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DESCRIPTION

Description

[0001] The present disclosure relates to lightning protection of a wind turbine blade, more
specifically the disclosure relates to lightning protection of a wind turbine blade comprising a
first blade section and a second blade section, and optionally more blade sections.

BACKGROUND

[0002] As wind turbines and wind turbine blades increase in size, the risk of lighting striking the
wind turbine increases. It is therefore of increasing interest to provide wind turbines and in
particular wind turbine blades with lightning protection measures.

[0003] It is known to provide blades for wind turbines with lightning receptors that are, inside
the blade, in electric connection with a metallic down conductor that is able to connect a
lightning current to earth.

[0004] Wind turbine blades of fibre-reinforced polymer and in particular the aerodynamic shells
of wind turbine blades are usually manufactured in moulds, where the pressure side and the
suction side of the blade are manufactured separately by arranging glass fibre mats and/or
other fibre-reinforcement material, such as carbon fibre, in each of the two mould parts.
Afterwards, the two halves are positioned on top of each other, and the two halves are glued
together. The blade parts may be positioned on top of each other by turning and repositioning
the complete half mould.

[0005] As the demand for blades for wind turbines tends towards blades of increasing lengths,
a need concurrently arises for manufacture of blades having increased rigidity and a
comparatively lower weight. One way of achieving these properties is to combine various types
of fibres in the laminate of the blades, for instance it is an option to combine glass fibres and
carbon fibres, and likewise carbon fibres or glass fibres may advantageously be combined with
steel fibres. Combinations with other types of fibres are thus also possible and it is also an
option to exclusively employ carbon fibres or other suitable fibre types. Combination of e.g.
glass fibres with carbon fibres in a so-called hybrid laminate may possess a problem in that
some of the fibre types are electrically conductive, e.g. carbon fibres and steel fibres. A
lightning strike directly into the laminate may cause damage to a blade comprising electrically
conductive fibres, as they would conduct the current and thereby i.a. be greatly heated. This is
particularly problematic in case of fibres having comparatively poor conductivity, such as
carbon fibres, and in case of hybrid laminates with fibres in e.g. mat-shape, where the
individual mat may e.g. have a small portion of electrically conductive fibres and a larger
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portion of e.g. glass fibres that are not electrically conductive.

[0006] Further as the demands for blades for wind turbines tend towards blades of increasing
lengths, attention is increasing on concepts of manufacturing blades in sections for being
assembled at the installation site. Elements provided for allowing a secure and reliable
connection between individual sections of the wind turbine blade bring about another challenge
to protect the wind turbine blade from damages caused by lightning strikes. Such wind turbine
blade, comprising a plurality of sections, may be known as a split blade, or two-part blade, or
segmented blade or similar. Document US2018/274521 is a prior art example of a segmented
wind turbine blade comprising a lightning protection system.

SUMMARY

[0007] It is an object of the present disclosure to provide ways for lightning protection of a wind
turbine blade, such as a split/segmented blade, where the wind turbine blade is manufactured
by manufacturing two (or more) blade sections and then joining them. In particular, it is an
objective of the present disclosure to provide coupling for a wind turbine blade comprising a
first and a second down conductor, adapted for lightning protection, e.g. for protecting the wind
turbine blade against lightning strikes, e.g. in a more advantageous way.

[0008] The present disclosure provides ways of improving lightning protection of a wind turbine
blade, in particular being a split/segmented blade. The disclosure advantageously provides
ways of combining different lightning protection concepts, facilitating decreased risk of
damaging lightning strikes, and reducing material costs and production costs.

[0009] Accordingly, a wind turbine blade is disclosed, according to claim 1 and extending along
a longitudinal axis from a root end through a first airfoil region and a second airfoil region to a
tip end. The wind turbine blade comprises a first blade section and a second blade section.
The wind turbine blade may be a split blade, or two-part blade, or segmented blade. The first
blade section extends along the longitudinal axis from to a first end. The second blade section
extends along the longitudinal axis from a second end towards the tip end. The first blade
section may extend from the root. The second blade section may extend to the tip end. The
first blade section may comprise a root region, optionally including the root end. The first blade
section comprises the first airfoil region. The first blade section may comprise a transition
region between the root region and the first airfoil region. The second blade section comprises
the second airfoil region. The second airfoil region may comprise the tip end. The first blade
section and the second blade section comprise a pressure side and a suction side. The first
blade section and the second blade section may comprise a chord line extending between a
leading edge and a trailing edge.

[0010] The wind turbine blade comprises a spar beam configured for connecting, e.g.
structurally connecting, the first blade section and the second blade section. The spar beam
extends longitudinall along a spar beam axis from a first beam position, e.g. a first beam end,
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to a second beam position, e.g. a second beam end. The spar beam axis may be substantially
parallel to the longitudinal axis of the wind turbine blade. The spar beam is configured to be
positioned such that the first beam position is located in the first airfoil region and the second
beam position is located in the second airfoil region. The spar beam may be configured to be
positioned such that a third beam position, between the first beam position and the second
beam position, is aligned with the second end of the second blade section and/or the first end
of the first blade section.

[0011] The first blade section comprises a first down conductor. The second blade section
comprises a second down conductor. The wind turbine blade comprises a conductive
connector element for electrically connecting the first down conductor and the second down
conductor. The second down conductor may be connected to a lightning receptor, such as a
lighning receptor positioned at or near the tip end. For example, the second down conductor
may extend from the lightning receptor.

[0012] It is an advantage of the present disclosure, that lightning protection for a segmented
wind turbine blade, in particular a segmented wind turbine blade utilizing a spar beam for
connecting sections of the wind turbine blade, may be provided and enhanced.

[0013] It is an advantage of the present disclosure that assembly of a segmented wind turbine
blade may be improved by having a first and a second down conductor. It is a further
advantage of the present disclosure that the assembly of a segmented wind turbine blade is
made easier, more convenient and more flexible. Such advantage may particularly be
achieved by the first blade section comprising a first down conductor and the second blade
section comprising a second down conductor, which may be manufactured separately. Blade
sections and down conductors may be assembled and connected at the same time providing
for a faster assembly of the wind turbine blade.

[0014] Also disclosed is a method for assembling a wind turbine blade, according to claim 8,
extending along a longitudinal axis from a root end through a first airfoil region and a second
airfoil region to a tip end. The wind turbine blade comprises a first blade section extending
along the longitudinal axis to a first end and a second blade section extending along the
longitudinal axis from a second end towards the tip end. The first blade section may extend
from the root. The second blade section may extend to the tip end. The first blade section may
comprise a root region, optionally including the root end. The first blade section comprises the
first airfoil region. The first blade section may comprise a transition region between the root
region and the first airfoil region. The second blade section comprises the second airfoil region.
The second airfoil region may comprise the tip end. The first blade section and the second
blade section comprise a pressure side and a suction side. The first blade section and the
second blade section may comprise a chord line extending between a leading edge and a
trailing edge. The wind turbine blade comprises a spar beam configured for connecting, such
as structurally connecting, the first blade section and the second blade section. The spar beam
longitudinally extends along a spar beam axis from a first beam position, e.g. a first beam end,
to a second beam position, e.g. a second beam end. The spar beam axis may be substantially
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parallel to the longitudinal axis of the wind turbine blade. The first blade section comprises a
first down conductor and the second blade section comprises a second down conductor.

[0015] The method comprises positioning the spar beam such that the first beam position is
located in the first airfoil region and the second beam position is located in the second airfoil
region. Positioning the spar beam may comprise that a third beam position, between the first
beam position and the second beam position, is aligned with the second end of the second
blade section and/or the first end of the first blade section.

[0016] The method further comprises electrically connecting the first down conductor and the
second down conductor with a conductive connector element.

[0017] The conductive connector element may be formed by a plurality of conductive
connector elements. For example, the conductive connector element may comprise a first
conductive connector element. The first conductive connector element may be in electrical
connection with the first down conductor. The conductive connector element may comprise a
second conductive connector element. The second conductive connector element may be in
electrical connection with the second down conductor. The first conductive connector element
and the second conductive connector element may be configured to couple, e.g. to electrically
connect the first down conductor and the second down conductor.

[0018] Electrically connecting the first down conductor and the second down conductor may
comprise coupling the first conductive connector element and the second conductive connector
element.

[0019] The first conductive connector element may form part of the first down conductor. The
second conductive connector element may form part of the second down conductor.

[0020] The conductive connector element and/or the first conductive connector element and/or
the second conductive connector element may be located in the first blade section.
Alternatively or additionally, the conductive connector element and/or the first conductive
connector element and/or the second conductive connector element may be located in the
second blade section.

[0021] The first conductive connector element and the second conductive connector element
may form a plug and a socket. For example, the first conductive connector element may be a
plug. The second conductive connector element may be a socket. The first conductive
connector element may be configured to engage with the second conductive connector
element.

[0022] Coupling the first conductive connector element and the second conductive connector
element may comprise clamping, soldering, bolting or mating the first conductive connector
element and the second conductive connector element.



DK/EP 3870851 T3

[0023] The first down conductor may be located at a first primary distance from the pressure
side, e.g. of the first blade section, and a first secondary distance from the suction side, e.g. of
the first blade section.

[0024] The first primary distance and the first secondary distance along a first primary part
may be substantially the same. For example, the first primary distance and the first secondary
distance may be substantially the same throughout the majority of the first blade section.

[0025] In some portions of the wind turbine blade, the first primary distance and the first
secondary distance may be different, e.g. to allow space for other components of the wind
turbine blade and/or to allow for an easier connection of elements, such as connection the first
down conductor and the second down conductor. For example, the first primary distance may
be smaller than the first secondary distance along a first secondary part. Alternatively, the first
primary distance may be larger than the first secondary distance along the first secondary part.

[0026] The second down conductor may be located at a second primary distance from the
pressure side and a second secondary distance from the suction side. The second primary
distance and second secondary distance along a second primary part may be substantially the
same. For example, the second primary distance and the second secondary distance may be
substantially the same throughout the majority of the second blade section.

[0027] In some portions of the wind turbine blade, e.g. near the second end or the tip end of
the second blade section, the second primary distance and the first secondary distance may
be different, e.g. to allow space for other components of the wind turbine blade and/or to allow
for an easier connection of elements, such as connection the first down conductor and the
second down conductor. For example, the second primary distance may be smaller than the
second secondary distance along a second secondary part. Alternatively, the second primary
distance may be larger than the second secondary distance along a second secondary part.

[0028] The wind turbine blade may comprise one or more hatches, such as a first hatch and/or
a second hatch, e.g. to allow coupling of down conductors inside the wind turbine blade. A
hatch of the wind turbine blade may be on the surface of the wind turbine blade, e.g. a hatch
may be provided in the suction side of the wind turbine blade.

[0029] The first blade section may comprise the first hatch, e.g. near the first end of the first
blade section. The first hatch may allow access to the interior of the first blade section between
a first primary hatch position and a first secondary hatch position along the longitudinal axis.

[0030] The method of assembling the wind turbine blade may comprise opening a first hatch
near the first end of the first blade section, such as the first hatch as described above, to allow
access to the interior of the first blade section between a first primary hatch position and a first
secondary hatch position along the longitudinal axis.

[0031] The conductive connector element and/or the first conductive connector element may
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be located underneath the first hatch. The conductive connector element and/or the first
conductive connector element may be located at a first connector position between the first
primary hatch position and the first secondary hatch position.

[0032] The second blade section may comprise the second hatch, e.g. near the second end of
the second blade section. The second hatch may allow access to the interior of the second
blade section between a second primary hatch position and a second secondary hatch position
along the longitudinal axis.

[0033] The method of assembling the wind turbine blade may comprise opening a second
hatch near the second end of the second blade section, such as the second hatch as
described above, to allow access to the interior of the second blade section between a second
primary hatch position and a second secondary hatch position along the longitudinal axis.

[0034] The first and/or second hatch may allow access to the interior of the blade, e.g.
providing a way of connecting a first and a second down conductor, e.g. providing for a faster
assembly of the wind turbine blade. The conductive connector element may provide a
convenient way of coupling a first and a second down conductor.

[0035] The conductive connector element and/or the second conductive connector element
may be located underneath the second hatch. The conductive connector element and/or the
second conductive connector element may be located at a second connector position between
the second primary hatch position and the second secondary hatch position.

[0036] The first down conductor may comprise a first down conductor portion, e.g. near the
first end of the first blade section. The first down conductor portion may be configured to be
movable. For example, the first down conductor may be configured to allow movement of the
first down conductor portion, such as to allow a constructor to manipulate the first down
conductor portion to a suitable position, e.g. during assembly of the first blade section and the
second blade section.

[0037] The first down conductor, such as the first down conductor portion, is configured to
extend to a first down conductor position located in the second blade section. The first down
conductor portion may be configured to be attached to the spar beam in the second blade
section, such as between the second beam position and the third beam position. For example,
the first down conductor portion may be repositioned to the second blade section and
subsequently be attached to the spar beam in the second blade section.

[0038] The method of assembling the wind turbine blade may comprise attaching a first down
conductor portion of the first down conductor, such as the first down conductor portion as
described above, to the spar beam, e.g. in the second blade section, e.g. between the second
beam position and the third beam position.

[0039] The second down conductor may comprise a second down conductor portion e.g. near
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the second end of the second blade section. The second down conductor portion may be
configured to be movable. For example, the second down conductor may be configured to
allow movement of the second down conductor portion, such as to allow a constructor to
manipulate the second down conductor portion to a suitable position, e.g. during assembly of
the first blade section and the second blade section.

[0040] The second down conductor, such as the second down conductor portion, is configured
to extend to a second down conductor position located in the first blade section. The second
down conductor portion of the second down conductor may be configured to be attached to a
shear web or side of a spar in the first blade section. For example, the second down conductor
portion may be repositioned to the first blade section and subsequently be attached to the
shear web or side of a spar in the first blade section.

[0041] The method of assembling the wind turbine blade may comprise attaching a second
down conductor portion of the second down conductor, such as the second down conductor
portion as described above, to a shear web in the first blade section.

[0042] Any of the mentioned beam positions may alternatively be denoted beam axis positions.
Any of the mentioned beam positions, such as the third beam position, the fourth beam
position, the fifth beam position, the sixth beam position, the seventh beam position, the eighth
beam position, the ninth beam position, the tenth beam position, the eleventh beam position,
the twelfth beam position, the thirteenth beam position, the fourteenth beam position and/or
the fifteenth beam position, may be between the first beam end and the second beam end,
such as between the first beam position and the second beam position.

BRIEF DESCRIPTION OF THE FIGURES

[0043] Embodiments of the disclosure will be described in more detail in the following with
regard to the accompanying figures. The figures show one way of implementing the present
invention and are not to be construed as being limiting to other possible embodiments falling
within the scope of the attached claim set.

Fig. 1 is a schematic diagram illustrating an exemplary wind turbine,

Fig. 2 is a schematic diagram illustrating an exemplary wind turbine blade,

Fig. 3 is a schematic diagram illustrating a cross section of an exemplary wind turbine blade,
Fig. 4 is a schematic diagram illustrating an exemplary wind turbine blade,

Fig. 5 is a schematic diagram illustrating part of an exemplary wind turbine blade,

Fig. 6a is a schematic diagram illustrating part of an exemplary wind turbine blade,

Fig. 6b is a schematic diagram illustrating part of an exemplary wind turbine blade,
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Fig. 7a is a schematic diagram illustrating part of an exemplary wind turbine blade,
Fig. 7b is a schematic diagram illustrating part of an exemplary wind turbine blade,
Fig. 8 is a schematic diagram illustrating part of an exemplary wind turbine blade,

Fig. 9 is a flow diagram illustrating an exemplary method for assembling an exemplary wind
turbine blade.

DETAILED DESCRIPTION

[0044] Fig. 1 illustrates a conventional modern upwind wind turbine 2 according to the so-
called "Danish concept” with a tower 4, a nacelle 6 and a rotor with a substantially horizontal
rotor shaft. The rotor includes a hub 8, and three blades 10 extending radially from the hub 8,
each having a blade root 16 nearest the hub and a blade tip 14 furthest from the hub 8.

[0045] Fig. 2 shows a schematic view of an exemplary wind turbine blade 10. The wind turbine
blade 10 has the shape of a conventional wind turbine blade with a root end 17 and a tip end
15 and comprises a root region 30 closest to the hub, a profiled or an airfoil region 34 furthest
away from the hub and a transition region 32 between the root region 30 and the airfoil region
34. The blade 10 comprises a leading edge 18 facing the direction of rotation of the blade 10,
when the blade is mounted on the hub, and a trailing edge 20 facing the opposite direction of
the leading edge 18.

[0046] The airfoil region 34 (also called the profiled region) has an ideal or almost ideal blade
shape with respect to generating lift, whereas the root region 30 due to structural
considerations has a substantially circular or elliptical cross-section, which for instance makes it
easier and safer to mount the blade 10 to the hub. The diameter (or the chord) of the root
region 30 may be constant along the entire root area 30. The transition region 32 has a
transitional profile gradually changing from the circular or elliptical shape of the root region 30
to the airfoil profile of the airfoil region 34. The chord length of the transition region 32 typically
increases with increasing distance r from the hub. The airfoil region 34 has an airfoil profile
with a chord extending between the leading edge 18 and the trailing edge 20 of the blade 10.
The width of the chord decreases with increasing distance r from the hub.

[0047] A shoulder 39 of the blade 10 is defined as the position, where the blade 10 has its
largest chord length. The shoulder 39 is typically provided at the boundary between the
transition region 32 and the airfoil region 34.

[0048] It should be noted that the chords of different sections of the blade normally do not lie in
a common plane, since the blade may be twisted and/or curved (i.e. pre-bent), thus providing
the chord plane with a correspondingly twisted and/or curved course, this being most often the
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case in order to compensate for the local velocity of the blade being dependent on the radius
from the hub.

[0049] The wind turbine blade 10 comprises a blade shell may comprise two blade shell parts,
a first blade shell part 24 and a second blade shell part 26, typically made of fibre-reinforced
polymer. The first blade shell part 24 is typically a pressure side or upwind blade shell part.
The second blade shell part 26 is typically a suction side or downwind blade shell part. The first
blade shell part 24 and the second blade shell part are typically glued together along bond
lines or glue joints 28 extending along the trailing edge 20 and the leading edge 18 of the
blade 10. Typically, the root ends of the blade shell parts 24, 26 has a semi-circular or semi-
oval outer cross-sectional shape.

[0050] The wind turbine blade 10 extends along a longitudinal axis L. The root end 17 extends
in a root end plane, substantially perpendicular to the longitudinal axis L.

[0051] Fig. 3 is a schematic diagram illustrating a cross sectional view of an exemplary wind
turbine blade 10, e.g. a cross sectional view of the airfoil region of the wind turbine blade 10.
The wind turbine blade 10 comprises a leading edge 18, a trailing edge 20, a pressure side 24
and a suction side 26.

[0052] The wind turbine blade 10 comprises a chord line 38 between the leading edge 18 and
the trailing edge 20.

[0053] The wind turbine blade 10 comprises shear webs 40, such as a leading edge shear
web 40b and a trailing edge shear web 40a. The shear webs 40 could alternatively be a spar
box with spar sides, such as a trailing edge spar side and a leading edge spar side.

[0054] Fig. 4 is a schematic diagram illustrating an exemplary wind turbine blade 10 seen from
the suction side, such as the wind turbine blade 10 of the previous figures. The wind turbine
blade 10 comprises a leading edge 18, a trailing edge 20, a tip end 15 and a root end 17. The
wind turbine blade 10 comprises shear webs 40, such as a leading edge shear web 40b and a
trailing edge shear web 40a.

[0055] The wind turbine blade 10 is a so-called split blade, or two-part blade, or segmented
blade. The wind turbine blade 10 comprises a first blade section 44 and a second blade
section 46. The first blade section 44 extends along the longitudinal axis L from a root, such as
the root end 17, to a first end 50. The second blade section 46 extends along the longitudinal
axis L from a second end 52 to a tip, such as the tip end 15. The first blade section comprises
44 a root region 30, a first airfoil region 34a and a transition region 32 between the root region
30 and the first airfoil region 34a. The second blade section 46 comprises a second airfoil
region 34b with the tip, such as the tip end 15. The first blade section 44 and the second blade
section 46 may be connected with a spar beam 60. The spar beam 60 may comprise carbon
fibre, e.g. the spar beam 60 may comprise pultruded carbon fibre reinforced polymer.
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[0056] The spar beam 60 extends along a spar beam axis B. The spar beam axis B may be
coinciding and/or parallel with the longitudinal axis of the wind turbine blade 10. The spar beam
60 extends from a first beam position pb1 in the first airfoil region 34a to a second beam
position pb2 in the second airfoil region 34b.

[0057] A third beam position pb3 is between the first beam position pb1 and second beam
position pb2. The third beam position pb3 is aligned with the second end 52 of the second
blade section 46.

[0058] A lightning conductor extends from the root end 17 towards the tip end 15. The
lightning conductor comprises a first down conductor 80 in the first blade section 44 and a
second down conductor 82 in the second blade section 46. The first down conductor 80 is
attached to the trailing edge shear web 40a. Alternatively or additionally, the first down
conductor 80 may be attached to the leading edge shear web 40b. The second down
conductor 82 is attached to the spar beam 60 in the second blade section 46. The first down
conductor 80 and the second down conductor 82 may be attached to the shear web or the
spar beam with e.g. to a bracket, by soldering and/or other suitable means. The second down
conductor 82 is connected to a lightning receptor 72. Although not illustrated, the wind turbine
blade 10 may comprise a plurality of lightning receptors being connected to the first down
conductor 80 and/or the second down conductor 82.

[0059] The lightning conductor comprises a conductive connector element 62. The conductive
connector element 62 is located in the first blade section 44. The conductive connector
element 62 may alternatively be located in the second blade section 46 (see e.g. Fig. 6b or
Fig. 7b). The conductive connector element 62 may be one element, which for example, may
be in electrical and/or mechanical connection with the first down conductor 80 before assembly
of the first blade section 44 and the second blade section 46 of the wind turbine blade 10.
Alternatively, the conductive connector element 62 may be in electrical and/or mechanical
connection with the second down conductor 82 before assembly of the first blade section 44
and the second blade section 46 of the wind turbine blade 10. The conductive connector
element 62 may, for example, be a cable shoe, which can be clamped around a part of the first
down conductor 80 and/or a part of the second down conductor 82. After assembly of the first
blade section 44 and the second blade section 46 of the wind turbine blade 10, the conductive
connector element 62 is electrically and/or mechanically coupled to the first down conductor 80
and the second down conductor 82.

[0060] Alternatively, the conductive connector element may comprise a first conductive
connector element 64 in electrical connection with the first down conductor 80 and a second
conductive connector element 66 in electrical connection with the second down conductor 82,
which are to be connected to form the conductive connector element. For example, the first
conductive connector element 64 may be a plug and the second conductive connector element
66 may be a socket. Alternatively, the first conductive connector element 64 may be a socket
and the second conductive connector element 66 may be a plug.
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[0061] Fig. 5 is a schematic diagram illustrating part of an exemplary wind turbine blade 10
seen from the trailing edge, such as the wind turbine blade 10 of the previous figures. The
wind turbine blade 10 comprises a pressure side 24, a suction side 26, a tip end 15, a first
blade section 44, a second blade section 46, a shear web 40 and a spar beam 60. For
illustrative purposes the shear web 40 and the spar beam 60 are drawn separately from the
shell parts 26 and 24. The wind turbine blade 10 comprises a first down conductor 80 located
in the first blade section 44, a second down conductor 82 located in the second blade section
46, and a conductive connector element 62 coupling the first down conductor 80 and the
second down conductor 82. The second down conductor 82 is connected to a lightning
receptor 72.

[0062] The first down conductor 80 is located at a first primary distance d11 from the pressure
side 24 and a first secondary distance d12 from the suction side 26. The first primary distance
d11 and the first secondary distance d12 along a first primary part 87a is substantially the
same, e.g. to reduce the risk of lightning striking the first down conductor 80.

[0063] The second down conductor 82 is located at a second primary distance d21 from the
pressure side 24 and a second secondary distance d22 from the suction side 26. The second
primary distance d21 and second secondary distance d22 along a second primary part 88a is
substantially the same, e.g. to reduce the risk of lightning striking the second down conductor
82.

[0064] The first primary distance d11 and the first secondary distance d12 along a first
secondary part 87b is different, e.g. the first primary distance d11 is smaller than the first
secondary distance d12 along the first secondary part 87b. The second primary distance d21
and the second secondary distance d22 along a second secondary part 88b is different, e.g.
the second primary distance d21 is smaller than the second secondary distance d12 along the
second secondary part 88b. Thus, the first down conductor 80, the conductive connector
element 62 and the second down conductor 82 may be configured to run under an assembly
point 54 in a plane parallel to the shear web 40. Alternatively, the first primary distance d11
may be larger than the first secondary distance d12 along the first secondary part 87b and/or
the second primary distance d21 may be larger than the second secondary distance d12 along
the second secondary part 88b. Thus, the first down conductor 80, the conductive connector
element 62 and the second down conductor 82 may be configured to run over the assembly
point 54 in a plane parallel to the shear web 40. The assembly point 54 may be a hole through
the shear web 40 and the spar beam 60, e.g. configured to receive a pin, such as to lock the
spar beam 60 in position with respect to the first blade section 44.

[0065] Fig. 6a and 6b are schematic diagrams illustrating part of an exemplary wind turbine
blade 10, such as the wind turbine blade 10 of the previous figures. The wind turbine blade 10
comprises a pressure side (not visible), a suction side 26, a tip end 15, a first blade section 44,
a second blade section 46, a shear web 40 and a spar beam 60. The wind turbine blade 10
comprises a first down conductor 80 located in the first blade section 44 and a second down
conductor 82 located in the second blade section 46. The wind turbine blade 10 comprises a
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first conductive connector element 64 in electrical connection with the first down conductor 80
and a second conductive connector element 66 in electrical connection with the second down
conductor 82. The first conductive connector element 64 and the second conductive connector
element 66 electrically and/or mechanically couple the first down conductor 80 and the second
down conductor 82. The second down conductor 82 is connected, such as electrically
connected, to a lightning receptor 72. The first conductive connector element 64 and the
second conductive connector element 66 may be positioned and/or coupled in the first blade
section 44 (Fig. 6a) or in the second blade section 46 (Fig. 6b).

[0066] Fig. 6a illustrates, the wind turbine blade 10 comprising a first hatch 90 near the first
end 50 of the first blade section 44. The first hatch 90 is provided in the suction side 26 of the
wind turbine blade 10. The first hatch 90 allows access to the interior of the first blade section
44 between a first primary hatch position ph11 and a first secondary hatch position ph12 along
the longitudinal axis L. The first conductive connector element 64, e.g. a first end, a second
end or a centre position of the first conductive connector element 64, is located at a first
connector position pc1 between the first primary hatch position ph11 and the first secondary
hatch position ph12. By opening the first hatch 90 the first conductive connector element 64
and the second conductive connector element 66 may be accessed and coupled.

[0067] Fig. 6b illustrates the wind turbine blade 10 comprising a second hatch 92 near the
second end 52 of the second blade section 46. The second hatch 92 is provided in the suction
side 26 of the wind turbine blade 10. The second hatch 92 allows access to the interior of the
second blade section 46 between a second primary hatch position ph21 and a second
secondary hatch position ph22 along the longitudinal axis L. The second conductive connector
element 66, e.g. a first end, a second end or a centre position of the second conductive
connector element 66, is located at a second connector position pc2 between the second
primary hatch position ph21 and the second secondary hatch position ph22. By opening the
second hatch 92 the first conductive connector element 64 and the second conductive
connector element 66 may be accessed and coupled.

[0068] The wind turbine blade 10 may comprise both a first hatch 90 as illustrated in Fig. 6a,
and a second hatch 92 as illustrated in Fig. 6b.

[0069] Fig. 7a and 7b are schematic diagrams illustrating part of an exemplary wind turbine
blade 10, such as the wind turbine blade 10 of the previous figures. The wind turbine blade 10
comprises a first blade section 44, a second blade section 46, a shear web 40 and a spar
beam 60. For illustrative purposes the shear web 40 and the spar beam 60 are drawn
separate from the shell parts 26, 24. The wind turbine blade 10 comprises a first down
conductor 80 located in the first blade section 44, a second down conductor 82 located in the
second blade section 46, and a conductive connector element 62 coupling the first down
conductor 80 and the second down conductor 82.

[0070] The conductive connector element 62 may be a single element coupling the first down
conductor 80 and the second down conductor 82.
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[0071] Fig. 7a illustrates, the first down conductor 80 comprising a first down conductor portion
84 near the first end 50 of the first blade section 44. The first down conductor portion 84 is
configured to be movable, such as to allow manipulation of the first down conductor portion 84
into the second blade section 46 and/or to allow coupling of the first down conductor 80 and
the second down conductor 82. The first down conductor 80 is configured to extend to a first
down conductor position pdc1, e.g. located in the second blade section 46, such as in a
second airfoil region of the second blade section 46, as illustrated. The second connector
position pc2 of Fig. 6b may be the same as the first down conductor position pdc1. The first
down conductor portion 84 is configured to be attached to the spar beam 60 of the second
blade section 46, e.g. to reduce mechanical stress caused by movement of the first down
conductor portion 84, when the wind turbine blade 10 is in operation. The first down conductor
80, the conductive connector element 62 and the second down conductor 82 is configured to
run under an assembly point 54 in a plane parallel to the shear web 40. Alternatively, the first
down conductor 80, the conductive connector element 62 and the second down conductor 82
is configured to run over an assembly point 54 in a plane parallel to the shear web 40.

[0072] Fig. 7b illustrates, the second down conductor 82 comprising a second down conductor
portion 86 near the second end 52 of the second blade section 46. The second down
conductor portion 86 is configured to be movable, such as to allow manipulation of the second
down conductor portion 86 into the first blade section 44 and/or to allow coupling of the first
down conductor 80 and the second down conductor 82. The second down conductor 82 is
configured to extend to a second down conductor position pdc2, e.g. located in the first blade
section 44, such as in a first airfoil region of the first blade section 44, as illustrated. The first
connector position pc1 of Fig. 6a may be the same as the second down conductor position
pdc2. The second down conductor portion 86 is configured to be attached to the shear web 40
of the first blade section 44, e.g. to reduce mechanical stress caused by movement of the
second down conductor portion 86, when the wind turbine blade 10 is in operation. The second
down conductor 80, the conductive connector element 62 and the second down conductor 82
is configured to run under an assembly point 54 in a plane parallel to the shear web 40.
Alternatively, the first down conductor 80, the conductive connector element 62 and the second
down conductor 82 is configured to run over an assembly point 54 in a plane parallel to the
shear web 40.

[0073] Fig. 8 is a schematic diagram illustrating part of an exemplary wind turbine blade 10,
such as the wind turbine blade 10 of the previous figures. The wind turbine blade 10 comprises
a first blade section 44, a second blade section 46, a shear web 40 and a spar beam 60. For
illustrative purposes the shear web 40 and the spar beam 60 are drawn separately from the
shell parts 26, 24. The wind turbine blade 10 comprises a first down conductor 80 located in
the first blade section 44 and a second down conductor 82 located in the second blade section
46. The first down conductor 80 comprises a first primary part 87a and a first secondary part
87b. The second down conductor 82 comprises a second primary part 88a and a second
secondary part 88b. The wind turbine blade 10 comprises a first connection part 74 in the first
blade section 44 connecting the first primary part 87a and the first secondary part 87b of the
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first down conductor 80. The first connection part 74 is configured to provide for electrically
connecting a lightning receptor, such as a receptor cable from the lightning receptor, to the first
down conductor 80. The wind turbine blade 10 comprises a second connection part 76 in the
second blade section 46 connecting the second primary part 88a and the second secondary
part 88b of the second down conductor 82. The second connection part 76 is configured to
provide for electrically connecting a lightning receptor, such as a receptor cable from the
lightning receptor, to the second down conductor 82. The connection part(s) 74, 76 may be
formed by exothermal welding together the respective cable parts.

[0074] The wind turbine blade 10 comprises a first conductive connector element 64 in
electrical connection with the first down conductor 80 and a second conductive connector
element 64 in electrical connection with the second down conductor 82. The first conductive
connector element 64 and the second conductive connector element 66 electrically and/or
mechanically couple the first down conductor 80 and the second down conductor 82.

[0075] The second down conductor 82 comprises a second secondary part 88b near the
second end 52 of the second blade section 46. The second secondary part 88b is configured
to be movable, such as to allow manipulation of the second secondary part 88b into the first
blade section 44 and/or to allow coupling of the first down conductor 80 and the second down
conductor 82. The second down conductor 82 is configured to extend to a second down
conductor position pdc2, e.g. located in the first blade section 44, such as in a first airfoil region
of the first blade section 44, as illustrated. The second secondary part 88b may be configured
to be attached to the shear web 40 of the first blade section 44. The first down conductor 80,
the conductive connector element 62 and the second down conductor 82 is configured to run
under an assembly point 54 in a plane parallel to the shear web 40. Alternatively, the first down
conductor 80, the conductive connector element 62 and the second down conductor 82 may
be configured to run over an assembly point 54 in a plane parallel to the shear web 40.

[0076] Fig. 9 is a flow diagram illustrating an exemplary method 200 for assembling a wind
turbine blade, such as a wind turbine blade as described in relation to previous figures, such as
a wind turbine blade comprising a first blade section extending along a longitudinal axis from a
root end to a first end and a second blade section extending along the longitudinal axis from a
second end to a tip end. The first blade section comprises a root region and a first airfoil
region. The second blade section comprises a second airfoil region with the tip end. The first
blade section and the second blade section comprise a pressure side and a suction side. The
wind turbine blade comprises a spar beam configured for connecting the first blade section and
the second blade section. The spar beam longitudinally extends along a spar beam axis from a
first beam position to a second beam position. The first blade section comprises a first down
conductor and the second blade section comprises a second down conductor. The method
200 comprises positioning 202 the spar beam such that the first beam position is located in the
first airfoil region and the second beam position is located in the second airfoil region.

[0077] The method 200 comprises electrically connecting 204 the first down conductor and the
second down conductor with a conductive connector element, e.g. comprising a first
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conductive connector element and a second conductive connector element. The first
conductive connector element may be in electrical connection with the first down conductor
and the second conductive connector element may be in electrical connection with the second
down conductor. Electrically connecting 204 the first down conductor and the second down
conductor may comprise clamping or soldering the conductive connector element and the first
down conductor and the second down conductor.

[0078] Electrically connecting 204 the first down conductor and the second down conductor
may comprise coupling the first conductive connector element and the second conductive
connector element. Coupling the first conductive connector element and the second conductive
connector element may comprise clamping, soldering, bolting or mating the first conductive
connector element and the second conductive connector element.

[0079] The method 200 may comprise opening 206 a first hatch, e.g. near the first end of the
first blade section. Opening 206 the first hatch may allow access to the interior of the first blade
section between a first primary hatch position and a first secondary hatch position along the
longitudinal axis of the wind turbine blade.

[0080] The method 200 may comprise opening 208 a second hatch, e.g. near the second end
of the second blade section. Opening 208 the second hatch may allow access to the interior of
the second blade section between a second primary hatch position and a second secondary
hatch position along the longitudinal axis of the wind turbine blade.

[0081] Opening 206 the first hatch and/or opening 208 the second hatch may be performed
prior to electrically connecting 204 the first down conductor and the second down conductor.

[0082] The method 200 may comprise attaching 210 a first down conductor portion of the first
down conductor to the spar beam, e.g. between the second beam position and a third beam
position in the second blade section. The third beam position may be a position of the spar
beam aligned with the first end of the first blade section and/or the second end of the second
blade section.

[0083] The method 200 may comprise attaching 212 a second down conductor portion of the
second down conductor to a shear web in the first blade section.

[0084] The term "receptor” is to be understood as an electrically conductive object being
configured with a view to capturing and conducting a lightning current.

[0085] Throughout the disclosure, the term "conductive”, if not specified otherwise, is to be
understood as electrically conductive.

[0086] The invention has been described with reference to preferred embodiments. However,
the scope of the invention is not limited to the illustrated embodiments, and alterations and
modifications can be carried out without deviating from the scope of the invention as defined by
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En vindmgllevinge, der straekker sig langs en laengdeakse fra en rodende (30) gennem et
farste vingeomrdde (34) og et andet vingeomrdde (34b) til en spidsende, hvor
vindmgllevingen omfatter en fgrste vingesektion (44), der strackker sig langs den langsgdende
akse til en fgrste ende (50) og en anden vingesektion (46), der straekker sig langs den
langsgdende akse fra en anden ende mod spidsenden (15), hvor den fgrste vingesektion
omfatter det farste vingeomrdde, den anden vingesektion omfatter det andet vingeomrade,

den fgrste vingesektion og den anden vingesektion omfatter en trykside og en sugeside,

hvor den fgrste ende af den fgrste vingesektion er teettere pd rodenden end den
anden ende af den anden vingesektion, og hvor den anden ende af den anden
vingesektion er taettere pd spidsen end den fgrste ende af den farste vingesektion,

vindmgllevingen omfattende en bjalke (60), der er konfigureret til strukturelt at
forbinde den fgrste vingesektion og den anden vingesektion, idet bjeelken straekker
sig i leengderetningen langs en bjeelkeakse fra en fgrste bjaclkeposition (PB1) til en
anden bjeelkeposition (PB2 ) og er konfigureret til at blive positioneret sdledes, at den
farste bjeelkeposition er placeret i det farste vingeomrdde, og den anden
bjaelkeposition er placeret i det andet vingeomrdde, den farste vingesektion omfatter
en fgrste nedleder (80), og den anden vingesektion omfatter en anden nedleder (82),
hvor vindmgllevingen omfatter et ledende forbindelseselement (62) til elektrisk at
forbinde den farste nedleder og den anden nedleder, og kendetegnet ved at den
fgrste nedleder er konfigureret til at strackke sig til en fgrste nedlederposition placeret
i den anden vingesektion, eller den anden nedleder er konfigureret til at straekke sig

til en anden nedlederposition placeret i den fgrste vingesektion.

Vindmgllevinge ifglge krav 1, hvor det ledende forbindelseselement omfatter et fgrste ledende
forbindelseselement i elektrisk forbindelse med den fgrste nedleder, og hvor det ledende
forbindelseselement omfatter et andet ledende forbindelseselement i elektrisk forbindelse med
den anden nedleder, den fagrste ledende forbindelseselement og det andet ledende
forbindelseselement er konfigureret til at koble til elektrisk at forbinde den farste nedleder og
den anden nedleder, f.eks.

hvor det fagrste ledende forbindelseselement er et stik, og det andet ledende

forbindelseselement er en fatning.

Vindmgllevinge ifalge et hvilket som helst af de foregdende krav, hvor den farste nedleder er

placeret i en fgrste primaer afstand fra tryksiden og en fgrste sekundaer afstand fra sugesiden,
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og hvor den fgrste primaere afstand og den fagrste sekundaere afstand langs en fagrste primaer

del er i det veesentlige den samme, f.eks.

hvor den fgrste primzere afstand er mindre end den farste sekundaere afstand langs
en fgrste sekundeer del, eller
hvor den fgrste primaere afstand er stgrre end den fgrste sekundaere afstand langs

en fgrste sekundeaer del.

Vindmgllevinge ifalge et hvilket som helst af de foregdende krav, hvor den anden nedleder er
placeret i en anden primaer afstand fra tryksiden og en anden sekundzer afstand fra sugesiden,
og hvor den anden primaere afstand og anden sekundaere afstand langs en anden primeer del

er i det vaesentlige den samme, f.eks.

hvor den anden primeere afstand er mindre end den anden sekundaere afstand langs
en anden sekundeer del, eller
hvor den anden primaere afstand er stgrre end den anden sekundaere afstand langs

en anden sekundeer del.

Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor den farste vingesektion
omfatter en fgrste luge naer den fagrste ende af den farste vingesektion for at tillade adgang
til det indre af den farste vingesektion mellem en fgrste primaer lugeposition og en fgrste
sekundgzer lugeposition langs laengdeaksen, f.eks.

hvor det fgrste ledende forbindelseselement er placeret ved en fgrste forbindelsesposition

mellem den fgrste primaere lugeposition og den fgrste sekundaere lugeposition.

Vindmgllevinge ifglge et hvilket som helst af de foregdende krav, hvor den anden vingesektion
omfatter en anden luge naer den anden ende af den anden vingesektion for at tillade adgang
til det indre af den anden vingesektion mellem en anden primasr lugeposition og en anden
sekundgzer lugeposition langs laengdeaksen, f.eks.

hvor det andet ledende forbindelseselement er placeret ved en anden forbindelsesposition

mellem den anden primaere lugeposition og den anden sekundaere lugeposition.
Vindmgllevinge ifalge et hvilket som helst af de foregdende krav

hvor den fgrste nedleder omfatter en fgrste nedlederdel naer den fgrste ende af den
fgrste vingesektion, hvor den fgrste nedlederdel er konfigureret til at vaere bevaegelig,
eventuelt hvor den farste nedlederdel af den fgrste nedleder er konfigureret til at
blive fastgjort til bjeelken mellem den anden bjeelkeposition og en tredje

bjaelkeposition og/eller
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hvor den anden nedleder omfatter en anden nedlederdel naer den anden ende af den
anden vingesektion, den anden nedlederdel er konfigureret til at vaere bevaegelig,
eventuelt hvor den anden nedlederdel af den anden nedleder er konfigureret til at

blive fastgjort til en forskydningsbjeelke i den fgrste vingesektion.

Fremgangsmade til samling af en vindmallevinge, der straekker sig langs en laengdeakse fra
en rodende gennem et farste vingeomrdde og et andet vingeomrdde til en spidsende, idet
vindmgllevingen omfatter en fgrste vingesektion, der streekker sig langs laengdeaksen til en
farste ende og en anden vingesektion, der strackker sig langs den langsgdende akse fra en
anden ende mod spidsenden, hvor den fgrste vingesektion omfatter det farste vingeomréde,
den anden vingesektion omfatter det andet vingeomrdde, den fgrste vingesektion og den

anden vingesektion omfatter en trykside og en sugeside,

hvor den fgrste ende af den fgrste vingesektion er teettere pd rodenden end den
anden ende af den anden vingesektion, og hvor den anden ende af den anden
vingesektion er taettere pd spidsen end den fgrste ende af den farste vingesektion,

vindmgllevingen omfatter en bjeelke konfigureret til strukturelt at forbinde den farste
vingesektion og den anden vingesektion, hvor bjeelken strackker sig langsgdende
langs en bjeelkeakse fra en fgrste bjeelkeposition til en anden bjeelkeposition, den
fgrste vingesektion omfatter en fgrste nedleder og den anden vingesektion omfatter
en anden nedleder, og hvor den fgrste nedleder er konfigureret til at straekke sig til
en fgrste nedlederposition placeret i den anden vingesektion eller den anden nedleder
er konfigureret til at straekke sig til en anden nedlederposition placeret i den fgrste

vingesektion, fremgangsmaden omfatter:

- placering af bjeelken sdledes, at den forste bjaelkeposition er placeret
i det forste vingeomrdde, og den anden bjeelkeposition er placeret i

det andet vingeomréde, og

- elektrisk forbindelse af den fgrste nedleder og den anden nedleder

med et ledende forbindelseselement.

Fremgangsmade ifglge krav 8, hvor fremgangsmaden omfatter 8bning af en farste luge naer
den fgrste ende af den fgrste vingesektion for at tillade adgang til det indre af den fagrste
vingesektion mellem en fgrste primaar lugeposition og en fgrste sekundaer lugeposition langs

den langsgdende akse.

Fremgangsmade ifalge et hvilket som helst af kravene 8-9, hvor fremgangsmdden omfatter

dbning af en anden luge naer den anden ende af den anden vingesektion for at tillade adgang
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til det indre af den anden vingesektion mellem en anden primaar lugeposition og en anden

sekundgzer lugeposition langs laangdeaksen.

Fremgangsmdde ifglge et hvilket som helst af kravene 8-10, hvor det ledende
forbindelseselement omfatter et forste ledende forbindelseselement og et andet ledende
forbindelseselement, hvor det fgrste ledende forbindelseselement er i elektrisk forbindelse
med den fgrste nedleder og det andet ledende forbindelseselement er i elektrisk forbindelse
med den anden nedleder, og hvor elektrisk forbindelse af den fgrste nedleder og den anden
nedleder omfatter kobling af det fgrste ledende forbindelseselement og det andet ledende
forbindelseselement, f.eks.

hvor koblingen af det farste ledende forbindelseselement og det andet ledende
forbindelseselement omfatter fastspaending, lodning, boltning eller sammenkobling af det

fgrste ledende forbindelseselement og det andet ledende forbindelseselement.

Fremgangsmade ifglge et hvilket som helst af kravene 8-11, hvor fremgangsmaden omfatter
fastgarelse af en fgrste nedlederdel af den farste nedleder til bjeelken mellem den anden

bjeelkeposition og en tredje bjaelkeposition.

Fremgangsmade ifglge et hvilket som helst af kravene 8-12, hvor fremgangsmaden omfatter
fastggrelse af en anden nedlederdel af den anden nedleder til en forskydningsbjeelke i den
fgrste vingesektion.
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