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DESCRIPTION

[0001] The invention relates to a vessel with a motion compensation platform.
[0002] The invention also relates to a motion platform.
[0003] The invention further relates to a method for compensating motions of a vessel.

[0004] The invention also relates to the use of a Stewart platform according to any of the
methods of claims 12 - 14.

[0005] A vessel with a Stewart platform for compensating motions of a ship is already known.
The platform comprises a surface, borne on six hydraulic cylinders, and motion sensors.
During use, with the aid of the sensors, the motions of the respective ship are measured. With
the aid of these measurements, the orientation of the hydraulic cylinders is driven continuously
so that the surface remains approximately stationary relative to the fixed world. In this manner,
motions of the ship are compensated and for instance people or loads can be transferred from
the ship onto a stationary offshore construction, or vice versa.

[0006] One of the objects of the invention is to improve a motion platform, in particular a vessel
with motion platform.

[0007] Another object of the invention is to improve the safety of the use of a vessel and/or
motion platform.

[0008] At least one of these and other objects are achieved with a vessel with a motion
compensation platform, which platform is provided with at least one carrier for bearing, moving
and/or transferring a load, actuators for moving the at least one carrier relative to the vessel,
preferably in six degrees of freedom, a control system for driving the actuators, and motion
sensors for measuring motions of the vessel relative to an element in the surrounding area,
which measurements are used as input for the control system. Here, at least one at least partly
passive pressure element is provided for furnishing, during use, a pressure on the carrier for at
least partly bearing this.

[0009] The at least partly passive pressure element applies a counterpressure to the carrier,
whereby the actuators can be at least partly relieved. As a result, the actuators can be driven
with relatively lighter pressure differences, thereby achieving greater precision.

[0010] The at least one object mentioned and/or other objects are also achieved with a motion
platform particularly suitable for a vessel as described in any one of claims 1 - 9, which
platform is provided with at least one carrier for bearing, moving and/or transferring a load,
actuators, for moving the carrier, preferably in six degrees of freedom, relative to at least one
fixed point of the actuators, and a control system, the control system being designed for driving
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the actuators for said relative movement of the carrier, while at least one at least partly passive
pressure element is provided for at least partly compensating the mass of the load.

[0011] In addition, the at least one object mentioned and/or other objects are achieved with a
method for compensating motions of a vessel, wherein the motions of the vessel are
measured, wherein a carrier with a load is driven so that the carrier is held substantially
stationary relative to an element in the surrounding area, while the gravity of a load is at least
partly compensated through the application of a substantially constant counterpressure to the
carrier.

[0012] Preferably, a Stewart platform is used, while the carrier is at least partly borne by at
least one substantially passive pressure element, in particular pneumatic means.

[0013] It is noted that in US patent No. 5 947 740, which is considered to be the closest prior
art, a motion platform for a simulator is described which, in addition to six actuators, comprises
a continuously (i.e. actively) driven hydraulic cylinder for taking away the load of the weight
from the other actuators. When moving the platform and setting it at different angles, the
pressure on the hydraulic cylinder is measured continuously and adjusted actively to the
pressure variations. Contrary to this known pressure element, the at least one pressure
element according to the invention is at least partly passive. The at least one pressure element
is also particularly suitable for a motion platform for compensating motions of the vessel, that
is, holding the platform, at least a carrier, approximately stationary relative to an element in the
surroundings such as, for instance, the fixed world, such as, for instance, an offshore
construction, a quay or the surrounding water, and/or a floating element such as another
vessel, etc. In case of a defect in the active drive of the actuators, for instance, the at least one
pressure element will remain functional, thereby increasing the safety of the vessel while it
remains of relatively limited complexity.

[0014] In clarification of the invention, exemplary embodiments of a vessel, motion platform,
method and use according to the invention will be further elucidated with reference to the
drawing. In the drawing:

Fig. 1 shows a vessel not according to the invention with a part of a windmill;
Fig. 2 shows a block diagram of an embodiment according to the invention;

Fig. 3 shows a schematic view of a moving vessel not according to the invention;
Fig. 4 shows a schematic view of a motion platform according to the invention;

Fig. 5 shows a schematic view of a motion platform according to the invention with an
enlargement of a cross-section of a part of a hydraulic pneumatic cylinder;

Figs. 6 and 7 show a schematic view of different motion platforms according to the invention.
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[0015] In this description, identical or corresponding parts have identical or corresponding
reference numerals. In the drawing, embodiments are given only as examples. The parts used
there are mentioned merely an as example and should not be construed to be limitative in any
manner. Other parts too can be utilized within the framework of the present invention.

[0016] Fig. 1 schematically shows an embodiment of a vessel 1 according to the invention.
With this vessel 1, a load such as for instance people, animals, goods and/or other loads can
be transferred from the vessel 1 to a frame or base of, for instance, a windmill 2 at sea 3, and
vice versa. For transfer, the vessel 1 is provided with a motion compensation platform 4. This
platform will compensate motions of the vessel 1 for the purpose of holding the load relatively
still relative to the windmill 2, so that for instance people such as windmill construction
personnel can transfer relatively safely. The motions of the vessel 1 that can be compensated
may comprise linear motions such as surge (vessel moves from front to back), heave (up and
down) and sway (sideways), and rotating motions such as yaw (bow from left to right) roll (the
vessel 1 rolls from left to right) and pitch (bow up and down). Naturally, the motions of the
vessel 1 are often combinations of these linear and rotational motions.

[0017] This transferring from or to the vessel 1 should of course not be limited to the transfer
from and/or to windmills 2. In principle, transferring can be carried out between the vessel 1
and any other surrounding element 2. The vessel 1 is suited for transferring, for instance,
people, animals and/or loads to, in principle, any offshore construction, such as platforms at
sea 3 and/or other constructions in the water 3, etc. In certain embodiments, a vessel 1
according to the invention is designed for transferring to any part connected to the fixed world,
such as a quay, a levee, cliffs, steep rocks, (sea)floor etc. In certain embodiments, a vessel 1
has been made suitable for transferring to other moving elements and/or floating elements,
such as, for instance, other vessels. To that end, with the aid of, for instance, a camera, optical
sensor or the like, the motions of such a moving element can be registered and be
compensated by the active components in the motions of the carrier.

[0018] In the embodiment shown, the motion compensation platform 4 is provided with six
hydraulic cylinders 5 and a carrier 6. Such a motion platform 4 is known as simulation platform,
as "Stewart" platform. The carrier 6 of such a platform 4 is typically movable in six degrees of
freedom. In operation, the carrier 6 will be held, within the invention, substantially stationary
relative to the windmill 2 by the hydraulic cylinders 5, by means of active drive. To that end,
infon the motion platform 4, and/or infon the vessel 1, sensors such as motion sensors 7 and a
control system 8 are provided, which are shown in Fig. 2. The sensors 2 measure the motions
of the vessel 1, for instance the rocking of the vessel 1 in the water 3. With the aid of these
measurements, during use, the hydraulic cylinders 5 are driven in order to hold the carrier 6
comparatively stable relative to the windmill 2. Processing these measurements and actively
driving the hydraulic cylinders 5 are tasks of the control system 8. To this end, the control
system 8 may comprise a microprocessor 13 and a memory 14. In the embodiment shown in
Fig. 1, also, pneumatic means 9 are provided with which, during use, a passive compressive
force is exerted on the carrier 6, preferably approximately against the gravitational force of the
load and the carrier 6, so that the hydraulic cylinders 5 are, at least partly, relieved. With this,
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the required power of the hydraulic cylinders 5 decreases and, in principle, relatively large
loads can be borne. Also, for instance shocks of the carrier 6 with load that may be caused by
extreme wave motions can be at least partly absorbed by pneumatic means 9. In this
description, 'passive’ can be understood to mean not driven, at least not continuously driven,
or the pneumatic means 9 will be able to react to the relative motions of the carrier 6 without
being driven, virtually without the bearing force provided by the carrier being influenced.
Naturally, the pneumatic means 9 can be driven, at least in part, during specific periods, for
instance for adjusting the pressure in the pneumatic means 9 upon initiation, or with a
changing load.

[0019] In the embodiment shown in Fig. 1, the pneumatic means 9 comprise at least one
pneumatic cylinder10 which is placed approximately in the centre of the motion compensation
platform 4 and is connected via pipes 15 to a pressure compensator in the form of an
accumulator 11 for buffering the compressed air, and a compressor 12 for compressing air.
After filling with compressed air in the pneumatic cylinder 10 and the accumulator 11, after
provision of a load, the cylinder 10 will remain pressurized and it can continue bearing at least
a part of the load. The pneumatic cylinder 10 has the property of passively moving along in its
longitudinal direction. Motions of the carrier 6 in the longitudinal direction of the cylinder 10 are
followed by compression and expansion of the air in the cylinder 10 and the accumulator 11.
Small pressure losses in the pneumatic cylinder 10 through, for instance, friction can be
measured and compensated with the aid of, for instance, the compressor 12 and/or the control
system 8. Such pneumatic means 9 are known per se from the so-called 'heave compensation'
systems. By placing this longitudinal direction in the direction of gravity, a great force, e.g. that
of the weight of the carrier 6 and the load, will be continuously absorbed by the passive
pneumatic means 9, and hence also in the case of a defect in the active elements of the
motion compensation platform 4 such as, for instance, the sensors 7, the control system 8
and/or the hydraulic cylinders. In particular embodiments, the pneumatic means 9 are
advantageously placed in other directions, for instance for compensating the tilting motions of
the carrier 6 after, for instance, a defect. In this way, upon a defect of an element such as a
cylinder 5, the pneumatic means 9 can prevent the motion compensation platform from making
a relatively unsafe motion, such as, for instance, collapsing. Defects that might occur are, for
instance, power supply failure or valves in the active hydraulic system becoming wedged.
Naturally, also, other, preferably passive, pressure systems 9 can be utilized within the
framework of the Invention. In certain embodiments, instead of and/or in addition to pneumatic
means 8, that is the cylinder 10, at least one spring can be utilized as passive element 10, for
instance a spiral and/or gas spring. The pneumatic means 9 can, in principle, comprise
different types of pressure elements such as, for instance, hydraulic means and/or elastic
means and/or a pulling element, etc. Naturally, one or more pressure elements can be utilized.
Depending on, for instance, the expected use, desired precision and/or economic
considerations, one particular type, one particular amount and/or positioning can be selected.
A passive pressure system 9 provides security in that it will, in principle, not fail and can remain
functional without continuous actuation. Also, such a passive system 9 can remain of limited
complexity.
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[0020] As stated, the pneumatic means 9 relieve the hydraulic cylinders 5. In particular
embodiments, this results in that less oil has to be circulated for holding the carrier 6 stable
upon motions of the vessel 1. In one embodiment, the pneumatic means 9 may be set, with the
aid of the compressor 12, for providing a compressive force that absorbs at least a large part
of the weight of the carrier 6 and the load. Partly because of the mass inertia of the carrier 6
and the load, and the constant pressure provided by the cylinder 10 and the accumulator 11 on
the carrier 6, in one embodiment, the carrier 6 will tend to remain approximately stationary
relative to the fixed world. Consequently, the hydraulic cylinders 5 can compensate the motions
of the vessel 1 with relatively small forces, i.e., hold the carrier 6 approximately stationary
relative to an element in the surrounding area.

[0021] In one embodiment, the pneumatic means 9 are also designed for preventing the
reinforcement of particular motions of the vessel 1, for instance through the forces exerted by
the hydraulic cylinders 5 on the vessel 1. As indicated in an exaggerated, schematic manner in
Fig. 3, it may for instance be so that if the vessel tilts towards a particular side, a hydraulic
cylinder 5a stretches to compensate this tilting. At any moment, in particular at the moment the
vessel tilts back again, it may be so that the cylinder 5a is still being driven so as to stretch,
whereby a force F is exerted on the side of the vessel 1. This may cause reinforcement of
particular motions of the vessel 1. As already explained, with the pneumatic means 11, in
particular the pneumatic cylinder 10 in Fig. 3, the forces of and on the hydraulic cylinders 5 will
remain relatively limited. That is why in certain embodiments, this reinforcement of motions
remains limited during use of the vessel. In a further embodiment, an algorithm is included in
the control system 8, which can anticipate a delay and/or reversal of a motion of the vessel 1,
so that the hydraulic cylinders 5 can be driven while anticipating the respective motion of the
vessel 1. In this manner too, the reinforcement of the motions of the vessel 1 mentioned is
prevented.

[0022] In particular embodiments, the motion sensors 7 comprise known motion sensors 7
such as for measuring motions of the vessel 1, for instance accelerometers or dynamometers.
With known accelerometers, the motion of the vessel 1 relative to the fixed world can be
measured. Also, in particular embodiments, other types of sensors 7 can be utilized, such as
for instance cameras, GPS (Global Positioning System), sensors utilizing electromagnetic
waves, sonic waves, etc. The sensors 7 may measure the position of the vessel 1 relative to
one or more elements in the surrounding area, such as for instance another vessel 1 and/or
the fixed world. The information the control system 8 receives from the motions sensors 7 is
processed via, for instance, preprogrammed algorithms so that the hydraulic cylinders 5 can
be driven for holding the carrier 6 approximately stationary relative to the respective at least
one element in the surrounding area.

[0023] In particular embodiments, the control system 8 comprises, in addition to algorithms for
driving the hydraulic cylinders 5, a drive for anticipating specific motions of the vessel 1.
Through recognition of, for instance, a specific order in the motions of the vessel 1, the control
system 8 drives the cylinders 5 proactively. In this manner, the forces of the hydraulic cylinders
5 on the vessel 1 can remain as small as possible and motions of the vessel 1 can be
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prevented from being unfavourably influenced, at least being reinforced.

[0024] The operation of an embodiment of the motion platform 4 is approximately as follows.
When the vessel 1 is close to the windmill 2, the platform 4 is activated. The pressure in the
pneumatic means 9 is increased with the aid of the compressor 12 to approximately the weight
of the carrier 6 and a load thereon, so that carrier 6 and load, or a part thereof, are borne by
the pneumatic means 9. This may be carried out in cooperation with measurements from the
hydraulic cylinders 5 and/or the motion sensors 7, with which the weight and or the motion of
the vessel 1, respectively, can be measured relatively simply. Naturally, also, other weight
meters and/or methods for measuring the weight and/or motions can be utilized for setting the
desired pressure in the pneumatic means 9. In addition, the velocities and accelerations of the
motions of the vessel 1 are measured with the motion sensors 7, which measurements are
used as input for the control system 8. Through continuous adjustment of the six cylinders 5,
the carrier 6 will be able to virtually stand still relative to the windmill 2. After that, a hatch or
gangplank connected to the platform 4 and/or the windmill 2 can be lowered so that personnel
and/or the load can be transferred safely.

[0025] In certain embodiments, the pneumatic means comprise several pneumatic cylinders
10. As shown in Fig. 4, one pneumatic cylinder 10 can be provided per hydraulic cylinder 5.
Here, in the event of a defect in a hydraulic cylinder 5, a possible undesired motion of this
cylinder 5 will be prevented by the respective pneumatic cylinder 10. According to this same
principle, the hydraulic cylinder 5 and the pneumatic cylinder 10 can be integrated, as shown in
Fig. 5. Here, the integrated cylinder 5, 10 comprises, for instance, an integrated piston with a
passive, preferably pneumatic piston part 16 and an actively driven, preferably hydraulic piston
part 17. It will be clear that, within the framework of the invention, several hydraulic 5 and/or
pneumatic cylinders 10 can be placed. In the embodiments of Figs. 4 and 5, the passive
cylinder 10, or the passive part of the cylinder 16, bears the largest part of the load and the
active cylinder 5, or the active part of the cylinder 17, adjusts the carrier 6.

[0026] As shown in the schematic embodiment of Fig. 6, it is also possible to have several
pneumatic cylinders 10 furnish pressure on or adjacent the centre of the carrier 6. With this,
the safety can be even further increased. Also, upon, for instance, a tilting motion as
represented in Fig. 3, the pneumatic cylinder 10 positioned best to that end can compensate a
vessel motion reinforcing motion of a hydraulic cylinder 5. To this end, the pneumatic cylinders
10 can also be positioned in an approximately upright manner and distributed below the carrier
6, as highly schematically represented in Fig. 7.

[0027] These and may comparable variations, as well as combinations thereof, are understood
to fall within the framework of the invention as outlined by the claims. Naturally, different
aspects of the different embodiments and/or combinations thereof can be combined with each
other and be exchanged within the framework of the invention. Therefore, the embodiments
mentioned should not be understood to be limitative.
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PATENTKRAV

1. Fartej (1) med en bevagelseskompenserende platform (4) til overforsel af en last fra
og/eller til et fartgj, hvilken platform (4) er forsynet med:

mindst en barer (6) til at understotte, bevage og overfore en last,

aktuatorer (5) til at bevaege den mindst ene barer (6) 1 forhold til fartgjet (1) 1 seks frihedsgrader,
et styringssystem til at drive aktuatorerne (5), og

bevaegelsessensorer (7) til at male fartgjets (1) bevagelser 1 forhold til mindst et element 1 det
omgivende omrdde, hvilke mélinger anvendes som input til styringssystemet,

kendetegnet ved, at der er tilvejebragt mindst et i det mindste delvist passivt trykelement (9) til
under brug at tilvejebringe et tryk pa bareren (6) for 1 det mindste delvist at understoette denne,
hvor platformen er en platform af Steward-type, hvor bareren er béret pad seks hydrauliske
cylindre, hvor hver aktuator (5) har en drivretning, og hvor for hver drivretning mindst et

tilsvarende trykelement (10) er designet til pafering af tryk i en parallel retning.

2. Fartej (1) ifelge krav 1, hvor det mindst ene trykelement (10) indbefatter pneumatiske
midler (9).
3. Fartoj (1) ifelge krav 1 eller 2, hvor det mindst ene trykelement (10) er konstrueret til

under brug at pafere et i det veesentlige konstant modtryk pd bareren (6) med lasten, hvilket

omtrent kompenserer for tyngdekraften pa bareren (6) med lasten.

4. Fartoj (1) ifelge et hvilket som helst af kravene 1 til 3, hvor det mindst ene trykelement
(10) er konstrueret til i det mindste delvist at kompensere for retningen af tyngdekraften pa

bareren (6) og/eller lasten.

5. Fartgj (1) ifelge et hvilket som helst af de foregdende krav, hvor der er tilvejebragt en
trykbeholder til at dempe trykvariationer pa det mindst ene trykelement (10).

6. Fartgj (1) ifelge et hvilket som helst af de foregdende krav, hvor der er tilvejebragt en
trykkompensator (11) til at kompensere for @&ndringer 1 trykket i1 det mindst ene trykelement (10),

navnlig @ndringer 1 mangden af trykfluid og/eller lasten.

7. Bevagelsesplatform af Steward-typen (4) til et fartej (1) som beskrevet i et hvilket som
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helst af kravene 1 til 8, hvilken platform (4) er forsynet med mindst en barer (6) til at understeotte,
bevaege og/eller overfore en last, aktuatorer (5) til at bevage bereren (6), fortrinsvis 1 seks
frihedsgrader, 1 forhold til mindst et fast punkt af aktuatorerne (5), og et styringssystem (8),
hvilket styringssystem (8) er konstrueret til at drive aktuatorerne (5) til den relative bevagelse
af bareren (6),

kendetegnet ved, at der er tilvejebragt mindst et i det mindste delvist passivt trykelement (10) til
1 det mindste delvist at kompensere for lastens tyngdekraft, hvor bareren er baret pd seks
hydrauliske cylindre, hvor hver aktuator (5) har en drivretning, og hvor for hver drivretning

mindst et tilsvarende trykelement (10) er designet til pafering af tryk 1 en parallel retning.

8. Bevagelsesplatform ifelge krav 7, konstrueret som bevagelseskompenserende platform
(4) og forsynet med bevagelsessensorer (7) til at male relative bevegelser af sensorerne (7) i
forhold til et omgivende omréde, hvilke malinger anvendes som input til styringssystemet (8),
hvilket styringssystem (8) er konstrueret til at drive aktuatorerne (5) til at holde bareren (6) 1 det

vasentlige stationr 1 forhold til det omgivende omréde.

0. Fremgangsmade til at kompensere et fartojs (1) bevagelser ved anvendelse af en platform
af Steward-typen, hvor en barer bares pé seks hydrauliske cylindre, hvor bevagelser af fartojet
(1) méles, nar bareren (6) med en last drives sddan, at bareren (6) holdes 1 det vasentlige
stationzr 1 forhold til mindst et element (2) 1 det omgivende omrdde, mens tyngdekraften pé
lasten 1 det mindste delvist kompenseres ved at tilvejebringe et 1 det veesentlige konstant modtryk
pé bareren (6),

hvor bareren (6) er en del af en bevaegelsesplatform (4), hvilken platform (4) endvidere omfatter
aktuatorer (5) til bevagelse af baereren (6), fortrinsvis i seks frihedsgrader, 1 forhold til mindst ét
fastsat punkt for aktuatorerne (5), og et styringssystem (8), hvilket styringssystem (8) er designet
til at drive aktuatorerne (5) for den relative bevagelse af bareren (6), hvor mindst ¢t mindst
delvist passivt trykelement (10) er tilvejebragt til 1 det mindste delvist at kompensere for lastens
tyngdekraft,

hvor hver aktuator (5) har en drivretning, og hvor for hver drivretning mindst ¢t tilsvarende

trykelement (10) er designet til at pafore tryk 1 en parallel retning.

10. Fremgangsmade ifelge krav 9, hvor lasten overfores fra bereren (6) til det mindst ene

element (2) 1 det omgivende omrade eller omvendt.
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