[ 0001] This application clainms benefit of U S. Provisional Patent
_Application Serial No. 61/481,458, filed on May 2, 2011, which patent
“application is incorporated herein by reference inits entirety.
BACKGROUND OF THE | NVENTION Field of the Invention [0002] Enbodi ments
of the present invention generally relate to apparatus and net hods of
positioning a subsea object. Particularly, enbodi nents of the present
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har nessing power fromtidal TTOwWS I n the sea. [0004]Tidal turbines
are often used to extract power fromthe tidal flow A tidal turbine
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an al t emyattarehar indtsrerdiréyng the rotation into electricity. These
tidal turbines are usuall y installed on the seabed froma vessel

h. [ 0005] The process of installing
conpl i cated by the

Field of the Invention

( [0002] Embodiments of the present invention generally relate to apparatus and
methods of positioning a subsea object. Particularly, embodiments of the present

invention relate to a tool for positioning subsea objects from a fixed or floating

“structure in a subsea tidal environment:

Description of the Related Art

[0003] One form of alternative energy rapidly gaining interest is tidal energy. Tidal

energy involves harnessing power from tidal flows in the sea.

[0004] Tidal turbines are often used to extract power from the tidal flow. A tidal
turbine typically includes a tower, a nacelle, and one or more rotors that converts the

energy present in water that moves at a certain velocity relative to the seabed into

(N

rotation. The tidal turbine also includes an alternator for converting the rotation into
electricity. These tidal turbines are usually installed on the seabed from a vessel using

a crane with wires and a hook.

[0005] The process of installing or retrieving a tidal turbine is complicated by the
tidal current. When the velocity of the tidal current increases, it is difficult to control the
position of the tidal turbine under water using the wires and hook. As a result, the

installation and retrieval process is generally time consuming and labor intensive.




tidal current. Wen the velocity of the tidal current increases, it
is difficult to control the position of the tidal turbine under water
"using the wires and hook. As a result, the installation and retrieval
process is generally tinme consum ng and | abor intensive. [0006] There
is, therefore, a need for apparatus and net hods of positioning a
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used for installation and retrieval of subsea objects in general.
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arm and one of the articulated arm and the compensator. In another embodiment, the

compensator includes at least two actuators actuatable by the control unit to move the

compensator.

[0008] In another embodiment, the tool includes one or more rigid arms mounted to
a fixed or floating structure. The one or more rigid arms may be configured to
compensate for movements of the subsea object in six degrees of freedom, thereby
maintaining the subsea object in a substantially fixed position relative to the seabed.

The tool may be used for installation and retrieval of subsea objects in general.

[0009] In another embodiment, a manipulator includes an articulated arm and

hydraulic cylinders for moving the arm. A compensator such as a stewart platform

may be integrated into the manipulator to compensate the motions of the vessel

relative to the seabed foundation, thereby facilitating installation or retrieval of the

subsea object from the seabed foundation.

[0010] In another embodiment, a method of positioning a subsea object in a body
of water includes providing an articulated arm coupled to a compensator having an

engagement déviCe; engaging the compensator to the subsea object using the




hydraulic cylinders for noving the arm A conpensator such as a
_stewart platformmay be integrated into the mani pul ator to conpensate
‘the notions of the vessel relative to the seabed foundation, thereby

facilitating installation or retrieval of the subsea object fromthe

seabed foundation. [0010]In anot her enbodi ment, a nethod of
positioning a subsea object in a body of water includes providing an
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be considered limiting of its scope, for the invention may admit to other equally

effective embodiments.

[0012] Figure 1 illustrates an embodiment of a manipulator for positioning a subsea

object.
[0013] Figure 2 is a perspective view of an exemplary compensator of Figure 1.
[0014] Figure 3 shows the manipulator of Figure 1 in a lower, supported position.

[0015] Figure 4 shows the profile of an arm of the manipulator of Figure 1.

D

[0016] Figure 5 illustrates another embodiment of a compensator suitable for use

with the manipulator of Figure 1.

- [0017] - Figure 6 illustrates another embodiment of a compensator suitable for use

with the manipulator of Figure 1.

DETAILED DESCRIPTION

[0018] Embodiments of the present invention provide a manipulator for positioning
an object in a body of water such as a sea or river. The manipulator may be mounted

to a fixed or floating structure. For example, the manipulator may be mounted to a
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[0013]Figure 2 is a perspective view of an exenplary conpensat or of
_Figure 1. [0014]Figure 3 shows the manipulator of Figure 1 in a

"l ower, supported position. [0015]Figure 4 shows the profile of an arm
of the mani pul ator of Figure 1. [0016] Figure 5 illustrates another
enbodi nent of a conpensator suitable for use with the mani pul ator of
Figure 1. [0017]Figure 6 |Ilustrates anot her enbodi nent of a
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object in the sea. The manipulator 100 is installed on the deck of a vessel 1 or other
fixed or floating structure. The manipulator 100 includes an articulated arm 22 and a
stewart 'platfofrh 103 connected to the arm’s 22 distal end. A doc‘ki'ng unit 104 may be
attached to the stewart platform 103 to facilitate connection to the subsea object, such
as a tidal turbine. An optional retainer 2 may be attached to the vessel’s transom or

other suitable location for retaining the articulated arm 22.

[0020] In one embodiment, the manipulator 100 is coupled to the vessel 1 using a
slew bearing 101. The slew bearing 101 is provided on a base 32 of the manipulator
- 100. The slew bearing 101 allows the manipulator 100 rotate around a vertical axis
105, thereby enlarging the working area of the manipulator 100. The slewing of the
manipulator 100 is actuated by a motor 201. The motor 201 is operated by a control

unit 115 that receives input from an operator or a sensor.

[0021] The articulated arm 22 of the manipulator 100 includes one or more arm
members 102. As shown, the arm 22 includes two arm members 102 configured to
provide the arm 22 with a range of freedom to pick up and deposit subsea objects in a
wide area. The arm members 102 are coupled to each other using pivotal connections
{ 202. The articulated arm 22 may be provided with additional arm members 102, for
example, a total of three of four arm members, to increase its range of movement.
The relative position of the arm members 22 is controlled by hydraulic cylinders 204 or
other suitable actuators. These cylinders 204 are operated by the control unit 115 that
receives input from-an operator or a sensor. Hydraulic power is optionally provided by
a hydraulic power pack 205 that is preferably located below the deck of the vessel 1.
In another embodiment, the cylinders 204 may be pneumatically or electrically

powered.




nmovabl e structure supported by the seabed. In another exanple, the
_mani pul ator may be nounted to a vessel. [0019]Figure 1 shows an
~enbodi rent of a mani pul ator 100 for positioning an object in the sea.
The mani pulator 100 is installed on the deck of a vessel 1 or other
fixed or floating structure. The mani pul ator 100 i ncl udes an
articulated arm 22 and a stewart platform 103 connected to the arms
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p0241The docking unit 104 is attached to the |ower frame 302 of the

stewart _ platform 103. The |lower franme 302 can be connected to a

"nunber of different exchangeabl e docking units that are tailored for

attachment to different subsea objects to be noved by the nmani pul at or
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to the shape of the side of the arm 22 being held.

[0026] The control unit 115 is used to control movement of the manipulator 100.
The control unit 115 is configured to receive data from one or more sensors and
maintain the subsea object in a substantially stationary position relative to a fixed point
on the seabed in response to the receive data. The control unit 115 includes a

programmable central processing unit that is operable with a memory, a mass storage



plurality of sensors positioned at various |ocations configured to
facilitate positioning or retrieval of the subsea object. Referring
"to Figures 1 and 3, the control unit 115 nmay receive data froma gyro
sensor 35 located on the vessel 1 and a sonar 45 | ocated on the
articulating arm22. Data fromthe sonar 45 on the articulating arm
22 may be used to establish the distance and direction of its
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hydraulic cylinders 501 and arm nenbers 102 of the nanipul ator 22.
~The sway notion can be conpensated by the slew notor 201 of the slew
bearing 101 of the rmanipulator 100 and the arm nenbers 102 of the
mani pul at or 100. The yaw notion - can be conpensated by the actuating
sl ew notors 503 of the docking unit 504. [0032]Figure 6 illustrates
anot her enbodi nent of a conpensator 600 for naintaining the subsea
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menber s PiasRrey 1¢handienithsr hudiaulio sylindess 204101 B igpicutatingname sspefeainian

by th : i el i

and e Taf HANRingiard stiiondly taRiierppifigTrghlf DHeahebatdne
npensdn edditignt the caotrobtnih@! s hey movethe B&8eblo ¢dnepelseke fay theimtoveowent

0034] I n_aone ,enbodi nent, a mani pul ator tool, faor positioni a subsea

obj oot | Pk SANE RBNES M5 RsE Pttt mieine i asBat o Eioffh By bu e el
~ conpensaliminead baabiest tootheherbitid base agedt @malbe bewaepl thagthel drticdlfgng arm
subsea o%’,ect,_v\,her ein the conpensator allows_the ?ubsea ob'j<_ect to .
nove i n 28tis rexig 39ansl dop ERigingf Zf%@ﬁd’rﬁssé‘nh hhersattep the Apgking unit 104 is
confi gured hReOBYOrGh 1RABHaCAFLAE &handrhiChtiBlRiNg dMRPS hfetrieved to

conpensat or.
surface.

[0030] Figure 5 illustrates another embodiment of a compensator 500 for
maintaining the subsea object in a substantially stationary position relative to the fixed
location. The compensator 500 is suitable for use with the articulating arm 22
described above. The compensator 500 may compensate for the motions of the

subsea object relative to the seabed in at least two degrees of freedom, for example,

,%\2

pitch and roll. As shown, the compensator 500 includes a set of platforms 511, 512

and three hydraulic cylinders 501 coupling the upper platform 511 to the lower platform
512. In addition, a ball joint 502 couples the lower platform 512 to the upper platform
511. One or more slew motor 503 are integrated into the docking unit 504 to provide

rotational movement.

[0031] In operation, the heave and surge motion can be compensated by the
hydraulic cylinders 501 and arm members 102 of the manipulator 22. The sway

motion can be compensated by the slew motor 201 of the slew bearing 101 of the



[0035] I n one or nore of the enbodi nents described herein, the
~conpensator includes at |east two actuators actuatable by the control
unit to nove the conpensator. In another enbodi nent, the conpensator
i ncl udes six actuators.|In anot her enbodi nent, the conpensator further
conprises two platforns coupled to each other using six hydraulic
cylinders. [0036]1n one or nore of the enbodi nents described herein,

retaci vaPUEER BBAR i PlenEE oS BRI FTEHRIA et Vo moton

hydr aul ican &l ddhﬁt%ns‘a(&d PRI WAt gl e erstord SE3 ef therdaekieigurited Gt i ve
to each other. |In another enbodl rrent the articulated armis
r ot at abl e about _t he ver}l cal axis. not her . enbodi nent

oo nitgdos. IRV Gt IHITRIES  BRONEE ST RGOTTRO AP | SuPInBR SR, B00 for
[ 0037] | m&RRirfihg TR ﬁjbgeat&ﬁe&rm%déd&fﬁrﬁlaﬂ?%dhbhﬁ@ Mtﬂirﬂrelét% th 8¢ fixed

i ncl udes a sonar for determ ning distance and direction of

mani pul &aationr orhhg £eMPENPBPH6 nlSaSQ'é%bj@dfOFIUﬁeeNﬁBdm@eﬁ!'“CUﬂa’f@g arm 22
contr ol i S 0]

The 1 o dRSkipash pROVE, | SHIE Lol dnBERY M iy, bhREhAReSREThe ORI

novenentubsdabbjeet tadativieetof timescéabed rim at teaseap@rdsgretas dsfrfeeerdwelmedxample
dat a. [0038]In e or re of the enbo scrlbe e
cont tof PURR AT FlbnASRatN B EEEPFESaar BOP; BILEoG,7 ¢ ERELPTT e two
process hR/B%Lﬂlecc%JnM@&sd@@ﬁ,coaqué %é"b\’éifdn'?leGN ttb CtHb a4BBuIating Pm 22. The
npensate for novenent relative to the fixed 0| nt in response to
goe r ec ®lattemd@it kis also connected to the arm member 102 using a hinge 602 that allows
’f’o’r pitch and roll movement. One or more slew motor 603 are integrated into the

docking unit 604 to provide rotational movement.

[0033] In operation, the heave and surge motion can be compensated by the
hydraulic cylinders 601 and arm members 102 of the manipulator 22. The sway
motion can be compensated by the slew motor 201 of the slew bearing 101 of the
manipulator 100 and the arm members 102 of the manipulator 100. The yaw motion

can be compensated by the actuating slew motors 603 of the docking unit 604.

[0034] In one embodiment, a manipulator tool for positioning a subsea object in a
tidal environment includes an articulated arm; a compensator attached to the
ii; articulated arm for coupling with the subsea object, wherein the compensator allows
the subsea object to move in at least two degrees of freedom; and a control unit

configured to move at least one of the articulated arm and the compensator.

[0035] In one or more of the embodiments described herein, the compensator
includes at least two actuators actuatable by the control unit to move the compensator.
In another embodiment, the compensator includes six actuators. In another
embodiment, the compensator further comprises two platforms coupled to each other

using six hydraulic cylinders.



[0039] I n one or nore of the enbodi nents descri bed herein, the tool
~includes a docking unit attached to the conpensator, wherein the
docking unit is adapted to connect with a docking head on the subsea
object. [0040]1n one or nore of the enbodi ments described herein, the
conpensator is attachable to a docking unit on the subsea object.
[0041] In one or nore of the enbodi nents descri bed herein, the tool

[ 00u2] 1 RBRE ot Op PR TR e Bep e HEREF P8 ffbutated amm

arti cu: &lﬁ(ﬂ%’d@ rati Rekudes ngrrgt mnbérsﬁdivstmm fefativedic @aghagtie. tHe one
articulated arm|n one enbodi ment, the stream j ned shape i rovi ded
by a fi tekpdiBRperthe t?@o'mgﬁurﬂﬁscﬂqi%ﬁa ligger; e repgpantRe mtdbast twoarm

descri begdoigeR! an?ﬁdgee tSTHARULRER! 1P Unotifer™BMBbEfdIR, #he HialiAEs . aids
the structure includes a retalner for supporting the articulated arm
rotatable about the vertical axis. In yet another embodiment, the tool includes a

slewing motor for rotating the articulated arm.

[0037] In one or more of the embodiments described herein, the tool includes a
sonar for determining distance and direction of the manipulator from a fixed point in a
. seabed. In embodiment, the control unit is configured to receive data from the sonar,
{% to process the received data, and to move the articulated arm to compensate for

movement relative to the fixed point in response to the received data.

[0038] In one or more of the embodiments described herein, the control unit is
configured to receive data from a gyro sensor, to process the received data, and to
move the articulated arm to compensate for movement relative to the fixed point in

response to the received data.

[0039] In one or more of the embodiments described herein, the tool includes a
docking unit attached to the compensator, wherein the docking unit is adapted to

connect with a docking head on the subsea object.

{ [0040] In one or more of the embodiments described herein, the compensator is

attachable to a docking unit on the subsea object.

[0041] In one or more of the embodiments described herein, the tool includes a

camera for monitoring movement of the subsea object.

[0042] In one or more of the embodiments described herein, the articulated arm
includes a streamlined shape to reduce drag of the articulated arm. In one

embodiment, the streamlined shape is provided by a fitted member.
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[0044] I n one or nore of the enbodi nents described herein, the subsea
_object may be a tidal turbine. [0045]In one or nore of the
enbodi nents descri bed herein, the tool includes an engagenent device
for engagi ng the subsea object. In one enbodi nent, the engagenent
devi ce conprises a docking unit attached to the conpensator. [0046]1n
one enbodi nent, a floating assenbly includes a floating structure and

herain’ B8R, | A %ne S RBRPE ER e R SRR R i R pdfdgtor ool s

seabed imelriiee stoaansivadilie, sdridi¢helrgrustippointidebdya treeaiseafedsappgbring the
mani pul ator tool in accordance with one enbodi nent descri bed herein.

[ 0048] | RHHEated36® nent, a method of positioning a subsea object in a
body of water includes providing an articulated armcoupled to a

conpensg§gae; havinigheadt rRBRREIRIAB RIMISRNMEREs RIREABENBeidie tRORDBESRbECE Pay
t he subsea object using the engagenent device; operating the

arti cul ecaitidalivtodng.oner the subsea object into the body of water;
and conpensating for novenent of the subsea object relative to a

fixed | g6ak] ON jhoAdSy F’*F‘i“ &fth%ﬂodihgﬁfse@é(sdrﬁgﬁtl?ér@iinﬁ&hé Pﬁ)é $W§€% an

object i'n a substantia stationary position relative to
| ocat i orengpgédeht evite dor remgeging thee seibbeali oltiacts dies onebembodineém, the

[ f th b bj '
7ol bt 60 9 0 BEHFAEan BomPIIER AEPON SO ARG BT S T B e i xed

l-ocation; and sending the neasured data to a control unit, whereby
the contigeak) unih eEeembedinaént| adktatingassémblyeinaluties W fidatithgastrocturd dridea
conpensat or, to conpensate for npvenent of ,theraubs%gg%]éect. In

anot her "BANBURIRLAPC! 1f RECOrdARERIWIth QNG RIRPORIENt FRRFT FIf of a

structure on which the articulating armis |ocated; and sending the
measur eqodgf 2 tip ditCe®BBl Nt VA intovablteasdinbly supported by a seabed includes a

movable structure supported by the seabed and a manipulator tool in accordance with

one embodiment described herein.

[0048] In one embodiment, a method of positioning a subsea object in a body of

water includes providing an articulated arm coupled to a compensator having an
engagement device; engaging the compensator to the subsea object using the
engagement device; operating the articulated arm to lower the subsea object into the

) body of water; and compensating for movement of the subsea object relative to a fixed
{; location in the body of water, thereby maintaining the subsea object in a substantially

stationary position relative to the fixed location.

[0049] In one or more of the embodiments described herein, compensating
movement of the subsea object comprises measuring data related to distance and
orientation of the manipulator from the fixed location; and sending the measured data
to a control unit, whereby the control unit operates at least one of the articulated arm
and the compensator to compensate for movement of the subsea object. In another
embodiment, the method includes measuring movement of a structure on which the

articulating arm is located; and sending the measured data to the control unit, whereby

11



nmeasured data related to novenent of the structure is conbined with
~neasured data related to distance and orientation to determ ne
operation of the articul ated arm and conpensator. [0050]In one or

nore of the enbodi nents described herein, the engagenent device
conprises a docking unit configured to engage the subsea object. In
one enbodi nent, the subsea object conprises a tidal turbine.

[ 0051] Wy r ' [ [ t dj he t
nvent i OreREA-BHERER T oo eisSicR e SriRURNlE SRR EREY bR Te ata
devi sed refatduotet didepretampofisntatiéinéo batirmirsc operatiberafdhe anticlildtbe sst0ped
thereof is determned by the clains that follow Cains: 1. A

mani pul &PBIPENSBICTf or positioning a subsea object in a tidal

envi ronnment, conprising: an articulated arm a conpensat or
attachegodse t henashé O mHopsl A thel BMbeaIARHtE Ietctibed NfereMbara aiqa@@hqent
wherein the conpensator allows the subsea object to nove in at | east
two degdesiseogornpiésagof degiing unit configeiest icorpngage thesubees ebiach nipvene

at | easty iNRiREnt B AIddBWHLE SRR 2Pt foRENSat Or .

[0051] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing from

{”’ the basic scope thereof, and the scope thereof is determined by the claims that follow.
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25. The net hod of claim 24, further conprising: neasuring novenent of
a structure on which the articulating rmis | ocated, sendi ng
the nmeasured data to the control unit, whereby masured data rel ated
to novenent of the structure is conbined with nmeasured data lated to
di stance and orientation to determ ne operation of the articul ated
arm and nnpensat or. 26. The nethod of claim 23, wherein the

engage @ﬁ_ce conprises a docking unit configured to engage the
subsea ) 27. The nmethod of claim 26, wherein the sub ea object

conprises a tidal turbine. CLAIMS: 1. A manipul ator tool for

posi tiani ng a subsea obg ect in a tidal environnment, conprising:

art i cullat edAarmgnipulator togl feimpasiianthia &t sHRSRA] abiegtnia ar ild@lueawwraemﬁ
for coqégllﬂ Rein gl th the subsea object, wherein the conpensator includes
at | east ctuators and is configur ed to nove the subsea object in
at | east tmn@m%sd@fmfreedom relative to the articulated arm and

a compensator attached to the articulated arm for coupling with the subsea
object, wherein the compensator includes at least two actuators and is configured to
move the subsea object in at least two degrees of freedom relative to the articulated
arm; and

a control unit configured to move at least one of the articulated arm and the

compensator and to actuate the actuators.

2. The tool of claim 1, wherein the compensator includes at least three actuators

actuatable by the control unit to move the compensator.
3. The tool of claim 2, wherein the compensator includes six actuators.

4, The tool of claim 3, wherein the compensator further comprises two platforms

coupled to each other using six hydraulic cylinders.

5. The tool of claim 1, wherein the articulated arm includes at least two arm

members pivotable relative to each other.

6. The tool of claim 5, further comprising a hydraulic cylinder for moving the at least

two arm members relative to each other.

7. The tool of claim 5, wherein the articulated arm is rotatable about the vertical
axis.
8. The tools of claim 7, further comprising a slewing motor for rotating the

articulated arm.
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a control unit configured to nove at |east one of the articulated arm
and the conpensator and to actuate the actuators. 2. The tool of
claim1, wherein the conpensator includes at |east three actuators
actuatable by the control unit to nove the conpensator. 3. The tool
of claim2, wherein the conpensator includes six actuators. 4. The
tool of claim3, wherein the conpensator further conprises two

pl atforns coupled to each other using six hydraulic cylinders. 5.

The tool of claim1l, wherein the articulated armincludes at |east

two ar @ menfhestopl whtokdine 11 @lrétidrveorhprisiag i ebha@r for deterhiRirigodistarfce and
claim5, further conprising a hydraulic cylinder for noving the at

| east Fmﬁcgthméﬁﬁﬁﬁ pW@Fﬁ%pVéaﬁﬁeaé@H“HiﬁéP?be¢. The tool of claim
5, wherein the articulated armis rotatable about the vertical axis.
8. The tools of claim?7, further conprising a slew ng notor for

rot at i 1§- t héhateslsiclaimd, avharein tbe cohiol wil is sbntigeriechta redeaive data from the

rant purie: T PRRRSs 1 (ARLE AL S | EhBIE S B ISR HhB o Bprmintfisqtedor
wher ei mdveenent rélative tonthe fixed ponftigtespdnte to theaceeiveddatd.r om t he

sonar, to process the received data, and to nove the articulated arm
to conpensate for novenent relative to the fixed point in response to

the reqgi vethgdddd-of cldim {S\ﬁhé@m tH et Bnikis WBRARIrEd tH e &Y Ejgia fébthta

is configured to receive data from aLdgyro sensor, to process the
A

recei verad#easOran@ PErarss ethensecaived Wate eandr ta eovsoripe nerticdatesk arm to
OV eNeRhyhehlit Y6 hdyihEn IXaeRB N rkdh pERPANSE e B3k FE&NE bata,

dat a. tool "o ai'm onprising a i g~ uni
attached to the conpensator, wherein the docking unit is adapted to

connect .w th a docki head, o he subsea, object... 13. The taool of
CPar Y2 g, o K RRE o SRtk « BaR RS RaLPe doskindqial, sl tgnthe
t he subs@PeRBAEE twherdth thENGodIG)Y] ubilt i€ ladh a,toféé_fﬁn@@f wRAMPHbSIIAG had on

canmera for nonitoring novenent of the subsea object.
the subsea object.

13.  The tool of claim 1, wherein the compensator is attachable to a docking unit on
the subsea object.

14.  The tool of claim 1, further comprising a camera for monitoring movement of the

subsea object.

15.  The tool of claim 1, wherein the articulated arm includes a streamlined shape to
reduce drag of the articulated arm.

16. The tool of claim 15, wherein the streamlined shape is provided by a fitted

member.

17.  The tool of claim 1, wherein the manipulator tool is mounted to a structure, and

the structure includes a retainer for supporting the articulated arm.
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15. The tool of claiml, wherein the articulated armincludes a
streanm i ned shape to reduce drag of the articulated arm 16. The
tool of claim 15, wherein the streanlined shape is provided by a
fitted menber. 17. The tool of claim1, wherein the manipul ator tool
is nounted to a structure, and the structure includes a retainer for
supporting the articulated arm 18. The tool of claim1l, wherein

Lt ur ther aBhant el S Shefabibfeutek bSe sonpks i ublebe o

obj ect . 20 The t ool of claim 19, wherein the engagenent device
conprlses a ock|Q% ﬂnlt attached to the conpensator. 21. A floating
assenblly; cERBMPY ofgslaim 1}, Buthen Fostrrising P engagemenh ARG dpoengamng éﬂ%e
C|aInEgub§%§6@beﬂl 22. A novabl e assenbly supported by a seabed,
conprising: a‘'novable structure supported by the seabed; and a
mani pul ator tool as clainmed in claim1. 23. A nethod of p05|t|oning a

art cuPlrearop doa et 75 WbRin o ARG Sl G0 EhilySth mcastiacunt

engagi aflatter ahpeosqicdsatod. t he subsea obj ect using the engagenent
device; operating the articulated armto |ower the subsea object into
the body of water; and conpensating for novenent of the subsea

obj ect 24 el apif@tihG a8sdmb§dcoBpasingn i n the body of water by
a floating structure; and

a manipulator tool as claimed in claim 1.

22. A movable assembly supported by a seabed, comprising:
a movable structure supported by the seabed; and

a manipulator tool as claimed in claim 1.

23. A method of positioning a subsea object in a body of water, comprising:
providing an articulated arm coupled to a compensator having an engagement
device;
engaging the compensator to the subsea object using the engagement device;
operating the articulated arm to lower the subsea object into the body of water;
and
compensating for movement of the subsea object relative to a fixed location in
the body of water by
measuring data related to distance and orientation of the manipulator from
the fixed location; and
sending the measured data to a control unit, whereby the control unit
operates at least one of the articulated arm and the compensator to compensate
for movement of the subsea object,
thereby maintaining the subsea object in a substantially stationary position

relative to the fixed location.
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measuring data related to distance and orientation of the manipul ator
fromthe fixed | ocation; and sendi ng the neasured data to a
control unit, whereby the control unit operates at |east one of the
articulated armand the conpensator to conpensate for novenent of the
subsea obj ect, t her eby maintaining the subsea object in a
substantially stationary position relative to the fixed |ocation.

24. The nmethod of claim 23, further conprising: nmeasuring novenent of
a structure on which the articulating armis |ocated; and

sendi n@4t he The asathed of aliaiin 08, fufet 6BinpbaALingNi t, whereby measured data
related to novenent of the structure is conbined with neasured data

related to He@FHRRRMAYEMSNt 8ha slrueire en sevd ierrstiogaing aiemisdpcalsd; and
articul at edséﬁ(ﬂ?&%ﬂﬂa FRREBEREHRA to trﬁagccf(n-ﬂbq’ ufiR! \Dﬁélreg? inﬁ:éa%'up%d’zéata"\‘éﬁ{tgd tb

t he engagenent vice conprises a docking unit configured to engage
t he subxwamehit eftthe 28ruthaenstdooobinéd olith mezBurathdets related toutistsance and

obj ect orfRtiLR & dgteFrlnﬁ%l o;}el#étkl)dnngf the articulated arm and compensator.

25.  The method of claim 23, wherein the engagement device comprises a docking

unit configured to engage the subsea object.

26. The method of claim 25, wherein the subsea object comprises a tidal turbine.
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