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Hydraulic mooring cable holding device, system and method

@ A hydraulic mooring cable holding device provides a hydraulic cylinderpiston combination between for controlling
the force on a mooring cable between one end of a ship and a mooring point. An overpressure protection part with
passes hydraulic liquid from the hydraulic cylinder to a reservoir when the pressure in the cylinder exceeds a
threshold value, and returns the hydraulic liquid when the pressure has dropped. An auxiliary reservoir is with a
steeper pressure response than the main reservoir is connected in parallel with the main reservoir. The auxiliary
reservoir may be connected to and/or disconnected from the cylinder under control of a sensor or a further
mooring device at the other end of the ship, to reduce movement of the ship e.g. in swell. Furthermore, pressure
from the auxiliary reservoir may be used to drive an electric generator.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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Title: Hydraulic mooring cable holding device, system and method

Field of the invention

The invention relates to a hydraulic mooring cable holding device,

a mooring system and to a method of holding a moored ship.

Background

From W0O2010/110666 a hydraulic mooring cable holding device is
known that pays out a mooring cable when the force on the mooring cable
exceeds a threshold and hauls the mooring cable back in only once the force
has dropped back well below the threshold. The device comprises a
hydraulic cylinder with a piston that is connected to the mooring cable so
that hydraulic pressure builds up when the mooring cable comes under
tension. A relief valve lets out hydraulic liquid from the cylinder to a
reservolr when this pressure exceeds a threshold. A one way valve returns
fluid from the reservoir to the cylinder when the tension on the mooring

cable drops below a second threshold.

The hydraulic cylinder and the reservoir provide for operation in a
pay-out phase and a hauling phase, when the pressure in the hydraulic
cylinder rises to a high level and drops to a lower level respectively. Thus
the ship 1s kept tautly moored, while protecting the mooring cable against
breaking due to excessive forces, e.g. under influence of wind gusts. The
device 1s highly failsafe because it requires no external power supply to keep

the ship moored.

There are intermediate phases between the pay-out phase and a

hauling phase, in which no hydraulic liquid flow occurs between the
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hydraulic cylinder and the main reservoir. In these phases the position of
the piston substantially remains constant, whereas the force on the mooring

cable may vary within a force range permitted by cable holding device.

When a ship 1s moored by two such cable holding devices connected
to mooring cables on opposite ends of the ship, the ship may be kept tautly
moored. Under static conditions both cable holding devices will be in their
intermediate phase, keeping the mooring cables taut and keeping the ship

at a fixed position.

As a result of variable external forces, for example due to swell
from ocean waves or passing ships, the position of the ship may change.
When the external force is sufficiently large it will cause one of the cable
holding devices to pay out the mooring cable in order to avoid excessive
force. The other cable holding device will haul in. Although this 1s necessary
in the case of large external forces, it has been found that unnecessary
movement of the ship may also occur. It would be desirable to avoid such

unnecessary movements.

Summary

Among others it 1s an object to provide for improved mooring.

A hydraulic mooring cable holding device 1s provided, comprising

- a hydraulic cylinder, a piston in said hydraulic cylinder, and
connections to said hydraulic cylinder and said piston for connecting the
device 1n a mooring cable connection between a ship and a mooring point,

- an overpressure protection part coupled to the hydraulic cylinder,
the overpressure protection part comprising a main reservoir containing gas

and hydraulic liquid, the overpressure protection part comprising an
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overpressure valve and a one way valve, coupled in parallel to each other
between the hydraulic cylinder and the main reservoir, the overpressure
valve configured to pass hydraulic liquid from the hydraulic cylinder to the
main reservolr when a difference between a first pressure in the main
reservolr and a second pressure 1n the main reservoir exceeds a first
threshold value, the one way valve configured to pass hydraulic liquid from
the main reservoir to the hydraulic cylinder when the difference drops below
a second threshold value, lower than the first threshold value.

As in the prior art cable holding device, the hydraulic cylinder and
the main reservoir provide for operation in a pay-out phase and a hauling
phase, with intermediate phases.

Furthermore, the hydraulic mooring cable comprises an auxiliary
reservoir coupled to the hydraulic cylinder, the auxiliary reservoir
containing gas and hydraulic liquid, the main reservoir having a first
pressure-volume change characteristic that differs from second a pressure-
volume change characteristic of the auxiliary reservoir, in the sense that the
pressure 1n main reservoir changes less than the pressure in auxiliary
reservoir for equal exchanges of volume of the hydraulic liquid from the
hydraulic cylinder.

Hydraulic pressure communication between the hydraulic cylinder
and the auxiliary reservoir makes it possible to add adjustments to the force
on the mooring cable in the intermediate phase of operation.

Although the invention is not limited to a specific theory of
operation, a theory of the operation involving the hydraulic cylinder and the
main reservoir only indicates that dynamic conditions and elastic forces
from the mooring cables can cause multiple cable holding devices that are
connected to mooring cables from the same ship to operate in uncoordinated
fashion when they have no auxiliary reservoir. The cable holding devices
may operate out of phase in opposite directions, e.g. when one cable holding

device 1s in the hauling phase when another 1s still in the intermediate
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phase. This may cause one cable holding device to transfer an unnecessarily
large amount of hydraulic liquid to or from its main reservoir, which in turn
leads to a subsequent unnecessary response from the other cable holding
device.

Transfer of hydraulic liquid between the hydraulic cylinder and the
auxiliary reservoir can be used to avoid this. In one embodiment the
auxiliary reservoir may provide for changes in the volume of hydraulic
liquid in the hydraulic liquid in the hydraulic cylinder to pay-out and/or
haul-in the mooring cable in proportion to hydraulic pressure changes
during the intermediate phase, throughout the entire pressure range
allowed by the overpressure protection, or only above a threshold. This
provides for a more stable force on the mooring cables in a stable position of
the ship.

In an embodiment, the cable holding device comprises a control
unit that controls the timing of activation of pressure communication
between the auxiliary reservoir and the hydraulic cylinder dependent on
sensor input. The pressure communication may be selectively activated in
the cable holding device when another cable holding device that acts on the
same ship hauls 1n in an opposite direction for example. The control unit
may be configured to receive and execute an external command or use
external sensor data to activate the pressure communication. The cable
holding device may comprise a sensor to detect piston position and/or
movement, a liquid volume or pressure for use to generate and transmit
such a command or external sensor data to another cable holding device for
this purpose.

Hydraulic pressure communication between the hydraulic cylinder
and the auxiliary reservoir makes it possible to add adjustments to the force
on the mooring cable in the intermediate phase of operation

It may be noted that, instead of activating an de-activating

pressure communication between the auxiliary reservoir and the hydraulic
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cylinder, pressure communication between the main reservoir and the
hydraulic cylinder may be activated an de-activated. In an embodiment
wherein the different pressure-volume response characteristics are not used,
the auxiliary reservoir could be omitted in this case. However it may be
desirable to use the pressure communication with the auxiliary reservoir for
better fail-safe operation and/or for a faster response even in circumstances
wherein the different pressure-volume response characteristics per se are
not necessary.

In an embodiment the cable holding device may comprise a fluid
flow driven electrical power generator connected to generate electrical power
from hydraulic liquid flow based on a hydraulic pressure difference between
the auxiliary reservoir and the hydraulic cylinder.

Furthermore a method of holding a moored ship 1s provided, using
a first and second cable holding device, each comprising a hydraulic cylinder
and a piston in the hydraulic cylinder, a main reservoir and an auxiliary

reservoir containing hydraulic liquid and gas,.

Brief description of the drawing

These and other object and advantageous aspects will become
apparent from a description of exemplary embodiments, using the following
figures.

Figure 1 shows a plan view of a ship moored along a quayside

Figure 2 schematically shows a cable holding device

Figure 2a shows an embodiment of the construction of the cable
holding device

Figure 3a-f show graphs of force as a function of piston position

Figures 4-8 shows an embodiments of a cable holding device
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Detailed description of exemplary embodiments.

Figure 1 shows a schematic plan view of a ship 10 moored along
the quayside, using a first and second mooring cable 12a,b that run from the
quayside to the ship. The ship may lie against shore-side fenders (not
shown) extending from the quayside. On the quayside mooring a first and
second cable holding device 14a,b are provided, coupled to the first and
second mooring cable 12a,b respectively. Each mooring cable holding device
14a,b 1s coupled on one side to a mooring point such as a fixed bollard, and
on the other side to mooring cable 12a,b. Alternatively, the mooring points
could other structures on the quayside to which one side of the cable holding
device 14a,b could be fixed. Instead of a fixed quay the mooring points may
be provided on a floating structure to moor the ship with respect to that
floating structure.

In the illustrated embodiment the mooring cable 12a,b runs from
the cable holding device 14a,b to the ship 10 via a further bollard 16a,b. As
shown, mooring cables 12a,b run from the ship to the mooring cable holding
device 14a,b nearly perpendicularly to the shoreline direction along the
quayside (e.g. with less than a forty five degree deviation from the
perpendicular direction). In addition or alternatively, spring mooring cables
(not shown) at greater angles to the perpendicular direction may be used. It
should be appreciated that the use of mooring cables 12a,b that run nearly
perpendicularly to the shoreline on one hand minimizes quay space needed
for ship 10, but on the other hand could increase the risk of broken cables
because of high tension will arise in mooring cables 12a,b as a result of
upward or lateral movement of ship 10 due to swell or wind. In such a
mooring configuration cable holding device 14a,b prevents high tension on
mooring cables 12a,b, but it may also prevents high tension in a spring

configuration.
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Figure 2 schematically shows a cable holding device. The device
comprises a main cylinder 20, a main piston 22 in main cylinder 20 and a
piston rod extending from main piston 22. Main cylinder 20 and piston rod
23 have respective connections on opposite ends of main cylinder 20. A first
end 1s for attaching a cable that runs to the ship (not shown) and a second
end 1s for connection to a mooring point, for example via a cable to a bollard
(not shown) on the quayside. Cable connection eyes may be provided in
connection with main cylinder 20 and piston rod 23 for this purpose for
example. Main cylinder 20 1s filled with hydraulic liquid (e.g. oil) on at least
the side of main piston 22 in the direction of piston rod 23.

At a first end of main cylinder 20 on the side at which the cable
attachment connection of main piston 22 1s located, the interior of main
cylinder 20 1s coupled to a hydraulic circuit, which comprises an
overpressure protection part 26 comprising a main reservoir 260 for
hydraulic liquid and an auxiliary buffer 24, comprising an auxiliary
reservoir for hydraulic liquid.

Overpressure protection part 26 1s configured to take up hydraulic
liquid from the hydraulic cylinder and return hydraulic liquid to the
hydraulic cylinder when a difference between a pressure of the hydraulic
liquid in the hydraulic cylinder and a pressure in the main reservoir lies
above a first threshold and below a second threshold respectively, the
second threshold being smaller than the first threshold. In this way,
overpressure protection part 26 allows the cable holding device to give slack
when the force on the cable exceeds a threshold corresponding to the first
threshold and hauls the cable when the force drops off.

Overpressure protection part 26 comprises a main reservoir 260, an
overpressure valve 262 and a one way valve 264. Overpressure valve 262
may be realized by means of a spring loaded valve, so that hydraulic liquid
flow arises when hydraulic liquid pressure over the valve overcomes the

spring force, but any other type of overpressure valve 262 may be used.
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Main reservoir 260 contains gas (e.g. nitrogen or air) and a variable amount
of hydraulic liquid (preferably a hydraulic liquid like oil). Main reservoir 260
1s a closed reservoir in the sense that it normally keeps gas and hydraulic
liquid in main reservoir 260 under pressure except for the effects of
overpressure valve 262 and a one way valve 264.

Main reservoir 260 has a predetermined pressure characteristic
that defines the pressure in main reservoir 260 as a function of the volume
of hydraulic liquid in main reservoir 260 and temperature. The pressure
characteristic 1s a result of gas pressure variation. Preferably, the volume of
main reservoir 260 and the amount of gas in it are so large that the pressure
does not vary significantly with practical changes of the volume of hydraulic
liquid 1in main reservoir 260. In an embodiment, overpressure protection
part 26 may comprise a freely movable separator (e.g. piston) between the
gas and the hydraulic liquid, but this may not be needed, e.g. when 1s
ensured that the space occupied by the gas remains above the connection to
one way valve 264.

The first end of main cylinder 20 is coupled to a liquid containing
part of main reservoir 260 via overpressure valve 262, which 1s configured to
open 1n order to allow hydraulic liquid to flow when the pressure on the side
in the main cylinder 20 at the first end of main cylinder 20 exceeds the
pressure in main reservoir 260 by a predetermined amount. When that
happens, hydraulic liquid flows from main cylinder 20 to main reservoir
260, thereby allowing further movement of main piston 22 at substantially
constant force. In this way, overpressure valve 262 serves to cause the
device to give slack on the mooring cable (not shown) when the force
transmitted by the cable exceeds a threshold.

The main reservoir 260 1s further coupled to the first end of main
cylinder 20 via one way valve 264, which is directed to open in order to allow
hydraulic liquid to flow when the difference between the pressure on the

side of main reservoir 260 and the pressure in the main cylinder 20 at the
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first end of main cylinder 20 exceeds a threshold (e.g. when the pressure in
main cylinder 20 has become slightly lower that that in main reservoir 260).
In this case hydraulic liquid returns to main cylinder 20 via one way valve
264. In this way, one way valve 264 serves to cause the device to haul in the
mooring cable (not shown) when the force on the cable has dropped off to
substantially zero.

For example, one way valve 264 may be configured to open when
the pressure in main reservoir 260 exceeds that at the first end in the main
cylinder 20. However, a different threshold may used, which is lower than
that of overpressure valve 262. Thus, overpressure valve 262 and one way
valve 264 give rise to a form of hysteresis: the pressure in main cylinder 20
needs to drop by a predetermined non-zero amount before hydraulic liquid
passed by overpressure valve 262 is returned via one way valve 264.

In addition, the cable holding device may comprise a priming unit
for setting up pressure at a second end of main cylinder 20 at which the
cable attachment connection of main cylinder 20 is located. The priming
unit may comprise a pump, a valve and an auxiliary reservoir of hydraulic
liquid, the pump and the valve being coupled in parallel between the
auxiliary reservoir and the main cylinder. The auxiliary reservoir may be an
open reservoir in the sense that it need not maintain pressure, or maintains
only a low pressure: it may have a relief valve to the outside.

In operation the priming unit may be used temporarily to set the
position of main piston 22 when the ship 10 1s moored. Before mooring main
piston may first be driven to a maximum position, by pumping hydraulic
liquid from the auxiliary reservoir into main cylinder 20 on the side of main
piston 22 opposite to that where proportional pressure regulating part and
overpressure protection part are connected. At this stage the valve of the
priming unit is kept closed. When a cable has been fastened between a ship
along the quay and the mooring device, the valve may be opened to allow

hydraulic liquid to flow back to the auxilhiary reservoir, with the effect that
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hydraulic pressure from main reservoir 260 will drive back piston 22, taking
up slack from main reservoir 260 equals the pressure due to force on the
cable. The valve may be left open during further use.

Figure 2a shows an embodiment of the construction of the cable
holding device. The cable holding device comprises main cylinder 20, an
outer cylinder 50, a conduit 51 (shown symbolically by a dashed line) and a
valve manifold 52 in the form of a disk. Main cylinder 20 is placed within an
outer cylinder 50, preferably concentrically with outer cylinder 50, leaving a
space between main cylinder 20 and outer cylinder 50. The space between
main cylinder 20 and outer cylinder 50 serves as main reservoir 260. At one
axial end of outer cylinder 50 and main cylinder 20 are attached to a first
disk face of valve manifold 52. The disk shape of valve manifold 52 has a
diameter that is at least as large as that of outer cylinder 50. Although
conduit 51 1s shown as a conduit outside the main cylinder, it may in fact
run through a space within outer cylinder 50, e.g. between outer cylinder 50
and main cylinder 20.

An axial end of an auxiliary reservoir 240 is attached to a second
disk face of valve manifold 52, opposite to the first face. Auxiliary reservoir
240 acts as an auxiliary cylinder of the auxiliary buffer. The central axes of
main cylinder 20 and the auxiliary reservoir may be aligned with each
other. Furthermore, the device comprises a pipe 54 extending from the
second face of valve manifold 52 into auxiliary reservoir 240. Auxiliary
piston 242 may be mounted slideably around pipe 54. Pipe 54 has one or
more openings near the end of auxiliary reservoir 240 that allow for fluid
communication between the interior of pipe 54 and a first part of auxiliary
reservoir 240 on the side of auxiliary piston 242 away from valve manifold
52. There 1s no direct fluid communication between the interior of pipe 54
and a second part of auxiliary reservoir 240 outside the pipe between
auxiliary piston 242 and valve manifold 52. This second part contains gas.

Although an embodiment has been shown with pipe 54, it should be
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appreciated that alternatively a hollow pipe may be omitted, the roles of the
spaces 1n auxiliary reservoir 240 on different sides of auxiliary piston being
interchanged in this case.

Main piston 22 is located within main cylinder 20. Piston rod 23
extends from main piston 22 to outside main cylinder 20. The diameter of
piston rod 23 1s smaller than the inner diameter of main cylinder 20, leaving
space for hydraulic liquid. A sealing ring 57 1s provided between piston rod
23 and main cylinder 20, preferably near or at the end of main cylinder 20.
One end of conduit 51 1s in fluid connection with the interior of main
cylinder 20 between main piston 22 and sealing ring 57. Conduit 1s
connected to main cylinder 20 near the end of main cylinder 20. The other
end of conduit 51 1s connected to valve manifold 52. Conduit 51 provides for
hydraulic iquid communication between the interior of main cylinder 20
and valve manifold 52. In an embodiment, conduit 51 1s provided in the
space between main cylinder 20 and outer cylinder 50.

Valve manifold 52 contains a number of connection channels within
its disk shaped form. A first connection channel in valve manifold 52 runs
from conduit 51 to the interior of pipe 54 and through that pipe 54 to the
part of auxiliary reservoir 240 on the side of auxiliary piston 242 away from
valve manifold 52. In the embodiment without hollow pipe the first
connection channel may be in communication with the space between valve
manifold 52 and auxiliary piston 242.

A second connection channel in valve manifold 52 runs from
conduit 51 to the space between main cylinder 20 and outer cylinder 50 via
the overpressure valve (not shown). A third connection channel in valve
manifold 52, which contains the one way valve (not shown), bridges at least
the part of the second connection channel that contains the overpressure
valve. Furthermore, valve manifold 52 may comprise one or more pressure

indicators, configured to indicate pressure in the main reservoir, pressure in
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main cylinder, pressure from conduit 51 and/or pressure from auxiliary
reservoir 240.

In an embodiment one or more fourth connection channels may be
provided in valve manifold 52, running from outside auxiliary reservoir 240
to the interior space of main cylinder 20 between valve manifold 52 and
main piston 22. In the embodiment wherein an auxiliary reservoir is used,
an auxiliary outer cylinder 56 may be provided, auxiliary reservoir 240
being placed within auxiliary outer cylinder 56, leaving a space between
auxiliary reservoir 240 and outer auxiliary reservoir 56. The space may be
used as the auxiliary reservoir for hydraulic liquid. One end of auxiliary
reservoir 240 and outer cylinder 56 may be attached to the second face of
the disk shape of valve manifold 52. In this embodiment, the one or more
fourth channels of valve manifold 52 may run between the space the
between auxiliary reservoir 240 and auxiliary outer cylinder 56 on one hand
and the interior space of main cylinder 20 on the other hand. The valve of
the priming unit may be included in valve manifold 52, with a control organ
for controlling this valve outside valve manifold 52. If the priming unit
contains a pump, it may be located in the space between auxiliary reservoir
240 and auxiliary outer cylinder 56, or on the outside.

In an embodiment a position sensing arrangement may be provided
for determining the position of main piston 22. The position sensing
arrangement may comprise one or more markers, e.g. magnetic markers, on
piston rod and a position sensor on or outside main cylinder 20 to sense a
marker when 1t moves past the sensor.

In an embodiment the cable holding device comprises a wireless
transmitter and/or receiver. A (programmed) logic circuit or a
microcomputer may be provided coupled to the wireless transmitter and the
position sensor and/or the pressure indicators. A microcomputer may have
program with instructions to receive data from the position sensor and/or

the pressure indicators and to cause the wireless transmitter to transmit
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information derived from this data, or to evaluate the data to detect whether
the data meets a predetermined condition for generating a signal and to
cause the wireless transmitter to transmit a message if the condition 1s met.
The condition may be that the data indicates that the main piston has
remained in an extreme range of positions for at least a predetermined
duration of time. The transmitted messages may be received for display in a
control room for example.

In an embodiment, auxiliary reservoir 240, auxiliary outer cylinder
56 and pipe 54 may be exchangeable. In this embodiment, different sets of
auxiliary reservoir 240, auxiliary outer cylinder 56 and pipe 54 may
provided, each set providing for an auxiliary reservoir 240 of different
length. In this case cylinders from a selected set may be mounted on valve
manifold 52, the set being selected dependent on expected swell conditions.
Different sets, with different length may be used in different ports, or on
different quays in the same port. Auxiliary reservoir 240, auxiliary outer
cylinder 56 and pipe 54 may have flanges with bolt holes to bolt them on

valve manifold 52.

Force limitation operation

In operation, cable holding device 14a,b serves to limit the motion
of ship 10 while avoiding excessive tension on a mooring cable 12a,b. This
may occur during a force cycle such as during a wind squall or when ship 10
1s lifted and lowered by swell. Typical swell can have an amplitude in an
order of magnitude of one meter and a wavelength in the order of magnitude
in the order of a hundred meters, which may lead to wave phase differences
1n the swell at the bow and stern of a ship.

Figure 3a shows a graph of force F and stroke X (position) of the
main piston 22 during a force cycle for a device wherein only overpressure

protection part 26 1s present, but not auxiliary buffer 24. When an external
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force, e.g. due to wind or water movement, 1s exerted on the ship, this
creates a force on main piston 22.

Initially the hydraulic liquid resists this force, which corresponds
to the vertical increase 39a. Although the force on the cable holding device
rises vertically, it may be noted that the force on the ship rises more
gradually, due to elasticity of the mooring cables.

When the force reaches a predetermined threshold, overpressure
valve 262 opens with the result that main piston 22 moves on at
substantially constant reaction force, which results in piston movement at a
first force level 32. This may continue until the force drops off or until the
piston movement reaches a stop defined e.g. by an inward flange of in main
cylinder 20. Although a constant first force level 32 is shown, it should be
realized that in fact the force may increase slightly with increase of the
pressure of the gas in main reservoir 260 due to compression, but this effect
can be kept below a desired size by using a sufficiently large main reservoir
260.

When, later, the force exerted on the mooring cable drops off,
overpressure valve 262 closes. This results 1n a vertical drop 39c of the force
at constant position. If the force drops to a level corresponding to the
pressure associated with opening one way valve 264 (e.g. zero pressure), one
way valve 264 allows auxiliary piston 244 to move back at substantially
constant (e.g. zero) reaction force. This results in piston movement at a
second force level 36, which may in fact vary slightly like first force level 32.

When the force rises from the second force level, the hydraulic
liquid will again resist the force. This may occur at the original position (as
indicated by vertical rise 39a), or elsewhere, e.g. as indicated by vertical line
39c, wherever the force rises again.

The cable holding device moves through a cycle, in which different
phases may be distinguished, the upper horizontal line 32 of figure 3a

corresponds to a pay-out phase, and the lower horizontal line 36 corresponds
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to a hauling phase, with intermediate phases in between, wherein the force
may increase or decrease. As will be appreciated, the force and position
graph of figure 3 shows that the force-position relation depends on the
previous movement history, 1.e. it shows hysteresis. As a function of time
the combination of force-position may return to a previous value through a
loop if the force-position graph of figure 3a. The area of this loop corresponds
to energy generated by movement of the ship and absorbed by the cable
holding device. The absorbed energy may heat the hydraulic liquid, which in
turn releases the heat to the ambient via the surface of the cable holding
device.

It may be noted that different ways of imposing force limitation do
not necessarily involve hysteresis. For example, if the more uniform solution
of a further proportional pressure regulating part instead of overpressure
protection part 26 such a further proportional pressure part would limit the
rate of the force increase with displacement without hysteresis.

When two or more cable holding device 14a,b are connected to the
same ship, the force exerted by each device affects the force exerted on the
other.

Figure 3b shows a graph of forces as a function of position of a ship,
where the forces are forces exerted by two cable holding devices, when the
two cable holding devices act in opposite direction of the same ship. In this
case the plotted forces act in opposite directions. The position of the ship
may position along the quay in the case of movement of the ship along the
quay, or rotation angle if the ship rotates slightly around a vertical axis in
the plane of the quayside. The graphs of figure 3b are shown on a common
position scale (a compressed force scale compared to figure 3).

Overall, when the forces exerted by the cable holding devices act in
opposite directions, their difference equals the sum of forces exerted on the
ship externally from the cable holding devices, which will be referred to as

the external force. At rest, the external force 1s zero, and the forces exerted
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by the cable holding devices will be equal. In the example of figure 3b, this
occurs 1n principle at the position of the ship wherein both cable holding
devices are 1n their intermediate phase, 1.e. where the vertical rises 39a
occur 1n the force position diagram. Because the vertical rises are vertical,
the actual force exerted by the cable holding devices is theoretically
indeterminate between its minimum and maximum value: the force in both
devices could counteract at an arbitrary force level. In practice, this is not
so, because the forces between the cable holding devices are transmitted
indirectly via the ship. The forces on the ship also depend on elastic
behavior of the mooring cables and stick slip forces arising between (fenders
on) the quayside and the ship, which have the effect of producing a stable
force level.

When temporary external forces arise, e.g. due to swell or wind, the
ship’s position may change. When the external force overcomes stick slip the
force on one of the cable holding device may reach the first level 32, causing
it to enter the pay out phase, while the other cable holding device will enter
the hauling phase. As a result, the ship will move. When the external force
has dropped off, the ship may remain at a shifted position, with new
positions vertical force rises 39a. In effect, this 1s because some of the
hydraulic liquid from the main cylinder will remain in the main reservoir
260 of overpressure protection part 26.

This may have an advantageous effect in that the ship
automatically assumes a position wherein both cable holding devices act
with proportional force to keep the ship in a stable position, even if the
amounts of hydraulic liquids in the main cylinders of the cable holding
devices have not been primed according to the initial position. But in
practice, disturbance by an external force may also lead to unnecessary
repeated changes of the ship’s stable position, which 1s undesirable. For
example, when a time lag occurs in the transmission of forces from the cable

holding devices, e.g. due to elastic effects in the mooring cables, both cable
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holding devices may not be in opposite hauling/pay out phases: while has
entered its hauling phase, the other still be in its intermediate phase, or
even 1n its previous hauling phase. This may result in a change of the stable

position.

Proportional embodiments of the auxiliary buffer

Figure 4 shows a first embodiment of a cable holding device,
wherein auxiliary buffer 24 provides for a proportional force during
operation of the cable holding device in the intermediate phase. Thus, the
position of the piston may change while the cable holding device 1s still in
the intermediate phase, in proportion to force changes (as used herein, “in
proportion” means that the position varies with variation of the force, but 1s
not limited to a linear force-position relation).

In the system formed by a moored ship and a plurality of cable
holding devices coupling the ship to the quayside, and in the operation of
this system, this has the effect that the influence of the interaction between
the cable holding devices on changes of the stable position of the ship is
reduced.

In the embodiment of figure 4, auxiliary buffer 24 comprises an
auxiliary reservoir 240, in which a movable auxiliary piston 242 is provided.
Auxiliary reservoir 240 contains gas and hydraulic liquid. Auxiliary piston
242 separates the gas and hydraulic iquid. A first part of auxiliary reservoir
240 on a first side of auxiliary piston 242 contains the hydraulic liquid and
1s coupled to the first end of main cylinder 20. Hence the hydraulic liquid 1s
in fluid communication with main cylinder 20.

A second part of auxiliary reservoir 240 on a second side of
auxiliary piston 242 contains the gas (e.g. nitrogen). Apart from pressure
forces exerted by the hydraulic liquid and the gas, auxiliary piston 242 is

freely movable 1n auxiliary reservoir 240, so that the pressure in the first
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and second part will be equalized. In some embodiments auxiliary piston
242 may be omitted, e.g. when 1s ensured that the space occupied by the gas
remains above the connection to main cylinder 20.

Because auxiliary reservoir 240 and main cylinder 20 are in fluid
communication, the hydraulic pressure in both 1s equal, and it will be higher
than, or equal to the pressure in main reservoir 260. The hydraulic liquid
pressures in the hydraulic cylinder and the auxiliary reservoir are
equalized. Optionally, one or more valves (not shown) may be located in the
fluid connection between auxiliary reservoir 240 and main cylinder 20, but
in this embodiment these valves are open during use and do not
automatically close under pressures from main cylinder 20 in the pressure
range allowed by overpressure protection part 26.

Auxiliary reservoir 240 is a closed reservoir in the sense that it
normally keeps the gas and the hydraulic liquid under pressure except for
the effects of the connection to main cylinder 20. Like main reservoir 260,
auxiliary reservoir 240 has a predetermined pressure characteristic, but the
pressure characteristic of auxiliary reservoir 240 differs from that of main
reservolr 260, in the sense that the pressure in main reservoir 260 changes
less than the pressure in auxiliary reservoir 240 with equal changes of
volume of the hydraulic liquid in the respective reservoirs (theoretically
when the temperatures are equal, but in practice for any practical
temperatures).

As noted the pressure characteristics of the reservoirs are a result
of gas pressure variation in the reservoirs 240, 260. A pressure change dP in
response to a small volume change dV is dP=c*dV, wherein c 1s a
proportionality constant. Under the ideal gas law c 1s proportional to the
mass M of the gas in the reservoir divided by the square of its volume V.
Hence the desired different characteristics may be realized with the
M/(V*V) for main reservoir 260 1s smaller than for auxiliary reservoir 240 at

their 1nitial volume absent a force on the mooring cable.
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The combination of the amount of gas in auxiliary reservoir 240
and the volume of auxiliary reservoir 240 is selected so that the pressure of
the gas 1s significantly affected by changes of the amount of hydraulic liquid
that occur during operation. For example, the combination may be selected
at least to double the gas pressure with a full stroke of main piston 22.

In the illustrated embodiment, main cylinder 20 and auxiliary
reservoir 240 are coupled directly during use, without valves that function
like overpressure valve 262 and one way valve 264, and preferably without
intervening valves that open or close automatically dependent on pressure.
Thus, auxiliary reservoir 240 does not give rise to a hysteresis like the
overpressure protection part.

Figure 3c shows an illustration of the force exerted by the cable
holding device as a function of position of the main piston. Figure 3c may be
compared with figure 3a. Like figure 3a it shows first and second levels 32,
36 corresponding to operation in a pay-out and holding phase. Different
from figure 3a, i1t shows proportional variations 30, 34 in the intermediate
phases.

Figure 3c shows a graph of force F and stroke X (position) of the
main piston 22 during a force cycle. In the cycle, for example while the ship
1s raised by swell, a growing force arises. Initially the main piston 22 moves
in a first direction as a result of this force while producing an increasing
reaction force determined by compression of the gas by auxiliary piston 242
in auxilary reservoir 240. Due to the effect of auxiliary piston 242, the
reaction force increases as a function 30 of displacement of main piston 22
in the first direction.

When the forces reaches a predetermined threshold, overpressure
valve 262 opens with the result that main piston 22 moves on at
substantially constant reaction force, which results in piston movement at a
first force level 32. This may continue until the force drops off or until the

piston movement reaches a stop defined e.g. by an inward flange of in main
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cylinder 20. Although a constant first force level 32 is shown, it should be
realized that in fact the force may increase slightly with increase of the
pressure of the gas in main reservoir 260 due to compression, but this effect
can be kept below a desired size by using a sufficiently large main reservoir
260.

When, later, the force exerted on the mooring cable drops off,
overpressure valve 262 closes. Due to the effect of auxiliary piston 242, the
force becomes a function 39b of displacement of main piston 22 in the first
direction that is similar to the function 30 before the force exceeded the
threshold, but at shifted positions.

If the force drops to a level corresponding to the pressure
associated with opening one way valve 264 (e.g. zero pressure), one way
valve 264 allows auxiliary piston 244 to move back at substantially constant
(e.g. zero) reaction force. This results in piston movement at a second force
level 36, which may in fact vary slightly like first force level 32.

When the force rises from the second force level, auxiliary buffer 24
comes 1nto action to produce a force as a function 38 of displacement of main
piston 22 in the first direction, similar to the function 30 before the force
exceeded the threshold, but at shifted positions. It may be noted that in the
resulting cycle, the pressure in main reservoir 260 remains substantially
constant, whereas the pressure in auxiliary reservoir 240 rises and falls
with the force.

When a ship 1s moored with first and second cable holding devices
coupled to the ship so that that the first and second cable holding devices
operate 1n opposite directions, for example because the first and second
cable holding devices are coupled to opposite ends of the ship, both the first
and second cable holding devices may be of the type shown in figure 4.

Figure 3d shows graphs of forces as a function of position of a ship,
where the forces are forces exerted by two cable holding devices, when the

two cable holding devices act in opposite direction of the same ship. In this
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case the plotted forces act in opposite directions. The position of the ship
may position along the quay in the case of movement of the ship along the
quay, or rotation angle if the ship rotates slightly around a vertical axis in
the plane of the quayside.

When external forces arise, the ship’s position may change. In
principle the resulting position of the ship correspond to a position where
one of the curves cross after one of the curves has been shifted vertically
relative to the other by the net amount of external force. This leads to a less
variable position of the ship than in the example illustrated with figure 3b.

If external force on the ship causes the ship to move and eventually
causes one of the cable holding devices to enter the hauling phase, the other
cable holding device will exert an increasing force on its mooring cable,

counteracting the ships movement.

Embodiment with pressure boost

Figure 5 shows an embodiment of the cable holding device that
provides for more concerted action of a plurality of cable holding devices.
The same reference numerals as in figure 2 indicate the same components.
An electronically controllable auxiliary valve 40 has been added in the
hydraulic liquid channel 41 between main cylinder 20 and auxiliary
reservoir 240 of auxiliary buffer 24. Furthermore, the cable holding device
comprises a control unit 46 coupled to a control input of auxiliary valve 40.
By way of example, the cable holding device is shown to comprise a sensor
42, control unit 46 being coupled to outputs of sensors 42, 43. Furthermore,
control unit 46 comprises an electronic communication device 44 (by way of
lustration, electronic communication device 44 1s shown connected to
control unit 46, but it may be part of the same unit as other components of
control unit 46). Electronic communication device 44 may be a wireless

transceiver, such as a WIFI transceiver, a UMTS receiver or device for
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communicating via a wired connection between different cable holding
devices.

When a ship 1s moored with first and second cable holding devices
coupled to the ship so that that the first and second cable holding devices
operate 1n opposite directions, for example because the first and second
cable holding devices are coupled to opposite ends of the ship, both the first
and second cable holding devices may be of the type shown in figure 5.

Control unit 46 1s configured to control closing off and opening of
auxiliary valve 40. The location of auxiliary valve 40 in hydraulic liquid
channel 41 means that closing off auxiliary valve 40 has the effect of
disconnecting auxiliary buffer 24 from the hydraulic pressure in main
cylinder 20. Thus, auxiliary valve 40 1s used to provide controllable pressure
communication between auxiliary reservoir 240 and the main cylinder. Any
location auxiliary valve 40 that provides for such pressure communication
may be used.

Control unit 46 1s configured to close off auxiliary valve 40 when
the pressure in main cylinder 20 1s relatively high (e.g. at the level
corresponding to the first force level 32), so that this relatively high
pressure will be preserved in auxiliary reservoir 240 even when the
pressure 1n main cylinder 20 drops. Control unit 46 1s configured to re-open
auxiliary valve 40 at a later time, when an external force causes movement
of the moored ship in a direction which is counteracted by the cable holding
device. Thus, a boosted force 1s provided at that time, preferably before
entering the pay-out phase, which reduces movement.

Figure 3e shows an example of such a boosted force. In this
example the auxiliary valve 40 1s still closed after the hauling phase 36, so
that the response to force changes results in little or no position change as
indicated by part 300 of the response curve. Opening auxiliary valve 40
causes an extra force that results additional hauling as indicated by part

302 of the response curve, after which the response to force changes becomes
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similar to that of figure 3c. With increased force the mooring cable will be
paid out, and with reduced force it would be hauled in, as indicated by the
dashed line. It should be noted that the illustrated force-position steepness
used to show the response part 30 after opening auxiliary valve 40 has been
selected for the purpose of i1llustration only. In practice it may be much
steeper for example.

Control unit 46 may be configured to use any of a number of ways
to trigger closing of auxiliary valve 40. By way of example, control unit 46
my use a pressure sensor 43 coupled to main cylinder 20, or to auxiliary
reservoir 240, or to hydraulic liquid channel 41 to detect when the pressure
exceeds a threshold and t trigger closing when the threshold is exceeded.
Alternatively, a mechanical trip device that may be considered part of
control unit 46 may be used that closes auxiliary valve 40 when the pressure
exceeds the threshold. As another alternative, control unit 46 may be
coupled to a position sensor 32 configured to measure the position of main
piston and control unit 46 may be configured to control closing of auxiliary
valve 40 dependent on the measured position

Similarly, any of a number of ways of detecting movement of the
ship in order to trigger re-opening of auxiliary valve 40 may be used. In an
embodiment, control unit 46 may be configured to receive information via
communication device 44 and to control re-opening based on that
information. Control unit 46 may be configured to read piston position
and/or movement sensing information from sensor 42 and transmit derived
information via communication device 44 to the control unit of another cable
holding device for enabling that control unit to control re-opening.

For example, if the sensing information indicates that the piston is
moving in a direction and at a speed that indicates that the cable holding
device 1s in the hauling phase, control unit 46 of that cable holding device
may transmit derived information indicating this to the cable holding device

that 1s coupled to the opposite end of the ship, and the control unit 46 of the
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latter cable holding device may use this transmitted information to control
reopening of auxiliary valve 40 in the latter cable holding device. In another
example, an external sensor for measuring the ship’s position or movement
may be used to transmit the information to the control unit 46 to control
reopening of auxiliary valve 40.

It should be noted that if communication fails and/or control unit
46 fails, the device still provides for safe mooring, using overpressure
protection part 26, main piston 22 and main cylinder 20. In this case of
failure only the function of reducing repeated movement of the stable
position 1s lost.

Control unit 46 may comprise a (programmed or hard-wired) logic
circuit that is configured to control unit 46 to make it perform the described
function, or a computer with a program memory with a program that serves
to configure control unit 46 to do so. This selection may be decided by the
control unit 46 of the device wherein the auxilhiary valve 40 1s closed and
opened based on sensor data received from the other cable holding device
via electronic communication device 44. But alternatively at least part of
these selections may be decided by the control unit of the other cable holding
device, or by a central control unit outside both devices, and communicated
by commands to open and/or close. In both of the latter cases it may suffice
that control unit 46 is able to execute commands received from electronic

communication device 44 to close and/or open auxiliary valve 40.

Threshold embodiments of the auxihary buffer

Figure 6 shows another embodiment of the cable holding device
wherein auxiliary reservoir 240 and main cylinder 20 are coupled by a
second one way valve 47 and a second overpressure valve 48 in parallel as in
overpressure protection part 26. Auxiliary reservoir 240 has a pressure

characteristic that differs from the pressure characteristic of main reservoir
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260, in the sense that the pressure in main reservoir 260 changes less than
the pressure 1n auxiliary reservoir 240 with equal changes of volume of the
hydraulic liquid in the respective reservoirs. Preferably, auxiliary reservoir
240 has a smaller volume than main reservoir 260. In an embodiment,
second overpressure valve 48 may be set to open at an overpressure that 1s
lower than the overpressure at which overpressure valve 262 of
overpressure protection part 26 is set to open.

Basically, auxiliary reservoir 240 and main reservoir 260 of this
embodiment act in a similar way, except that the pressure in auxiliary
reservoir 240 rises more strongly than in main reservoir 260 in response to
inflow of hydraulic liquid.

The resulting force position diagram is shown in figure 3f. A
proportional phase 39a 1s added, which starts at a force level above that
corresponding to the overpressure of second overpressure valve 48 and ends
at the first force level 32 defined by the main reservoir. In the proportional
phase 39a the force increases in proportion to position change. This leads to
a less variable position of the ship. The force-position steepness shown in
figure 3f 1s selected for the purpose of i1llustration rather than as a
representative steepness..

Optionally, as shown 1in figure 6, a control unit, one or more sensors
and an electronically controlled auxiliary valve 40 may be provided in a
similar way as in the embodiment of figure 5, the auxiliary valve 40 being
connected in series with second one way valve 47. This makes 1t possible to
preserve the built-up extra pressure in auxiliary reservoir 240 when the
force drops to second force level 36 and to use this extra pressure for a
pressure boost before entering the pay-out phase, as in the embodiment of
figure 5, which reduces movement. Compared to figure 5, use of second
overpressure valve 48 for filling auxiliary reservoir 240 has the effect that a
stiffer force-position response may be provided when the cable holding

device 1s 1in the intermediate phase.
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It should be noted that if communication fails and/or control unit
46 fails, the device still provides for safe mooring, using overpressure
protection part 26, main piston 22 and main cylinder 20. In this case of
failure only the function of reducing repeated movement of the stable
position is lost. One way valve 47 may be omitted, because its function may
be realized by auxiliary valve 40, optionally under control of control unit 46.
If auxiliary valve 40 remains closed or open, the cable holding device
operates essentially like a device without auxiliary buffer or like the device
of figure 4. One way valve 47 serves to prevent the latter if control unit 46
fails, ensuring a well defined fail save mode.

In another embodiment, auxiliary valve 40 may be coupled in
series with return valve 264. A comparable pressure force characteristic
may be achieved in this way. In this embodiment the auxiliary reservoir
could be omitted when the pressure-volume response characteristic of the
auxiliary reservoir is not used. However, use of the auxiliary reservoir has

the advantage that the operation of the main reservoir is not affected.

Electric power generation

Figure 7 shows an embodiment wherein the auxiliary buffer is used
to generate electric power, which may be used to power control unit 46 and
communication device 44. For this purpose a fluid driven electrical
generator 70, a storage battery circuit 72 and a hydraulic fluid flow channel
1s provided between auxiliary reservoir 240 and main cylinder 20, in parallel
with second overpressure valve 47, the hydraulic fluid flow channel
comprising fluid driven electrical generator 70. The fluid flow channel
serves as a leakage bypass in parallel with the fluid flow channels
containing the valves. An output of fluid driven electrical generator 70 1s
coupled to storage battery circuit 72. Storage battery circuit 72 comprises a

chargeable battery and it may comprise a conventional storage control
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circuit and/or output voltage control circuit (not shown). An output of
storage battery circuit 72 1s coupled to a power input of control unit 46.
Fluid driven electrical generator 70 may comprise a fluid current limiter, or
a fluid current limiter may be placed in series with it, so that auxiliary
reservolr 240 will only slowly lose pressure due to hydraulic liquid flow
through fluid driven electrical generator 70.

In operation, when the hydraulic liquid in auxiliary reservoir 240 is
at a higher pressure than the fluid in main cylinder 20, the pressure
difference drives fluid driven electrical generator 70 to generate electric
power, which is stored in storage battery circuit 72. The leakage current
slightly decreases the area of the force position loop through which the cable
holding device cycles (cf. figure 3a), and which represents energy generated
by movement of the ship and absorbed by the hydraulic liquid.

Figure 8 shows an embodiment wherein a one way valve 74 and a
further auxiliary reservoir 76 distinct from auxiliary reservoir 240 are
added. Further auxiliary reservoir 76 is used for generating power.
Auxiliary reservoir 240 is connected as in the embodiment of figure 6. One
way valve 74 is coupled between auxiliary reservoir 240 and further
auxiliary reservoir 76. Fluid driven electrical generator 70 is coupled
between further auxiliary reservoir 76 and main cylinder 20. One way valve
74 1s configured to pass hydraulic liquid from auxiliary reservoir 240 and
further auxiliary reservoir 76 when the hydraulic liquid pressure in the
latter 1s lower than in the former. In this way it may be ensured that fluid
under sufficient pressure for the pressure boost 1s always available from
auxiliary reservoir 240.

It should be noted that a construction with a further auxiliary
reservoir 76 and a fluid driven electrical generator 70 in combination with a
valve that allows hydraulic liquid pressure to build up with hydraulic liquid
from main cylinder 20, but not released except through fluid driven

electrical generator 70 may be used in any of the described embodiments. In
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other embodiments, one or more of the reservoirs that are already present
for other purposes may be used instead of further auxiliary reservoir 76 for
power generation. In embodiments, the hydraulic liquid flow from main
cylinder 20 to auxiliary reservoir 240 may be used to drive an electric power
generator. As noted, in some embodiments the auxiliary reservoir could be
omitted when the pressure-volume response characteristic of the auxiliary
reservoir 1s not used, the additional elements that are coupled to the
auxiliary reservoir 240 being coupled to the main reservoir 260 instead. Use
of the auxiliary reservoir has the advantage that operation of the main
reservoir is not affected.

Although a number of valves are shown in the embodiments of the
cable holding device, it should be noted that more valves may be present in
the cable holding device. For example manually operable valves may be
present to shut off or open selectable parts of the hydraulic circuit, or
additional one way valves to prevent the possibility of current flows that do
not contribute to the desired operation. Although all components of the
hydraulic liquid circuit are shown to be connected to the main cylinder via a
single connection, it should be noted that they may be connected via
different connections. Further control actuators may be present, such as
overpressure adjustment actuators to enable the control unit to control the
overpressure thresholds at which one of more of the overpressure valves
open. Similarly, further pressure sensors may be present, e.g. to monitor the
pressures 1n the different hydraulic liquid reservoirs. The function of a
number of the valves may be implemented using control by the control unit,
dependent on sensor input.

Although embodiments have been shown wherein the pulling force
of the mooring cable acts to pull out the main piston from the main cylinder
against the pressure defined by the hydraulic circuit, it should be noted that
instead a transmission mechanism may be used to convert the pulling force

from the mooring cable to a force that acts to push in the main piston into
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the main cylinder, against the pressure defined by the hydraulic circuit. In
this case the hydraulic circuit should be connected to the other end of the

main cylinder than that shown in the figures.
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Conclusies

1. Een hydraulische meerkabel houdende inrichting, omvattende

- een hydraulische cilinder, een zuiger in genoemde hydraulische cilinder, en
verbindingen aan genoemde hydraulische cilinder en genoemde zuiger voor
het verbinden van de inrichting in een meerkabelverbinding tussen een
schip en een afmeerpunt,

- een overdrukbeschermingsdeel gekoppeld aan de hydraulische cilinder,
waarin het overdruk beschermingsdeel een hoofdreservoir bevat met gas en
hydraulische vloeistof, waarbij het beschermingsdeel een overdrukklep
bevat en een eenrichtingsklep, parallel aan elkaar gekoppeld tussen de
hydraulische cilinder en het hoofdreservoir, waarbij de overdrukklep
geconfigureerd 1s om hydraulische vloeistof door te laten van de
hydraulische cilinder naar het hoofdreservoir wanneer een verschil tussen
een eerste druk in het hoofdreservoir en een tweede druk in het
hoofdreservoir in een eerste drempelwaarde overschrijdt, waarbij de
eenrichtingsklep geconfigureerd is om hydraulische vloeistof van het
hoofdreservoir naar de hydraulische cilinder door te laten wanneer het
verschil onder een tweede drempelwaarde valt, die lager is dan de eerste
drempelwaarde;

- een hulpreservoir gekoppeld aan de hydraulische cilinder, waarbij het
hulpreservoir gas en hydraulische vloeistof bevat, en het hoofdreservoir een
eerste druk-volumeveranderingskarakteristiek heeft die verschilt van een
tweede druk-volumeveranderingskarakteristiek van het hulpreservoir, in
die zin dat de druk in het hoofdreservoir minder verandert dan de druk in
het hulpreservoir bij gelijke uitwisselingen van volume van de hydraulische

vloeistof uit de hydraulische cilinder.
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2. Een hydraulische meerkabel houdende inrichting volgens conclusie 1,
omvattende

- een bestuurbare klep gekoppeld tussen het hulpreservoir en de
hydraulische cilinder en geconfigureerd om, wanneer deze geopend is,
hydraulische drukcommunicatie toe te staan tussen het hulpreservoir naar
de hydraulische cilinder en, wanneer afgesloten, om de hydraulische
drukcommunicatie te verhinderen;

- een besturingseenheid, omvattende een ingang voor het ontvangen van een
sensorsignaal en/of besturingssignalen, een uitgang gekoppeld aan een
besturingsingang van de bestuurbare klep, waarbij de besturingseenheid
ingericht 1s om het openen en sluiten van de bestuurbare klep te besturen
afhankelijk van het sensorsignaal en/of commandosignalen.

3. Een hydraulische meerkabel houdende inrichting volgens conclusie 1
of 2, omvattende een verdere overdrukklep gekoppeld tussen de
hydraulische cilinder en het hulpreservoir, waarbij de verdere overdrukklep
geconfigureerd 1s om hydraulische vloeistof door te laten van de
hydraulische cilinder naar het hulpreservoir wanneer een verschil tussen
een eerste druk in het hoofdreservoir en een derde druk in het hulpreservoir
een derde drempelwaarde overschrijdt, waarbij de derde drempelwaarde
tussen de eerste en tweede drempelwaarde ligt.

4, Een hydraulische meerkabel houdende inrichting volgens conclusie 3,
omvattende een verdere eenrichtingsklep gekoppeld tussen de hydraulische
cilinder en het hulpreservoir, de verdere eenrichtingsklep ingericht om
hydraulische vloeistof door te laten van het hulpreservoir naar de
hydraulische cilinder wanneer de druk onder de tweede drempelwaarde
valt.

5. Een hydraulische meerkabel houdende inrichting volgens conclusie 1,

omvattende een vloeistofverbinding tussen het hulpreservoir en de
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hydraulische cilinder, geconfigureerd om de hydraulische vloeistofdrukken
in de hydraulische cilinder en het hulpreservoir te egaliseren ten minste op
alle drukken waarop de overdrukklep gesloten blijft.

6. Een hydraulische meerkabel houdende inrichting volgens één der
voorafgaande conclusies, omvattende een vloeistofstroomkanaal tussen de
hydraulische cilinder en het hulpreservoir en een door fluidumstroming
aangedreven elektrische vermogensgenerator verbonden aan het
vloeistofstroomkanaal.

7. Een hydraulische meerkabel houdende inrichting volgens één der
voorafgaande conclusies, omvattende een vloeistofstroomkanaal tussen de
hydraulische cilinder en het hulpreservoir en een door fluidumstroom
aangedreven elektrische vermogensgenerator verbonden aan het
vloeistofstroomkanaal.

8. Een hydraulische meerkabel houdende inrichting volgens conclusie 2,
waarin de besturingseenheid is voorzien van een communicatie inrichting
voor het ontvangen van informatie en/of commando’s en een verdere
hydraulische meerkabel houdende inrichting of een centrale eenheid, en
waarin de besturingseenheid is ingericht om het openen van de bestuurbare
klep te besturen afthankelijk van de informatie en/of commando’s.

9. Een hydraulische meerkabel houdende inrichting volgens conclusie 8,
omvattende

- een positie en/of bewegingssensor geconfigureerd om een positie en/of
beweging van de zuiger relatief ten opzichte van de hydraulische cilinder te
meten, waarin

- de besturingseenheid is ingericht om informatie of een commando afgeleid
uit de positie en/of bewegingssensor te verzenden via de communicatie

inrichting naar het verdere hydraulische meerkabel houdende inrichting of
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de centrale eenheid, voor gebruik voor het besturen van de verdere
hydraulische meerkabel houdende inrichting.

10. Een hydraulisch meersysteem omvattende ten minste twee
hydraulische meerkabel houdende inrichtingen volgens één der
voorafgaande conclusies, geplaatst langs een kade om trekkrachten uit te
oefenen met tegengestelde richtingscomponenten langs een richting van de
kade op meerkabels die aan eenzelfde schip verbonden zijn.

11. Een werkwijze voor het vasthouden van een gemeerd schip, gebruik
makend van een eerste en tweede kabel houdende inrichting, elk voorzien
van een hydraulische cilinder en een zuiger in de hydraulische cilinder, een
hoofdreservoir en een hulpreservoir die hydraulische vloeistof en gas
bevatten, waarbi) de werkwijze omvat

- koppelen van een eerste en tweede meerkabel van het schip naar een kade,
via de zuiger en hydraulische cilinder van respectievelijk de eerste en
tweede hydraulische meerkabel houdende inrichting, waarbij de eerste en
tweede meerkabel krachten uitoefenen op het schip met tegengestelde
richtingscomponenten langs de richting van de kade;

- vrijgeven van hydraulische vloeistof uit de hydraulische cilinder naar het
hoofdreservoir in respectievelijk de eerste en tweede kabel houdende
inrichting, wanneer een kracht op respectievelijk de eerste of tweede
meerkabel een eerste drempel overschrijdt;

- teruggeven van hydraulische vloeistof uit het hoofdreservoir naar de
hydraulische cilinder in respectievelijk de eerste en tweede kabel houdende
inrichting, wanneer een hydraulische druk in het hoofdreservoir hoger is
dan een tweede drempel in respectievelijk de eerste en tweede kabel
houdende inrichting,

- voorzien in hydraulische drukcommunicatievloeistof tussen de

hydraulische cilinder naar het hulpreservoir in respectievelijk de eerste en
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tweede kabel houdende inrichting, gedurende een fase waarin geen
hydraulische vloeistof wordt vrijgegeven uit of teruggegeven wordt naar de
hydraulische cilinder door het hoofdreservoir in respectievelijk de eerste en
tweede kabel houdende inrichting.

12.  Een werkwijze volgens conclusie 11, waarin de hydraulische
drukcommunicatie selectief geactiveerd wordt in respectievelijk de eerste en
tweede kabel houdende inrichting in reactie op detectie dat de tweede en
eerste kabel houdende inrichting de tweede of eerste meerkabel inneemt.
13. Een werkwijze volgens conclusie 11 of 12, waarin de hydraulische
vloeistof wordt overgebracht uit de hydraulische cilinder naar het
hulpreservoir in de eerste en tweede kabel houdende inrichting wanneer de
hydraulische vloeistofdruk in de hydraulische cilinder een druk in het
hulpreservoir met een derde drempel overschrijdt.

14. Een werkwijze volgens één der conclusies 11 tot 13, omvattende het
aandrijven van een elektrische vermogensgenerator door een hydraulisch
vloeistofdrukverschil tussen het hulpreservoir en de hydraulische cilinder in

de eerste en tweede kabel houdende inrichting.
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Title: Hydraulic mooring cable holding device, system and method

Abstract

A hydraulic mooring cable holding device provides a hydraulic cylinder-
piston combination between for controlling the force on a mooring cable
between one end of a ship and a mooring point. An overpressure protection
part with passes hydraulic liquid from the hydraulic cylinder to a reservoir
when the pressure in the cylinder exceeds a threshold value, and returns
the hydraulic liquid when the pressure has dropped. An auxiliary reservoir
1s with a steeper pressure response than the main reservoir is connected 1n
parallel with the main reservoir. The auxiliary reservoir may be connected
to and/or disconnected from the cylinder under control of a sensor or a
further mooring device at the other end of the ship, to reduce movement of
the ship e.g. in swell. Furthermore, pressure from the auxiliary reservoir

may be used to drive an electric generator.
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This opinion containg indications relating o the following tems:

X Box Ne. i Basis-of the opinion

L] Box Moot Priority

£ Box Ne. il Non-sstabiishment of opinion with regard to novelty, inventive step and indusirial applicability
[0 Box o iV Lackofunity of invention

H BoxNo. v Reasoned-statemant with ragard to-novelty, inventive stepor industrial

appdicability; citstions and explanations supporting such statement

L1 BoxNo. Vi Cenain documents cited
Ll Box Ne. Vil Certain defects in the application
D4 Box Neo. Vil Centainchservationsion the application
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. This opinion has been established an the basis of the latest sstof claims Tiled before the start of the search.

. With regard to any nucleotide andior amino acid sequence disclosed in the application and necessary fo the
claimed invention, this opinion has been established on the basis of;

a.type of material:
1 a sequence listing
L] table(s) related to the sequence listing
b. format of material:
& on paper
& in electronic form
¢. lime of filingfurnishing:
L1 contained in the application as filed.
£3  filed together with the application in electronic form.
L1 furnished subsequently for the purposes of search.
. [ in addition, in the case that more than one version or copy of a sequence listing andior table relating thereto
has been filed orfurnished, the required statements that the information-in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, wers furnished.

. Additional comiments:

. Siatemant

Novelty Yes: Claims t-14
MNo:  Claims

inventive step Yes: Claims 1-14
No: Claims

Industrial applicability Yes: Claims 1-14
No: Claims

. Gitations and gxplanations

see separate shest

NL237B (July 2006)
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Box No. VIl Cerlain observations on the application

seeseparate shest
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RellemV

Heasoned siatement with regard to novelly, inventive step or industrigl
applicability; citations and explanations supporting such statement

1

3.1

The subject-matter of independent claims 1 and 11 seems to meset the
requirements of Novelly and inventive step.

Reference is made to the following document:

WO 2010/110666 A2 (KONINK ROEIERS VEREENIGING EEN
[NLL; ZEGELAAR WILLEM CORNELIS [NL]) 30 september 2010
(2010-09-30) in de aanvraag genoemd

D1 is regarded as being the prior ant closest to the subject-matter of claim 1,
and discloses (see notably the abstract and the figures):

Een hydraulische meerkabel houdende inrichting (14), omvattende

o een hydraulische cilinder (22}, een zuiger (20) in gencemde

hydraufische cilinder, en verbindingen aan gencemde hydraufische
cilinder en genoemde zuiger voor het verbinden van de inrichting in een
meerkabelverbinding tussen een schip en een afmeerpunt,

een overdruk beschermingsdeel gekoppeld aan de hydraulische
cifinder, waarin het overdruk beschermingsdeel een hoofdreservoir (24)
bevat met gas en hydraulische vioeistof, waarbij het beschermingsdeel
een overdrukklep (26) beval en een eenrichtingsklep (25), paralle! aan
etkaar gekoppeld tussen de hydraulische cilinder en het hoofdreservoir,
waarbij de overdrukklep geconfigureerd is om hydraulische viosistof
door te laten van de hydraulische cilinder naar het hooldreservoir
wanneer een verschil tussen een eersie druk in het hoofdreservoir en
gen tweede druk in het hoofdreservoir in een eerste drempelwaarde
overschrijdt, waarbij de eenrichtingsklep geconfigurserd is om
hydraulische vicsistof van het hoofdreservoir naar de hydraulische
cilinder door te laten wanneer het verschil onder een tweede
drempelwaarde valt, die lager is dan de eerste drempeiwaarde;

The subject-matter of claim 1 therefore differs from this known hydraulic
mooring cable holding device in that:

o gen hulpreservoir gekoppeld aan de hydraulische cilinder, waarbij het

hulpreservoir gas en hydraulische vioeistof beval, en het hoofdreservoir
een eerste druk-volumeveranderingskarakieristiek heeft die verschilt
van een tweede druk-volumeveranderingskarakleristiek van het
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hulpreservoir, in die zin dat de druk in het hoofdreservoir minder
verandert dan de druk in het hulpreservoir bij gelijke uitwisselingen van
volume van de hydraulische vioeistof uit de hydraulische cilinder.

4.1 The subject-matter of claim 1 is therefore new.

5 The problem to be solved by the present invention may be regarded as
adding adjustments to the force of the mooring cable in the intermediate
phase of operation, i.e. between the pay-out phase and the hauling phase of
the device, when no hydraulic flow occurs between the hydraulic cylinder and
the main reservair.

) The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step for the following reasons: a
hydraulic mooring cable holding device according to claim 1 is not rendered
obvious by the available prior art.

6.1 The subjeci-matter of claim 1 is therefore also inventive.

7 The same reasoning applies, mutatis mutandis, to the subject-matter of the
corresponding independent claim 11, which therefore is also considered as
new and inventive.

8 Claim 2-10 being dependent on claim 1 and claims 12-14 being dependent on
claim 11, they as such also meet the requirements of novelty and inventive
step.

Be ltem Vili

Certain observations on the application
Claim 1 is not clear.

it is believed that the overpressure valve (262) is configured to pass hydraulic liquid
from the hydraulic cylinder (20} to the main reservoir (260) when a difference between
afirst pressure in the cylindey and a second pressure in the main reservoir exceeds a
first threshold value, in current claim 1, "de overdrukkisp is geconfigureerd om
hydraulische viceistof door te laten van de hydraulische cilinder naar het
hoofdreservoir wanneer een verschil tussen een eerste druk in het hoofdreservoir en
een tweede druk in het hoofdreservoir in een eersie drempelwaarde overschrijdt’.

The same mistake can be found in the English description on page 3, lines 3-8

Sdek ¥k kdek
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