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conprise a vessel as well. The invention further relates to an assenbly
conpri si nf"®RIEF¥a notion conpensation device according to the invention and
a vessel, ovwalcameassme’ﬂiryarpf@‘taéakﬂnys, conprises a crane as well. Wbrded
d|fferently, res | ti to_a _vessel provided
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The invention further relates to an assembly comprising such a motion cbmpensation

device according to the invention and a crane, which assembly might further comprise a
vessel as well.

20 The invention further relates to an assembly comprising such a motion compensation
device according to the invention and a vessel, which assembly preferably comprises a crane
as well. Worded differently, the present invention thus also relates to a vessel provided with a
motion compensation device according to the invention, which vessel preferably is provided
with a crane as well. .

25 When transferring loads from a vessel to another vessel or to some other construction,
which might be movable or unmovable relative to the ground, problems arise due to
| movement of the water on which the vessel floats. Motion of the water subjects the load
transfer device, and consequently the load to be transferred, to similar movements. In case
the load is carried by a hoisting cable, the water motion will cause a swinging movement of

30 the load as well. Similar problems arise when a vessel is receiving a load, like a helicopter
landing on the vessel, a container or other load. Movement of the water causes the vessel to
move, which in turn causes similar movement of the location on the vessel which is to receive
the load.



nmove, which in turn causes simlar novenent of the |ocation on the vessel
which is to receive the | oad. Al so when the weather conditions are very

cal m thewahoweiimsat i oned probl ens due to | ocal water mMpCEMERNIAN@SPr esent .
In this respect it is to be noted that although evidently the water is
brought into notion strongly by wind, the effects of wind can | ag for weeks
I n water and have influence on water at |arge distance away fromthe

| ocation of the wind. Even the water m ght |ook Iike very calm but still
bei ng i n AP VMHRN hgavaaghahcontitineerre V&@’()Caé[ﬁdy‘%ﬁb%rm%@ed Profienas fuato Il t hi s

on for exagRlmoldHhértardptbdemt. MthRIEEHRES D% bS n&tb@thaoamohg’se\ndbnwthb watdr the
Sl nmotio ase_f o] sting

Cobre i o Borat e ien ordhia . 462 Sl o W anded Iof WETS TR ves ool

on wat®gr ha/esntheemst atwatet atil®gé distancenawaydranhthie Iecatiessfehe wind i Evehalet watebj ect

to 6 degr@ﬁ‘f\é kree\% éQuﬁbeH%}Sﬁ%@ﬁthm mth]egue tE?ﬂfJ \ﬁéékrggg{;: ﬁHEng‘?EPOA‘v&aS{ and

three rot mat | ase
cart hesi aﬁhQ:@ffﬁCtI‘Dfrtb!S en Wﬁmlhmrlmbwﬁlng ipRgiationsyis ﬂ@t orgf hasHe wait fﬂfﬂ‘lﬁogonal

axes - a”wét‘e?%'b%vaIM@?&'n%tl@mgsszm@éééforeiﬁﬁﬁ@a@réﬁgmkﬁnd:%lehgto%ﬂ ded x-axis
transl ati onal novenent, y-axis translational novenent, z-axis translational

novenent, S%Ie&XI s rotational novenent, y- axis rotati onal rmverrent anq Z-axi s
r ot at ional MOWRRRfdspedt to thé moBlorido mkﬁd,vehibibn%wﬁlsasumbﬁﬁ,ﬁﬁt tCid ndded nt  of

[ th t t def i t he 6- f
rovenent. TR AvegEe g uasd i Bedis of MaRae ot Baisemhihe BB T nogonal
W t h r espaovennenteamhtheehetatianl mowmentd. Uendg sptahercaticacappraicmbasedmst em m ght
be used. l:érthlfe§|gh gé&rdlﬁatg%g%t% thr&ggEﬁ 1:a s%lt ofth e%LUr@IB 5x%st 5?9%«@ -one
egrees m o e

definition o ree mant Into a erd |n|t|on of 6
degrees ofXi§ areféaam ufhess Geravamenteisambe Piﬂléd g@X@étanélétlwfmh@me@h yeasisr di nat e

syst eng anﬁ‘arﬁi@d‘tlbﬁ‘él REbvEMENtZ2- §)¥1‘$ farfati6rdl ﬁMérﬂQntV?-Ehé ?&étlo}‘ual rhéV@mén@iflaRis 8S
extending in |ongitud dinal direction of a vessel axi s as extending

intr ansv@@'@”%’l EMERRNgr-axisyalational mpyrment i is do 'P‘? 5??@‘7’ é’ﬂ%l tHARA noverment i s
in practi aﬂtrﬁaiahcmi p&utrtgeleWhﬁeryaﬁeXaIQJ éthareaqhahleménnmnermme the 64dagrpéaatt i se
cal | ed SV\%%V € tln a‘?é'ascetfgrans aetﬁ) ? XrTDl}/sep’E ht eo I’oacr'gal S%h Pe% éc?go heave
the x-axisS ro r{ | onaFf e?’ﬂ?mto ﬁ ag % ? 8? Yvh anI S
r ot at i onakadhmiiETona se salled splnqtcahqgerdmtel wydtepi rlntght ehesed- Ibjsijest am%ter ofnal

movengait hr%tﬂeﬂua@ééf‘?él&ﬁ& oﬁ% {ré‘r% éf%\‘n‘%@m?troﬁ GPe %Q&regé §fcf e%ﬁﬁﬁ Iomo@ern'ié?'l'ﬂ mErent

for open sea trans et ween vessel s ar r angenent
uses a gafAtqtherdefipitianf Gt%fem; ﬁfdr%gpry OEG'RY@B%'ECFJ%'FQT%‘emﬁB'@HtCéﬂh%aPh one end

of the gasédriinath efstém wAE 8&finingNRe £a%i§ 46 BReMind MRticAlIy Afe £-bASaeBleringtine
gantry a longitudinal direction of a vessel and the y-axis as extending in transverse direction of a
vessel, '
25 the x-axis translational movement is in practise called surge
the y-axis translational movement is in practise called sway
the z-axis translational movement is in practise called heave
the x-axis rotational movement is in practise called roll
the y-axis rotational movement is in practise called pitch
30 the z-axis rotational movement is in practise called yaw
GB 2.163.402 discloses an arrangement for open sea transfer of articles between two
vessels, which arrangement uses a gantry — having two hingingly connected arms - mounted
with one end of the gantry upon a vessel and carrying on the other free end of the gantry a
carrying device in the form of a load platform. The load carrying device is space stabilised, it
35  carries a stabilisation sensing arrangement which senses all three rotational and all three
~ translational movements of the load carrying device in space énd provides signals so that the
gantry can be controlled by jacks and associated control means for compensation of all three

rotational movements and all three rotational movements. This arrangement is complex in
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The present invention has as its object to provide motion compensation device for
compensating a carrier frame on a vessel for local water motion, which is relatively simple in
30 construction and control. A
According to the invention this object is achieved by providing a motion compensation
device for compensating a carrier frame on a vessel for local water motion, wherein the
device comprises:
¢ asaid carrier frame;
35 e anactuator system adapted for translating the carrier frame along a z-axis and rotating
the carrier frame around a x-axis and a y-axis, wherein the x-axis, y-axis and z-axis define

an imaginary set of orthogonal axes, the z-axis extending vertical;



construction and control. According to the invention this object is
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cylinder-ipitisdton-unit relative to the base around the x-axis as well as the

y-axi s; and | t hat the i ce further IS a_mechani str |ning
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to thg base, é)ﬁrcordr ng to the invention the actuator system conprises at

| east three cyli nderpi ston- units, preferably hydraulic cylinder-piston-u
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in z-axis a rection - of the carrier frame with respect to the vessel.
Duri ng usif thaMreideRicy @Fthet cdntpriessSE et®dnidal constraining system restricting x-axis

20 translational movement, y-axis translational movement and z-axis rotational movement of the
carrier frame with respect to the base.

According to the invention the actuator system comprises at Ieast three cylinder-
piston-units, preferably hydraulic cylinder-piston-units, which are arranged essentially parallel,
especially essentially vertical (i.e. in the z-axis direction). In use these cylinder-piston units

25 can be extend or shortened simultaneously to adjust the vertical height — in z-axis direction -
of the carrier frame with respect to the vessel. During use, when a vessel is essentially
stationary on its place this is the dominant vessel movement to be compensated for when the
vessel goes up and down with the — often relatively slow and long — wave movement of the
water. The less dominant sideways roll of the vessel and aft-front pitch of the vessel are

30 compensated for by adjusting the cylinder-piston-units differently with respect to each other.
Although it is possible that the cylinder-piston-units are fixed with respect to each other in the
sense that during use their relative positions remain unchanged - for example in case they
are mutually perfect parallel they will always extend mutually parallel - , it is in practise more
practical to allow them some freedom of rotational movement around the x-axis or y-axis, i.e.

35  during use the longitudinal axis of said cylinder-piston-units undergo some movement relatve
to each other. Here a vertical longitudinal axis — of a said cylinder-piston-unit - is understood
to comprise deviations of the longitudinal axis with respect to the vertical of less than 15°,
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30 In order to assist the carrier platform in reassuming its rest position, it is advantageous
when the constraining system is resilient, i.e. comprises some resilient properties. In order to
prevent oscillation due to the set back forces exerted by the resilient constraining system, it is
according to the invention advantageous when the resilient constraining system is a damped
resilient constraining system.

35 In order to arrange the upper and/or Ibwer support of each cylinder-piston-unit to allow -
for x-axis rotational movement and y-axis rotational movement, it is according to the invention
advantageous when the upper respectively lower support comprises one of the group of:

cardan joint, spherical bearing or ball hinge. A cardan joint has two mutually transverse
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negligi ble can have different reasons. Wen the carrier frame is, for
exanpl e, wolardimgFopl atform for a helicopter or a recei eCagNIpb@tobasm f or a
| oad, these other degrees of freedom of novenent m ght not play a role at
all. Wien, for exanple, the vessel is anchored and/or kept in position by a

dynam c pﬁrﬁbéé,ﬁ%%n%%&t@#he llléaﬁg;‘?t%&iaé]taﬁﬁrofﬁ\%%iﬁe@rtﬂﬁﬁe hh§&SHVIaSfor fRVEMENt are

al ready being taken care of. In order to -assist carrier platformin
reassum n§e¢ fPexexipHaed Yy-RYh ,r°t1"‘t_t°“?'§“%{7§ﬁ't- agw_egdqm]@nxmé aC%M@E"ﬁai ni ng
syst em i srdt@hlinfdVemeht can afklbRIdchiefedSWita bAiHindeih sphétRarddafg. Ih Geritisler to

prevent osci]l ati due to t set back forces exerted by the resilient
st ai nglepecLissdbh st i AGPTsicotReanoa 8 e STt 4t Al UGBS hon ¢ he
resiliént taking ¥rito accounighat\isd requiredl degokend édedodsislin maity applicdtivas relatigelgyst em | n
order to . / r f each

cyli nder-%ﬁé‘ﬁg%ﬁn‘%\rp l%(%ﬂrzqﬁsi‘\{;ﬂfﬁaé@é%@é%%g%ﬁo nal novenent and y-axis
rotati onal novigsersing tp a furthepembediinany, the congirainingesystemreonnitisast ageous when t he

upper respagiisyshe/cdiimiBlixea {PENE Fa%@xﬁeﬁéin& ﬂgthgtﬁ_rédﬂgn 8 tR&R-aRE: arfg@r dan

joint, spherical bearing or hi nge. A cardan joint has two nutually

bal I . ]G i
t r ansver selff RRRECOIUREL A Iqastifepguiding wheelsvhighyrie Eieibng susRended fo e agrigr nt |
whi ch1ti nﬁﬁ_}ﬁg—: w’?ﬂ\irsﬂgroﬁﬂtg abWRefxRasbes ngﬂé[lla?(t_odﬁé' i-aﬂﬁl,%aw‘alﬁll@'aﬁt thieguidigal I
novenent . I s, freedomfaqr, x-axis and y-axis rotational nov t .can al so
be. achi evaBENls PHISSTERICPS AstRied Aroynd sl Pl oo Apne e GRSl PLraid ¢ he
degr ee of cdlurerdderait aspriralpretendidrs eacls phiding ehkelldebe swigelled apaisst shidan with a
bal | hingg,,myt. taking into account that the required degree of freedomis
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sw vel ar gicsttoratransvared totke 2-aRie) the Bdiding wheels @rd si8pénded tthe Sarrigr ffdmé past
t hree gui di.ng, el s Lng.arran di stribuyted ar.qund,said, colum for
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carri e(? fgﬂaﬁrﬂﬁﬁ%\%s | nB%é)tfgxlfatS?@ 8%?‘28? Ii%rg‘rq,férta%gh Sﬂ.{ug?rﬁa&t%g@g%bﬂlo“ de al ong
the col unfrotechtng cliperRistan-Loiy adaistdanade from thasuringpg.dt it with thigspect to the
col urmdi ge?béﬁirhélﬁlédéﬂr_d'irfg&?ﬂ"}éﬁrﬁ\&fﬁtiérpadvaﬁtla edu$iwhen leBéh Qi_ilyhévliﬁcﬂbrm gnitar _ed
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25 invention advantageous when four said guiding wheels are arranged around each said

column, which guiding wheels are interspaced at 90° around the column, For damping
action, it is according to the invention advantageous when the springs are provided with a
damper for damping the spring action.
According to another embodiment, it is according to the invention advantageous when
30 the constraining system comprises at least three bars, each bar being attached to the base
with one end and to the carrier frame with the other end. These bars function in their
longitudinal direction as essentially rigid push-pull-elements. The ends of these bars might be
hingedly attached to the carrier frame and base, for example by means of a cardan joint. In
case the attachment of the ends of the bars is constrained against z-axis rotation, the ends of
35 abar are movable with respect to each other by deflection.
For load spreading purposes and easy installing the device according to the invention
on a vessel, it is according to the invention advantageous when the base comprises a

separate base segment for each cylinder-piston-unit. A separate base segment for each
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extengj ng, transverse, preferably perpendicular, to the z-axis. This allows
a conpact storage position. According to the |nvent|on it is further
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25 According to another further aspect, the invention relates to an assembly comprising:
a device according to the invention; and a vessel.

According to the invention, it is further advantageous when the vessel is provided with
an anchoring system arranged for preventing the vessel from x-axis translational movement,
y-axis translational movement and z-axis rotational movement; and/or when the vessel is

30 provided with a dynamic positioning system arranged for preventing the vessel from x-axis

translational movement, y-axis translational movement and z-axis rotational movement.

According to still another aspect, the invention relates to a method for compensating a carrier
frame on a vessel for local water motion, wherein the carrier frame is supported by an

35  actuator system comprising at least three cylinder-piston-units, each having a vertical
longitudinal axis; wherein z-axis translational movement, x-axis rotational movement and y-
axis rotational movement of the vessel are measured; and wherein the cylinder-piston-units

are controlled by control signals generated in response to the measurements of said z-axis



meters. A device with this maxi num stroke for the cylinder-piston-units
and/or this largest distance between two said cylinder-piston-units, is on
t he one Maoadoreeliagsbvel y conpact and on the other hand sectraileosfoososase in
nost near shore applications and/or applications under cal mweat her
conditions. According to a further aspect, the invention relates to an
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Figures 1-3 shows a device 1 according to a first embodiment of the invention. The
25  device comprises a carrier frame 2, which is in this case triangular but might have any shape.
The device 1 further comprises three hydraulic cylinder-piston-units 4, 5, 6 - four, five or
more cylinder-piston units is however also conceivable - , which together form the actuator
system. In order to control the cylinder-piston-units a control system 9 is provided, which is
connected by means of control lines 11, 12, 13 to each cylinder-piston-unit. This control
30 system 9 generates control signals driving the actuator system in response to sensor signals
10 which come from a sensor system 8. The sensor system 8 is arranged for sensing z-axis
translational movement, x-axis rotational movement and y-axis rotational movement of a
vessel.
As shown in figure 2, the device 1 is provided on a vessel 3 and carries a crane 25
35  with hoisting cable 26. Instead of carrying a crane or gantry, the carrier frame might also be a
landing platform for a helicopter or might be used for carrying another load.
Referring to figure 3, each cylinder-piston-unit 4, 5, 6 has an upper support 15 carrying

the carrier frame and a lower support 16 supported on a base 17. The upper support 15 is in



systemin response to said sensor signals such that the position of the

carrier frane is conpensated for said sensed novenents of the vessel. The
present iwoentoamsi || be expl ai ned further wth refererceg/NQeI®weosacl osed
drawing, in which: Figure 1 is a perspective view of a first enbodi nent of
a device according to the invention; Figure 2 is a side view of the device
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counteracts any dlsturbance of the cylinder-piston-units from their rest position, which is the

25  position in which the carrier frame and base are mutually parallel, which in this embodiment
corresponds to the longitudinal axes 14 of all three cylinder-piston-units being mutually
parallel. It is however noted, that - although not preferred — the cylinder-piston-units might in a
rest position extend at an angle of say 5 to 10 degrees with respect to the z-axis (=vertical).
According to the invention this is still to be understood as the cylinder-piston-units extending

30 vertical..

As can be seen in figure 3, the base segments 35 have the dimensions of a sea
container, in this case a 40 feet one. In order to transport a base segment easily and in
compact manner, the cylinder-piston-units 4, 5, 6 can be swivelled 90° around axle 23 as
indicated by arrow 32. The lower side 4 of the cylinder-piston-unit can pass through aperture

35 33 in order to come in a horizontal position inside the ‘sea-container’ base segment 35.

Figures 4-6 show a second embodiment of the device 51 according to the invention.
The reference numbers used in figures 4-6 correspond to the ones used in figures 1-3 but

increased with 50. The differences between the two embodiments are essentially the



both others, the ball hinges 2 1 and cardan joints 16 allow the
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i nsi de the ' sea-container’ base segnent gur es show a second
enmbodi nenPeBiNG EKENERI |"a%e®b<1d'fae@&sa%r\#g"ytt@nﬁv?ésq i longitydingtaxis @dr b thaic e

nunber s usgitldéripidtorouHitt B shouid KeWevesiomsled Mat the niditetalsed aki® of dughees 1- 3 but

I ncreased_wi t.h erences. bet ween the t enbodi nent s. are.

essenti al ?%Hef'ﬁﬂgﬁgrﬁgrfzgpgﬁwd"fell eﬁtgniiﬂtﬁﬁa%rpg ﬂ'ir%‘ﬁ%\-gﬁsrﬁ%ng%gﬁ@ﬁé's%én@t rai ni ng
system Awbioh tase saidvbain ratationgl axisdei prefes bty ceindideswitrssaill (bhgitudingl, axisudf then t hi s
respegt i "hg Cfﬁ’stcg?urﬂpt ed that the second enbodi nent can also be with three
or nore t r cylinder-piston-units and that the first enbodi ment can
equal |y vveI I bEhevﬁYt"I'F'ef'Gﬁtonmn't?rﬁﬁ" &5cH4. {54 gen move along theirdangituglingbaxgisttd. r espect

to When one cylinder-piston-unit is extended or shortened more than one or more of the others,
the spherical bearings 71 and 72 allow the cylinder-piston-units 4, 5, 6 to be slanted slightly
with respect to the z-axis. The angle a between the longitudinal axis 64 and z-axis can easily
30 varyin arange of [0°, 10°], but a range of [0°, 5°] is in general sufficient.
In order to prevent the carrier frame 52 from drifting away due to the freedom of
rotational movements of the cylinder-piston-units 54, 55, 56, 57, there is provided a
constraining system, which is in this embodiment a resilient system comprising at least one —
in this embodiment four - column 91 fixed to the base 67 and extending in the z-axis direction
35 as well as for each column at least three guiding wheels 86. '
The guiding wheels 86 are arranged spaced around the column with intervals of 120°
in case of three wheels 86 and intervals of 90° in case of four wheels. Each wheel 86 is

carried by a triangular member which swivels around pivot 89 with respect to the carrier frame
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t he enbodi nent of figures 4-6, it is to be, that - although in a rest
position mutually parallel cylinder-piston units are preferred - the

cyl i nder -wo0omntyssbt s nmight in a rest position extend atcamianglweost say 5
to 10 degrees with respect to the z-axis (=vertical). According to the

invention this is still to be understood as the cylinder-piston-units
ext endi ngsy & {drrgls7 }enerfsloak' 6§c°h Wridel 8818gaint the! cBan‘F@@ﬁsde%ad@é’drﬁ& gph the
i nvention in genera the carrier frane; 53 indicates t he vessel

no's. 54, ggpergg%Z) mjght bﬁ@f%’&leé lpFRsaRieyingarIsen- 'ﬂIHtFta§s“"Pﬁ§ SHIhhRAWPes t he

isenso][ Sy pbsiith (8@ 0599 ohd6H rﬁa%stntefsgnﬁgarwraaé cESTEERH ahR@ whilievaeh Mak&sion asi gnal
Ine for tr

sensor, si S 1o e control unit 1 and 62
| nd cate EERPRGFH L G Erasas bF ofet kReRLREER & + PBmAed Sont r o
systenbt oc;thh@rqydtmmdﬂms extertded-on shdriened) thebwihdelsdB6owitl eide tilbag thergiutmndiingl  axi s
of each cyld @Sﬁdé%r?&dﬂ#en?gtetre ovﬁﬁd L ﬁ%ta‘?éuntd%%cHB@‘ﬁ@e@#ﬂ&&’&[jﬁn of each
cyllnder-plston uni es t e |l ower
cylinder-piston-unit; no 67 indicates the base; no 75 i ndi cates a crane; no
76 indicates a hoisting cable; and no 85 indicates a base segnent. In the
enbodi ment of figures 4-6, the upper support 65 and | ower support 66 of
each cylinder-piston-unit are suspended by neans of a spherical bearing 7
1, 72 to the carrier frane 52 and base 67, respectively. The main
rotational axis 92 - fig 4 - of these spherical bearing extends in this
enbodi nent essentially transverse to the |ongitudinal axis 64 of the
cylinder-piston unit. It should however be noted that the nmain rotational
axis of such a spherical bearing can very well extend in the sanme direction
of said longitudinal axis 64, in which case said main rotational axis wll
preferably coincide with said |ongitudinal axis of the
cylinder-piston-unit. The cylinder-piston-units 54, 55, 56, 57 can nobve
al ong their |ongitudi nal axes 64. \Wen one cylinder-piston-unit is extended
or shortened nore than one or nore of the others, the spherical bearings 7
1 and 72 allow the cylinder-piston-units 4 , 5 6 to be slanted slightly
wWth respect to the z-axis. The angle a between the |ongitudinal axis 64
and z-axis can easily vary in a range of [0, 10], but a range of [0, 5] is
in general sufficient. In order to prevent the carrier frame 52 from
drifting away due to the freedom of rotational novenents of the
cylinder-piston-units 54, 55, 56, 57, there is provided a constraining
system which is in this enbodinment a resilient system conprising at |east
one - in this enbodinent four - colum 9 1 fixed to the base 67 and
extending in the z-axis direction as well as for each colum at |east three
gui di ng wheel s 86. The gui ding wheels 86 are arranged spaced around the
colum with intervals of 120 in case of three wheels 86 and intervals of 90
in case of four wheels. Each wheel 86 is

11



carried by a triangular nenber which swivels around pivot 89 with respect
to the carrier frameb52. A spring 87 pretensions each wheel 86 against the
col um 9lwolosydesseach spring 87 a danper (92) m ght bepprouied®doodse case a
cylinder-piston-units assunmes a slightly slanting position (a 0), one or
nore of the springs 87 are conpressed and will develop in reaction a
resilientclfagtion force counteracting the offset fromthe rest position (a
= 0). Wien a cylinder-piston unit is extended or shortened, the wheels 86
will ride along the colum 91. In this second enbodi nent there is provided

3 col um(1 ar oundote;a@bn@yrhsiaﬂ@leﬂewMeS(ﬂ 08 Eticbmpérdatiy dcarféitfiafia (208TpeASAt i on
evice (1 i

53) o witsEF (oD B WARR B WRE IS0 BT o SHTPRELN | sbs. & said carrier
frame $2; « 52)said aanretbnal @525y st em (4, 5, 6; 54, 55, 56, 57) adapt ed for
carrier 1 ad pustesyln [ 30F 245 3897 afiediof r8inS R splieh reE G 28
y-axi s and aloagiasz-aksf andgotating the gamiar frarse(2; 62) anouridmywmdls andew, y-dlie zaxi s

ext endi ng V%\théﬁ?’Jhe x-ﬁ(lsSngiQEnéy Su?%f{ri% aﬁnﬁﬁl’%. %@ rs] hﬁ%oﬂal%hé the z-

transl ati onal novenent axis rotation axi s rotational
moverent of ai§Exipadiag Vet generating sensor signal s (10; 60) representing

said sensed argé\'ﬂ?(m%%t@m% 5t85"ﬁjr¥&§ﬁ‘@|z-a(x$strﬁ%baﬂona@m%@é?ﬁér@lx-a%/sg%?aﬁbl(a? 59)
generating control nal s 12 62, 63) for driving the

actuat or sy<SMYRMPRL %“Sg/;fd‘ﬁsfeta{'%‘%%lﬂe@%’}ﬂ%?‘eé’?ﬁsﬁ%ﬁ’l&’ G(eﬂefat"&)ie@arcﬁ*ﬂftaﬁat t he
posi ti on of (1o)eopraprreseftun§ kaidRefséd Nt emieAts @PtHeRESs €I58)pr sai d sensed

novements of t he ve .. characterized, in.that_t actuat or system
Conpr§ sea* ot SBILERAR L 5B) pefictind BPURTRSIAE (i 14 oLeY by ot s B °L7)
each havi ng aatuater systemh inlresppnteith saal seasorsighkié;(1B4)) such tht thetpositicmof the

cyli nql@r - pi %Taf?i'gr H&h% f12( é%) ?co penfsgtéd fd??ild%g%e%ﬁoﬁﬁi% F‘Bnggse? 8 rt (15

65) for supporting arrier frane on 'sard on-unit
(4, 5, 6 chajactegzed,56 57) and a | ower support (16; 66) for supportlng sai d

cyl i nder - pitRt @R éHﬂ!étor%ster@co@Fn% at Rast the c?lﬁie@ﬁlst@n-hﬁl%em(é-%f 5865, 56N that

t he upper _su port for rotational novenent of the respectlve

(15
cyl i nder pPOtGRD %u‘f'ﬁgca(‘if"c longiggidinglaxiss§4; 83, 57) relative to the carrier
frame (2;in9R3t ecattocyiaddripistoraneity4, a5 614, lssa& Bh)ewaysaaxpﬁer sApEYrort 5; ) eorl ower

suPpogh (Gl LM 180 (0l ABEbATRYSIRA il 45, B3R e,
67) ar oundwehsupper Kibs 6@)dor supporting said cyhnder-plston -unit (4, 5, 6; 54, 55, 56, 57) on a
base (17; 67);
in that
o the upper support (15; 65) allows for rotational movement of the respective cylinder-
25 piston-unit (4, 5, 6; 54, 55, 56, 57) relative to the carrier frame (2; 52) around the x-
axis as well as the y-axis;
and/or
e the lower support (16; 66) allows for rotational movement of the respective cylinder-
piston-unit (4, 5, 6; 54, 55, 56, 57) relative to the base (17; 67) around the x-axis as
30 well as the y-axis;
and
in that the device (1; 51) further comprises a mechanical constraining system (18; 19; 20, 86,
87, 91; 92) restricting x-axis translational movement, y-axis translational movement and z-
axis rotational movement of the carrier frame (2; 52) with respect to the base.
35
2. Device according ta claim 1, wherein the constraining system (18; 19; 20; 86, 87, 91;
92) is resilient. |
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well as the y-axis; and in that the device ( 1 ; 51) further conprises a
mechani cal constraining system (18; 19; 20; 86, 87, 91; 92) restricting
X-axi s trwosbeviledsal novenent, y-axis translational novecEML2eDOMRX| S
rotational novenment of the carrier franme (2; 52) with respect to the base.
2 . Device according to claim1, wherein the constraining system (18; 19;
20; 86, 87, 91; 92) is resilient.3. Device (1; 51) according to claim 2,
wherein the constrai ni ng system$18 19; 20; 86, 87, 91; 92) is danped. 4.
Device ( 3; 5Bhevisedbral) Agrordnaiaciagn ZIW@TﬁP@Mnﬁ@a'@FQFWm (#8et®ich: §he upper
support (gﬁ,g1§§2)) is@iiedses one of the group of: cardan joint, spherical
bearing (71) or ball hinge (21). 5. Device according to one of t he
precedi ng clai ns, wherein the | ower support (16; 66) conprises one of the
group ®f : 4.car dzvigeqi;re1) a&d}dingstploae otiaé pfseadlhglgaWWhérémbﬂé lppet support6.

Devi ce aCﬁgr égg r&gmbﬁ)seg%ﬁ (3; tpg hFouBro?%g% M,)spbemﬁial g\?a?mg gﬂ&t heall%?n %gﬁﬂ' ning

system co base
extending in the direction of the z-axis; for each colum (91) at |east

three guigling m@laécc(rgiﬁé td’\éHeCd? tl‘%rrﬁ?c%mng%u M%@MQE’@% rﬁoh%@%@f' er

frarre(52) to swvel around a sw Vvel axis er pen the z-axis,
sai d at | eRiseheraCfifin HrvrofFREEITSIONRESR). 5@“%’@5"699?%\’?93@8)‘2]" b@H Ping®it ed ar ound
said ool um (91) for ridi ng along the length of said columm, wherein a
spring (87) pretension |d|n e swivell ed agai nst
said col utm (g1§Vicefcc '05? Hlﬁoqr%ﬁ% Lﬂ'é? m)héfe'" @8&3?%"@"}?@ SYS€ d col um
(91) wi t hcamtprisesast t hree sai d gui di ng wheel s (86) for each

cyl i nder-pi stao 0 vice.acc dLn

Wherein onch St Ry @:‘)ﬁ THfe o4t £ B SRl RS W B A o
sai d col ume( 9éneach collami(eh aaleesirtlnheegultilogmheelef(BG)Mwhareﬁsvayelludger ein four
sai d i di ng mhlch
gui dlﬁ% wheel ‘g&i@é eé?’?‘?%@?@i@%%g og&g}égérjrgundg ?ﬁ'%lgxggﬁ@%ﬁ&é%

Devi ce accor ditd§ezaxshsaighat @P%ﬁﬂﬁfﬁeGUIQIHQ\VMH@?‘éi(WMbﬁ'ég§ﬂ?n9ﬁ9§§' )ed@f@md

provi ded wi th saidieoitpe (94 P) ridi a|9@gmé%gthftﬁss.ercblu&na@ﬁér@.naslaﬂmg yice
according to one of the rece n the constrajni ng system

whe
conpri ses at I%%@?s'?%re@@ gupiag (”fge' ﬁ@ o %7W'V@'§glﬁgﬁﬁﬁ BERY™ RYed to the

base with one end (30) and to the carrier frane (2) with the other end

(31). 0]‘2 Dev'[?e%lc% %Qorﬁl e élgm%gorgprlsEngea Qariéa go?u I n&ﬂ?wqh gﬁéasm?ereeslamd the base

conpri ses
gmdlng wheels (86) for each cylinder-piston-unit (54, 55, 56, 57).

8. Device according to claim 6, wherein each said cylinder-piston-unit (54, 55, 56, 57)
extends through said column (81).

25
9. Device according to one of claims 6-8, wherein four said guiding wheels (86) are
arranged around each said column (91), which guiding wheels (86) are interspaced at 90°
around the column (91).

30 10 Device according to one of claims 6-9, wherein the springs (87) are provided with a
damper (92) for damping the spring action.

1. Device according to one of the preceding claims, wherein the constraining system
comprises at least three bars (18, 19, 20), each bar being hinged to the base with one end

35 (30) and to the carrier frame (2) with the other end (31).

12. Device according to one of the preceding claims, wherein the base comprises a
separate base segment (35; 85) for each cylinder-piston-unit (4, 5, 6; 54, 55, 56, 57).
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separate base segnent (35; 85) for each cylinder-piston-unit (4, 5, 6; 54,
55, 56, 57).13. Device according to claim 12, wherein each separate base
segnent (\86;208B)1435as out er di mensi ons correspondi ng to PrhE/Nri®rooeiseensi ons
of a standard sea container, preferably a 20, 30 or 40 feet container. 14.
Devi ce according to one of the preceding clains, wherein each
cylinder-piston-unit (4, 5, 6; 54, 55, 56, 57) is hingedly nounted to
either the carrier frame or the base ( 17; 67) for storing the
cyl i pder - p3-st dPRVifiaccqrding &p clgim 4 whepgin eagh sepzyatgpage ﬁegﬁ‘eﬂgﬁéi §3) hph ayter

di r ect i onditmbAsiofdorre¥panamy @ tHeloatts YRiehSiondsef Rariatd/satioRimet, prdfarablytao t he
Z- axi s. 1% Bevhﬁfﬁ ?cc%.dl ng to one of the preceding clains, wherein each
cyl i nder - P SPORAUIRS{ CQUAINS- “6. 54, 55, 56, 57) has a maxi num stroke in the
range ®f 1 to 3.5 neter, preferably in the range of 1 to 2 nmeter. 16.

Devi ce acgcprdifg, , e e ' L aj [ | e sverse
to'the zars. PisebelBlngte STMESEENE il Thersh B indkl SRR SR RS
(4, 5, 6;559545%, 56&7) 5 hjingefly sepudtedto eithesthetcarrieefraye pribebagd Vo) farits i s
at nost 4QoMRiRE SylinBéGiibRAMNY 425 6788155366, BB} FiiSits 18r ituE?ﬁé{l'o@r%_ctﬁﬁc‘(@Ji;_f&Fg to
one of the preceding clainms, wherein the at |east three cyl i nderpiston-
units ar eeﬂé}u’mdﬁ"éveé%ipr?é%’?b'bpg'ipsm'%rttg“(64?,-388,- 6 ; 54, 55, 56, 57). 18.
Assenmbdy conmprising: a device (1; 51) according to one of the preceding
clains; a crane (25;.75). .19 . Assenbly according to claim18 erein
The. or ano' 25 DYisP SeiRD Ll Qe.otin repdepO AT Sra s chigRr-RsBhrgl
accor di ngo.tto54,|59i 56, B3) hasheemekimutntetroke @rtee ogpoi $ &s3.8 naterppreferatily iohhe s

hi ngi ngl yraggé,ugft ¢¢h 5 pefrCrane arm 2 1. Assenbly according to one of the

clains 18- further conprising a vessel (3; 53). 22. Assenbly conprising
a device (1; 51) according to one of the preceding clains 1-17; and a

vesseis ( 316.53)Dedite 0SSN to/orRCdt HebrB&kdirg cfdirfd, Whérbin, WRREE trandVaRseQa el £T
frame (2; SZaﬂjls a |l andi n | at f orm f or ah?lcoter referablg provi ded

f I :
with a | s i REpRigREncs Beluecs a1 9 Sllpder sy s Ghe Bro% PS50 o - 23,
wher ei n tsedd stdessethrédescyliddr-pissorpunity istht ehosi 40 metsrsaprefepdbiyngt riyss Be metsrs.anged
for preventing the vessel from x-axis translational novenent, y-axis
transl ati onal novenent and z-axis rotational novenment. 25. Assenbly '
accor di nglt.o diavicefacedrdingto onelof thedptecedingrokiims, tthereireths at legg;thré8 xylindepr ovi ded

Wi th %0 dypag SnROSL ARGy e BILALARACH | 84, & ganting the vessel from

Xx-axi s transl ati onal " novenent, y-axis transl ational novenment and z-axi s
rotational novenent.

18. Assembly comprising:
¢ adevice (1; 51) according to one of the preéeding claims; and
e acrane (25; 75).
25 _
19. Assembly according to claim 18, wherein the crane (25; 75) comprises a hoisting
cable (26; 76).

20.  Assembly according to claim 18, wherein the crane comprises a gripper which is
30  hingingly mounted to a crane arm.

21. Assembly according to one of the claims 18-20, further comprising a vessel (3; 53).
22.  Assembly comprising

35 » adevice (1; 51) according to one of the preceding claims 1-17; and
e avessel (3; 53).
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26. Method for conpensating a carrier frame on a vessel for |ocal water
notion, wherein the carrier franme is supported by an actuator system

conpri si nyoanidkassh three cylinder-piston-units, each ha&eirmg.2enveeus? cal

| ongi tudi nal axis; wherein z-axis translational novenment, x-axis rotational
novenent and y-axis rotational novenent of the vessel are neasured; wherein

the cylindgr - pAsbABYYkdrdin goec@anzzr ghé@ﬂ tné/cé}ﬁatffaﬁe (8 anf%' aslaa@ﬁgeaa&@rﬁ] in

response to the neasurenen said z-axi s translational novenment, Xx-axis
rot at i onafor ABGEGRRIEY Paslerabiyeravidedmith adendinaddrkitgnt of the vessel . 27. Met hod
according to claim 26, wherein a resilient constraining system generating
resilient reacélon orces. upon disturb Nce 0 said r Lt

osltilon.
count eract® di’sSEMRYAceLding %%{]ecPfF@g‘fs 7% Wafreinshe V%ﬁﬁ't(&oﬁ%s BRIQVGRG or
per f or & ngith be ambbivadsyaeeodreinggd fop padvantimg 2ite afssd Tromwhaxidtrarsitioradl syst em

. J f I
CorP o0 B A PR HALAM AL GH 8L A TRBIH BBt 1o o o

a z-axis and axis'and an y-axis,
wherein the x-axis, y-axis and z-axis define an |nag|nary set of orthogonal

axes, thepg- aXAs%er%ley%@&Br&ng 4§ bhé 61aime 27 €58 Qﬁhe?é(ﬁfh‘é%§ééf (3555)5d PRvia@Xi S

transl ational movenent, x-axis rotational movement and y-axi's rotational
moverent Wih & dypamie posifiening syste AR asARIPVastingh ke yessehirers &raxis ignglaliatas ens ed

nmovenment s molerhdie, WasSEdnslafdh WRGEREM ahd 2-agi8MéthInabisicaiant. S arranged for
generating control signals for driving the actuator systemin response to
sai d sensor signals such that the position of the carrier franme is
conpensat 28 f dvietbad fihr s@msmdating\eccapnier framé ohlaevesss foe lacal water motion,

wherein the carrier frame is supported by an actuator system comprising at least three
cylinder-piston-units, each having a vertical longitudinal axis;

15  wherein z-axis translational movement, x-axis rotational movement and y-axis rotational
movement of the vessel are measured,;
wherein the cylinder-piston-units are controlled by control signals generated in response to
the measurements of said z-axis translational movement, x-axis rotational movement and y-
axis rotational movement of the vessel.

20
27. Method according to claim 26, wherein a resilient constraining system generating
resilient reaction forces upon disturbance of said rest position counteracts disturbances of
said rest position.

25 28 Control system for performing the method according to claim 26 of 27, which control
system comprises an actuator system adapted for translating a carrier frame along a z-axis
and rotating the carrier frame around an x-axis and an y-axis, wherein the x-axis, y-axis and
Z-axis define an imaginary set of orthogonal axes, the z-axis extending vertical; a sensor
system for sensing z-axis translational movement, x-axis rotational movement and y-axis

30 rotational movement of a vessel and generating sensor signals representing said sensed
movements of the vessel; and wherein the control system is arranged for generating control
signals for driving the actuator system in response to said sensor signals such that the

position of the carrier frame is compensated for said sensed movements of the vessel.

15



