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(54) Lightning current transfer assembly for a wind turbine

(57) A lightning current transfer assembly (2) for a
wind turbine (1) is arranged to transfer lightning current
from a wind-turbine part (8) to another part (8) rotatable
relative to it. The assembly comprises at least one electric
contact arrangement (11’, 11") comprising complemen-
tary contact members (12a’, 12b’, 12a", 12b") which pro-
vide electric connection by mechanically contacting each
other while being movable relative to each; a spark gap

(4) connected in series with the movement-enabling con-
tact arrangement (11’, 11"); and a spark-gap-bridging re-
sistance (6) connected parallel to the spark gap (4).
Thereby, the assembly provides at least two alternative
current paths: (i) a lightning current path across the at
least one electric contact arrangement and the spark gap,
and (ii) a permanent-discharge current path across the
at least one electric contact arrangement and through
the spark-gap-bridging resistance.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to lightning cur-
rent conduction in wind turbines and, for example, to a
lightning current transfer assembly for a wind turbine,
and a wind turbine comprising one or more lightning cur-
rent transfer assemblies.

BACKGROUND OF THE INVENTION

[0002] A lightning current transfer assembly for a wind
turbine is known, for example, from WO 2005/050008. It
enables lightning current to be transferred from a rotor
blade of the wind turbine to the wind turbine’s nacelle by
means of two electric contact arrangements. The electric
contact arrangements provide galvanic connection while
being movable relative to each other. They are made up
of sliding contacts and a complementary belt and ring at
the rotor blade and the nacelle, respectively (see e.g.
Figs. 3a and 3b of WO 2005/050008).
[0003] It has also been proposed that such a galvanic
and movement-enabling electric contact arrangement
can be protected from being damaged by high lightning
current by means of a spark gap connected parallel to
the electric contact arrangement. The electrodes forming
the spark gap are movable relative to each other, as are
the contact elements of the parallel electric contact ar-
rangement. For example, one of the electrodes is a cir-
cular ring, and the other is a tip moving over the ring at
a small distance. When the rotor blade is struck by light-
ning, the high lightning voltage will create a discharge
over the spark gap, so that the lightning current does not
flow through the parallel electric contact arrangement.
Examples of wind turbines with such electric contact ar-
rangements protected by parallel spark gaps are known
from WO 2004/044419 A1 (sliding-contact arrangement
with parallel spark gap between rotor blade and rotor
hub) and EP 1 577 551 A2 (sliding-contact arrangement
with parallel spark gap between rotor hub and nacelle).
[0004] Similarly, EP 1 568 883 A2 proposes that a
brush contacting a contact roller of a lightning current
transfer assembly for a wind turbine be protected by
means of a spark gap parallel to the brush contact.
[0005] US 6,932,574 B2 pertains to a lightning current
transfer assembly for a wind turbine which also enables
lightning current to be transferred from a rotor blade of
the wind turbine to the wind turbine’s nacelle. However,
it is a different type of lightning current transfer assembly,
as the gaps between the rotor blade/rotor hub and be-
tween rotor hub/nacelle are not bridged by galvanic con-
tacts with contact members which provide galvanic con-
nection while being movable relative to each other, but
rather by spark gaps. When the rotor blade is struck by
lightning, the high lightning voltage will create a discharge
over the spark gap. In order to prevent charges due to
static charging from accumulating in the rotor blade, a

second current path is provided which provides a contin-
uous galvanic connection path from the rotor blade to the
earth, via the rotor hub. In order to prevent lightning cur-
rent from taking the second current path (until the dis-
charge across the spark gap fires), a series connection
of a resistor and an inductor is interposed in the second
current path.

SUMMARY OF THE INVENTION

[0006] A lightning current transfer assembly is provid-
ed for a wind turbine, the wind turbine comprising at least
a first part and a second part rotatable relative to each
other. The lightning current transfer assembly is arranged
to transfer lightning current from the first part to the sec-
ond part. The lightning current transfer assembly com-
prises: at least one electric contact arrangement com-
prising complementary contact members which provide
electric connection by mechanically contacting each oth-
er while being movable relative to each other; a spark
gap connected in series with the at least one electric con-
tact arrangement, wherein the spark gap comprises
spark-gap electrodes, the spark-gap electrodes being
stationary relative to each other; and a spark-gap-bridg-
ing resistance connected parallel to the spark gap. There-
by, the lightning current transfer assembly provides at
least two alternative current paths from the first part to
the second part: (i) a lightning current path across the at
least one electric contact arrangement and the spark gap,
and (ii) a permanent-discharge current path across the
at least one electric contact arrangement and through
the spark-gap-bridging resistance.
[0007] According to another aspect, a wind turbine is
provided comprising at least one lightning current trans-
fer assembly.
[0008] Other features are inherent in the methods and
products disclosed or will become apparent to those
skilled in the art from the following description and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the present invention are ex-
plained by way of example with reference to the accom-
panying drawings, in which:

Fig. 1 is a circuit diagram of an embodiment of a
lightning current transfer assembly transferring light-
ning current between two parts rotatable relative to
each other around one axis;
Fig. 2 is a circuit diagram of an embodiment similar
to that of Fig. 1, however, with the two parts rotatable
relative to each other around two different axes;
Fig. 3 schematically illustrates a wind turbine
equipped with an embodiment of a lightning current
transfer assembly which transfers current between
a rotor blade and a rotor hub of the wind turbine;
Fig. 4 is similar to Fig. 3, but illustrates a wind turbine
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equipped with another embodiment of a lightning
current transfer assembly which transfers current
between a rotor hub and a nacelle of the wind turbine;
Fig. 5 is similar to Figs. 3 and 4, but illustrates a wind
turbine equipped with another embodiment of a light-
ning current transfer assembly which transfers cur-
rent between a rotor blade and a nacelle of the wind
turbine;
Fig. 6 schematically illustrates an embodiment of
contact member in the form of a contact slider;
Fig. 7 is similar to Fig. 6, but illustrates another em-
bodiment of a contact member in the form of a con-
tact roller;
Fig. 8 is a perspective view of an embodiment of a
lightning current transfer unit of the type illustrated
in Figs. 2 and 5 with pivotable contact members;
Fig. 9 is a similar view of another embodiment of a
lightning current transfer unit with the contact mem-
bers being mounted on elastically deformable strips;
Figs. 10a and b are a side view and a cross-section
along line A-A of Fig. 10a, respectively, of an em-
bodiment of a spark gap assembly with a mesh-type
encapsulation of the spark gap;
Figs. 11a and b are a side view and a cross-section
along line A-A of Fig. 11a, respectively, of another
embodiment of a spark gap assembly with a laby-
rinth-type encapsulation of the spark gap.

[0010] The drawings and the description of the draw-
ings are of embodiments of the invention and not of the
invention itself.

GENERAL DESCRIPTION OF EMBODIMENTS

[0011] Before turning to the detailed description of the
embodiments shown in the drawings, a few more general
items will first be discussed.
[0012] Wind turbines can be unwanted sources of elec-
tromagnetic radiation. The wind turbine’s rotor can more
or less continuously emit electromagnetic energy in a
relatively broad frequency range, including the radio fre-
quency range. This may cause radio frequency interfer-
ence. It has been observed that unwanted emission of
electromagnetic energy can be particularly significant if
the wind turbine is located near to a strong radio trans-
mitter.
[0013] Wind turbines are commonly equipped with a
lightning conductor system, and it has been recognised
by the present inventors that lightning current transfer
assemblies forming part of the lightning conductor sys-
tem are often the cause of the unwanted electromagnet-
ic-energy emission. The main function of such a lightning
current transfer assembly is to transfer lightning current
from a first part of the wind turbine to a second part of
the wind turbine rotatable relative to it.
[0014] For example, the first part may be one of the
wind turbine’s rotor blades, and the second part may be
the wind turbine’s nacelle. A rotor blade is usually

equipped with a lightning receptor near the blade tip, and
a lightning conductor from the lightning receptor to the
blade root. In this example, the lightning current transfer
assembly connects the lightning conductor at the blade
root to a continuation of the lightning conductor starting
at the nacelle and leading down to the ground along the
wind turbine’s tower; the yaw bearing (i.e. the bearing
between the tower and the nacelle) is, for example,
bridged by a flexible cable, or another lightning current
transfer assembly.
[0015] It has been recognised that in lightning current
transfer assemblies which provide a galvanically-con-
nected current path by means of an electric contact ar-
rangement with contact members mechanically contact-
ing each other, e.g. in the form of sliding or rolling con-
tacts, the galvanic connection may be repeatedly inter-
rupted for very short time intervals. This is due to the
contact slider or roller lifting off its complementary contact
surface, thereby momentarily interrupting the current
path. Current does not only flow through the lightning
current transfer assembly when the rotor blade is struck
by lightning, but there is normally also a (much smaller)
permanent-discharge current, caused by electrostatic
charging of the rotor blade due to the rotor blade’s move-
ment relative to the air. Owing to the inductance of the
total lightning current path, any such sudden interruption
of the current flow will cause a relatively high voltage to
be induced. In conventional lightning current transfer as-
semblies of the galvanic-connection type (e.g. WO
2005/05008, WO 2004/044419 A1, EP 1 577 551 A2, EP
1 568 883 A2) this will cause sparking flashovers to occur
at the sliding or rolling contacts. These sparking
flashovers involve sudden rises of the discharge current,
which cause the emission of the broadband electromag-
netic energy by the wind turbine rotor, with the rotor
blades then acting as a sort of transmission antenna for
the broadband electromagnetic energy.
[0016] It has also been recognised that the permanent-
discharge current which may cause the sparking
flashovers at the contact arrangement of conventional
lightning current transfer assemblies is not always only
produced by electrostatic charging of the rotor blades.
Wind turbines located near a strong radio transmitter may
act as radio antennas receiving a considerable amount
of radio power from the radio transmitter. The received
radio power may cause additional currents to flow from
the rotor through the lightning current transfer assemblies
to ground. This may increase the frequency and intensity
of the sparking flashovers at the sliding or rolling contacts.
Thus, the picking-up of the radio signal may result in an
additional amount of electromagnetic power being emit-
ted by the rotor. Thus, a conventional wind turbine near
a strong radio emitter can function as a sort of transpond-
er which receives electromagnetic energy in a narrow
radio frequency band, and re-transmits a significant frac-
tion of it in a broad radio frequency band.
[0017] The lightning current transfer assembly of the
present embodiments also has at least one electric con-
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tact arrangement comprising complementary contact
members which provide electric connection by mechan-
ically contacting each other while being movable relative
to each other, e.g. slider or roller contacts. The solution
to the problem of electromagnetic-energy transmission
(or re-transmission) provided by the embodiments is to
interpose a resistance in the permanent-discharge cur-
rent path. The resistance reduces the magnitudes of the
sudden current rises that would otherwise be associated
with the short interruptions of the galvanic connection at
the complementary contact members.
[0018] However, discharging static charges (and
picked-up radio signals) is only a side function: the main
function of the embodiments of the lightning current
transfer assembly is to conduct lightning current to earth.
If only the current path were made high-ohmic by inter-
posing the resistance, the resistance would immediately
be destroyed by lightning current, when the wind turbine
is struck by lightning. Therefore, in the embodiments, a
spark gap is provided parallel to the resistance. Seen
from the spark gap’s perspective, the resistance bridges
the spark gap, and is therefore also named "spark-gap-
bridging resistance" The spark gap and the parallel
spark-gap-bridging resistance are connected in series
with the electric contact arrangement comprising the
complementary contact members which provide electric
connection by mechanically contacting each other while
being movable relative to each other.
[0019] A spark gap can be regarded as a highly non-
linear component: When the voltage across the spark-
gap electrodes is small, so that no spark is fired, the spark
gap presents a galvanic interruption; its resistance is vir-
tually infinite (i.e. much bigger than that of the spark-gap-
bridging resistance). However, when the voltage across
the spark-gap electrodes becomes high, a spark is fired
and current can flow through the spark’s plasma; the
spark gap’s resistance is then virtually zero (i.e. much
smaller than that of the spark-gap-bridging resistance).
[0020] In this way, the lightning current transfer assem-
bly provides two alternative current paths: (i) a "lightning
current path" across the contact arrangement and the
spark gap; and (ii) a "permanent-discharge current path"
across the electric contact arrangement and through the
spark-gap-bridging resistance.
[0021] When the rotor blade is struck by lightning the
voltage across the spark gap (and the parallel spark-gap-
bridging resistance) will rise suddenly, which will imme-
diately fire the spark gap. Once the spark gap has fired,
since its resistance is then very small (in the order of a
few Ω) and the value of the spark-gap-bridging resistance
is bigger, nearly all of the lightning current will flow across
the spark gap. This prevents the spark-gap-bridging re-
sistance from being damaged or destroyed by lightning
current. Accordingly, the current path across the contact
arrangement and the spark gap is called the "lightning
current path". During normal operation, in the absence
of lightning, the voltage across the spark gap will be too
small to fire (or maintain) a discharge across the spark

gap. Therefore, the lightning-current path will be inter-
rupted, and all the current from static charging (and RF
reception, if applicable) will flow across the electric con-
tact arrangement and through the spark-gap-bridging re-
sistance. The spark-gap-bridging resistance reduces the
magnitudes of the sudden current rises that would oth-
erwise be associated with short interruptions of the gal-
vanic connection at the complementary contact mem-
bers. As the latter current path enables permanent dis-
charging of the wind turbine part upstream of the lightning
current transfer assembly (e.g. a rotor blade), apart from
the short interruptions of the galvanic connection at the
complementary contact members, it is called the "per-
manent-discharge current path".
[0022] The interplay between the lightning-discharge
and the permanent-discharge operation modes is gov-
erned by the ratio between the spark-gap-bridging resist-
ance and the voltage at which the spark gap fires (spark-
gap-firing voltage).
[0023] Absolute values of the spark-gap-firing voltag-
es, in some of the embodiments, are in the range from
one kV up to several tens of kV, for example in the range
from 1 to 50 kV.
[0024] In some embodiments, the spark gap is an air
gap between two (e.g. rounded) electrodes, for example
with a smallest electrode distance in the range from 1/10
mm to 20 mm. In other embodiments, the spark gap is
made of two electrodes with a temperature-resistant in-
sulator (such as mica) between the electrodes. In the
latter type of spark gaps the arc usually burns at the pe-
riphery of the electrodes, outside the gap between the
electrodes with the interposed insulator. This prevents
the electrodes from being welded together by the spark.
[0025] In order to reduce electrode wear, in some em-
bodiments, the spark-gap electrodes (with air gap or in-
sulator-filled gap) are made of, or coated with, a burn-off
resistant material, such as tungsten, or an alloy compris-
ing such a material, e.g. a tungsten-copper alloy.
[0026] Absolute values of the spark-gap-bridging re-
sistance, in some of the embodiments, are in the range
of several kΩ to several GΩ, for example 10 kΩ to 1 GΩ.
Generally, a suf ficiently large spark-gap-bridging resist-
ance is chosen to limit sparking flashovers at the galvanic
contact arrangement, so as to prevent significant radio
interference from being produced. On the other hand,
the spark-gap-bridging resistance chosen should be suf-
ficiently small to keep the voltage produced by the current
due to static charging (and RF reception, if appropriate)
across the spark-gap-bridging resistance and the parallel
spark gap so low that the spark gap is normally not fired,
in the absence of lightning.
[0027] In the embodiments, the (non-contacting)
spark-gap electrodes are stationary, i.e. fixed relative to
each other during operation of the wind turbine. This does
not necessarily mean that the distance between the
spark-gap electrodes is absolutely fixed; it could, for ex-
ample, be adjustable during maintenance or repair. How-
ever, it means that it is not the spark gap’s function to
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bridge the gaps between wind turbine parts rotatable rel-
ative to each other (such as the gaps between a rotor
blade and the rotor hub, or the gap between the rotor hub
and the nacelle), as the spark gaps in US 6,932,574 B1
mentioned at the outset.
[0028] Using non-stationary spark gaps to bridge gaps
between relatively rotatable parts in the prior art may
have the advantage that there is no wear, due to the
absence of mechanical contact between the bridged
parts, but bridging relatively rotatable parts only by a
spark gap does not enable the charges from static charg-
ing to be permanently discharged. It is for this reason
that US 6,932,574 B1 has to provide another parallel cur-
rent path from the rotor blades through the rotor hub to
ground, which does not involve mechanically contacting
contact members to transfer current from the rotor
blades. Non-stationary spark gaps are also used to
bridge the gaps between relatively rotating parts in par-
allel with electric contact arrangements also bridging the
gap (cf. WO 2004/044419 A1, EP 1 577 551 A2, EP 1
568 883 A2). The motive of providing those spark gaps
is to protect such a parallel electric contact arrangement
from being damaged by lightning current. The embodi-
ments disclosed herein, however, have a stationary
spark gap with a spark-gap-bridging resistance to reduce
the emission of electromagnetic energy caused by an
electric contact arrangement - this does not exclude, of
course, that an additional spark gap may be provided in
parallel to the electric contact arrangement to prevent it
from being damaged, if appropriate.
[0029] The spark-gap-bridging resistance can, in prin-
ciple, be a "parasitic" resistance of some other element
of the lightning current transfer assembly, e.g. of a weakly
conductive housing or encapsulation of the spark gap.
However, in some of the embodiments the spark-gap
bridging resistance comprises one or more resistors, i.e.
dedicated components whose only function, or at least
whose main function, is to provide electric resistance.
For example, connecting wires, sliding or rolling contacts,
etc. may have some (normally small) resistance, but are
not "resistors".
[0030] In some embodiments, the complementary
contact members of the at least one electric contact ar-
rangement comprise a contact slider and a complemen-
tary ring mechanically contacted by the contact slider up-
on relative rotation of the ring and the contact slider. If
the relative rotation does not extend to full revolutions
(such as the rotation between the rotor hub and the na-
celle), but is limited to an only partial revolution (less than
360°, such as the rotation between a pitchable rotor blade
and the rotor hub), the complementary ring may be re-
placed by a complementary belt. The belt is usually also
ring-shaped, but only extends over a limited angular
range, at least corresponding to the angular range of the
relative rotation concerned. In some embodiments the
contact slider is a rigid member elastically biased towards
the ring or belt, while in other embodiments it may be a
device having some elasticity to mechanically contact

the ring or belt on its own, e.g. a sort of electrically con-
ductive brush. In some embodiments, a contact roller is
provided instead of a contact slider.
[0031] In the some of the embodiments the lightning
current transfer assembly comprises a sub assembly that
is a lightning current transfer unit which includes the spark
gap, the spark-gap-bridging resistance, and one of the
contact members of the electric contact arrangement.
The other contact member, complementary to the latter,
is not part of the lightning current transfer unit. In embod-
iments in which the lightning current transfer assembly
has two or more electric contact arrangements, that is
two or more pairs of complementary contact members,
the lightning current transfer unit includes the spark gap,
the spark-gap-bridging resistance, and one of the contact
members of each pair of contact members. The other
contact member of each pair is not part of the lightning
current transfer unit. For example, in some embodiments
a lightning current transfer unit mounted on, and rotating
with, the rotor hub includes a spark gap, a spark-gap-
bridging resistance, one contact member in the form of
e.g. a contact slider or roller towards a rotor blade and
another contact member in the form of e.g. a contact
slider or roller towards the nacelle. The complementary
contact members (which are e.g. a belt mounted on the
rotor blade near the blade root and a ring mounted at the
front part of the nacelle) do not belong to the lightning
current transfer unit. The arrangement of contact sliders/
rollers and rings/belts may be inverse. For example, in
other embodiments, a contact slider or roller is mounted
on the nacelle (and does not belong to the lightning cur-
rent transfer unit), while the complementary ring is
mounted on the rotor hub and rotates with it relative to
the nacelle (and belongs to the lightning current transfer
unit).
[0032] In some embodiments the lightning current
transfer assembly is arranged to transfer lightning current
between parts rotatable relative to each other around a
single axis, for example between a rotor blade and the
rotor hub, or between the rotor hub and the nacelle, or
between the nacelle and the tower of the wind turbine.
[0033] In other embodiments, however, the lightning
current transfer assembly is arranged to transfer lightning
current between parts rotatable relative to each other
around two different axes. For example, a pitchable rotor
blade and the nacelle exhibit relative rotation around two
different axes. In some of such embodiments with two
different axes the lightning current transfer assembly
comprises at least two electric contact arrangements
(each with mechanically contacting contact members)
connected in series.
[0034] In some of the embodiments with two electric
contact arrangements connected in series, the spark gap
is electrically interposed between the at least two electric
contact arrangements. The spark-gap-bridging resist-
ance is connected parallel to the spark gap. Thereby, a
series connection of the first electric contact arrange-
ment, the parallel connection of the spark gap and the
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spark-gap-bridging resistance, and the second electric
contact arrangement is formed. The spark-gap-bridging
resistance is connected parallel to the spark gap, but is
not parallel to the first or second electric contact arrange-
ments. The bifurcation and junction points which form
the parallel connection of the spark gap and the spark-
gap-bridging resistance are located between the first and
second electric contact arrangements. This means that
there is only a single current path at the level of the first
and second electric contact arrangements.
[0035] As already mentioned above, in some embod-
iments, the lightning current transfer assembly compris-
es a sub-assembly; this is a lightning current transfer unit.
The lightning current transfer unit includes only the
halves of the pairs of contact members that form the con-
tact arrangements. In some of the embodiments with rel-
atively rotatable parts around two different axes, and at
least two electric contact arrangements connected in se-
ries, the lightning current transfer unit is arranged to be
mounted on the rotor hub and to rotate with it. In those
embodiments, the lightning current transfer assembly
provides a lightning current path and a permanent-dis-
charge current path from the rotor blade to the nacelle
by means of the at least two electric contact arrange-
ments, connected in series with the parallel connection
of the spark gap and the spark-gap-bridging resistance
interposed.
[0036] The rotor shaft (and the load-carrying parts of
the hub and the nacelle) of a wind turbine are usually
made of electrically conductive material, and the bearing
rings and rolling elements of big bearings (such as the
blade pitch bearings and the main shaft bearing) are usu-
ally also electrically conductive. Consequently, if the
lightning current path is not electrically isolated from the
rotor hub, a fraction or all of the lightning current could
pass through the blade pitch bearing and/or the main
shaft bearing. As the durability of bearings might be re-
duced by exposure to lightning current crossing the bear-
ings, in some embodiments with a lightning current trans-
fer unit mounted on the rotor hub, the current paths pro-
vided by the lightning current transfer unit (i.e. the light-
ning current path and the permanent-discharge current
path) are electrically isolated from the rotor hub. Thereby,
lightning current bypasses the rotor hub and the rotation-
enabling bearings between the rotor blade and the rotor
hub and between the rotor hub and the nacelle (e.g. the
blade pitch and main shaft bearings).
[0037] Moreover, in some embodiments, the comple-
mentary contact ring or belt at the blade root, which is
normally electrically connected to a lightning receptor at
the blade tip, is also electrically isolated from the blade
pitch bearing. This can be realised, for example, by the
blade being made only of insulating material at the blade
root, such as glass fibre reinforced plastics. This ensures
that lightning current can hardly reach the hub via the
blade pitch bearing. Lightning current will then rather flow
directly from the rotor blade to the nacelle, bypassing the
blade pitch and main shaft bearings.

[0038] As the distance between the two (e.g. elastically
biased) contact members of the lightning current transfer
unit is not necessarily constant, the contact members are
connected by a flexible wire in some embodiments. The
spark gap with the spark-gap-bridging resistance is in
some embodiments interposed in the flexible-wire con-
nection between the two contact members.
[0039] In some embodiments, in order to ensure that
currents only take the lightning current path or the per-
manent-discharge current path, the spark gap with the
spark-gap-bridging resistance is mounted on an isolating
stand.
[0040] In order to isolate also the contact members of
the lightning current transfer unit from its support, e.g.
from the rotor hub, the lightning current transfer unit com-
prises a base support made of insulating material. The
base support is a common support of both the spark gap
(with the spark-gap-bridging resistance) and the contact
member or members.
[0041] In some embodiments the contact member is
mounted on the base support by means of an elastically
deformable member, e.g. in the form of a flat strip, which
biases the contact member, or one of the contact mem-
bers, of the lightning current transfer unit to its comple-
mentary contact member.
[0042] In other embodiments the contact member is
pivotally mounted on the base support element, either
directly or indirectly, with interposition of a member fixed
to the base support. The contact member is pivotal about
a swivel axis. In some embodiments, the pivotally mount-
ed contact member is biased towards its complementary
contact member by means of a spring, wherein the di-
rection of the spring force is diverted by means of the
swivel axis.
[0043] As sparks may produce considerable heat, par-
ticles may be sputtered from the spark-gap electrodes
when a spark is burning. This might contaminate the
neighbourhood of the spark gap. As the heat produced
by the spark also causes the surrounding air to expand,
simply encasing the spark gap hermetically would cause
very high pressures to be produced in the spark gap-
casing. Therefore, in some embodiments, the spark gap
is encapsulated, the encapsulation preventing particles
produced when a spark occurs from escaping, but, on
the other hand, allowing air to escape. In some embod-
iments, the spark gap encapsulation comprises a mesh
surrounding the spark gap. The mesh aperture is chosen
sufficiently small so as to prevent particles (above a typ-
ical particle size) from passing outwardly. Heated air can
nevertheless escape through the mesh openings.
[0044] In other embodiments, the spark gap encapsu-
lation comprises a labyrinth-shaped housing. Heated air
can easily escape through the labyrinth, while particles
are mostly trapped in the labyrinth.
[0045] In some embodiments, the spark gap encapsu-
lation has an electric side function: it is at least partially
made of electrically conductive material and forms part
of the permanent-discharge current path bridging the
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spark gap and including the spark-gap-bridging resist-
ance. Thereby, a separate wire around the spark gap
encapsulation is saved.
[0046] The embodiments disclosed herein not only
pertain to lightning current transfer assemblies and units
as such, but also to wind turbines equipped with such
lightning current transfer assemblies and units. For ex-
ample, a wind turbine with n (e.g. three) rotor blades may
have one lightning current transfer assembly for each
rotor blade. That is, n (e.g. three) lightning current transfer
units are mounted on the rotor hub, each contacting a
complementary contact member (e.g. a ring or belt) at
the root of the rotor blade to which it is associated. At the
side towards the nacelle, in some embodiments, there is
only one contact member (e.g. one ring) on the nacelle
which is shared by the n (e.g. three) lightning current
transfer units. The same applies to wind turbines with
another number of rotor blades; e.g. a wind turbine with
n = 2.

DETAILED DESCRIPTION OF EMBODIMENTS 
SHOWN IN THE DRAWINGS

Figs. 1 and 2 (circuit diagrams):

[0047] Figs. 1 and 2 are circuit diagrams of embodi-
ments of lightning current transfer assemblies 2. In the
embodiment of Fig. 1 the parts 8, 9 electrically bridged
by the lightning current transfer assembly 2 are rotatable
relative to each other around one axis, while in the em-
bodiment of Fig. 2 they are rotatable around two different
axes.
[0048] Both embodiments have a spark gap 4 with two
spark-gap electrodes 5 spaced and isolated from each
other, and thereby forming a galvanic interruption when
no spark is fired. A resistance 6, which is e.g. the resist-
ance of a resistor 7, is connected parallel to the spark
gap 4 and thereby bridges the spark gap 4.
[0049] The lightning current assembly 2 provides a cur-
rent bridge between two parts 8, 9 rotatable relative to
each other. In the embodiment of Fig. 1 the two parts 8,
9 are rotatable relative to each other around a single axis
10. In the embodiment of Fig. 2, however, the two parts
8, 9 are rotatable relative to each other around two dif-
ferent axes 10’, 10". For example, as illustrated in Fig. 2,
the two different axes 10’, 10" are perpendicular to each
other.
[0050] In the embodiment of Fig. 1, the first part 8 is,
for example, the lightning current transfer assembly 2
itself (except for one of the contact members, which is
rotatively fixed to the second part 9, as will be explained
below), while the second part 9 is another part of a wind
turbine rotatable relative to it. The axes and arrows in
Figs. 1 and 2 symbolise relative rotation; i.e. they do not,
as in Fig. 1 for example, indicate that the first part 8 is
necessarily stationary while the second part 9 rotates.
Rather, the first part 8 can be the rotating part, while the
second part 9 can be stationary.

[0051] There is no relative rotation between the spark-
gap electrodes 5; i.e. the spark-gap electrodes 5 are sta-
tionary relative to each other.
[0052] The embodiment of Fig. 1 has one electric con-
tact arrangement 11, while the embodiment of Fig. 2 has
two electric contact arrangements, denoted by 11’ and
11". The electric contact arrangements 11, 11’, 11" pro-
vide a galvanic connection between the relatively rotat-
able parts 8, 9. To this end, each contact arrangement
11, 11’, 11" has a pair of complementary contact mem-
bers which provide electric connection by mechanically
contacting each other while being moveable relative to
each other. In Fig. 1, the contact members of the single
contact arrangement 11 are denoted by 12a, 12b, while
in Fig. 2 the contact members of the two contact arrange-
ments 11’, 11" are denoted by 12a’, 12b’ and 12a", 12b".
[0053] The contact members of each pair, 12a and b,
12a’ and b’, 12a" and b" are complementary to each oth-
er. For example, the first contact member 12a, 12a’,
12a" of each pair is a contact slider and/or roller, and the
second contact member 12b, 12b’, 12b" of each pair is
a complementary contact rail concentric to the axis 10,
10’, 10" of the relative rotation, with a radius relative to
the axis 10, 10’, 10" which corresponds to the first contact
member’s 12a, 12a’, 12a" radial distance from the axis
10, 10’, 10". If the angular range of the relative rotation
is unlimited, the contact rail is a closed ring 15, as in Fig.
1 and one of the electric contact arrangements, that is
11", of Fig. 2. If, however, the range of the relative rotation
is limited to less than 360°, the contact path forming the
complementary second contact member need not be a
closed ring to cover the range of rotation, but may be a
ring sector, as shown at 12b" in Fig. 2. In this description,
the ring sector is called "belt", and is referred to in the
figures by the number 16.
[0054] The lightning current transfer assemblies 2
thereby provide two alternative current paths, i and ii,
from an input ’In’ at the first part 8 to an output ’Out’ at
the second part 9 (wherein In and Out can be inter-
changed). In the embodiment of Fig. 1, the first current
path i, called "lightning current path", starts at the input
In and leads across the spark gap 4 and the contact mem-
bers 12a, 12b moveable relative to each other of the elec-
tric contact arrangement 11 to the output Out. The second
current path ii, called "permanent-discharge current
path", also starts at the input In, but leads through the
spark-gap-bridging resistance 6 and the contact mem-
bers 12a, 12b moveable relative to each other of the elec-
tric contact arrangement 11 to the output Out. Thus, the
lightning current path i is a series connection of the spark
gap 4 and the electric contact arrangement 11, while the
permanent-discharge current path ii is a series connec-
tion of the spark-gap-bridging resistance 6 and the elec-
tric contact arrangement 11. The electric contact ar-
rangement 11 is shared by both current paths i and ii.
[0055] In the embodiment of Fig. 2 the alternative cur-
rent paths i, ii are analogous to those of Fig. 1, but pass
through two electric contact arrangements 11’, 11", the
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spark gap 4 and the spark-gap-bridging resistance 6 be-
ing interposed between the two electric contact arrange-
ments 11’, 11"; the lightning current path i starts at the
input In at the first part 8, and leads through the contact
members 12a’, 12b’ moveable relative to each other of
the first electric contact arrangement 11’, the spark gap
4, the contact members 12a", 12b" moveable relative to
each other of the second electric contact arrangement
11" to the output Out at the second part 9. Similarly, the
permanent-discharge current path ii also starts at the in-
put In, and leads through the contact members 12a’, 12b’
moveable relative to each other of the first electric contact
arrangement 11, the spark-gap-bridging resistance 6, the
contact members 12a", 12b" moveable relative to each
other of the second electric contact arrangement 11" to
the output Out. Thus, the lightning current path i is a series
connection of the first electric contact arrangement 11’,
the spark gap 4 and the second electric contact arrange-
ment 11 ", while the permanent-discharge current path
ii is a series connection of the first electric contact ar-
rangement 11’, the resistance 6, and the second electric
contact arrangement 11". Both the electric contact ar-
rangements 11’, 11" are shared by the current paths i
and it.

Figs. 3 to 5 (wind turbines equipped with lightning current 
transfer assemblies):

[0056] Figs. 3 to 5 illustrate wind turbines 1 equipped
with different embodiments of lightning current transfer
assemblies 2. In Figs. 3 and 4 the lightning current trans-
fer assemblies 2 are of the single-axis type shown in Fig.
1, while the embodiment of Fig. 5 has a lightning current
transfer assembly 2 of the dual-axes type shown in Fig. 2.
[0057] The wind turbines 1 of Figs. 3 to 5 have a plu-
rality of (normally three) rotor blades 17, one of which,
and a stump of another one, are shown in Figs. 3 to 5.
[0058] The rotor blades 17 are supported by a rotor
hub 18 (the rotor hub 18 is shown extended in its longi-
tudinal direction, in order to provide sufficient space in
the drawings to show the lightning current transfer as-
semblies 2). The rotor hub 18 is supported by a nacelle
19, which rests on a tower 20.
[0059] In the embodiments of Figs. 4 and 5, the blade
17 is pivotally mounted with its root 21 in a blade pitch
bearing 22 on the rotor hub 18. In the examples shown,
the pitch angle range is smaller than 360°, e.g. about
180°, or in a preferred embodiment, 100°. In the embod-
iment of Fig. 3 a wind turbine with fixed (not pitchable)
blades 17 is illustrated, because the blade pitch bearing
is absent. This is only exemplary; in other embodiments
with the lightning current transfer assembly 2 of the type
shown in Fig. 3 the blade 17 may also be pitchable, as
in Figs. 4 and 5.
[0060] The rotor hub 18 is extended by a main shaft
23 which is pivotably mounted on main shaft bearings 24
on the nacelle 19. This is also only exemplary, as in other
embodiments the rotatable main shaft 23 is replaced by

a fixed shaft extended from the nacelle towards the hub,
and the hub is then pivoted on the fixed shaft. A yaw
bearing 25 enables the nacelle 19 to be rotated relative
to the tower 20.
[0061] In all the three embodiments of Figs. 3 to 5 a
sub-assembly of the lightning current transfer assembly
2 is mounted on the rotor hub 18, and rotates with the
rotor hub 18. This sub-assembly is called "lightning cur-
rent transfer unit" and is denoted here by the number 3.
The lightning transfer current unit 3 is the lightning current
transfer assembly 2 without the contact member or mem-
bers 12b, 12b’, 12b" of the contact arrangement, or ar-
rangements, 11, 11’, 11" which is, or are, rotatable rela-
tive to the rotor hub 18.
[0062] The lightning current transfer unit 3 is mounted
in such a manner that it is electrically isolated from the
rotor hub 18, which is symbolized in Figs. 3 to 5 by broken
inclined lines between the lightning current transfer units
3 and the rotor hub 18.
[0063] In the embodiments of Figs. 3 to 5, the rotor
blade 17 is equipped with a lightning receptor 26 near its
tip. The lightning receptor 26 is connected with a lightning
conductor 27 along the rotor blade 17. The lightning cur-
rent path continues through the lightning current transfer
unit 3, and further through a lightning conductor 28 in the
nacelle 19, another lightning current transfer assembly
2y bridging the yaw bearing 25, and through a lightning
conductor 29 in the tower 20 which is grounded near the
root of the tower 20. The lightning conductor 27 is also
connected to a charge receptor 26a extending along the
length of the rotor blade 17 but not to the root 21. The
charge receptor 26a may be any electrically conductive
or semi-conductive member in the load-carrying struc-
ture of the rotor blade 17 (such as a longitudinal beam
including semi-conductive carbon fibres) and/or on the
blade’s surface (such as a metal skin at the blade’s lead-
ing edge). The charge receptor 26a is able to collect the
charges originating from static charging (or reception of
radio waves, if applicable). These charges are led to the
lightning conductor 27 and flow to the earth along the
lightning current path.
[0064] As described in connection with the Figs. 1 and
2, in all the embodiments of Figs. 3 to 5 the lightning
current transfer assemblies 2 provide at least two alter-
native current paths from the first part 8 to the second
part 9, i.e. a lightning current path across the contact
arrangement(s) 11, 11’, 11" and the spark gap 4, and a
permanent-discharge current path across the electric
contact arrangement(s) 11, 11’, 11" and through the
spark-gap-bridging resistance.
[0065] Although only one lightning current transfer unit
3 is shown in Figs. 4 and 5, there will be a plurality of
such lightning current transfer units 3, one of each rotor
blade 17. In embodiments according to Fig. 5 the plural
lightning current transfer units 3 may share a common
contact member 12b" e.g. a common ring 15 at the na-
celle 19.
[0066] In the embodiment of Fig. 3, the first part 8 of
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the two parts 8, 9 rotatable relative to each other is the
rotor hub 18, and the second part 9 is the nacelle 19.
Consequently, the axis 10 around which the two parts 8,
9 are rotatable relative to each other is the rotation axis
of the rotor hub 18.
[0067] The lightning current transfer assembly 2 trans-
fers current between these two parts 8, 9 rotatable rela-
tive to each other, i.e. from the rotor hub 18 to the nacelle
19. The input of the lightning current transfer assembly
2 is, for example, electrically connected to the rotor hub
18. The lightning conductor 27 in the rotor blade 17 is
also electrically connected to the rotor hub 17, so that
current from the rotor blade 17 can flow through the rotor
hub 18 into the lightning current transfer assembly 2.
[0068] In other embodiments similar to that of Fig. 3,
however, the lightning conductor 27 coming down from
the lightning receptor 26 is directly connected to the input
of the lightning current transfer assembly 2. Such a con-
nection e.g. by means of a continuous cable from the
lightning receptor 26 to the input of the lightning current
transfer assembly 2 is also possible in embodiments with
pitchable rotor blades, since the angular pitch range is
usually limited, so that the continuous cable will not be
overly twisted. Then, if the root 21 of the rotor blade 17
is made of electrically insulating material, practically all
the current from the rotor blade 17 will flow through the
lightning current transfer assembly 2, so that the rotor
pitch bearing (if applicable), the rotor hub 18, and the
main shaft bearing 24 are bypassed.
[0069] In the embodiment of Fig. 3, the further current
path goes through the spark gap 4 (current path i) or,
alternatively, the spark-gap-bridging resistance 6 (cur-
rent path ii) and across the electric contact arrangement
11, here in the form of an electric contact member 12a
rotating with the hub 18 and a stationary complementary
contact member 12b, e.g. a contact rail in the form of a
ring 15 mounted on the front of the nacelle 19. The ring
15, which forms the output of the lightning current transfer
assembly 2, is connected to the lightning conductor 28
in the nacelle 19.
[0070] In the embodiment of Fig. 4, the first part 8 of
the parts 8, 9 rotatable relative to each other is the rotor
blade 17, and the second part 9 is the rotor hub 18. Con-
sequently, the axis 10 around which the two parts 8, 9
are rotatable relative to each other is the rotation axis of
the rotor blade 17.
[0071] The lightning current transfer assembly 2 trans-
fers current between these two parts 8, 9 rotatable rela-
tive to each other, i.e. from the rotor blade 17 to the rotor
hub 18. The complementary contact member 12b, here
a belt 16 around the root 21 of the rotor blade 17, which
is connected to the lightning conductor 27 in the rotor
blade 17, forms the input of the lightning current transfer
assembly 2. The belt 16 is contacted by the first contact
member 12a, e.g. in the form of a contact slider or roller,
which forms part of the lightning current transfer unit 3
and rotates with the rotor hub 18. Thus, current will flow
from the rotor blade 17 to the lightning current transfer

unit 3 across the rotative gap between the two through
the electric contact arrangement 11. If the root 21 of the
rotor blade 17 is made of electrically insulating material,
practically all the current from the rotor blade 17 will thus
bypass the blade pitch bearing 22.
[0072] In the embodiment of Fig. 4, the further current
path goes through the spark gap 4 (current path i) or,
alternatively, through the spark-gap-bridging resistance
6 (current path ii) to the output of the lightning current
transfer assembly 2, which is, for example, electrically
connected to the rotor hub 18. The further current path
may go, for example, through the main shaft 23 connect-
ed to the lightning conductor 28 in the nacelle 19 by an-
other lightning current transfer assembly 2m.
[0073] In the embodiment of Fig. 5, the first part of the
parts 8, 9 rotatable relative to each other is the rotor blade
17, and the second part 9 is the nacelle 19. Consequently,
the two parts 8, 9 are rotatable relative to each other
around two different axes, the rotation axis 10’ of the rotor
blade 17 and the rotation axis 10" of the rotor hub 18.
While the rotation axis 10" of the rotor hub is stationary,
the rotation axis 10’ of the rotor blade 17 permanently
changes its direction upon rotation of the rotor hub 18,
as the rotor blade 17 is mounted on the rotor hub 18 - it
is only stationary in the rotating coordinate system of the
rotor hub 18.
[0074] The lightning current transfer assembly 2 trans-
fers current between these two parts 8, 9 rotatable rela-
tive to each other, i.e. from the rotor blade 17 to the na-
celle 19. As in Fig. 4, the complementary contact member
12b’, here a belt 16 around the root 21 of the rotor blade
17, which is connected to the lightning conductor 27 in
the rotor blade 17, forms the input of the lightning current
transfer assembly 2. The belt 16 is contacted by the first
contact member 12a’, e.g. in the form of a contact slider
or roller, which forms part of the lightning current transfer
unit 3. Thus, current will flow from the rotor blade 17 to
the lightning current transfer unit 3 across the rotative
gap between the two through the electric contact ar-
rangement 11’. The further current path goes through the
spark gap 4 (current path i) or, alternatively, through the
spark-gap-bridging resistance 6 (current path ii). Finally,
the current flows across the second electric contact ar-
rangement 11 ", as in Fig. 3 in the form of an electric
contact member 12a" rotating with the hub 18 and a sta-
tionary complementary contact member 12b", e.g. a con-
tact rail in the form of a ring 15 mounted on the front of
the nacelle 19. The ring 15, which forms the output of the
lightning current transfer assembly 2, is connected to the
lightning conductor 28 in the nacelle 19.
[0075] If the root 21 of the rotor blade 17 is made of
electrically insulating material, practically all the current
from the rotor blade 17 will flow through the lightning cur-
rent transfer assembly 2, so that the rotor pitch bearing
22, the rotor hub 18 and the main shaft bearing 24 are
bypassed.
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Figs. 6 and 7 (contact slider and roller embodiments):

[0076] Figs. 6 and 7 show different embodiments of
electric contact arrangements 11, 11’, 11" (commonly
denoted by 11) with different types of first contact mem-
bers 12a, 12a’, 12a" (commonly denoted by 12a): a con-
tact slider 13 (Fig. 6) and a contact roller 14 (Fig. 7).
[0077] In both embodiments, the contact member 12a
is biased with a contact force towards the complementary
contact member 12b, 12b’, 12b" (commonly denoted by
12b), e.g. the ring 15 or belt 16, of which only a cut-out
is shown in Figs. 6 and 7. The two contact members 12a,
12b are moveable relative to each other. The movement
of the contact member 12a relative to its complementary
contact member 12b is symbolised by an arrow m in Figs.
6 and 7. As only a cut-out is shown in Figs. 6 and 7, the
relative motion appears to be linear, but is actually rota-
tive, as described in connection with Figs. 1 to 5. The
contact force, symbolised by an arrow c, is in a direction
perpendicular to the plane of relative rotation, i.e. per-
pendicular to the ring 15 or belt 16.
[0078] In Fig. 6, the contact slider 13 has a slide piece
30 which mechanically contacts the surface of the ring
15 or belt 16 and is made of an electrically conductive
contact rod 31 (e.g. of a copper alloy) in the centre and
a wear pad 32 (e.g. made of a plastic material) at the
circumference of the contact rod 31.
[0079] In Fig. 7, the contact roller 14 has a contact roll
33 with a rotation axis 33a perpendicular to the movement
direction m and the contact force direction c. A contact-
roll slider 34, e.g. an electrically conductive brush, pro-
vides electric contact from the contact roll 33 to the con-
tact roller 14 relative to which the contact roll 33 rotates.
[0080] In Figs. 6 and 7, the contact rod 31 and the
contact-roll slider 43 are electrically connected to the
spark gap 4 and spark-gap-bridging resistance 6 (Figs.
1 to 5), respectively, by a flexible wire 35.
[0081] The contact member 12a (i.e. the contact slider
13 (Fig. 6) or the contact roller 14 (Fig. 7)) includes a
lever 36. The lever 36 is pivotally mounted on a base
support 37 with interposition of a member 38, here a
spring cylinder, which is fixed to the base support 37.
That is to say, the lever 36 is mounted on a lever pivot
39, and can swivel around a swivel axis defined by it.
The lever 36 is elastically biased towards the comple-
mentary contact member 12b (the ring 15 or belt 16).
Another pivot 40 (contact slider pivot 40’ in Fig 6; roll-
axis pivot 40" in Fig. 7) is provided to enable the contact
slider 13 or the contact-roll axis 33a to maintain an ori-
entation parallel to the complementary contact member
12b (the ring 15 or belt 16) when the lever 36 is swivelled.
In the embodiment of Fig. 6 parallelism is automatically
maintained by the elastic pressure of the contact slide
towards the ring 15 or belt 16. In the embodiment of Fig.
7 parallelism is forced by parallel linkage 41. These
mechanisms compensate for variations in the distance
between the base support 37 and the complementary
contact member 12b (the ring 15 or belt 16) that may

occur upon relative rotation, so that mechanical/electrical
contact between the slide piece 30, or the contact roll 33,
and the ring 15 or belt 16 is sustained.
[0082] In both the embodiments of Figs. 6 and 7, the
contact member 12a is, for example, elastically biased
towards its complementary contact member 12b by
means of a compressed, e.g. helical, spring 42 accom-
modated in the spring cylinder 38. The spring 42 presses
at the one end against the base support 37 and, at the
other end, through a spring piston 38a against a crank
43 on the lever 36, thereby producing torque pushing the
lever 36, and thus the contact member 12a (contact slider
13 or roller 14) towards the complementary contact mem-
ber 12b.
[0083] The direction of the force f produced by the
spring 42 is perpendicular to the movement direction m
and the contact force direction c. Thus, the lever mech-
anism of Figs. 6 and 7 diverts the spring force direction
s by approximately 90° into the contact force direction c.
[0084] The base support 37 is made of insulating ma-
terial, e.g. insulating plastic, in order to isolate the contact
member 12a e.g. from the rotor hub 18 on which it is
mounted. In some embodiments, the member/spring cyl-
inder 38 and/or the lever 36, and the linkage 41 (if appli-
cable) are also made of insulating material, e.g. insulating
plastic.

Figs. 8 and 9 (embodiments of lightning current transfer 
units):

[0085] Figs. 8 and 9 are perspective views of different
embodiments of a lightning current transfer unit 3 of the
type illustrated in Figs. 2 and 5, i.e. of a lightning current
transfer unit enabling lightning current to be transferred
between two parts 8, 9 rotatable relative to each other
around two different axes 10’, 10". The two parts 8, 9 are,
e.g., the rotor blade 17 and the nacelle 19 (Figs. 2, 5).
As described in connection with Fig. 5, the lightning cur-
rent transfer unit 3 is, for example, designed to be mount-
ed on the rotor hub 18 of the wind turbine 1.
[0086] The embodiments of Figs. 8 and 9 are com-
posed of two contact members 12a’, 12a", here of the
contact-slider 13 type. The two contact members 12a’,
12a" are arranged back-to-back, with their slide pieces
30’, 30" lying approximately in parallel planes, when
mounted on the wind turbine.
[0087] The two contact members 12a’, 12a" are elec-
trically connected by the flexible-wire connection 35,
which runs directly from one contact member 12a’ to the
other 12a’, thereby remaining essentially at the contact
members’ height above the base support 37. A spark-
gap assembly 44 which implements the parallel connec-
tion of the spark gap 4 and the spark-gap-bridging resist-
ance 6 (Figs. 1 to 5) is interposed in the flexible-wire
connection 35, e.g. in the centre between the two contact
members 12a’, 12a".
[0088] The spark gap 4 is mounted on a stand 45 made
of insulating material, e.g. non-conductive plastic. The
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stand 45 is fixed to the base support 37.
[0089] The embodiment of Fig. 8 is composed of two
contact members 12a’, 12a" equipped with the pivot and
force-diverting mechanism shown and described in con-
nection with Fig. 6. The base support 37 is an integral
part made of insulating material, e.g. non-conductive
plastic. It provides a platform 46 on side walls 47, the
platform 46 being elevated above the basis to which the
base support 37 is to be mounted by means of bolts 48.
The base support 37 is a hollow body, defined by the
platform 46 and the side walls 47. In the exemplary em-
bodiment of Fig. 8, the platform 46 is triangle-shaped.
The base support 37 is a hollow body, defined by the
platform 46 and the side walls 47. The platform has
mountings for one or both spring cylinders 38 and the
stand 45. The spring cylinder mountings are brackets 49
with a semi-cylindrical shape. The spring cylinders 38
are, for example, tied to the brackets by means of plastic
bands 50.
[0090] The exemplary embodiment shown in Fig. 8 re-
fers to a particular case in which the two contact members
12’, 12" are positioned at different levels above the basis
of the base support 37. Thus, only one of the brackets
49 is mounted on the elevated platform 46, while the other
is located at a lower level, along the side walls 47 at one
of the edges of the triangle. However, in other embodi-
ments in which the two contact members 12’, 12" are at
the same height, both brackets 49 are on the elevated
platform 46.
[0091] The embodiment of Fig. 9 is composed of two
contact members 12a’, 12a" biased by pre-bent elasti-
cally deformable strips 51 made of insulating material,
e.g. fibre-reinforced plastic. The stand 45 supporting the
spark gap 4 (with the spark-gap-bridging resistance is,
e.g. also in the form of a strip made of insulating material.
The base support 37 is a sheet metal (i.e. it is not insu-
lating) to be mounted directly on the basis. It provides
mountings 52 for the elastic strips 51 and the stand 45.

Figs. 10 and 11 (embodiments of encapsulated spark-
gap assemblies):

[0092] The Figs. 10 and 11 illustrate two different em-
bodiments of spark-gap assemblies 44 (e.g. of Figs. 8
and 9) with an encapsulation 53 of the spark gap 4. The
Figs. 10b and 11b are cross-sections along the line A-A
of the side views of Figs. 10a and 11a, respectively. The
encapsulation 53 allows air to escape, but prevents par-
ticles which can be produced when a spark occurs from
escaping.
[0093] In the embodiment of Fig. 10 the encapsulation
53 is formed by a cylindrical mesh 54 surrounding the
spark gap 4. The front sides of the cylinder formed by
the mesh 54 are closed by caps 55 made of insulating
material, e.g. plastic. The cylinder is mechanically sup-
ported by rods 56 linking the caps 55. The aperture of
the mesh 54 is e.g. 0.5 mm, preventing particles bigger
than e.g. 0.5 from escaping from the interior of the en-

capsulation 53 (in Fig. 10 the mesh aperture is drawn out
of scale).
[0094] The spark-gap electrodes 5 forming the spark
gap 4 are placed, face-to-face, within the encapsulation
53. The tips of the rounded spark-gap electrodes 5 and
spaced a certain distance (e.g. 5 mm) from each other,
and are rounded to ensure that the field strength is not
unduly increased and that the spark-firing voltage is well
defined by the spark-electrode distance. The spark-gap
electrodes 5 are inserted in electrically conductive sock-
ets 57 and traverse the caps 55. They are connected to
the wires 35 leading to the contact members 12a’, 12a"
(e.g. of Figs. 8 and 9) via the sockets 57.
[0095] The mesh 54 is made of electrically conductive
material, e.g. metal. Each isolating cap 55 is bridged by
a resistor 7’, 7" connecting the corresponding socket 57
with the mesh 54. The mesh 54 forms part of the perma-
nent-discharge current path ii bridging the spark gap 4
and including the spark-gap-bridging resistance 6. Thus,
in the embodiment of Fig. 10 the spark-gap-bridging re-
sistance 6 is composed of a series connection of the two
resistors 7’, 7" and the electrically conductive mesh 54
interposed between them.
[0096] In the embodiment of Fig. 11 the encapsulation
53 is formed by a cylindrical labyrinth 58 surrounding the
spark gap 4. The labyrinth 58 is formed by complemen-
tary cup-shaped labyrinth halves 58’, 58" inserted into
each other. In Fig. 11, one of the labyrinth halves 58’ has
an additional inner cylinder 59 so that gas escaping from
the centre (the position of the spark gap 4) is turned round
twice by 180° before leaving the labyrinth 58.
[0097] The spark-gap electrodes 5 forming the spark
gap 4 are placed, face-to-face, in the centre of the inner
cylinder 59. As in Fig. 10, the spark-gap electrodes 5 are
spaced a certain distance (e.g. 5 mm) and are rounded.
The spark-gap electrodes 5 are inserted in electrically
conductive sockets 57 and traverse the bottoms of the
cup-shaped labyrinth halves 58’, 58". They are connect-
ed to the wires 35 leading to the contact members 12a’,
12a" (e.g. of Figs. 8 and 9) via the sockets 57.
[0098] The labyrinth 58 may be made of non-conduc-
tive material. It is bridged by a resistor 7 connecting the
two sockets 57. In other embodiments, the labyrinth is
made of electrically conductive material, and the resistor
7a bridges only the gap between the labyrinth halves 58’,
58" (drawn with hatched lines in Fig. 11). In the latter
embodiment, the labyrinth 58 forms part of the perma-
nent-discharge current path ii.
[0099] All publications mentioned in this specification
are herein incorporated by reference.
[0100] Although certain methods and products con-
structed in accordance with the teachings of the invention
have been described herein, the scope of coverage of
this patent is not limited thereto. On the contrary, this
patent covers all embodiments of the teachings of the
invention fairly falling within the scope of the appended
claims either literally or under the doctrine of equivalents.
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Claims

1. A lightning current transfer assembly (2) for a wind
turbine (1) comprising at least a first part (8) and a
second part (9) rotatable relative to each other, the
lightning current transfer assembly (2) being ar-
ranged to transfer lightning current from the first part
(8) to the second part (9), comprising:

at least one electric contact arrangement (11,
11’, 11") comprising complementary contact
members (12a, 12b, 12a’, 12b’, 12a", 12b")
which provide electric connection by mechani-
cally contacting each other while being movable
relative to each other;
a spark gap (4) connected in series with the at
least one electric contact arrangement (11, 11’,
11 "), wherein the spark gap (4) comprises
spark-gap electrodes (5), the spark-gap elec-
trodes (5) being stationary relative to each other;
a spark-gap-bridging resistance (6) connected
parallel to the spark gap (4),
the lightning current transfer assembly (2) there-
by providing at least two alternative current
paths from the first part (8) to the second part (9):

(i) a lightning current path across the at least
one electric contact arrangement (11, 11’,
11") and the spark gap (4), and
(ii) a permanent-discharge current path
across the at least one electric contact ar-
rangement (11, 11’, 11") and through the
spark-gap-bridging resistance (6).

2. The lightning current transfer assembly of claim 1,
wherein the spark-gap-bridging resistance (6) com-
prises one or more resistors (7, 7’, 7").

3. The lightning current transfer assembly of claim 1 or
2, wherein the complementary contact members
(12a, 12b, 12a’, 12b’, 12a", 12b") of the at least one
electric contact arrangement (11, 11 11") comprise
a contact slider (13) or roller (14) and a complemen-
tary ring (15) or belt (16) contacted by the contact
slider (13) or roller (14).

4. The lightning current transfer assembly of any one
of claims 1 to 3, the lightning current transfer assem-
bly (2) being arranged to transfer lightning current
between first and second parts (8, 9) rotatable rela-
tive to each other around two different axes (10’, 10"),
the lightning current transfer assembly (2) compris-
ing at least two electric contact arrangements (11’,
11") connected in series.

5. The lightning current transfer assembly of claim 4,
wherein the spark gap (4) is interposed between the
at least two electric contact arrangements (11’, 11"),

thereby forming a series connection of a first electric
contact arrangement (11’), the spark gap (4), and a
second electric contact arrangement (11"), the
spark-gap-bridging resistance (6) being connected
parallel to the spark gap (4), but not the to first or
second electric contact arrangement (11’, 11").

6. The lightning current transfer assembly of claim 4 or
5, wherein
the lightning current transfer assembly (2) is ar-
ranged for mounting on a wind turbine (1) comprising
at least one rotor blade (17), a rotor hub (18), and a
nacelle (19), the rotor blade (17) being rotatable rel-
ative to the rotor hub (18) around a first axis (10’),
and the rotor hub (18) being rotatable relative to the
nacelle (19) around a second axis (10"),
the lightning current transfer assembly (2) compris-
ing a lightning current transfer unit (3) arranged to
be mounted on the rotor hub (18),
wherein the lightning current transfer assembly (2)
provides a lightning current path and a permanent-
discharge current path from the rotor blade (17) to
the nacelle (19) by means of the at least two electric
contact arrangements (11’, 11"), connected in series
with the parallel connection of the spark gap (4) and
the spark-gap-bridging resistance (6) interposed.

7. The lightning current transfer assembly of claim 6,
wherein both the galvanically discontinuous lightning
current path and the permanent-discharge current
path through the lightning current transfer unit (3)
are electrically isolated from the rotor hub (18), so
that lightning current bypasses the rotor hub (18) and
rotation-enabling bearings (22, 24) between the rotor
blade (17) and the rotor hub (18) and between the
rotor hub (18) and the nacelle (19).

8. The lightning current transfer assembly of any one
of claims 4 to 7, wherein the at least two electric
contact arrangements (11’, 11") are connected by a
wire (35), the spark gap (4) being interposed in the
wire connection (35) between the at least two electric
contact arrangements (11’, 11 ").

9. The lightning current transfer assembly of any one
of claims 1 to 8, wherein the spark gap (4) is mounted
on an isolating stand (45).

10. The lightning current transfer assembly of any one
of claims 1 to 9, comprising a base support (37) made
of insulating material which is a common support of
both the spark gap (4) and at least one of the contact
members (12a, 12a’, 12a").

11. The lightning current transfer assembly of claim 10,
wherein the at least one of the contact members
(12a, 12a’, 12a") is pivotally mounted on the base
support (37) or to a member (38) fixed to the base
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support (37).

12. The lightning current transfer assembly of any one
of claims 1 to 11, wherein the spark gap (4) is en-
capsulated, the encapsulation (53) allowing air to es-
cape, but preventing particles produced when a
spark occurs from escaping.

13. The lightning current transfer assembly of claim 12,
wherein the spark gap encapsulation (53) comprises
a mesh (54) surrounding the spark gap (4).

14. The lightning current transfer assembly of claim 12
or 13, wherein the spark gap encapsulation (53)
comprises a labyrinth-shaped housing (58).

15. The lightning current transfer assembly of any one
of claims 12 to 14, wherein the spark gap encapsu-
lation (53) is at least partially made of electrically
conductive material and forms part of the permanent-
discharge current path bridging the spark gap (4)
and including the spark-gap-bridging resistance (6).

16. A wind turbine (1) comprising at least one lightning
current transfer assembly (2) according to any one
of claims 1 to 15.
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