1 REMOTELY OPERATED VEH CLE ASSEMBLY 2 3 FIELD OF THE I NVENTION 4 5
[0001] This invention relates to a renptely operated vehicle assenbly
for use in 6 subsea applications, and nore particularly to an

i nprqved connecti on Lcl,e and an
u%i ﬁi cal. 8 9 BACK Y@éﬁmﬁﬁﬂ&%égs%g% Renot el y
operg}ed vehicles (ROV) are conmmon in deepwater industries such 12
as off shore hydrocarbon extraction. ROVs are unmanned, highly
maneuver abl e and 13 controlled by a person aboard a vessel, ship,

pl at Borm nobile of fshore driﬂlEL@gQEMﬂM, etc. An umbilical
is used to connect electrical power, hydraulic power, 15 and/or fi ber
opti & connections between a surface vessel and an ROV. ROVs are 16
typically equi pped with various equi pnent such as nani pul at or ar s,

vi deg cqoedHsThis lepfibaielaist tol Hhdriotet SperAdd VdHdlalasearinlRiMusean be
added to expand the vehicle's 18 capabilities. 19 20 [0003] Since
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torsional stresses are generated at the interface of the 24 renotely

oper§t ed vehicle and the unmbilical. Such stresses can shorten the

life of 25 the assenbly, and al so i ncrease the need for naintenance.
Al 509 t he oper at or is BACKGROUND OF THE INVENTION

10

11 [0002] Remotely operated vehicles (ROV) are common in deepwater industries such
12 as offshore hydrocarbon extraction. ROVs are unmanned, highly maneuverable and
13 controlled by a person aboard a vessel, ship, platform, mobile offshore drilling unit
14 (MODU), etc. An umbilical is used to connect electrical power, hydraulic power,

15 and/or fiber optic connections between a surface vessel and an ROV. ROVs are

l6  typically equipped with various equipment such as manipulator arms, video cameras,
17 sonar and lights, etc. Additional equipment can be added to expand the vehicle’s

18 capabilities.

19

20 [0003] Since the umbilical contains elements such as an electric power line and/or a
21  fiber optic cable assembly, known remotely operated vehicles have a rigid,

22 unadjustable interconnection with the umbilical. This means that during deployment
23 and movement of the ROV, torsional stresses are generated at the interface of the
24 remotely operated vehicle and the umbilical. Such stresses can shorten the life of

25  the assembly, and also increase the need for maintenance. Also, the operator is



1 11limted in the range of notion of the ROV to reduce or avoid such
stresses. 2 Mdreover, known ROV's have fixed thrusters, so to turn
right, a left fore/aft thruster 3 thrusts ahead, while a right
forefaft: & u . . t . r dto
turn | ef TSR it o Mo 6 % ROVACUREHAL BF 8Pl EnTSERES (0
5 argund,i.e, they h arelatively large turning radiys., Su
turn ngﬂl{:oa{ﬁob%rngpé‘fvaw(gvtsu'?%‘{ﬂa%@ﬁd&h}!ﬁ%ﬁ' FB&% B tc%igl%g@ﬂ%lgﬁr%hruster
visibility issues near the seabed. 7 8 [0004] It would be desirable
to ptovifEsls 3haash Bile sodghitfate/akt Hirupter dunpiscerarseo Bie thousters aiecal
Wi th reduced stress between the unbilical and the ROV and which has a
10 réducemgrsed to wgn deftliThds neanstRaSUMVRR O8Fs MEglireaNENTGcObpadestoltdrn
[ 0005] A renotely operated vehicle assenbly is adapted to be
conngct ectburnl ic tAdy hhde boektivbRtidgientuhsing Rgdias r Smhalishitpeatyeferate
vehicl e and an unbilical connected to 16 the renotely operated

17
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The renotely operated vehicle is rotatable with respect to the
unbifical. 18 19 [0006] Fromthe foregoing disclosure and the

followi ng nore detailed description of 20 various enbodi nents it

wll, be ent to those,skjlled jn the art tha he present 21
vehe SRR oot e BRRRR e idsuaiioRly ene Bt iauRlsgprgected to an
renot el perated 22 vehicles. Particularly significant in this
regat d ?5@ lica! ab epevead stress b@%@dhemmﬁlm and3he KO e winiag has a
hi gh quality connection between the renotely operated vehicle and 24
t helwnmbraduegt tupdiey tadinal f eat ures and advant ages of vari ous
enbodi nents wi Il be

11

12 SUMMARY OF THE INVENTION

13

14 [0005] A remotely operated vehicle assembly is adapted to be connected to an

15 offshore platform having a remotely operated vehicle and an umbilical connected to
16  the remotely operated vehicle, and adapted to be connected to the offshore platform.
17 The remotely operated vehicle is rotatable with respect to the umbilical.

18

19 [0006] From the foregoing disclosure and the following more detailed description of
20 various embodiments it will be apparent to those skilled in the art that the present
21 invention provides a significant advance in the technology of remotely operated

22 vehicles. Particularly significant in this regard is the potential the invention affords
23 for providing a high quality connection between the remotely operated vehicle and
24 the umbilical. Additional features and advantages of various embodiments will be

25  better understood in view of the detailed description provided below.

%]



25 better understood in view of the detail ed description provided
below. 2 1 2 BRI EF DESCRIPTION OF THE DRAWNGS 3 4 [0007] Fig. 1 is
a view of the renotely operated vehicle connected to an unbilical 5
which is in turn attached to a MODU in accordance with one
enboélnent 6 7 [0008] Fig. 2 |s an isonmetric view of the renotely
operated vehicle in Fig, S section view
takenn through the reno F-opers , 3 2. 11 12
[0010] Fig. 4 shows several views of the renDter oper at ed vehicl e of
Fig.33 13 14 [0011] Fig. 5 is a close up view of the interconnection
between the unbilical and the 15 renotely operated vehicle of Fig.

2. 16 1000Q0¢12]1 ista sleaubtThkeemuisy sipecatet vahicdd eoraprad ¢l ad uaviilgs
are not necessarily to 18 scale, presenting a somewhat sinplified

r epr gsengash @inQbirvattdcherl toeRMOBE ih lakbsidant vath dife 8mbodmmbasi ¢
principles of the invention. The specific design features of the
renmogely 20 operated vehicle as disclosed here, including, for
exanple, the slewring assenbly, 21 will be determned in part by
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di stgrted 23 relative to others to help provide clear understanding.
In particular, thin features my

9 [0009] Fig.3 is a cross section view taken through the remotely operated vehicle of
10 Fig. 2.
11

12 [0010] Fig. 4 shows several views of the remotely operated vehicle of Fig. 3

14 [0011] Fig. 5 is a close up view of the interconnection between the umbilical and the
15  remotely operated vehicle of Fig. 2.

16

17 [0012] It should be understood that the appended drawings are not necessarily to

18 scale, presenting a somewhat simplified representation of various features illustrative
19 of the basic principles of the invention. The specific design features of the remotely
20  operated vehicle as disclosed here, including, for example, the slew ring assembly,
21 will be determined in part by the particular intended application and use environment.
22 Certain features of the illustrated embodiments have been enlarged or distorted

23 relative to others to help provide clear understanding. In particular, thin features may

24 be thickened, for example, for clarity of illustration. All references to direction and



24 be thickened, for exanple, for clarity of illustration. Al
references to direction and 3 1 position, unless otherw se indicated,
refer to the orientation illustrated in the 2 drawings. 3 4

DETAILLE I TAL S .5 6.[0013] Lt wll be
appar ont TE ML B SR Tl o dnsdree age pusn eyl Rbstar fbse 7
knowl. ed or experience in this area of technol ogy, that nmany uses
and desiQAVWH#'SFari ati ons are possible for the remnotely operated
vehi cl e assenbly di sclosed here. 9 The followi ng detail ed discussion
of vadrious alternate features and embodinments will 10 illustrate the
general principles of the invention with reference to a renotely
operdted 11 vehi OEGAJSEBNDEGCRIPTISH @R GERT AN ZMBODIWVBNTSIbsea
applications. Qther 12 enbodi nents suitable for other applications
wi | | sbe apparent to those skilled in the 13 art given the benefit of
this disclosure. 14 15 [0014] Turning now to the drawings, Fig 1
sho a £l f b A Lty

W é@@m] Ifwﬁl Eéaﬁélﬁreﬂf td ih‘o%? il it fhe éﬁbﬁ%ﬁ@; rtcﬂ]ﬂ{(%e%hgrﬂave

of fshore plattformsuch as an ol l extraction renotely 17

oper at e Lcle I.S: nect. 0 nbilical ,11. The unbjlical 11
ext ends KPEdEEo RoSieRERIF B Rrod affrotBBionk Dro Dyt TRLesSdhe
of electri.cal power, fiber optic 19 connections and hydraulic power
Lo the. HaHorens SEhRosg ToeEPEIOlaly AR R VoBi o BesRIP A EFlos S hetAn)
on the platform 12 unwinds the unbilical which in turn 21 lowers the
r enoP el yhepellawieg daspiled discgssion pérateun slidnsissfespueatindrambedioteniswill
22 perform ng mai ntenance on underwat er equi pnent 100 such as a
deepOsedlustrake ther gerksaleindigad of the ineratign with Refeeesee of a taeotbly vpeaited
mechani smurges the unbilical to

1T vehicle assembly for use in a wide variety of subsea applications. Other

12 embodiments suitable for other applications will be apparent to those skilled in the
13 art given the benefit of this disclosure.

14

15 [0014] Turning now to the drawings, Fig 1 shows a mobile offshore drilling unit 12
16 ~ shown here as an offshore platform such as an oil extraction platform. A remotely
17 operated vehicle 10 is connected to an umbilical 11. The umbilical 11 extends from
18  the offshore platform 12 and provides at least one of electrical power, fiber optic

19 connections and hydraulic power to the remotely operated vehicle. A driving

20 mechanism (not shown) on the platform 12 unwinds the umbilical which in turn

21 lowers the remotely operated vehicle 10 to perform sub sea operations, such as

22 performing maintenance on underwater equipment 100 such as a deep-sea drill or
23 wellhead, for example. Reverse of the driving mechanism urges the umbilical to

24 wind on the platform 12 and pull the ROV back up to the surface. The umbilical may

25  comprise an armoured umbilical, which can be, for example a structurally robust



24 wind on the platform 12 and pull the ROV back up to the surface.
The unbilical may 25 conprise an arnoured unbilical, which can be,
for exanple a structurally robust 4 1 steel assenbly with a circul ar

Cross segiio ining .a.central passage . slot _or 2 channel jnto
Shich o TioerSsPrio bAE £ofloedpsd BRRENS g adiential pResaiiiEve oot o
cable, etc. . may be received. 4 5 [0015] In accordance with a

hi ghl aﬁ\%ﬁ@ﬁ@&%'%m raulie fjge, anvatesine prerinedol siketeriicecatte i efc.
adj ust abl e or novable with respect to the unbilical 11. In the 7
embodi neRgy beHBeRIvEsH the Figs. the ROV is rotatable with respect to
the unmbilical. 8 Allowing for relative novenent at an

i nt edconnecti on between these two parts 9 advantageously reduces
resi dual stresses, allows for greater freedom of novenent 10 of the

ROV and [de¢spases B&@th & MigHRRLAYANEHESus fhturd2 tHDEhedtely Sherated
shows an[ i so]?ret rig Vi gw of theg%rmt el ygopesr at e%lr vehi cl e %(Xl.cqo'lghre eRO\/

13 ¢ rJ f. ! f o 2 he

L3, CRTPCARSe 207 SRS B ARl i eGSR BIRER 2B
the tloatation block 24. The.fl ofatl bl oc 15 .is attach to . the
frand 2orpedheRsesival iy fE s olB RS ralblap Bebiredbed ke Wnbilcal
unbilical, 11. The base 26 is independently rotatable with respect to
the frarfdloysng iof ralRgvamppyareant alen mkareeigcdiondetwged tiyess Wk t o
the frame 25 above manipulators 18 14 provide forward and reverse
nov effentadypntageorel. redgce egidol BireFees, fallows 401 greaberdoeddim bmamement
plurality of thrusters 20 which drive the renotely 21 operated

vehilfl e aithé ROWIbhd pleeratiseschée ored fét attedatce.t he frane are al so
nunerous 22 devices such as mani pulator arns 14, 16 which can

per fijor m vari ous functions.

12 [0016] Fig. 2 shows an isometric view of the remotely operated vehicle 10. The ROV
13 comprises a flotation block 24, a frame 25 and a base 26. The umbilical 11 extends
14 into a funnel 22 positioned in the centre of the floatation block 24. The flotation block
15 is attached to the frame 25. Frame 25 is rotatble about and with respect to the

16 umbilical 11. The base 26 is independently rotatable with respect to the frame 25

17 and umbilical 11. Thrusters 20 rigidly attached to the frame 25 above manipulators
18 14 provide forward and reverse movement of the ROV.

19

20 [0017] The floatation block 24 has a plurality of thrusters 20 which drive the remotely
21 operated vehicle 10 in multiple directions. Attached to the frame are also numerous
22 devices such as manipulator arms 14, 16 which can perform various functions.

23 Optionally the base 26 is rotatable with respect to the umbilical 11, creating a lazy
24 susan design allowing for relative movement of the base 26 both with respect to the

25 frame 25/flotation block 24 and with respect to the umbilical 11 allowing for access to



23 Optionally the base 26 is rotatable with respect to the unbilical
11, creating a lazy 24 susan design allowng for relative novenent
of the base 26 both with respect to the 25 frane 25/flotation bl ock

24 and w th. t i cal i . -5 |
fool b 1 oyRdl R b2 ShaBLls ERnd SigBed M B ABBE A M Erndpter
by ni pul at o 2.armil4 to rformvarious tasks. 3 4 [0018] Figs.
3-4n2h0®§ms)b‘g\/{9r%ﬁrfqn’rb\ﬁ%”%+s ttE‘EES'rem)tel y operated vehicle 10. The 5
flotation block 24 is shown here rigidly attached to the frame 25 via
tie ods 67. Both 6 the base 26 and the flotation block can be
provided with a flotation material such as 7 syntactic foam When

t he ROV[OGIRiFHias. 3g4 shoas devkrabivigwsadff themeddiely oparatedivghiclaa$08 Thiech
as 5 tons. By adding the buoyancy of the flotation nmaterial, the ROV

10 95 begiorivntebed 24 B $has etrigiMeatrdchedte SRe ahnico2s bRy wiids 62l Bath
when subnmerged. 10 That is, novenent of the ROV by the thrusters is

assi §t ethdya@dds bhann@fotdtRnal! (ib8Y with L idtii i
funnel 22 i% attacheg tg an an‘g?S%&?g%%g&? l‘ﬁvrlln]e% %%tlkﬁ%srlgg%gpas
14 mpve t I ' cke.. it espect. to .t.he unbilijcal.
e Tunnaiefeiial WEBTHERQY BhiRd ofa e iaPsgol8 i st ied
t he changes direction, such as 16 turning. . The funnel also hel ps
bvoi i eRMEDAE 19, En adR oG Ry aNCHy! e A thr R 10 ca
from bendi ng beyond a bend radius. The funnel also acts as a gui de
for 4 becaniesselatively ersde Mmieswith freapeshiswiie unseiticalo! hwhep submerazd.
at the termnation 28, 19 typically when the ROV is on the surface
or boh t hbapisarfoyemeh? o2the ROV b 8t thiugars isafsssbedh by asislditnl afdltation
sonars (front and rear) 32 can be |ocated on the
11 material.
12
13 [0019] The funnel 22 is attached to an adaptor 29. The funnel 22 limits lateral
14  movement of the flotation block 24 with respect to the umbilical. The funnel reduces
15 rubbing of the umbilical as would occur when the ROV changes direction, such as
16 turning. The funnel also helps avoid excess strain on the umbilical by preventing the
17 umbilical from bending beyond a bend radius. The funnel also acts as a guide for a

18  surface latch mechanism (not shown} used to grasp the ROV at the termination 28,

19 typically when the ROV is on the surface or on the platform 12

21 [0020] A pair of sonar assemblies or sonars (front and rear) 32 can be located on the
22 frame 25 adjacent to the floatation block 24. Additional thrusters 20 are mounted on
23 the frame. As shown in the top view in Fig. 4, for example, the thrusters 20 on the
24 flotation block are spaced circumferentially around the flotation block. The

25  combination of thrusters allows both large movements of the ROV and for fine lateral



22 frame 25 adjacent to the floatation block 24. Additional thrusters
20 are nounted on 23 the franme. As shown in the top viewin Fig. 4,
for exanple, the thrusters 20 on the 24 flotation block are spaced
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nmount ed on the frarre 25. 3 Electronics fpod 44 is al so mounted on the
framd 25:lectoncs pog £ iTRsoRDIUNtRd ¢rethedfeamei?Ses a slip ring assenbly
50 which is attached to a 6 slew ring assenbly 35. The slip ring
assernbly 50 allows for continuous transmssion 7 of electrical power
bet ween the unmbilical 11 and the ROV 10. A connecting lead 45 8

ext ends [HODMTHaEROM mﬁhbﬂ@omﬁgé@bki@@mg%s@ﬁﬂﬂy 8h vilcl iesttddedl to a

term nation 46 9 nounted on the frane 10 11 0022 The adapt or

29 1§ ”s?vﬁ“nﬁ sk A iBgf 350'@@5% i) %@W?ﬁ P&b%@u\éusjnzam{negs:on

connect necha cal ion cooper a

h
Ui 7ot B %aikg@ipﬁé@%?ﬁ b ﬂfﬁﬁﬁfﬁ?’ﬁﬁ 28 t%hﬁﬁgq%p’rﬁ‘%ﬁﬂ%g (€ad 45
-4, th t is
et B e el cing Bspe Rl Shand spis A A0 detiERakeTRiNGdgn 4616

t he nechanical term nation 28 and electrically term nates at the
j unc?i omybRedon the frarse P6023] Fig. 5 shows a close up view of the
renptely operated vehicle 10. The slew 19 ring assenbly 35 provides
forlfelative rotation of the ROV 10 with respect to the 20 unbili cal
11. The slew ring assenbly 35 conprises an outer gear 38, a bearing
racel  [0022] The adaptor 29 is rigidly attached to an outer gear 38 and operatively
12 connected to a mechanical termination 28. The adaptor 29 cooperates with a
13 junction box 30 to transfer load between the ROV and the umbilical via the
14 mechanical termination 28 and worm gear 38. Optionally, as shown in Figs. 3-4, the
15 junction box 30 is positioned within the adaptor 29. The umbilical extends through
16 the mechanical termination 28 and electrically terminates at the junction box 30.
17
18 [0023] Fig. 5 shows a close up view of the remotely operated vehicle 10. The slew
19 ring assembly 35 provides for relative rotation of the ROV 10 with respect to the
20 umbilical 11. The slew ring assembly 35 comprises an outer gear 38, a bearing race
21 40 and a bearing assembly 39 positioned between the outer gear and the bearing
22 race. The outer gear 38 is attached to the adaptor 29 such that these two parts

23 move together, along with the umbilical. The bearing race 40 is aitached to the

24 frame 25 such that it is rotatable with the ROV (with respect to the umbilical). A



21 40 and a bearing assenbly 39 positioned between the outer gear and
the bearing 22 race. The outer gear 38 is attached to the adaptor 29
such that these two parts 23 nove together, along wth the

E‘L“SL | oy R LK R 10k P AR BEal B Ry Sel il Bral oce

ﬁD ggear 36 is operable to rotate the outer gear 38 with respect
to t Qari ng race 2 40. 3 4 [0024] The arnored unbilical 11,
mechani cal term nation 28, adaptor 29, outer gear 5 38, along with
funnel 22, and junction box 30 are all held in place with respect to
6 each other. The rest of the ROV rotates around these conponents. A
drivé mid@4] TheaBriced iugddlidad 1t hmechanealtermfadioatd8o adaptdri2®, dutergear
notor rotates the wormgear 36 8 which in turn causes relative

noveren38phlohevittiudihed 22y arkBjunctitn bes Becdretal Hdl@ irPp I'é@érwmﬁrersﬁéét t60.
That is, the outer gear is rotatable with the unbilical and the 10

bear ng shag %tﬁe? rﬂ?@ﬁe@%ﬁh‘@ ROV H&%{tb@ %%L‘ﬂ%f’ tHeRE R n\é?]tf%.c | drivd Botor

armour ed unbi |1 cal 1 preferably ayers o
contrxa ngt h st eel acket on e
out s de i iR Yonﬂ%”"?%g? 20 SHRABL b2 et el ink e 0
13 torsior stiffness 4 15 0025 not ed abqve, the base 26 of
Uhe BOVETLIR L7 Gre Aty TPES e Y\ s R With sRss: orihes
can be advantageous where the base 26 defines a basket 42 17 which
can Pe bsadng mcastdr iThgt Bobissoutenaephisotaiakletwith thiekembiRtoalarnbiheof
the base 18 with respect to the frame 25 can optionally allow for
accé8s beatihg rdxasisedtatdioleatittothie reégndtely opelratedwehicd aTherarofoutrdd ubddieal
with respect to the frame 25, a second slew ring 20 assenbly 55 can
be usedpreferaiionss o Fy@ss oBatonfadmidah} WBuhd ReyHRSBERHRhblow steel wire

12 jacket on the outside of the umbilical terminated into termination 28 to enhance

13 torsional stiffness.

14

15 [0025] As noted above, the base 26 of the ROV 10 can be rotatable with respect to

16 the frame 25. This can be advantageous where the base 26 defines a basket 42

17 which can be used for storing tools, equipment and the like. Rotation of the base

18  with respect to the frame 25 can optionally allow for access to the basket. To allow

19 for relative rotation of the base with respect to the frame 25, a second slew ring

20 assembly 55 can be used. As shown in Figs. 3-4, second slew ring assembly

21  operates similar to the first slew ring assembly 35 and rotatably interconnects the

22  base 26 to the frame 25.

24 [0026] A slip ring assembly 50 is attached to the slew ring assembly 35 allowing for

25  continuous transmission of electric power between the umbilical 11 and the remotely



21 operates simlar to the first slewring assenbly 35 and rotatably
i nterconnects the 22 base 26 to the frane 25. 23 24 [0026] A slip
ring assenbly 50 is attached to the slew ring assenbly 35 all ow ng

i 1 caPeredEHEe 180T Zﬁﬁiiy‘*ﬁ"g‘%%%'{%{f %Q%&@%?%f 8*3%%%%@%@ ng
et SEPMEOTS B Eend IS0 el SR PAROPRECH TR PRGNS BN of

the assenbly are nmade to the ring. Fixed contacts or brushes run in
cont act Palt fithe aspempingre madade Hie fing Eixedtaontagts pohewshes rendmaprtach
the exterior, static part of the 5 system Fiber optics, if present,
can #er miithahe ritg, frahstesnngpleictricabpawgr posighal tbrice eptaratr estatinpart tofi éhe
slip ring assenbly 50. 7 8 [0027] Several punps and notors nay be
usedst o sqstevie Fiber vpticupekent, chRdedninakedty filgsr Gtk retsryijsiat power to
t he equi pnment used on the ROV. For exanple, a 10 hydraulic punp 48
can pe ysef } i he equi pnent, a hydraulic 11
valvg pack %%%gﬁaﬁﬁ??ﬁ%gﬁ%ﬁﬁ%éggﬁﬁg&Q%% used to drive the first slew
ring-assenbly 12 35, a hydraulic drive notor 56 can provide drive
force for the second slewring 13 assenbly 55, and reservoirs 60, 62
can be e ith the punps,and drive notors, . 14 as needed, ,
Tr angf of(fﬁ?rdfl VRER) PLiRS B mofds%scmav b6 usedredeivedne variPes Fleshingy
from 15 one circuit on the ROV to another as required. 16 17 [0028]
Use df eReembligs ang popadavewelénhihg equismenbrsedondie QQ@¥efonexamples an
18 advant ageously be used w thout need for a cage (a container for
t he IROVhgezartiapempl 98 tro et ned/esselidbGbijve fEtdentortaticguimhentha algaulic
advant ageousl y reduces costs and

11 valve pack 65 and drive motor 66 can be used to drive the first slew ring assembly

12 395, a hydraulic drive motor 56 can provide drive force for the second slew ring

13 assembly 55, and reservoirs 60, 62 can be used with the pumps and drive motors,
14 as needed. Transformer 68 may also be provided to transfer electrical energy from
15 one circuit on the ROV to another as required.

16

17 [0028] Use of the remotely operated vehicle assembly as disclosed herein can

18 advantageously be used without need for a cage (a container for the ROV separate
19 from the vessel 100). Elimination of the cage advantageously reduces costs and

20 complexity by elimination of hardware. The ROV assembly could still be used with a
21  cage, if needed. Further, the slew ring assembly or other device which allows for

22 rotation of one component with respect to the other can be used between the

23 umbilical and the cage, or more generally between a tether management system and

24 the cage, either in combination with the slew ring assemblies 35, 55 discussed

25  above or independent of such slew ring assemblies.



20 complexity by elimnation of hardware. The ROV assenbly coul d
still be used with a 21 cage, if needed. Further, the slewring
assenbly or other device which allows for 22 rotation of one
conpenent with respect to the other can be used between the 23

unbi I'i cal and the cage, or nore generally between a tether managenent

system 4 t age, either in conpination with the slewring
asseﬁm ﬁ@@%éﬁhes'ggaf %%%@@H diagloggahergin, Pﬁ@tﬁ‘pm%ﬂﬁ%‘f’s.m the o BleMy
assenblies. 91 2 [t002.9] The ROV assenbly disclosed herein, unlike
knowd ROUS asseedly Ra te opest tw RO@Vifondiracgtmabconizsl. tNoyng éme RN witithe
for directional control. Mwving the ROV with the 4 thrusters and
cont #ol lthgtars endeadindingfthe healiDyg of the RO¥ vethetiergewingaibwsoor greatly
greatly 5 inproved (reduced) turning radius. Thus the ROV assenbly

di sckosegphe/edi (Fedldeaaurnthd RIdi@ASENRS thelROVEEs2Reb I dRRIdARSI Hdréif allows
adj ustnment. Such fine position adjustnent 7 reduces the anmount of

sedi gen i i : : a WQ%‘

Vi Si Eliel F?r;éﬁ%\rlg tﬁa "\éggggﬁhgcé}%gn r%%ﬁgqoﬁhtgluacﬁq@ﬁt%ng ene PQﬁ’nent
situati i . 0]. Fromthe foregoing disclosure and
det | e Shse TR Song ! sepur NI o Hriiime G ear o b8 KBRA" et

t hat _vari pus _m)dlf.i.gati ogs, addi tions and other, 13 alternative.
embolii meRNEnGInG Yl BT el RXtERGHER 1oy PPIREHIAL Adiaplrnar yleations
14 spirit of the invention. For exanple, the slewring assenbly could
be repl &88&'with 15 another assenbly allowing for relative
rotational novenent of the ROV with respect 16 to the unbilical,

suchbas a ball and socket design, for exanple. The enbodi nents 17
di scussed were chosen and described to provide the best illustration

o e I g A L ot el
12 embodiments, it will be apparent that various modifications, additions and other
13 alternative embodiments are possible without departing from the true scope and
14 spirit of the invention. For example, the slew ring assembly could be replaced with
15 another assembly allowing for relative rotational movement of the ROV with respect
16 to the umbilical, such as a ball and socket design, for example. The embodiments
17 discussed were chosen and described to provide the best illustration of the principles
18  of the invention and its practical application to thereby enable one of ordinary skill in
19 the art to use the invention in various embodiments and with various modifications as
20  are suited to the particular use contemplated. All such modifications and variations
21 are within the scope of the invention as determined by the appended claims when

22 interpreted in accordance with the breadth to which they are fairly, legally, and

23 equitably entitled.

10



19 the art to use the invention in various enbodinents and with
various nodifications as 20 are suited to the particular use
contenplated. Al such nodifications and variations 21 are within

the scope of the invention @Isamqﬁé@[mggﬂ E% %Bﬁ t%pended cl ai ms when
22 interpreted in accordan ich they are
fairly, ,l.egal d. 23 ,tably entitled. 24 25 10 1 Draw ng
Nunb ?/i Hé Des%gmfélﬁppefa%ml?el y Qperated Vehicle 3 11 Arnored
unbilical 4 12 Vessel/ship/platformnobile offshore drilling unit
(voDb) 18 1007 URRIEAvEPRKICRlqui pment /drill or wel | head 6 14 Mani pul at or
arns (for exanple seven function mani pulator arns) 7 16 Mani pul at or

ar m ¢f ol 2Zexanyéessel/ship/platictnn/orohiterifishbea drilling nhit §MZID By dr aul i ¢
Thruster 9 22 Funnel 10 24 Floatation block 11 25 Frane 12 26 Base

13 28 Aroor edUhlidinEteeeqgivbeabtanbr Wenmeédamnti on 14 29 Adapter 15 30
Junction box 16 32 Sonar - front and rear 17 34 Pan & tilt for canera
- frent 1@and r@ahipulator arms (for example seven function manipulator arms)
7 16 Manipuiator arm (for example five function manipulator arm)
g8 20 Hydraulic Thruster
9 22 Funnel
10 24 Floatation block
11 25 Frame
12 26 Base
13 28 Armored Umbilical Mechanical Termination
14 29 Adapter
15 30 Junction box
16 32 Sonar — front and rear
17 34 Pan & tilt for camera — front and rear
18 35 Slew ring assembly
19 36 Worm gear (drive gear)
20 38 Quter gear
21 39 Bearing assembly
22 40 Inner bearing race
23 42 Basket (for tools, in base 26)
24 44 Electronics pod/controller

25 45 Connecting lead

11



18 35 Slew ring assenbly 19 36 Worm gear (drive gear) 20 38 Quter
gear 21 39 Bearing assenbly 22 40 Inner bearing race 23 42 Basket
(for tools, in base 26) 24 44 Electronics pod/controller 25 45

Connect iyag | : : i.lical termnation 2 48 Hydraulic Power
Uni tﬁa 3490 Sf’?@bﬂifcgétei@ée ny 4 55 2nd slew ring assenbly 5 56

drauli¢c driyve notor, for 2nd slew ring assenbly 6 60 Hydraulic
|r_Zse vof‘lﬁ 7 Glﬂy%?&i‘ E’ A réﬂﬁ}‘rtpensati on ?eservoi r 8 65 Hydraulic valve
pack 9 66 Hydraulic drive notor 10 67 Floatation block tie Rods 11
68 T# ansPor meplinLng ags@ly 2 What is clained is: 3 4 1. Aremotely
operated vehicle assenbly adapted to be connected to an offshore

4 55 2" slew ring assembly

5 56 Hydraulic drive motor for 2" slew ring assembly
6 60 Hydraulic reservoir

7 62 Hydraulic compensation reservoir

g8 65 Hydraulic valve pack
9 66 Hydraulic drive motor
10 67 Floatation block tie Rods

11 68 Transformer

12



5 platform conprising, in conbination: 6 a renotely operated vehicle
and an unbilical connected to the renotely 7 operated vehicle, and
adapted to be connected to the offshore platform 8 wherein the
rerm?ely operated vehicle is rotatalle,ydh respect to the 9
unbilical. 10 11 2. The renotely operated vehicle assenbly of claim

1 wh re ili.cal 12 provides at |east one of electrical power,
and Qph%tg‘?cgan;gﬁﬂﬁ ‘ction to the renotely 13 operated vehicle. 14

15 3, The renotely operated vehicle assenbly of claim1l wherein the
rerm%ely 16 operated vehicle conprises a frane, a base and a
flotation block. 17 18 4. The renotely operated vehicle assenbly of
cl ai fn 17 ur t Aelemaeiyropsratpdavadlideassembiynadamee b by coonacteditngnt dfishore
unbilical to the renotely operated vehicle, permtting 20 relative

r ot af i oplatfortnheomerivingl, n opebmiadidnvehicle with respect to the
unbilical. 21 22 5. The renotely operated vehicle assenbly of claim

4 fugther cogmehigtay oﬁbe%t’eﬂ vehitlé bRE ASSRBINEY c%hh@ef&%ttﬁetr@@]ofétﬁw
ring assenbly allow ng f continuous 24 transm ssion of electritc

?°“§feb%ﬁlﬁ%q?%k§ﬁﬁfg‘%8§;af°? e R R

tsjle:r ;Igngssg S?éa’lﬂ%é/ re erh'/ gsgra"%ed Qgitnc{e |ge}8{a‘taiﬁebe rgeggectat%ethand a

9  umbilical.
10
I 2. The remotely operated vehicle assembly of claim 1 wherein the umbilical

12 provides at least one of electrical power, and fiber optic connection to the remotely
13 operated vehicle.

14

5 3. The remotely operated vehicle assembly of claim 1 wherein the remotely

16  operated vehicle comprises a frame, a base and a flotation block.

17

18 4. The remotely operated vehicle assembly of claim 1 further comprising a siew
19 ring assembly connecting the umbilical to the remotely operated vehicle, permitting
20  relative rotation of the remotely operated vehicle with respect to the umbilical.

21

22 5. The remotely operated vehicle assembly of claim 4 further comprising a slip
23 ring assembly attached to the slew ring assembly allowing for continuous

24 transmission of electric power between the umbilical and the remotely operated

25  vehicle,

13



4 positioned between the outer gear and the bearing race. 5 6 7. The
renmotely operated vehicle assenbly of claim®6 wherein the outer gear
is 7 rotatable with the unbilical and the bearing race is rotatable
with,the renotely 8 operated vehicle. 9 10 8. The renotely operated
vehi cl e assenbly of claim7 further conprising a 11 term nation and

an adaptor rigidly attached to the outer gear and operatively 12
conngct & to ﬁé’eﬁ@ﬁﬁly%‘r@tﬁg Wﬁ%‘é‘ﬁ%?ﬁs?rﬁggﬁﬁ@%‘b I8/{0e stayy 5ogh
the termnation. 13 14 9. The renotely operated vehicle assenbly of
cl ai # 8 BPERIRBr CHBATISSSEMGUERT BB, Ahedlitthrasexansba ibeaong dsgembibh t he
adaptor, wherein the adaptor and junction box 16 cooperate to

t r andf epobiviaded betwedrethenbilter gabr and tHeebearirey ragear and t he unbi i cal
17 termnates at the junction box. 18 19 10. The renotely operated

vehi gl e assenbly of claim6 further conprising a worm 20 gear,
operable to rotate the outer gear with respect to the bearing race.

the Trotati on Bl onpe 55rRERes ERIcE S RIS Mhefelufk 2yt Uest

i€ TaBiatld BRI ekt BBarhE e SioMlRbE Vit JEveigiine
25 upbilical. 14 1 2 12. The renotely operated vehicle assenbly of
cl ai fn 3 RAERES bkl base i s

10 8. The remotely operated vehicle assembly of claim 7 further comprising a

11 termination and an adaptor rigidly attached to the outer gear and operatively

12 connected to the termination, wherein the umbilical extends through the termination.
13

14 9 The remotely operated vehicle assembly of claim 8 further comprising a

15 junction box positioned within the adaptor, wherein the adaptor and junction box

16  cooperate to transfer load from the umbilical to the outer gear and the umbilical

17 terminates at the junction box.

18

19 10, The remotely operated vehicle assembly of claim 6 further comprising a worm

20 gear, operable to rotate the outer gear with respect to the bearing race.

22 11, The remotely operated vehicle assembly of claim 3 wherein the flotation block
23 is attached to the frame and receives a funnel rigidly connected to the umbilical,
24 wherein the funnel limits lateral movement of the flotation block with respect to the

25  umbilical.

14



3 rotatable with respect to the frame. 4 5 13. The renotely operated
vehi cl e assenbly of claim12 further conprising a 6 second slew ring
assenbly connecting the franme to the base. 7 8 14. The renotely

oper at ed vehicle assenbly of claim 12 wherein the base defines 9 a
basket. 10 11 15. The renotely operated vehicle assenbly of claim3
wher ei n _t he otatiogn block 12 and base, contai.n flotatjon )

Tt efi all2. 13t'th1feTl§§e"ﬂ?é’err%“1’?ﬂtV&h§FE%6%?%[?’@6( Jetaie) S whsteingng 0ase 3 ai m
1 wherein the renotely 15 operated vehicle has at | east one of the

f ol | dwi Kefatatde aith regeéctdadhe famg.er 1 ocated on a floating bl ock
and/or a frane; 17 at |east one mani pulator arns; and 18 at |east
one pan and tilt canmera. 19 20 17. The renotely operated vehicle
assenbly of claim 1l wherein the unbilical 21 conprises an arnoured

unbi i caB. def Thkngnmisle Bheehich ISHRESUESLBNIFRIFRIAIMOTT RERICY @onblistly a
| east one of an electrical power line and a fiber optical cable. 23
15 6 second slew ring assembly connecting the frame to the base.
7
8 14. The remotely operated vehicle assembly of claim 12 wherein the base defines
9 abasket.
10

11 15.  The remotely operated vehicle assembly of claim 3 wherein the flotation block

12  and base contain a flotation material.

14 16.  The remotely operated vehicle assembly of claim 1 wherein the remotely

15  operated vehicle has at least one of the following:

16 at least one thruster located on a floating block and/or a frame;
17 at least one manipulator arms; and

18 at least one pan and tilt camera.

19

20 17.  The remotely operated vehicle assembly of claim 1 wherein the umbilical
21  comprises an armoured umbilical defining a central passageway adapted to receive
22  atleast one of an electrical power line and a fiber optical cable.

23
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