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(54) System and method for mooring a floating vessel against a stationary object

(57) A system is provided for mooring a vessel
against a stationary object, for example the mast of a
wind turbine erected in water. The stationary object com-
prises at least one substantially vertical bumper bar
which is attached to the stationary object by means of an
extension. The vessel comprises a hull, an engine for
propelling the vessel, and a buffer body which protrudes
in relation to the hull. The bumper bar comprises a sub-
stantially vertical, inside guide track which substantially
faces the stationary object and a substantially vertical,
outside guide track which substantially faces away from
the stationary object. The vessel comprises at least one
engagement arm which at one end is provided with an

engagement member. The engagement arm can be
moved in relation to the hull between a mooring state, in
which the engagement member engages on the inside
guide track of the bumper bar and is vertically displace-
able along this, and a release state, in which the engage-
ment member is out of engagement with the inside guide
track. The buffer body in the mooring state engages on
the outside guide track of the bumper bar and is vertically
displaceable along this. The inside guide track protrudes
sideways in relation to an adjacent part of the extension
of the bumper bar such that the engagement member of
the engagement arm in the mooring state can be moved
past the extension on vertical displacement along the
inside guide track of the bumper bar.
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Description

[0001] The invention relates to a method for mooring
a floating vessel against a stationary object, for example
a mast of an offshore wind turbine. The stationary object
is for example placed in the sea, wherein the vessel is
moored against this to transfer persons or goods. When
erecting a wind turbine park at sea, persons and goods
are transferred many times to the offshore wind turbines
under construction. Furthermore, installed wind turbines
are visited regularly for maintenance activities. Other sta-
tionary objects at sea are also often visited by vessels to
transfer personnel or equipment.

[0002] EP 1695902 describes a method for stabilising
afloating vessel against an offshore structure. The vessel
has an engine to propel the vessel. The engine pushesa
fender at the bow of the vessel firmly against bumper
bars of the offshore structure. The force exerted by the
engine and the friction between the fender and the bump-
er bars of the offshore structure prevent the fender from
slipping up or down along the bumper bars. As long as
the fender is stabilised against the bumper bars of the
offshore structure, personnel or equipment can be trans-
ferred between the vessel and the offshore structure.
[0003] If the engine of the vessel pushes the fender at
the bow so firmly against the offshore structure that the
fender is stabilised against the offshore structure, the
fender at the bow forms a hinge point on rotation of the
vessel under the effect of the waves (pitch). The stabi-
lised fender however prevents rotation about the longi-
tudinal axis of the vessel (roll) and translation in the height
direction (heave). As aresult, high waves can break over
the bow of the vessel, which leads to hazardous situa-
tions in the transfer of personnel and/or goods. Also, as
a result of the wave movement, the bow of the vessel
can come clear of the water while the engine holds the
fender at the bow pushed against the bumper bars of the
offshore structure, provided that the engine has sufficient
power. As aresult however substantial forces are exerted
on the bumper bars. This can lead to damage to the
bumper bars and the offshore structure. In addition, there
is a risk that the fender will unexpectedly become de-
tached from the offshore structure and suddenly fall
down. On sudden higher waves, the fender can also un-
expectedly move up. This is particularly dangerous.
[0004] Therefore safety regulations apply which limit
the use of this method to maximum 1.5 m significantwave
height. The significant wave height Hs is a term generally
understood in the field of seamanship, traditionally mean-
ing the wave height which an experienced sailor per-
ceives by eye. The significant wave height in practice
appears to be the average height of the highest 1/3 of
the waves. The significant wave height can thus be de-
termined visually or by measurement. If the significant
wave height is less than 1.5 m however there will still be
waves which are higher. It cannot be predicted when this
will happen precisely and what the height of the wave
will be. In principle every following wave can cause an
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unsafe situation in the transfer of persons or goods. An-
other factor is the random wind and current circumstanc-
es which are unpredictable or scarcely predictable. In
addition, there is a risk that the engine will hesitate or
stall, for example due to contaminated fuel, mechanical
or electrical defects, leading directly to a dangerous sit-
uation. It must be recalled that the transfer of persons or
goods to an offshore wind turbine can for example take
20 minutes or longer.

[0005] An object of the invention is to provide an im-
proved system for mooring a vessel against a stationary
object.

[0006] This object is achieved according to the inven-

tion by a system for mooring a vessel against a stationary
object, for example the mast of an offshore wind turbine,
which system comprises a stationary object and a vessel,
wherein the stationary object is provided with:

- atleast one substantially vertical bumper bar which
is attached to the stationary object by means of an
extension,
and wherein the vessel is provided with:

- ahull,

- an engine for propelling the vessel,

- abuffer body which protrudes in relation to the hull,

wherein the bumper bar of the stationary object is pro-
vided with a substantially vertical, inside guide track,
which substantially faces the stationary object, and a sub-
stantially vertical, outside guide track, which substantially
faces away from the stationary object, and the vessel is
provided with at least one engagement arm which at one
end is provided with an engagement member, and the
engagement arm is moveable in relation to the hull be-
tween a mooring state, in which the engagement member
engages on the inside guide track of the bumper bar and
is vertically displaceable along this, and a release state,
in which the engagement member is out of engagement
with the inside guide track, and the buffer body in the
mooring state of the engagement arm engages on the
outside guide track of the bumper bar and is vertically
displaceable along this, and the inside guide track pro-
trudes sideways in relation to an adjacent part of the ex-
tension of the bumper bar such that the engagement
member of the engagement arm in the mooring state can
be moved past the extension on vertical displacement
along the inside guide track of the bumper bar.

[0007] With the system according to the invention, first
by means of the engine the buffer body of the vessel is
pressed against the outside guide track of the bumper
bar of the stationary object, for example a mast of an
offshore wind turbine. The engagement arm is then in
the release state. While the engine holds the buffer body
pressed against the bumper bar, the buffer body can
move over the outside guide track vertically up and down
with the wave movement.

[0008] While the engine holds the buffer body pressed
against the bumper bar and the buffer body moves up
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and down over the outside guide track of the bumper bar,
the engagement arm is moved from the release state to
the mooring state. Hereby the engagement member
hooks behind the inside guide track of the bumper bar.
The engagement member of the engagement arm in the
mooring state can move vertically over the inside guide
track so that the engagement member can also move up
and down with the wave movement.

[0009] On the vertical displacement of the engage-
ment member along the inside guide track of the bumper
bar in the mooring state, the extension with which the
bumper bar is attached to the stationary object is not in
the way. The inside guide track according to the invention
protrudes sideways in relation to the extension so that
the engagement member of the engagement arm can be
moved past the extension. The bumper bar with the side-
ways protruding, inside guide track and the engagement
member are configured to allow a free stroke of the en-
gagement member. The engagement member can pass
the extension on vertical displacement along the inside
guide track of the bumper bar. As the vessel moves up
and down with the waves, the engagement member and
the buffer body of the vessel thus move vertically along
the inside and outside guide tracks respectively without
this vertical displacement being hindered by the exten-
sion.

[0010] With the system according to the invention
mooring of the vessel is therefore achieved by the fact
that the bumper bar is enclosed between the buffer body
and the engagementmember. This prevents a translation
of the vessel away from the bumper bar. At the same
time a translation in the height direction is still possible
so that the vessel can move with the waves. As a result
the system according to the invention can be used with
relatively high waves.

[0011] In one embodiment the stationary object is pro-
vided with at least two substantially vertical bumper bars
which are each provided with a substantially vertical, in-
side guide track running transversely in relation to the
extension of the bumper bar and substantially facing to-
wards the stationary object, wherein for example the in-
side guide track protrudes sideways in relation to the ex-
tension of the bumper bar, and a substantially vertical,
outside guide track substantially facing away from the
stationary object, and the vessel is provided with at least
two engagement arms which are each provided at one
end with an engagement member, and the engagement
arms are each moveable in relation to the hull between
a mooring state, in which the engagement member of
the first or second engagement arm respectively engag-
es on the inside guide track of the first or second bumper
bar respectively and is vertically displaceable along this,
and a release state, in which the engagement member
of the first or second engagement arm respectively is out
of engagement with the inside guide track of the first or
second bumper bar respectively, and the buffer body in
the mooring state of the engagement arms engages on
the outside guide track of the bumper bars and is verti-
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cally displaceable along this, wherein the inside guide
track of the first and second bumper bar respectively pro-
trudes sideways in relation to an adjacent part of the ex-
tension of the first and second bumper bar respectively
such that the engagement member of each engagement
arm in the mooring state, on vertical displacement along
the inside guide track of the first or second bumper bar
respectively, can be moved past the extension of the first
or second bumper bar respectively.

[0012] When two substantially vertical bumper bars
are used, the bumper bars of the stationary object are
arranged mutually parallel and spaced apart from each
other. By connecting the vessel with the two bumper bars
via the two engagement arms, the vessel can be pre-
vented from swivelling in a horizontal plane about the
stationary object (yaw). This also prevents a translation
movement in the width direction of the vessel (sway), as
the bumper bars are enclosed between the engagement
members of the engagement arms. This increases safety
during the transfer of persons or goods.

[0013] For example, the extension is provided with at
least one top support, a bottom support, which is below
the top support, and/or a middle support, which is located
between the top support and bottom support. The sup-
ports of the extension run for example substantially hor-
izontally, each support being attached with a first end to
the stationary object and with a second end to the bumper
bar. Thus the engagement member of the or each en-
gagement arm in the mooring state, on vertical displace-
ment along the inside guide track of the bumper bar or
bumper bars, can be moved past the top support and/or
the middle support and/or the bottom support of the ex-
tension.

[0014] In this case the supports of the extension with
which the bumper bar or bumper bars are attached to
the stationary object do not, in the mooring state, obstruct
the vertical displacement of the engagement member or
engagement members along the inside guide track of the
bumper bar or bumper bars. The inside guide track pro-
trudes sideways in relation to the extension supports.
The bumper bar or bumper bars with the sideways pro-
truding, inside guide track and the engagement member
or engagement members are configured to allow a free
stroke of the engagement member or engagement mem-
bers. The engagement member or engagement mem-
bers can pass the supports of the extension on vertical
displacement along the inside guide track of the bumper
bar orbumper bars. When the vessel moves up and down
with the waves, the engagement member or engagement
members and the buffer body of the vessel move verti-
cally along the inside and outside guide tracks respec-
tively without the vertical displacement being hindered
by the extension supports.

[0015] In one embodiment the or each engagement
arm comprises a support part and an engagement part
wherein the support part is connected with the vessel,
and wherein the engagement part is displaceable in the
mooring direction of the vessel in relation to the support
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part, and wherein the engagement part at the end facing
away from the support part is provided with the engage-
ment member. The engagement part is for example
mounted so as to be reciprocatingly moveable on the
support part. The support part is for example tubular,
wherein the engagement part is held telescopically in the
tubular support part.

[0016] Say thatthe buffer body is attached firmly to the
hull of the vessel. When the buffer body is pressed
against the bumper bar or bars, the vessel can still rotate
about a transverse axis determined by said buffer body
(pitch). The or each engagement arm is situated at a
distance above said transverse axis. When the vessel
for example as the result of a wave rotates down about
the transverse axis, the engagement part moves out in
relation to the support part. The length of the engagement
arm thus increases. The extent of movement of the en-
gagement part in relation to the support part is smaller
than the length of the engagement arm, such as no great-
erthan around 25% of the length of the engagement arm.
The extent of this movement is for example less than 70
cm, in particular less than around 50 cm.

[0017] In one embodiment, the or each engagement
arm and the buffer body are mutually displaceable and
drivable such that the or each bumper bar can be
clamped between the engagement member of the or
each engagement arm and the buffer body. When the
vessel is moored against the stationary object by the
form-fit connection between firstly the buffer body and
the engagement member of the or each engagement arm
and secondly the inside and outside guide tracks of the
or each bumper bar, the engagement arm can pull the
vessel more firmly against the stationary object, or the
buffer body of the vessel is pushed away from the sta-
tionary object. For this the or each engagement arm or
the buffer body respectively comprises a drive member.
As a result, the or each bumper bar is clamped between
the engagement member of the or each engagement
arm. The engagement arm or arms can be continuously
subjected to tensile load. This increases the stability of
the connection between the vessel and the stationary
object, in particular the translation of the vessel in the
longitudinal direction (surge) is prevented.

[0018] Inthis case, itis possible that the drive member
of the or each engagement arm allows a displacement
of the engagement part in the longitudinal direction in
relation to the support part while the engagement arm is
continuously under tensile load. The bumper bars remain
clamped between the buffer body and the engagement
member of the or each engagement arm while rotation
of the vessel about the transverse axis formed by the
buffer body (pitch) is possible. Thus continuous clamping
is possible which is independent of the rotation of the
vessel about the transverse axis formed by the buffer
body (pitch) and can be maintained in almost all circum-
stances.

[0019] In one embodiment, the engagement member
of the or each engagement arm of the vessel is provided
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with at least one roller which is vertically displaceable
along the inside guide track of the or each bumper bar.
It is also possible that the buffer body of the vessel is
provided with at least one roller which is vertically dis-
placeable along the outside guide track of the or each
bumper bar. The use of rollers allows a smooth and low-
friction movement over the inside and/or outside guide
tracks of the bumper bar. Incidentally, the rollers can also
be replaced by other guide elements such as slide blocks.
[0020] In one embodiment, the vessel is provided with
a substantially horizontal guide track, wherein the en-
gagement arms are each attached non-rotatably to a car-
riage which is arranged displaceable along the horizontal
guide track, and wherein the engagement arms in the
release state are at a distance from each other, and
wherein the engagement arms, in particular with the car-
riage, can move along the horizontal guide track towards
each other on movement from the release state to the
mooring state and move apart from each other on move-
ment from the mooring state to the release state.
[0021] In this case, the or each engagement arm is
mounted on the carriage which is connected in a sliding
manner with the substantially horizontal guide track,
which for example runs in the width direction of the ves-
sel. The substantially horizontal guide track is for exam-
ple mounted on the deck of the vessel. The guide track
is for example rectilinear or curved. The carriages with
the engagement arms can move from outside to inside
so that for example at first only one engagement member
moves againsta bumper bar of the stationary object. After
the engagement member has made contact with one of
the bumper bars, the carriages are driven such that the
engagement arms move closer together. This moves the
vessel in the width direction (sway) until the engagement
members of both engagement arms hook behind the in-
side guide tracks of the bumper bars. On driving the en-
gagement arms, the vessel is therefore manoeuvred to-
wards the centre of the stationary object .

[0022] Itis also possible that the or each engagement
arm is connected swivellably about a substantially verti-
cal rotational axis with the vessel. In this case the or each
engagement arm swivels against the bumper bars of the
stationary object. When the engagement arms move to-
wards each other on movement from the release state
to the mooring state, and move apart on movement from
the mooring state to the release state, the vessel can
also be manoeuvred into the desired position in relation
to the bumper bars by the driving of the engagement
arms.

[0023] The bumper bar or bumper bars with the inside
and outside guide tracks can be designed in various
ways. For example the or each bumper bar is provided
with a substantially vertical rod which comprises the in-
side guide track, wherein the supports of the extension
extend substantially horizontally, wherein each support
is attached with a first end to the stationary object and
with a second end to the rod, leaving the inside guide
track of the rod clear. The bumper bars in this case are
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different from conventional bumper bars of offshore wind
turbine masts. These bumper bars according to the in-
vention can nonetheless easily be used on new offshore
wind turbines to be constructed.

[0024] It is also possible that the or each bumper bar
is provided with a substantially vertical rod and a guide
rail which protrudes sideways in relation to the rod,
wherein the guide rail contains the inside guide track,
and wherein the supports of the extension extend sub-
stantially horizontally, wherein each support is attached
with a first end to the stationary object and with a second
end to the rod, leaving the inside guide track of the guide
rail clear. In this case conventional bumper bars can eas-
ily be adapted by attachment of the guide rail, for example
by welding or otherwise. The bumper bars of existing
offshore wind turbines can easily be converted for use
of the invention.

[0025] In one embodiment, the substantially vertical
bumper bars are mounted at a horizontal distance from
each other, wherein the vessel is provided with a nose
body which protrudes in relation to the buffer body, and
wherein the nose body has a width which substantially
corresponds to the horizontal distance between the
bumper bars, and wherein the nose body in the mooring
state of the engagement arms is mounted between the
bumper bars. The nose body in this case prevents trans-
lation of the vessel in the width direction (sway) by the
fact that the nose body is tightly enclosed between the
bumper bars.

[0026] Theinvention also relates to a method for moor-
ing a vessel against a stationary object, for example the
mast of a wind turbine erected in water,

wherein the stationary object is provided with:

- atleast one substantially vertical bumper bar which
is attached to the stationary object by means of an
extension, which bumper bar is provided with a sub-
stantially vertical, inside guide track substantially
facing the stationary object, and a substantially ver-
tical, outside guide track substantially facing away
from the stationary object,
and wherein the vessel is provided with:

- ahull,

- an engine for propelling the vessel,

- a buffer body which protrudes in relation to the hull,

- at least one engagement arm which is provided at
one end with an engagement member, and the en-
gagement arm is moveable in relation to the hull be-
tween a mooring state, in which the engagement
member engages on the inside guide track of the
bumper bar and is vertically displaceable along this,
and a release state, in which the engagement mem-
ber is out of engagement with the inside guide track,
and the buffer body in the mooring state of the en-
gagement arm engages on the outside guide track
ofthe bumper barand is vertically displaceable along
this, and the inside guide track protrudes sideways
in relation to an adjacent part of the extension of the
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bumper bar such that the engagement member of
the engagement arm in the mooring state can be
moved past the extension on vertical displacement
along the inside guide track of the bumper bar,

and wherein the method comprises:

- the pushing of the buffer body of the vessel against
the bumper bar of the stationary object by means of
the engine while the engagement arm is in the re-
lease state, wherein the buffer body by means of the
pushing engages on the outside guide track of the
bumper bar and is vertically displaceable along this,

- the subsequent movement of the engagement arm
from the release state into the mooring state.

[0027] As indicated above, two substantially vertical
bumper bars and two engagement arms may be used. It
is preferred in that case if the vessel is provided with a
substantially horizontal guide track, wherein the engage-
ment arms are each mounted non-rotatably to a carriage
which is mounted displaceable along the horizontal guide
track, and wherein the engagement arms in the release
state are spaced apart from each other, and wherein the
engagement arms on moving from the release state to
the mooring state move towards each other and thus
manoeuvre the vessel into a position in relation to the
bumper bars in which the bumper bars are enclosed be-
tween the engagement arms. Hereby the driving of the
engagement arms helps manoeuvre the vessel into the
correct position in relation to the bumper bars. This is
easier than manoeuvring the vessel by means of the en-
gine alone.

[0028] The invention will now be explained in more de-
tail as an example with reference to the accompanying
drawing.

Figure 1a shows a top view of a first embodiment of
a vessel approaching a stationary object, wherein
the engagement arms are in the release state.

Figure 1b shows a top view of the vessel shown in
figure 1a which is pushed by the engine against a
stationary object, wherein the engagement arms are
in the release state.

Figure 1c shows a top view of the vessel shown in
figure 1a, wherein the engagement arms are in the
mooring state.

Figure 1d shows a side view of the vessel shown in
figure 1a, wherein the engagement arms are in the
mooring state.

Figure 2a shows a perspective view of a second em-
bodiment of a vessel, wherein the engagement arms
are in the mooring state.

Figure 2b shows an enlarged top view of the vessel
shown in figure 2a, wherein the engagement arms
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are in the mooring state.

Figure 3 shows a side view of a vessel which is ro-
tated down about the buffer body.

Figures 4a - 4f and figures 5a - 5f show various em-
bodiments of bumper bars and engagement arms
according to the invention.

[0029] A stationary object 3 is erected in a sea 2. In
this exemplary embodiment , the stationary object 3 is
an offshore wind turbine which is provided with a mast.
On the mast of the wind turbine 3, two substantially ver-
tical bumper bars 5, 6 are mounted by means of an ex-
tension or boom 30. The extension 30 in this exemplary
embodiment comprises a top support 31, two middle sup-
ports 32 and a bottom support 33. Between the bumper
bars 5, 6 is a ladder 7 with which installation or mainte-
nance personnel can climb up and down the wind turbine
3.

[0030] The bumperbars 5, 6 of the wind turbine 3 each
comprise a substantially vertical, inside guide track 40
which protrudes sideways in relation to the supports 31,
32, 33 of the extension 30 of the bumper bars 5, 6. The
inside guide tracks 40 substantially face the mast of the
wind turbine 3. The inside guide tracks 40 run transverse-
ly in relation to the supports 31, 32, 33. The bumper bars
5, 6 of the wind turbine 3 comprise a substantially vertical,
outside guide track 41 which substantially faces away
from the mast of the wind turbine 3 .

[0031] The personnel is brought to the offshore wind
turbine 3 with a vessel 1 (a so-called crew transport ves-
sel). The vessel 1 comprises an engine 14 to propel the
vessel 1. The engine 14 in this embodiment example
drives a propeller. The engine 14 can however drive a
different propulsion member such as a water jet or other
(not shown). The engine 14 for example has a power to
supply 4 - 8 tonnes thrust.

[0032] The vessel 1 has a hull 9 which is provided with
a bow 10, a midships and a stern 11. In this exemplary
embodiment the vessel 1 has a flat bow 10. On the deck
12 of the vessel 1 is attached a carrier frame 17 (see
figures 1a-1d) which is located at the bow 10. The carrier
frame 17 comprises a platform on which a person can
stand (not shown). On the carrier frame 17 is attached a
buffer body 16 which protrudes in relation to the hull 9.
The buffer body 16 comprises a roller 34 with a substan-
tially horizontal rotational axis. The buffer body 16 with
the roller 34 can also be mounted on the outside of the
hull 9 (see figure 2a). In this case the carrier frame 17 is
integrated with the structure of the vessel 1.

[0033] The vessel 1 comprises two engagement arms
20, 21 each of which at a free end is provided with an
engagement member 24. Each engagement member 24
in this exemplary embodiment comprises a roller 37 with
a substantially horizontal rotational axis. The engage-
ment members 24 of the engagement arms 20, 21 are
configured to engage on the inside guide tracks 40 of the
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bumper bars 5, 6 of the wind turbine 3. In this exemplary
embodiment , the engagement arms 20, 21 are hook-
shaped. Each engagement member 24 forms a hook part
which protrudes transversely in relation to the engage-
ment arm 20, 21.

[0034] Inthe exemplary embodiment shown in figures
1a - 1d, the engagement arms 20, 21 are each attached
non-rotatably to a carriage 35 which is mounted so as to
be displaceable in the transverse direction of the vessel
1 along a horizontal guide track 36. The engagement
arms 20, 21 are each hereby moveable in relation to the
hull 9 between a release state and a mooring state. In
the release state the rollers 37 of the engagement mem-
bers 24 of the engagement arms 20, 21 are out of en-
gagement with the inside guide track 40 of the bumper
bars 5, 6. Figures 1a, 1b show the release state in which
the engagement arms 20, 21 are moved apart.

[0035] In the mooring state the rollers 37 of the en-
gagement members 24 of the engagement arms 20, 21
engage on the inside guide track 40 of the bumper bars
5, 6, sothattherollers 37 are displaceable vertically along
this. Figures 1c and 1d show the mooring state in which
the engagement arms 20, 21 have moved towards each
other and enclose the bumper bars 5, 6. The hook part
24 with the roller 37 of each engagement arm 20, 21 thus
at least partly hooks behind the inside guide track 40 of
the respective bumperbars 5, 6. The roller 34 of the buffer
body 16 in the mooring state of the engagement arms 5,
6 engages on the outside guide track 41 of the bumper
bars 5, 6 so that the roller 34 is vertically displaceable
along this.

[0036] Eachengagementarm 20,21 comprises for ex-
ample an elongated support part and an elongated en-
gagement part which are connected telescopically to-
gether (not shown). Each engagement arm 20, 21 can
comprise a drive member for driving the engagement part
in relation to the support part, for example a hydraulic
cylinder (not shown). The engagement part is then con-
nected with the support part by means of the hydraulic
cylinder such that the engagement part can be moved
reciprocatingly in relation to the support part by operation
of the hydraulic cylinder. When the engagement arms
20, 21 are hooked by means of engagement members
24 behind the guide tracks 40 of the bumper bars 5, 6 of
the wind turbine 3, the engagement arms 20, 21 can be
maintained continuously under tensile load by exercising
a tensile force in the hydraulic cylinders of the engage-
ment arms 20, 21.

[0037] The drive members in the engagement arms
20, 21 can optionally be designed to allow a displacement
of the engagement part in relation to the support part
while the engagement arms 20, 21 at the same time re-
main continuously under tensile load. For example the
drive member of each engagement arm 20, 21 comprises
an accumulator (not shown). The accumulator is provid-
ed with a receptacle containing a movable partition wall.
The partition wall divides the inside of the receptacle into
two chambers, the volume of which can be varied by
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movement of the partition wall.

[0038] The first chamber is closed by the movable par-
tition wall while the second chamber is connected with
the hydraulic cylinder of the associated engagement arm
20, 21. The first chamber contains a compressible fluid
under pressure, for example air or another gas. The sec-
ond chamber is filled with hydraulic fluid which can flow
to and from the hydraulic cylinder. Thus the engagement
arms 20, 21 are each held under a substantially constant
pressure during the continuous tensile load of the en-
gagement arms 20, 21, while a displacement of the en-
gagement partin relation to the support part remains pos-
sible by the displacement of the movable partition wall in
the receptacle.

[0039] The vessel 1 is moored as follows against the
bumper bars 5, 6 of the offshore wind turbine 3. First by
means of the engine 14, the roller 34 of the buffer body
16 of the vessel 1 is pushed against the outside guide
tracks 41 of the bumper bars 5, 6. The mooring direction
ofthe vessel 1 is the direction in which the vessel 1 moves
towards the offshore wind turbine - the mooring direction
of the vessel 1 corresponds for example to the longitu-
dinal direction of the vessel 1. Although the thrust of the
engine 14 then continues to press the roller 34 of the
buffer body 16, the roller 34 of the buffer body 16 can
move up and down with the waves along the outside
guide tracks 41 of the bumper bars 5, 6. The engagement
arms 20, 21 are then in the release state (see the figures
1aand1b).

[0040] While the buffer body 16 is held in contact with
the outside guide tracks 41 of the bumper bars 5, 6 by
means of the pushing by the engine 14, the engagement
arms 20, 21 are moved into the mooring state shown in
figure 1 c. The engagement arms 20, 21 move, driven
by the carriages 35, towards each other until the engage-
ment arms 20, 21 come into contact with the bumper bars
5, 6. The rollers 37 of the engagement members 24 of
the engagementarms 20, 21 then hook behind the inside
guide tracks 40 of the bumper bars 5, 6.

[0041] Thenthe hydraulic cylinders in the engagement
arms 20, 21 can be actuated so that the engagement
arms 20, 21 pull the buffer body 16 of the vessel 1 more
firmly against the bumper bars 5, 6, i.e. to clamp the
bumper bars 5, 6 between the roller 34 of the buffer body
and the rollers 37 of the engagement members 24. The
pulling of the engagement arms 20, 21 is however op-
tional because the bumper bars 5, 6 are held by form fit
between the buffer body 14 and the rollers 37 of the en-
gagement members 24.

[0042] When the form fit connection has been
achieved in the mooring state, the vessel 1 can still rotate
about a transverse axis 27 (pitch) which is determined
by the buffer body 16 (see figure 3). The engagement
arms 20, 21 lie above the transverse axis 27. If for ex-
ample as a result of a wave, the vessel 1 rotates down-
ward about the transverse axis 27, the engagement part
23 moves out in relation to the support part 22 of the
engagement arms 20, 21. The extent of movement of the
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engagement part 23 in relation to the support part 22 is
for example no more than around 30 cm.

[0043] On extension of the hydraulic cylinders in the
engagementarms 20, 21, hydraulic fluid flows out of each
receptacle into the hydraulic cylinders. The moveable
partition wallin each receptacle also moves to the outside
i.e. the volume of the second chamber diminishes while
the volume of the first chamber increases proportionally.
As a result the engagement arms 20, 21 are held at a
constant pressure. While the length of the engagement
arms 20, 21 is varied by wave movements, the engage-
mentarms 20, 21 can therefore be kept under continuous
tension.

[0044] Also it is possible that the engagement arms
20, 21 are placed under tension by a pushing force being
exerted from the vessel 1 onto the bumper bars 5, 6 of
the wind turbine 3. The carrier frame 17 is for example
guided in a displaceable manner on a chassis mounted
on the deck 12 of the vessel 1 (not shown). If the buffer
body 16 is attached to the carrier frame 17, the buffer
body 16 is displaceable in relation to the hull 9 of the
vessel 1 and the buffer body 16 and the engagement
member 24 are then displaceable in relation to each oth-
er. The buffer body 16 can be moved reciprocatingly in
relation to the hull 9 by means of one or more hydraulic
cylinders, whereby a pushing force can be exerted by
the buffer body 16. The buffer body 16 can then move
against the bumper bars 5, 6. The hydraulic cylinders
can also be designed such that these cylinders contribute
to the buffering effect of the buffer body 14.

[0045] Figures 4a - 4f and figures 5a - 5f show various
embodiments of bumper bars and engagement arms ac-
cording to the invention. The bow 10 of the vessel 1 com-
prises a nose body 50 which protrudes in relation to the
buffer body 14. The nose body 50 has a width which
substantially corresponds to the horizontal distance be-
tween the bumper bars 5, 6. The nose body 50 in the
mooring state of the engagement arms 20, 21 is arranged
between the bumper bars 5, 6. The nose body 50 in this
exemplary embodiment is however optional and can be
omitted.

[0046] Also figures 4a - 4f and figures 5a - 5f show a
number of exemplary embodiments of bumper bars 5, 6
which comprise a substantially vertical rod 51 and a guide
rail 52. This makes it possible to fit the guide tracks 40,
41 according to the invention easily to bumper bars of
existing offshore wind turbines.

[0047] The two engagement arms 20, 21 in these ex-
emplary embodiments can also each be rotatable about
a vertical rotational axis (not shown). The engagement
arms 20, 21 can then swivel about the vertical axis be-
tween the release state and the mooring state.

[0048] The invention is not restricted to the exemplary
embodiments shown in the figures. The person skilled in
the art can make various adaptations which lie within the
scope of the invention. For example the buffer body and
the engagement arms can be mounted on the stern of
the vessel. In this case the vessel approaches the sta-
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tionary object in reverse.

Claims

System for mooring a vessel (1) against a stationary
object (3), for example the mast of a wind turbine
erected in water, which system comprises a station-
ary object (3) and a vessel (1),

wherein the stationary object (3) is provided with:

- at least one substantially vertical bumper bar
(5, 6) which is attached to the stationary object
(3) by means of an extension,

and wherein the vessel (1) is provided with:

-ahull (9),

- an engine (14) for propelling the vessel (1),

- a buffer body (16) which protrudes in relation
to the hull (9),

characterized in that

the bumper bar (5, 6) of the stationary object (3) is
provided with a substantially vertical, inside guide
track which substantially faces the stationary object
(3), and a substantially vertical, outside guide track,
which substantially faces away from the stationary
object (3), and the vessel (1) is provided with at least
one engagement arm (20, 21) which at one end is
provided with an engagement member (24), and the
engagement arm (20, 21)can be moved in relation
to the hull (9) between a mooring state, in which the
engagement member (24) engages on the inside
guide track of the bumper bar (5, 6) and is vertically
displaceable along this, and a release state, in which
the engagement member (24) is out of engagement
with the inside guide track, and the buffer body (16)
in the mooring state of the engagement arm (5, 6)
engages on the outside guide track of the bumper
bar (5, 6) and is vertically displaceable along this,
and the inside guide track protrudes sideways in re-
lation to an adjacent part of the extension of the
bumper bar (5, 6) such thatthe engagement member
(24) of the engagement arm (20, 21) in the mooring
state can be moved past the extension on vertical
displacement along the inside guide track of the
bumper bar (5, 6).

System according to claim 1, in which the stationary
object (3) is provided with at least two substantially
vertical bumper bars (5, 6) which are each provided
with a substantially vertical, inside guide track run-
ning transversely in relation to the extension of the
bumper bar (5, 6) and substantially facing towards
the stationary object (3), and a substantially vertical,
outside guide track substantially facing away from
the stationary object (3), and the vessel (1) is pro-
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vided with at least two engagement arms (20, 21)
which are eachprovided at one end with an engage-
ment member (24), and the engagement arms (20,
21) are each moveable in relation to the hull (9) be-
tween a mooring state, in which the engagement
member (24) of the first or second engagement arm
(20, 21) respectively engages on the inside guide
track of the first or second bumper bar (5, 6) respec-
tively and is vertically displaceable along this, and a
release state, in which the engagement member (24)
of the first or second engagement arm (20, 21) re-
spectively is out of engagement with the inside guide
track of the first or second bumper bar (5, 6) respec-
tively, and the buffer body (16) in the mooring state
of the engagement arms (20, 21) engages on the
outside guide track of the bumper bars (5, 6) and is
vertically displaceable along this, wherein the inside
guide track of the first and second bumper bar (5, 6)
respectively protrudes sideways in relation to an ad-
jacent part of the extension of the first and second
bumper bar (5, 6) respectively such that the engage-
ment member (24) of each engagementarm (20, 21)
in the mooring state, on vertical displacement along
the inside guide track of the first or second bumper
bar (5, 6) respectively, can be moved past the ex-
tension of the first or second bumper bar (5, 6) re-
spectively.

System according to claim 1 or 2, in which the ex-
tension is provided with at least one top support, a
bottom support, which is below the top support,
and/or a middle support, which is located between
the top support and the bottom support, and wherein
the engagement member (24) of the or each engage-
ment arm (20, 21) in the mooring state, on vertical
displacement along the inside guide track of the
bumper bar or bumper bars (5, 6), can be moved
pastthe top support and/or the middle support and/or
the bottom support of the extension.

System according to any of the preceding claims,
wherein the or each engagement arm (20, 21) com-
prises a support part (22) and an engagement part
(23), wherein the support part (22) is connected with
the vessel (1), and wherein the engagement part (23)
is displaceable in the mooring direction of the vessel
(1) in relation to the support part (22), and wherein
the engagement part (23) at the end facing away
from the support part (22) is provided with the en-
gagement member (24).

System according to any of the preceding claims,
wherein the or each engagement arm (20, 21) and
the buffer body (16) are mutually displaceable and
drivable such that the or each bumper bar (5, 6) can
be clamped between the engagement member (24)
ofthe or each engagement arm (20, 21) and the buff-
er body (16).
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System according to any of the preceding claims,
wherein the engagement member (24) of the or each
engagementarm (20, 21) ofthe vessel (1) is provided
with atleastoneroller whichis vertically displaceable
along the inside guide track of the or each bumper
bar (5, 6).

System according to any of the preceding claims,
wherein the buffer body (14) of the vessel (1) is pro-
vided with at least one roller which is vertically dis-
placeable along the outside guide track of the oreach
bumper bar (5, 6).

System according to any of claims 2 to 7, wherein
the vessel (1) is provided with a substantially hori-
zontal guide track and wherein the engagement
arms (20, 21) are each attached non-rotatably to a
carriage which is arranged displaceable along the
horizontal guide track, and wherein the engagement
arms (20, 21) in the release state are at a distance
from each other, and wherein the engagement arms
(20, 21) move towards each other on movement from
the release state tothe mooring state and move apart
from each other on movement from the mooring state
to the release state.

System according to any of claims 3 to 8, wherein
the or each bumper bar (5, 6) is provided with a sub-
stantially vertical rod, which comprises the inside
guide track, and wherein the supports of the exten-
sion extend substantially horizontally, wherein each
support is attached with a first end to the stationary
object and with a second end to the rod, leaving the
inside guide track of the rod clear.

System according to any of claims 3 to 9, wherein
the or each bumper bar (5, 6) is provided with a sub-
stantially vertical rod and a guide rail which protrudes
sideways in relation to the rod, wherein the guide rail
contains the inside guide track, and wherein the sup-
ports of the extension extend substantially horizon-
tally, wherein each support is attached with a first
end to the stationary object and with a second end
to the rod, leaving the inside guide track of the guide
rail clear.

System according to any of claims 2 to 10, wherein
the substantially vertical bumper bars (5, 6) are
mounted at a horizontal distance from each other,
and wherein the vessel (1) is provided with a nose
body which protrudes in relation to the buffer body
(16), and wherein the nose body has a width which
substantially corresponds to the horizontal distance
between the bumper bars (5, 6), and wherein the
nose body in the mooring state of the engagement
arms (20, 21) isfitted between the bumper bars (5, 6).

System according to any of the preceding claims,

10

15

20

25

30

35

40

45

50

55

13.

wherein the engagement member of the or each en-
gagement arm (20, 21) protrudes sideways in rela-
tion to an adjacent part of the engagement arm (20,
21).

Method for mooring a vessel (1) against a stationary
object (3), for example the mast of a wind turbine
erected in water,

wherein the stationary object (3) is provided with:

- at least one substantially vertical bumper bar
(5, 6) which is attached to the stationary object
(3) by means of an extension, which bumper bar
(5, 6) is provided with a substantially vertical,
inside guide track which substantially facies the
stationary object (3), and a substantially vertical,
outside guide track which substantially faces
away from the stationary object (3),

and wherein the vessel (1) is provided with:

- a hull (9),

- an engine (14) for propelling the vessel (1),

- a buffer body (16) which protrudes in relation
to the hull (9),

- at least one engagement arm (20, 21) which
is provided at one end with an engagement
member (24), and the engagement arm (20, 21)
can be moved in relation to the hull (9) between
amooring state, in which the engagement mem-
ber (24) engages on the inside guide track of
the bumper bar (5, 6) and is vertically displace-
able along this, and a release state, in which the
engagement member (24) is out of engagement
with the inside guide track, and the buffer body
(16) in the mooring state of the engagement arm
(5, 6) engages on the outside guide track of the
bumper bar (5, 6) and is vertically displaceable
along this, and the inside guide track protrudes
sideways in relation to an adjacent part of the
extension of the bumper bar (5, 6) such that the
engagement member (24) of the engagement
arm (20, 21) in the mooring state can be moved
past the extension on vertical displacement
along the inside guide track of the bumper bar
(5, 6),

and wherein the method comprises:

- the pushing of the buffer body (16) of the vessel
(1) againstthe bumper bar (5, 6) of the stationary
object (3) by means of the engine (14) while the
engagement arm (20, 21) is in the release state,
wherein the buffer body (16) by means of the
pushing engages on the outside guide track of
the bumper bar (5, 6) and is vertically displace-
able along this,

- the subsequent movement of the engagement
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arm (20, 21) from the release state into the moor-
ing state.

Method according to claim 13, wherein the stationary
object (3) is provided with at least two substantially
vertical bumper bars (5, 6) which are each provided
with a substantially vertical, inside guide track pro-
truding sideways in relation to the extension of the
bumper bar (5, 6) and substantially facing the sta-
tionary object (3), and a substantially vertical, outside
guide track substantially facing away from the sta-
tionary object (3), and the vessel (1) is provided with
at least two engagement arms (20, 21), which are
each fitted at one end with an engagement member
(24), and the engagement arms (20, 21) are each
moveable in relation to the hull (9) between a moor-
ing state, in which the engagement member (24) of
the first or second engagement arm (20, 21) respec-
tively engages on the inside guide track of the first
or second bumper bar (5, 6) respectively and is ver-
tically displaceable along this, and a release state,
in which the engagement member (24) of the first or
second engagement arm (20, 21) respectively is out
of engagement with the inside guide track of the first
or second bumper bar (5, 6) respectively, and the
buffer body (16) in the mooring state of the engage-
ment arms (5, 6) engages on the outside guide track
of the bumper bars (5, 6) and is vertically displace-
able along this, wherein the inside guide track of the
first and second bumper bar (5, 6) respectively pro-
trudes sideways in relation to an adjacent part of the
extension of the first and second bumper bar (5, 6)
respectively such that the engagement member (24)
of each engagement arm (20, 21) in the mooring
state, on vertical displacement along the inside guide
track of the first or second bumper bar (5, 6) respec-
tively, can be moved past the extension of the first
or second bumper bar (5, 6) respectively, and where-
in the buffer body (16) of the vessel (1) is pushed
against the bumper bar (5, 6) of the stationary object
(3) by means of the engine (14) while each engage-
mentarm (20, 21) isin the release state, and wherein
the engagement arms (20, 21) each move out of the
release state into the mooring state after the buffer
body (16) of the vessel (1) is pushed against the
bumper bar (5, 6) of the stationary object (3) by
means of the engine (14).

Method according to claim 14, wherein the vessel
(1) is provided with a substantially horizontal guide
track, and wherein the engagement arms (20, 21)
are each mounted non-rotatably on a carriage which
is mounted displaceable along the horizontal guide
track, and wherein the engagement arms (20, 21) in
the release state are spaced apart from each other,
and wherein the engagement arms (20, 21) on mov-
ing from the release state to the mooring state move
towards each other and thus manoeuvre the vessel
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10

(1) into a position in relation to the bumper bars (5,
6) in which the bumper bars (5, 6) are enclosed be-
tween the engagement arms (20, 21).
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