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WATER CURRENT POWER GENERATING SYSTEMS

The present invention relates to water current power generating systems, and in 

particular to such systems which employ removable power generating apparatus.

BACKGROUND OF THE INVENTION

It is widely known that easily accessible resources of fossil fuels are declining. In 

addition, the impact of the use of fossil fuels upon the environment has become 

increasingly apparent. As a result of this, it has become imperative that viable 

alternative energy sources are used as effectively and efficiently as possible. The use 

of turbines to capture the power of water flow, such as tidal, river and ocean current 

flows is becoming a viable source of alternative energy. The turbine equipment used 

to capture such water flow energy typically includes a shaft driven generator 

connected using a drivetrain to a rotor assembly. The rotor assembly includes a 

plurality of rotor blades that are driven by the water flow, so as to turn an input shaft 

of the drivetrain.

In order to be economically practical, multiple water current turbine devices need to 

be deployed in a suitable area. For example, a tidal turbine farm may have tens to 

hundreds of turbines. The turbines are preferably arranged in an array having multiple 

rows of multiple turbines. The turbine array could be deployed in a tidal flow area, a 

river flow, an ocean current, or any other suitable water current area. Although it is 

preferable for the turbines to be arranged in an array, geography, bathymetry and 

other factors may mean that a turbine farm has another arrangement.

Such turbine equipment needs to be secured to the bed of a body of water, such as 

a sea, estuary or river. Conventional underwater turbines used to drive electrical 

generators are mounted on a horizontal rotational axis and require a significant 

amount of ancillary features, in order to maximise energy capture. One such feature 

that is essential for efficient energy generation is yaw capability: it must be possible 

to direct the turbine to the most effective orientation with respect to the direction of 

current flow at any particular time.

Installation, maintenance and servicing of underwater power generation apparatus, 

particularly in deep sea environments, are highly costly and time consuming 
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procedures. It is therefore desirable to simplify the construction and deployment of 
underwater power generation apparatus, lowering capital cost and reducing the 
frequency with which in service intervention is required.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a water current 
power generating system comprising: a support structure located on the bed of a 
body of water, the support structure defining a first support surface; a transition piece 
having a first engagement surface, and a second support surface spaced apart from 
the first engagement surface, the transition piece mountable on the support structure 
such that the first engagement surface abuts the first support surface; a first clamp 
mechanism arranged to releasably attach the transition piece to the support 
structure; a power generating apparatus having a second engagement surface, and 
including rotor assembly, an electrical power generating unit rotatable by the rotor 
assembly and operable to output electrical power, and an electrical output for export 
of electrical power from the power generating apparatus, the power generating 
apparatus being releasably attached to the second support surface of the transition 
piece such that the second engagement surface abuts the second support surface; 
and a second clamp mechanism for releasably attaching the power generating 
apparatus to the second support surface; wherein the transition piece includes a 
connection means to which the electrical output of the power generating apparatus is 
releasably electrically connected, an export connector to which a power export cable 
of the system is connected, the transition piece further comprises a side wall 
extending between the first engagement surface and the second support surface; 
and either: the side wall comprises an aperture therethrough, and the export cable 
extends through the aperture; or the connection means comprises an electrical 
connector connected with the electrical output of the power generating apparatus, an 
export connector located in the side wall of the transition piece, and an internal cable 
electrically connecting the electrical connector with the export connector, the export 
connector providing an external connection to which the export cable is connected.

According to another aspect of the present invention, there is provided a mounting 
system for a water current power generating system which includes a support 
structure for location on the bed of a body of water, and a power generating 
apparatus including rotor assembly, an electrical power generating unit rotatable by 
the rotor assembly and operable to output electrical power, and an electrical output 
for export of electrical power from the power generating apparatus, the mounting
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system comprising: a transition piece having an engagement surface and a support 
surface spaced apart from the engagement surface, the transition piece being 
mountable on such a support structure such that the first engagement surface abuts 
a first support surface of the support structure, and the support surface being 
arranged for receiving a power generating apparatus thereon; a first clamp 
mechanism for releasably attaching the transition piece to such a support structure; 
a second clamp mechanism for releasably attaching the power generating apparatus 
to the second support surface; a connection means to which an electrical output of 
the power generating apparatus is releasably electrically connectable; and an export 
connector electrically connected with the connection means and to which a power 
export cable of the system is releasably electrically connectable; wherein the 
transition piece further comprises a side wall extending between the engagement 
surface and the support surface; and either: the side wall comprises an aperture 
therethrough, and the export cable extends through the aperture; or the export 
connector is located in the side wall of the transition piece, and provides an internal 
connection which is electrically connected with the connection means and an 
external connection to which a power export cable of the system is releasably 
electrically connectable.

In one example, the second clamp mechanism has a first position in which the power 
generating apparatus is removable from the transition piece, a second position in 
which the power generating apparatus is fixed to the transition piece, and a third 
position in which the power generating apparatus is rotatable with respect to, and not 
removable from, the transition piece.

In one example, the connection means of the transition piece is fixed in position 
within the transition piece.

In one example, the first engagement surface has a diameter smaller than that of the 
second support surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a water current power generating apparatus;

Figure 2 illustrates a first support structure for the apparatus of Figure 1;

Figure 3 illustrates a second support structure for the apparatus of Figure 1;
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Figure 4 illustrates the power generating apparatus of Figure 1 in place on the 

support structure of Figure 3;

Figure 5 is a detailed view of parts of the arrangement shown in Figure 4;

Figure 6 illustrates a first example of an export connection for the arrangement of 

Figure 5; and

Figure 7 illustrates a first example of an export connection for the arrangement of 

Figure 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a water current power generating apparatus (PGA) 1 comprising 

an apparatus body 2, rotatable turbine 3, and an engagement portion 4. The water 

current PGA 1 is designed to be located underwater, for example, in a tidal body of 

water. The apparatus body 2 defines an inner space in which electrical power 

generating equipment is located. The electrical power generating equipment may 

include an electrical generator, a gearbox, and control equipment, as appropriate. 

The electrical power generating equipment is driven by a drive shaft that extends into 

the apparatus body 2, and which is caused to turn by the rotatable turbine 3. As a 

water current flows past the power generating apparatus 1, the rotatable turbine 3 is 

caused to rotate with respect to the apparatus body 2 and the equipment contained 

therein. This rotation causes a driveshaft to rotate, thereby causing the generator to 

rotate and generate electrical power. The rotatable turbine 3 may have any number 

of blades. The engagement portion 4 provides a substantially circular engagement 

surface for connection with a support structure.

The PGA 1 must be supported in the body of water at an appropriate position in a 

body of water. The PGA 1 of Figure 1 is intended to be removable from such a 

support structure in order that the PGA 1 is able to be recovered for maintenance 

purposes. Figure 2 illustrates a first example support structure 5 for supporting the 

PGA 1. The support structure 5 is in the form of a tripod which is located on the bed 

6 of a body of water. The support structure 5 comprises three support feet 7, from 

which respective support legs 8 extend. A PGA support 9 is held in place at a
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suitable position by the support legs 8. In the example shown in Figure 2, the 

support structure 5 provides a single, centrally mounted PGA support 9. In use, the 

PGA 1 is mounted for releasable engagement on the PGA support 9. The support 

structure 5 is secured to the bed 6 by the support feet 7, which may be pinned to the 

bed 6 using suitable pile structures.

The support structure 5 has an advantage that the centrally located PGA support 9 

can have an open lower portion through which an electricity export cable 10 can be 

connected with the PGA when mounted on the PGA support 9. The PGA support 9 

may include suitable connection systems for releasable connection of electrical 

control and instrumentation connections to the PGA 1. The PGA support 9 is raised 

above the bed 6 and so is accessible for connection of the electricity export cable 10 

(and other connections). However, a support structure 5 in the form tripod can be 

expensive, particularly because of the need for multiple engagements with the bed 6.

Figure 3 illustrates a second support structure for use with the PGA 1 of Figure 1. 

The second support structure 11 is a so-called “mono-pile”, which consists of a 

single elongate cylindrical structure that has a first portion 12 extending above the 

bed 6 and a second portion 13 which extends into, and is supported by, the bed 6. A 

mono-pile has the advantage that it provides a more cost-effective support structure 

than the tripod of Figure 2, since the structure itself is simpler and requires only one 

drilling and securing operation. One obvious disadvantage of a mono-pile support 

structure is that the outer diameter of the support structure 11 must be smaller than 

the inner diameter of the hole drilled in the bed 6 for location of the second portion 

13 of the support structure 11. Accordingly, in order to remain cost-effective, it is 

desirable to reduce the diameter of the drilled hole so as to reduce the size of drill 

required, whilst maintaining the required structure size for supporting the PGA.

In addition, location of the support structure 11 in the bed 6 must take place without 

any connection or locating equipment for the PGA being attached to the support 

structure 11 in order to minimise the risk of damage to such equipment. Attaching 

the connection and locating equipment to the support structure 11 after mounting in 

the bed 6 involves costly, difficult and risky marine operations. Furthermore, the 

support structure 11 does not have an open aperture through which the electricity 

export cable, and other connections, can pass. It is not desirable to provide an 
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aperture in the wall of the support structure 11 since this could cause weakness in 

the support structure and/or require the use of thicker and heavier material for the 

wall of the support structure 11.

Figure 4 illustrates the PGA 1 in place on the support structure 11 which has the first 

portion 12 extending above the bed 6 and the second portion 13 extending into the 

bed 6. The outer diameter of the first portion 12 of the second support structure 11 is 

smaller than the diameter of the engagement portion 4 of the PGA 1, and so a 

transition piece 15 is provided in the arrangement shown in Figure 4. The transition 

piece 15 is attached to an upper end region of the first portion 12 of the support 

structure 11. A lower end region of the engagement portion 4 of the PGA 1 is 

attached to an upper portion of the transition piece 15. The transition piece 15 is 

shown in more detail in Figure 5.

Figure 5 illustrates the transition piece 15 of Figure 4, connected with parts of the 

PGA 1 and support structure 11. The transition piece 15 is substantially circular in 

cross-section and has a lower end region 16 and an upper end region 17 spaced 

apart from the lower end region 16. The upper end region 17 has a larger diameter 

than that of lower end region 16. The lower end region is sized to match 

substantially the diameter of the support structure 11. The upper end region 17 is 

sized to match substantially the diameter of the engagement surface of the 

engagement portion 4 of the PGA 1.

The lower end region 16 mounts on the first portion 12 of the support structure 11 by 

way of a first mounting system 18. The first mounting system 18 comprises first and 

second cooperating flanges 19 and 20 located on, and attached to, the support 

structure 11 and transition piece 15 respectively, and a first clamp 21. The first 

flange 19 defines a first support surface, and the second flange 20 defines a first 

engagement surface. The first engagement surface abuts the first support surface, 

such that the transition piece 15 is supported by the support structure 11. The first 
and second flanges 19 and 20 may include cooperating features of shape that resist 

turning of the transition piece 15 with respect to the support structure 11.

The first clamp 21 holds the transition piece 15 in place on the support structure 11. 

The first clamp 21 has two positions; a first in which the transition piece 15 is 
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removable from the support structure 11, and a second in which the transition piece 

is fixed in positon on the support structure 11. In the first position of the first clamp 

21, the transition piece 15 can be removed from the support structure 11 and 

replaced with a replacement transition piece 15, for example for maintenance 

purposes. The first clamp 21 is preferably attached to the transition piece 15 so that 

it is removable with the transition piece 15.

The PGA 1 is located on the upper end region 17 of the transition piece 15 by way of 

a second mounting system 22. The second mounting system 22 comprises third and 

fourth cooperating flanges 23 and 24 located on, and attached to, the transition piece 

15 and PGA 1 respectively, and a second clamp 25. The third flange 23 defines a 

second support surface, and the fourth flange 20 defines a second engagement 

surface. The second engagement surface abuts the second support surface, such 

that the PGA 1 is supported by the transition piece.

The second clamp 25 holds the PGA 1 in place on the transition piece 15. The 

second clamp 21 has at least two positions; a first in which the PGA 1 is removable 

from the transition piece 15, and a second in which the PGA 1 is fixed in position on 

the transition piece 15. The second clamp 21 is preferably attached to the transition 

piece 15 so that it is removable with the transition piece 15. The second clamp 25 

may have a third position in which the PGA 1 is rotatable with respect to the 

transition piece 15, but is not removable therefrom. In such a third position of the 

second clamp 25, the PGA 1 may be re-oriented in order to face the water current 

flow for generation of electricity.

The transition piece 15 includes additional equipment for connection with the PGA 1. 

A connection plate 30 is provided within the transition piece 15, and provides a 

location for appropriate electrical and optical connections. In particular, the 

connection plate 30 provides an electrical power connection for releasable 

connection with the generator output from the PGA 1. The electrical power 

connection of the connection plate 30 is arranged such that attachment of the PGA 1 

to the support structure 11 is able to cause the generator output of the PGA 1 to be 

connected electrically with the electrical power connector. Alternatively, the 

electrical connection between the generator output and the electrical power 

connector can be achieved following attachment of the PGA 1 to the support 



8

5

10

15

20

25

30

structure 11. Additional connections, such as optical communications connections 

for control purposes may also be provided.

In the example of Figure 5, an export cable 32 is provided through an aperture in the 

transition piece 15. The export cable 32 connects with an appropriate connector 31 

which provides a connection to the PGA 1. Examples of the export connection are 

shown in more detail in Figures 6 and 7.

The transition piece 15 may also be provided with anodic protection 33 for corrosion 

protection of the transition piece and of the support structure itself. Having the 

anodic protection 3 attached to the transition piece 15 means that the anodic 

protection can be replaced in a straightforward manner when the transition piece has 

been removed from the water for maintenance.

Figure 6 illustrates a first example of an export connection. The connection plate 30 

is provided in the transition piece 15, and carries a first electrical connector 40. The 

first electrical connector 40 is for electrical connection to an electrical output 41 from 

the PGA, for transfer of electrical power from the generator of the PGA out of the 

system.

The connection plate 30 is also provided with a second electrical connector 42 for 

connection with a terminal connector 43 of an export cable 44. The second electrical 
connector 42 and terminal connector 43 may provide a “wet-mate” connector of the 

type which is connectable in water. The export cable 44 extends through an 

aperture 46 of a side wall 45 of the transition piece 15 for connection with the 

electricity supply grid.

During installation of the system, the support structure is located in the bed of the 

body of water without the transition piece or PGA being attached. This allows for the 

straightforward installation of the support structure 11. Ina separate operation, the 

transition piece 15 is connected with the export cable 44 (and other connections as 

appropriate) above water. The export cable is passed through the aperture 46 and 

connected with the second electrical connector 42. The export cable 44 is preferably 

provided with a second terminal connector 43B outside of the transition piece for 

connection to an underwater cable. The transition piece 15 is then lowered into 

place onto the support structure 11. The first clamp 21 is closed to hold the 

transition piece 15 in place on the support structure 11. The second terminal 
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connection 43B is connected with an undersea cable. In this configuration, the 

support structure 11 and transition piece 15 are ready for receipt of a PGA 1. The 

PGA 1 is lowered onto the upper region 17 of the transition piece 15, and the 

electrical output 41 connected with the first electrical connector 40 on the connection 

plate 30. In this way, the PGA 1 is electrically connected with the export cable 44 for 

export of electrical power. The second clamp 25 is operated in order to hold the 

PGA 1 in place on the transition piece 15.

Figure 7 illustrates a second example export connection configuration. In the Figure 

7 example, the connection plate 30 is again provided in the transition piece 15, and 

carries the first electrical connector 40. The first electrical connector 40 is for 

electrical connection to the electrical output 41 from the PGA, for transfer of electrical 

power from the generator of the PGA out of the system.

In the Figure 7 example, the first electrical connector 40 provides a terminal 

connection on one end of an internal cable 47. The other end of the internal cable is 

connected with an internal side 49 of an export connector 48. The export connector 

extends through a side wall 52 of the transition piece 15, and provides an external 

connector 50. A terminal connector 51 of an export cable 53 is releasably electrically 

connected with the external connector 50 of the export connector 48. The export 

cable 53 extends for connection with the electricity supply grid.

Either or both sides of the export connector 48 may be “wet-mate” connectors of the 

type which is connectable in water.

During installation of the system including the Figure 7 export connections, the 

support structure is located in the bed of the body of water without the transition 

piece or PGA being attached. This allows for the straightforward installation of the 

support structure 11. In a separate operation, the transition piece 15 (including the 

connection plate 30, first electrical connector 40, internal cable 47 and export 

connector 48) is then lowered into place onto the support structure 11. The first 

clamp 21 is closed to hold the transition piece 15 in place on the support structure

11. The terminal connector 51 of the export cable 53 is then connected with the 

external connector 50 of the export connector 48. In this configuration, the support 

structure 11 and transition piece 15 are ready for receipt of a PGA 1. The PGA 1 is 

then lowered onto the upper region 17 of the transition piece 15, and the electrical 
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output 41 connected with the first electrical connector 40 on the connection plate 30. 

In this way, the PGA 1 is electrically connected with the export cable 53 for export of 

electrical power. The second clamp 25 is operated in order to hold the PGA 1 in 

place on the transition piece 15.

5 It will be appreciated that embodiments of the present invention provide a means by 

which removable power generating apparatus can be attached to a mono-pile type 

support structure without the need to increase the outer diameter of the mono-pile, 

and without the need to provide access apertures in the mono-pile.

In addition, attachment of the export cable to a connection plate held in the transition 

10 piece can be accomplished out of the water, which greatly simplifies installation and 

maintenance operations.
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CLAIMS:

1. A water current power generating system comprising:

a support structure located on the bed of a body of water, the support 

structure defining a first support surface;

a transition piece having a first engagement surface, and a second 

support surface spaced apart from the first engagement surface, the transition 

piece mountable on the support structure such that the first engagement 

surface abuts the first support surface;

a first clamp mechanism arranged to releasably attach the transition 

piece to the support structure;

a power generating apparatus having a second engagement surface, 

and including rotor assembly, an electrical power generating unit rotatable by 

the rotor assembly and operable to output electrical power, and an electrical 

output for export of electrical power from the power generating apparatus, the 

power generating apparatus being releasably attached to the second support 

surface of the transition piece such that the second engagement surface 

abuts the second support surface; and

a second clamp mechanism for releasably attaching the power 

generating apparatus to the second support surface; wherein

the transition piece includes a connection means to which the electrical 

output of the power generating apparatus is releasably electrically connected, 

an export connector to which a power export cable of the system is 

connected, the transition piece further comprises a side wall extending 

between the first engagement surface and the second support surface; and 

either:

the side wall comprises an aperture therethrough, and the export cable 

extends through the aperture; or
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the connection means comprises an electrical connector connected 

with the electrical output of the power generating apparatus, an export 

connector located in the side wall of the transition piece, and an internal cable 

electrically connecting the electrical connector with the export connector, the 

export connector providing an external connection to which the export cable is 

connected.

2. A system as claimed in claim 1, wherein the second clamp mechanism has a 

first position in which the power generating apparatus is removable from the 

transition piece, a second position in which the power generating apparatus is 

fixed to the transition piece, and a third position in which the power generating 

apparatus is rotatable with respect to, and not removable from, the transition 

piece.

3. A system as claimed in claim 1 or 2, wherein the connection means of the 

transition piece is fixed in position within the transition piece.

4. A system as claimed in any one of the preceding claims, wherein the first 

engagement surface has a diameter smaller than that of the second support 

surface.

5. A mounting system for a water current power generating system which 

includes a support structure for location on the bed of a body of water, and a 

power generating apparatus including rotor assembly, an electrical power 

generating unit rotatable by the rotor assembly and operable to output 

electrical power, and an electrical output for export of electrical power from 

the power generating apparatus, the mounting system comprising:

a transition piece having an engagement surface and a support surface 

spaced apart from the engagement surface, the transition piece being 

mountable on such a support structure such that the first engagement surface 

abuts a first support surface of the support structure, and the support surface 

being arranged for receiving a power generating apparatus thereon;

a first clamp mechanism for releasably attaching the transition piece to 

such a support structure;
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a second clamp mechanism for releasably attaching the power 

generating apparatus to the second support surface;

a connection means to which an electrical output of the power 

generating apparatus is releasably electrically connectable; and

an export connector electrically connected with the connection means 

and to which a power export cable of the system is releasably electrically 

connectable; wherein

the transition piece further comprises a side wall extending between 

the engagement surface and the support surface; and either:

the side wall comprises an aperture therethrough, and the export cable 

extends through the aperture; or

the export connector is located in the side wall of the transition piece 

and provides an internal connection which is electrically connected with the 

connection means, and an external connection to which a power export cable 

of the system is releasably electrically connectable.

6. A system as claimed in claim 5, wherein the second clamp mechanism has a 

first position in which such a power generating apparatus is removable from 

the transition piece, a second position in which such a power generating 

apparatus is fixed to the transition piece, and a third position in which such a 

power generating apparatus is rotatable with respect to, and not removable 

from, the transition piece.

7. A system as claimed in claim 5 or 6, wherein the export connector is located 

on the connection means.

8. A system as claimed in any one of claims 5 to 7, wherein the connection 

means of the transition piece is fixed in position within the transition piece.
9. A system as claimed in any one of claims 5 to 8, wherein the first engagement 

surface has a diameter smaller than that of the second support surface.


