ORIGINAL-

Abstract

A lightning protection system (13) for a wind turbine (1) having an electrically grounded
structure part (2), a main shaft (4) electrically and mechanically connected therewith, a
blade hub (8) rotatively connected via a main bearing (6) to the main shaft (4) and
blades (12) connected to the blade hub (8), comprises a down-conductor (14) attachable
inside a blade (12), a high voltage conductor (15) for guiding lightning current, wherein a
first end (15a) of the high voltage conductor (15) is in electrical communication with the
down-conductor (14). It further comprises a high voltage contact (22) attachable inside
the main shaft (4), wherein a second end (15b) of the high voltage conductor (15) is in
electrical communication with the high voltage contact (22) and wherein a lightning
current is guided from the down-conductor (14) via the high voltage conductor (15) to

the high voltage contact (22).

Fig:-1
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We Claims

1. Lightning protection system for a wind turbine (1) having an electrically
grounded structure part (2), a main shaft (4) electrically and mechanically
connected therewith, a blade hub (8) rotatively connected via a main bearing (6)
to the main shaft (4) and blades (12) connected to the blade hub (8), comprising:

- adown-conductor (14) attachable inside a blade (12);

- a high voltage conductor (15) for guiding lightning current, wherein a first end
(15a) of the high voltage conductor {15) is in electrical communication with the
down-conductor (14);

- a high voltage contact (22) attachable inside the main shaft (4), wherein a
second end (15b) of the high voltage conductor (15) is in electrical
communication with the high voltage contact (22); and

- wherein a Iightni-ng current is guided from the down- conductor (14) via the high

voltage conductor (15) to the high voltage contact (22) .

2. Lightning protection system according to claim 1, wherein the high voltage
contact (22) is attachable inside the main shaft (4) behind the main bearing (6) at

a side opposite to the blade hub (8).

3. Lightning protection system according to claim 1 or 2, wherein the high voltage

conductor (15) is disposable inside the blade hub (8).

4. Lightning protection system according to one of claims 1 to 3, wherein the high

voltage conductor (15) contacts the down-conductor (14) inside the blade (12).

5. Lightning protection system according to one of claims 1 to 4, wherein the high

voltage conductor (15) comprises at least part of the down-conductor (14).
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10.

11.

12.

13.

Lightning protection system according to one of claims 1 to 5, wherein the high

voltage conductor (15) comprises a high voltage cable.

Lightning protection system according to one of claims 1 to 6, wherein at least

part of the high voltage conductor (15) is surrounded by a shielding hose (17).

Lightning protection system according to one of claims 1 to 7, wherein the high
voltage contact (22) comprises a slip ring attachable to an inner surface (4a) of

the main shaft (4 ).

Lightning protection system according to one of claims 1 to 7, wherein the high

voltage contact (22) comprises a carbon/metal brush.

Lightning protection system according to one of claims 1 to 9, wherein holding
brackets (18, 21) for the high voltage conductor (15) are attachable inside the
blade hub (8) and/or the main shaft (4) .

Wind turbine with a lightning protection system according to claims 1 to 10
comprising:

an electrically grounded structure part (2);

a main shaft (4) electrically and mechanically connected therewith;

a blade hub (8) rotatively connected via a main bearing (6) to the main shaft (4);
and

blades (12) connected to the blade hub (8) .

Wind turbine according to claim 11, wherein the main
shaft (4) is an inner shaft carrying a stator of a generator and wherein an outer

shaft (7) carrying a rotor of the generator is connected with the blade hub (8) .

Wind turbine according to claim 11, wherein the main
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shaft (4) is an outer shaft carrying a stator of a gen-erator and wherein an inner
shaft (7) carrying a rotor of the generator is connected with the blade hub (8) .
Wind turbine according to one of claims 11 to 13, wherein a generator is

connected directly to the blade hub (8) .
Dated this 18™ Day of April, 2012

\\ohogva - Rheln g/
M.P. Bhatnagar

Bhatnagar & Associates

Agent for the Applicant
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Description

Lightning protection system for a wind turbine and wind turbine with a lightning

protection system

The present invention relates in general to wind turbines. In particular, the present
invention is directed to a lightning protection system for a wind turbine and a wind

turbine with a lightning protection system.

Lightning strikes are a major reason for wind turbine failures. When a lightning strikes a
wind turbine often one or more blades of the wind turbine are hit. From there the
current of the lightning strike is usually conducted by conducting means like a down-
conductor to one or more wind turbine components like the hub, nacelle or the tower

and then further down to the ground.

The current flowing through the wind turbine must not reach any electrical components
like the generator or converter or other critical components like the main bearings or
the gear-box as they would be damaged by the large energy of of the lightning strike.
The combination of a high voltage and a large electrical current from the lightning strike

could damage these components.

Often, the down-conductor is connected directly to the hub which conducts the current
to the nacelle and further down to the ground. For a direct drive wind turbine also
called gear-less wind turbine the hub is connected electrically and mechanically to the
rotor of the generator. Due to this design the current can pass onto the rotor and
discharge into the stator of the generator. The large current of up to 200 kA could
destroy the permanent magnets, the generator windings and could introduce metallic
particles between rotor and stator. The particles will stick to the magnets and decrease

the distance between rotor and stator which might cause contact between both



generator parts. Therefore, lightning protection systems like these are not applicable for

direct drive wind turbines.

For a direct drive wind turbine having a generator with an outer rotating rotor it is even
more difficult to find a way to conduct the electrical current from a lightning strike onto
the blades to the blades without damaging the generator or other components of the

wind turbine.

US 7,377,750 Bl shows a lightning protection system for conducting lightning strikes to
the blades and further to the region surrounding a blade hub and along a path around
the blade hub and critical components of the wind turbine. The long lightning
conducting path has directional shifts or turns bearing the risk of lightning strike jumps

to a critical component.

Accordingly, a need exists for an improved lightning protection system for a wind

turbine that addresses these and other shortcomings of the current art.

This need is satisfied by the features of claims 1 and 11, respectively. The dependent

claims offer further details and advantages of the invention.

In one aspect the invention is directed to a lightning protection system for a wind
turbine. The wind turbine has an electrically grounded structure part, a main shaft
electrically and mechanically connected therewith, a blade hub rotatively connected via
a main bearing to the main shaft and blades connected to the blade hub. The lightning
protection system comprises a down-conductor attachable inside a blade, a high voltage
conductor, preferably an electrically isolated high-voltage cable, for guiding lightning
current, wherein a first end of the high voltage conductor is in electrical communication
with the down conductor. A high voltage contact is attachable inside the main shaft,

wherein a second end of the high voltage conductor is in electrical communication with



the high voltage contact. A lightning current is guided from the down-conductor via the

high voltage conductor to the high voltage contact.

By introducing one or more high voltage conductors, e.g. insulated high voltage cables,
between the down-conductor in the blade and the grounded main shaft, the lightning
current will be kept off the metallic hub structure and therefore off the generator. The
connection between the high voltage conductor and the main shaft is preferably

realized

The high voltage contact may be attachable inside the main shaft behind the main

bearing at a side opposite to the blade hub .

The high voltage conductor could be disposed inside the blade hub.

The high voltage conductor may contact the down-conductor inside the blade.
The high voltage conductor may comprise at least part of the down-conductor.
The high voltage conductor may comprise a high voltage cable.

At least part of the high voltage conductor may be surrounded by a shielding hose.

The high voltage contact may comprise a slip ring attachable to an inner surface of the
main shaft, or the high voltage contact may comprise a carbon/metal brush to ensure

good electric connection.

The connection between the down-conductor and the high volt-age cable as well as
between the brushes or slip rings and the high voltage cable are preferably realized by

high voltage connections or high voltage bushings to ensure that no surface discharge

will occur on the high voltage cable.



Holding brackets for the high voltage conductor could be attached inside the blade hub.
In another aspect the invention is directed to a wind turbine with a lightning protection
system. The wind turbine has an electrically grounded structure part, a main shaft
electrically and mechanically connected therewith, a blade hub rotatively connected via
a main bearing to the main shaft and blades connected to the blade hub. The lightning
protection system of the wind turbine has a down-conductor attached inside a blade, a
high voltage conductor for guiding lightning current, wherein a first end of the high
voltage conductor is in electrical communication with the down conductor. A high
voltage contact is attached inside the main shaft, wherein a second end of the high
voltage conductor is in electrical communication with the high voltage contact. A
lightning current is guided from the down-conductor via the high voltage conductor to
the high voltage contact and from there via the main shaft and the structure part

towards the ground.

The main shaft may be an inner shaft carrying a stator of a generator and an outer shaft

carrying a rotor of the generator may be connected with the blade hub.

The main shaft may be an outer shaft carrying a stator of a generator and an inner shaft

carrying a rotor of the generator may be connected with the blade hub.
A generator may be connected directly to the blade hub.

The accompanying drawings are included to provide a further -understanding of
embodiments. Other embodiments and many of the intended advantages will be readily
appreciated as they become better understood by reference to the following detailed
description. The elements of the drawings do not necessarily scale to each other. Like

reference numbers designate corresponding similar parts.

Fig. 1illustrates a schematic view of a wind turbine and a lightning protection system

according to a first embodiment of the invention.



Fig. 2 illustrates a schematic view of a wind turbine and a lightning protection system

according to a second embodiment of the invention.

In the following detailed description, reference is made to the accompanying drawings
which form a part hereof and in which are shown by way of illustration specific
embodiments in which the invention may be practiced. In this regard, directional
terminology, such as "top" or "bottom" etc. is used with reference to the orientation of
the Figure (s) being described. Because components of embodiments can be positioned
in a number of different orientations, the directional terminology is used for purposes of
illustration and is in no way limiting. It is to be understood that other embodiments may
be utilized and structural or logical changes may be made without departing from the
scope of the present invention. The following detailed description, therefore, is not to
be taken in a limiting sense, and the scope of the present invention is defined by the

appended claims.

The following exemplary embodiments of the invention describe lightning protection
system of a wind turbine comprising a down-conductor of a blade connected to a first
end of an electrical isolated HV-cable inside the blade where the second end of the HV-
cable is attached to an inner shaft of a generator which is electrical connected to the
ground and where the HV-cable from the blade to the inner shaft of the generator is
driven through one or more openings of a blade hub. The second end of the HV-cable
may be attached to the inner shaft inside one or more openings of the inner shaft. The
HV-cable may be attached to the inner shaft of the generator by a holder which is
attached to a rotor of the generator by connection means. Furthermore, one
embodiment de-scribes a Wind turbine with such a lightning protection system where a
rotor of the generator is connected to the blade hub and where the generator
comprises an outer rotor and an inner stator where the stator is connected to the inner

shaft of the generator by the means of one or more bearings and where the inner shaft



is electrical and mechanical connected to a structure part of the wind turbine which is

further electrical connected to the ground.

A wind turbine 1 has a structure part called tower 2 which is fixed to the ground and
electrically grounded. Usually the tower 2 consists of a long metallic tube. The tower 2
supports the whole wind turbine 1. At the top of the tower 2 a tower connector 3 is
attached. The tower connector 3 is usually a bent metallic tube having an angle of bend

of approximately ninety degrees.

To the other end of the tower connector 3 a metallic main shaft 4 of the wind turbine 1
is fixed. The main shaft 4 has an approximately horizontal orientation. The main shaft 4
is a hollow tube having an inner surface 4a and an outer surface 4b. At a front side of
the main shaft 4 a front opening 5 of the main shaft 4 is located on the side opposite to

the tower connector 3.

At the front side of the main shaft 4 a main bearing 6 is arranged on the outer surface
4b. The main bearing 6 may be a ball bearing fitted along the circumference of the main
shaft 4. The main bearing 6 connects the main shaft 4 and a rotor 7 rotatively. The rotor
7 carries rotor windings or permanent magnets of the generator which are for the sake
of simplicity not shown. The corresponding stator windings (not shown) of the

generator are arranged at the outer surface 4b of the main shaft 4.

To the front side of the rotor 7 a blade hub 8 is connected by means of bolts or screws 9.
The blade hub 8 has the shape of a dome and is hollow. A base 10 of the blade hub 8
faces the front side of the rotor 7 and carries the bolts 9. The base 10 has a central
opening 11 which is in communication with the front opening 5 and the interior of the
main shaft 4. Inside the blade hub 8 electrical components e.g. like a pitch control may

be located. The blade hub 8 may directly contact the main bearing 6 instead of being in



indirect connection via the rotor 7. The rotor 7 may be part of the blade hub 8 or

attached to it at a point behind the main bearing 6.
Attached to the outside of the blade hub 8 are blades 12.

Usually three blades 12 are distributed along the circumference of the blade hub 8.

Blades 12 can be mounted in a fixed manner or relatively.

A Iightniné protection system 13 is installed with the wind turbine 1. A down conductor
14 is arranged in each blade 12 to conduct a lightning current from the blade surface.
The down conductor 14 can be made of threaded or unthreaded copper or aluminium
cable or other materials or combination of materials suitable for conducting current

from a lightning strike.

A high voltage conductor like for example an insulated high voltage cable 15 is
connected to the down conductor 14. THe high voltage conductor 15 is capable of
conducting the large energy of a lightning strike without a risk that the current jumps
from the conductor to a component of the wind turbine 1. The high voltage cable 15 has
one or more outside layers of electrical insulation and one or more inside layers of

electrical conducting material including an electrical conducting core.

A first end 15a of the high voltage cable 15 is connected to the down conductor 14. This
connection is done inside the blade 12. If electrical components inside the blade 12
need to be protected for example, at least part of the down conductor 14 may comprise
a high voltage cable as well. It is also possible to use a short down conductor 14 and a
corresponding longer high voltage cable 15. Further, the high voltage cable 15 may
replace the down conductor 14. In this case care has to taken that the current from the

lightning strike is caught and guided to the high voltage cable 15.

The high voltage cable 15 progresses into the blade hub 8 inside the blade 12 through



an opening 16 in the blade hub 8. The high voltage cable 15 and the down conductor 14
may run outside the blade 12. Then the high voltage cable 15 enters the blade hub 8

through an opening external to the blade 12.

Inside the blade hub 8 the high voltage cable 15 is surrounded by a preferably metallic
shielding hose 17. The shielding hose 17 may be implemented directly in the high
voltage cable 15. One end of the shielding hose 17 is connected to the blade hub 8 by a
hub bracket 18. The shielding hose 17 may also cover the high voltage cable 15 or parts
of it inside the blade 12.

A brush holder 19 is mounted at the base 10 of the blade hub 8. The brush holder 19 can
consist of a hollow tube arranged approximately parallel to the main shaft 4 or of a few
stays arranged along an inner circumference of the base 10. The brush holder 19
projects into the main shaft 4. To the end being inside the main shaft 4 an electric

insulation 20 is connected. The electric insulation 20 has the shape of a ring .

A main shaft bracket 21 for the high voltage cable 15 is fixed to the electric insulation
20. The main shaft bracket carries a second end of the shielding hose 17 which
~ surrounds the high voltage cable 15. The shielding hose 17 may be fixed to the brush
holder 19.

A slip ring 22 is attached to the inner surface 4a of the main shaft 4 as a high voltage
contact for the high voltage cable 15. A second end 15b of the high voltage cable 15 is in
sliding communication with the slip ring 22. A carbon/ metal brush/spark gap
connection or any other kind of electrical sliding connections suitable for lightning
protection systems can be implemented. A good electrical connection with low
resistance is preferred. The connections between the down-conductor 14 and the high

voltage cable 15 and between the slip ring or brushes 22 and the high voltage cable 15



respectively, is preferably implemented as a high voltage connection or high voltage
bushing to ensure that no surface discharges will occur on the high voltage cable 15.

The slip ring 22 is preferably located behind the main bearing 6 which means opposite
to the blade hub 8. The brush holder 19 has a length allowing the electric insulation

being close to the slip ring 22.

The high voltage cable 15 is attached with its first end 15a to the down-conductor 14
and then driven through the interior of the blade 12 and further through one or more
openings or holes inside the blade hub 8. From there the high voltage cable 15 is driven
through one or more openings or holes like the central opening 11 or the front opening
5 into the main shaft 5 where a second end of the high voltage cable 15 is connected to

the slip ring 22.

As is clearly seen, the high voltage cable 15 extends through the wind turbine 1 in a
simple way without several directional shifts or turns from the blade 12 to the main

shaft 4.

A current from a strike of lightning is conducted from the outside of a blade 12 to the
down-conductor 14 through the high voltage cable 15 via the sliding connection of the
slip ring 22 to the main shaft 4. From there, the current passes on through the tower
connector 3 and the tower 2 to the ground. Sensitive electrical components like the
stator windings and the permanent magnets of the rotor 7 and critical parts like the
maih bearings 6 are protected. Further, pitch systems and control systems inside the
blade hub 8 are not affected by the electrical current from the strike of lightning as the
current stays inside the high voltage cable 15. Standard electrical insulated high voltage
cables for lightning protection can be used as the high voltage cable can be driven in a
simple way without several directional shifts or turns between the blade and the

attachment area on the inner shaft.

10



The high voltage cable 15 connects the down-conductor 14 in the blade 12 with the
grounded main shaft 4 so that the current from a strike of lightning is kept off the
metallic blade hub 8 and therefore off the generator and critical parts inside the blade

hub 8.

A single high voltage cable 15 was described so far for the ease of understanding. One
high voltage cable 15 is provided for each blade 12. Most designs employ three blades
12 which leads to three high voltage cables 15 used for the lightning protection system
13.

The rotating parts of the wind turbine 1 are the blade hub 8 with the blades 12, the
rotor 7, the brush holder 20 and the electric insulation 20. Further moving parts are the
down-conductor 14, the high voltage cable 15, the shielding hose 17 and the brackets 18
and 21. The fixed parts are the tower 2, the tower connector 3, the main shaft 4 and the

slip ring 22.

The main bearing connects the rotating parts and the fixed parts mechanically while the
slip ring 22 and the second end 15b of the high voltage cable 15 connects them

electrically.

This embodiment shows the main shaft 4 arranged as an inner shaft. The rotor 7
constitutes an outer shaft. The inner shaft is stationary fixed to the structure part of the
wind turbine 1 and carries the stator of the generator. The outer shaft rotates as the
blades 12 rotate and carries the rotor windings of the generator. This generator

comprises an outer rotor and an inner stator.

Figure 2 shows a second embodiment where the generator com-prises an outer stator
and an inner rotor. The elements of the wind turbine 1 carry the same reference

numbers as the elements shown in Figure 1.
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The wind turbine 1 has a structure part called tower 2 which is fixed to the ground and
electrically grounded. At the top of the tower 2 a tower connector 3 is attached. To the
other end of the tower connector 3 a metallic main shaft 4 of the wind turbine 1 is fixed.
The main shaft 4 has an approximately horizontal orientation. The main shaft 4 is a
hollow tube having an inner surface 4a. At a front side of the main shaft 4 a front

opening 5 of the main shaft 4 is located on the side opposite to the tower connector 3.

At the front side of the main shaft 4 a main bearing 6 is arranged on the inner surface
4a. The main bearing 6 may be a ball bearing fitted along the inner circumference of the
main shaft 4. The main bearing 6 connects the main shaft 4 and a rotor 7 relatively. The
rotor 7 is arranged inside the main shaft 4 and carries rotor windings or permanent
magnets of the generator which are for the sake of simplicity not shown. The
corresponding stator windings (not shown) of the generator are arranged at the inner

surface 4a of the main shaft 4.

To the front side of the rotor 7 a blade hub 8 is connected by means of bolts or screws 9.
The blade hub 8 has the shape of a dome and is hollow. A base 10 of the blade hub 8
faces the front side of the rotor 7 and carries the bolts 9. The base 10 has a central
opening 11 which is in communication with the front opening 5 and the interior of the
main shaft 4. Inside the blade hub 8 electrical components e.g. like a pitch control may
be located. The blade hub 8 may directly contact the main bearing 6 instead of being in
indirect connection via the rotor 7. The rotor 7 may be part of the blade hub 8 or

attached to it at a point behind the main bearing 6.

Attached to the outside of the blade hub 8 are blades 12. Usually three blades 12 are
distributed along the circumference of the blade hub 8. Blades 12 can be mounted in a

fixed manner or relatively.

A lightning protection system 13 is installed with the wind turbine 1. A down conductor

12



14 is arranged in each blade 12 to conduct a lightning current from the blade surface.

A high voltage conductor like for example a high voltage cable 15 is connected to the
down conductor 14. The high volt-age conductor 15 is capable of conducting the large
energy of a lightning strike without a risk that the current jumps from the conductor to a
component of the wind turbine 1. The high voltage cable 15 has one or more outside
layers of electrical insulation and one or more inside layers of electrical con-ducting

material including an electrical conducting core.

A first end 15a of the high voltage cable 15 is connected to the down conductor 14. This
connection is done inside the blade 12. If electrical components inside the blade 12
need to be protected for example, at least part of the down conductor 14 may comprise
a high voltage cable as well. It is also possible to use a short down conductor 14 and a
corresponding longer high voltage cable 15. Further, the high voltage cable 15 may
replace the down conductor 14. In this case care has to taken that the current from the

lightning strike is caught and guided to the high voltage cable 15.

The high voltage cable 15 progresses into the blade hub 8 inside the blade 12 through
an opening 16 in the blade hub 8. The high voltage cable 15 and the down conductor 14
may.run outside the blade 12. Then the high voltage cable 15 enters the blade hub 8

through an opening external to the blade 12.

Inside the blade hub 8 the high voltage cable 15 is surrounded by a preferably metallic
shielding hose 17. The shielding hose 17 may be implemented directly in the high
voltage cable 15. One end of the shielding hose 17 is connected to the blade hub 8 by a
hub bracket 18. The shielding hose 17 may also cover the high voltage cable 15 or parts
of it inside the blade 12.

The rotor 7 takes also the function of a brush holder 19. The brush holder 19 projects

into the main shaft 4. The rotor 7 and with it the brush holder 19 has a length allowing

13



the rotor windings and the stator to be placed on the rotor 7 and the main shaft 4,
respectively. To the end being further inside the main shaft 4 i.e. closer to the tower
connector 3 an electric insulation 20 is connected. The electric insulation 20 has the

shape of a ring.

A main shaft bracket 21 for the high voltage cable 15 is fixed to the electric insulation
20. The main shaft bracket carries 'a second end of the shielding hose 17 which
surrounds the high voltage cable 15. The shielding hose 17 may be fixed to the brush
holder 19.

A slip ring 22 is attached to the inner surface 4a of the main shaft 4. A second end 15b of
the high voltage cable 15 is in sliding communication with the slip ring 22. The slip ring

22 is located close to the electric insulation 20.

The high voltage cable 15 is attached with its first end 15a to the down-conductor 14
and then driven through the interior of the blade 12 and further through one or more
openings or holes inside the blade hub 8. From there the high voltage cable 15 is driven
through one or more openings or holes like the central opening 11 or the front opening
5 into the main shaft 5 where a second end of the high voltage cable 15 is connected to

the slip ring 22.

As is clearly seen, the high voltage cable 15 extends through the wind turbine 1 in a
simple way without several directional shifts or turns from the blade 12 to the main

shaft 4.

A current from a strike of lightning is conducted from the outside of a blade 12 to the
down-conductor 14 through the high voltage cable 15 via the sliding connection of the
slip ring 22 to the main shaft 4. From there, the current passes on through the tower
connectorv 3 and the tower 2 to the ground. Sensitive electrical components like the

stator windings and the permanent magnets of the rotor 7 and critical parts like the

14



main bearings 6 are protected. Further, pitch systems and control systems inside the
blade hub 8 are not affected by the electrical current from the strike of lightning as the

current stays inside the high voltage cable 15.

The high voltage cable 15 connects the down-conductor 14 in the blade 12 with the
grounded main shaft 4 so that the current from a strike of lightning is kept off the
metallic blade hub 8 and therefore off the generator and critical parts inside the blade

hub 8.

This embodiment shows the main shaft 4 arranged as an outer shaft. The rotor 7
constitutes an inner shaft. The outer shaft is stationary fixed to the structure part of the
wind turbine 1 and carries the stator of the generator. The inner shaft rotates as the
blades 12 rotate and carries the rotor windings of the generator. This generator

comprises an outer stator and an inner rotor.

The more detailed description of Figure 1 applies also to Figure 2 with the exception of

details concerning the arrangement of the inner and outer shaft and the brush holder

19. The difference between the lightning protection systems 19 of Figure 1 and 2 is

mainly the greater length of the high voltage cable 15 of Figure 2.

The invention that has been described with reference to the embodiments offers the

following advantages:

- It is easy to implement in actual wind turbine designs.

- Standard components can be used.

- A lightning current can be kept off the. generator.

- The generator setup can be independent from the design of the lightning protection
system.

- The pitch system inside the hub will not be affected by a lightning current.

- The control system inside the hub will not be affected by a lightning current.

- There is no lightning current load on the main bearing.
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