© 2011/069686 A1 I K0 00 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN A0 00100 OO0 O O
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
16 June 2011 (16.06.2011) WO 2011/069686 A1
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
FO3D 11/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DBI\(V ’];313[{ > ]];é’
PCT/EP2010/052681 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
3 March 2010 (03.03.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

09015262.0 9 December 2009 (09.12.2009) gp (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
SIEMENS AKTIENGESELLSCHAFT [DE/DE]; Wit- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
telsbacherplatz 2, 80333 Miinchen (DE). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,

(72) Inventor; and
(75) Inventor/Applicant (for US only): LEWKE, Bastian
[DE/DK]; Holmparken 52, DK-7400 Herning (DK).

ML, MR, NE, SN, TD, TG).
(74) Common Representative: SIEMENS AKTIENGE- Published:
SELLSCHAFT; Postfach 22 16 34, 80506 Miinchen '
(DE). —  with international search report (Art. 21(3))

(54) Title: LIGHTNING PROTECTION SYSTEM FOR A WIND TURBINE AND WIND TURBINE WITH A LIGHTNING
PROTECTION SYSTEM

rLr L
EZAp
L e

,,,,, = e NP

(57) 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 electri-
cal 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 volt-
age contact (22).
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Lightning protection system for a wind turbine and wind tur-

bine 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 fail-
ures. When a lightning strikes a wind turbine often one or
more blades of the wind turbine are hit. From there the cur-
rent of the lightning strike is usually conducted by conduct-
ing means like a down-conductor to one or more wind turbine
components like the hub, nacelle or the tower and then fur-

ther 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 dam-

age 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 me-
chanically 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 sta-
tor. 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.
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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 con-
ducting 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 criti-

cal component.

Accordingly, a need exists for an improved lightning protec-
tion 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 pro-
tection system for a wind turbine. The wind turbine has an
electrically grounded structure part, a main shaft electri-
cally and mechanically connected therewith, a blade hub rota-
tively 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 com-
munication 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
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the down-conductor via the high voltage conductor to the high

voltage contact.

By introducing one or more high voltage conductors, e.g. in-
sulated 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 con-

ductor and the main shaft is preferably realised

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 in-
side 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 volt-
age connections or high voltage bushings to ensure that no

surface discharge will occur on the high voltage cable.
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Holding brackets for the high voltage conductor could be at-
tached 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 electri-
cally and mechanically connected therewith, a blade hub rota-
tively 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 in-
side 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 cur-
rent 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 genera-

tor 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 genera-

tor 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 de-

tailed description. The elements of the drawings do not nec-
essarily scale to each other. Like reference numbers desig-

nate corresponding similar parts.
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Fig. 1 illustrates 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 practised. In this regard, di-
rectional terminology, such as “top” or “bottom” etc. is used
with reference to the orientation of the Figure(s) being de-
scribed. Because components of embodiments can be positioned
in a number of different orientations, the directional termi-
nology 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 in-

vention 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 sec-
ond 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 gen-
erator by a holder which is attached to a rotor of the gen-

erator by connection means. Furthermore, one embodiment de-
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scribes a Wind turbine with such a lightning protection sys-
tem 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 sup-
ports the whole wind turbine 1. At the top of the tower 2 a
tower connector 3 is attached. The tower connector 3 is usu-
ally a bent metallic tube having an angle of bend of approxi-

mately 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 ar-
ranged 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
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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 con-
nection 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 circumfer-
ence of the blade hub 8. Blades 12 can be mounted in a fixed

manner or rotatively.

A lightning 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 cop-
per 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 con-

ducting 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 con-
ductor 14 may comprise a high voltage cable as well. It is

also possible to use a short down conductor 14 and a corre-
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sponding 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 sur-
rounded 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 con-
nected 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
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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 re-
sistance 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 resgspec-
tively, is preferably implemented as a high voltage connec-
tion or high voltage bushing to ensure that no surface dis-

charges will occur on the high voltage cable 15.

The slip ring 22 is preferably located behind the main bear-
ing 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 1ba
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 ca-
ble 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 direc-
tional 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 wind-
ings and the permanent magnets of the rotor 7 and critical
parts like the main bearings 6 are protected. Further, pitch

systems and control systems inside the blade hub 8 are not
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affected by the electrical current from the strike of light-
ning as the current stays inside the high voltage cable 15.
Standard electrical insulated high voltage cables for light-
ning 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.

The high voltage cable 15 connects the down-conductor 14 in
the blade 12 with the grounded main shaft 4 so that the cur-
rent 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



10

15

20

25

30

35

WO 2011/069686 PCT/EP2010/052681
11

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.

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 approxi-
mately 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 ar-
ranged 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 rotatively. 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 genera-

tor 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 con-
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nection 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 circumfer-
ence of the blade hub 8. Blades 12 can be mounted in a fixed

manner or rotatively.

A lightning 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.

A high voltage conductor like for example a high voltage ca-
ble 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 con-
ductor 14 may comprise a high voltage cable as well. It is
also possible to use a short down conductor 14 and a corre-
sponding 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.
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Inside the blade hub 8 the high voltage cable 15 is sur-
rounded 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 con-
nected 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 the ro-
tor windings and the stator to be placed on the rotor 7 and
the main shaft 4, respectively. To the end being further in-
side 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 1ba
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 ca-
ble 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.
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As is clearly seen, the high voltage cable 15 extends through
the wind turbine 1 in a simple way without several direc-
tional 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 wind-
ings and the permanent magnets of the rotor 7 and critical
parts like the 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 light-

ning 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 cur-
rent 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 ar-
rangement 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.
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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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Claims

. Lightning protection system for a wind turbine (1) hav-

ing 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:

- 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);

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

- wherein a lightning current is guided from the down-
conductor (14) wvia the high voltage conductor (15) to
the high voltage contact (22).

. Lightning protection system according to claim 1,

wherein the high voltage contact (22) is attachable in-
side the main shaft (4) behind the main bearing (6) at a
side opposite to the blade hub (8).

. Lightning protection system according to claim 1 or 2,

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

. 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).

. 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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11.

12.

13.

17

. 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 conduc-

tor (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 accord-
ing to claims 1 to 10 comprising:

- an electrically grounded structure part (2);

- a main shaft (4) electrically and mechanically con-
nected therewith;

- a blade hub (8) rotatively connected via a main bear-
ing (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 gen-
erator 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

shaft (4) is an outer shaft carrying a stator of a gen-
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erator and wherein an inner shaft (7) carrying a rotor

of the generator is connected with the blade hub (8).

14. Wind turbine according to one of claims 11 to 13,
wherein a generator is connected directly to the blade
hub (8).



PCT/EP2010/052681

e
S

WO 2011/069686

¢t

!

Il



PCT/EP2010/052681

WO 2011/069686

N




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/052681

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO3D11/00
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FO3D

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 2005/050008 Al (VESTAS WIND SYS AS
[DK]; MOLBECH ALLAN LAURSEN [DK])

2 June 2005 (2005-06-02)

* abstract; figures 2a,2b,3a,3b,4,5

X EP 1 568 883 A2 (REPOWER SYSTEMS AG [DE];
STEMMANN TECHNIK GMBH [DE])

31 August 2005 (2005-08-31)

paragraph [0048]; figures 1,7-11

X EP 1 577 551 A2 (STEMMANN TECHNIK GMBH
[DE]) 21 September 2005 (2005-09-21)
paragraph [0011] - paragraph [0019];
figures 1-4

X DE 10 2007 052525 Al (INNOVATIVE WINDPOWER
AG [DE]) 7 May 2009 (2009-05-07)

* abstract; figures 1-3

_/__

1-14

1-14

1-14

1-14

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

invention

which is cited to establish the publication date of ancther
citation or other special reason (as specified)

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

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
20 January 2011 02/02/2011
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik
Tel. (+31-70) 340-2040, 42
Fax: (+31-70) 340-3016 Avramidis, Pavlos

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/052681

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

EP 1 930 586 Al (GAMESA INNOVATION AND
TECHNOLO [ES]) 11 June 2008 (2008-06-11)
paragraph [0029] - paragraph [0037];
figures 1-3

WO 01/86144 Al (WOBBEN ALOYS [DE])

15 November 2001 (2001-11-15)

* abstract; figures 3-6

US 7 377 750 B1 (COSTIN DANIEL P [US] ET
AL) 27 May 2008 (2008-05-27)

cited in the application

column 5, line 20 - line 57; figures 1,4

1-14

1-14

1-14

Form PCT/ISA/210 (c

ontinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2010/052681

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

WO 2005050008 Al

02-06-2005

AU 2003281980 Al

CA 2543515 Al
CN 1878953 A
EP 1692395 Al
JP 4313364 B2

JP 2007511690 T
US 2009038819 Al

08-06-2005
02-06-2005
13-12-2006
23-08-2006
12-08-2009
10-05-2007
12-02-2009

WO 2009056121 A2
DE 112008002881 A5
EP 2220368 A2

07-05-2009
29-07-2010
25-08-2010

EP 1930586 Al

CN 101233317 A
ES 2265776 Al
WO 2007017534 Al
US 2010188790 Al

30-07-2008
16-02-2007
15-02-2007
29-07-2010

WO 0186144 Al

15-11-2001

AT 283425 T
AU 778511 B2
AU 4418201 A
BR 0110646 A
CA 2408295 Al
CN 1436283 A
DE 10022128 C1
EP 1282775 Al
ES 2230285 T3
HK 1054419 Al
JP 3907477 B2
JP 2003532836 T
KR 20050116908 A
KR 20080072763 A
KR 20090015961 A
MA 25667 Al
MX  PAD2010883 A
NO 20025297 A
NZ 522424 A
PT 1282775 E
TR 200202455 T2
US 2003170122 Al

ZA 200209218 A

15-12-2004
09-12-2004
20-11-2001
25-03-2003
15-11-2001
13-08-2003
20-12-2001
12-02-2003
01-05-2005
26-05-2006
18-04-2007
05-11-2003
13-12-2005
06-08-2008
12-02-2009
31-12-2002
06-09-2004
05-11-2002
27-08-2004
28-02-2005
21-02-2003
11-09-2003
09-07-2003

US 7377750 Bl

27-05-2008

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report

