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(54) Lightning current transfer unit for a wind turbine

(57) A lightning current transfer unit (LCTU) is ar-
ranged to transfer lightning current from a wind turbine’s
first part to a second part rotatable relative to each other.
The LCTU (3) has at least one contact slider (8) arranged
to contact a complementary contact rail (4), which is mov-
able relative to it, to transfer lightning current from the
first part to the second part. The contact slider (8’) has a
slide piece (29), a pivoted lever (32), and a spring (39).
The slide piece (29) is mounted on the pivoted lever (32)
and is biased towards the contact rail (4) in a contact-
force direction (c). The spring (39) applies an elastic
spring force to the pivoted lever (32) in a spring-force
direction (s). The spring-force direction (s) is at an angle
(α) to the contact-force direction (c). The pivoted lever
(32) diverts the spring force from the spring-force direc-
tion (s) to the contact-force direction (c).
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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 unit for a wind turbine, and a
wind turbine comprising one or more lightning current
transfer units.

BACKGROUND OF THE INVENTION

[0002] A lightning current transfer unit for a wind tur-
bine 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 contact sliders each contacting a comple-
mentary contact rail. The contact sliders have slide piec-
es mounted on a base support by means of elastically
deformable flat strips, which bias the contact pieces to-
wards the complementary contact rails (see e.g. Figs.
3a, 3b and 4 of WO 2005/050008).
[0003] Another type of lightning transfer unit has been
proposed in EP 1154537 A2. It is arranged to enable
lightning current to be transferred from a wind turbine’s
nacelle to the tower by means of a contact slider with a
slide piece biased towards a complementary ring by
means of a spring. The spring is directly mounted on the
slide piece so that the direction in which the spring pro-
duces force is the direction in which the slide piece slider
is biased towards the ring (see Fig. 8 of EP 1154537 A2).
[0004] According to EP 01577551 A2 spark gaps to
transfer lightning current between parts rotatable rela-
tively to each other (rotor blade/rotor hub; rotor shaft/
nacelle; nacelle/tower) are provided. Contact sliders are
connected in parallel with the spark gaps in order to en-
able charges to be discharged continuously. Each con-
tact slider has a slide piece biased towards a comple-
mentary contact rail by means of a spring. As in EP
1154537 A2 mentioned above, the spring is directly
mounted on the slide piece and produces force in the
same direction in which the slide piece is biased towards
the contact rail (see Fig. 2-4 of EP 01577551 A2).
[0005] A lightning current transfer unit for a wind tur-
bine is provided. The wind turbine comprises at least a
first part and a second part rotatable relative to each oth-
er. The lightning current transfer unit comprises at least
one contact slider arranged to contact a complementary
contact rail, which is movable relative to the contact slid-
er, to transfer lightning current from the first part to the
second part. The contact slider comprises: a slide piece,
at least one pivoted lever, and at least one spring. The
slide piece is mounted on the pivoted lever. The slide
piece is biased towards the complementary contact rail
in a contact-force direction. The spring applies an elastic
spring force to the pivoted lever in a spring-force direc-
tion. The spring-force direction is at an angle to the con-
tact-force direction. The pivoted lever diverts the spring

force from the spring-force direction to the contact-force
direction.
[0006] According to another aspect, a wind turbine is
provided comprising at least one lightning current trans-
fer unit.
[0007] 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

[0008] 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 schematic diagram of a lightning current
transfer assembly with an embodiment of a lightning
current transfer unit transferring lightning current be-
tween two parts rotatable relative to each other
around one axis;
Fig. 2 is a schematic diagram similar to that of Fig.
1, however, with another embodiment of a lightning
current transfer unit to transfer lightning current be-
tween 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 unit 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
equipped with another embodiment of a lightning
current transfer unit 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 unit which transfers current be-
tween a rotor blade and a nacelle of the wind turbine;
Fig. 6 schematically illustrates an embodiment of
contact slider;
Fig. 7 is a perspective view of an embodiment of a
contact slider;
Figs. 8 and 9 are perspective views of an embodi-
ment of a lightning current transfer unit of the type
illustrated in Figs. 2 and 5, without and with a spark-
gap assembly;
Fig. 10 is a perspective view of another embodiment
of a lightning current transfer unit.

[0009] 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

[0010] Before turning to the detailed description of the
embodiments shown in the drawings, a few more general
items will first be discussed.
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[0011] Wind turbines are commonly equipped with a
lightning conductor system. For example, in some of the
embodiments each rotor blade of a wind turbine has a
lightning receptor near its tip, and sometimes further re-
ceptors along the blade. The lightning receptor, or recep-
tors, can be connected with a lightning conductor along
the rotor blade. The lightning current path continues
through the nacelle and down the tower of the wind tur-
bine to the earth. The lightning current also has to pass
between parts rotatable relative to each other, for exam-
ple from the rotor blade to the rotor hub, from the rotor
hub to the nacelle (or directly from the rotor blade to the
nacelle), and from the nacelle to the tower.
[0012] In the embodiments, a lightning current transfer
unit is provided which transfers lightning current from a
first part to a second part rotatable relative to each other.
In principle, it is possible to transfer lightning current from
one part to another part rotatable relative to each other
solely by means of a spark gap with spark-gap electrodes
movable relative to each other (as, for example, in DE
4436197 A1). However, without a galvanic connection
there is no permanent discharge-current path which
would allow charges from static charging to be perma-
nently discharged. The embodiments therefore pertain
to a lightning current transfer unit that provides a galvanic
connection between the two parts rotatable relative to
each other. In some embodiments a spark gap with mov-
able spark-gap electrodes may be connected in parallel
to the galvanic connection, as in EP 01577551 A2 men-
tioned at the outset; in other embodiments the galvanic
connection is the only connection between the two parts
rotatable relative to each other provided by the lightning
current transfer unit, i.e. there is no parallel spark gap
with moveable spark-gap electrodes.
[0013] Galvanic connection is generally provided by
contact elements mechanically contacting each other
while being movable relative to each other. Galvanic con-
nection can, in principle, also be provided by roller con-
tacts, as, for example, in EP 1568883 A2. However, it is
not certain that contact arrangements based on roller
contacts provide a reliable galvanic connection if the volt-
age across the contact is small, because oxide layers
and dirt are not always removed by a roller contact. The
embodiments of a lightning current transfer unit de-
scribed in this description are based on sliding-contact
arrangements to ensure that a permanent galvanic con-
nection is provided to enable charges from static charg-
ing to be reliably discharged. A sliding-contact arrange-
ment comprises a contact slider and a complementary
contact rail movable relative to the contact slider. The
contact slider has a slide piece biased towards the con-
tact rail and in mechanical contact with it. The elastic
biasing of the slide piece towards the contact rail com-
pensates for variations in the distance between the light-
ning current transfer unit and the contact rail that may
occur upon relative rotation, so that mechanical and elec-
trical contact between the contact slider and contact rail
is maintained.

[0014] The embodiments of the lightning current trans-
fer unit have one or more contact sliders. Although the
complementary contact rail is mechanically contacted by
the slide piece upon relative rotation of the contact slider
and the complementary contact rail, the contact rail does
not form part of the lightning current transfer unit itself.
The contact rail is, for example, a full ring or ring sector
attached e.g. to the root of a rotor blade, the rotor hub,
the nacelle, or the head of the tower. If the relative rotation
does not extend to full revolutions (such as the rotation
between the rotor hub and the nacelle), 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 rail may be a ring sector (also
called "belt"). It extends over a limited angular range, at
least corresponding to the angular range of the relative
rotation concerned.
[0015] In some embodiments the slide piece is a rigid
member, while in other embodiments it may be a device
having some elasticity to mechanically contact the con-
tact rail on its own, e.g. a sort of electrically conductive
brush.
[0016] In some of the embodiments the lightning cur-
rent transfer unit comprises a pivoted lever and a spring
for each slide piece. The slide piece is mounted on its
pivoted lever. For example, in embodiments in which the
lightning current transfer unit has two contact sliders,
there are two pivoted levers and two springs. In some
embodiments, the spring, or each of the springs, is a
compressed helical spring (or coil spring).
[0017] Each slide piece is biased towards the comple-
mentary contact rail in a contact-force direction by its
associated spring. The spring applies its elastic spring
force to the pivoted lever associated with it in a spring-
force direction. The spring-force direction is at an angle
to the contact-force direction. In other words, the pivoted
lever diverts the spring force from the spring-force direc-
tion to the contact-force direction.
[0018] This diversion of the spring-force enables the
lightning current transfer unit to be designed in a compact
manner, in particular if it accommodates not only one,
but two or more contact sliders.
[0019] Furthermore, in some embodiments the lengths
of the lever arms at which the spring force is applied and
on which the slide piece is mounted are different, so that
the spring force is transformed: the contact force is re-
duced relative to the spring force if the spring-lever arm
is shorter than the slide-piece-lever arm, and it is in-
creased relative to the spring force if the spring-lever arm
is longer than the slide-piece-lever arm.
[0020] The angle between the spring-force direction
and the contact-force direction is, in some embodiments
between 30° and 150°, in other embodiments between
45° and 135°. In some of the embodiments, the spring-
force direction is transverse to the contact-force direction.
Thus, the pivoted lever diverts the spring force by about
90°. Such an arrangement is particularly useful in em-
bodiments of the lightning current transfer unit with two
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contact sliders arranged back-to-back, because it ena-
bles the two slide pieces to be arranged at a distance
from each other smaller than the length of one spring in
its operational state in the spring-force direction. For ex-
ample, in embodiments with a helical spring, or springs,
this is the length of the spring in its axial direction when
it is compressed such that the slide piece contacts its
contact rail.
[0021] In some of those embodiments with two contact
sliders arranged back-to-back the surfaces of the two
slide pieces lie in parallel planes, and the two (e.g. helical)
springs are arranged with their axes parallel to each other
and the slide piece surfaces.
[0022] In some embodiments the slide piece is pivot-
ally mounted on the pivoted lever. This enables the slide
piece to adapt its orientation parallel to the complemen-
tary contact rail when the lever is swivelled. Parallelism
is then automatically maintained by the elastic pressure
on the slide piece towards the contact rail. This pivotal
mounting of the slide piece is not mandatory, as in other
embodiments the angular change of the slide piece’s ori-
entation due to lever swivel is negligible, or the slide piece
may have a slightly crowned surface.
[0023] In some embodiments the slide piece compris-
es an electrically conductive contact pad and a wear pad
which surrounds the conductive contact pad at least par-
tially. Both the conductive contact pad and the wear pad
form a common plane surface in mechanical contact with
the contact rail. The wear pad enlarges the mechanically
sliding surface of the slide piece beyond the electrically
effective slide-piece surface, and allows a material to be
chosen (e.g. a high-strength plastic) which exhibits less
wear than the conductive contact pad. This enables the
contact slider to be operated without some of the restric-
tions associated with the conductive contact pad. For ex-
ample, a relatively high contact force can be chosen to
prevent slider lift-off while keeping wear of the conductive
contact pad low, due to pressure reduction as a conse-
quence of the enlargement of the slide piece’s surface
by the wear pad, and due to the wear pad’s superior wear
characteristic.
[0024] In order to isolate the contact slider, or sliders,
of the lightning current transfer unit from the support to
which it is mounted, e.g. from the rotor hub, in some em-
bodiments the lightning current transfer unit comprises
a base support made of insulating material, e.g. insulat-
ing plastic. In some embodiments the isolating base sup-
port supports the pivoted lever with the slide piece. In
some embodiments of the lightning current transfer unit
with two contact sliders, the base support is a common
support of both the pivoted levers and slide pieces. The
base support may be made as an integral part.
[0025] In some embodiments, the pivoted lever is piv-
otally mounted around a swivel axis on the base support
either directly, or indirectly with interposition of a member
fixed to the base support.
[0026] In some embodiments, the spring, or each
spring, is accommodated in a spring cylinder. In some of

those embodiments, the cylinder, or cylinders, is/are
mounted on the base support, and the pivoted lever is
pivotally mounted on its associated spring cylinder. The
spring cylinder may thus form the member interposed
between the base support and the pivoted lever on which
the latter is mounted. In some embodiments, the mem-
ber/spring cylinder and/or the pivoted lever are also made
of insulating material, e.g. insulating plastic.
[0027] In some embodiments the base support is in
the general form of an elevated platform with side walls
and is a hollow body defined by the platform and the side
walls. In order to mount the spring cylinder, or cylinders,
on the platform a spring-cylinder mounting is provided
for the, or each, spring cylinder. A spring-cylinder mount-
ing may, e.g., be a bracket with a semi-cylindrical shape.
[0028] In some of the embodiments with two contact
sliders the two slide pieces are positioned at different
levels above the basis of the base support, depending
on the relative position of the two associated contact rails.
For example, only one of the spring-cylinder mountings
is mounted on the elevated platform, while the other is
located at a lower level. In other embodiments, however,
the two slide pieces are at the same height; both spring-
cylinder mountings are on the elevated platform.
[0029] In some embodiments the lightning current
transfer unit is arranged to transfer lightning current be-
tween parts rotatable relative to each other around a sin-
gle axis, for example between a rotor blade and the rotor
hub or shaft, or between the rotor hub or shaft and the
nacelle, or between the nacelle and the tower of the wind
turbine. Consequently, in some embodiments the "first
part" and the "second part" rotatable relative to each other
are a rotor blade and a rotor hub or shaft, or a rotor hub
or shaft and a nacelle, or a nacelle and a tower, of the
wind turbine.
[0030] In other embodiments, however, the lightning
current transfer unit is arranged to transfer lightning cur-
rent 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 dif-
ferent axes. In some such embodiments with two different
axes the lightning current transfer assembly comprises
at least two contact sliders electrically connected in se-
ries. Then, the "first part" is a rotor blade, and the "second
part" is a nacelle of the wind turbine. In some of these
embodiments, the lightning current transfer unit is ar-
ranged to be mounted on the rotor hub. It thereby pro-
vides a direct lightning-current path from the rotor blade
to the nacelle by means of at least one first contact slider
towards the rotor blade and at least one second contact
slider towards the nacelle.
[0031] 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, the main-shaft bearing, and the
yaw bearing) are usually also electrically conductive.
Consequently, if the lightning current path is not electri-
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cally isolated from the rotor hub, a fraction or all of the
lightning current could pass through the blade-pitch bear-
ing and/or the main-shaft bearing. As the durability of
bearings might be reduced by exposure to lightning cur-
rent crossing the bearings, in some embodiments with a
lightning current transfer unit mounted on the rotor hub,
the current path provided by the lightning current transfer
unit is 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).
[0032] Moreover, in some embodiments, the comple-
mentary contact rail 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 bear-
ing. This can be achieved, for example, by the blade be-
ing 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 flow directly from
the rotor blade to the nacelle, bypassing the blade-pitch
and main-shaft bearings.
[0033] In some embodiments with two contact sliders,
the first contact slider towards the rotor blade and the
second contact slider towards the nacelle are connected
by a wire. As the distance between the two (e.g. elasti-
cally biased) contact sliders of the lightning current trans-
fer unit is not necessarily constant, in some embodiments
the contact sliders are connected by a flexible wire.
[0034] In some of these embodiments, the flexible wire
directly spans the gap between the two contact sliders,
which are, e.g., arranged back-to-back, the flexible wire
running above the base support.
[0035] In order to reduce the span width of the flexible
wire, in some embodiments the flexible wire is supported
by an isolating stand mounted on the base support.
[0036] In some embodiments a spark gap (with non-
movable spark-gap electrodes) is interposed in the wire
connecting the first and second contact sliders. In em-
bodiments with an isolating stand, the spark gap may be
mounted on the isolating stand. In some embodiments a
resistance is connected in parallel with the spark gap to
render the permanent-discharge current path high-ohm-
ic, while still enabling lightning current to be lead to
ground via the spark gap. A high-ohmic permanent-dis-
charge current path may be useful to ensure electro-mag-
netic compatibility (EMC) in certain situations. Momen-
tary slider lift-off may occur, and might cause rapidly ris-
ing currents if the discharge current path is low-ohmic,
which in turn might cause electro-magnetic interference
in certain situations. Rendering the discharge-current
path high-ohmic by interposing a spark gap with a resist-
ance in parallel can limit the rise in current and thereby
electro-magnetic interference.
[0037] The embodiments disclosed herein not only
pertain to lightning current transfer units as such, but also
to wind turbines equipped with one or more such lightning

current transfer units. For example, a wind turbine with
n (e.g. three) rotor blades may have one lightning current
transfer unit 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 rail 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

[0038]

Figs. 1 and 2 (schematic diagrams):
Figs. 1 and 2 are schematic diagrams of lightning
current transfer assemblies 2, each composed of an
embodiment of a lightning current transfer unit 3 and
a complementary contact rail 4 (Fig. 1) or two com-
plementary contact rails 4’, 4" (Fig. 2). The lightning
current transfer unit 3 provides a current bridge be-
tween two parts 5, 6 rotatable relative to each other.
In the embodiment of Fig. 1 the parts 5, 6 electrically
bridged by the lightning current transfer unit 3 are
rotatable relative to each other around a single axis
7, while in the embodiment of Fig. 2 they are rotatable
around two different axes 7’, 7". For example, as
illustrated in Fig. 2, the two different axes 7’, 7" are
perpendicular to each other.
In the embodiment of Fig. 1, the first part 5 is, for
example, the lightning current transfer unit 3 itself,
while the second part 6 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 5 is necessarily stationary while the second part
6 rotates. Rather, the first part 5 can be the rotating
part, while the second part 6 can be stationary.
The embodiment of Fig. 1 has one contact slider 8
contacting a complementary contact rail 4, while the
embodiment of Fig. 2 has two contact sliders, denot-
ed by 8’ and 8", contacting two complementary con-
tact rails, denoted by 4’ and 4". The slider-rail pairs
8, 4; 8’, 4’; 8", 4" provide a galvanic connection be-
tween the rotatable parts 5, 6 by mechanically con-
tacting each other while being moveable relative to
each other.
The contact rails 4, 4’, 4" are rings concentric to the
axis 7, 7’, 7" of the relative rotation, with a radius
relative to the axis 7, 7’, 7" which corresponds to the
respective contact slider’s 8, 8’, 8" radial distance
from the axis 7, 7’, 7". If the angular range of relative
rotation is unlimited, the contact rail is a closed ring,
as in Fig. 1 and one of the slider-rail pairs of Fig. 2,
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there denoted by 4 or 4". If, however, the range of
relative rotation is limited to less than 360°, the cor-
responding contact rail will not be a closed ring to
cover the range of rotation, but may be a ring sector
or ’belt’, as shown at 4’ in Fig. 2.
A wire 10 connects an input ’In’ and the contact slider
8 (embodiment of Fig. 1) or the two contact sliders
8’, 8" (embodiment of Fig. 2). The lightning current
transfer assemblies 2 thereby provide a current path
from an input ’In’ at the first part 5 to an output ’Out’
at the second part 6 (wherein In and Out can be
interchanged).
In alternative embodiments a spark gap 11 is inter-
posed in the wire 10. The spark gap 11 and related
elements are shown by dashed lines in the Figs. 1
to 5. The spark gap 11 has two spark-gap electrodes
12 spaced apart and isolated from each other, and
thereby forming a galvanic interruption of the wire
10 when no spark is fired. A resistance 13, which is
e.g. the resistance of a resistor 14, is connected par-
allel to the spark gap 11 and thereby bridges the
spark gap 11. There is no relative rotation between
the spark-gap electrodes 12; i.e. the spark-gap elec-
trodes 12 are stationary relative to each other.
In the alternative embodiments with the spark gap
11 and the spark-gap-bridging resistance 13, the
lightning current transfer assemblies 2 thereby pro-
vide two alternative current paths, i and ii. In the em-
bodiment of Fig. 1, the first current path i, called "light-
ning current path", starts at the input In and leads
across the spark gap 11 and the slider-rail pairs 8,
4 moveable relative to each 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 13 and
the slider-rail pairs 8, 4. In the embodiment of Fig. 2
the alternative current paths i, ii are analogous to
those of Fig. 1, but pass through the two electric slid-
er-rail pairs 8’, 4’; 8", 4".

Figs. 3 to 5 (wind turbines equipped with lightning
current transfer units):
Figs. 3 to 5 illustrate wind turbines 1 equipped with
lightning current transfer assemblies 2 with different
embodiments of lightning current transfer units 3. In
Figs. 3 and 4 the lightning current transfer units 3
are of the single-axis type shown in Fig. 1, while the
embodiment of Fig. 5 has a lightning current transfer
unit 3 of the dual-axes type shown in Fig. 2.
The wind turbines 1 of Figs. 3 to 5 have a plurality
of (normally three) rotor blades 15, one of which, and
a stump of another one, are shown in Figs. 3 to 5.
The rotor blades 15 are supported by a rotor hub 16
(the rotor hub 16 is shown extended in its longitudinal
direction, in order to provide sufficient space in the
drawings to show the lightning current transfer units
3). The rotor hub 16 is supported by a nacelle 17,
which rests on a tower 18.

In the embodiments of Figs. 4 and 5, the rotor blade
15 is pivotally mounted with its root 19 in a blade-
pitch bearing 20 on the rotor hub 16. In the examples
shown, the pitch angle range is smaller than 360°,
e.g. about 180°, or in a preferred embodiment, 100°.
In the embodiment of Fig. 3 a wind turbine with fixed
(not pitchable) rotor blades 15 is illustrated, because
the blade-pitch bearing is absent. This is only exem-
plary; in other embodiments with the lightning current
transfer unit 3 of the type shown in Fig. 3 the rotor
blade 15 may also be pitchable, as in Figs. 4 and 5.
The rotor hub 16 is extended by a main shaft 21
which is pivotably mounted on main-shaft bearings
22 on the nacelle 17. This is also only exemplary, as
in other embodiments the rotatable main shaft 21 is
replaced by a fixed shaft extending from the nacelle
towards the hub, and the hub is then pivoted on the
fixed shaft. A yaw bearing 23 enables the nacelle 17
to be rotated relative to the tower 18.
In all three embodiments of Figs. 3 to 5 a lightning
current transfer unit 3 is mounted on the rotor hub
16, and rotates with the rotor hub 16. The contact
rails 4, 4’, 4" are rotatable relative to the rotor hub
16. The lightning current transfer unit 3 is mounted
in such a manner that it is electrically isolated from
the rotor hub 16, which is symbolized in Figs. 3 to 5
by broken inclined lines between the lightning current
transfer unit 3 and the rotor hub 16.
In the embodiments of Figs. 3 to 5, the rotor blade
15 is equipped with a lightning receptor 24 near its
tip. The lightning receptor 24 is connected to a light-
ning conductor 25 along the rotor blade 15. The light-
ning current path continues through the lightning cur-
rent transfer unit 3, and further through a lightning
conductor 26 in the nacelle 17, another lightning cur-
rent transfer unit 3y bridging the yaw bearing 23, and
through a lightning conductor 27 in the tower 18
which is grounded near the root of the tower 18. The
lightning conductor 25 is also connected to a charge
receptor 28 extending along the length of the rotor
blade 15 but not to the root 19. The charge receptor
28 may be any electrically conductive or semi-con-
ductive member in the load-carrying structure of the
rotor blade 15 (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 leading
edge). The charge receptor 28 is also able to collect
the charges originating from static charging. These
charges are led to the lightning conductor 25 and
flow to the earth along the lightning current path.
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 at each
rotor blade 15. In embodiments according to Fig. 5
the plural lightning current transfer units 3 may share
a common contact rail 4" at the nacelle 17.
In the embodiment of Fig. 3, the first part 5 of the
two parts 5, 6 rotatable relative to each other is the
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rotor hub 16, and the second part 6 is the nacelle
17. Consequently, the axis 7 around which the two
parts 5, 6 are rotatable relative to each other is the
rotation axis of the rotor hub 16.
The lightning current transfer assembly 2 transfers
current between these two parts 5, 6 rotatable rela-
tive to each other, i.e. from the rotor hub 16 to the
nacelle 17. The input of the lightning current transfer
assembly 2 is, for example, electrically connected to
the rotor hub 16. The lightning conductor 25 in the
rotor blade 15 is also electrically connected to the
rotor hub 16, so that current from the rotor blade 15
can flow through the rotor hub 16 into the lightning
current transfer assembly 2.
In other embodiments similar to that of Fig. 3, how-
ever, the lightning conductor 25 coming down from
the lightning receptor 24 is directly connected to the
input of the lightning current transfer assembly 2.
Such a connection, e.g. by means of a continuous
cable from the lightning receptor 24 to the input of
the lightning current transfer assembly 2, is also pos-
sible 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 19 of the rotor blade 15 is made of
electrically insulating material, practically all the cur-
rent from the rotor blade 15 will flow through the light-
ning current transfer assembly 2, so that the rotor-
pitch bearing (if applicable), the rotor hub 16, and
the main-shaft bearing 22 are electrically bypassed.
In the embodiment of Fig. 3, the further current path
goes through the contact slider 8 rotating with the
hub 16 and the stationary complementary contact
rail 4, e.g. in the form of a ring mounted on the front
of the nacelle 17. The ring, which forms the output
of the lightning current transfer assembly 2, is con-
nected to the lightning conductor 26 in the nacelle 17.
In the embodiment of Fig. 4, the first part 5 of the
parts 5, 6 rotatable relative to each other is the rotor
blade 15, and the second part 6 is the rotor hub 16.
Consequently, the axis 7 around which the two parts
5, 6 are rotatable relative to each other is the rotation
axis of the rotor blade 15.
The lightning current transfer assembly 2 transfers
current between these two parts 5, 6 rotatable rela-
tive to each other, i.e. from the rotor blade 15 to the
rotor hub 16. The complementary contact rail 4, here
e.g. in the form of a belt around the root 19 of the
rotor blade 15, which is connected to the lightning
conductor 25 in the rotor blade 15, forms the input
of the lightning current transfer assembly 2. The con-
tact rail 4 is contacted by the contact slider 8 which
rotates, together with the lightning transfer unit 2,
with the rotor hub 16. Thus, current will flow from the
rotor blade 15 to the lightning current transfer unit 3
across the rotative gap between the rotor blade 15
and the rotor hub 16. If the root 19 of the rotor blade
15 is made of electrically insulating material, practi-

cally all the current from the rotor blade 15 will thus
bypass the blade-pitch bearing 20.
In the embodiment of Fig. 4, the further current path
goes from the output of the lightning current transfer
assembly 2, which is, for example, electrically con-
nected to the rotor hub 16, through the main shaft
21 connected to the lightning conductor 26 in the
nacelle 17 by another lightning current transfer unit
3m.
In the embodiment of Fig. 5, the first part 5 of the
parts 5, 6 rotatable relative to each other is the rotor
blade 15, and the second part 6 is the nacelle 17.
Consequently, the two parts 5, 6 are rotatable rela-
tive to each other around two different axes, the ro-
tation axis 7’ of the rotor blade 15 and the rotation
axis 7" of the rotor hub 16. While the rotation axis 7"
of the rotor hub 16 is stationary, the rotation axis 7’
of the rotor blade 15 permanently changes its direc-
tion upon rotation of the rotor hub 16, as the rotor
blade 15 is mounted on the rotor hub 16 - it is only
stationary in the rotating coordinate system of the
rotor hub 16.
The lightning current transfer assembly 2 transfers
current between these two parts 5, 6 rotatable rela-
tive to each other, i.e. from the rotor blade 15 to the
nacelle 17. As in Fig. 4, the complementary contact
rail 4’, here a belt around the root 19 of the rotor
blade 15, which is connected to the lightning con-
ductor 25 in the rotor blade 15, forms the input of the
lightning current transfer assembly 2. The contact
rail 4’ in the form of a belt is contacted by the first
contact slider 8’ of the lightning current transfer unit
3. Thus, current will flow from the rotor blade 15 to
the lightning current transfer unit 3 across the rotative
gap between the two through the first slider-rail pair
8’, 4’. The further current path crosses the second
slider-rail pair 8", 4", as in Fig. 3 in the form of a
contact slider 8" rotating with the hub 16 and a sta-
tionary complementary contact rail 4", e.g. in the form
of a ring mounted on the front of the nacelle 17. The
second contact rail 4" in the form of a ring, which
forms the output of the lightning current transfer as-
sembly 2, is connected to the lightning conductor 26
in the nacelle 17.
If the root 19 of the rotor blade 15 is made of elec-
trically insulating material, practically all the current
from the rotor blade 15 will flow through the lightning
current transfer assembly 2, so that the rotor-pitch
bearing 20, the rotor hub 16 and the main-shaft bear-
ing 22 are electrically bypassed.

Figs. 6 and 7 (a contact-slider embodiments):
In the embodiment of Fig. 6 the contact slider 8 has
a slide piece 29. The slide piece 29 is biased with a
contact force towards the complementary contact
rail 4, 4’, 4" (commonly denoted by 4 in Fig. 6), e.g.
the form of a ring or belt, of which only a cut-out is
shown in Fig. 6. It mechanically contacts the surface
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of the contact rail 4. The slide piece 29 and the con-
tact rail 4 are moveable relative to each other. The
movement of the contact rail relative to its comple-
mentary contact rail 4 is symbolised by an arrow m
in Fig. 6. As only a cut-out is shown in Fig. 6, the
relative movement appears to be linear, but is actu-
ally rotative, as described in connection with Figs. 1
to 5. The contact force, symbolised by an arrow c,
is perpendicular to the tangent plane to the contact
rail 4.
The slide piece 29 is composed of an electrically
conductive contact pad 30 (e.g. of a copper alloy/
brass), for example in the form of a cylindrical rod,
in the centre and a wear pad 31 (e.g. made of a
plastic material) at the circumference of the contact
pad 30.
The contact slider 8 includes a lever 32. The lever
32 is pivotally mounted on a base support 33 with
interposition of a member 34, here a spring cylinder
35, which is fixed to the base support 33. That is to
say, the lever 32 is mounted on a lever pivot 36, and
can swivel around a swivel axis defined by it. In the
embodiment of Fig. 6, the lever 32 is a two-armed
lever, with the lever pivot 36 between the two lever
arms, a spring lever arm 37 and a slide-piece lever
arm 38 (in other embodiments, the lever 32 is a sin-
gle-armed lever). The lever 32 is elastically biased
by a spring 39 at the outer end of the spring lever
arm 37. At the outer end of the slide-piece lever arm
38 another pivot, that is to say slide-piece pivot 40
is provided, on which the slide piece 29 is pivotally
mounted. The pivotal mounting on the lever 32 en-
ables the slide piece 29 to maintain an orientation
parallel to the complementary contact rail 4 when
the lever 32 is swivelled. The parallelism is automat-
ically maintained by the contact pressure c on the
slider piece 29 towards the contact rail 4. These
mechanisms compensate for variations in the dis-
tance between the base support 33 and the contact
rail 4 that may occur upon relative rotation, so that
mechanical/electrical contact between the slide
piece 29 and the contact rail 4 is maintained.
The slide piece 29 is elastically biased towards its
complementary contact rail 4 by means of the com-
pressed, e.g. helical, spring 39 accommodated in
the spring cylinder 35. The spring 39 presses at the
one end against the base support 33 and, at the other
end, through a spring piston 41 against the outer end
of the spring lever arm 37 of the lever 32, thereby
producing torque around the axis of the lever pivot
36, which presses the slide at the other end of the
lever 32, that is the outer end of the slide-piece lever
arm 36, towards the complementary contact rail 4.
The direction of the force produced by the spring 39
is denoted by f in Fig. 6. It is at an angle α to the
contact-force direction c. Thus, the pivoted-lever
mechanism of Fig. 6 diverts the spring-force direction
f by α into the contact-force direction c. In the em-

bodiment of Fig. 6, the angle α of the spring-force
diversion is approximately a right angle (approxi-
mately 90°). With the exemplary helical spring 39,
the longitudinal spring axis, which is in turn defined
by the orientation of the longitudinal axis of the spring
cylinder 35 accommodating the spring 39, coincides
with the spring-force direction f. Thus, in the example
of Fig. 6, the longitudinal axes of the spring 39 and
the spring cylinder 35 are perpendicular to the con-
tact-force direction c and parallel to the tangent plane
to the contact rail 4.
In the embodiment of Fig. 6, the length of the slide-
piece lever arm 38 (which can be thought of the
length of the imaginary straight line connecting the
lever pivot 36 and the slide-piece pivot 40) is greater
than that of the spring lever arm 37 (which can be
thought of the length of the imaginary straight line
connecting the lever pivot 36 and the point of the
lever 32 where the spring piston 41 attaches the lever
32). As a consequence, the spring force is not only
diverted in its direction, but also transformed in mag-
nitude (in the example shown, the contact force is
reduced relative to the spring force).
The base support 33 is made of insulating material,
e.g. insulating plastic, in order to isolate the contact
slider 8 e.g. from the rotor hub 16 on which it is mount-
ed. In some embodiments, the member/spring cyl-
inder 34/35 and/or the lever 32 are also made of
insulating material, e.g. insulating plastic.
Fig. 7 shows a perspective view of a contact slider
8 similar to the schematically shown embodiment of
Fig. 6. In Fig. 7, the spring cylinder 35 is only partially
shown (the base support 37 is not shown). The con-
ductive contact pad 30 is here a rearward-extending
rod with a bore 40a to accommodate a slide-piece
pivot-pin 40b to mount the slide piece 29 pivotally on
the slide-piece lever arm 38 of the lever 32.

Figs. 8 and 9 (embodiment of a lightning current
transfer unit without and with spark-gap assembly):
Figs. 8 and 9 are perspective views of an embodi-
ment of a lightning current transfer unit 3 of the type
illustrated in Figs. 2 and 5. While Fig. 8 shows a
version with a continuous wire connection between
the two contact sliders 8’, 8" (without spark gap), Fig.
9 shows another version with a spark-gap assembly
42 interposed between the two contact sliders 8’, 8".
Apart from this, the Figs. 8 and 9 are identical, and
the following description applies to both Figs. 8 and 9.
The lightning current transfer unit 3 enables lightning
current to be transferred between two parts 5, 6 ro-
tatable relative to each other around two different
axes 7’, 7". The two parts 5, 6 are, e.g., the rotor
blade 15 and the nacelle 17 (Figs. 2, 5). As described
in connection with Fig. 5, the lightning current trans-
fer unit 3 is, for example, designed to be mounted
on the rotor hub 16 of the wind turbine 1.
The lightning current transfer unit 3 has two contact
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sliders 3’, 3", e.g. of the embodiment shown and de-
scribed in connection with Fig. 6 or 7. The two contact
sliders 3’, 3" are arranged with their slide pieces 29’,
29" lying back-to-back, approximately in parallel
planes, when mounted on the wind turbine 1.
The two contact sliders 8’, 8" are equipped with the
pivoted-lever and force-diverting mechanism shown
and described in connection with Fig. 6 and 7. As in
Fig. 7, the conductive contact pad 30 is a rearward-
extended rod with a bore 40a to accommodate a
slide-piece pivot-pin 40b to mount the slide piece 29
pivotally on the slide-piece lever arm 38 of the lever
32.
The base support 33 is an integral part made of in-
sulating material, e.g. non-conductive plastic. It pro-
vides a platform 43 on side walls 44, the platform 43
being elevated above the basis to which the base
support 33 is to be mounted by means of bolts 45,
e.g. to the blade-pitch bearing. The bolts 45 are lo-
cated at irregular distances (e.g. two farther spaced
groups of closely adjacent pairs of bolts 45) corre-
sponding to complementary bores e.g. at the blade-
pitch bearing to ensure that lightning transfer unit 3
can only be mounted at a unique position. The base
support 33 is a hollow body, defined by the platform
43 and the side walls 44. In the exemplary embodi-
ment of Figs. 7 and 8, the platform 43 is triangle-
shaped. The base support 37 is a hollow body, de-
fined by the platform 43 and the side walls 44. The
base support 37 has mountings for the spring cylin-
ders 35 and a snap-in mounting for a cable-support-
ing stand 46. The spring-cylinder mountings 47 are
e.g. brackets with a semi-cylindrical shape. The
spring cylinders 35 are, for example, tied to the
brackets by means of plastic bands 48.
The exemplary embodiment shown in Figs. 8 and 9
refers to a particular case, in which the two slide piec-
es 29’, 29" are positioned at different levels above
the basis of the base support 33. Thus, only one of
the spring cylinders 35 is mounted on the elevated
platform 43 by means of spring-cylinder mounting
47 arranged on the platform 43, while the other spring
cylinder 35 is mounted at a lower level, in the other
spring-cylinder mounting 47 arranged along the side
walls 44 at one of the edges of the triangle. However,
in other embodiments in which the two slide pieces
29’, 29" are at the same height, both spring-cylinder
mountings 47 may be arranged on the elevated plat-
form 43.
The two contact sliders 3’, 3" are electrically con-
nected by a flexible wire 10, which runs directly from
one slide piece 29’ to the other 29", thereby remain-
ing essentially at the contact sliders’ height above
the base support 33.
In the version shown in Fig. 8 the flexible wire 10 is
composed of two wire-halves 10a, 10b connected to
each other, so that an electrically continuous wire
connection from the one slide piece 29’ to the other

29" is provided. Half-way between the two slide piec-
es 29’, 29", where the wire-halves 10a, 10b are con-
nected, the wire 10 is supported by the stand 46.
The stand 46 is made of insulating material, e.g. non-
conductive plastic, and is fixed to the base support
33.
In the version shown in Fig. 9, the spark-gap assem-
bly 42 is interposed in the wire 10 in the centre be-
tween the two slide pieces 29’, 29". It is mounted on
a slightly modified stand 46a, adapted to support the
spark-gap assembly 42. The spark-gap assembly 42
comprises a spark gap and a resistance and consti-
tutes the parallel connection of the spark gap 11 and
the spark-gap-bridging resistance 13 described in
connection with Figs. 1 to 5.
A lightning current transfer unit 3 of the Fig. 8-ver-
sion, without a spark gap, can simply be transformed
into the version of Fig. 9 with a spark gap by sepa-
rating the wire-halves 10a, 10b, removing the stand
46, snapping on the modified stand 46a, mounting
the spark-gap assembly 42 on the stand 46a, and
connecting the wire-halves 10a, 10b to it. This ena-
bles an EMC upgrade of a wind turbine 1 to be very
simply achieved.

Fig. 10 (another embodiment of a lightning current
transfer unit with slide pieces at the same level):
While Figs. 8 and 9 show a case in which the two
slide pieces 29’, 29" are positioned at different levels
above the basis of the base support 33, the embod-
iment of Fig. 9 illustrates another embodiment of a
lightning transfer unit 3 in which the two slide pieces
29’, 29" are at the same height above the basis of
the base support 33.
In Fig. 10, the spring cylinders 35 are only partially
shown (the wire 10 and the stand 46 are not shown).
The base support 37 has mountings 47 for the spring
cylinders 35 which are, in this embodiment, bores
which embrace the whole circumference of the
spring cylinders 35 (not only half of it, as the brackets
in Figs. 8 and 9). In this embodiment, the elevated
platform 43 has a generally rectangular shape, with
rounded edges. Apart from this, the embodiment of
Fig. 10 is also equipped the pivoted-lever and force-
diverting mechanism shown and described in con-
nection with Figs. 6 to 9.
All publications mentioned in this specification are
herein incorporated by reference.
Although certain methods and products constructed
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 unit (3) for a wind turbine
(1) comprising at least a first part (5) and a second
part (6) rotatable relative to each other, the lightning
current transfer unit (3) comprising at least one con-
tact slider (8, 8’, 8") arranged to contact a comple-
mentary contact rail (4, 4’, 4"), which is movable rel-
ative to the contact slider (8, 8’, 8"), to transfer light-
ning current from the first part (5) to the second part
(6), the contact slider (8, 8’, 8") comprising:

- a slide piece (29, 29’, 29"),
- at least one pivoted lever (32), and
- at least one spring (39);

wherein the slide piece (29, 29’, 29") is mounted on
the pivoted lever (32);
wherein the slide piece (29, 29’, 29") is biased to-
wards the complementary contact rail (4, 4’, 4") in a
contact-force direction (c);
wherein the spring (39) applies an elastic spring
force to the pivoted lever (32) in a spring-force direc-
tion (f), the spring-force direction (f) being at an angle
(α) to the contact-force direction (c); and
wherein the pivoted lever (32) diverts the spring force
from the spring-force direction (f) to the contact-force
direction (c).

2. The lightning current transfer unit of claim 1, wherein
the spring-force direction (f) is transverse to the con-
tact-force (c) direction.

3. The lightning current transfer unit of claim 1 or 2,
wherein the slide piece (29, 29’, 29") is pivotally
mounted on the pivoted lever (32).

4. The lightning current transfer unit of any one of
claims 1 to 3, wherein the slide piece (29, 29’, 29")
comprises an electrically conductive contact pad
(30) and a wear pad (31) surrounding the contact
pad (30) at least partially.

5. The lightning current transfer unit of any one of
claims 1 to 4, comprising a base support (33) made
of insulating material which supports the at least one
pivoted lever (32) with the slide piece (29, 29’, 29").

6. The lightning current transfer unit of claim 5, wherein
the at least one pivoted lever (32) is pivotally mount-
ed on the base support (33) or on a member (34)
fixed to the base support (33).

7. The lightning current transfer unit of any one of
claims 1 to 6, wherein the at least one spring (39) is
arranged in a spring cylinder (35).

8. The lightning current transfer unit of any one of

claims 5 to 7, wherein the at least one spring (39) is
arranged in a spring cylinder (35), the at least one
spring cylinder is mounted on the base support (33),
and the pivoted lever (32) is pivotally mounted on
the at least one spring cylinder (35).

9. The lightning current transfer unit of any one of
claims 1 to 8, wherein the first and second parts (5,
6) rotatable relative to each other are a rotor blade
(15) and a rotor hub (16) or shaft (21), or a rotor hub
(16) or shaft (21) and a nacelle (17), or a nacelle (17)
and a tower (18), of the wind turbine (1).

10. The lightning current transfer unit of any one of
claims 1 to 8, wherein the first part is a rotor blade
(15), and the second part is a nacelle (17) of the wind
turbine (1), and the lightning current transfer unit (3)
is arranged to be mounted on the rotor hub (16) and
to provide a direct lightning-current path from the ro-
tor blade (15) to the nacelle (17) by means of at least
one first contact slider (8’) towards the rotor blade
(15) and at least one second contact slider (8") to-
wards the nacelle (17).

11. The lightning current transfer unit of claim 10, where-
in the lightning-current path provided by the lightning
current transfer unit (3) is electrically isolated from
the rotor hub (16), so that lightning current bypasses
the rotor hub (16) and rotation-enabling bearings (20,
22) between the rotor blade (15) and the rotor hub
(16) and between the rotor hub (16) and the nacelle
(17).

12. The lightning current transfer unit of claim 10 or 11,
wherein the first contact slider (8’) towards the rotor
blade (15) and the second contact slider (8") towards
the nacelle (17) are connected by a wire (10, 10a,
10b).

13. The lightning current transfer unit of claim 10 or 11,
wherein the first contact slider towards (8’) the rotor
blade (15) and the second contact slider (8") towards
the nacelle (17) are connected by a flexible wire (10,
10a, 10b) above the base support (33).

14. The lightning current transfer unit of claim 13, where-
in the flexible wire (10, 10a, 10b) is supported by an
isolating stand (46, 46a) mounted on the base sup-
port (33).

15. The lightning current transfer unit of claim 13 or 14,
wherein a spark gap (11) is interposed in the wire
(10, 10a, 10b) connecting the first and second con-
tact sliders (8’, 8").

16. A wind turbine (1) comprising at least one lightning
current transfer unit (3) according to any one of
claims 1 to 15.
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