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Field of the invention This invention relates to a hydroelectric turbine
system consisting of an array of turbines in series and a cabling system
for use in connecting together turbines in the array, and in particular a
cabling system which embodies a number of advantages when installing or 10
retrieving a hydroelectric turbine from the seabed, and which results in
reduced stress on the cabling system when the turbines are deployed on the
seabed at sites of high tidal flow. Background of the invention 15
Renewable energy has in recent years received significant attention,
primarily due to the environmental damage which has been inflicted on the
planet as a result of our need for energy and resultant use of fossil
fuels. The race is therefore on to develop new and improved forms of
renewable energy, in particular forms of renewable energy which can 20
satisfy this ever increasing demand for energy, as many forms of renewable
energy are not scalable in order to produce energy at commercial levels.
One area which shows significant potential is that of tidal energy, which
has the ability to provide consistent and high levels of energy without
negative impacts on the environment 25 and which is essentially available
around the entire planet. However there are numerous difficulties which are
encountered when seeking to harness tidal energy. The present application
is concerned with hydroelectric turbines mounted on the seabed for
extracting energy from tidal flows. Along with the difficulties of locating
one or more of such turbines in suitable locations on the seabed, it is
then necessary to electrically connect the turbines to 



30 shore, in order to allow the extraction of electrical energy therefrom.
In addition, in order to generate commercial levels of energy, it will
generally be necessary to connect together an array of these turbines in
order to produce sufficient levels of energy. This operation  WO
2011/039255PCT/EP2010/064459 2 requires the use of significant lengths of
electrical cabling, which is difficult to work with, in particular at sites
of high tidal flow at which the turbines are to be located. Due to both the
relatively large electric currents generated by hydroelectric turbines, and
the 5 extremely harsh conditions under which the turbines and associated
electrical cables are exposed, the electrical cable extending onshore from
the turbine array and between each turbine in the array must be relatively
large and robust. As a result of the diameter of the cable, which may be in
the region of 300-500 mm, and given the length of cable involved, the
weight of the cable is significant. The handling of the cable is therefore
both a difficult 10 and time-consuming operation, made even more difficult
by the tidal conditions present at the sites where hydroelectric turbines
are deployed. It is therefore of utmost importance to prevent any damage to
the cable during the lifetime of the turbine array, as the task of
replacing the cabling is both time consuming, dangerous, and costly. 15 It
is therefore an object of the present invention to overcome the above
mentioned problems and to avoid or minimize damage to the cable during the
lifetime of same. Summary of the invention According to a first aspect of
the present invention there is provided a hydroelectric turbine system
comprising at least one turbine comprising a stator and a rotor mounted for
rotation within the stator; and at least a first cable extending from the
turbine in a direction substantially parallel to an axis of rotation of the
rotor. Preferably, the system comprises a second cable extending from the
turbine in a direction substantially parallel to the axis of rotation of
the rotor. Preferably, the second section of cable is longer than the first
section of cable. Preferably, the turbine comprises an electrical connector
having a first portion connected to the first cable, and a cooperating
second portion connected to the second cable. 



WO 2011/039255PCT/EP2010/064459 3 Preferably, the system comprises an array
of the turbines connected together in series, wherein the first cable of
one turbine is connected to the second cable of an adjacent turbine. 5
According to a second aspect of the present invention there is provided a
method of electrically connecting an array of hydroelectric turbines, the
method comprising laying a first cable from one turbine in a direction
substantially in line with the direction of tidal flow; laying a second
cable from an adjacent turbine in a direction substantially in line with 10
the direction of tidal flow; and establishing an electrical connection
between the first and second cables of the adjacent turbines.   Preferably,
the electrical connection between the first and second cables is
established at a position where the first and second cables are running
substantially in line with the direction 15 of tidal flow. Preferably, the
second cable is longer than the first cable. Preferably, the electrical
connection is established by providing each turbine with an 20 electrical
connector having a first portion connected to the first cable, and a
cooperating second portion connected to the second cable; and joining the
first portion of one turbine with the second portion of an adjacent
turbine. As used herein, the term "hydroelectric turbine" is intended to
mean either a hydroelectric 25 turbine mounted on a base, which can be
lowered together onto the seabed; the base in isolation from the turbine,
which may be lowered to the seabed and the turbine subsequently lowered
into position onto the base; or the turbine in isolation from the base, to
be lowered onto the previously located base. 



WO 2011/039255PCT/EP2010/064459 4 Brief description of the drawings Figure
1 illustrates a schematic representation of an array of hydroelectric
turbines according to the present invention, connected together in series;
and 5 Figure 2 illustrates a schematic representation of one of the hydro
electric turbines in isolation. 10 Detailed description of the drawings
Referring now to the accompanying drawings there is illustrated a
hydroelectric turbine system in the form of an array, generally indicated
as 10, to be deployed on the seabed in order to generate electrical energy
by extracting mechanical power from the tidal flow of 15 water through the
turbines and converting same to electrical energy. The array 10 comprises a
plurality of turbines 12, three shown in Figure 1, each of which comprises
a rotor (not shown) which undergoes rotation in response to the tidal flow
of water through the turbines, which rotation is converted into electrical
energy by suitable 20 means. For example, each turbine 12 may include an
array of coils and magnets (not shown) which due to the rotation of the
turbine's rotor, undergo relative movement and as result generate
electricity in known fashion. The turbines 12 must therefore be suitably
aligned with the direction of tidal flow T, in order to extract maximum
energy from the tidal flow. 



25 The turbines 12 in the array 10 are connected together in series and, in
the embodiment illustrated are positioned spaced from one another and
extending in a line substantially perpendicular to the direction of tidal
flow T. It will be appreciated that more turbines 12 may be provided in the
array 10, for example in a rectangular array of rows and columns, 30
although the particular configuration may be dictated by the site at which
the array 10 is located. Each turbine 12 comprises a first cable 14
extending therefrom and a second cable 16 also extending from the turbine
12. The cables 14, 16 may extend directly from the  WO
2011/039255PCT/EP2010/064459 5 turbine 12, or alternatively from a base
(not shown) on which the turbine 12 is mounted. These cables 14, 16
preferably extend from the turbine 12, in use, in a direction substantially
parallel to the direction of tidal flow T. Thus in use the cables 14, 16
extend substantially parallel to an axis of rotation of the turbine 12, or
more accurately an axis of rotation of a 5 rotor (not shown) of the turbine
12. In addition, each of the cables 14, 16 preferably extend from the same
side of the respective turbine 12. Referring to Figure 2 it can be seen
that the second cable 16 is greater in length than the first cable 14, the
reasons for which are set out herein after in detail. When connected
together in 10 the array 10, the first cable 14 of one turbine 12 is
connected to the second cable 16 of the adjacent turbine 12, and so on. In
order to allow the connection of adjacent turbines 12, each turbine 12 is
provided with an electrical connector 18. Each electrical connector 18
comprises the first portion 20 mounted 15 to the free end of the first
cable 14 and a second portion 22 mounted to the free end of the second
cable 16. The first portion 20 and the second portion 22 are connectable to
one another, in order to provide an electrical connection that is both
mechanically robust and water tight. The connectors 18 may take any
suitable form. 



20 In connecting adjacent turbines 12, the first and second cables 14, 16
are positioned to extend rearwardly from the respective turbine 12, in a
direction substantially parallel to the direction of tidal flow T, and
therefore substantially parallel to an axis of rotation of the turbine 12.
The longer second cable 16 is then brought around in an arc to meet the end
of the first cable 14 of the adjacent turbine 12. The first portion 20 and
the second portion 22 25 of the cables 14, 16 are then connected to one
another in order to join the turbines 12. This process is repeated for each
adjacent turbine 12. In this way each of the cables 14, 16 extend primarily
in a direction substantially parallel to the direction of tidal flow, with
only a small arc of the cable running across the direction of tidal flow T.
In this way, during operation the majority of the length of the cables 14,
16 are running in line with the tide, 30 thereby minimising the forces
acting on the cables 14, 16 from the tide. This arrangement will require
the use of a greater length of cable 14, 16 extending between each turbine
12 in the array 10, the use of a straight line of cable between each
turbine 12, perpendicular to the  WO 2011/039255PCT/EP2010/064459 6
direction of tidal flow T, providing the shortest and most obvious path
between adjacent turbines 12. However, the use of the above arrangement of
cabling 14, 16 running predominantly in line with the tide avoids the
possibility of tidal induced vibration and/or movement of the cable which
can lead to wear of the cable and ultimately failure. 5 By providing the
second cable 16 longer than the first cable 14, the connectors 18 are also
positioned on a straight section of cable once the array 10 in connected in
series. If the first and second cables 14, 16 were equal in length, the
connector 18 would be positioned at the point along the cabling running
directly perpendicular to the direction of tidal flow T. This 10 would
result in maximum stress being applied to the connector 18 during operation
of the array 10, resulting in bending thereof and possibly damage and/or
failure. By keeping the connector 18 on the straight section this stress
and bending is minimised, thus avoiding or at least significantly reducing
the possibility of damage thereto. 15  



WO 2011/039255PCT/EP2010/064459 7 Claims  1. A hydroelectric turbine system
comprising at least one turbine comprising a stator 5 and a rotor mounted
for rotation within the stator; a first cable extending from the turbine in
a direction substantially parallel to an axis of rotation of the rotor; a
second cable extending from the turbine in a direction substantially
parallel to the axis of rotation of the rotor, wherein the second section
of cable is longer than the first section of cable; and an electrical
connector having a first portion connected to the first cable, and a
cooperating second 10 portion connected to the second cable.  2. A
hydroelectric turbine system according to claims 1 comprising an array of
the turbines connected together in series, wherein the first cable of one
turbine is connected to the second cable of an adjacent turbine. 15  3. A
method of electrically connecting an array of hydroelectric turbines, the
method comprising laying a first cable from one turbine in a direction
substantially in line with the direction of tidal flow; laying a second
cable which is longer than the first cable from an adjacent turbine in a
direction substantially in line with the direction of tidal flow; and 20
establishing an electrical connection between the first and second cables
of the adjacent turbines at a position where the first and second cables
are running substantially in line with the direction of tidal flow by
providing each turbine with an electrical connector having a first portion
connected to the first cable, and a cooperating second portion connected to
the second cable; and joining the first portion of one turbine with the
second portion of an 25 adjacent turbine. 


