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(54) MOORING METHOD AND APPARATUS

(57)  The present invention relates to a method of
adjusting a length of rope comprising a plurality of parallel
load bearing components for mooring of a floating struc-
ture, the method comprising: isolating individual compo-
nents or groups of components from the plurality of
parallel load bearing components; guiding each compo-

nent or group of components around a respective wind-
ing spool; and rotating at least one of the winding spools
to pull the respective component or group of compo-
nents. The invention further relates to a mooring appa-
ratus for mooring afloating structure wherein the length of
the mooring apparatus is configured to be adjusted.
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Description

[0001] The present invention relates to a method of
adjusting a length of rope for mooring a floating structure
and a mooring apparatus for mooring the same.

[0002] Floating structures are commonplace in the
energy industry, for example they are used for well dril-
ling, hydrocarbon production, oil platforms, floating solar
platforms, floating wind platforms, data gathering etc.
These structures are typically located a significant dis-
tance from the coast and there is a need to hold themin a
relatively fixed position.

[0003] Originally, large fixed structures extended to the
sea bed, such as large solid columns, in order to fix them
in position. However, over time there was a need for these
structures to be located in deeper water and hence it
became necessary to provide floating structures moored
to the sea bed by mooring lines.

[0004] Historically steel chains have been used as
mooring lines, but more recently there has been a push
to move from chain mooring to synthetic rope mooring.
Synthetic ropes have numerous benefits over chains, for
instance a synthetic rope is on average approximately
10% of the weight of a chain of similar length making them
easier to install. Synthetic ropes are also cheaper than
chains of a similar length and are better adapted to
mooring floating wind turbines.

[0005] However, a problem identified with synthetic
mooring lines is that they tend to elongate over time
under constant tension. Typical mooring lines may be
up to 1000m in length and a change by up to 10% may be
expected. This can resultin a significant loss of tension in
the mooring line.

[0006] Thisadditional length reduces the staying effect
ofthe mooring lines and can cause the floating platform to
drift from its position, which can lead to damage to risers,
umbilicals, cables and other non-loading bearing com-
ponents. In the case of large oil platforms used in the oil
and gas industry, winches can be used to adjust the
working length of the mooring line between the platform
and the seabed. However, in the case of floating plat-
forms which are unmanned or without significant power
available for such components, such as floating wind
turbines, it is not usually possible to use winches and
any rope adjustment must be carried out using separate
components.

[0007] In conventional systems, chains or additional
ropes are connected to the main synthetic mooring rope
to adjust the length of the overall rope. This conventional
system will be discussed in more detail below, but typi-
cally a first chain is connected to an end of the synthetic
rope and passed through a ratchet device. A second
chain connects the ratchet to the floating structure. When
it is necessary to adjust the length of the mooring line, a
specialised vessel is used to retrieve the other end of the
first chain which is then pulled through the ratchet to
tension the synthetic rope. The length of the first chain
between the ratchet and the end of the synthetic mooring
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line is therefore reduced to account for the elongation of
the synthetic rope.

[0008] This conventional system requires the use of a
separate length of chain which adds weight and complex-
ity to the mooring apparatus. Moreover, chains can cor-
rode over time meaning that they would have to be
replaced at regular intervals. In addition, this adjustment
system requires a specialised vessel to perform the
tensioning which has numerous drawbacks such as
added costs. Moreover, the vessel must be available
for the operation and the weather conditions must be
appropriate. Another drawbackis that the length by which
the mooring line can be adjusted is limited by the length of
the first chain.

[0009] Viewed from a first aspect, there is provided a
method of adjusting a length of a rope comprising a
plurality of parallel load bearing components for mooring
of a floating structure, the method comprising: isolating
individual components or groups of components from the
plurality of parallel load bearing components; guiding
each component or group of components around a re-
spective winding spool; and rotating at least one of the
winding spools to pull the respective component or group
of components.

[0010] In the above arrangement, the effective length
of the rope can be adjusted, while the position of an
anchor (i.e. the winding spools) remains fixed relative
to the floating structure or bed of the body of water.
Therefore, during the length adjustment process, the
distance between the two end points of the rope remains
the same. This differs from conventional systems where-
by a section of the chain is removed, but the distance
between the two end points of the synthetic rope has
increased. The above aspect effectively results in an
adjustment of the anchor location relative to the rope.
In previous systems, and in prior synthetic rope based
systems, the effective length of the synthetic rope is not
adjusted, rather the anchor point is moved to accommo-
date the change in length of the synthetic rope.

[0011] The method of adjusting the length of rope can
therefore be used to make large adjustments to the rope
as the anchor point remains in a fixed point relative to the
platform. In conventional systems, as the anchor point is
moved there is a limit on how much the length can be
adjusted by.

[0012] By isolating each of the parallel components
and connecting them to respective winding spools either
individually or in groups, the force required by each wind-
ing spool to pull the component or group of components
may be significantly reduced compared to the force that
would be required to pull the entire rope as one unit. The
tension required in each component or group of compo-
nents is less than the tension required in the overall rope.
As the tension required is lower, this reduces the load on
the winding spool compared to the load that would be
present if the rope as a whole was to be tensioned. If a
lower tensioning is required, additional components or
groups of components may be provided in the rope.
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[0013] The method therefore means that the required
tension can be applied to the rope without the need for
large winches or additional components or specialised
vessels. This has the effect of simplifying and reducing
the cost of the length adjustment process as the separate
chain is no longer required. This also negates the need
for separate large scale components such as compli-
cated winching systems or additional vessels. The ad-
justment can be carried out by individuals located on the
floating structure, or remotely. In both cases, the adjust-
ment may be manual or automatic.

[0014] Moreover, the use of a rope comprising a plur-
ality of parallel load bearing components means that
redundancies are in place. In the event of one of the
parallel load bearing components failing, the other of the
plurality of load bearing components may take up the
excess load.

[0015] The parallel load bearing components may be
formed of any material capable of withstanding anchoring
and/or winching. The parallel load bearing components
may be formed of synthetic materials such as nylon,
polyester, High Modulus Polyethylene (HMPE), Aromatic
Polyamide (Aramid) or polyoxymethylene (POM).
[0016] Each of the parallel load bearing components
may be equal in size, i.e. equal diameter or cross sec-
tional area. Each parallel load bearing component may
therefore bear the same load. Alternatively, the size of the
parallel load bearing components may vary across the
cross section of the rope. For example, the parallel load
bearing components located near the centre of the cross
section of the rope may have a large diameter or cross
sectional area than the parallel load bearing components
located near the outer section of the cross section of the
rope.

[0017] The diameter of the parallel load bearing com-
ponents may be in a range of between 10mm to 80mm.
The diameter of the overall rope may be in the range of
100mm to 300mm.

[0018] The load in the rope may be the tension caused
by the rope being fixed relative to a sea bed at one end,
and fixed relative to a floating structure. Over time, the
rope may elongate which will reduce the load and there-
fore the tension in the rope and hence the load and
tension in each parallel load bearing component. By
adjusting the length, the tension in the rope is also
adjusted. Length adjustment may therefore be referred
to herein as tensioning.

[0019] Each parallel load bearing component may be
formed of a plurality of braided fibres. Alternatively, each
parallel load bearing component may be formed of a
plurality of twisted or laid fibres.

[0020] Each parallel load bearing component may be
grouped together and covered by rope cover along the
length of the rope. Moreover, each parallel load bearing
component may comprise a component cover. The rope
cover may be fixed at both the first and second end of the
rope such that it may elongate as the rope elongates.
[0021] The rope cover may notbe directly connected to
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each parallel load bearing component. The rope cover
may be able to move relative to each parallel load bearing
component. This can allow for changes in length of each
parallel load bearing component.

[0022] The method may comprise rotating at least one
of the winding spools to pull the respective component or
group of components. This can apply tension to the
component or group of components. This in turn may
adjust the length of the rope and apply tension to the rope.
[0023] Each winding spool may be rotated individually
to pull each respective component or group of compo-
nents in sequence. In this instance, the rotation may be
incremental to avoid overstraining. Each winding spool
may rotate in sequence to pull the respective component
or group of components by a portion of the overall length
adjustment required. This process may then be repeated
until the amount of the component or group of compo-
nents pulled by the winding spool is equivalent to the
overall length adjustment required.

[0024] Forexample, one winding spool may be rotated
to pull the respective components or group of compo-
nents by a portion of the overall length adjustment that is
required. In other words, the rotation of the winding spool
may apply a portion of the tension to the component or
groups of components. This process may then be carried
out for the other winding spools and components or
groups of components. In particular, another, different,
winding spool may be rotated to pull the respective
components or group of components by the same portion
of the overall length adjustment that is required.

[0025] Once all of the components or groups of com-
ponents have been pulled by the same portion of the
overall length adjustment required, each winding spool is
then rotated in sequence again to pull the respective
component or group of components by a second portion
of the overall length adjustment required. The second
portion may be the same as the portion of the previous
step. This process may be continued until each respec-
tive component or group of components has been pulled
by an amount equal to the overall length adjustment
required.

[0026] The above process prevents one or more of the
components or groups of components from becoming
overstrained. Moreover, by rotating each winding spool
individually, the length adjustment can be more closely
monitored and it can be carried out by an individual if
necessary who may not be able to rotate all the winding
spools simultaneously.

[0027] The method may may thus comprise rotating
each winding spool in sequence. Alternatively, each
winding spool may be rotated simultaneously to pull each
respective component or group of components simulta-
neously. By rotating every winding spool simultaneously,
the strain in each of the plurality of components can be
kept uniform and balanced within the rope. This means
that each winding spool may be rotated continuously to
pull the respective component or groups of components
which results in a faster and more efficient length adjust-
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ment process.

[0028] ’ The atleast one winding spool may be rotated
to pull the respective component or group of components
by a deadweight so that tension is applied automatically
in the event of a reduction in tension in the respective
component or group of components. The deadweight
may hang in a vertically downward direction.

[0029] The deadweight may be sized to provide suffi-
cient tension to the respective component or group of
components to generate a holding tension via a capstan
effect.

[0030] Alternatively, the atleastone winding spool may
be rotated to pull the respective component or group of
components by a buoyant body so that tension may be
applied automatically in the event of a reduction in ten-
sion in the respective component or group of compo-
nents.

[0031] The buoyantbody may be located in a vertically
upward direction relative to the at least one winding
spool.

[0032] The buoyant body may be sized to provide

sufficient tension in the respective component or group
of components to generate a holding tension via a cap-
stan effect.

[0033] The deadweight or buoyant body may be at-
tached directly or indirectly to the respective component
or group of components wound around the at least one
winding spool. In this case, the component or groups of
components may be wound about the winding spool and
then extend away from the winding spool to a end point.
The end point of the component or group of components
may be located directly below or above the winding spool.
The deadweight or buoyant body may be directly or
indirectly connected to the end point. A direct connection
in this instance means that the deadweight may comprise
an attachment point which the end point is connected to.
In the case of an indirect connection, the deadweight or
buoyant body may be attached to a separate member
which may then be connected to the end point.

[0034] In an alternative arrangement, the end point of
the component or group of components may be fixed to
the winding spool. The deadweight or buoyant body may
be connected to the winding spool.

[0035] Theatleastonewindingspool may be rotated to
apply tension to the respective component or group of
components using a mechanical winding system which
applies a torque to the winding spool. The mechanical
winding system may be used instead of the deadweight
or the buoyant body, alternatively, the mechanical wind-
ing system may be used in addition to the deadweight or
buoyant body. The mechanical winding system may
comprise a manual crank or powered motor. Alterna-
tively, the mechanical winding system may be operated
by awinch located on a separate vessel. The mechanical
winding system may be operable either remotely or on
site. In each case, the mechanical winding system may
be operated either manually or automatically.

[0036] The method may comprise using the mechan-

10

15

20

25

30

35

40

45

50

55

ical winding system to apply tension to the respective
component or group of components until a desired ten-
sion is achieved. The method may comprise rotating at
least one of the winding spools using the mechanical
winding system to pull the respective component or
group of components. In this case, the mechanical wind-
ing system may rotate at least one of the winding spools
to pull the respective component or group of components
to make minor adjustments, wherein the adjustment may
be to apply an increase in tension of up to 5%, optionally
upto 1%. Inthisinstance, the mechanical winding system
may be rotatable by increments of approximately 10
degrees or less, optionally 8 degrees or less, further
optionally 5 degrees or less.

[0037] The deadweight and/or buoyant body may pro-
vide a hold force, and the tension in the respective
component or group of components may provide a load
force due to the capstan effect. The presence of this hold
force and load force provides the necessary capstan
effect to such that when the hold force and load force
are equal the winding spool will not rotate. The load force
may comprise the tension in the mooring rope divided by
the number of components or groups of components
which are isolated from the rope. The tension in the
mooring rope may also include losses in tension due to
elongation of the mooring rope.

[0038] Inthe eventofa reduction in tension in the rope
due to elongation, the load force may reduce. As a resullt,
the hold force provided by the deadweight or the buoyant
body may be greater than the load force provided by the
tension in the mooring rope. The deadweight and/or
buoyant body may then rotate the winding spool to apply
tension to the respective component or group of compo-
nents until the load force equals the hold force. In this
way, the rotation of the winding spool can be carried out
automatically in response to a reduction in tension in the
rope.

[0039] In other words, the at least one winding spool
may be rotated automatically rotated by the deadweight
in response to a reduction in tension in the respective
component or group of components..

[0040] The method may further comprise locking the at
least one winding spool in position. The winding spool
may be locked in position once sufficient tension is ap-
plied to the respective component or group of compo-
nents. This can prevent any further rotation of the winding
spool. The winding spool may be locked by a locking
mechanism.

[0041] The locking mechanism may comprise a clutch.
In particular, the locking mechanism may comprise one
or more of a ratchet, afriction clutch, a dog-tooth clutch or
a wedge. In the case of a dog-tooth clutch, for example,
the teeth of the dog-tooth clutch may engage with corre-
sponding holes in the winding spool. Alternatively the
locking mechanism may be a ratchet such that rotation of
the winding spool is only allowed in one direction. The
direction that the ratchet allows rotation in may be the
direction which pulls the component or group of compo-
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nents to apply tension.

[0042] The locking mechanism may prevent rotation of
the winding spool even if the hold force generated by the
deadweight or buoyantbody is greater than the load force
generated by the tension in the component or group of
components.

[0043] The method may further comprise unlocking the
winding spool. The step of unlocking the winding spool
may comprise disengaging the clutch. Once the winding
spool is unlocked, if there is in imbalance between the
hold force due to the deadweight or buoyant body and the
load force due to the tension in the respective component
or group of components, the winding spool may rotate
until the hold force and the load force are equal. Alter-
natively, or in addition, the method may further comprise
rotating the winding spool using the mechanical winding
system until a desired tension is achieved. The method
may then comprise locking the winding spool again.
[0044] The method may further comprise applying a
pre-tension to the winding spool using the mechanical
winding system while the winding spool is locked. The
rotation of the winding spool by the mechanical winding
system is as discussed above in that it may be operated
either remotely or on site, and can be either automatic or
manual. In the case that it is operated automatically, it
may be that once the tension in the mooring rope has
reduced below a predetermined threshold, the mechan-
ical winding system may rotate the winding spool to
adjust the tension.

[0045] The locking mechanism may be configured
such that the mechanical winding system rotates the
locking mechanism which in turn causes the winding
spool to rotate. The locking mechanism may allow fine
adjustments to the rope, wherein the resolution of the
locking mechanism provides rotational adjustment of 10
degrees or less, optionally 8 degrees or less, further
optionally 5 degrees or less.

[0046] It may be beneficial in certain applications to
apply an additional level of tension beyond that which is
accounted for by the sizing of the deadweight or buoyant
body. This also allows the floating structure to be moved
to alocation where the distance between the seabed and
the floating structure is different. In this case the mechan-
ical winding system may be used to adjust the length
and/or tension in the mooring rope to account for the
change in distance between the sea bed and the floating
structure.

[0047] Similarly, before mooring the floating structure,
the mooring rope may be formed longer than needed
such that when it is used as a mooring apparatus its
tension may be less than required. The mechanical wind-
ing system may then be used to apply the required
tension to the mooring rope. The method may comprise
applying a pre-tension prior to unlocking the winding
spool.

[0048] The method may further comprise isolating
each component individually, such that each component
of the plurality of load bearing components is wound
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around a separate winding spool. The step of guiding
each component or group of components around a re-
spective winding spool may comprise winding a sufficient
length of each component to provide a sufficient friction
force to prevent the component or group of components
from moving via the capstan effect.

[0049] Viewed from a second aspect, there is provided
amooring apparatus for location between a bed of a body
of water and a floating structure for mooring the floating
structure comprising: a rope comprising a plurality of
parallel load bearing components, wherein the rope com-
prises a first end and a second end; a plurality of winding
spools located proximate the first end, each component
or group of components being isolated from the rope at
the first end and wound around one of the plurality of
winding spools; wherein, in use, at least one of the wind-
ing spools is configured to rotate to pull the respective
component or group of components.

[0050] This aspectprovides a mooring apparatus com-
prising a rope where the effective length of the rope can
be adjusted. The effective length may be the distance
between the first end and the second end of the rope. In
use, the rope may elongate over time which causes an
increase to the effective length. By rotating the spools to
pull the respective component or group of components,
the effective length of the rope is reduced. This is
achieved by the winding spools effectively being moved
relative to the rope.

[0051] Thisisincontrastto existing systems where the
anchor point (i.e. the winding spool) is moved to accom-
modate for elongation in the rope, which only allows for
small changes in length, and there is no change made to
the effective length of the rope. The mooring apparatus
according to the second aspect can therefore accommo-
date large changes in length of the rope as any excess
length off the rope (or the components or plurality of
components) is removed from the effective length and
may either be wound around the winding spool or extend
below or above the winding spool as will be discussed in
more detail below.

[0052] As each component or group of components is
isolated from the rope, the force required by each winding
spool to pull the component or group of components may
be significantly reduced compared to the force that would
be required to pull the entire rope as one unit. The tension
required in each component or group of components is
less than the tension required in the overall rope. As the
tension required is lower, smaller winding spools can be
used compared to winding spools that would be neces-
sary if the rope as a whole was tensioned. Consequently,
a lower torque can be used to generate the necessary
tension. If a lower tensioning is required, additional com-
ponents or groups of components may be provided in the
rope.

[0053] The first end may be located at the end of the
rope closer to the floating structure. The first end may be
located proximate the floating structure.

[0054] Alternatively, the first end may be located at the
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end of the rope closer to the bed of a body of water, in
particular, the first end may be located proximate to the
bed of a body of water.

[0055] Each of the plurality of winding spools may be
fixed relative to the floating structure and/or may be
connected to the floating structure. More specifically,
each of the plurality of winding spools may be fixed
directly to the floating structure such that the load exerted
on the winding spools by parallel load bearing compo-
nents may be transferred to the floating structure.
[0056] Alternatively, each of the plurality of winding
spools may be fixed relative to the bed of a body of water
and/or may be connected to the sea bed. More specifi-
cally, each of the plurality of winding spools may be fixed
directly to bed of a body of water such that the load
exerted on the winding spools by parallel load bearing
components may be transferred to the bed of a body of
water.

[0057] The mooring apparatus may comprise a hous-
ing proximate the first end, wherein the housing may
house the plurality of winding spools. The housing may
be connected to the floating structure or the bed of the
body of water. The housing may be directly connected to
the bed ofthe body of water. In use, the load in the plurality
of parallel load bearing components may be transferred
directly to the housing.

[0058] The mooring apparatus may extend from the
floating structure to the bed of the body water and may
comprise one continuous rope.

[0059] The mooring apparatus may comprise wherein,
in use, each of the winding spools is configured to rotate
to pull the respective component or group of compo-
nents. In particular, each winding spools may be config-
ured to rotate simultaneously to pull each respective
component or group of components simultaneously.
[0060] The mooring apparatus may comprise a dead-
weight for each winding spool. Each deadweight may be
configured to pull the respective component or group of
components in the event of a reduction in tension in the
respective component or group of components.

[0061] The deadweight may be sized to provide suffi-
cient tension in the respective component or group of
components to generate a holding tension via a capstan
effect.

[0062] The deadweight may hang in a vertically down-
ward direction which may be relative to the position of the
respective winding spool.

[0063] The mooring apparatus may comprise a buoy-
ant body for each winding spool. Each buoyant body may
be configured to pull the respective component or group
or components in the event of areduction in tensionin the
respective component or group of components.

[0064] The buoyantbody may be located in a vertically
upward direction, which may be relative to the winding
spool.

[0065] The buoyant body may be sized to provide

sufficient tension in the respective component or group
of components to generate a holding tension via a cap-

10

15

20

25

30

35

40

45

50

55

stan effect.

[0066] The deadweight or buoyant body may be at-
tached directly or indirectly to the respective component
or group of components wound around the at least one
winding spool. In this case, the component or groups of
components may be wound about the winding spool and
then extend away from the winding spool to an end point.
The end point of the component or group of components
may be located directly below or above the winding spool.
The deadweight or buoyant body may be directly or
indirectly connected to the end point. A direct connection
in this instance means that the deadweight may comprise
an attachment point which the end point is connected to.
In the case of an indirect connection, the deadweight or
buoyant body may be attached to a separate member
which may then be connected to the end point.

[0067] In an alternative arrangement, the end point of
the component or group of components may be fixed to
the winding spool. The deadweight or buoyant body may
be connected to the winding spool.

[0068] The deadweight and/or buoyant body may be
configured to provide a holding force in use, and the
tension in the respective component or group of compo-
nents may provide a load force. In use, the presence of
this hold force and load force provides the necessary
capstan effect to such that when the hold force and load
force are equal the winding spool will not rotate. The load
force may comprise the tension in the mooring rope
divided by the number of components or groups of com-
ponents which are isolated from the rope. The tension in
the mooring rope may also include losses in tension due
to elongation of the mooring rope.

[0069] In use, elongation of the rope may cause a
reduction in tension, which in turn may cause the load
force toreduce. As aresult, the hold force provided by the
deadweight or the buoyant body may be greater than the
load force provided by the tension in the mooring rope.
The deadweight and/or buoyant body may then cause
the winding spool to rotate to apply tension to the respec-
tive component or group of components until the load
force equals the hold force. In this way, the rotation of the
winding spool can be carried out automatically in re-
sponse to a reduction in tension in the rope.

[0070] In other words, the at least one winding spool
may be rotated automatically rotated by the deadweight
in response to a reduction in tension in the respective
componentor group of components. Similarly, the atleast
one winding spool may be rotated automatically rotated
by the deadweightin response to areduction in tensionin
the respective component or group of components.
[0071] The mooring apparatus may comprise a me-
chanical winding system for each winding spool, which
may be configured to apply torque to the winding spool.
[0072] The mechanical winding system may be con-
figured to rotate each winding spool to pull the respective
component or group of components. The mechanical
winding system may be used instead of or in addition
to the deadweight or buoyant body.
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[0073] The mechanical winding system may be con-
figured to rotate at least one of the winding spools to pull
the respective component or group of components to
make minor adjustments, wherein the adjustment may
be to apply an increase in tension of up to 5%, optionally
upto 1%. Inthisinstance, the mechanical winding system
may be rotatable by increments of approximately 10
degrees or less, optionally 8 degrees or less, further
optionally 5 degrees or less.

[0074] The mechanical winding system may comprise
a crank or powered motor. The mechanical winding sys-
tem may be operable either remotely or on site. In each
case, the mechanical winding system may be operable
either manually or automatically.

[0075] The mooring apparatus may comprise alocking
mechanism for each winding spool. Each locking me-
chanism may be configured to lock the winding spool in
place once sufficient tension is applied to the respective
component or group of components.

[0076] The second aspect may comprise any of the
features discussed in connection with the first aspect
above.

[0077] Viewed from a third aspect, there is provided a
mooring system comprising a plurality of the mooring
apparatuses according to the second aspect.

[0078] Each of the plurality of mooring apparatuses
may be connected in series, wherein the firstend of one of
the plurality of mooring apparatuses may be connected to
a second end of an adjacent mooring apparatus of the
plurality of mooring apparatuses.

[0079] The mooring system may further comprise an
additional mooring apparatus comprising a chain. The
additional mooring apparatus may be located proximate
the floating structure or the bed of the body of water.
[0080] Viewed from afourth aspect, there is provided a
mooring system comprising one or more mooring appa-
ratuses according to the second aspect connected in
series with a second mooring apparatus.

[0081] The second mooring apparatus may comprise a
chain.

[0082] The second mooring apparatus may be located
proximate the floating structure or the bed of the body of
water.

[0083] The second mooring apparatus may comprise a
first end and a second end, wherein the first end of the
second mooring apparatus may be connected to the
floating structure or the bed of the body of water, and
wherein the second end of the second mooring appara-
tus may be connected to the first end of one of the one or
more mooring apparatuses, which may be via the plur-
ality of winding spools.

[0084] Viewed from a fifth aspect, there is provided a
floating structure comprising the mooring apparatus of
the second aspect above.

[0085] The floating structure may be a floating wind
turbine. The floating structure may comprise any of the
features discussed in connection with the first and sec-
ond aspects.
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[0086] Certain preferred embodiments of the present
invention will now be described, by way of example only,
with reference to the following drawings in which:

Figure 1 depicts a conventional mooring apparatus
for adjusting the length of the rope according to the
prior art;

Figure 2 depicts a synthetic rope for mooring a
floating platform;

Figure 3 depicts a winding spool for use in mooring a
floating platform;

Figure 4 depicts a winding spool for use in mooring a
floating platform;

Figure 5 depicts a winding spool for use in mooring a
floating platform;

Figure 6 depicts a comparison between conven-
tional length adjustment systems and the length
adjustment system or the present invention;

Figure 7a depicts a floating wind platform comprising
a mooring apparatus; and

Figure 7b depicts a floating wind platform comprising
a mooring apparatus.

[0087] In conventional systems, chains or additional
ropes are connected to the main synthetic mooring rope
to adjust the length of the overall rope. In these conven-
tional systems the chains or additional ropes are de-
signed to be compatible with conventional winding or
winching systems, while the synthetic mooring rope itself
is not. This conventional system can be seen with refer-
enceto Figure 1. Figure 1 depicts a conventional mooring
apparatus utilising a synthetic rope 200. The synthetic
rope comprises a first end 1 connected to a length of
chain which is then attached to an anchor 5 fixed to the
sea bed. The synthetic rope 200 further comprises a
second end 2 which is connected to a length of chain 3
which passes through a ratchet. The ratchet is also
connected to a second length of chain 6 which is con-
nected to a point 4 fixed relative to the floating structure.
[0088] In use, as the length of the synthetic fibre rope
200 elongates over time, the tension in the mooring
apparatus will reduce because the length of chain 3
between the second end 2 of the rope 200 and the ratchet
does notchange. In order to restore the require tension to
the mooring apparatus, in conventional systems, a se-
parate vessel approaches the mooring apparatus, re-
trieves the end of the chain 3 and pulls on its end to pull
through a predetermined length of the chain 3. This
reduces the length of chain 3 between the second end
2 of the rope 200 and the ratchet and applies the required
tension to the rope 200.

[0089] Therefore, there is a need to provide a method
and system for adjusting the length of a mooring rope
without the need for additional components, such as
additional rope segments or vessels, that can be ad-
justed either automatically or using small handheld de-
vices that can be accommodated on floating platforms of
all sizes. Additionally, an aim of the invention to eliminate
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the need for chains which add excessive weight to the
system and can corrode over time meaning that they
would need to be replaced more often.

[0090] Figure 2 depicts a rope 100 used in a mooring
apparatus for mooring a floating structure. The floating
structure may be any type of floating structure, but in the
present embodiment a floating wind turbine 300 (see
Figs. 7a and 7b) is moored. The rope 100 is located
between a bed of a body of water and the floating wind
turbine 300.

[0091] The rope 100 is a synthetic rope which com-
prises an outer sheath 101 and aninner sheath 103. Over
time the strain in the rope 100 causes it to elongate and
loose tension. To account for this elongation the outer
sheath 101 and the inner sheath 103 are concertinaed so
that they are also able to elongate as the rope 100
elongates.

[0092] The rope 100 comprises a plurality of load bear-
ing components 105. The load bearing components are
parallel. Thus each component extends linearly in the
same direction, which is also the direction in which the
rope 100 extends.

[0093] The components 105 are encased in the inner
sheath 103. Each of the plurality of parallel load bearing
components 105 comprises braided fibres which extend
the entire length of the rope 100.

[0094] The rope 100 comprises a first end 201 with a
plurality of winding spools 107 located proximate the first
end 201. The first end 201 may be directly connected to
the floating structure, or alternatively the first end 201
may be connected to another rope 100 or conventional
rope 200 as part of a series. The rope 100 also comprises
a second end 202 (not shown in Fig. 2). The second end
202 may be directly connected to the bed of the body of
water, or connected to another rope 100 or conventional
rope 200 as part of a series.

[0095] Inthe mooring apparatus, each component 105
of the plurality of load bearing components may be iso-
lated individually and wound around one of the plurality of
winding spools 107. Although not shown in Figure 2, the
plurality of load bearing components 105 may be isolated
in groups and wound around each of the plurality of
winding spools 107 in groups. The groups of components
may comprise between 2 and 10 components 105.
[0096] In use, each winding spool 107 is configured to
rotate to pull the respective component 105 or groups of
components 105. This reduces the length of the rope 100
and applies tension to the rope 100 and hence the overall
mooring apparatus in response to the elongation of the
rope 100 over time. Each winding spool 107 may rotate
simultaneously to pull each component 105 or group of
components 105 simultaneously so that even tension is
applied to each parallel load bearing component 105.
Alternatively, each winding spool 105 may ibe configured
to rotate one at a time. In this case, each winding spool
105 is configured to rotate to pull the respective compo-
nent 105 or group of components 105 by a portion of the
overall length adjustment required. This is then repeated
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by each winding spool 105 and then continued until the
overall length adjustment is achieved.

[0097] Figures 3 to 5 shows three different arrange-
ment for the winding spools 107 used in the mooring
apparatus of the presentinvention. Each of Figures 3to 5
represent an exploded view of the winding spools 107.

[0098] In Figure 3 the winding spool 107 comprises a
component 105 wound about its circumference. The
winding spool 107 is mounted to a housing 114 which
may in turn be directly connected to the floating structure
300 being moored.

[0099] The winding spool 107 comprises a deadweight
116 which hangs in a vertically downward direction re-
lative to the winding spool 107. The deadweight 116 is
sized to provide sufficient tension in the respective com-
ponent 105 to generate a holding tension via a capstan
effect. In the present embodiment, the deadweight 116 is
attached directly to the end of the component 105. It will
be appreciated that the deadweight 116 may also be
connected directly to a point around the circumference
of the winding spool 107, and the component 105 may
then be terminated at another point around the circum-
ference of the winding spool 107.

[0100] The weight of the deadweight may apply a ten-
sion T, to the component 105, while the tension T, in the
component 105is equivalentto the tension in the mooring
rope divided by the number of components 105 which are
isolated from the rope 100. The tension T, in the compo-
nent 105 includes the tension in the mooring rope when it
is set up. The tension T, would therefore reduce over
time. Meanwhile, the weight of the deadweight 116, and
therefore the tension T, applied to the component 105 by
the deadweight remains constant throughout.

[0101] In use the winding spools 107 are locked in
position by clutches 110. These clutches 110 prevent
any rotation of the winding spool 107. Over time, T, will
reduce as the rope 100 elongates. One method of ad-
justing the length of the rope 100, the clutch 110 is
disengaged allowing the winding spool 107 to rotate.
As T, is now larger than T, the deadweight 116 will lower
causing the drum to rotate and a section of the compo-
nent 105 to be pulled. The deadweight 116 will continue to
lower and the winding spool 107 will continue to rotate
until T, equals T,.

[0102] Once the deadweight 116 has stopped lowering
and sufficient tension has been applied to the component
105, the clutches 110 are re-engaged and the winding
spool 107 is locked in position. In this position, the dead-
weight 116 provides sufficient tension to generate a
holding tension via a capstan effect so that the friction
of the component 105 against the winding spool 107
prevents any further movement of the component 105.

[0103] Figure 4 shows an alternative arrangement of
the winding spool 107 wherein a buoyant body 118 is
used instead of a deadweight 116. The buoyant body 118
is configured to float such that it is located in a vertically
upward direction relative to the winding spool 107. The
buoyant body 118 is sized to provide sufficient tension in
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the respective component 105 to generate a holding
tension via a capstan effect. In the present embodiment,
the buoyant body 118 is attached directly to the end of the
component 105. It will be appreciated that the buoyant
body 118 may also be connected directly to a point
around the circumference of the winding spool 107,
and the component 105 may then be terminated at an-
other point around the circumference of the winding spool
107.

[0104] The buoyancy force provided by the buoyant
body 118 may apply a tension T, to the component 105,
while the tension T, in the component 105 is equivalent to
the tension in the mooring rope divided by the number of
components 105 which are isolated from the rope 100.
Thetension T, in the component 105 includes the tension
inthe mooring rope when itis set up, minus any loses due
to strain and elongation. The tension T, would therefore
reduce over time. Meanwhile, buoyancy force provided
by the buoyant body 118, and therefore the tension T,
applied to the component 105 by the deadweight remains
constant throughout.

[0105] In use the winding spools 107 are locked in
position by clutches 110. These clutches 110 prevent
any rotation of the winding spool 107. Over time, T, will
reduce as the rope 100 elongates. In order to adjust the
length of the rope 100, the clutch 110 is disengaged
allowing the winding spool 107 to rotate. As T, is now
larger than T, the buoyant body 118 will rise causing the
drum to rotate and a section of the component 105 to be
pulled. The buoyant body 118 will continue to rise and the
winding spool 107 will continue to rotate until T, equals
T,.

[0106] Once the buoyant body 118 has stopped rising
and sufficient tension has been applied to the component
105, the clutches 110 are re-engaged and the winding
spool 107 is locked in position. In this position, the buoy-
ant body 118 provides sufficient tension to generate a
holding tension via a capstan effect so that the friction of
the component 105 against the winding spool: 107 pre-
vents any further movement of the component 105.
[0107] Inthe embodiments of Figure 3 and 4 the wind-
ing spool 107 further comprises a mechanical winding
system in the form of a crank 112, although it will be
appreciated that a powered motor can also be used as
the mechanical winding system. The crank 112 is used to
apply torque to the winding spool 107 to adjust the ten-
sion T, in the component 105 manually. The crank 112
may be rotated by a user located on the floating structure,
or it may be rotated by a powered mechanical device.
[0108] The crank 112 can be used to rotate the winding
spool for fine tuning. In other words, if the floating struc-
ture is moved such that the distance between the surface
of the body of water, i.e. the position of the floating
structure, and the bed of the body of water is different,
the length (and therefore tension) of the rope 100 can be
adjusted manually by the crank 112. In this case, during
the adjustment process, the floating structure would be
held in position by a separate vessel while the crank 112
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is used to tension the rope 100.

[0109] Figures 3 and 4 depict the crank 112 being used
in addition to either the deadweight 116 or the buoyant
body 118 to make manual adjustments to the length or
tension in the rope.

[0110] In an alternative arrangement, the winding
spool 107 may only comprise a crank 112 as depicted
in Figure 5. In this embodiment, the deadweight 116 and
buoyant body 118 are not present, and the winding spool
107 is only rotated using the crank 112. This arrangement
can be used to apply a fine adjustment to the winding
spool with a rotational resolution of up to 10 degrees. This
allows a small amount of tension to be applied to the
component 105. The crank 112 may be operated manu-
ally by a user on site. Alternatively, in the case of the
mechanical winding system comprising a powered mo-
tor, the mechanical winding system may be operated
remotely. It is also possible for the mechanical winding
system to be operated automatically if the tension in the
component 105 falls below a predetermined threshold.

[0111] Figure 6 shows the comparison between the
length adjustment of a conventional synthetic rope 200
and the rope 100 according to the present invention. In
both systems, the first end 201 and the second end 202
are fixed positions. For example, the firstend 201 may be
located proximate the floating structure, and the second
end 202 may be located at the bed of the body of water. It
is a requirement of the system that the distance 203
between the first end 201 and the second end 202 of
the rope 100, 200 remains constant.

[0112] Inconventional synthetic rope 200 systems, the
anchor 210 at the second end 202 of the rope 200 is fixed
relative to the rope 200 such thatitis permanently located
at the end of the rope 200. Therefore, in order to apply
tension to the rope 200 the anchor 210 is moved and the
effective length of the rope 200 therefore remains the
same including the elongation. This can only be used to
make minor adjustments to the rope 200 and eventually
the anchor 210 will not be able to account for further
elongation.

[0113] Therope 100 according to the presentinvention
effectively utilises an adjustable anchor 212 (the plurality
of winding spools 107) which is able to move relative to
the rope. This allows the effective length of the rope 100
to be adjusted by relocating the position of the anchor 212
relative to the rope 100 as it elongates so that the anchor
212 remains in a fixed position relative to the firstend 201
and second end 202. This mode allows for continuous
length adjustment of the rope 100 as there is no limit as to
how much of the rope 100 can be pulled through the
anchor 212.

[0114] Figures 7a and 7b show a floating wind turbine
300 moored to the bed of a body of water via a mooring
apparatus. In Figure 7a, the mooring apparatus com-
prises a conventional rope 200 connected to a rope
100 according to the present invention. Both ropes
100, 200 are connected in series and any length adjust-
ment of the overall mooring apparatus is achieved by the
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rope 100 using the various components discussed
above. In this embodiment the rope 100 only forms a
small portion of the overall mooring apparatus meaning
thatit can be easily implemented in conventional mooring
systems.

[0115] InFigure 7b arope 100 according to the present
invention forms the entire mooring apparatus and ex-
tends from the floating wind turbine 300 to the bed of the
body of water.

Claims

1. Amethod of adjusting alength of arope comprising a
plurality of parallel load bearing components for
mooring of a floating structure, the method compris-

ing:

isolating individual components or groups of
components from the plurality of parallel load
bearing components;

guiding each component or group of compo-
nents around a respective winding spool; and i
rotating at least one of the winding spools to pull
the respective component or group of compo-
nents.

2. A method as claimed in claim 1, wherein the method
further comprises rotating each winding spool.

3. A method as claimed in claim 1 or 2, wherein the at
least one winding spool is rotated to pull the respec-
tive component or group of components by a dead-
weight so that tension is applied automatically in the
event of a reduction in tension in the respective
component or group of components, optionally
wherein the deadweight hangs in a vertically down-
ward direction.

4. A method as claimed in claim 3, wherein the dead-
weight is attached directly to the respective compo-
nent or group of components wound around the at
least one winding spool.

5. A method as claimed in claim 3 or 4, wherein the
deadweight is sized to provide sufficient tension in
the respective component or group of components to
generate a holding tension via a capstan effect.

6. A method as claimed in claim 1 or 2, wherein the at
least one winding spool is rotated to pull the respec-
tive component or group of components by a buoy-
ant body so that tension is applied automatically in
the event of a reduction in tension in the respective
component or group of components, optionally
wherein the buoyant body is located in a vertically
upward direction relative to the at least one winding
spool.
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10

7.

10.

1.

12.

13.

A method as claimed in claim 6, wherein the buoyant
body is sized to provide sufficient tension in the
respective component or group of components to
generate a holding tension via a capstan effect.

A method as claimed in any preceding claim, where-
in the at least one winding spool is rotated to apply
tension to the respective component or group of
components using a mechanical winding system
which applies a torque to the winding spool.

Amethod as claimed in claim 8, wherein the mechan-
ical winding system comprises a manual crank or
powered motor.

A method as claimed in any preceding claim, where-
in the method further comprises locking the at least
one winding spool in position once sufficient tension
is applied to the respective component or group of
components.

A mooring apparatus for location between a bed of a
body of water and a floating structure for mooring the
floating structure comprising:

a rope comprising a plurality of parallel load
bearing components, wherein the rope com-
prises a first end and a second end;

a plurality of winding spools located proximate
the first end, each component or group of com-
ponents being isolated from the rope at the first
end and wound around one of the plurality of
winding spools;

wherein, in use, at least one of the winding
spools is configured to rotate to pull the respec-
tive component or group of components.

A mooring apparatus as claimed in claim 11, com-
prising a deadweight for each winding spool, wherein
the deadweight is configured to pull the respective
component or group of components in the event of a
reduction in tension in the respective component or
group of components, optionally wherein the dead-
weight hangs in a vertically downward direction,
optionally wherein the deadweight is sized to provide
sufficient tension in the respective component or
group of components to generate a holding tension
via a capstan effect.

A mooring apparatus as claimed in claim 11, com-
prising a buoyant body for each winding spool,
wherein the buoyant body is configured to pull the
respective component or group or componentsinthe
event of a reduction in tension in the respective
component or group of components, optionally
wherein the buoyant body is located in a vertically
upward direction relative to the winding spool, op-
tionally wherein the buoyant body is sized to provide
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sufficient tension in the respective component or
group of components to generate a holding tension
via a capstan effect.

Amooring apparatus as claimedinclaim 11,12 0r 13,
comprising a mechanical winding system for each
winding spool configured to apply torque to the wind-
ing spool, optionally wherein the mechanical winding
system comprises a crank or powered motor.

A mooring apparatus as claimed in any one of claims
11 to 14, comprising a locking mechanism for each
winding spool, wherein the locking mechanism is
configured to lock the winding spool in place once
sufficient tension is applied to the respective com-
ponent or group of components.
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