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(57) Abstract

A wind turbine blade with a lightning conductor, where said lightning conductor is formed by one or more oblong strips (1, 2, 3)
of carbon fibre—reinforced plastics preferably forming part of the wind turbine blade. In this manner the oblong strips (1, 2, 3) of carbon
fibre—reinforced plastics both reinforce the blade and divert the lightning.
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WO 00/14405 PCT/DK99/00476

LIGHTNING PROTECTION FOR WIND TURBINE BLADE

Technical Field

The invention relates to a wind turbine blade of fibre glass and/or carbon fibre and

comprising a lightning conductor.

Background Art

Strokes of lightning involve extremely strong currents of the magnitude 10 to 200 kA
within a very short period. The effect is very strong and can cause burstings because
the air confined in the blade expands explosively. It is known to insert strong inter-
laced cables in the blade. Then a metal collector is provided at the tip of the blade,
said metal collector being of a predetermined width and serving to capture the light-

ning as well as to prevent this location from being too strongly heated.

Furthermore it is known to reinforce the blade by means of a carbon fibre coating.
A copper web can optionally be applied onto the carbon fibre coating so as to protect

said carbon fibre coating.

Brief Description of the Invention

The object of the invention is to provide a reinforced wind turbine blade with a

lightning conductor and which is more simple than the hitherto known blades.

A wind turbine blade of the above type is according to the invention characterised in
that the lightning conductor is formed by one or more oblong strips of carbon fi-
bre-reinforced plastics optionally forming part of the fibre glass blade. As a result,
the oblong strips of carbon fibre-reinforced plastics both reinforce the blade and

divert the lightning as well as dampen the reflection currents following the lightning.
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Moreover, a wind turbine blade provided with inner reinforcing members may ac-
cording to the invention be characterised in that at least some of the inner reinforcing
members are made of carbon fibre-reinforced plastics. As a result, the reinforcement

of the blade is improved.

In addition, the oblong strips of carbon fibre-reinforced plastics may according to the
invention be interconnected through the inner reinforcing members of carbon fi-
bre-reinforced plastics. As a result, the lightning conductor currents have been di-
verted in the best possible manner whereby damages, if any, are reduced to a mini-

mum.
Moreover, a conventional lightning conductor cable may be connected to the inner

reinforcing members of carbon fibre-reinforced plastics. Such a structure is highly

advantageous in areas frequently experiencing a high number of strokes of lightning.

Brief Description of the Drawing

The invention is explained in greater detail below with reference to an embodiment

shown in the accompanying drawing, in which

Fig. 1 is a longitudinal sectional view of a wind turbine blade according to the inven-
tion comprising a lightning conductor in form of oblong strips of carbon
fibre-reinforced plastics,

Fig. 2 is a cross-sectional view of the wind turbine blade of Fig. 1,

Fig. 3 illustrates the entire wind turbine,

Fig. 4 illustrates the electric resistance of a carbon fibre coating versus the width,

and
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Fig. 5 illustrates a lightning conductor cable which can be inserted in the wind tur-

bine blade.

Best Mode for Carrying Out the Invention

The damages to the wind turbine blades caused by strokes of lightning can be rather
comprehensive. Extremely strong currents of the magnitude 10 to 200 kA are in-
volved within a very short period. The power involved is low, but the effect is very
strong and can cause burstings because the air confined in the blade expands explo-
sively. It is known to insert strong interlaced cables in the blade so as to divert the
lightning. Then a particular receptor is provided at the tip of the blade, said receptor
serving to capture the lightning as well as to prevent this location from being too
strongly heated. Furthermore it is known to reinforce each blade by means of a
carbon fibre coating. A copper web can optionally be applied onto the carbon fibre

coating so as to protect said coating.

According to the invention, an amount of carbon fibre material is added to the blade
with the result that said blade per se can serve as lightning conductor. The carbon
fibre material serving as a lightning conductor is according to the invention formed
by one or more oblong strips 1, 2, 3 of carbon fibre-reinforced plastics, which pref-
erably form part of the laminate of the blade. Moreover, a carbon stick can be pro-
vided in the interior of each blade, and the oblong strips 1, 2, 3 can be connected to
said inner carbon stick. The blade can be provided with inner reinforcing members
4. A conventional lightning conductor cable 5 can, if desired, be provided on the
inner carbon conductor or one one of the inner reinforcing members 4. The conven-
tional lightning conductor cable 5 can be structured as shown in Fig. 5. The termina-
tions are, however, of a particular structure. Fig. 2 shows how the oblong conducting
strips 1, 2, 3 can be connected to the inner carbon conductor or the inner lightning
conductor cable 5 by means of conductors 6. Fig. 1 shows also the receptor 7 at the

end of the blade.
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The blade is manufactured in two halves, which are subsequently glued together
along the edges. Each blade half is manufactured by way of casting of a glass mate-
rial, carbon fibre laminates etc. in a mould. The mould has been coated in advance
with a suitable release agent with the result that it is easy to remove the cast product

after completion of the casting.

The blade can according to the invention be shaped such that parts of said blade are

formed by oblong strips of carbon fibre-reinforced plastics.

The carbon fibres are for instance available from Devold AMT A/S, 6030 Langevag,
Norway, and they are characterised by being electrically conducting to a predeter-

mined degree, by being very thin and by presenting a high tensile strength.

As the tensile strength of carbon fibres is high and much higher than the tensile
strength of the fibre glass, fibre glass structures are often reinforced by means of a
predetermined amount of carbon fibres so as to increase the tensile strength and, if

desired, also the rigidity.

Constructively speaking, the electrically conducting capacity of the carbon fibres can
present both an advantage and a draw-back. In other words, when it is desired to
obtain for instance an antistatic, electrically conducting epoxy flooring, it is possible
to admix pieces of carbon fibres in the product so as to obtain said property. On the
other hand, when it is desired to reinforce a large fibre glass structure to be mounted
outdoors and accordingly involving the risk of lightning, these electrically conducting
carbon fibres can form an active part of the diversion of the lightning. The latter
involves, however, a risk of a local heating. When a sufficiently high amount of
fibres are used in the structure, said fibres can, however, be constructively utilized.
It is, however, necessary to know the electric properties of the carbon fibres. The
resistivity of a material is usually referred to as the ohmic resistance of 1 m of the

material having a cross section of 1 mm? and at 20°C.
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It is, however, not possible to obtain carbon fibres of a cross section of 1 mm?, and
accordingly it is chosen to describe the results of some practical tests. Various widths
are cut out of a plate of carbon fibres bound in polyester resin and of a thickness of
1 cm, whereafter the resistances are measured. The resistivity R of 1 cm? of the

material of a length of 1 m at 20°C was measured to be 300 ohms.

When the widths of the material are larger than above, the resistance is poorer than
above. The resistance is inversely proportional to the cross-sectional area of the
material, which has been illustrated by the curve in Fig. 4. This curve in Fig. 4
shows the resistance R versus various widths W of material of a constant thickness
of 1 cm and a constant length of 1 m. As illustrated by the curve, the electric resis-
tance R is relatively low in connection with large cross sections. A large gap applies,

however, to the conductivity of metals.

Fibres are available where the individual fibres are coated with a metallic film, such
as nickel, whereby the electric resistance is considerably reduced and makes said
fibres interesting. In other words the fibres can be actively used both in form of
ordinary fibres and in form of metal-coated fibres for lightning protection, viz. either
as a directly active downconductor when the amount of fibres is sufficiently high and
the thickness and the width are sufficient to ensure a low total electric resistance, or
as a parallel downconductor. An efficiently and systematically potential-equalised
structure of such a parallel downconductor renders it possible to utilize both its
downconductor function and its reflection-dampening function in relation to the

lightning currents.

The additional lightning conductor cable is for instance of the type shown in Fig. 5.
The main conductor 12 surrounds an inner filler 11, said main conductor 12 compris-
ing a plurality of juxtaposed copper wires. These copper wires are arranged so as to
slightly twist about the filler 11. A semi-conductor layer 13 surrounds the conductor

layer 12, and an insulating layer 14 of polyethylene surrounds said semi-conductor



10

15

WO 00/14405 PCT/DK99/00476
6

layer 13. Yet another semi-conducting layer 15 surrounds the polyethylene layer 14,
and a copper screen 16 surrounds said additional semi-conducting layer 15. Such a
structure is advantageous in the inductance per length unit being reduced to a mini-
mum. The resulting voltage drop across the cable has been reduced to a minimum,
whereby it is avoided to some extent that other parts of the wind turbine are damaged
in connection with strokes of lightning. The terminations of the screen are in accor-
dance with the guidelines presented by spc SCANPOCON ENERGI. These guide-
lines are referred to as "Tricore Upper Termination Instruction” concerning the upper
end of the lightning cable and "Tricore Lower Termination Instruction"concerning
the lower end of said lightning cable, respectively. Moreover, the guidelines for
"Cold Shrink™ and Silicone Rubber Termination" are used for the uppermost end

of -the cable.

Fig. 3 illustrates the entire wind turbine. The three blades are secured to a rotatably
arranged hub. The hub is connected to a generator through a shaft and a gearbox,
said generator being accommodated in a rotatably arranged housing of the wind

turbine.

The invention has been described with reference to a preferred embodiment. It can,
however, be modified in many ways without thereby deviating from the scope of the

invention.
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Claims

1. A wind turbine blade of fibre glass and/or carbon fibre and comprising a lightning
conductor,characterised in that the lightning conductor is formed by one
or more oblong strips (1, 2, 3) of carbon fibre-reinforced plastics optionally forming

part of the fibre glass blade.

2. A wind turbine blade according to claim 1 with inner reinforcing members,
characterised in that at least some of the inner reinforcing members (4) are

made of carbon fibre-reinforced plastics.

3. A wind turbine blade according to claim2,characterised in that at least
some of the oblong strips (1, 2, 3) of carbon fibre-reinforced plastics are intercon-

nected.

4. A wind turbine blade according to claim2 or3,characterised inthata
conventional lightning conductor cable (5) is secured to at least one of the inner

reinforcing members (4).

5. A wind turbine blade according to claim 4, characterised in that the
lightning conductor cable (5) is shaped such that the inductance per length unit has

been reduced to a minimum.
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