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(54) Title: MOORING DEVICE FOR MOORING A SHIP

(57) Abstract: Mooring device for mooring a ship and comprising a base, a

movable arm construction supported by the base, and at least one magnet
mounted in a frame, which frame is supported by the movable arm construc -
tion, and wherein for mooring the ship the at least one magnet is arranged to
attract the ship's hull, wherein at or near the at least one magnet a force gen-
erating device is provided comprising a movable force exerting part for ap-
plying a force on the ship's hull in order to test whether the magnet attracting
the ship's hull provides at least a required mooring force, and that means for
measuring for measuring the distance between the at least one magnet and
the ship's hull are provided that are connected or connectable to a detection
device for detecting whether or not the magnet is loose from the ship's hull.
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Mooring device for mooring a ship

The invention relates to a mooring device for mooring a ship and comprising a base, a

movable arm construction supported by the base, and at least one magnet mounted in a

5  frame, which frame is supported by the movable arm construction, and wherein for mooring
the ship the at least one mag- net is arranged to attract the ship's hull. The invention also
relates to a method for mooring a ship using such a mooring device.

A mooring device according to the preamble is known from W02010/053368.
According to this citation the mooring device is placed ashore and is used for moving the

10 magnet to the ship’s hull and mounting the ship to the quayside. According to one of the
aspects of the invention the mooring device can however also be mounted on the ship,
wherein the magnet is connected to a magnetisable fixture onshore. The mooring device can
also be used for connecting one ship to another ship. The magnet to be employed can be
either permanent, semi-permanent or it can be an electromagnet.

15 There is a need to ensure, preferably automatically, that the ship is reliably moored
when use is made of a mooring device according to the preamble.

From WO 2011/053140 a magnetic anchoring method and device is known
comprising a magnet unit configured to generate a magnetic field to develop an attracting
force between the magnet unit and a wall structure. The magnetic anchoring device of this

20  citation further comprises a force generating device configured to engage the magnet unit,
and to generate a test force in a predetermined direction between the magnet unit and the
wall structure, and a force measuring device connected to the force generating device, and
configured to measuring the test force.

An aspect of the invention is to improve and simplify the known magnetic anchoring

25  method and device. A further object is to make the known method and device practically
suitable for day to day use in a real life environment, and make it in principle possible that the
anchoring or mooring of the ship can be performed at least in part automatically. These and
other objectives will become apparent from the following disclosure of the invention.

CA 2885915 2019-11-22
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According to a first aspect of the invention, at or near the at least one magnet of the
mooring device a force generating device is provided comprising a movable force exerting
part for applying a force on the ship's hull in order to test whether the magnet attracting the
ship's hull pro- vides at least a required mooring force, and that means for measuring a
distance between the at least one magnet and the ship's hull are provided that are connected
or connectabile to a detection device for detecting whether or not the magnet is loose from the
ship's hull. In this very elegant way the requirement of WO 2011/053140 to measure the test
force that is applied between the magnet and the ship's hull with a force measuring device is
obviated so that the teaching of this citation is not used in the instant invention.

According to the invention a method for mooring a ship is proposed using said
mooring device, wherein the ship's hull is attracted with the at least one magnet, and that after
initial mooring wherein the magnet or magnets are close enough to attract the ship's hull, the
movable force exerting part is activated for applying a force on the ship's hull in order to test
whether the magnet attracting the ship's hull provides at least a required mooring force.
According to the invention this is done by monitoring a distance between the magnet and the
ship’s hull so as to detect whether the magnet meets the required mooring force.

According to another aspect of the invention, there is provided a mooring device for
mooring a ship having a hull and comprising a base, a movable arm construction supported
by the base, and at least one magnet mounted in a frame, which frame is supported by the
movable arm construction, and wherein for mooring the ship the at least one magnet is
arranged to attract the ship's hull, wherein at or near the at least one magnet a force
generating device is provided comprising a movable force exerting part for applying a force on
the ship's hull in order to test whether the at least one magnet attracting the ship's hull
provides at least a required mooring force, and wherein means for measuring a distance
between the at least one magnet and the ship's hull are provided that are connected or
connectable to a detection device for detecting whether or not the at least one magnet is
loose from the ship's hull, wherein the movable force exerting part comprises a hydraulic
cylinder fender having a preferential position in which the hydraulic cylinder fender protrudes
beyond a surface of the at least one magnet for contacting the ship's hull so as to arrange that
during mooring the a frontal surface of the hydraulic cylinder fender engages the ship's hull
prior to the at least one magnet.

CA 2885915 2019-11-22
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According to another aspect of the invention, there is provided a ship provided with
one or more mooring devices as described above.

According to another aspect of the invention, there is provided a method for mooring a
ship having a hull using a mooring device comprising a base, a movable arm construction

5  supported by the base, and at least one magnet mounted in a frame, which frame is

supported by the movable arm construction, and wherein for mooring the ship the ship's hull
is attracted with the at least one magnet, wherein at or near the at least one magnet a force
generating device comprising a movable force exerting part is activated for applying a force
on the ship's hull in order to test whether the at least one magnet attracting the ship's hull

10 provides at least a required mooring force, and wherein a distance between the magnet and
the ship's hull is monitored so as to detect whether the at least one magnet meets the
required mooring force, wherein an excursion of the movable force exerting part is measured
for detecting whether or not the distance between the at least one magnet and the ship's hull
is increased. '

15 Suitably the means for measuring the distance be- tween the magnet and the ship's
hull is embodied as a contact switch or proximity switch for measuring the presence of the
ship's hull. Such a switch is all that is required to monitor whether the attachment of the
magnet to the ship's hull is lost or not. It is however also possible that an excursion of the
movable force exerting part is measured for detecting

20

CA 2885915 2019-11-22
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whether or not the distance between the magnet and the ship's
hull is increased in comparison with the distance when the
initial mooring is complete.

Preferably the movable force exerting part com-
prises a hydraulic cylinder fender having a preferential po-
sition in which the fender protrudes beyond the magnet’s sur-
face for contacting the ship's hull so as to arrange that
during mooring the fender’s frontal surface engages the
ship's hull prior to the magnet coming to its closest posi-
tion with reference to the ship's hull. The moment the fender
engages in contact with the ship's hull the fender’s hydrau-
lic system detects the change in hydraulic pressure, which
may be used to initiate the final steps before coupling the
mooring magnets to the ship's hull. These steps entail in-
creasing the pressure exerted by the hydraulic cylinder
fender onto the hull in such a manner that it will exceed the
cylinder’s force capacity, with a slow depression of said
cylinder as a result. When the hydraulic system reaches the
priorly established reguired forces for more than for in-
stance 2 seconds, 1t can be concluded that the mooring device
has reached its optimal position and the magnets of the de-
vice will be switched on and coupled with the hull. This ar-
ranges for a beneficial aspect of the method of the inven-
tion, 1in which the fender protruding beyvond the magnet’s
surface arranges for a soft engagement with the ship's hull.
Then after the initial mooring operation according to this
method in which the fender gets depressed, the hydraulic cyl-
inder of the fender is further loaded so as to apply a force
on the fender towards its preferential position in order to
detect whether the fender moves back to the said preferential
pbsition. If the fender does not move, the magnet meets the
required mooring force.

Although the foregoing discusses the mooring device
of the invention with reference to the application of at
least one magnet, the mooring device of the invention pref-
erably comprises a plurality of magnets, wherein each magnet
1s provided with a force generating device or devices as-

signed to that particular magnet. One preferred embodiment
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has four magnets, positioned in a square of 2 x 2. When in-

deed the applied mooring device comprises four magnets posi-~

tioned in a square of 2 x 2,

and each magnet is provided with

a force generating device or devices assigned to that par-

ticular magnet, the method of the invention to moor a ship is

preferably carried out such that in a first step all force

generating devices are activated, and that thereafter:

~if all the magnets meet the required mooring force, the ship

1s deemed moored; and that

if a first one of the magnets does not meet the required

mooring force, a first force it is able to attain is

measured and the required mooring force minus this meas-

ured first force of the first detached magnet are redis-

tributed among the remaining three magnets; and

if all of the magnets then meet the required redistrib-

uted mooring force, the ship is deemed moored; and that

O

if after the redistribution of forces a second

magnet fails to attain the increased reguired

force, it i1s measured what second force it can then

hold and the remaining needed force (total mooring

force needed

minus measured first hold force of the

first detached magnet and minus the measured second

hold force of the second detached magnet) i1s then

redistributed over the remaining two magnets; and

if all of the magnets then meet the required re-

distributed mooring force, the ship is deemed

moored; and that

If after the redistribution of forces a third
magnet fails to attain the increased required
force, it i1s measured what third force it can
then hold and the remaining needed force (to-
tal mooring force needed minus measured first
hold force of the first ‘detached magnet, minus
measured second hold force of the second de-
tached magnet and minus measured third hold
force of the third magnet is then redistrib-

uted to the remaining one magnet, and

if all of the magnets then meet the required
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redistributed mooring force, the ship is

deemed mocred; and that

e 1if the fourth magnet does not meet the
required moorirng force the magnet and the
ship are moved with respect to each other
and the procedure is repeated with said

first step.

The invention will hereinafter be further elucidated
with reference to the drawing of a schematic representation
of a single mooring device according to the invention.

In the drawing:

-figure 1 shows the mooring device of the invention
in a perspective view from the back;

-figure 2 shows a perspective frontal view at the
mooring device of the invention; and

-figures 3a, 3b and 3c show in a side view, frontal
view and isometric view, respectively one magnet together
with a force generating device or devices forming part of the
mooring device of the invention.

Whenever in the figures the same reference numerals
are applied, these numerals refer to the same parts.

With reference first to figure 1, the mooring device
1 of the invention is shown in a perspective view from be-
hind. This mooring device 1 for mooring a ship comprises a
base 2, a movable arm construction 3 supported by the base 2,
and at least one but in practice usually several (preferably
four) magnets 4 mounted in a frame 5. The magnets 4 are
placed in a square of 2 x 2 as may be best seen in figure 2.
The frame 5 is supported by the movable arm construction 3.
As shown in figure 1 the frame 5 is provided with at least
one but usually several leaf springs 6, wherein each magnet 4
is supported by one leaf spring 6.

Figure 1 and the perspective frontal view of figure
2 show that near to each magnet 4 several force generating
devices 7 are provided that are assigned to such magnet. It
is also possible to apply a single force generating device 7.

Figure 3a, 3b and 3¢ provide a detailed view of the
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force generating device or devices 7 which are applied in
combination with the magnet 4. The force generating device 7
comprises a movable force exerting part 8 which is intended
for applying a force on a ship's hull 11. The force exerting
part 8 1s then used in order to test whether the magnet 4 at-
tracting the ship's hull 11 provides at least a required
mooring force. Further there are means 9 provided for measur-
ing the presence of an object, in particular a ship's hull
11, which means 9 are connected or connectable to a detection
device 10 for detecting whether or not the magnet 4 is loose
from the ship's hull 11.

The means 9 for measuring the presence of the ship
hull 11 can suitably be embodied as a contact switch or prox-
imity switch 9. Of course other options are feasible as well.
It is for instance possible to measure the excursion of the
movable force exerting part 8, and take this as an indication
whether or not the contact of the magnet 4 with the ship's
hull 11 is lost,

Figure 3a, 3b and 3¢ show the preferable embodiment
in which the movable force exerting part 8 comprises a pref-
erably padded hydraulic cylinder fender 14. This fender 14
has a preferential position in which the fender 14 protrudes
beyond the magnet’s most forward surface 4’ for contacting
the ship's hull 11 so as to arrange that during mooring the
fender’s frontal surface 14’ engages the ship's hull 11 first
and prior to the magnet 4 arriving at its closest position
with respect to the ship's hull 11 at the time that the ini-
tial mooring i1s complete, and testing of the then present
mooring forces will be executed.

The hydraulic cylinder of the fender is activated
for testing the mooring force of the magnet 4 as will become
clear from the following description.

During use the mooring device of the invention op-
erates as follows. After the initial engagement of the mag-
nets 4 with the ship's hull 11, the movable force exerting
part 8 of the force generating device 7 is activated for ap-
plying a force on the ship's hull 11 in order to test whether
the magnet 4 attracting the ship's hull 11 provides at least
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a required mooring force. During this process the distance
between the magnet 4 and the ship's hull 11 is monitored with
the means 9 for measuring the presence of an object, sc as to
detect whether the magnet 4 meets the required mooring force.
This can also be done by measuring an excursion of the mov-
able force exerting part 8 in order to detect whether or not
the distance between the magnet 4 and the ship's hull 11 is
increased in comparison with the distance immediately follow-
ing the initial mooring when the attraction is brought about
between the magnet 4 and the ship's hull 11.

In connection with the initiai approaching of the
magnet 4 and the ship's hull 11, a beneficial aspect of the
mooring device of the invention is that the movable force ex-
erting part 8 is embodied with a padded hydraulic cylinder
fender 14 having a preferential position in which the button
14 protrudes beyond the magnet’s surface 4’ for soft engage-
ment with the ship's hull 11. After the initial mooring op-
eration with this soft engagement in which the fender 14 is
depressed, the cylinder of the device is further loaded sc as
to apply a force on the fender 14 aimed at having it turn
back towards its preferential position in order to detect
whether the fender 14 indeed moves back to its preferential
position or not. In the latter situation that it does not
move back the concerning magnet 4 is deemed to meet the re-
gquired mooring force.

When the applied mooring device as is shown in fig-
ure 1 and figure 2 comprises a plurality of four magnets po-
sitioned in a square of 2 x 2, and each magnet 4 is provided
with a force generating device or devices 7 assigned to that
particular magnet, the checking procedure applying to the
mooring process 1s carried out such that in a first step all
force generating devices 7 are activated, and that:

-if all of the magnets 4 meet the required mooring force, the
ship is deemed moored; and that
o 1if a first one of the magnets 4 does not meet the re-
quired mooring force, a first force it is able to attain
is measured and the required mooring force minus this

measured first force of the first detached magnet are
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redistributed among the remaining three magnets; and

e 1f all of the magnets then meet the required redistrib-
uted mooring force, the ship is deemed moored; and that
o 1f after the redistribution of forces a second
magnet 4 fails to attain the increased required
force, it is measured what second force it can then
hold and the remaining needed force (total mooring
force needed minus measured first hold force of the
first detached magnet 4 and minus the measured sec-
ond hold force of the second detached magnet 4) is
then redistributed cver the remaining two magnets;
and
o 1f all of the magnets then meet the required re-
distributed mooring force, the ship is deemed
moored; and that
s TIf after the redistribution of forces a third
magnet fails to attain the increased required
force, it 1s measured what third force 1t can
then hold and the remaining needed force (to-
tal mooring force needed minus measured first
hold force of the first detached magnet 4, mi-
nus measured second hold force of the second
detached magnet 4 and minus measured third
hold force of the third magnet 4 is then re-

distributed to the remaining one magnet, and

8 if all of the magnets then meet the required
redistributed mooring force, the ship is
deemed moored; and that

o if the fourth magnet does not meet the
required mooring force the magnet and the
ship are moved with respect to each other
and the procedure is repeated with said

first step.

As remarked above the mooring device of the inven-
tion may be placed ashore to connect to a ship’s hull for

mooring purposes. According to the invention it is however
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also possible to provide a ship with one or more mooring de-
vices according to the invention.

The appended claims provide the scope of protection
of the instant invention, whereas the foregoing description
is intended merely to elucidate any ambiguity that may possi-
bly regside in these claims without the intent to limit the
claims to the specific embodiment that has been discussed
with reference to the drawing. The scope of protection that
merits the invention is therefore solely defined by the ap-
pended claims and the construction of these claims should be
as broad as 1s warranted by the invention in view of its con-

tribution to the prior art.
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CLAIMS

1. A mooring device for mooring a ship having a hull and comprising a base, a
movable arm construction supported by the base, and at least one magnet mounted in a
frame, which frame is supported by the movable arm construction, and wherein for mooring
the ship the at least one magnet is arranged to attract the ship's hull, wherein at or near the at
least one magnet a force generating device is provided comprising a movable force exerting
part for applying a force on the ship's hull in order to test whether the at least one magnet
attracting the ship's hull provides at least a required mooring force, and wherein means for
measuring a distance between the at least one magnet and the ship's hull are provided that
are connected or connectable to a detection device for detecting whether or not the at least
one magnet is loose from the ship's hull, wherein the movable force exerting part comprises a
hydraulic cylinder fender having a preferential position in which the hydraulic cylinder fender
protrudes beyond a surface of the at least one magnet for contacting the ship's hull so as to
arrange that during mooring the a frontal surface of the hydraulic cylinder fender engages the
ship's hull prior to the at least one magnet.

2. The mooring device according to claim 1, characterized in that the means for
measuring the distance between the at least one magnet and the ship's hull is embodied as a
contact switch or proximity switch. '

3 The mooring device according to claim 1, wherein upon activation of the
hydraulic cylinder fender, the hydraulic cylinder fender applies a force towards a preferential
position.

4, The mooring device according to claim 1, additionally comprising a plurality of

magnets, wherein each one of the plurality of magnets is provided with a force generating
device or devices assigned to that particular magnet.

5. The mooring device according to claim 4, comprising four magnets, positioned
in a square of 2X2.

6. A ship provided with one or more mooring devices according to claim 1.

CA 2885915 2020-01-31
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7. A method for mooring a ship having a hull using a mooring device comprising a
base, a movable arm construction supported by the base, and at least one magnet mounted
in a frame, which frame is supported by the movable arm construction, and wherein for
mooring the ship the ship's hull is attracted with the at least one magnet, wherein at or near
the at least one magnet a force generating device comprising a movable force exerting part is
activated for applying a force on the ship's hull in order to test whether the at least one
magnet attracting the ship's hull provides at least a reqdired mooring force, and wherein a
distance between the magnet and the ship’s hull is monitored so as to detect whether the at
least one magnet meets the required mooring force, wherein an excursion of the movable
force exerting part is measured for detecting whether or not the distance between the at least
one magnet and the ship's hull is increased.

8. The method for mooring a ship according to claim 7, wherein the movable
force exerting part is embodied with a hydraulic cylinder fender having a preferential position
in which the hydraulic cylinder fender protrudes beyond a surface of the at least one magnet
for soft engagement with the ship's hull, and wherein after an initial mooring operation in
which the hydraulic cylinder fender is depressed, the hydraulic cylinder fender is further
loaded so as to apply a force on the hydraulic cylinder fender towards a preferential position
in order to detect whether the hydraulic cylinder fender moves back to the preferential position
and/or the at least one magnet meets the required mooring force.

9. The method for mooring a ship according to claim 7, wherein the mooring
device, when applied, comprises a plurality of four magnets positioned in a square of 2x2,
wherein each one of the four magnets is provided with a force generating device or devices
assigned to that particular magnet, and wherein in a first step all force generating devices are
activated, and wherein:

if all of the four magnets meet the required mooring force, the ship is deemed moored;
and wherein

if a first one of the four magnets does not meet the required mooring force, a first
attainable force is measured and the required mooring force minus this measured first
attainable force of the first one of the four magnets are redistributed among remaining three of
the four magnets; and

CA 2885915 2019-11-22
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if all of the four magnets then meet the required redistributed mooring force, the ship is
deemed moored; and wherein
if after the redistribution of forces a second one of the four magnets fails to attain the
increased required force, a second attainable force is measured and the remaining needed
5 force (total mooring force needed minus measured first attainable force of the first detached
magnet and minus the measured second attainable force of the second one of the four
magnets) is then redistributed over remaining two of the four magnets; and
if all of the four magnets then meet the required redistributed mooring force, the ship is
deemed moored; and wherein
10 if after the redistribution of forces a third one of the four magnets fails to attain the
increased required force, a third attainable force is measured and the remaining needed force
(total mooring force needed minus measured first attainable force of the first detached
magnet, minus measured second attainable force of the second detached magnet and minus
measured third attainable force of the third one of the four magnets) is then redistributed to
15 remaining one of the four magnets, and
if all of the four magnets then meet the required redistributed mooring force, the ship is
deemed moored; and wherein
if a fourth one of the four magnets does not meet the required mooring force the fourth
one of the four magnets and the ship are moved with respect to each other and the procedure
20 s repeated with said first step.
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Fig. 2
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Fig. 3a
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