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platforms (4, 8) and trimmers (5, 9) such as Stewart sys-
tems (10). The trimming of the supporting platforms (4,
8) allows stabilizing the bridge structure (1) in a fixed
position and therefore allows a safe passage through the
bridge between the floating bodies (2, 6).
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Description

Object and Technical Field of the Invention

[0001] The object of the present invention is to provide
a system which facilitates passage between floating bod-
ies, i.e., the passage of people, goods, equipment, etc.,
including the transfer of products, in a safe manner.
[0002] The concept of floating body in the present
specification includes the concepts of a craft, ship, buoy,
floating platform, wind power-generating floating instal-
lation, marine, tidal or wave power-generating floating
installation, and generally any floating installation, struc-
ture, construction or system. The concept of a wind pow-
er-generating floating installation includes the concept of
afloating wind generator. Likewise, the concept of awave
power-generating floating installation includes the con-
cept of WEC (Wave Energy Converter).

[0003] Theinvention is of application regardless of the
floating means, including: seas and oceans, lakes, rivers,
estuaries, etc. The invention is especially, but not only,
designed to allow safe access to offshore floating bodies,
particularly for offshore WECs and floating wind gener-
ators.

Background of the Invention

[0004] Floating wind generators and WECs have a
problem with access thereto from support crafts, for ex-
ample for maintenance tasks, when wind and swell con-
ditions are unfavorable, due to oscillating movements in
floating installations. Only when floating installations are
in a static or quasi-static stationary position is it possible
to safely access them, for which purpose it is necessary
for there to be suitable wind and swell conditions or for
theinstallation to be stable enough to allow access, which
generally only occurs in very large installations or for rel-
atively short time intervals (windows). The impossibility
of accessing floating installations to perform mainte-
nance tasks or to start up electric generating systems
increases the costs resulting from the longer energy pro-
duction stop time.

[0005] Ontheotherhand, thereis currently atendency
toinstall offshore wind generators and electric generation
systems, basically because of the advantages derived
from better incident energy harnessing, whether it is
wind, tidal, wave or marine energy, as a consequence of
better resource or wind conditions, as well as for envi-
ronmental and visual impact reasons. This in contrast
implies more unfavorable wind and swell conditions for
accessing the installations.

[0006] Floating bodies have freedom of movement as
a rigid solid according to its six degrees of freedom, and
still having an anchoring system. In a general case, the
floating body is subjected to oscillating movements ac-
cording to all its degrees of freedom. These oscillating
movements are known as: forwards/backwards (longitu-
dinal movement), left/right (lateral movement), up/down
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(vertical movement), roll (rotation about the longitudinal
axis), pitch (rotation about the lateral axis) and yaw (ro-
tation about the vertical axis). Both floating installations
and crafts used to access the installations generally
present oscillating movement that is a combination of the
foregoing.

[0007] The technical problem which the presentinven-
tion tries to solve is to provide a system which allows safe
passage between a support craft and said floating instal-
lations regardless of the oscillating movements to which
they are subjected, thus facilitating start up tasks and
accordingly increasing their productivity.

[0008] Using general terms to describe the technical
problem considered, the invention tries to provide a sys-
tem which allows safe passage between floating bodies
regardless of the oscillating movement of the bodies as
a consequence of the wind, swell and currents condi-
tions.

[0009] Given this technical problem, document NL-
1031263 describes the use of a Stewart-type stabilization
system with 6 degrees of freedom coupled to a craft to
allow safe passage between the craft and a fixed con-
struction such as an offshore wind generator, for exam-
ple, founded to the seabed. To that end, the stabilizing
platform stays in a static position with respect to the in-
stallation by trimming the oscillating movement of the
craft in response to position and orientation sensor sig-
nals thereof, which allows safe passage between the sta-
bilized platform and the installation.

[0010] Document NL-1033767 describes a telescopic
walkway including stabilizing means at one of its ends
coupled to a craft, also by means of a stabilizing platform
adjusted using position sensor signals from the carrying
craft. The described walkway can rotate at its end about
a vertical axis and a horizontal axis, and can be longitu-
dinally elongated or shortened. Unlike the aforemen-
tioned case, this solution allows connecting the walkway
at the opposite end to a fixed structure.

[0011] Finally, patent document US-4162551 s
known, which describes a connection system for pas-
sage between a fixed body and a floating body. To that
end, the system incorporates a bridge structure divided
into three articulated sectors extending from the fixed
body and coupled to the floating body by means of a
support connected to an oscillating platform on the float-
ing body. The oscillating platform allows maintaining con-
stant inclination of the last articulated sector of the bridge
structure on the deck of said floating body.

[0012] However, none of the known solutions allows
providing a connection and safe passage between two
floating bodies. One of the bodies must remain static or
quasi-static in order to be able to carry out the connection
in a manner that is known from the state of the art.

Description of the Invention

[0013] Forthe purpose of solving the technical problem
indicated providing a system which allows the connection
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and safe passage between two floating bodies, the pro-
posed invention incorporates the technical effects and
features described below.

[0014] The connection system of the invention com-
prises:

- abridge structure for passage between afirst floating
body and a second floating body;

- afirst coupling between the bridge structure and the
first floating body; and

- asecond coupling between the bridge structure and
the second floating body.

[0015] The couplings are located preferably at the
ends of the bridge structure.

[0016] The concept of "bridge structure" in the present
specification includes the concepts of bridge, walkway
and nexus. The system of the invention is characterized
in that the first coupling comprises a first trimmer and the
second coupling comprises a second trimmer, such that
the joint action of the trimmers allows stabilizing the
bridge structure making the connection and safe passage
between floating bodies possible.

[0017] "Stabilization" is understood in the present
specification as the trimming movements of floating bod-
ies to maintain a required position of the bridge structure.
Stabilization is preferably performed such that the bridge
structure remains in a substantially fixed position with
respect to a fixed global reference system. Alternatively,
stabilization can be performed such that the bridge struc-
ture only remains in a substantially horizontal, not nec-
essarily fixed, position with respect to a fixed horizon.
"Trimming" is understood in the present specification as
the action and effect of a "trimmer" to stabilize the bridge
structure as required.

[0018] In a preferred embodiment, the first coupling
can additionally comprise a first support for the bridge
structure connected to a first supporting platform and/or
the second coupling can additionally comprise a second
support for the bridge structure connected to the second
supporting platform, such that the bridge structure is sta-
bilized by means of stabilizing the supporting platforms,
which allows the connection and safe passage between
the floating bodies. The supports can be of any type, such
as single pivots (flapping or dragging pivots respectively)
and dual pivots (i.e. flapping and dragging pivots) with
respect to the respective supporting platforms. The sup-
ports can be formed by means of known bearings. For
the purpose of the present specification, "flapping” is un-
derstood, with respect to a determined reference plane,
to the articulation movement in a plane vertical to the
reference plane (for example, in the present specification
"flapping with respect to the supporting platform" refers
to flapping with respect to a plane parallel to the support-
ing platform). Likewise, "dragging" is understood as the
articulation movement in a horizontal plane parallel to
the same reference plane (for example, in the present
specification "dragging with respect to the supporting
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platform" refers to dragging with respect to a plane par-
allel to the supporting platform).

[0019] The trimmers can be active trimmers, passive
trimmers and a combination of active and passive trim-
mers (the latter are referred to as partially passive trim-
mers).

[0020] The trimmers can comprise suspension means
to bear the supporting platform. The suspension means
can include at least one suspension which can be of any
type, such as ball suspension, single pivot suspension,
dual pivot suspension and universal suspension with re-
spect to the floating platform. In a simpler configuration,
the trimmers can comprise one or more joints, such as
universal or homokinetic joints. The arrangement,
number and type of suspension and/or joints must be
such that it allows the necessary free movement to allow
stabilizing the bridge structure.

[0021] Unlike active trimmers, passive trimmers auton-
omously trim the movements. The use of passive trim-
mers by gravity and/or by constant pressure is contem-
plated. Passive trimmers by gravity comprise a counter-
weight configured to move the supporting platform to a
stabilizing position by the action of gravity. Passive trim-
mers by constant pressure include passive trimmer ac-
tuation means operated in a known manner, for example
from document NL-1031263.

[0022] In contrast, active trimmers stabilize the sup-
porting platforms from the measurement of the move-
ments of the floating bodies and by trimming said move-
ments. To that end, they comprise:

- position and orientation sensors;

- data control and processing means; and

- active trimmer actuation means to move the support-
ing platform to the required stabilizing position and
stay in said position.

[0023] The position and orientation sensors allow de-
termining the position and/or orientation of the floating
bodies and/or the bridge structure necessary for being
able to stabilize the bridge structure, and the supporting
platforms where appropriate, and hence the bridge struc-
ture, in the required position. This information about the
position and orientation of the floating bodies and/or the
bridge structure is processed by the data control and
processing means, which accordingly control the actua-
tion means to generate a resulting trim movement in the
supporting platforms. The position and orientation sen-
sors, the data control and processing means, and the
active trimmer actuation means electronically communi-
cate with one another in a known manner, for example
by means of digital cable signals or wirelessly.

[0024] The position and orientation sensors can com-
prise any position and orientation system known in the
art, such as inertial systems, external reference systems,
global satellite systems (GNNSS, Global Navigation Sat-
ellite System), as well as any suitable combination there-
of. Inertial sensors can include systems such as accel-
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erometers, gyroscopes, inclinometers and any suitable
combination thereof. The position and orientation exter-
nal reference sensors can include optic sensors, acoustic
Sensors, compass sensors, encoder sensors, laser sen-
sors or the like and any suitable combination thereof.
[0025] Preferably, the active trimmers of the invention
comprise a Stewart-type stabilization system or hexapod
providing the supporting platform to which it is coupled
with 6 degrees of freedom for controlled movement, thus
eliminating the need to provide the supporting platforms
with suspension means.

[0026] Another aspect of the invention relates to the
process necessary for connecting/disconnecting the
bridge structure between the floating bodies. The proc-
ess of connecting the bridge structure comprises extend-
ing and engaging the bridge structure, in contrast the
process of disconnecting it comprises disengaging and
retracting it. "Extension of the bridge structure" in the
present specification is understood as the action of mov-
ing (transferring and/or rotating) and/or deforming (elon-
gating/shortening, twisting, bending, etc.) the bridge
structure to a position in which the structure allows con-
necting the floating bodies. "Retraction of the bridge
structure" in the present specification is understood as
the action of moving (transferring and/or rotating) and/or
deforming (elongating/shortening, twisting, bending,
etc.) the structure to a position in which the bridge is
disconnected from one of the floating bodies. On the oth-
er hand, "engaging the bridge structure" is understood
as the action of fixedly coupling it between the floating
bodies. "Disengaging the bridge structure" is understood
as the reverse action. The system of the invention can
additionally comprise engagement means with said func-
tion of engaging and disengaging the bridge structure.
[0027] The presentinventionis preferably, butnotonly,
designed so that the bridge structure is transported by a
first floating body and remains fixed thereto, such that it
is connected with a second floating body, once the first
floating body is located close enough to the second float-
ing body, by the extension of the bridge structure from
the first floating body to later be coupled in a fixed but
removable manner to the second floating body. Advan-
tageously, the first floating body transports the entire
complete connection system of the invention in addition
to the bridge structure, which allows simplifying the
means to be incorporated in the second floating body to
make the connection/disconnection and engagement/
disengagement of the bridge structure possible. In the
event that the first floating body transports the entire con-
nection system, the incorporation of engagement means
comprising an engagement platform connected to the
second trimmer is preferably contemplated. Said en-
gagement platform is fixed in a removable manner or it
can be fixed to the second floating body.

[0028] Alternatively, it is contemplated that the bridge
structure can be selectively connected in multiple ways.
For example, the connection can be between a first part
of the bridge structure coupled to the first floating body
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and a second part of the bridge structure coupled to the
second floating body. Also, for example, the connection
of the bridge structure can be by connecting the second
support to the respective second supporting platform, the
latter being fixedly coupled to the second floating body
by means of the respective second trimmer. Likewise,
the disconnection is the reverse.

[0029] Preferably, the process of connecting/discon-
necting can be by means of the actuation of the second
trimmer so that between the parts to be connected or
disconnected there are no significant movements during
extension/retraction and engagement/disengagement,
thus facilitating said engagement/disengagement.
[0030] Forthe passage over the bridge structure, once
it is connected both supporting platforms can initially re-
main stabilized according to a fixed plane with respect
thefloating body from which the passage willbegin. Then,
while passing over the structure, the supporting platforms
and the bridge structure can be stabilized according to a
fixed global reference system. Finally, once one has
passed over the structure, the system can be stabilized
according to a fixed plane with respect to the floating
body to the one from which passage is performed. The
passage between the two floating bodies is thus facilitat-
ed in a safe and comfortable manner.

[0031] On the other hand, the invention contemplates
the incorporation of extension/retraction means for ex-
tending/retracting the bridge structure. The extension/re-
traction means incorporate extension/retraction actua-
tion means.

[0032] Optionally, the bridge structure can be divided
into a plurality of sectors attached to one another. The
attachment between the different sectors can be of any
type, such as articulated or longitudinally sliding attach-
ment, the latter to allow elongating/shortening the bridge
structure when the extension/retraction means for ex-
tending/retracting the bridge structure incorporate said
functionality. Likewise, the articulated attachment can be
of any type in accordance with the configuration of the
bridge structure, such as a single pivot (flapping or drag-
ging pivot), dual pivot (flapping and dragging pivot), uni-
versal joint, homokinetic joint. Extension/retraction actu-
ation means can also optionally be arranged between
sectors.

[0033] The (passive trimmer, active trimmer and ex-
tension/retraction) actuation means can be of any type
such as hydraulic means, pneumatic means, electric
means and a combination thereof. Likewise, it is also
contemplated that the extension/retraction actuation
means can be used as active trimmer actuation means.
[0034] Advantageously, the supports and the articula-
tions between sectors, where appropriate, can be con-
figured such that the bridge structure has an isostatic
structure behavior.

[0035] Finally, the incorporation of a weight compen-
sation system ofthe bridge structure is also contemplated
by means of a crane and counterweightin a conventional
manner, as described in US-4162551 for example.



7 EP 2 505 486 A1 8

Brief Description of the Drawings

[0036] To complement the description of the invention
and for the purpose of aiding to better understand its
technical features, reference is made throughout the rest
of this specification to the attached drawings in which a
practical embodiment of the invention has been depicted
by way of non-limiting example.

[0037] In said drawings:

Figure 1 shows a schematic plan view according to
a horizontal plane of an embodiment of the system
according to the invention.

Figure 2 shows a schematic perspective view of the
embodiment of the system according to the inven-
tion.

Figure 3 shows a schematic perspective view of a
constructive variant of the embodiment of the system
according to the invention in which the bridge struc-
ture is provided with several sectors connected to
one another by universal joints.

Figure 4 shows a schematic perspective view of an-
other constructive variant of the embodiment of the
system according to the invention having a simple
configuration.

[0038] The references used in the drawings are the
following:

: bridge structure

: first floating body

: first support

: first supporting platform

: first trimmer

: second floating body

: second support

: second supporting platform
9: second trimmer

10: Stewart system

11: sliding attachment

12: universal joint

13: elevating actuator

14: flapping actuator

15: dragging actuator

16: elongating/shortening actuator
17: engagement platform

W ~NO OTh WN >

Detailed Description of an Embodiment

[0039] Figures 1 and 2 schematically depict an em-
bodiment of the system of the invention in plan view with
respect to a horizontal plane and in perspective view,
respectively.

[0040] The system allows the passage between a first
floating body (2) (for example a support craft) and a sec-
ond floating body (6) (for example a floating wind gener-
ator).

[0041] To make the connection, once the support craft
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is in the proximity of the floating platform of the wind gen-
erator, the bridge structure (1) is extended from the sup-
port craft to be connected to the wind generator with the
aid of extension/retraction actuators. As can be seen, the
extension/retraction actuators of the illustrated embodi-
ment comprise: elevating actuators (13) for elevating ver-
tically with respect to the first floating body (2), flapping
actuators (14) and dragging actuators (15). The system
additionally comprises first and second supports (3,7) for
the bridge structure (1) on first and second supporting
platforms (4,8) and respective first and second trimmers
(5,9). Both supports (3,7) are dual pivot type (freely ar-
ticulated flapping and dragging supports). For the con-
nection, the system is complemented with an engage-
ment platform (17) connected to the second trimmer (9),
such that the connection takes place by allowing the
weight of the structure (1), of the second support (7), of
the supporting platform (8), of the second trimmer (9) and
of the engagement platform (17) to rest on the second
floating body (6). The engagement can additionally be
complemented with detachable or removable engage-
ment fixing means (not depicted). To facilitate the con-
nection of the bridge structure, the illustrated embodi-
ment incorporates two sectors coupled to one another
by means of a sliding attachment (11), which allows lon-
gitudinally elongating/shortening the bridge structure (1).
The disconnection and disengagement of the bridge
structure is the reverse.

[0042] The bridge structure (1) is stabilized by keeping
the supporting platforms (4,8) in a horizontal position,
thus making the safe and comfortable passage between
the first floating body (2) and the second floating body
(6) possible. Tothat end, the embodiment of the invention
incorporates trimmers (5,9) comprising respective Stew-
art systems (10), this being done actively. The system
includes position and orientation sensors which acquire
the relative movement data of both floating bodies with
respect to a fixed global reference system, said data are
processed by data control and processing means con-
trolling actuation means of the platform to trim the move-
ments of the floating bodies (2, 6) such that the respective
supporting platforms (4,8) and the bridge structure (1)
remain in a fixed position with respect to the fixed global
reference system. The passage over the bridge structure
(1) can be done once said structure is stabilized.
[0043] Figure 3 shows a schematic perspective view
of a constructive variant of the described embodiment.
As can be seen in Figure 3, in this variant the bridge
structure (1) is divided into different sectors connected
to one another by means of a universal joint (12), allowing
dual pivoting as well as rotation about a longitudinal axis
of the last sector of the bridge structure (1), such that the
connection of the structure (1) to the second floating body
(6) is facilitated. Elongating/shortening actuators (16) for
elongating/shortening the bridge structure (1) have also
been schematically depicted in this drawing.

[0044] Finally, Figure 4 depicts another constructive
variant of the system according to the invention; the sec-
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ond floating body (6) has been omitted in the drawing.
This illustrated constructive variant corresponds to a sim-
plified embodiment of the invention in which the second
coupling does not incorporate a supporting platform but
rather the second trimmer (9) is connected directly be-
tween the bridge structure (1) and an engagement plat-
form (17) by means of a universal joint (12). Similarly to
the previous constructive variants described, the connec-
tion and engagement of the bridge structure (1) is by
means of fixing the engagement platform (17) to the sec-
ond floating body (6) in a detachable or removable man-
ner. Likewise, the disconnection and disengagement of
the bridge structure (1) is the reverse.

Claims

1. Connection system for passage between floating
bodies, comprising:

- a bridge structure for passage between a first
floating body and a second-floating body;

- a first coupling between the bridge structure
and the first floating body; and

-asecond coupling between the bridge structure
and the second floating body;

the system is characterized in that:

the first coupling comprises a first trimmer;
and

the second coupling comprises a second
trimmer;

such that the joint action of the trimmers al-
lows stabilizing the bridge structure making
the connection and safe passage between
floating bodies possible.

2. Connection system for passage between floating
bodies according to claim 1, characterized in that:

the first coupling additionally comprises a first
support for the bridge structure connected to a
first supporting platform;

such that stabilizing the first supporting platform
by means of the first trimmer allows stabilizing
the bridge structure making the connection and
safe passage between floating bodies possible.

3. Connection system for passage between floating
bodies according to one of claims 1-2, character-
ized in that:

the second coupling additionally comprises a
second support for the bridge structure connect-
ed to a second supporting platform;

such that stabilizing the second supporting plat-
form, or the first and the second supporting plat-
forms together, by means of the respective trim-
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mers allows stabilizing the bridge structure mak-
ing the connection and safe passage between
floating bodies possible.

Connection system for passage between floating
bodies according to one of claims 2-3, character-
ized in that the supports are selected from the group
consisting of: flapping pivot, dragging pivot, and dual
flapping and dragging pivot.

Connection system for passage between floating
bodies according to one of claims 1-4, character-
ized in that the system additionally comprises an
engagement platform connected to the second trim-
mer and which is fixed in a retractable manner or
can be fixed to the second floating body;

such that the system is connected by a process
which comprises leaving the engagement platform
resting on the second floating body and fixing said
base platform to said second body.

Connection system for passage between floating
bodies according to one of claims 1-5, character-
ized in that it additionally comprises extension/re-
traction means for extending/retracting the bridge
structure.

Connection system for passage between floating
bodies according to claim 6, characterized in that
the extension/retraction means comprise extension/
retraction actuation means.

Connection system for passage between floating
bodies according to one of claims 1-7, character-
ized in that the first and second trimmers are se-
lected from the group consisting of: active trimmers,
passive trimmers and a combination thereof;

the passive trimmer is selected from the group con-
sisting of: at least one universal joint, at least one
homokinetic joint, by gravity with ball suspension, by
gravity with pivot suspension, by gravity with dual
pivot suspension, by gravity with universal suspen-
sion, by constant pressure with passive trimmer ac-
tuation means and a combination thereof;

the active trimmer comprises:

- position and orientation sensors;
- data control and processing means; and
- active trimmer actuation means.

Connection system for passage between floating
bodies according to claim 8, characterized in that:

the position and orientation sensors are select-
ed from the group consisting of: inertial sensors,
external reference sensors, GNSS sensors and
a combination thereof;

the inertial position and orientation sensors are



10.

1.

12

13.

14,

15.

11 EP 2 505 486 A1

selected from the group consisting of: acceler-
ometers, gyroscopes, inclinometers and a com-
bination thereof; and

the external reference sensors are selected
from the group consisting of:

optic sensors, acoustic sensors, compass
sensors, encoder sensors, laser sensors
and a combination thereof.

Connection system for passage between floating
bodies according to one of claims 8-9, character-
ized in that the active trimmer of the first trimmer
comprises a Stewart system.

Connection system for passage between floating
bodies according to one of claims 8-9, character-
ized in that the active trimmer of the second trimmer
comprises a Stewart system.

Connection system for passage between floating
bodies according to one of claims 1-11, character-
ized in that the bridge structure comprises a plurality
of sectors connected to one another by means of an
attachment selected from the group consisting of:
sliding attachment, single pivot attachment, dual piv-
ot attachment, by a universal joint, by a homokinetic
joint and a combination thereof.

Connection system for passage between floating
bodies according to one of claims 7-12, character-
ized in that the actuation means comprise actuation
means selected from the group consisting of: elevat-
ing actuation means, elongating/shortening actua-
tion means, flapping actuation means, dragging ac-
tuation means and a combination thereof.

Connection system for passage between floating
bodies according to one of claims 7-13, character-
ized in that the actuation means are selected from
the group consisting of: hydraulic means, pneumatic
means, electric means and a combination thereof.

Floating body for a connection system, the connec-
tion system defined according to one of claims 1-14.
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