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Description

Background of the invention

[0001] The invention relates to a wind turbine connect-
ed to a utility grid and a wind turbine park.

Description of the Related Art

[0002] A wind turbine known in the art comprises a
tapered wind turbine tower and a wind turbine nacelle
positioned on top of the tower. A wind turbine rotor with
a number of wind turbine blades is connected to the na-
celle through a low speed shaft, which extends out of the
nacelle front as illustrated on figure 1.
[0003] Overvoltage caused by a fault situation such as
a short circuit, lightening strike or other can be potentially
very damaging for the wind turbine, possible personnel
operating it or at least it can reduce the quality of the
power produced. It is therefore known to provide the wind
turbine with some sort of earthing system.
JP2004225660 shows a discharging system in the foun-
dation area for multiple electric systems to establish an
earth potential. In United States patent No. US 6,932,574
B2 is shown a wind turbine comprising a lightning pro-
tection system and a system for continuously discharging
of electrostatic charges of the wind turbine blades. The
lightning protection and the electrostatic discharging are
done by connecting the systems to earth by means of
the wind turbine foundation and earth electrodes extend-
ing vertical into the ground.
[0004] The problem with this type of earthing system
is that the quality and the stability of the earth connection
can be difficult to maintain, in that it can be difficult to
ensure that all parts of the wind turbine is securely
grounded at all times and that no potentially damaging
or dangerous electrical potential differences occur inside
or around the wind turbine.
[0005] The object of the invention is therefore to pro-
vide for a secure earthing system without the above men-
tioned disadvantages

The invention

[0006] The invention provides for a wind turbine con-
nected to a utility grid according to the features of claim
1. The wind turbine comprises at least one electric system
such as low or high voltage power systems and cables,
at least one control system such as a SCADA system
and control cables, and/or at least one safety system
such as a lightning protection system, wherein a connec-
tion to an electrically earth potential is established from
one defined place within the wind turbine for said sys-
tems.
Modern large wind turbines require earthing for many
different things. First of all the lightning protection sys-
tems requires a good earth connection to prevent a light-
ening strike from damaging the wind turbine or the sur-

roundings and substantially all other electrical compo-
nents in the wind turbine do also need secure earthing.
Traditionally these systems have been grounded in dif-
ferent ways in different places in the wind turbine.
By connecting the systems to an earthing system at one
defined place inside the wind turbine it is possible to ob-
tain a secure and efficient earth connection equalizing
the electrical potentials between different systems, dif-
ferent parts of the wind turbine and the surrounding
ground. This is advantageous, in that potentially danger-
ous and/or damaging potential differences between dif-
ferent earthing systems and/or different part of the wind
turbine and/or the area surrounding the wind turbine are
avoided or severely reduced.
In an aspect of the invention, said one defined place in-
cludes a rail in an electrically conductive material with
connection means for said systems e.g. connection holes
and loops for establishing connection between the rail
and cable screens of said systems.
[0007] Using a rail made of an electrically conductive
material to establish the one defined place is advanta-
geous, in that a rail is a simple, inexpensive and at the
same time efficient mean for joining all the cables etc.
that needs earthing.
[0008] In an aspect of the invention, said rail material
is stainless steel.
[0009] It is advantageous the make the rail of stainless
steel, in that this is a very durable material with good
electrical conducting qualities. Furthermore, by making
the rail of stainless steel the risk of galvanic corrosion is
avoided or at least severely reduced.
[0010] In an aspect of the invention, said one defined
place is the single point of entry (SPE) into the wind tur-
bine for power cables, control conductor and the like.
[0011] Establishing the one defined place at the place
where all power cables, control conductor, lightening pro-
tection cables etc. enters or exits the wind turbine is ad-
vantageous, in that it hereby in a simple way is possible
to ensure that before these wires or cables are connected
to their destination in or outside the wind turbine they will
be connected to ground. Hereby the risk of dangerous
or damaging electrical potential differences in or around
the wind turbine is avoided or further reduced.
[0012] In an aspect of the invention, said one defined
place is positioned within the foundation section e.g. just
above the ground floor.
[0013] By establishing the one defined place just above
the ground floor inside the wind turbine tower it is possible
to earth all cables, wires, components etc. immediately
after they enter or just before they leave the wind turbine
- typically through conduit embedded in the foundation.
[0014] In an aspect of the invention, said one defined
place is positioned within a tubular tower ring e.g. inside
the first tower ring with connections to the inside of the
ring.
[0015] Hereby is achieved an advantageous embodi-
ment of the invention.
[0016] In an aspect of the invention, said one defined
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place is positioned within a lattice tower e.g. with con-
nections to different steel profiles of the tower.
[0017] Hereby is achieved an advantageous embodi-
ment of the invention.
[0018] In an aspect of the invention, the connected
parts of said systems to the defined place are the screens
of the power cables, the screens of the control cables,
the down conductor of the lightning protection systems
and/or the screen of fibre optic cables.
[0019] It is advantageous to connect all wire and cable
screens, the down conductor of the lightning protection
systems and other things needing earthing to the one
defined place in the wind turbine tower, in that it hereby
is ensured that all electric conducting elements entering
or leaving the wind turbine are equalized to the earth
potential in a safe and secure manner.
[0020] In an aspect of the invention, the defined place
further is connected to an earthing system, said earthing
system being embedded partly or totally in the wind tur-
bine foundation.
[0021] Since the foundation of the wind turbine is sit-
uated directly under the wind turbine and the foundation
provides for a controlled and predictable environment, it
is advantageous to embed the earthing system partly or
totally in the foundation.
[0022] In an aspect of the invention, said earthing sys-
tem comprises one or more electric conducting means
extending radial from said wind turbine into the ground
e.g. said means being two conductors with a length be-
tween approx. 30 and 50 meters extending in substan-
tially opposite directions.
[0023] It is advantageous to make the earthing system
comprise conductors extending radial from the wind tur-
bine in the ground in that, hereby a good and secure
earthing connection is established.
[0024] Furthermore, it is advantageous that the con-
ductors extends radial in the ground, in that e.g. com-
pared to vertical earth rods, substantially horizontal earth
conductors are easier to install in the ground, and it is
possible to install then in the same cable trenches as
used by the main power cables or other cables. This en-
ables that no or little extra digging is needed to install
horizontal earth conductors.
[0025] Additionally, when the earth conductors are in-
stalled in the same cable trenches as the other cables
entering or exiting the wind turbine, the earth conductors
will also function as lightning protection of the other ca-
bles in the ground.
[0026] In an aspect of the invention, said earthing sys-
tem comprises two electric conducting means extending
radial from said wind turbine into the ground in a mutual
angle of no less than 80 degrees in a horizontal plane.
[0027] E.g. in a lightening protection system only ap-
proximately the first 40 meters of the electric conducting
means running in the ground will be efficient toward con-
ducting the high frequent lightening. It is therefore ad-
vantageous to provide the earthing system with two elec-
tric conducting means running in substantially opposite

directions or at least forming an intermediate angle in a
horizontal plane of no less than 80 degrees, to ensure
that the electric conducting means covers as large an
area as possible, to ensure that the efficiency of the earth-
ing system is not reduced from the electric conducting
means being placed to close.
[0028] In an aspect of the invention, one end of at least
one of said electric conducting means are connected to
the earthing system of a substation, the earthing system
of a neighbouring wind turbine, the earthing system of a
transformation plant of a utility grid or the earthing system
of a high-voltage cable of a utility grid.
[0029] This is advantageous, in that it hereby is possi-
ble to equalize the electrical potential of the wind turbine
against the earth connection of any electrical equipment
to which e.g. the main power cables of the wind turbine
is connected.
[0030] In an aspect of the invention, said earthing sys-
tem comprises a foundation earthing including at least
one earthing wire embedded in said foundation.
[0031] The foundation for a large modern wind turbine
is usually reinforced by metal bars or nets with excellent
electrical conducting qualities, and since the foundation
is very large and the surface of the foundation in contact
with the surrounding soil therefore also is very large, it is
advantageous to embed an earthing wire in the founda-
tion.
[0032] In an aspect of the invention, said at least one
earthing wire comprises means for electrically connec-
tion to metal reinforcement in said foundation.
[0033] By connecting the earthing wire to the reinforce-
ment in the foundation it is possible to establish a large,
secure and efficient earth connection in a simple and
inexpensive way.
[0034] In an aspect of the invention, said electric con-
ducting means and/or said earthing wire are bare strand-
ed cobber wires.
[0035] Cobber is an excellent conductor of electricity
besides being a relatively durable and inactive material
and bare stranded wires has a large capacity and surface
making this type of cable particularly suited for being con-
creted into a wind turbine foundation or dug into the
ground to form an earth connection.
[0036] In an aspect of the invention, said earthing sys-
tem comprises one or more metal foundation support
structures enclosing said wind turbine foundation and/or
embedded in wind turbine foundation.
[0037] Certain foundation types such as pier founda-
tions comprise metal support structures in the form of
pipe or box shells made from metal plates, which e.g. are
corrugated. This support structure is relatively large and
covers a lot of ground beneath the wind turbine which is
advantageous, in that hereby a good and secure earthing
connection is established.
[0038] The invention further provides for a wind turbine
connected to a utility grid. The wind turbine comprises at
least two electric systems such as a lightning protection
system and a low or high voltage power system, an elec-
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trically earth potential established by at least one foun-
dation earthing including at least one earthing wire em-
bedded partly or totally in the wind turbine foundation,
and at least one electric conducting means extending
radial from said wind turbine into the ground, wherein a
connection to said electrically earth potential is estab-
lished from one defined place within the wind turbine for
said systems.
[0039] Using the wind turbine foundation is a simple,
secure and efficient way to establish an earth connection
and by supplementing this by means of electric conduct-
ing means extending substantially horizontally from said
wind turbine in the ground a particularly secure and effi-
cient earth connection is established, which is distributed
over a large area surrounding the wind turbine.
[0040] By bringing the different earthing systems to-
gether in one defined place in the wind turbine it is pos-
sible to make a efficient and secure connection to the
electric systems, hereby eliminating or reducing the risk
of dangerous or damaging potential differences occur-
ring in the or around the wind turbine.
[0041] In an aspect of the invention, said one defined
place includes a rail in an electrically conductive material
with connection means for said systems e.g. connection
holes and loops for establishing connection between the
rail and cable screens of said systems.
[0042] In an aspect of the invention, said rail material
is stainless steel.
[0043] In an aspect of the invention, the defined place
further is connected to an earthing system, said earthing
system being embedded partly or totally in the wind tur-
bine foundation.
[0044] In an aspect of the invention, said earthing sys-
tem comprises one or more electric conducting means
extending radial from said wind turbine into the ground
e.g. said means being two conductors with a length be-
tween approx. 30 and 50 meters extending in substan-
tially opposite directions.
[0045] In an aspect of the invention, said earthing sys-
tem comprises two electric conducting means extending
radial from said wind turbine into the ground in a mutual
angle of no less than 80 degrees in a horizontal plane.
[0046] In an aspect of the invention, one end of at least
one of said electric conducting means are connected to
the earthing system of a substation, the earthing system
of a neighbouring wind turbine, the earthing system of a
transformation plant of a utility grid or the earthing system
of a high-voltage cable of a utility grid.
[0047] Even further the invention provides for a wind
turbine park comprising at least two wind turbines ac-
cording to any of claims 1 to 23.
[0048] Using wind turbines where the electric systems
and other are connected to the earthing systems in one
defined place inside the wind turbines to form a wind
turbine park are advantageous, in that the efficiency of
the individual wind turbines in a park are dependent of
the efficiency of the other wind turbines in the park. If all
the wind turbines are provided with earthing systems and

connections to the earthing system according to the in-
vention, the risk of breakdowns in individual wind turbines
are reduced, hence the overall efficiency of the entire
park is increased.
[0049] In an aspect of the invention, said at least two
wind turbines are interconnected by means of earthing
systems of said wind turbines.
[0050] By interconnecting the wind turbines any poten-
tial differences between the individual wind turbines in
the park can be equalized. This is advantageous, in that
electrical potential differences between the wind turbines
can potentially be damaging particularly to the electrical
equipment in the wind turbines and dangerous to per-
sonnel operating or servicing the wind turbines.
[0051] In an aspect of the invention, said earthing sys-
tems comprise one or more electric conducting means
extending radial from said wind turbines into the ground,
said electric conducting means being interconnected
hereby forming one or more earth interconnection wires.
[0052] The electric conducting means do by nature
have excellent electricity conducting qualities and by con-
necting these electric conducting means from the indi-
vidual wind turbines to make them form interconnection
wires, no other electrical potential equalizing means be-
tween the wind turbines are needed. Hereby is estab-
lished efficient and inexpensive means for equalizing
electrical potential differences between the wind tur-
bines.

Figures

[0053] The invention will be described in the following
with reference to the figures in which

fig. 1. illustrates a large modern wind turbine known
in the art, as seen from the front,

fig. 2 illustrates a cross section of a wind turbine
foundation comprising an earthing system, as
seen from the side,

fig. 3 illustrates a cross section of an internal earth-
ing system in a wind turbine foundation, as
seen from the front,

fig. 4 illustrates a cross section of the same internal
earthing system in a wind turbine foundation
as shown in fig. 3, as seen from the top,

fig. 5 illustrates a cross section a wind turbine tower
comprising a first embodiment of a rail, as seen
from the top,

fig. 6 illustrates a cross section a wind turbine tower
comprising a second embodiment of a rail, as
seen from the top,

fig. 7 illustrates a cross section a wind turbine tower
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comprising a rail, as seen from the front,

fig 8 illustrates a schematic view of the cabling in a
wind turbine park, as seen from the top,

fig. 9 illustrates a cross section of an embodiment of
a pier foundation comprising an earthing sys-
tem, as seen from the side, and

fig. 10 illustrates an embodiment of a pier foundation
comprising an earthing system, as seen from
the top.

Detailed description

[0054] Fig. 1 illustrates a modern wind turbine 1, com-
prising a tower 2 placed on a foundation 6 and a wind
turbine nacelle 3 positioned on top of the tower 2. The
wind turbine rotor 4, comprising three wind turbine blades
5, is connected to the nacelle 3 through the low speed
shaft 6 which extends out of the nacelle 3 front.
[0055] Fig. 2 illustrates a cross section of a wind turbine
foundation comprising an earthing system 7, as seen
from the side.
[0056] In this embodiment of the invention the earthing
system 7 comprise at least two different independent sys-
tems 8, 9, 11 establishing an electrically earth potential
for the wind turbine 1. The at least two different inde-
pendent systems 8, 9, 11 being connected to one single
rail 12 at one defined place in the wind turbine 1. The
first system is the foundation earthing 8 itself and the
second is two electric conducting means 9 extending ra-
dial from the wind turbine 1 into the ground.
[0057] In this preferred embodiment the second sys-
tem comprise two wires 9 each extending min. 40 meters
D2 from the foundation in opposite directions, where the
end furthest away from the wind turbine 1 on one of the
wires 9 would be connected to the earthing system of a
neighbouring substation 21. But in another embodiment
the system could comprise another number of wires 9
such as one, three, four, five or more.
[0058] In a preferred embodiment at least one of the
wires 9 would always follow the wind turbines main power
cable or cables 16 to its origin, which e.g. could be one
or more neighbouring wind turbines 1 or a substation 21
in a wind turbine park 10 or it could be a transformer plant
or a high-voltage power cable of the utility grid. Hereby
the wires 9 could also function as lightening protection
means for the main power cables 16 through their entire
path in the ground.
[0059] In this embodiment the two wires 9 are posi-
tioned symmetrically around the wind turbine, making the
angle between the wires 9 180 degrees, but in another
embodiment the wires 9 could be placed asymmetrically.
In a preferred embodiment there would be at least in an
angle of minimum 90 degrees between the wires 9.
[0060] In this embodiment the wires 9 extend in a
straight line radial from the foundation 6, but in another

embodiment the wires 9 could be curved or bend e.g. to
pass obstacles such as rocks. Furthermore, in this em-
bodiment the ground surrounding the wind turbine is flat,
hence the wires 9 extend horizontally if they - as shown
- are buried at a constant depth D1. If the surrounding
terrain was undulating or if the wind turbine was sited on
a hillside the wires 9 would still extend radial from the
wind turbine 1 but the wires 9 would not be horizontal but
instead in an angle or curved.
[0061] The electric conducting means 9 in the system
7 does in this preferred embodiment consist of bare 50
mm2 stranded copper wires to reduce or eliminate the
risk of galvanic corrosion, but in another embodiment
they could be made of another electrically conducting
material such as steel, stainless steel, aluminium, silver
or other, and the sectional area or the wires 9 could of
cause be both smaller or larger than 50 mm2 depending
on the quality of the soil, the size and output of the wind
turbine 1 and a lot of other factors. All connections in the
system are doubled.
[0062] A third earthing system 7 is possible if the wind
turbine 1 was part or a wind turbine park 10 comprising
at least two wind turbines. Then the electric conducting
means 9 of a first wind turbine 1 could be connected to
the electric conducting means 9 of a second wind turbine
1. In this embodiment only the first 40 meters of these
earth interconnection wires 11 between the wind turbines
1 are included in the earthing system 7 provided by the
electric conducting means 9 in relation to the lightening
protection system, as only the first 40 meters of bare wire
9 is positively contributing to the earthing system, in re-
lations to high frequency lightning currents running in the
system. This point of view would be relevant in relation
to lightning protection and EMC.
[0063] In this embodiment all parts in the earthing sys-
tem 7 are neutral (same galvanic potential) to each other
in relation to galvanic corrosion. This way no galvanic
corrosion is possible in the earthing system 7.
[0064] All earthing connections and down conductors
are connected to a rail 12 in form of a main earth bonding
bar at the bottom of the tower 2. All incoming cables (ca-
ble screens) are also connected to the main earth bond-
ing bar. This is described more detailed under fig. 5, 6
and 7.
[0065] In this embodiment the rail 12 is formed as one
single straight bar but in another embodiment of the in-
vention the rail could be curved and its cross section
could be made in several different shapes such as
square, rectangular, round, polygonal or other.
[0066] In this embodiment of the invention the rail 12
is made of stainless steel for among other reasons to
eliminate the risk of galvanic corrosion, but in another
embodiment the rail 12 could be made of cobber, steel,
aluminium, silver or other.
[0067] Fig. 3 illustrates a cross section of an internal
earthing system 8 in a wind turbine foundation 6, as seen
from the front.
[0068] In this embodiment a number of 50 mm2 strand-
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ed copper wires 15 embedded in the steel reinforced con-
crete foundation 6 are connected by connection termi-
nals, for secure connections between the copper earthing
wire 15 and the crossing reinforcement steel bars e.g. at
each 5 meters along the earthing wire. On top of that the
copper earthing wire 15 is connected to all crossing re-
inforcement steel bars by normal steel wire bindings.
[0069] The present invention relates to all kinds of wind
turbines 1 connected to and producing power to a utility
grid and therefore also to all kinds of wind turbine towers
2 such as tubular steel towers 2, concrete towers, lattice
towers and other. Different types of towers 2 could de-
mand different types of foundation 6, and even for the
most common type of wind turbine tower 2, namely the
tubular steel tower 2 several different types of founda-
tions 6 exists.
[0070] One type is to cast a number of threaded pins
(not shown) into the foundation 6 and then connect the
tower 2 to the foundation by means of these pins. Another
type of foundation is in principle to cast the bottom part
14 of the tower in form of a steel foundation section 14
into the foundation 6 during the making of the foundation
6 as shown in fig. 3.
[0071] When making this type of wind turbine founda-
tion 6 the first thing to do is to dig a large hole in the
ground and install the bottom reinforcement layer 13 and
the foundation section 14. Then the work on the founda-
tion earthing 8 must start by unrolling in this case 90
meters of earthing wire 15 beside the foundation 6.
[0072] The wire 15 is then pulled trough the top of the
foundation section 14, down trough the bottom, and out
to the outer edge of the reinforcement. Then all along the
edge of the entire foundation 6 and back to where the
wire 15 started, along the edge. Then back to the foun-
dation section 14, but going back to the foundation sec-
tion 14, leaving enough slack so the earthing wire 15 later
can be fixed to the upper layer for reinforcement steel.
The earthing wire 15 is then pulled the rest of the way,
back down under the foundation section 14 up to the
main earth bonding bar 12 where it started.
[0073] Both ends of the earthing wire 15 are mounted
(cable locks) to the main earth bonding bar 12, close to
each end of the bonding bar 12.
[0074] Connection terminals are then placed e.g. every
5 meters along the earthing wire 15 to connect the earth-
ing wire 15 to the bottom steel reinforcement 13.
[0075] After this the upper layer of reinforcement can
be installed whereto further connection can be installed.
[0076] As soon as the foundation earthing wires 15 has
been connected to the main earth bonding bar 12, and
the foundation section 14 has been concreted, the foun-
dation earthing can be used as a temporary earthing dur-
ing turbine erection, by connecting to the main earth
bonding bar 12.
[0077] This goes for any part of the wind turbine 1;
blade 5, rotor 4, nacelle 3 and tower sections 2 etc. to
avoid static discharge while handling the parts of the wind
turbine 1, during erection or when a portable generator

set requires an earthing.
[0078] Fig. 4 illustrates a cross section of the same
internal earthing system in a wind turbine foundation 6
as shown in fig. 3, as seen from the top.
[0079] The figure illustrates one internal earthing wire
15 running along more or less the entire perimeter of the
foundation 6. One end of the wire 15 is connected to one
end of the rail 12 and the other end of the wire 15 is
connected to the other end of the rail 12.
[0080] Fig. 5 illustrates a cross section a wind turbine
tower 2 comprising a first embodiment of a rail 12, as
seen from the top.
[0081] In this embodiment of the invention the rail 12
is welded directly to the inside surface of the foundation
section 14, but in another embodiment the rail 12 could
also be bolted to the foundation section 14 or if the foun-
dation does not comprise a foundation section 14, the
rail 12 could be mounted on the bottom of the tower 2
immediately above the foundation 6. No matter the de-
sign or type of the tower 2 or the foundation 6 it is an
object of the invention to establish a connection between
all power and/or signal conducting cables 16, 18, 19 to
an electrically earth potential in form of the rail 12 in one
defined place within the wind turbine 1.
[0082] Protective measures against injuries of living
beings due to touch voltage are reduced to a tolerable
level by the design of the down conductor of the wind
turbine 1. In this embodiment the down conductor of the
lightning protection system is defined as the entire tower
construction (a natural down conductor), practically one
large extensive metal framework.
[0083] Protective measures against injuries of living
beings due to step voltage are reduced to a tolerable
level by equipotentialisation of constructions and sur-
rounding soil, by the means of the meshed earthing sys-
tem 7. In this design the entire foundation earthing (all
steel bars or nets in the foundation) in connection with
radial extending electric conducting means 9 which fur-
ther can function as earth interconnection wires 11 be-
tween the a number of wind turbines 1 in a wind turbine
park 10.
[0084] As all metal parts in and within reach of the wind
turbine 1 are interconnected and connected to the
meshed earthing system 7 directly beneath the tower 2,
so no matter how large a current running in the earthing
system 7, all parts and surrounding soil will be lifted to
the same potential. When all metal parts and surrounding
soil are levelled at the same potential (voltage), no un-
acceptable touch or step voltage will occur.
[0085] In this embodiment all cable screens or concen-
tric earth wire in all high voltage cables 16 entering the
tower 2 will be connected to the rail 12 in form of a main
earth bonding bar 12, directly when entering the tower
2. This could be done by stripping a part of the high volt-
age cable 16 to lay open the screen. The screen could
then by means of copper springs, nets and/or braids be
connected to the rail 12 by forming a loop from the screen
to the rail 12.
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[0086] Fibre optic cables 19 with metallic cable screens
will also be connected directly to the main earth bonding
bar 12, directly at the entering point.
[0087] All conventional copper signal-, control- or com-
munication cables 18 will be entered into the turbine 1
via overvoltage arresters placed in a termination
box/equipotential box 17 installed near or directly on the
main earth bonding bar 12. This box 17 contains over-
voltage arresters according to number and type of cables
18 planned to enter the turbine 1.
[0088] The number and the type of signal- or commu-
nication cables 18 entering each turbine 1 is always site
specific, whereas the number and type of the overvoltage
arresters also are specific for each turbine 1.
[0089] The cable screens of the signal-, control - or
communication cables 18 will be connected to the earth-
ing terminals in the equipotential box 17, on both incom-
ing and outgoing cables 18.
[0090] Fibre optic cables without metallic cable
screens (not shown), are allowed to enter the turbine 1
without connecting the cable to the main earth bonding
bar 12.
[0091] Fig. 6 illustrates a cross section a wind turbine
tower 2 comprising a second embodiment of a rail 12, as
seen from the top.
[0092] In this embodiment of the invention the 12 all
the power and/or signal conducting cables 16, 18, 19 and
cables from all earthing systems 7, 8, 9, 11 are all con-
nected in one defined area via the rail 12 at the bottom
of the tower 2. The rail 12 is then further connected to
the tower 2 by means of a earth cable 20 which thereby
further establishes a direct or indirect current conducting
connection between the earthing system 7 and all con-
nected metal parts of the wind turbine 1.
[0093] Fig. 7 illustrates a cross section a wind turbine
tower 2 comprising a rail 12, as seen from the front.
[0094] In this embodiment all cables and wires are con-
nected to the earthing system 7 at the single point of entry
(SPE) 22 which in this case is the place just above the
ground level at the bottom of the wind turbine tower 2
where all wires and cables enters or exits the wind turbine
1 through conduits in the foundation 6.
[0095] The power and/or signal conducting cables 16,
18, 19 and cables from all earthing systems 7, 8, 9, 11
can be connected to the rail 12 in a number of different
ways. A well known way is to provide the end of the cable
with a cable lock and then connect it to the rail 12 by
means of a bolt through the hole in the cable lock.
[0096] In this embodiment the equipotential box 17 is
placed beside the rail 12 but in another embodiment of
the invention the box 17 would be placed directly on the
rail 12.
[0097] The rail 12 is in this embodiment connected to
an electric system in form of a low or high voltage power
system (according to IEC a low voltage system is all sys-
tems bellow 1000 volts and high voltage systems are all
systems above 1000 volts). The rail is further connected
to a control system in form of a SCADA (Supervisory

Control And Data Acquisition) system. The SCADA sys-
tem is a large-scale, distributed measurement (and con-
trol) system often used in wind turbine parks 10, but also
in relation with individually sited wind turbines 1.
[0098] Even further the rail 12 is connected to a safety
system in form of a lightning protection system, which
ensures that if a lightening strikes the wind turbine, the
power is lead into the ground without damaging the wind
turbine 1.
[0099] Fig 8 illustrates a schematic view of the cabling
in a wind turbine park 10, as seen from the top
[0100] In this embodiment of the invention eight indi-
vidual wind turbines 1 are connected to each other and
a substation 21 by means of the electric conducting
means 9 of the earthing system 7 in form of earth inter-
connection wires 11.
[0101] The substation 21 could comprise transformers,
equipment to facilitate the host control functions of the
SCADA system, accommodation, storage room and oth-
er facilities.
[0102] The earth interconnection wire 11 serves both
as a part of the earthing system 7 but also as a part of a
lightning protection of the high voltage cables 16 running
between each wind turbine 1 and between wind turbines
1 and sub station 21.
[0103] At the bottom of each of the towers 2 a main
earth bonding bar 12 is installed. All earthing connections
7, 8, 9, 11 are connected directly to this rail 12 in all the
wind turbines 1. Additionally equipotential connections
to all cables, or cable screens, are made immediately
after the cables have entered the wind turbine 1.
[0104] Additionally each wind turbine 1 and substation
21 is connected by the concentric cable screen or earth
wire which forms part of the high voltage cable 16 con-
necting the wind turbines 1 and sub station 21. Based on
these double interconnections of all wind turbines 1 and
sub station 21 in the same grid, the earthing system 7
are regarded as a multi-earthed HV (High Voltage) neu-
tral conductor system.
[0105] Along each high voltage cable 16 connection
between individual wind turbines 1 or between a wind
turbine 1 and substation 21, a bare stranded cupper con-
ductor 9 is installed which hereby forms an earth inter-
connection wire 11.
[0106] In a preferred embodiment the earth intercon-
nection wire 11 is buried along with, but above the high
voltage cables 16, to make the wires 11 act as lightening
protection of the high voltage cables 16 through their en-
tire path in the ground. But in some parts of the world
there can be local rules or regulations dictating another
placement of the earth interconnection wire 11 such as
bellow or beside the high voltage cables 16.
[0107] Usually there are no signal cables or commu-
nication cables placed in the same cable trench as the
high voltage cables 16 and earth interconnection wire
11. Only fibre optic cables without metallic cable screens
can be places at the same cable trench as the high volt-
age cables 16 and earth interconnection wire 11.
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[0108] If signal, control or communication cables 18,
containing metallic wires, screens, armour, tapes etc.
and high voltage cables 16 and earth interconnection
wire 11 are placed to close in the ground, there is great
risk of damaging the communication equipment and ca-
bles due to proximity to the high voltage cables 16 and
earthing system 7. The damages are caused by the in-
duced voltage in the communication cables 18 during an
earth fault or short circuit in the high voltage system.
[0109] The communication cables 18 containing me-
tallic wires, screens, armour, tapes etc. are preferably
placed in separate cable trenches, an minimum of 1 me-
ter away from the cable trench containing high voltage
cables 16, when running in parallel direction. When com-
munication cables 18 crosses a cable trench of a high
voltage cable 16 and earth interconnection wire 11 the
distance to the low voltage cable, in the cross point is
preferably no less than 0.3 meters.
[0110] Fig. 9 illustrates a cross section of an embodi-
ment of a pier foundation 24 comprising an earthing sys-
tem 7, as seen from the front.
[0111] In this embodiment of the invention the pier
foundation 24 comprise two metal support structures 23
in the form of an inner and an outer corrugated pipe shell.
The distance between the two structures 23 are main-
tained by means of a number of threaded rods 25 made
from metal such as steel, hereby also forming an electri-
cal connection between the two support structures 23.
[0112] A pier foundation 24 is a foundation type that is
usually formed by digging a large hole in the ground and
placing two concentric metal support structures 23 in the
hole. Basically the space between the two structures is
provided with a number of anchor bolts 26 where after
the space is filled with concrete 28. The anchor bolts 26
are used for attaching the tower 2 to the foundation 6.
[0113] Electric conducting means 9 e.g. in the form of
a bare stranded cupper wire is in this embodiment con-
nected to one or more of the threaded bolts 25 and em-
bedded through the concrete 28 and up above the upper
surface of the foundation for connection to the rail 12.
[0114] The structures 23 could be galvanized but if they
are galvanized, the Zink surface layer will work as a sac-
rificial anode for the electric conducting means 9. There-
fore the Zink layer will disappear over a relatively short
time. In this embodiment of the invention the entire outer
side of the whole foundation 6 is therefore covered by
concrete or slurry 28 (same characteristic) making the
bare steel surface of the support structures 23 inactive,
corrosion wise. In this embodiment the inside of the inner
pipe shell of the foundation 24 is filled with concrete 28
but in another embodiment only an annular trench could
be dug with an inner diameter smaller then the inner di-
ameter of the inner pipe shell, leaving a cavity which could
be filled with concrete 28, slurry or dirt.
[0115] To ensure that the entire support structures 23
is encapsulated by concrete or slurry 28 the structures
23 are placed on a number of spacers 27 e.g. formed as
prefabricated concrete bricks, hereby allowing concrete

or slurry 28 to flow in under the structures 23 during the
making of the foundation 24.
[0116] Fig. 10 illustrates an embodiment of a pier foun-
dation 24 comprising an earthing system 7, as seen from
the top.
[0117] In this embodiment of the invention the electric
conducting means 9 are formed as one single wire par-
tially embedded in the concrete 28 and connected to all
four threaded rods near the top of the foundation 24 by
means of connection terminals 29 or rebar clamps. The
two free ends of the electric conducting means 9 are guid-
ed through the concrete 28 and up into the single point
of entry 22 for connection to the rail 12.
[0118] In this embodiment of the invention the pier
foundation 24 is further provided with annular metal re-
inforcement 30 between the two annular metal support
structures 23.
[0119] In another embodiment of the invention the
electric conducting means 9 could be connected directly
to the metal support structures 23, to the annular rein-
forcement 30 or other or the electric conducting means
9 could be connected to another number of anchor bolts
26 such as one, two, three, six or more.
[0120] The invention has been exemplified above with
reference to specific examples of earthing systems 7,
towers 2, foundations 6 and rails 12. However, it should
be understood that the invention is not limited to the par-
ticular examples described above but may be designed
and altered in a multitude of varieties within the scope of
the invention as specified in the claims.

List

[0121]

1. Wind turbine
2. Tower
3. Nacelle
4. Rotor
5. Blade
6. Foundation
7. Earthing system
8. Foundation earthing
9. Electric conducting means
10. Wind turbine park
11. Earth interconnection wire
12. Rail
13. Bottom reinforcement layer
14. Foundation section
15. Earthing wire
16. High voltage cable
17. Equipotential box
18. Signal-, control- or communication cable
19. Fibre optic cable
20. Earth cable
21. Substation
22. Single point of entry (SPE)
23. Metal foundation support structure
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24. Pier foundation
25. Threaded rod
26. Anchor bolt
27. Spacer
28. Concrete
29. Connection terminal
30. Annular reinforcement
D1. Depth of electric conducting means in the ground
D2. Extend of electric conducting means from the

wind turbine

Claims

1. Wind turbine (1) connected to a utility grid, said wind
turbine (1) comprising
at least one electric system, such as low or high volt-
age power systems and cables (16),
at least one control system, such as a SCADA sys-
tem and control cables (18, 19), and
at least one safety system, comprising a lightning
protection system, wherein a connection to an elec-
trically earth potential is established from one de-
fined place within the wind turbine (1) for said sys-
tems, where said one defined place is positioned
within the foundation section (14) just above the
ground floor, said one defined place includes a rail
(12) in an electrically conductive material with con-
nection means for said systems, wherein said con-
nection means comprises connection holes and
loops for establishing connection between the rail
(12) and cable screens of said systems.

2. Wind turbine (1) according to claim 1, where said rail
(12) material is stainless steel.

3. Wind turbine (1) according to any of claims 1 and 2,
where said one defined place is the single point of
entry (SPE) (22) into the wind turbine (1) for power
cables, control conductor and the like.

4. Wind turbine (1) according to any of claims 1 to 3,
where said one defined place is positioned within a
tubular tower ring e.g. inside the first tower ring with
connections to the inside of the ring.

5. Wind turbine (1) according to any of claims 1 to 4,
where the connected parts of said systems to the
defined place are the screens of the power cables,
the screens of the control cables, the down conduc-
tor of the lightning protection systems and/or the
screen of fibre optic cables.

6. Wind turbine (1) according to any of claims 1 to 5,
where the defined place further is connected to an
earthing system (7), said earthing system being em-
bedded partly or totally in the wind turbine foundation
(6).

7. Wind turbine (1) according to claim 6 where said
earthing system (7) comprises one or more electric
conducting means (9) extending radially from said
wind turbine (1) into the ground e.g. said means be-
ing two conductors with a length between approx.
30 and 50 meters extending in substantially opposite
directions.

8. Wind turbine (1) according to claim 7, where one end
of at least one of said electric conducting means (9)
are connected to the earthing system of a substation
(21), the earthing system of a neighbouring wind tur-
bine (1), the earthing system of a transformation
plant of a utility grid or the earthing system of a high-
voltage cable of a utility grid.

9. Wind turbine (1) according to claim 1, said wind tur-
bine (1) comprising at least two electric systems,
such as a lightning protection system and a low or
high voltage power system,
an electrically earth potential established by embed-
ded partly or totally in the wind turbine foundation
(6), and
at least one electric conducting means (9) extending
radial from said wind turbine (1) into the ground
wherein a connection to said electrically earth po-
tential is established from one defined place within
the wind turbine (1) for said systems, said one de-
fined place includes a rail (12) in an electrically con-
ductive material with connection means for said sys-
tems.

10. Wind turbine (1) according to claim 9, where said
connection means for said systems comprises con-
nection holes and loops for establishing connection
between the rail (12) and cable screens of said sys-
tems.

11. A wind turbine park (10) comprising at least two wind
turbines (1) according to any of claims 1 to 10.

12. A wind turbine park (10) according to claim 11,
wherein said at least two wind 20 turbines (1) are
interconnected by means of earthing systems (7) of
said wind turbines (1).

13. A wind turbine park (10) according to claim 12,
wherein said earthing systems (7) comprise one or
more electric conducting means (9) extending radial
from said wind turbines (1) into the ground, said elec-
tric conducting means (9) being interconnected
hereby forming one or more earth interconnection
wires (11).

Patentansprüche

1. Windturbine (1), die mit einem Versorgungsnetz ver-
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bunden ist, wobei die Windturbine (1) mindestens
ein elektrisches System wie etwa Niederspannungs-
oder Hochspannungsleitungssysteme und Kabel
(16), mindestens ein Steuersystem wie etwa ein
SCADA-System und Steuerkabel (18, 19) und min-
destens ein Sicherheitssystem, das ein Blitzschutz-
system umfasst, umfasst, wobei eine Verbindung
von einem definierten Ort innerhalb der Windturbine
(1) zu einem Erdpotential für die Systeme aufgebaut
ist, wobei der eine definierte Ort innerhalb des Fun-
damentabschnittes (14) unmittelbar über dem Erd-
boden positioniert ist,
wobei der eine definierte Ort eine Schiene (12) in
einem elektrisch leitenden Material mit Verbindungs-
mitteln für die Systeme enthält, wobei die Verbin-
dungsmittel Verbindungslöcher und Schleifen um-
fassen, um eine Verbindung zwischen der Schiene
(12) und den Kabelabschirmungen der Systeme auf-
zubauen.

2. Windturbine (1) nach Anspruch 1, wobei die Schiene
(12) aus einem Material eines nichtrostenden Sahls
besteht.

3. Windturbine (1) nach einem der Ansprüche 1 und 2,
wobei der eine definierte Ort der einzige Eingangs-
punkt (SPE = single point of entry) (22) in die Wind-
turbine (1) für Stromkabel, einen Steuerleiter und für
dergleichen ist.

4. Windturbine (1) nach einem der Ansprüche 1 bis 3,
wobei der eine definierte Ort innerhalb eines rohr-
förmigen Turmrings positioniert ist, z.B. innerhalb
des ersten Turmrings mit Verbindungen zu dem In-
nern des Rings.

5. Windturbine (1) nach einem der Ansprüche 1 bis 4,
wobei die verbundenen Teile der Systeme mit dem
definierten Ort die Abschirmungen der Stromkabel,
die Abschirmungen der Steuerkabel, der Blitzablei-
ter der Blitzschutzsysteme und/oder die Abschir-
mung der Glasfaserkabel sind.

6. Windturbine (1) nach einem der Ansprüche 1 bis 5,
wobei der definierte Ort ferner mit einem Erdungs-
system (7) verbunden ist, wobei das Erdungssystem
teilweise oder gänzlich in das Windturbinenfunda-
ment (6) eingebettet ist.

7. Windturbine (1) nach Anspruch 6, wobei das Er-
dungssystem (7) ein oder mehrere elektrische Lei-
tungsmittel (9) umfasst, die sich radial von der Wind-
turbine (1) in die Erde erstrecken, z.B. bestehen die
Mittel aus zwei Leitern mit einer Länge zwischen et-
wa 30 und 50 Meter, die sich im Wesentlichen in
entgegengesetzte Richtungen erstrecken.

8. Windturbine (1) nach Anspruch 7, wobei ein Ende

von mindestens einem der elektrischen Leitungsmit-
tel (9) mit dem Erdungssystem einer Unterstation
(21), mit dem Erdungssystem einer benachbarten
Windturbine (1), mit dem Erdungssystem einer
Transformatoranlage eines Energieversorgungs-
netzes oder mit dem Erdungssystem eines Hoch-
spannungskabels eines Energieversorgungsnetzes
verbunden ist.

9. Windturbine (1) nach Anspruch 1, wobei die Wind-
turbine (1) Folgendes umfasst:

mindestens zwei elektrische Systeme wie etwa
ein Blitzschutzsystem und ein Niedrigspan-
nungs-oder Hochspannungssystem,
ein elektrisches Erdpotential, das dadurch auf-
gebaut ist, indem es teilweise oder gänzlich in
das Windturbinenfundament (6) eingebettet ist,
und
mindestens ein elektrisches Leitungsmittel (9),
das sich radial von der Windturbine (1) in die
Erde erstreckt,
wobei eine Verbindung mit dem elektrischen
Erdpotential von einem definierten Ort innerhalb
der Windturbine (1) für die Systeme aufgebaut
ist, wobei der eine definierter Ort eine Schiene
(12) in einem elektrisch leitenden Material mit
Verbindungsmitteln für die Systeme enthält.

10. Windturbine (1) nach Anspruch 9, wobei die Verbin-
dungsmittel für die Systeme Verbindungslöcher und
Schleifen umfassen, um eine Verbindung zwischen
der Schiene (12) und den Kabelabschirmungen der
Systeme aufzubauen.

11. Windturbinenpark (10), der mindestens zwei Wind-
turbinen (1) nach einem der Ansprüche 1 bis 10 um-
fasst.

12. Windturbinenpark (10) nach Anspruch 11, wobei die
mindestens zwei Windturbinen (1) mittels von Er-
dungssystemen (7) der Windturbinen (1) miteinan-
der verbunden sind.

13. Windturbinenpark (10) nach Anspruch 12, wobei die
Erdungssysteme (7) ein oder mehrere elektrische
Leitungsmittel (9) umfassen, die sich radial von den
Windturbinen (1) in die Erde erstrecken, wobei die
elektrischen Leitungsmittel (9), die hierdurch mitein-
ander verbunden werden, ein oder mehrere Erdver-
bindungsdrähte (11) bilden.

Revendications

1. Eolienne (1) connectée à un réseau de distribution,
ladite éolienne (1) comprenant :
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au moins un système électrique, tel que des sys-
tèmes et câbles d’alimentation basse ou haute
tension (16),
au moins un système de commande, tel qu’un
système SCADA et des câbles de commande
(18, 19) et
au moins un système de sécurité, comprenant
un système de protection contre la foudre,
dans laquelle une connexion à un potentiel ter-
restre électrique est établie depuis un emplace-
ment défini dans l’éolienne (1) pour lesdits sys-
tèmes, où ledit un emplacement défini est posi-
tionné dans la section de fondation (14) juste
au-dessus du rez-de-chaussée,
ledit un emplacement défini inclut un rail (12)
dans un matériau électroconducteur avec un
moyen de connexion pour lesdits systèmes,
dans laquelle ledit moyen de connexion com-
prend des trous et des boucles de connexion
pour établir une connexion entre le rail (12) et
des écrans de câble desdits systèmes.

2. Eolienne (1) selon la revendication 1, où ledit maté-
riau du rail (12) est de l’acier inoxydable.

3. Eolienne (1) selon l’une quelconque des revendica-
tions 1 et 2, où ledit un emplacement défini est le
seul point d’entrée (SPE) (22) dans l’éolienne (1)
pour des câbles d’alimentation, un conducteur de
commande et similaires.

4. Eolienne (1) selon l’une quelconque des revendica-
tions 1 à 3, où ledit un emplacement défini est posi-
tionné dans un anneau de tour tubulaire par exemple
dans le premier anneau de tour avec des connexions
à l’intérieur de l’anneau.

5. Eolienne (1) selon l’une quelconque des revendica-
tions 1 à 4, où les parties connectées desdits systè-
mes à l’emplacement défini sont les écrans des câ-
bles d’alimentation, les écrans des câbles de com-
mande, le conducteur de descente des systèmes de
protection contre la foudre et/ou l’écran des câbles
de fibre optique.

6. Eolienne (1) selon l’une quelconque des revendica-
tions 1 à 5, où l’emplacement défini est en outre con-
necté à un système de mise-à-terre (7), ledit système
de mise-à-terre étant intégré partiellement ou tota-
lement dans la fondation d’éolienne (6).

7. Eolienne (1) selon la revendication 6, où ledit systè-
me de mise-à-terre (7) comprend un ou plusieurs
moyens électroconducteurs (9) s’étendant radiale-
ment depuis ladite éolienne (1) dans le sol, par exem-
ple lesdits moyens étant deux conducteurs avec une
longueur entre approximativement 30 et 50 mètres
s’étendant dans des directions sensiblement oppo-

sées.

8. Eolienne (1) selon la revendication 7, où une extré-
mité d’au moins un desdits moyens électroconduc-
teurs (9) est connectée au système de mise-à-terre
d’une sous-station (21), au système de mise-à-terre
d’une éolienne voisine (1), au système de mise-à-
terre d’une centrale de transformation d’un réseau
de distribution ou au système de mise-à-terre d’un
câble haute tension d’un réseau de distribution.

9. Eolienne (1) selon la revendication 1, ladite éolienne
(1) comprenant
au moins deux systèmes électriques tels qu’un sys-
tème de protection contre la foudre et un système
d’alimentation basse ou haute tension,
un potentiel terrestre électrique établi en étant inté-
gré partiellement ou totalement dans la fondation
d’éolienne (6) et
au moins un moyen électroconducteur (9) s’étendant
radialement depuis ladite éolienne (1) dans le sol
dans laquelle une connexion audit potentiel terrestre
électrique est établie depuis un emplacement défini
dans l’éolienne (1) pour lesdits systèmes, ledit un
emplacement défini inclut un rail (12) dans un ma-
tériau électroconducteur avec un moyen de con-
nexion pour lesdits systèmes.

10. Eolienne (1) selon la revendication 9, où ledit moyen
de connexion pour lesdits systèmes comprend des
trous et des boucles de connexion pour établir une
connexion entre le rail (12) et les écrans de câble
desdits systèmes.

11. Parc éolien (10) comprenant au moins deux éolien-
nes (1) selon l’une quelconque des revendications
1 à 10.

12. Parc éolien (10) selon la revendication 11, dans le-
quel lesdites au moins deux éoliennes (1) sont inter-
connectées à l’aide de systèmes de mise-à-terre (7)
desdites éoliennes (1).

13. Parc éolien (10) selon la revendication 12, dans le-
quel lesdits systèmes de mise-à-terre (7) compren-
nent un ou plusieurs moyens électroconducteurs (9)
s’étendant radialement depuis lesdites éoliennes (1)
dans le sol, lesdits moyens électroconducteurs (9)
étant interconnectés en formant ainsi un ou plusieurs
fils d’interconnexion terrestre (11).
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