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(57) Abrégée/Abstract:
A connection system for connecting a first connection point with a second connection point, the second connection point being
arranged for rotation and translation with respect to the first connection point, the connection system comprises a first connection
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(57) Abrege(suite)/Abstract(continued):

point, a first support surface moveable linearly with respect to the first connection point, a second support surface moveable linearly
and rotationally with respect to the first connection point, and a second connection point moveable linearly and rotationally with
respect to the first connection point, moveable rotationally with respect to the first support surface, and fixed with respect to the
second support surface, and a reverse bend radius cable chain located on the first and second support surfaces, and having a first

end connected with the first connection point via a first connector cable, and a second end connected with the second connection
point via a second connector cable.
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(57) Abstract: A connection system for connecting a first
connection point with a second connection point, the second
connection point being arranged for rotation and translation
with respect to the first connection point, the connection sys-
tem comprises a first connection point, a first support surtace
moveable linearly with respect to the first connection point,
a second support surface moveable linearly and rotationally
with respect to the first connection point, and a second con -
nection point moveable linearly and rotationally with respect
to the first connection point, moveable rotationally with re-
spect to the first support surface, and fixed with respect to
the second support surface, and a reverse bend radius cable
chain located on the first and second support surfaces, and
having a first end connected with the first connection point
via a first connector cable, and a second end connected with
the second connection point via a second connector cable.
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CONNECTION SYSTEMS

The present invention relates to connection systems and, in particular, to connection

systems for enabling rotation of one connector with respect to another.

BACKGROUND OF THE INVENTION

Connection systems are used to connect electrical cables, optical cables, hydraulic lines or
other flexible cables between first and second end points that are able to rotate with respect
to one another. Typically, a flexible cable Is carried within a reverse bend radius chain that
supports and guides the cable whilst the end points rotate with respect to one another. Such
reverse bend radius chains enable rotation of greater than 360 degrees to be achieved.
However, such chain based systems are designed to operate In a single plane, and are not
able to deal with linear movement of the end points out of that plane of operation. Some

example rotary reverse bend radius chains are produced by IGUS GMBH.

An example of dealing with relative linear movement of the end points is illustrated in Figure
1 of the accompanying drawings. A connector system 1 has a first connector 2 and a
second connector 4, and Is provided within a housing 10. The second connector 4 is
mounted on a connector carrier 6 which itself Is mounted on a shaft 8. The shaft 8, and
hence connector carrier 6, 1Is mounted for rotational movement R and linear movement L,
with respect to the housing and first connector 2. A flexible cable 12 is provided to connect
the first connector 2 to the second connector 4. As the shaft 8 moves linearly within the
housing 10, the cable 12 curls and uncurls within the housing to enable the connection to be
maintained. As the shaft rotates, the cable 12 then curls around the shaft 8. However, such

a system is prone to cable snagging, and over bending.

In particular, the system of Figure 1 Is not suitable for subsea applications, for example, for a
water stream power generating device such as that shown in Figure 2. Such a device 14
comprises a turbine unit 15 mounted on the seabed 16 on a support structure 17. An
engagement system 18 Is provided that enables the turbine unit 15 to be attached releasably
to the support structure 17. In the example shown in Figure 2, the turbine unit 15 iIs rotatable
about a vertical axis with respect to the support structure 1/, and so electrical and/or
hydraulic and/or control connections between the turbine unit 15 and the support structure
17 must be able to deal with rotation of the turbine unit 15. In addition, the turbine unit 15 Is
releasably engagable with the support structure 17, such that the unit 15 may be removed

along the vertical axis from the support structure 17. The connections between the unit 15
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and the support structure 17 can be made after the unit has been located on the support
structure. In such a case, the connectors must be able to move axially within the
engagement system, whilst maintaining the abllity to rotate within the engagement system.
In one example, the unit 15 Is located on the support structure 17, and the connectors are
rotated for polar alignment. The connectors are then moved axially towards the support
structure to engage with corresponding connectors therein. The connection system then is
able to allow the unit 15 to rotate with respect to the support structure. It will be appreciated
that the connector alignment and engagement system may be provided on the support
structure, or split appropriately between the support structure 17 and the unit 15Thus, it is
desirable to provide a connection system to enable electrical, hydraulic, optical, control
and/or other connections to be made between the turbine unit 15 and the support structure
17, whilst allowing for rotation and linear movement of the connectors within the engagement

system.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a connection system for
connecting a first connection point with a second connection point, the second connection
point being arranged for rotation and translation with respect to the first connection point, the
connection system comprising a first connection point, a first support surface moveable
linearly with respect to the first connection point, a second support surface moveable linearly
and rotationally with respect to the first connection point, a second connection point
moveable linearly and rotationally with respect to the first connection point, and moveable
rotationally with respect to the first support surface, and fixed with respect to the second
support surface, and a reverse bend radius cable chain located on the first and second
support surfaces, and having a first end connected with the first connection point via a first
connector cable, and a second end connected with the second connection point via a

second connector cable.

One example of such a connection system comprises a cable carrier having a surface which
provides the first support surface, a substantially circular member having a surface which
provides the second support surface, wherein the substantially circular member Is arranged
radially inside the cable carrier such that the first support surface i1s adjacent the second

support surface.

In one example, the cable carrier is provided by a substantially annular member.
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In one example, the cable carrier extends only partially around the substantially circular

member.

In one example, the first support surface extends only partially around the second support

surface.

In one example, the second connection point Is mounted on the substantially circular

member.

In one example, the cable carrier is attached to the substantially circular member such that
linear movement between the cable carrier and substantially circular member is substantially
prevented, and such that the substantially circular member is rotatable with respect to the

cable carrier.

One example of such a connection system comprises a housing in which the cable carrier
and substantially circular member are located, the cable carrier being attached to the
housing to allow linear movement of the cable carrier with respect to the housing and

substantially to prevent rotational movement of the cable carrier with respect to the housing.

One example of such a connection system comprises at least one guide rail located on an
Inner surface of the housing, and at least one guide member associated with the or each

guide rail, each guide member being arrange to attach the cable carrier with a guide rail.

One example of such a connection system comprises at least one elongate guide portion

which extends from the housing and which slidably engages with a guide aperture in the

cable carrier.

In one example, the first connection point provides a functional connection. In one example,
the first connection point provides a physical connection. In one example, the second
connection point provides a functional connection. In one example, the second connection

point provides a physical connection.

According to another aspect of the present invention, there is provided a An underwater
power generating device comprising a connection system in accordance with the first aspect

of the present invention.

One example of such a device comprises support structure for location on the bed of a body
of water, and a power generating unit adapted for mounting on the support structure the

power generating unit being adapted for rotation with respect to the support structure, the



CA 02873334 2014-11-12

WO 2013/178996 4 PCT/GB2013/051356

connection system being arranged to provide at least one connection between equipment of

the support structure and equipment of the power generating unit.

One example of such a device further comprises an engagement system adapted to enable
the power generating unit to be rotated with respect to the support structure and detached
5 from the support structure, the connection system being located substantially within the

engagement system.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 Is a schematic view of a previously considered connection system;

Figure 2 illustrates a subsea electricity generating device;

10  Figure 3 lllustrates a side cross-sectional view of a connection system embodying one

aspect of the present invention;

Figure 4 1s a plan view of the system of Figure 3;

Figure 5 Is a plan view of a first modified system based on that shown in Figures 3 and 4;

Figure 6 Is a plan view of a second modified system based on that shown In Figures 3 and 4,

15 Figure 7 1s a plan view of the third modified system based on that shown In Figures 3 and 4;

and

Figure 8 shows a partial view of a fourth modified system based on that shown In Figures 3
and 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20  Figure 3 illustrates, In side view, a connection system 20 embodying one aspect of the
present invention. Figure 4 illustrates the system of Figure 3 in plan view. The connection
system 20 comprises a first connection point 22 and a second connection point 24. The
second connection point 24 Is arranged for rotational movement R and linear movement L1
with respect to the first connection point 22. The second connection point 24 Is carried on a

25  connector carrier 26 which itself is mounted on a shaft 28. The shaft 28 is mounted (details

of the mounting not shown for clarity) within a housing 42. The housing 42 may be provided
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by a specific connection system housing, or by a portion of the equipment to which the

connection system is applied.

The first and second connection points 22 and 24 may provide electrical, hydraulic, control
or other functional connections, or may simply provide fixing points or other points of
reference for the cable being routed through the connection system. It will be readily
appreciated that any appropriate number of connection points may be provided of any

appropriate type.

In the example shown In Figures 3 and 4, the connector carrier 26 Is provided by a circular,
or near circular disc having a first surface on which the second connection point 24 is

mounted.

A cable carrier 30 Is arranged between an outer edge of the connector carrier 26 and the
Inner surface of the housing 42, and in the example shown In Figures 3 and 4 is provided by
a circular annular member. The cable carrier is attached to the connector carrier 26 by way
of attachment portions 31. In Figure 4, three attachment portions 31 are shown, but it will be
appreciated that any particular number of attachment portions 31 may be provided. The
attachment portions 31 ensure that the cable carrier 30 i1s able to move In a linear direction
L2 as the connector carrier 26 moves In a linear direction L1. The attachment portions 31
also allow the connector carrier 26 to rotate with respect to the cable carrier 30. Hence the
connector carrier 26 1s able to rotate with respect to the housing 42, while the cable carrier

30 does not rotate with respect to the housing 42.

The cable carrier 30 Is restrained from such rotational movement by a number of guide rails
44 which extend along the inner surface of the housing 42. Guide members 46 attach the
cable carrier 30 to the guide rails 44, so that the cable carrier is able to move linearly within
the housing 42, but is prevented from rotating within the housing 42. Once again, three
guide rails and associated guide members are shown in Figures 3 and 4, but it will be readily
appreciated that any appropriate number of guide rails and guide members may be
provided. It will also be appreciated that any appropriate means for preventing rotation of

the cable carrier may be provided.

The provision of the connector carrier and separate cable carrier 30, enables the cable
carrier 30 to move linearly with the connector carrier 26, whilst allowing the connector carrier

26 to rotate with respect to the cable carrier 30.
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The connector carrier 26 provides a first support surface and a second support surface 34.
The cable carrier 30 provides a first support surface 32 and the connector carrier 26
provides a second support surface 34. A reverse bend radius chain 36 in which at least one
cable is routed, is located on the first and second support surfaces 34 and 32. The cable
routed through the chain 36 is connected to the first connection point 22 by way of a first
connecting cable 38, and to the second connection point 24 by way of a second connecting
cable 40. A reverse bend radius chain 36 enables the connection between the first and
second connection points 22 and 24 to be maintained as the connector carrier 26 rotates

with respect to the housing 42 and first connection point 22.

For example, the connector carrier 26 may be driven to rotate with respect to the housing by
a suitable drive mechanism. Alternatively, it may be the housing that rotates with respect to
the connector carrier 26, for example when the turbine unit is rotated on the support

structure.

The provision of the cable carrier 30 with its first support surface 32, on which another
portion of the reverse bend radius chain 36 Is supported, means that friction of movement of
the chain 36 is reduced. This is the case because the chain 36 has most of its length
stationary with respect to its support surface, whether that be the first surface 32 or the
second surface 34, and has only a small portion of its length In transition between the two

surfaces, as the first support surface 32 rotates with respect to the second support surface
34.

The cable carrier 30, which does not rotate with respect to the housing 42 or first connection
point 22, enables the first connection cable 38 to remain static rotationally, thereby
preventing this cable from being entangled. Similarly, the inner end of the chain 36, which is
supported on the second support surface 34 of the connector carrier 26, is stationary with
respect to the carrier 36 and second connection point 24, such that the second connecting

cable 40 does not translate or rotate, thereby preventing this cable from tangling.

In such a manner, the connector carrier 26 Is able to rotate by more than 360° with respect
to the housing and first connection point 22, and the whole assembly Is able to translate

within the housing 42.

Figure 5 illustrates a first modified system based on that shown Iin Figures 3 and 4. The

Figure 5 system includes a cable support member 30 that extends only partially around the
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outside of the connector carrier 26. Such a design in useful when the amount of rotation in

any one direction is restricted.

Figure © illustrates a second modified system based on that shown In Figures 3 and 4. In
the Figure 6 system an upstanding guide member 48 Is provided on the connection carrier
26 In order to guide the chain 36 on that the second support surface 34. The guide member
48 provides the chain 36 with a substantially vertical (that is, out of the plane of the
connector carrier) inner guide surface. In addition, the first support surface 32 of the cable
carrier 30 does not extend fully around the connector carrier 26. A guide member 50 around
the remainder of the connector carrier 26, and provides the chain 36 with an outer

substantially vertical guide surface.

Figure 7 illustrates a third modified system based on that shown Iin Figures 3 and 4, in which
the cable carrier is of the same general configuration as in Figure 6, but is closer to the

connector carrier 26. It is to be noted that none of the drawings are to scale.

Figure 8 Is a partial side view of a modified system based on that of Figures 3 and 4. In
Figure 8, only the shaft 28, connector carrier 26 (26a and 26b), second connection point 24
and cable carrier 30 are shown for the sake of clarity. It will be readily appreciated that
these parts are applied to the overall system as shown in Figures 3 and 4. In the Figure 8
design, the connector carrier 26 Is split into two separate components. A first component
26a provides the second support surface, and a second component 26b carries the second

connection point 24.

The cable carrier 30 and connector carrier 26 may be provided with a selectively-actuated
locking mechanism that prevents relative rotation between those two components. In
addition, one or both of the cable carrier 30 and the connector carrier 26 may be provided
with a sensor or other detection device to determine a maximum amount of relative rotation

of the cable carrier 30 and the connector carrier 26.

Either or both of the cable carrier and connector carrier may be provided with protective
wear pads to prevent wear on the basic structure. In addition, the cable carrier and/or the
connector carrier may have one or more holes defined therethrough in order to moderate

any build-up of unwanted material on the support surfaces.
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CLAIMS:

1. A connection system for connecting a first connection point with a second connection
point, the second connection point being arranged for rotation and translation with

respect to the first connection point, the connection system comprising:
5 a first connection point;
a first support surface moveable linearly with respect to the first connection point,

a second support surface moveable linearly and rotationally with respect to the

first connection point;

a second connection point moveable linearly and rotationally with respect to the
10 first connection point, and moveable rotationally with respect to the first support

surface, and fixed with respect to the second support surface; and

a reverse bend radius cable chain located on the first and second support
surfaces, and having a first end connected with the first connection point via a
first connector cable, and a second end connected with the second connection

15 point via a second connector cable.
2. A connection system as claimed in claim 1, comprising:
a cable carrier having a surface which provides the first support surface;

a substantially circular member having a surface which provides the second

support surface;

20  wherein the substantially circular member Is arranged radially inside the cable carrier such

that the first support surface Is adjacent the second support surface.

3. A connection system as claimed In claim 2, wherein the cable carrier Is provided by a

substantially annular member.

4. A connection system as claimed in claim 2, wherein the cable carrier extends only

25 partially around the substantially circular member.

5. A connection system as claimed in claim 2, wherein the first support surface extends

only partially around the second support surface.
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6. A connection system as claimed in any one of claims 2 to 5, wherein the second

connection point iIs mounted on the substantially circular member.

/. A connection system as claimed in any one of claims 2 to 6, wherein the cable carrier Is
attached to the substantially circular member such that linear movement between the
cable carrier and substantially circular member is substantially prevented, and such that

the substantially circular member Is rotatable with respect to the cable carrier.
8. A connection system as claimed in any one of the claims 2 to 7, comprising:

a housing in which the cable carrier and substantially circular member are
located, the cable carrier being attached to the housing to allow linear movement
of the cable carrier with respect to the housing and substantially to prevent

rotational movement of the cable carrier with respect to the housing.

9. A connection system as claimed Iin claim 8, comprising at least one guide rail located on
an inner surface of the housing, and at least one guide member associated with the or
each guide rail, each guide member being arranged to attach the cable carrier with a

guide rail.

10. A connection system as claimed In claim 8, comprising at least one elongate guide
portion which extends from the housing and which slidably engages with a guide

aperture in the cable carrier.

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

connection point provides a functional connection.

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

connection point provides a physical connection.

13. A connection system as claimed in any one of the preceding claims, wherein the second

connection point provides a functional connection.

14. A connection system as claimed in any one of the preceding claims, wherein the second

connection point provides a physical connection.

15. An underwater power generating device comprising a connection system as claimed in

any one of the preceding claims.

16. An underwater power generating device as claimed in claim 15, comprising a support

structure for location on the bed of a body of water, and a power generating unit adapted
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for mounting on the support structure the power generating unit being adapted for
rotation with respect to the support structure, the connection system being arranged to
provide at least one connection between equipment of the support structure and

equipment of the power generating unit.

5 17. An underwater power generating device as claimed in claim 16, further comprising an
engagement system adapted to enable the power generating unit to be rotated with
respect to the support structure and detached from the support structure, the connection

system being located substantially within the engagement system.

18. A connection system substantially as hereinbefore described with reference to, and as

10 shown In Figures 3 to 8 of the accompanying drawings.

19. An underwater power generating device substantially as hereinbefore described with
reference to, and as shown in, Figure 2 of the accompanying drawings, in combination
with a connection system substantially as hereinbefore described with reference to, and

as shown in Figures 3 to 8 of the accompanying drawings.

15
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