blade (7) comprising a first composite element (100) joined to a
second composite element (200) according to the method of any of the claims 1 — 14.



WO 2024/062009 PCT/EP2023/076021

1/6

FIGURES




WO 2024/062009 PCT/EP2023/076021

2/6

Figure 3



WO 2024/062009 PCT/EP2023/076021

3/6

POSITIONING ONE EDGE JOINING PORTION
OF AFIRST COMPOSITE ELEMENT TO FACE
900 ONE EDGE JOINING PORTIONOFA | 910

k SECOND COMPOSITE ELEMENT

4

PLASTIC WELDING THE ONE EDGE

920
JOINING PORTIONS =5

Figure 4

220 210

\ \ '/ 200

100 110 120
N |
RIKI

Figure 5A
100 \‘ 220 210 V/ 200
|
Figure 5B

100\ 110 120 90 oo 210 200

NG o/

Figure 5C




WO 2024/062009 PCT/EP2023/076021

100 125 107
"“\\\\ 128 140
115 \ ? ( 122

— o
C N 112)( y L 120
116 110 130 126
Figure 6A
100\ 114
140 125
115 124
D AN / r/) 127
o
f (.1 C
Figure 6B

100—~\\\ 1§it:j§;zd/*162 {//"
160 D 163

— YA ==
120J127/ \

227(\220

Figure 7A



WO 2024/062009 PCT/EP2023/076021

:]_90’“\“11 :LGZL
161 ////

169 {/,__200
/— 163

1oo—~\\\
NS ==

20 sz 7 (\220

]Q\ 3
o
o

22
Figure 7B
190'\\{l 64
165 ‘/// 166
161 200

100 162 '/
IR Vit

— "\ S;:;:?
120\,//125//// \ L\zzo

157 227 225
Figure 7C

100 7 207

10 200
127a 297a 220a //"
llpoa 120a H 210a
' S
5< /

A K KX AR R K, D /% — —S—
olelels >y/f;; X O S /\/\,?}(\/\ < /\/>J 180

KA %
, 95
S A >
P
« ; 4

ALK SRR SSIREIILERE 505
D )
110 AN 220D \_
110./f 120~ oop ﬁ i {\.210 2100
127b 227b

Figure 8A



WO 2024/062009 PCT/EP2023/076021

Figure 8B

160
127a 90

100 9974 f
\ 120a/\7\

ot () \f\—””“\ 220b
161
120 " 162 220
Figure 8C

320 300

7@ —\1 ;O‘:rlzot 320 w
u 3 / ) ( ZQL Kﬁ 600 —

120 220 200 %0 90 53

Figure 9



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2023/076021
A. CLASSIFICATION OF SUBJECT MATTER
INV. B29C65/02 B29C65/12 B29C65/40 B29C65/48 B29C65/50
B29C65/70 FO03D1/06
ADD. B29C65/08 B29C65/10 B29C65/14 B29C65/16 B29C65/20

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B29C B2SD B29L FO03D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2017/058863 Al (YARBROUGH AARON A [US] 1-15
ET AL) 2 March 2017 (2017-03-02)
whole document, esp. fig.8, [0048]-[0054]

X US 2017/074237 Al (CARUSO CHRISTOPHER 1-12,14,
DANIEL [US] ET AL) 15
16 March 2017 (2017-03-16)
whole document, esp. fig.8 and
[0045]-[0050]

X GB 2 463 250 A (VESTAS WIND SYS AS [DK]) 1-12,14,
10 March 2010 (2010-03-10) 15
whole document, esp. figs.2-4, pg.7, 1n
11-19, pg.8, 1n29 -pg.9%, 1lnlé, pg.10, 1n29
-pg.11, 1n22

-/—

|__K| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :
"A" document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

=

"o

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 November 2023

Date of mailing of the international search report

08/12/2023

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Patmanathan, Nithi

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2023/076021
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 4 000 877 Al (SIEMENS GAMESA RENEWABLE 1-5,7,
ENERGY INNOVATION & TECHNOLOGY SL [ES]) 9-12,14,
25 May 2022 (2022-05-25) 15

whole document, esp. figs. 12, 13, [0051]-
'solid resin strip', [0059]- 'wedge-shape'

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2023/076021
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2017058863 Al 02-03-2017 NONE
US 2017074237 Al 16-03-2017 NONE
GB 2463250 A 10-03-2010 GB 2463250 A 10-03-2010
WO 2010025830 A2 11-03-2010
EP 4000877 Al 25-05-2022 Ca 3201530 a1 19-05-2022
CN 116529058 A 01-08-2023
EP 4000877 Al 25-05-2022
EP 4221962 Al 09-08-2023
WO 2022101055 A1 19-05-2022

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

