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(57) Abstract: A wind turbine rotor including
a rotor hub (3) and a plurality of blades (4), and
where each blade root (16) is connected to said
rotor hub through a pitch bearing (5) in such
a manner that the pitch angle of the blade is
adjustable by a turning of the blade about its
longitudinal axis relative to the rotor hub. The
blade is provided with at least one electrically
conducting lightening down-conductor (6)
extending in the longitudinal direction of the
blade to the blade root and being electrically
isolated from the pitch bearing (5). A spark
gap (15) is provided between the lightning
down-conductor and the rotor hub, said
spark gap (15) being adapted to conduct a
9 lightning current passing through the lightning
down-conductor. A sliding contact connection
(7, 12) is provided parallel to the spark gap
(15) between the lightning down-conductor
(6) and the rotor hub (3), said sliding contact
connection ensuring electrical contact between
said lightening down-conductor (6) and said
rotor hub (3) irrespective of the pitch angle of
the blade. The invention also relates to a wind
turbine including such a rotor.

10



WO 2004/044419 A1 [0 0000 00000 OO0 A

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), —  before the expiration of the time limit for amending the
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, claims and to be republished in the event of receipt of
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, amendments

SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, ML, MR, NE, SN, TD, TG). For two-letter codes and other abbreviations, refer to the "Guid-

Published: ance Notes on Codes and Abbreviations” appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



WO 2004/044419 PCT/DK2003/000778

10

15

20

25

Title: Lightning protection of a pitch-controlled wind turbine blade

Technical Field

The invention relates to a wind turbine rotor including a rotor hub and a plurality of
blades, and where each blade root is connected to said rotor hub through a pitch
bearing in such a manner that the blade is pivotable about its longitudinal axis rela-
tive to the rotor hub, and where said blade is provided with at least one electrically
conducting lightening down-conductor extending in the longitudinal direction of the
blade to the blade root and being electrically isolated from the pitch bearing, and
where a spark gap is provided between the lightning down-conductor and the rotor
hub, said spark gap being adapted to conduct a lightning current passing through the

lightning down-conductor.

Furthermore, the invention relates to a wind turbine with the above wind turbine ro-

tor.

Backeround Art

It is common knowledge that wind turbines are protected against lightning strikes,
and it is also common knowledge that wind turbine blades are provided with light-
ning down—conductoré arranged either on the outer surface of the biades or inside
said blades. The latter type is provided with so-called lightning receptors, which are
metallic through-going connections between the inner lightning down-conductor of
the blade and the outer surface of said blade. The purpose of these receptors is to
"attract" the lightning so that the lightning current can be guided downwards through
the lightning down-conductor mounted inside the wind turbine blade. Often, the
wind turbine blades with externally mounted down-conductors are not provided with

separate lightning receptors as said down-conductors act as receptors, per se.
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Previous ways of solving the down-conducting of lightning have not specifically
considered that a pitch bearing, if any, can be damaged by a strong lightning cur-
rent, and typically the current is conducted through the down-conductor of the Blade
to the blade root and from there through the pitch bearing to the rotor hub. From the
rotor hub, the lightning current is conducted into the nacelle/turbine top section to

the turbine tower and downwards into the ground.

One disadvantage of conducting the current through the pitch bearing is that bearing
rollers etc. can be damaged by a strong lightning current generating electrical arcs
on its way down through the bearing with the result that a welding-like effect occurs
which can damage the surface of the bearing. Once the surface of a bearing roller
etc. has been damaged, the bearing is quickly worn down, which in time results in
large repairs involving shut downs of the wind turbine. Even weak currents passing
through the pitch bearing can cause small sparks and migration of material between

the pitch bearing members moving relative to each other.

The most common strikes of lightning occur when the potential difference between a
negatively charged portion of a thundercloud and a positively charged area of the
ground beneath the cloud grows sufficiently significant and causes a breakdown of
the isolation of the strata of air separating the areas of opposite electrical charge.
The phenomenon also arises between a positively charged portion of a thundercloud

and a negatively charged area on the ground.

Before the actual lightning strike can occur, a descending "channel" is generated,
also called a "leader", of negatively charged air molecules in the direction towards
the ground. Often, the leader propagates gradually downwards in steps of 20 to 100
m and is therefore referred to as a "stepped leader". When this leader is sufficiently
close to the ground, the intensified electrical field between the end of the descending
leader and the ground generates one or more upward leaders of positively charged
air molecules towards the descending leader. These ﬁpward leaders usually extend

upward from objects projecting from the ground, for example wind turbines, trees,

i
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buildings, flag poles etc. When the two leaders meet, the system short-circuits and
the actual main charge of the lightning, also referred to as a "return stroke" occurs.
The phenomenon can likewise occur in reverse order, where the leader, also referred
to as the "stepped leader", propagates from the ground or particularly high objects

on the ground and moves towards the charged area of the thundercloud.

DE 4436197 Al discloses a solution where a lightning current is diverted from the
pitch bearing and into the nacelle through a lightning conductor member defining
spark gaps with the lightning down-conductor of the blade and an electrically con-
ducting ring on the nacelle, respectively. Electric arcs are generated by the lightning
strikes in these spark gaps with the effect that the lightning current can be conducted
downwards into the ground. Thus, electrical connections are only generated between
the lightning down-conductor of the blade and the ground during the main charge of
the actual lightning strike where electrical arcs are generated in the spark gaps. As
mentioned previously, leaders are generated prior to the actual main discharge, and
the electrical isolation between the blade and the nacelle implies that there is a risk
of the leaders passing through other uncontrollable paths between the individual
structural members - for instance from the nacelle through the main shaft bearing or
the rotor bearings to the rotor hub and from there through the pitch bearing of the
blade to the lightning down-conducting arrangement of the blade. Subsequent to the
formation of electrical leaders passing through possible uncontrollable paths in for
example the structural members, the main discharge of the lightning or parts thereof
follows the path of the leader generated through the structure to the ground. Such a
main discharge or parts thereof may cause minor or major damages on the structure
or parts thereof when it is not guided through a lightning down-conductor in a con-

trollable way.

WO 01/86144 Al discloses a wind turbine with a spark gap between a lightning
down-conductor in the blade and the nacelle, and for where an electrical connection

exists between the lightning down-conductor and the rotor:hub for a continuous
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electrostatic discharge of the blade. In this structure, the pitch bearing of the blade is

not protected against being passed by a discharge current.

Disclosure of Invention

The object of the invention is to provide an improved lightning down-conducting ar-
rangement for a wind turbine which eﬁsures to a maximum extent that the lightning
strikes in the receptors of the blade or the outer lightning down-conductors so as
subsequently to be guided safely to the ground through the lightning down-
conducting arrangement without causing damage to the wind turbine. A further ob-

ject is to protect the pitch bearings against electrical currents.

The object of the invention is obtained by providing a slidirig contact connection
parallel to the spark gap between the lightning down-conductor and the rotor hub,
said sliding contact connection ensuring an electrical contact between said lighten-
ing down-conductor and said rotor hub irrespective of the pitch angle of the blade.
In this way, a permanent electrical connection can be obtained between the lightning
down-conductor of the blade and the rotor hub. Furthermore, upward leaders can be
generated from the receptors of the blade or the outer lightning down-conductors
with the result that the probability of lightning striking in the receptor or in the outer
lightning conductors has been optimised. During the actual main discharge, the so-
called return stroke, where a very strong current flows within a very short period of
time, an electric arc is simultaneously generated in the spark gap due to the very
strong electrical potential applying after the short circuiting of the leaders. As a re-
sult the electrical resistance is very weak in the spark gap with the result that the
lightning current passes through the spark gap to the ground. As the electrical resis-
tance in the spark gap is much weaker than the contact resistance in the sliding con-
tact connection, only a small non-destructive portion of the lightning current passes
through the sliding contact connection. The sliding contact connection ensures that a
permanent electrical connection applies between the lightning down-conductor of

the blade and the rotor hub irrespective of the pitch angle of the blade. The pitch
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bearing is completely protected against the passing of current and is thereby ensured

a prolonged life because no sparkovers and migrations of material occur between the

pitch bearing members.

According to an advantageous embodiment, the sliding contact connection includes
a collector shoe fixedly mounted on the rotor hub, and an electrically conducting
contact member being connected to the lightening down-conductor of the blade and
extending along a portion of the circumference of the blade root. This embodiment
is particularly simple as the blade root is usually cylindrical, whereby the point of
contact between the contact member and the collector shoe is in a constant position,

irrespective of the pitch angle of the blade.

According to an alternative embodiment, the sliding contact connection includes a
collector shoe fixedly mounted on the blade root, and an electrically conducting con-

tact member in form of a rail mounted on the rotor hub.

According to a preferred embodiment, the spark gap is provided between the contact
member and a spark gap member. This embodiment is particularly simple because
the contact member is used for both the sliding contact connection and the spark gap

connection.

According to a particularly advantageous embodiment, the collector shoe and the
spark gap member are combined in one contact unit, thereby obtaining a particularly

simple and compact structure which is easily maintained or replaced.

The lightning down-conductor is advantageously connected to a lightning receptor

adjacent the tip of the blade.

The invention also relates to a wind turbine including a nacelle, a rotor shaft and a

wind turbine rotor, as described above.



WO 2004/044419 PCT/DK2003/000778

10

15

20

25

30

6

According to an embodiment, the rotor hub includes an electrically conducting rotor
hub conductor which is connected to the portion of the spark gap arranged on rotor
hub side, and which through an additional spark gap is connected to an electrically

conducting nacelle conductor mounted on the nacelle.

The rotor hub conductor may be electrically connected to the portion of the slide
contact connection arranged on the rotor hub side, and through an additional sliding
contact connection said rotor hub connector may be connected to the nacelle con-

ductor.

According to an embodiment, the nacelle conductor may be formed by an annular
contact member arranged coaxially with the rotor shaft, the rotor hub conductor be-
ing connected to an additional spark gap member and an additional collector shoe
which defines the additional spark gap and the additional sliding contact connection,

respectively, between the nacelle conductor and the annular contact member.
The rotor hub conductor may be electrically isolated from the rotor shaft.

Brief Description of the Drawings

The invention is explained in detail below by means of a preferred embodiment

shown in the drawings, in which

Fig. 1 is a side view of a principle sketch of a wind turbine,

Fig. 2 is a detailed view of a rotor hub for a wind turbine, portions of two blades be-

ing shown,

Fig. 3 is a detailed sectional view of a rotor hub and a blade with a lightning down-

conducting arrangement, and
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Fig. 4 is a detailed view showing an embodiment of a lightning down-conducting ar-

rangement according to the invention.
The Figures 1 to 4 described below are designated the following reference numerals:

Wind turbine tower

1

2 Nacelle/turbine top section

3 Rotor hub

4 Blade

5 * Pitch bearing

6 Inner lightning down-conductor

7 Contact member

8 Contact unit

9 Mounting arm for the contact unit
10 Mounting fittings

11 Spark gap member

12 Collector shoe

13 Mounting plate for the spark gap member and the collector shoe
14 Spacer

15 Spark gap

16 Blade root

17 Rotor shaft

Best Modes for Carrying out the Invention

Fig. 1 shows a wind turbine where a nacelle/turbine top section 2 is conventionally
mounted on the tower 1, a generator and a gear being mounted in said nacelle. A ro-
tor shaft 17 projects from the nacelle 2, the rotor hub 3 of the wind turbine being
mounted on said rotor shaft. The blades 4 of the wind turbine are mounted on the ro-
tor hub 3.
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Fig. 2 shows a detailed view of a rotor hub 3 for a wind turbine as well as portions
of two blades 4. In the structure shown, the blades 4 and the rotor hub 3 are con-
nected through pitch bearings 5, and the position of the blades 4 is adjustable about

their longitudinal axes, i.e. the pitch angle, by means of said bearings.

In order to intercept and guide a lightning strike to the ground, an inner lightning
down-conductor 6 is mounted inside the blade 4, cf. Fig. 3, said lightning down-
conductor being connected at the tip of the blade 4 to one or more lightning recep-
tors not shown. Adjacent the pitch bearing 5, this inner lightning down-conductor 6
is in direct electrical contact with a contact member 7 mounted on the outer side of
the blade 4 in the embodiment shown. This contact member 7 presents an abutment
face for an externally mounted contact unit 8 having a spark gap device and a sliding
device fixedly mounted on the rotor hub 3 through a mounting arm 9 and mounting

fittings 10.

Fig. 4 shows in detail how a contact unit 8 includes a mounting plate 13, a spark gap
member 11 and a collector shoe 12 being mounted on said mounting plate 13. The
contact unit 8 is mounted at the end of the mounting arm 9 in such a manner that the
contact unit 8 subjects the surface of the contact member 7 to an elastic force. In or-
der to prevent the spark gap member 11 from coming into direct contact with the
contact face 7, spacers 14 are mounted between the mounting plate 13 and said con-

tact face 7.

The contact member 7 is typically made of metal and can be shaped as an elongated
member of a height - seen in the longitudinal direction of the blade - typically
smaller than the width of the member. This member can be mounted flatly on the cy-
lindrical surface of the blade root 16 and is connected to the inner lightning down-

conductor 6 in the blade.

Together the spark gap member 11, the contact member 7 and the spacers 14 define

a spark gap 15 of 1 to 10 mm. The surface of the spark gap member 11 facing the
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contact member 7 is serrated as shown. As a result, the concentrations of the flux
lines around the tips of the spark gap member are reinforced, which facilitates the

ignition of the electric arc in the spark gap.

The contact member 7 can extend all the way round the cylindrical blade root 16,
but in principle it need only extend over 90° to 100° of the circumference of the

blade root, which corresponds to the usually adjustable interval of the blade.

The collector shoe 7 can be made of a carbon brush or be shaped as a brush or a
spring-loaded shoe and be made of for example graphite, bronze, brass or carbon fi-
bre.

According to an alternative embodiment of an arrangement as herein described, the
entire arrangement can be reversed so that the collector shoe 17 and the spark gap
member 11 are mounted on the blade, and the contact member 7 is mounted on the
rotor hub. Thus, the contact member 7 can be shaped as a curved rail extending par-
allel to and at a distance from the surface of the blade root. Furthermore, the ar-
rangement can function as both an inner solution where the entire equiprhent is
mounted inside the blade and the rotor hub, or on the outer face of said blade and the

rotor hub as described above.

The contact member 7 is shaped so that the pitch angle of the blade is freely adjust-
able while maintaining a good electrical connection. This good electrical connection
is necessary for ensuring the formation of leaders from the receptors of the blade in
connection with lightning strikes. The electrical connection also protects against un-
intentional spark flashovers in other places in the structure while ensuring a con-
trolled discharge of static charges from the blade to the rotor hub, said charges being
generated by the rotation of the blade through the air.

The electrical potential of the leader is present during initial stage of the lightning

process and is not always sufficiently high for generating an electric arc in the spark



WO 2004/044419 PCT/DK2003/000778

10

15

20

25

30

10

gap 15, but passes instead through the sliding device. When the leader has "inter-
cepted" a lightning, the electrical potential across the distance in the spark gap is
sufficient for breaking down the isolation between the spark gap member and the
contact member 7 of the blade due to the strong increase in the electrical potential
during the main discharge of the lightning. As a result an electric arc is lit between
the spark gap member 11 and the contact member 7. During the entire discharge pe-
riod of the main discharge, the electric arc presents a weaker electrical resistance
than the sliding device, whereby the main discharge is discharged across the spark
gap. Therefore the sliding device is protected during the main discharge phase due to

the increased electrical resistance thereof compared to the lit spark gap.

It is possible to guide the current applying during the initial stage of the lightning
process and during the actual main discharge to the ground through the rotor shaft
17, further on from the rotor shaft to the nacelle 2 through the shaft bearing or a slid-
ing contact connection, from the nacelle to the tower through the yaw bearing or yet
another sliding contact connection, and through the tower down to the ground. A
spark gap can also be established between the rotor shéft 17 and the nacelle 2 and

between the nacelle and the tower.

Alternatively, an additional spark gap connection and an additional sliding contact
connection 2 can be established between the rotor hub 3 and the nacelle 2. The spark
gap connection and the sliding contact connection between the blade 4 and the rotor
hub 3 and the additional spark gap connection and the additional sliding contact
connection between the rotor hub 3 and the nacelle 2 can thus be interconnected
through a rotor hub conductor electrically isolated from the rotor shaft 17. In this
way, it is avoided that current flows in the rotor shaft with the effect that the bear-

ings of the rotor shaft are not strained.

It is also possible to establish a spark gap connection and a sliding contact connec-

tion in parallel between the nacelle 2 and the tower 1.
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Claims

1. A wind turbine rotor including a rotor hub (3) and a plurality of blades (4), and
where each blade root (16) is connected to said rotor hub through a pitch bearing (5)
in such a manner that the pitch angle of the blade is adjustable by a turning of the
blade about its longitudinal axis relative to the rotor hub, and where the blade is pro-
vided with at least one electrically conducting lightening down-conductor (6) ex-
tending in the longitudinal direction of the blade to the blade root and being electri-
cally isolated from the pitch bearing (5), and where a spark gap (15) is provided be-
tween the lightning down-conductor and the rotor hub, said spark gap (15) being
adapted to conduct a lightning current passing through the lightning down-
conductor, characterised in that a sliding contact connection (7, 12) is provided
parallel to the spark gap (15) between the lightning down-conductor (6) and the ro-
tor hub (3), said sliding contact connection ensuring electrical contact between said
lightening down-conductor (6) and said rotor hub (3) irrespective of the pitch angle
of the blade.

2. A wind turbine rotor according to claim 1, characterised in that the sliding
contact connection includes a collector shoe (12) fixedly mounted on the rotor hub
(3), and an electrically conducting contact member (7) connected to the lightening
down-conductor (6) of the blade and extending along a portion of the circumference
of the blade root (16).

3. A wind turbine rotor according to claim 1, characterised in that the sliding con-
tact connection includes a collector shoe (12) fixedly mounted on the blade root
(16), and an electrically conducting contact member (7) in form of a rail mounted on
the rotor hub (3).

4. A wind turbine rotor according to claim 2 or 3, characterised in that the spark

gap (15) is provided between the contact member (7) and é spark gap member (11).
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5. A wind turbine rotor according to claim 4, characterised in that the collector

shoe (12) and the spark gap member (11) are combined in one contact unit (8).

6. A wind turbine rotor according to one of the preceding claims, characterised
in that the lightning down-conductor (6) is connected to a lightning receptor adja-
cent the tip of the blade.

7. A wind turbine including a nacelle (2), a rotor shaft (17) and a wind turbine ro-

tor according to one of the preceding claims.

8. A wind turbine according to claim 7, characterised in that the rotor hub (3)
includes an electrically conducting rotor hub conductor connected to the part (7; 11)
of the spark gap (15) which is arranged on the rotor hub side, said rotor hub conduc-
tor further being connected through an additional spark gap to an electrically con-

ducting nacelle conductor mounted on the nacelle (2).

9. A wind turbine acéording to claim 8, characterised in that the rotor hub con-
ductor is electrically connected to the part (7; 12) of the slide contact connection
which is arranged on the rotor hub side, said rotor hub conductor further being con-

nected to the nacelle conductor through an additional sliding contact connection.

10. A wind turbine according to claim 9, characterised in that the nacelle conduc-
tor includes an annular contact member arranged coaxially with the rotor shaft (17),
and that the rotor hub conductor is connected to an additional spark gap member and
an additional collector shoe which defines the additional spark gap and the addi-
tional sliding contact connection, respectively, between the nacelle conductor and

the annular contact member.

11. A wind turbine according to one of the claims 8 to 10, characterised in that the

rotor hub conductor is electrically isolated from the rotor shaft (17).
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