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wind turbine (1) comprising a network ar-
ranged for communicating with an exter-
nal network (11), said network of the wind
turbine comprising a first sub-network
(20) and a second sub-network (30),
where the first sub-network (20) is con-
nectable to the external network (11) and
where the second sub-network (30) is con-
nectable to and disconnectable from the
first network (20). Thus, two or more in-
dependent networks are created within a
single wind turbine to allow communica-
tion among the different controllers in the
wind turbine along with external commu-
nication. The second sub-network is dis-
connectable from the remaining network,
while the first sub- network may have per-
manent remote connection. This network
architecture provides for enhanced flexi-
bility, enhanced security and enhanced
functionality.
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Network in wind turbine

Field of the invention

The present invention relates to a wind turbine comprising a network arranged for
communicating with an external network. The present invention moreover relates to a

method of communicating via a network of a wind turbine.

Background of the invention

The strategically distributed nature of wind power presents unique challenges. A wind turbine
may be located onshore or offshore, it may be subject to a variety of meteorological

influences and it should be monitored and controlled in order to provide optimal performance.

A wind turbine is usually connected to a system for Supervisory Control And Data Acquisition
(SCADA).

A monitoring and control network is described in EP 0 1531 376 disclosing that a further
network for transmission of large amounts of data may be added to an existing control and
monitoring network in order to avoid that the high bandwidth requirements of the data
interferes or blocks the control and monitoring network. A problem related to the disclosed
network is that addition of further high bandwidth requiring applications, such as data
monitoring and data analysis either requires an even further network or - even worse -
restricts the access time related to critical operations of the network. Even though
introducing a further network, the monitoring and control data is still transmitted through the

same network.

During service of a wind turbine, the wind turbine is shut down and typically disconnected
from the SCADA system for safety reasons, so that service technicians entering the wind
turbine can be sure that the wind turbine cannot be operated from outside. However, this
disconnection from the SCADA system renders it difficult for the service technicians to obtain

information on past performance of the wind turbine.

Hence, an improved wind turbine would be advantageous, and in particular a wind turbine
with a more efficient and/or reliable system for obtaining wind turbine information during

service would be advantageous.
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Summary of the invention

It may be seen as an object of the present invention to provide a wind turbine that solves the
above mentioned problems of the prior art with regards to obtaining relevant wind turbine
information during service. Moreover, it may be seen as a further object of the present

invention to provide a more flexible and/or secure wind turbine.

This object and several other objects are obtained in a first aspect of the invention by
providing a wind turbine comprising a network arranged for communicating with an external
network, said network of the wind turbine comprising a first sub-network and a second sub-
network, where the first sub-network is connectable to the external network and where the
second sub-network is connectable to and disconnectable from the first network and/or

connectable to and disconnectable from the external network (11).

The invention is particularly, but not exclusively, advantageous for obtaining a network
architecture providing secure and flexible communication within a wind turbine and between
the wind turbine and an external network. The first sub-network may remain connected to
the external network, whilst the second sub-network may be connected to or disconnected
the external network, irrespective of whether the second sub-network is connectable to and
disconnectable from the first sub-network and/or directly connectable to and disconnectable
from the external network. When the second sub-network is disconnected from the external
network , as a disconnection from the first sub-network and/or as a disconnection directly
from the external network, the second sub-network functions as a local network and no
commands from outside the second sub-network may influence any components connected
to the second sub-network. Moreover, the components of the first and second networks are

distinct, in the sense that no element is included in both sub-networks.

In an embodiment of the wind turbine according to the invention, a disconnector is arranged
between the first and the second sub-networks. The disconnector ensures that the second
sub-network may be disconnected from and connected to the first sub-network. When the
second sub-network is disconnected from the first sub-network and it is also disconnected

from any external network.

Additionally or alternatively, a disconnector is arranged between the second sub-network and
the external network, so that the second sub-network is connectable to and disconnectable
from the external network. In the case where the second sub-network is connected to both
the first sub-network and the external network, a first disconnector is preferably arranged
between the first and the second sub-network and a second disconnector is arranged

between the second sub-network and the external network. Thus, the second sub-network
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may reliably be disconnected from any external network.

In another embodiment of the wind turbine of the invention, a router is arranged between
the first sub-network and the external network and/or between the second sub-network and

the external network. Hereby the security of the wind turbine network is enhanced.

In yet another embodiment of the wind turbine of the invention, the second sub-network
comprises controllers of the wind turbine. Preferably, all relevant controllers for controlling
the wind turbine operation are comprised in the second sub-network. When the second sub-
network is disconnected from the first sub-network and thus from any external network, the

wind turbine cannot be controlled from outside.

In a further embodiment of the wind turbine of the invention, the network of the wind turbine
is arranged for communicating with a SCADA system via the first sub-network network. The
SCADA system may comprise one or more remote SCADA servers, in which case the
communication with the SCADA system may take place via the external network to which the
first sub-network is connected. Hereby, when the second sub-network is disconnected from
the first sub-network, such as during service, a service technician may connect a service
computer to the first sub-system of the wind turbine in order to communicate with external
servers, e.g. a SCADA server, in order to obtain information on past condition monitoring,
information from SCADA system, documentation, service information such as service tables,

as well as communicating with any other accessible server.

In yet another embodiment of the wind turbine of the invention, the first sub-network
comprises a tower part comprised in the tower of the wind turbine and a nacelle part
comprised in or at the nacelle of the wind turbine. The first sub-network may moreover
comprise one or more of the following: a ground part located at the bottom of the wind
turbine, a hub part located at a hub of the turbine, an outside part of the network located

outside the wind turbine.

Moreover, the second sub-network comprises a tower part comprised in the tower of the wind
turbine and a nacelle part comprised in or at the nacelle of the wind turbine. The second sub-
network may furthermore comprises one or more of the following: a ground part located at
the bottom of the wind turbine, a hub part located at a hub of the turbine, an outside part of

the network located outside the wind turbine.

This sub-division of the first and second sub-networks into different parts located in different
places of the wind turbine is advantageous during service, in that servicing may be

performed within the tower, the nacelle, the hub, on the ground as well as outside the wind
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turbine, such as at a transformer station or switch gear.. The different parts of the first
and/or second sub-network(s) may be connected via optical cable and the first and/or second
sub-network(s) comprise(s) necessary converters for changing from copper to optical cable

and vice versa.

It should be noted that the term “a sub-network comprise a specific part” is meant to denote

that the specific part is connected to or connectable to other elements of the sub-network.

According to a second aspect, the invention relates to a method of communicating via a
network of a wind turbine, the method comprising the steps of disconnecting the second sub-
network from the first sub-network and any external network, and communicating with the

external network via the first sub-network.

In an embodiment of the method of the invention, the communicating with the external
network comprises connecting a service computer to an external network via the first sub-
network in order to obtain information during servicing. Moreover, a service computer may

be connected to the disconnected second sub-network for performing service actions.

According to a third aspect, the invention moreover relates to use of a wind turbine network
a comprising a first sub-network and a second sub-network, where the first sub-network is
connectable to an external network and where the second sub-network is connectable to and

disconnectable from the first network during service of the wind turbine.

The first, second and third aspect of the present invention may each be combined with any of
the other aspects. These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.

Brief description of the Figures

The present invention will now be explained, by way of example only, with reference to the

accompanying Figures, where

Figure 1 illustrates a wind turbine as seen from the front;
Figures 2a and 2b are is schematic views of a wind turbine connected to an external server;
Figure 3 is another schematic view of a wind turbine connected to an external server; and

Figure 4 is a flow-chart of a method according to the invention.
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Detailed description of an embodiment

Figure 1 illustrates a wind turbine 1. The wind turbine 1 comprises a tower 2 positioned on a
foundation. A wind turbine nacelle 3 with a yaw mechanism is placed on top of the tower 2. A
low speed shaft extends out of the nacelle front and is connected with a wind turbine rotor
through a wind turbine hub 4. The wind turbine rotor comprises at least one rotor blade e.g.

three rotor blades 5 as illustrated.

Figure 2a is a schematic view of a wind turbine 1 connected to an external server 10 via a
communication network 11. In Figure 2a, the wind turbine 1 is illustrated as a box with the
reference number 1; thus, the individual components, such as the nacelle, the blades and/or
the tower, are not discernible from the figure. The windturbine comprises a first sub-network
20 and a second sub-network 30. The first sub-network 20 is connectable to an external
communication network 11 via a communication line 12, whereby the first sub-network 20 is
connectable to an external server 10 via the external communication network 11. The second
sub-network 30 is connectable to the first sub-network 10 via the communication line 23. The
second sub-network 30 may be disconnected from the first sub-network 20. In this case the
second sub-network is also disconnected from the external network 11, and functions as a
local network 30 within the wind turbine 1. The communication lines 12 and 23 may be any
relevant communication lines, wired, optical or wireless, such ethernet, cellular radio
network, such as GSM, satellite phone networks, or any other appropriate communication

line.

Figure 2b is a schematic view of an alternative wind turbine 1’ connected to an external
server 10 via a communication network 11. In Figure 2b, the wind turbine 1’ is illustrated as
a box; thus, the individual components, such as the nacelle, the blades and/or the tower, are
not discernible from the figure. The windturbine comprises a first sub-network 20 and a
second sub-network 30. The first sub-network 20 is connectable to an external
communication network 11 via a communication line 12, whereby the first sub-network 20 is
connectable to an external server 10 via the external communication network 11. The second
sub-network 30 is connectable directly to the external communication network 11 via the
communication line 13. The second sub-network 30 may be disconnected from the external
communication network. In this case the second sub-network 30 functions as a local network
30 within the wind turbine 1°. The communication lines 12 and 13 may be any relevant
communication lines, wired, optical or wireless, such ethernet, cellular radio network, such as
GSM, satellite phone networks, or any other appropriate communication line. Moreover, a
communication line between the first and second sub-networks 20, 30 may additionally exist
(not shown in figure 2B), so that the second sub-network 30 is connectable to the external

network 11 and thus to the server 10 through either the communication line 13 or via the
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first sub-network through communication lines 12 and 23. In this case, the second sub-
network 30 may be disconnected from the external network 11 by both disconnecting any
connection between the external network 11 and the second sub-network 30 via the
communication line 13 as well as any the connection between the first sub-network 20 and

the second sub-network 30 via the communication line 23.

It should be noted that the first and second sub-network 20, 30 may be connected to

different external networks and/or to different servers.

Figure 3 is a schematic view of a wind turbine 1 connected to an external server 10 via a
communication network 11. In Figure 3, the wind turbine 1 is illustrated as a box with the
reference number 1; thus, the individual components, such as the nacelle, the blades and/or
the tower, are not discernible from the figure. However, the vertical broken line 8 are meant
to delimit the tower of the wind turbine from the nacelle; thus elements shown above the line
8 in Figure 3 are placed at or in the nacelle, whilst elements shown below the line 8 are

placed in or at the tower of the wind turbine.

The first sub-network 20 and the second sub-network 30 of the wind turbine 1 is shown.
Again, the first sub-network 20 is connectable to an external server 10 via an external
network 11 and the second sub-network 30 may be connected to or disconnected from the
first sub-network 20. When the second sub-network 30 is connected to the first sub-network
20, is is also connected to the external network 11. In the case where the second sub-
network 30 is disconnected from the first sub-network 20, the second sub-network 30 is also
disconnected from the external network 11, and functions as a local network 30 within the
wind turbine 1. Between the first sub-network 20 and the second sub-network 30 is a
disconnector 40 provided in order to ensure that the second sub-network may be
disconnected from and connected to the first sub-network. When the second sub-network is
disconnected from the first sub-network and it is also disconnected from any external
network. The disconnector 40 could also be placed above the line 8, e.g. at or in the nacelle
or the hub.

A router 50 is placed between the first sub-network 20 and the external network 11 in order
to enhance the security by limiting the remote access to the network of the wind turbine.
Alternatively, the router 50 might be placed between the first sub-network 20 and the second

sub-network 30.

The first sub-network 20 may be denoted a communication network. Preferably, all controls
of the wind turbine are placed in second sub-network 30, which may also be denoted a

control network. The second sub-network 30 may, when disconnected from the first sub-
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network 20 be used as an internal or a local network for trouble-shooting and/or servicing
the wind turbine 1. When the second sub-network 30 is disconnected from the first sub-
network 20, e.g. during service, no communication is possible between the second sub-
network 30 and an external network 11; however, the first sub-network may stay connected
to the external network 11, whereby a service technician or other person may connect a
computer, such as a service computer, to the first sub-system of the wind turbine in order to
communicate with external servers, e.g. a SCADA server, in order to obtain information on
past condition monitoring, information from SCADA system, documentation, service
information such as service tables, as well as communicating with any other accessible server
in order to obtain or send other information, for example in the process of getting help from

colleagues from a remote location.

The first sub-network 20 comprises a tower part 22 and a nacelle part 24, and the second
sub-network comprises a tower part 32 and a nacelle part 34. This is advantageous during
service, in that servicing may be performed within the tower as well as within the nacelle.
The tower part 22 and the nacelle part 24 of the first sub-network 20 as well as the tower
part 32 and the nacelle part 34 of the second sub-network 30 are connected via optical cable
60. Moreover, the first and second sub-networks comprise the appropriate converters (not

shown in figure 3) for changing from copper to optical cable and vice versa.

The advantages of the network architecture shown in Figure 3 are inter alia:

e Functional advantage, in that the network architecture of Figure 3 enhances the
security, e.g. firewall protection, permanent remote connection of the first sub-
network 20, whilst the second sub-network 30 may be a disconnectable control
network useful for troubleshooting and servicing the wind turbine;

e Economic advantages, in that the network architecture may be used in a variety of
wind turbine models, independently of the distance to any substation and the number
of wind turbines in a wind farm or wind power plant;

¢ Enhanced security during service, in that the second sub-network 30 may be a control
network comprising all relevant controls for controlling the operation of the wind
turbine, whilst the first sub-network may provide remote access to external servers
for provision of information during service;

e Enhanced security in general due to the presence of a router.

The embodiment shown in Figure 2B may also be divided into different parts, such as the
tower part 22, 32 and nacelle parts 24, 34 described in relation to Figure 3. Furthermore,
both embodiments may comprise one or more of the following additional parts: a ground part
located at the bottom of the wind turbine, a hub part located at a hub of the turbine, an

outside part of the network located outside the wind turbine 1, as well as appropriate
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communication lines between the parts of the sub-networks.
Moreover, the embodiment shown in Figure 2B may also comprise a router and/or

disconnector.

Figure 4 is a flow-chart of a method 100 of communicating via a network of a wind turbine
according to the invention. In the below, reference is also made to the elemetns of figures 1-
3. The method starts in 101 and continues to step 102, wherein connection of the first sub-
network 20 to an external network 11 is provided. Such provision may be the mere action of

checking or securing that the first sub-network 20 is connected to an external network.

In the subsequent step 103, disconnection of the second sub-network 30 from the first sub-
network 20 and any external network is provided for. Such provision may be the action of
checking that the second sub-network 30 is disconnected from the first sub-network 20 or it
may be the actual action of disconnecting the second sub-network 30 from the first sub-

network 20.

In the subsequent step 104, information is communicated between the external network and
the first sub-network 20. The provision of communication between the external network and
the first sub-network may comprise connecting a service computer to an external network via

the first sub-network in order to obtain information during servicing.

The method may also comprise the step of connecting a service computer to the
disconnected second sub-network 30 for performing service actions. Such service actions
may be carried out whilst the first sub-network is connected to the external network for

exchange of necessary, valuable or useful information during service.

The method ends in step 105.

In the above, the term “network of wind turbine” is meant to denote a network within a
single wind turbine as opposed to a network connecting a plurality of wind turbine. The first
and second sub-networks of a wind turbine are part of a network of a wind turbine; such first

and second sub-network are thus not distributed between wind turbines.

Although the present invention has been described in connection with the specified
embodiments, it is not intended to be limited to the specific form set forth herein. Rather, the
scope of the present invention is limited only by the accompanying claims. In the claims, the
term “comprising” does not exclude the presence of other elements or steps. Additionally,
although individual features may be included in different claims, these may possibly be

advantageously combined, and the inclusion in different claims does not imply that a
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combination of features is not feasible and/or advantageous. In addition, singular references
do not exclude a plurality. Thus, references to "a", "an", "first", "second" etc. do not preclude
a plurality. Furthermore, reference signs in the claims shall not be construed as limiting the

scope.
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CLAIMS

1. A wind turbine (1) comprising a network arranged for communicating with an external
network (11), said network of the wind turbine comprising a first sub-network (20) and a
second sub-network (30), where the first sub-network (20) is connectable to the external
network (11) and where the second sub-network (30) is connectable to and disconnectable
from the first network (20) and/or connectable to and disconnectable from the external
network (11).

2. A wind turbine (1) according to claim 1, wherein a disconnector (40) is arranged between

the first and the second sub-networks.

3. A wind turbine (1) according to claim 1 or 2, wherein the second sub-network (30) is
connectable to and disconnectable from the external network (11), and wherein a
disconnector (40") is arranged between the second sub-network (30) and the external
network (11).

4. A wind turbine (1) according to any of the claims 1 to 4, said wind turbine (1) further
comprising a router (50) placed between the first sub-network (20) and the external network
(11), between the first sub-network (20) and the second sub-network (30) or between the

second sub-network (30) and the external network (11).

5. A wind turbine according (1) to any of the claims 1 to 4, wherein the second sub-network

(30) comprises controllers of the wind turbine.

6. A wind turbine (1) according to any of the claims 1 to 5, wherein said first sub-network of

the wind turbine is arranged for communicating with a SCADA system (10).

7. A wind turbine (1) according to any of the claims 1 to 6, the wind turbine (1) comprising a
tower (2) and a nacelle (3), and wherein the first sub-network (20) comprises a tower part
(22) comprised in the tower (2) of the wind turbine (1) and a nacelle part (24) comprised in

or at the nacelle (3) of the wind turbine (1).

8. A wind turbine (1) according to claim 7, wherein the first sub-network (20) moreover
comprises one or more of the following: a ground part located at the bottom of the wind
turbine, a hub part located at a hub of the turbine, an outside part of the network located

outside the wind turbine (1).

9. A wind turbine (1) according to any of the claims 1 to 8, the wind turbine (1) comprising a
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tower (2) and a nacelle (3), and wherein the second sub-network (30) comprises a tower
part (32) comprised in the tower (2) of the wind turbine (1) and a nacelle part (34)

comprised in or at the nacelle (3) of the wind turbine (1).

10. A wind turbine (1) according to claim 9, wherein the second sub-network (30) moreover
comprises one or more of the following: a ground part located at the bottom of the wind
turbine, a hub part located at a hub of the turbine, an outside part of the network located

outside the wind turbine (1).

11. A method of communicating via a network of a wind turbine (1) according to any of the

claims 1-7, comprising the steps of:

- providing for connection of the first sub-network (20) to an external network (11),

- providing for disconnection of the second sub-network (30) from the first sub-network (20)
and any external network,

- providing for communication between the external network (11) and the first sub-network
(20).

12. A method of communicating according to claim 11, wherein the providing of
communication with the external network comprises:

- connecting a service computer to an external network via the first sub-network.

13. A method of communicating according to claim 11 or 12, wherein the method further
comprises:
- connecting a service computer to the disconnected second sub-network for performing

service actions.

14. Use of a wind turbine network a comprising a first sub-network and a second sub-
network, where the first sub-network is connectable to an external network and where the
second sub-network is connectable to and disconnectable from the first network during
service of the wind turbine and/or connectable to and disconnectable from the external
network (11).
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