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Description

[0001] The presentinventionrelates to a docking struc-
ture for docking a vessel to at least one bumper bar of a
marine structure such as, for example, an offshore wind
turbine. The invention further relates to a docking system
comprising such a docking structure and to a vessel with
such a docking structure.

[0002] Afterinstalling a marine structure the structure
has to be maintained on a regular basis. For maintaining
the structure personal needs to access the structure from
time to time. To bring personal to the structure to be main-
tained a transfer vessel is used which docks to the marine
structure. However, the transfer of personal and material
to the marine structure might be difficult or even danger-
ous if the marine structure is more or less fixed relative
to the waves while the boat is floating. Therefore, docking
systems are used which fix the vessel relative to the ma-
rine structure so as to reduce movements of the vessel
relative to the marine structure. Such a docking system
is, for example, disclosed in EP 2 316 721 A1. The dock-
ing system disclosed thereinis fixed to the bow of a vessel
and includes a buffer and hydraulic engagement arms
with hook portions. The engagement arms can be moved
towards each other so as to grip bumper bars located at
the marine structure. Moreover, the engagement arms
comprise hydraulic cylinders by means of which they can
draw the vessel firmly against the bumper bars. After the
vessel is secured to the marine structure by means of
the buffer and the engagement arms the personal and
material can be transferred from the vessel to the struc-
ture.

[0003] Docking systems as described above are suit-
able for use in waves up to a given wave height. If this
wave height is exceeded, no personal or material can be
transferred to the marine structure. In some situations
this may lead to a shutdown of the marine structure until
personal and material can reach the marine structure. In
particular in case of offshore wind turbines shutting down
means losing money since the wind turbine cannot pro-
duce energy. It is therefore desirable to have docking
systems which allow transfer of personal and material to
a marine structure even in case of relative large wave
height.

[0004] It is, therefore, an objective of the present in-
vention to provide an advantageous docking structure
and an advantageous docking system which allow for
docking a vessel to a marine structure and for the transfer
of personal or material from the vessel to the marine
structure even with relatively large wave height. It is a
second objective of the present invention to provide an
advantageous vessel which can be used for transferring
personal or material to a marine structure even in case
of relatively large wave height.

[0005] The first objective is achieved by a docking
structure as claimed in claim 1 and by a docking system
as claimed in claim 12. The second objective is achieved
by a vessel as claimed in claim 11. The depending claims
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contain further developments of the invention.

[0006] An inventive docking structure that can be used
for docking avesselto atleast one bumper bar ofamarine
structure such as, for example, of an offshore wind tur-
bine comprises a buffer with at least one gripping system
suitable for gripping a bumper bar of a marine structure,
a mounting section for mounting the docking system to
avessel, and a kinematic structure. The kinematic struc-
ture connects the mounting section to the buffer and of-
fers six degrees of freedom for a relative movement be-
tween the mounting section and the buffer.

[0007] Inthe inventive docking structure the buffer with
the gripping system allows for securely fixing the buffer
to a bumper bar of a marine structure. At the same time,
the kinematic structure with the six degrees of freedom
allows the mounting section of the docking structure, and
thereby a vessel connected to the docking structure by
means of the mounting section, to move and rotate within
a given range relative to the buffer, and thereby relative
to the bumper bar of the marine structure to which the
buffer is fixed. By this measure loads acting on the dock-
ing structure due to relative movement between a vessel
and the marine structure can be reduced, which in the
end allows using the docking structure at relative large
wave height.

[0008] The kinematic structure may comprise a damp-
ing structure fordamping relative movementbetween the
mounting section and the buffer. By this measure the
vessel, which can move in six degrees of freedom due
to the kinematic structure, is prevented from crashing
into the bumper bar. The damping structure may, in par-
ticular, be the hydraulic or pneumatic damping structure.
[0009] Moreover, in the inventive docking structure,
the kinematic structure may comprise a hydraulic or
pneumatic actuator thatis able to set arelative orientation
of the buffer relative to the mounting section. By this
measure it is possible to suitably orientate the buffer
when the vessel calls at the bumper bar of the marine
structure. Due to the freedom in orientation of the buffer
calling at the bumper bar under various angles becomes
possible. Moreover, if controlling of the actuator is fast
movements of the vessel during calling at the bumper
bar can be compensated by adapting the orientation of
the buffer relative to the mounting section.

[0010] A suitable kinematic structure which can be
used in the inventive docking structure is Stewart plat-
form. Such a Stewart platform has a good relation be-
tween loads that can be handled by the kinematic struc-
ture to the weight of the structure.

[0011] In a further development of the inventive dock-
ing structure the buffer comprises atleast one buffer abut-
ment face, where for each bumper bar a buffer abutment
face is present. Moreover, the gripping system comprises
at least one pair of engagement arms, where for each
bumper bar to be gripped a pair of engagement arms is
present and where each engagement arm includes an
arm abutment face for contacting the bumper bar. By
providing a buffer abutment face and a pair of engage-
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ment arms for each bumper bar the bumper bar can be
contacted at three points which allows for securely fixing
the buffer to the bumper bar. The buffer abutment face
and/or the arm abutment faces may be formed by roller
surfaces. By this measure moving the buffer up and down
the bumper bar can be simplified.

[0012] In a still further development of the inventive
docking structure the buffer is equipped with at least one
moveable gear wheel, where for each bumper bar a gear
wheelis presentand where each gear wheel is moveable
within the buffer from a storage position to a working po-
sition in which it contacts the bumper bar when the buffer
abutment face and the arm abutment faces are in contact
with the bumper bar. Such a gear wheel allows for actively
moving the bow of a vessel to which the docking system
is fixed up and down along the bumper bar if the bumper
bar is equipped with a respective gear rod. The gear
wheel may be located above or below a roller containing
the roller surface forming the buffer abutmentface. More-
over, two rollers may be present for each bumper bar,
where each of the two rollers includes a roller surface
forming a buffer abutment face and where the gear wheel
is located between the two rollers. This arrangement may
help to reduce loads on the gear wheel. If alocking mech-
anism is associated to the gear wheels so that the gear
wheels can be locked by use of the locking mechanism.
By locking the gear wheels an up or down movement of
the along the bumper bar can be suppressed.

[0013] An inventive docking system comprises an in-
ventive docking structure and at least one bumper bar.
The bumper bar is connected or connectable to a marine
structure such as, for example, to an offshore wind tur-
bine. The properties and advantages of such a docking
system correspond to those that have already been dis-
cussed with respect to the inventive docking structure.
[0014] In a special development of the inventive dock-
ing system each bumper bar is equipped with a gear rod
and the docking structure is a docking structure that is
equipped with at least one gear wheel for each bumper
bar. The properties and advantages of such an arrange-
ment have already been discussed with respect to the
inventive docking structure.

[0015] An inventive vessel has an inventive docking
structure fixed to its bow. The properties and advantages
that can be achieved with a vessel having an inventive
docking structure fixed to its bow have already been de-
scribed with respect to the inventive docking structure.
[0016] Further features, properties and advantages of
the presentinvention will become clear from the following
description of embodiments in conjunction with the ac-
companying drawings.

Figure 1 shows a buffer of the inventive docking
structure in a perspective front view.

Figure 2 shows the buffer of figure 1 in perspective
rear view.
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Figure 3 shows an engagement arm used in a grip-
ping system of the buffer shown in figures 1 and 2.

Figure 4 shows the kinematic structure by which the
buffer shown in figures 1 and 2 is fixed to the bow of
a vessel.

Figure 5 shows bumper bars of the inventive docking
system.

Figures 6 to 22 show how a vessel is secured to a
marine structure by means of the inventive docking
system.

[0017] Figure 1 shows a buffer which is part of the in-
ventive docking structure in a perspective front view while
figure 2 shows the buffer in a perspective rear view. The
buffer 1 comprises a carrier structure 3 which includes a
frame 5 to which an upper carrier plate 7 and a lower
carrier plate 9 are fixed. Each of the upper carrier plate
7 and the lower carrier plate 9 is equipped with two re-
cesses 11 which form receiving sections, where each
recess 11 is in the form of a trapezoid with the open side
of the recess being formed by the longer base of the
trapezoid and the rear side of the recess being formed
by the shorter base of the trapezoid. The recesses of the
upper carrier plate 7 are located above the recesses 11
of the lower carrier plate 9 so that they together form
receptacles 12 for receiving bumper bars 31 (the bumper
bars are shown in figure 5) of a docking system. Rollers
13 are located on the upper and lower carrier plates 7, 9
close to the rear sides of the recesses 11 in such a way
thatthe roller surfaces project over the rear sides towards
the open sides of the recesses 11. Thus, the roller sur-
faces form abutment surfaces which can butt at bumper
bars 31.

[0018] In addition, the buffer 1 comprises a gripping
system, which is formed by engagement arms 15. One
engagement arm is shown separately in figure 3. The
gripping system of the present embodiment includes two
pairs of engagement arms 15, one pair for each recep-
tacle 12 of the buffer, i.e. one pair for each bumper bar
31 to be gripped. The engagement arms 15 are located
between the upper carrier plate 7 and the lower carrier
plate 9 at the leg sides of the trapezoid recesses 11. They
can be rotated about a rotation axis 17 by means of hy-
draulic cylinders 19 or any other suitable drive means,
such as, e. g., electric motors. Engagement rollers 21
are positioned at the free ends of the engagement arms
15 and can project into the respective receptacle 12
formed by the recesses 11 to butt at a bumper bar 31
received in the receptacle when the engagement arms
are activated.

[0019] When the engagementarms 15 are not activat-
ed the free ends with the engagement rollers 21 are lo-
cated between the upper carrier plate 7 and the lower
carrier plate 9 so that they do not project into the recep-
tacles 12. After being activated the engagement arms 15



5 EP 2 818 396 A1 6

are rotated about their respective rotation axis 17 by
means of the hydraulic cylinders 19 or any other suitable
drive means so that the engagementrollers 21 will project
into the receptacles 12 to butt at a bumper bar 31 located
within the receptacles 12. When the engagement rollers
21 and the rollers 13 butt at a bumper bar 31 the bumper
baris engaged at three points which are distributed about
the circumference of the bumper bar 31 so that the bump-
er bar 31 is securely gripped and cannot slip out of the
receptacle 12. In particular, the three points of contact
with the bumper bar 31 may substantially form an equi-
lateral triangle.

[0020] Gear wheels are present at the rear side of the
receptacles 12. They are located between the upper car-
rier plate 7 and the lower carrier plate 9 and each gear
wheel is moveable from a location outside of the respec-
tive receptacle 12 to a location in which it at least partly
projects into the receptacle 12. For moving the gear
wheel 23 into the receptacle 12 and out of the receptacle
12 a swivel axis 27 is present about which the gear wheel
23 can be swivelled, driven by a hydraulic cylinder 25 or
any other suitable drive means such as, e. g., an electric
motor. When the gear wheel 23 is swivelled into the re-
ceptacle 12 it can engage a gear rod 29 that is located
at a bumper bar 31 of an inventive docking system.
Bumper bars 31 of a marine structure 32 which are
equipped with gear rods 29 are shown in figure 5.
[0021] Figure 4 shows atop view of the inventive dock-
ing system that illustrates an inventive docking structure
fixed to the bow 33 of a vessel 35. Moreover, the figure
shows two bumper bars 31. In addition to the buffer 1
which has been described with respect to figures 1 to 3
the docking structure includes a Stewart platform 37 one
side of which is connected to the rear end of the buffer
1 and the other side of which comprises one or more
mounting sections for mounting it to the bow 33 of a ves-
sel 35. In the present embodiment, the mounting sections
are formed by three fixing points 39 by which the Stewart
platform can be fixed to the bow 33 of a vessel 35. How-
ever, the mounting section may also be realised as a
fixing platform of the Stuart platform that can be fixed to
the bow of a vessel.

[0022] The Stewart platform 37 includes 6 diagonal Hy-
draulic jacks that are mounted in pairs at the fixing points
39 or at the fixing platform and cross over to three mount-
ing points at the buffer 1 where they are also mounted in
pairs but in another configuration than at the fixing pints
39 or at the fixing platform. The Stewart platform 37 is a
kinematic construction which allows to move the buffer
relative to the fixing points 39, and thereby relative to the
vessel 35, in six degrees of freedom, i.e. the Stewart
platform allows the buffer 1 to be shifted relative to the
vessel in three independent directions and to be rotated
relative to the vessel 35 about three independent rota-
tional axes. Hence, the Stewart platform 37 allows the
buffer 1 to be freely rotated and shifted relative to the
vessel 35 in a given translational range and the given
angular range. Please note that it is not mandatory to
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use a Stewart platform 37 for connecting the buffer 1 to
the bow 33 of a vessel 35. Any other suitable kinematic
structure offering six degrees of freedom would be use-
able as well. However, since the Stewart platform is a
parallel kinematics it can achieve a high rigidity with a
relatively low weight construction. Moreover, the Stewart
platform 37 can also be used as a suitable shock-absorb-
ing means.

[0023] The use of the inventive docking structure will
now be described with reference to figures 6 to 22. While
figures 6 to 13 show the approach of the vessel 35 to the
bumper bars figures 14 to 22 show how the vessel is
moored to the marine structure by use of the inventive
docking system.

[0024] Figure 6 shows a vessel 35 to the bow 33 of
which a docking structure with a buffer 1 as has been
described with respecttofigures 1 to 3 and with a Stewart
platform 37 is fixed by means of the fixing points 39. The
figure also shows a tower 43 of an offshore wind turbine
which forms the marine structure of the present embod-
iment. The tower 43 is equipped with two bumper bars
31 as they are shown in figure 5. Figures 7 to 13 show
the vessel 35 and the tower 43 in a schematic top view,
where Figures 6 to 9 show the vessel as it approaches
the wind turbine tower 43. As can be seen from figures
6 to 9, the vessel 35 approaches the bumper bars 31 not
frontally but at an angle so that the buffer 1 will contact
one of the bumper bars 31 (the lower bumper bar in fig-
ures 6 to 9) first. In the stage of approaching the bumper
bars 31 the Stewart platform is fully extended, i.e. its hy-
draulic jacks 41 are fully extended. Moreover, the buffer
1 is oriented in line with the vessel 35.

[0025] The final stage of approaching the bumper bars
31 is shown in figures 10 to 13. In the final approach, the
skipper heads for one of the bumper bars 31 so that the
respective bumper bar 31 is received within one of the
receptacles 12 of the buffer 1. The receptacle 12 that is
to receive the bumper bar 31 is chosen such that the
other receptacle 12 is able to receive the second bumper
bar 31. Once the first bumper bar 31 contacts the rollers
13 on the upper and lower carrier plates 7, 9 the skipper
ensures relevant vessel heading and forward trust while
the Stewart platform 37 rotates to engage the second
bumper bar 31 with the other receptacle 12 (see figure
11). When therollers 13 of the other receptacle 12 contact
the second bumper bar (see figure 12) the vessel turns
into position so that the bumper bars 31 are straight
ahead of the bow 33 of the vessel 35. This last stage of
approaching the bumper bars 31 is shown in figure 13.
In the final approach of the vessel 35 to the tower 43,
contact betweentherollers located atthe upper and lower
carrier surfaces 7, 9 with the bumper bars 31 can be
detected by means of suitable detectors which are known
to a person skilled in the art and will, therefore, not be
described in further detail here. Moreover, the Stewart
platform 37 is absorbing the shocks when the rollers butt
at the bumper bars 31. The operation of the docking sys-
tem may be done manually or by means of on board
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computer aid, which in the latter case will manage the
simultaneous operation of the various parts of the dock-
ing system and forward and sideward engine generated
pull during docking on and docking off operation. Auto
pilot will control the ships movements with information
from the platform (piston position and hydraulic pres-
sure). This gives a safe ship control.

[0026] Figures 14 to 18 show the gripping of the bump-
er bars 31 by means of the gripping structure that is part
ofthe buffer 1. The figures show, in atop view, the bumper
bars 31, the buffer 1 and the Stewart platform 37. Figure
14 is more or less and enlarged detailed view of figure
13. The rollers 13 of the buffer 1 contact the bumper bars
31 and the vessel 35, the buffer 1 and the wind turbine
tower 43 have been aligned relative to each other. Once
contact of the rollers 13 of the buffer 1 with the bumper
bars 31 is affirmed, i. e. once contact between the bumper
bars 31 and the rollers 13 of the buffer 1 has been de-
tected, the engagement arms 15 will be activated, as it
is shown in figure 15. Upon activation of the engagement
arms 15 the hydraulic cylinders 19 expand to rotate the
engagement arms 15 about their respective rotation axis
17 until the engagement rollers 21 butt at the bumper
bars 31 (compare figures 16 and 17). Butting of the en-
gagement rollers 21 at the bumper bars can be detected
by suitable detectors which are known to a person skilled
inthe art. When the engagement rollers 21 and the rollers
13 butt at the bumper bars 31 the buffer 1, and thereby
the vessel 35, is secured against slipping off from the
bumper bars 31. Due to the fact that the abutment faces
butting at the bumper bars 31 are roller faces the buffer
1 can move up and down the bumper bars 31 without
great resistance. This stage of the docking process is
shown in figures 18 and 19.

[0027] Figures 20 to 22 show the final steps of mooring
the vessel 35 to the wind turbine tower 43. In particular,
figures 20 and 21 show the buffer 1 in a side view without
the side walls so that the interior of the buffer 1 is visible.
After the buffer 1 has been secured to the bumper bars
31 against slipping off the gear wheels 23 will be swivelled
about the swivel axis 27 from a first position in which they
are located fully between the upper carrier plate 7 and
the lower carrier plate 9 into a second position in which
they at least partly project into the receptacles 12 so that
they engage the gear rods of the bumper bars 31. Swiv-
elling the gear wheels 23 is done by means of hydraulic
cylinders 25. After swivelling the gear wheels 27 into the
second position, the teeth of the gear wheels 23 are in
working contact with the teeth of the gear rods 29 shown
in figure 5. The stage with the teeth of the gear wheels
23 contacting the teeth of the gear rods 29 is shown in
figure 21. In this stage the gear wheels 23 are freewheel-
ing so that the vessel 35 can still move up and down
together with the waves.

[0028] A locking mechanism is associated with the
gear wheels 23 which allow locking the gear wheels 23
so that freewheeling can be stopped. Locking the gear
wheels 23 is done when the vessel 35 is on top of a wave,
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where the locking is realised, for example, by means of
a hydraulic mechanism. Once the gear wheels 23 are
locked the bow 33 of the vessel 35 stays at a certain
height so that the bow 33 is out of the waves and personal
or material can be transferred from the vessel to the wind
turbine tower 43. Since the bow 33 of the vessel 35 is
always above the waves the risk for personal transferring
from the vessel to the wind turbine tower 43 can be re-
duced, even in case of a relatively large wave height.
While the bow 33 of the vessel is located above the waves
the stern 45 of the vessel 35 can freely follow the waves
since the Stewart platform 37 allows for a relative motion
between the vessel 35 and the buffer 1 in six degrees of
freedom. Movement of the bow 33 is thereby greatly re-
duced since the movement of the vessel is more or less
a relative movement of its stern 45 about the buffer.
[0029] For casting off, the gear wheels 23 are used to
slowly lower the bow 33 into the waves again. Then, the
gear wheels 23 are disengaged from the gear rods 29
and the engagement arms 15 are moved out of the re-
cesses 11 so that the vessel 35 is free to move away
from the wind turbine tower 43.

Claims

1. A docking structure for docking a vessel (35) to at
least one bumper bar (31) of a marine structure (43),
comprising:

- a buffer (1) with at least one gripping system
(15) suitable for gripping a bumper bar (31) of a
marine structure (43);

- a mounting section (39) for mounting the dock-
ing system to a vessel; and

- a kinematic structure (37) which connects the
mounting section (39) to the buffer (1) and offers
six degrees of freedom for a relative movement
between the mounting section (39) and the buff-
er(1).

2. Thedocking structure as claimed in claim 1, in which
the kinematic structure (37) comprises a damping
structure for damping the relative movement be-
tween the mounting section (39) and the buffer (1).

3. Thedocking structure as claimed in claim 2, in which
the kinematic structure (37) comprises a hydraulic
or pneumatic damping structure.

4. Thedocking structure as claimed in any of the claims
1 to 3, in which the kinematic structure (37) compris-
es a hydraulic or pneumatic actuator (41) thatis able
to manipulate the relative orientation of the buffer (1)
relative to the mounting section (39).

5. Thedocking structure as claimed in any of the claims
1to4, in which the kinematic structure (37) is a Stew-
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art platform.

The docking structure as claimed in any of the claims
1to 5, in which the buffer (1) comprises at least one
buffer abutment face (13), where for each bumper
bar (31) a buffer abutment face (13) is present, and
the gripping system comprises at least one pair of
engagement arms (15), where for each bumper bar
(31) to be gripped a pair of engagement arms (15)
is present and where each engagement arm (15)
includes an arm abutment face (21) for contacting
the bumper bar (31).

The docking structure as claimed in claim 6, in which
the buffer abutment face and/or arm abutment faces
are formed by roller surfaces (13, 21).

The docking structure as claimed in claim 7, in which
the buffer (1) is equipped with atleast one gear wheel
(23), where for each bumper bar (31) a gear wheel
(23) is present and where each gear wheel (23) is
arranged such at the buffer (1) that it can be moved
into contact with the bumper bar (31) when the buffer
(1) abutment face (13) and the arm abutment faces
(21) are in contact with the bumper bar (31).

The docking structure as claimed in claim 8, in which
the gear wheel (23) is located above or below aroller
(13) containing the roller surface forming the buffer
abutment face.

The docking structure as claimed in claim 9, in which

- two rollers (13) are present for each bumper
bar (31),

- each of the two rollers (13) includes a roller
surface forming a buffer abutment face and

- the gear wheel (23) is located between the two
rollers.

The docking structure as claimed in any of the claims
8 to 10, in which a locking mechanism is associated
to the gear wheels (23) so that the gear wheels (23)
can be locked by use of the locking mechanism.

A vessel (35) with a docking structure according to
any of the claims 1 to 11 fixed to its bow (33).

A docking system comprising a docking structure as
claimed in any of the claims 1 to 11 and at least one
bumper bar (31) connected or being connectable to
a marine structure (43).

The docking system as claimed in claim 13, in which
each bumper bar (31) is equipped with a gear rod
(29) and the docking structure is a docking structure
according to any of the claims 8 to 11.
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