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WIND TURBINE BLADE, WIND TURBINE, METHOD OF PROVIDING LIGHTNING RECEPTOR

MEANS TO A WIND TURBINE BLADE AND USE HEREOF.

Background of the invention

The invention relates to a wind turbine blade according to the preamble of claim 1, a
wind turbine according to the preamble of claim 31, a method of providing lightning

receptor means to a wind turbine blade and use hereof.

Description of the Related Art

Typically, wind turbines are erected in areas with superior wind conditions such as
rural areas comprising only a few tall obstacles e.g. trees or buildings. However,
wind turbines are erected with increasingly higher towers and rotor blades in order to
take the most efficient use of the wind and, with wind turbines being the tallest
objects in an area, protection of the wind turbines against lightning strokes is thus a

necessity.

A well-known lightning protecting system for a wind turbine involves a lightning
receptor at the tip of every rotor blade in order to capture the lightning stroke. The
lightning is discharged to a ground potential via a down conductor inside the blade
and down conductors in the nacelle and tower. In order to transfer the lightning from
the down conductor of the rotating blade to the down conductor of the stationary
nacelle, the lightning current is lead through the rotor blade shaft to the nacelle. The
nacelle comprises means e.g. slip-rings which are connected to the shaft and thus
allows the current to be removed from the shaft and transferred to the down

conductor of the nacelle.

Lightning systems with apparently improved means of capturing the lightning have

been suggested.
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An example is disclosed in EP patent application no. 1 154 537 in which the wind
turbine blades are mounted with lightning receptors. The receptors are caps made in
aluminium which are connected to aluminium profiles at the trailing edge of the
blade. The receptors are made in an aluminium foil or a similarly thin aluminium

material in order to keep the weight down.

The functionality of the lightning system includes the fact that the lightning is likelier
to strike at the larger surface of the caps due to the lower resistance toward the
ground potential. The current of the lightning is subsequently directed through the

aluminium profile to a ground potential.

A problem with the lightning protection system of the EP patent application is the
fact that the energy of the lightning generates considerable heat resulting in damage
to the section of the wind turbine blade positioned underneath the cap. The damage

may be cracks or holes in the glass fibre surface.

A further problem is the fact that the lightning energy vaporises the aluminium at the

position of the stroke resulting in a lesser reliability of the lightning protection.

One of the objects of the invention is to establish a lightning receptor for wind

turbines without the above-mentioned disadvantage.

It is especially an object of the invention to create a receptor that may sustain
numerous lightning strokes without requiring inspection or service of the wind

turbine blade and the receptor.

Further, it is an object of the invention to establish a lightning receptor for wind

turbines that is easy to integrate and install in a wind turbine blade.
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The invention

The invention relates to a wind turbine blade comprising lightning protection means
in which at least one section of the tip of said blade is made in solid metal and is

included as part of said lightning protection means.

Hereby, is obtained a wind turbine blade may sustain numerous lightning strokes at
the solid metal sections of the blade tip without requiring inspection or service of the
wind turbine blade. Especially, the temperature rise in the solid metal and the blade
tip as such will be less than with the prior art as the heat may easier be deposited to

the surroundings.

The solid metal with less resistance will ensure that even at worst case scenarios, the
metal will only sustain minor damage with no effect on the functionality of the wind
turbine and the lightning protection means. Also solid metal makes it easier to more
firmly connect the lightning down conductor to the lightning receptor. The less
resistance in the lightning receptor and in the receptor connection to the lightning
down conductor ensures that the lightning current also deposits less heat at the wind

turbine blade tip.

The phrase "section of the tip ... made in solid metal" is to be understood as a section
in which the three dimensions (length, breadth and thickness) are of some extend

beyond negligible.

In an aspect of the invention, said blade tip is made in metal. Hereby, it is possible
for the full blade tip to be part of the lightning protection system. Further, the blade
tip may easily endure the temperature rise without subsequently requiring inspection

or service.

In a further aspect of the invention, said metal comprises a metal alloy. The metal

alloy comprises excellent corrosion resistance to water and especially salt water.
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Further, it has an excellent erosion resistance — erosion in form of wind, rain and

dust.

In another aspect of the invention, said metal comprises a cobber alloy such as
CuSn;jpZn; (Bronze RG10) or CuSnsZnsPbs (Bronze LG2). Hereby, it is possible to

achieve good electrical conductivity such as 13.8% IACS (relative conductivity to

copper).

Further, it is possible to achieve a high melting temperature 850°C. The melting
temperature is the predominant factor in material removal rates during lightning

strike.

In an aspect of the invention, said at least one section made in solid metal includes
the initial curved or bend parts of the leading and/or trailing edges seen from the top
point. The lightning is more likely to strike at these parts and the parts are

advantageously secured with solid metal sections.

In another aspect of the invention, the length of said at least one section made in
solid metal is below 1 % of the total blade length and preferably between 0.1 % and
0.5 % of the total blade length. As sections of the blade tip are made in solid metal,
weight is a subject of consideration and thus the length of the blade tip needs to be as
small as possible without losing the ability of intercepting lightning strokes. As
lightning often strikes at the curved or bend parts of the leading and/or trailing edges
it is advantageous that the blade tip has a length which extend beyond these parts of
the wind turbine blade.

In a further aspect of the invention, said blade tip is mounted with connection rods
into an opening in the top of the wind turbine blade. Hereby, it is possible to allow
variations between blades e.g. by using a different number of rods or rods of

different sizes.
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The connection with a number of rods also ensures an enduring connection which is
very important in view of the forces that the wind turbine blade faces. Particularly,

the weight of the blade tip demands an enduring connection.

In an even further aspect of the invention, said connection rods are made in a non-
conductive material such as glass fibre e.g. pultruded glass fibre rods. Hereby, it is
ensured that the lightning will not strike at the connection area between the blade tip

and the wind turbine blade.

It is also possible to achieve good tensile and bending stiffness. The connection rods
may be bonded into both the metal tip and the glass fibre blade using a structural
adhesive and may be adapted to the specific blade e.g. by sanding or polishing the

rods before bonding.

Further, the use of glass fibre rods ensures that high strength is obtained with a
relative low weight. Even further, the connection between glass fibre surfaces of the
blade and rods is advantageously due to the similar material characteristics such as

material strength.

In a further aspect of the invention, the blade tip is painted e.g. in a white or grey
colour. The tip is painted in order to minimise thermal heat absorption by the metal
of the tip from the sun. By painting the tip white the amount of solar radiation which

will be absorbed is significantly reduced.

In an aspect of the invention, the blade tip is one part including a connection opening
for the lightning down conductor and at least one mounting hole for said connection

rods. Hereby, a simple and strong construction of the wind turbine blade is achieved.

In another aspect of the invention, the blade tip comprises an outer and inner tip part.

Hereby, it is possible to connect the inner and outer tip parts to the wind turbine
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blade in separate actions which will simplify the mounting process of the blade tip.

The security against connection failures is thus enhanced.

In an aspect of the invention, said blade tip comprises an outer and inner tip part
whereby the inner tip may be mounted to the wind turbine blade before the outer tip.
This makes the mounting simpler, e.g. in connecting the lightning down conductor to

the blade tip, and less heavy for the person performing the process.

In an aspect of the invention, said outer tip part defines the outline of the blade tip.

In an aspect of the invention, the bottom of said outer tip part comprises an
indentation substantially corresponding to the shape of said inner tip part and
provides a holding area for said inner tip part. Hereby, it is possible to easily slide the
outer tip part down on the inner tip part after it has been mounted to the wind turbine
blade.

In an aspect of the invention, said inner tip part comprises a connection area for the
lightning down conductor and at least one mounting hole for said connection rods.
Hereby, it is easily possible to establish a durable connection between the inner tip

part and the wind turbine blade.

In an aspect of the invention, said connection area further comprises retaining means
for the lightning down conductor such as a retaining block. Hereby, it is possible to
establish a durable connection between the inner tip part and the lightning down
conductor. Particularly, the use of an area comprising a number of spaced apart
grooves ensures that the conductor is retained in a position involving less tensions

e.g. due to bending or twisting of the conductor.

In an aspect of the invention, said blade tip is one part including a connection
opening for the lightning down conductor. Hereby, a more simple construction of the

blade tip is achieved.
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In an aspect of the invention, said one part blade tip comprises at least one mounting
hole for said connection rods or mounting bolts. Hereby, a durable connection

between the blade tip and the wind turbine blade is achieved.

In an aspect of the invention, said blade tip comprises two halves divided from front
edge to trailing edge of the wind turbine blade. Hereby, a blade tip is achieved which
is particularly easy to position around the connection means and subsequently mount
on the blade.

In another embodiment the connection means are mounted in the opening of the wind
turbine blade and the halves are subsequently mounted on the connection means and

the lightning down conductor.

In an aspect of the invention, inner surfaces of said blade tip halves comprise hole
halves whereby the connection means and the lightning down conductor may durably

and uniformly be retained by forcing the halves toward each other.

In another aspect of the invention, said hole halves define openings for connection

rods and a lightning down conductor.

In another aspect of the invention, said blade tip weight at least 5 kilogram and
usually more than 10 kilogram such as approximately 12 kilogram with a 32 meter
wind turbine blade. Hereby, an advantageous relation is achieved between weight
(ensuring continuous good lightning receptor qualities) and forces introduced on the

blade tip (upheld by the connection to the wind turbine blade).

In a further aspect of the invention, an end of said lightning down conductor (10) is
clamped with a conductor connector such as a conductor sleeve corresponding in

shape to at least one opening (14) in the blade tip. Hereby, an enhancement of the
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connection to the blade tip is achieved and thus a reduction in the connection

resistance.

The invention also relates to a wind turbine wherein at least one section of every tip
of said at least one wind turbine blade is made in solid metal and is included as part

of said lightning protection means.

Hereby, a wind turbine is achieved with improved lightning protection means e.g. in
its ability to sustain numerous lightning strokes without requiring inspection or
service of the wind turbine blades and the lightning receptor.

Figures

The invention will be described in the following with reference to the figures in
which

fig. 1 illustrates a large modern wind turbine with three wind
turbine blades,
fig. 2 illustrates one wind turbine blade with a blade tip

according to the invention,

fig. 3 illustrates the connection of the down conductor to the

blade tip according to the invention,

fig. 4 illustrates a preferred embodiment of an outer tip part of
the blade tip,
fig. 5 illustrates a preferred embodiment of inner tip part of the

blade tip,
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fig. 9

fig. 10

fig. 11

fig. 12

fig. 13

Detailed description

PCT/DK2003/000641

illustrate the preferred embodiment of the outer tip part

seen from the side and bottom, respectively,

illustrate the preferred embodiment of the inner tip part in

a number of different views,

illustrates different cross section views of the outer tip

part,

illustrates different cross section views of the inner tip

part,

illustrates the inner tip part mounted in the holding area of

the outer tip part,

illustrates another embodiment of the blade tip according

to the invention,

illustrates a further embodiment of the blade tip according

to the invention, and

illustrates an even further embodiment of the blade tip

according to the invention.

Fig. 1 illustrates a modern wind turbine 1 with a tower 2 and a wind turbine nacelle 3

positioned on top of the tower. The wind turbine rotor, comprising three wind turbine

blades 5, is connected to the nacelle through the low speed shaft which extends out
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of the front of the nacelle. At the opposite end of the wind turbine blades extend the
tips 6.

As illustrated in the figure, wind beyond a certain level will activate the rotor due to
the lift induced on the blades and allow it to rotate in a perpendicular direction to the
wind. The rotation movement is converted to electric power, which is supplied to the

utility grid.

Fig. 2 illustrates a wind turbine blade with a blade tip according to the invention
positioned adjacent to the blade. The wind turbine blade may be any kind of normal

blade such as a wind turbine blade made in a composite material e.g. glass fibre.

The blade tip almost corresponds - in size and form - to the normal tip of a wind
turbine blade and includes at least one section made in solid metal. Further, the blade

tip is included as part of the lightning protection means of the wind turbine.

The blade tip is also illustrated with four connection rods that are mounted into
openings of the blade tip. The rods are preferably made in a non-conductive material

such as glass fibre e.g. pultruded glass fibre rods.

The rods are illustrated with different diameters in which the rod diameter
corresponds with the thickness of the wind turbine blade at the position of the rod — a
thicker blade position equals a thicker rod. The diameters of the rods may preferably

be chosen in the range of 5 to 50 millimeters such as 10, 20 or 30 millimeters.

The length of the rods may be varied in accordance with the load that the different
rods experience at their position. The length of the rod may preferably extend from
150 to 800 millimeters in which between 40 and 200 millimeters of the rod is entered
into the openings of the blade tip and between 110 and 600 millimeters of the rod is

entered into the blade opening.
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The number of rods may also be varied in accordance with wideness of the wind
turbine blade at mounting place for the blade tip e.g. between 3 and 6 rods such as 4

or 5 rods.

The preferred data of the rods especially match with a standard 32 meter wind
turbine blade. Smaller or larger blades may require a change of data. However, the
illustrated embodiments of a blade tip with sections of solid metal are weighting
more than 5 kilogram and usually more than 10 kilogram such as 12 kilogram for the

mentioned standard wind turbine blade.

The blade is illustrated as ending without a blade tip in which the blade may have
been manufactured in this way or the normal blade tip may have been removed after
the manufacturing of the blade. Even further, the removal may be part of a retro fit
process on wind turbine blades which already have been in use and dismounted from
the wind turbine in question. The removal may e.g. be performed with an angle

grinder or a similar cutting tool.

The missing blade tip leaves an opening into the top of the blade. The interior surface
of the opening in the blade is cleaned, degreased, grinded and/or abraded in order to

establish a clean and accessible surface.

Further, the interior of the blade is sealed beneath and beside the range of the
connection rods in order to define a volume e.g. by filling PVC foam or pieces of
PVC foam into the interior at the desired place. The volume is subsequently filled
with strong adhesive material such as one or two component epoxy glue. The epoxy
may hold the blade tip to the rest of the wind turbine blade by bonding the interior
surface of the blade to the rods. The adhesive material is also used to bond the rods

to the blade tip.

Preferably, the blade tip is made slightly smaller at the bottom than the wind turbine
blade allowing the blade tip to slightly enter the opening of the blade. After the
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bonding between the blade tip and the rest of the wind turbine blade, finishing work
is performed on the blade tip and the connection area. The finishing work also

includes the final painting of the blade tip and the connection area.

The blade tip according to the invention is also connected to the lightning down

conductor of the wind turbine blade and thus to the ground potential.

Fig. 2 also illustrates an enlarged section including the wind turbine blade and the
upper part of the wind turbine blade. The wind turbine blade and blade tip comprise a
cord c, a thickness t and a t/c relation at any given position of the blade. The t/c
relation of the blade tip is usually between 0 and 14 % (at the top point and the blade

connection, respectively).

Also the wind turbine blade tip is generally defined as the part of the wind turbine
blade in which the front and trailing edges leave a substantially straight direction and
start to bend toward the top point of the wind turbine blade.

Fig. 3 illustrates the connection of the lightning down conductor 10 to the blade tip 6
according to the invention. Further, it is illustrated that the blade tip is divided in two
parts; an inner 13 and outer tip part 15. The inner tip part is integrated into outer tip

part at the bottom of the outer tip part.

The lightning down conductor is illustrated as a conductor entered into the blade tip
at a connection area 14 for the conductor. The connection area is established as three
grooves into the surface of the inner tip part in which each groove is capable of
receiving the conductor extending out of the blade opening. The conductor is
equipped with a conductor connector e.g. a metal cable sleeve which is clamped on
at the extending end. The extending end with the connector is placed in the groove

which is most favorably for the conductor.
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The withholding of the conductor in the connection area 14 is obtained by forcing a
flat block 24 down on top of the conductor 10. The size of the block corresponds to
the connection area 14 for the lightning down conductor of the grooves and is forced

against the conductor by tightening bolts penetrating the block and the inner tip part.

The conductor is preferably metal a woven copper or aluminum rope or cable such as

a tin coated copper cable, of diameters between 50 and 120 mm?.

Fig. 4 illustrates a preferred embodiment of an outer tip part 15 of the blade tip.

The outer tip part comprises leading edge 11a and the trailing edge 11b ending in the
top point 18 of the blade tip and the wind turbine blade. Especially the trailing edge
11b finally makes a sharp curve in order to meet the top point from the previous

substantially straight curves of the wind turbine blade edges.

The surfaces 19 of the blade tip including the top point and the leading and trailing

edges form the active area of the lightning receptor.

At the bottom of the outer tip part the empty holding area 16 for the inner tip part is
illustrated. The holding area comprises a symmetrical six-sided shape (not illustrated
on this figure). The sides around the holding area comprise a number of
corresponding mounting holes 17a, 17b. After the positioning of the inner tip part in

the holding area 16 bolts are mounted in the holes in order to hold the inner tip part.

Fig. 5 illustrates a preferred embodiment of inner tip part 13 of the blade tip.

The inner tip part has a six-sided shape substantially corresponding to the shape of
the holding area 16 of the outer tip part 15. Further, the mounting holes 22 in the
inner tip part correspond with the mounting holes 17a, 17b of the outer tip part in

position and number.
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The inner tip part also comprises a mounting slit 21 at one side allowing the side to
be compressed during the process of mounting the inner tip part into the holding area
of the outer tip part. The mounting slit of the inner tip part ensures a press fit

between the inner and outer tip part after mounting.

The inner tip part further comprises four holes 20a-20d for the connection rods. The
holes go through the inner tip part and have different diameters corresponding to the

different rods.

Finally, the inner tip part comprises the connection area 14 with the three grooves for
the lightning down conductor. The grooves extend from the front to the back of the
inner tip part. The two walls between the three grooves comprise holes 23 allowing
the securing of the conductor by forcing a flat block 24 down on top of the conductor
and entering bolts through the holes in the flat block and the walls.

In another embodiment, the connection area 14 may - after the positioning of the
down conductor in the groove - be filled with tin solder or a similar electric

conductive bonding material.

The inner and outer tip is preferably made in the same metal alloy in order to avoid
galvanic corrosion between dissimilar metals brought into electrical contact. The
metal may be cobber or a cobber alloy such as CuSnjoZn, (Bronze RG10),
CuSnsZnsPbs (Bronze L.G2) or brass. However, other metals or metal alloys may be
used that comprise the relevant material characteristics such as aluminium or

manganese bronze or similar aluminium and manganese alloys.

The inner and outer tip part may preferably be made using casting technique such as

sand casting.

Fig. 6a and 6b illustrate the preferred embodiment of the outer tip part 15 seen from

the side and bottom, respectively.
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The views especially sketch the outline of the holding area 16 for the inner tip part
and curves of the leading and trailing edges toward the top point of the wind turbine
blade. As seen the shape of the holding area corresponds to the six-sided shape of the
inner tip part. Further, it is seen how especially the trailing edge bends sharply in
order to meet the top point of the blade tip and thus the wind turbine blade.

Figs. 7a to 7e illustrate the preferred embodiment of the inner tip part in a number of

different views.

As seen in figs. 7b and 7c the grooves for the down conductor and the holes for the
connection rods extend through the inner tip part. Further, it is seen from the figures

how the inner tip part has a tapering shape toward the mounting slit.

Fig. 7d illustrates the inner tip part seen from the side whereby the tapering shape of

the part becomes apparent.

Fig. 7e illustrates the flat block 24 to be forced down on top of the conductor in the

connection area.

Fig. 8 illustrates the outer tip part and a number of different cross section views of

the outer tip part.

The cross section view starts with fig. 8 (A-A) which illustrates a cross view
centrally through the holding area. As seen the metal material surrounding the area is

thicker behind the leading and trailing edges.

The cross section view of fig. 8 (B-B) illustrates how the holding area is terminated
toward the top point of the blade tip. Further, the solid metal sections behind the

leading and trailing edges are becoming more significant.



WO 2005/031158 PCT/DK2003/000641

10

15

20

25

30

16

Consequently, the cross views of fig. 8 (A-A, B-B) illustrate two solid sections of the
blade tip according to the invention; the sections behind the leading and trailing

edge, respectively, and in front of the holding area.

The cross section views of fig. 8 (C-C, D-D) illustrate how also the last section of the
blade tip is made in solid metal material. Especially, the section of solid metal

material is positioned around the sharply bends of the leading and trailing edges.

The cross section view of fig. 8 (E-E) illustrates a section of the holding area 16

including the corresponding holes 17a, 17b.

Fig. 9 illustrates different cross section views of the inner tip part in the transverse
(H-H, A-A to C-C) and the longitudinal direction (D-D to G-G) of the part.

Fig. 10 illustrates the inner tip part 13 mounted in the holding area 16 of the outer tip
part 15. It is illustrated that the inner tip part is fully integrated into the holding area
of the outer tip part 15. Further, it is seen that the mounting holes 17a are ready for
the bolt to secure the inner tip part to the rest of the blade tip.

Fig. 11 illustrates another embodiment of the blade tip according to the invention.
The blade tip is illustrated as just one part with perforations or openings for the rods
and the lightning down conductor. The rods are entered into the openings and
secured e.g. by using one or two component epoxy glue as described above in
connection with the preferred embodiment. The end of the lightning down conductor
is also entered into the chosen opening and secured e.g. by establishing a mechanical
joint. The mechanical joint may be established by drilling holes from the surface of
the tip into the opening of the lightning down conductor. Bolts may be screwed down
against the end of the lightning down conductor after the end is entered into the
opening. The bolt heads are preferably countersunk and the holes in the surface

subsequently filled with filler material.
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The blade tip may be in solid metal apart from the perforations or openings for the
rods and the down conductor e.g. by casting and drilling. However, further openings
may be drilled next to the necessary opening in order to remove metal from the blade
tip. Even further, solid sections may be connected to or surrounded by metal plates
establishing a partly hollow blade tip construction e.g. comprising metal plates

welded to solid sections along the front and trailing edges.

Fig. 12 illustrates a further embodiment of the above-mentioned one part blade tip.
The surface of the blade tip comprises a number of grooves 25 extending vertically
toward the bottom of the blade tip. The grooves dig increasingly deeper in the
surface as the grooves approach the bottom of the blade tip. The grooves stop just
before the bottom which allows a sort of flange to be established. The flange is
penetrated by bolt holes 26 and hereby, a number of holes is established at the
periphery of the bottom 13 of the blade tip.

A number of bolts are entered from above through the grooves and the holes into the
opening at the mounting and securing of the blade tip. The bolts may enter into a
glue filled opening and/or be screwed into a mounting wall inside the blade. Further,
the bolts may be used as the only blade tip securing means or be combined with rods
as described above. The grooves may be filled with filler material after the securing
of the blade tip to the blade.

Fig. 13 illustrates an even further embodiment of the blade tip according to the
invention. The embodiment comprises two parts 28a, 28b. Each part is a part of the
blade tip 6 when being divided in the direction from the front to trailing edge and the
two parts together form the full shape of the blade tip. The inner surface 30 of one
part facing the another part comprises a number of hole halves 29a, 29b in which two
corresponding hole halves establish a hole when the parts are connected. The number
of holes or openings for rods and lightning down conduction corresponds to the

number of openings described in connection with the preferred embodiment.
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The rods are positioned in one part’s hole halves and the other part is secured on top
of the part by using bolts extending through the mounting holes 17a. The parts
squeeze the rods and the lightning down conductor when the bolts are tightened and
thus retain them in position. The blade tip is secured to the blade after the tightening
of the bolts.

Figs. 11 to 13 illustrate embodiments of the blade tip according to the invention
which differ in some way from the embodiment of figs. 3 to fig. 10. However, at
least some of the choices such as choice of materials e.g. of the blade tip, of any rods
or adhesive material, the number of items and sizes may be the same if not

specifically mentioned to be different.

The invention has been exemplified above with reference to specific examples of the
blade tip as well as the wind turbine blade. However, it should be understood that the
invention is not limited to the particular examples described above but may be
altered e.g. in size and shape. Further, it should be understood that especially the
blade tip may be designed in a multitude of varieties within the scope of the
invention as specified in the claims. Further, the way of bonding the blade tip to the
wind turbine blade may be altered as well as the way of fixating the lightning down
conductor to the blade tip.

Further, it shall be emphasized that the solid metal sections may be altered in

number, size and position.

Finally, it shall be emphasized that sections of the blade tip according to the
invention may be made in another material than metal e.g. a material with good
ability to withstanding high temperatures such as carbon fibers. Especially, the inner
tip part may be made in other materials than metals or combinations of metals and

other materials than metals.
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Wind turbine

Wind turbine tower

Wind turbine nacelle

Wind turbine hub

Wind turbine rotor blade

Rotor blade tip

Lightning

Blade tip or lightning receptor
Connection rods

Lightning down conductor
Leading and trailing edge
Ground potential

Inner tip part

Connection area for the lightning down conductor
Outer tip part

Holding area for the inner tip part

Mounting holes in the outer tip part of the blade tip or just the blade

tip

Top point of the blade tip or lightning receptor
Surface of the blade tip or lightning receptor
Holes for connection rods

Mounting slit

Mounting holes in the inner tip part

Securing holes for the lightning down conductor
Securing block for the lightning down conductor
Mounting grooves for bolts

Mounting holes for bolts

Bottom of the blade tip

First and second blade tip part
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29a, 29b. Corresponding halves establishing a hole

30. Inner surface of the second blade tip part
C. Cord length of the wind turbine blade
t. Thickness of the wind turbine blade

5 t/c Relation at the thickest position on the cord
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Claims

1. Wind turbine blade (5) comprising lightning protection means

5 characterised in that

at least one section of the tip (6) of said blade is made in solid metal and is -

included as part of said lightning protection means (8, 10, 12).

10 2. Wind turbine blade (5) according to claim l,characterised in
t h a t said blade tip (6) is made in metal.

3. Wind turbine blade (5) according to claim 1 or 2, characterised
in that said metal comprises a metal alloy.
15
4. Wind turbine blade (5) according to any of claims 1 to 3,
characterised in that said metal comprises a cobber alloy
such as CuSn;oZn,; (Bronze RG10), CuSnsZnsPbs (Bronze LG2) or brass or an
aluminium alloy such as aluminium bronze.
20
5. Wind turbine blade (5) according to any of claims 1 to 4,
characterised in th at said atleast one section made in solid
metal includes the initial curved or bend parts of the leading (11a) and/or trailing
edges (11b) seen from the top point (18).
25
6. Wind turbine blade (5) according to any of claims 1 to 35,
characterised in that said at least one section made in solid
metal includes the section or sections behind the leading (11a) and/or trailing
edges of the blade tip.
30
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Wind turbine blade (5) according to any of claims 1 to 6,
characterised in th at said at least one section made in solid

metal includes all the sections behind the surface of the blade tip.

Wind turbine blade (5) according to any of claims 1 to 7,
characterised in th at said atleast one section made in solid
metal includes the initial curved or bend parts of the leading (11a), trailing edges

(11b) and the top point (18) as one section or as separate sections.

Wind turbine blade (5) according to any of claims 1 to 3§,
characterised in that the length of said at least one section
made in solid metal in the longitudinal direction of the wind turbine blade is
below 1 % of the total blade length and preferably between 0.1 % and 0.5 % of
the total blade length.

Wind turbine blade (5) according to any of claims 1 to 9,
characterised in that said blade tip comprises a

thickness/cord relationship less than 14 %.

Wind turbine blade (5) according to any of claims 1 to 10,
characterised in that the blade tip being painted e.g. in a

white or grey colour.

Wind turbine blade (5) according to any of claims 1 to 11,
characterised in that said blade tip (6) comprises a size at
the bottom (27) allowing mounting with connection rods (9) into an opening at

the top of the wind turbine blade.

Wind turbine blade (5) according to claim 12, c haracterised in
t h at said connection rods (9) are made in a non-conductive material such as

glass fibre e.g. pultruded glass fibre rods.
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Wind turbine blade (5) according to claim 12 or 13,c haracterised
in that thelength of said connection rods (9) ranges between 150 and 800
millimeters preferably with between 40 and 200 millimeters entered into the
openings of the blade tip and between 110 and 600 millimeters entered into the
blade opening.

Wind turbine blade (5) according to any of claims 12 to 14,
characterised in that the diameters of said connection rods

(9) range between 5 and 50 millimeters such as 10, 20 or 30 millimeters.

Wind turbine blade (5) according to any of claims 12 to 15,
characterised in that the number of said connection rods

(9) is between 3 and 6 such as 4 or 5 rods.

Wind turbine blade (5) according to any of claims 12 to 16,
characterised in that the interior of the blade being sealed
with barrier walls of a foam material, such as PVC foam, beneath and/or beside

the range of said connection rods (9).

Wind turbine blade (5) according to claim 17, characterised in
t h at the volume defined by said barrier walls being filled with a strong

adhesive material such as one or two component epoxy glue.

Wind turbine blade (5) according to any of claims 1 to 18,
characterised in that said blade tip comprises an outer (15)

and inner tip part (13).

Wind turbine blade (5) according to claim 19, c haracterised 1in
t h a t said outer tip part (15) defines the outline of the blade tip (6).
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Wind turbine blade (5) according to claim 19 or 20, c haracterised
in that the bottom of said outer tip part (15) comprises an indentation
substantially corresponding to the shape of said inner tip part (13) and provides a

holding area (16) for said inner tip part.

Wind turbine blade (5) according to any of claims 19 to 21,
characterised in that said inner tip part (13) comprises a
connection area (14) for the lightning down conductor (10) and at least one

mounting hole (20a-20d) for said connection rods (9).

Wind turbine blade (5) according to claim 22, characterised in
that said connection area (14) further comprises retaining means for the

lightning down conductor such as a retaining block (24)

Wind turbine blade (5) according to any of claims 1 to 18,
characterised in that said blade tip is one part including a

connection opening (14) for the lightning down conductor (10).

Wind turbine blade (5) according to claim 24, characterised in
t h at said one part blade tip comprises at least one mounting hole (20a-20d,

26) for said connection rods (9) or mounting bolts.

Wind turbine blade (5) according to any of claims 1 to 18,
characterised in that said blade tip comprises two halves

(28a, 28b) divided from front edge to trailing edge of the wind turbine blade.

Wind turbine blade (5) according to claim 26, characterised in
t h a t inner surfaces (30) of said blade tip halves comprise hole halves (29a,

29b).
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Wind turbine blade (5) according to claim 27, c haracterised in
t h a t said hole halves (29a, 29b) define openings for connection rods (9) and
a lightning down conductor (10).

Wind turbine blade (5) according to any of claims 1 to 28,
characterised in that said blade tip (6) weights at least 5
kilogram and usually more than 10 kilogram such as approximately 12 kilogram
with a 32 meter wind turbine blade.

Wind turbine blade (5) according to any of claims 1 to 29,
characterised in that an end of said lightning down
conductor (10) is clamped with a conductor connector such as a conductor
sleeve corresponding in shape to at least one opening (14) in the blade tip.

Wind turbine (1) comprising

stationary means such as a nacelle (3) and a tower (2),

rotating means such as a rotor including at least one wind turbine blade (5),

said stationary and rotating means include lightning protection means connected

to a ground potential (12),

characterised in that

at least one section of every tip (6) of said at least one wind turbine blade is

made in solid metal and is included as part of said lightning protection means.

Wind turbine (1) according to claim 31, characterised 1in

t h a t said blade tip comprises a thickness/cord relationship less than 14 %.
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Method of providing lightning receptor means to a wind turbine blade with

lightning protection means, said method comprising the steps of:
establishing a wind turbine blade ready for mounting of a blade tip,

positioning a blade tip including at least one section made in solid metal at the

tip position of the blade,
connecting said tip to the lightning protection means of the blade, and

connecting said blade tip including at least one section made in solid metal to the

wind turbine blade with connection rods.

Method according to claim 33, where said blade tip including at least one section

made in solid metal replaces the normal blade tip of a wind turbine blade.

Method according to claim 33 or 34, where said blade tip including at least one

section made in solid metal retrofits the normal blade tip of a wind turbine blade.

Method according to any of the claims 33 to 35, where the wind turbine blade
ready for blade tip including at least one section made in solid metal is

established by removing the normal blade tip with a cutting process.

Method according to any of the claims 33 to 36, where the interior of the blade is
sealed with barrier walls of a foam material beneath and/or beside the range of

the connection rods.

Method according to claim 37, where the volume defined by said barrier walls is

filled with a strong adhesive material such as one or two component epoxy glue.
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Method according to claim 37 or 38, where the connection rods of said blade tip
including at least one section made in solid metal are entered into said volume of

the wind turbine blade.

Method according to any of the claims 37 to 39, where the bottom of said blade
tip including at least one section made in solid metal is also entered into said

volume of the wind turbine blade.

Method according to any of the claims 37 to 40, where finishing work is
performed to the wind turbine blade as such and the blade tip is painted e.g. in a

white or grey colour.

Use of a method according to any of the claims 33 to 41 in connection with
retrofitting a blade tip including at least one section made in solid metal to a

wind turbine blade.
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