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CROSS-REFERENCE TO RELAT.

L™

D APPLICATIONS

This patent application claims priority from Italian

patent application no. 102020000028079 filed on 23/11/2020,

pr—

che entire disclosure of which 1s 1ncorporated herein by

reference.

TECHNICAL FIELD

The present 1nvention refers to an unmanned underwater

vehicle and to a system for the maintenance and 1nspection

p—
-

of permanent underwater facilities.

Furthermore, the present 1nvention relates to a method

p—
-

of managing a tether to supply power and control said

underwater vehicle.

BACKGROUND ART

In the 01l & gas sector 1t 1s known to manufacture

permanent underwater facilities comprlising underwater

pr—
-

infrastructures for the extraction and/or the production of

pr— pr—

hvdrocarbons from wells made 1n the bed of a body of water.

Within the scope of the present description, the term

“permanent” means underwater facilities 1ntended to operate

p— p— p——
-

on the bed of the body of water for an 1ndefinite number of

p—"

vears. In che following description, “production of

pr—

hyvdrocarbons” means the exXxtraction of hydrocarbons, the

pr— pr—
e

treatment of hydrocarbons, the treatment of fluids

o

correlated to the production of hydrocarbons and the

subsequent transportation.

pr— pr—
-

Underwater "acilities for the production Of

hydrocarbons can be placed at or near subsea wells or 1in

p——

lntermediate spots, and can assume dilfferent configurations

p— p——

on a bed of a body of water according to the well or to the

pr—

field of wells. Furthermore, underwater facilitiles for the
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p—"

production of hydrocarbons can be positioned 1n shallow

waters or 1n very deep waters and 1n all geographical areas

pr—

regardless of the fact that the environmental conditions

are easy Or extreme.

TO summarilze, an underwater facility for the

p—— pr—

production of hydrocarbons 1s part of a complex facility

which comprises an underwater facility for the production

p—"

of hyvdrocarbons and plpes for the long—-distance

Cransportation between the underwater facilities and

pr—

surface structures. The exploitation of o0il and/or gas

— pr—

underwater reservolrs by means of underwater facilities for

— pr—

the production of hydrocarbons which provide for the

pr—

extraction and the transportation of the hydrocarbon up to

the surface or the coast has been long-i1mplemented and an

expansion 1s foreseeable 1n the upcoming future. The recent

technological developments of the underwater devices

sultable to operate at great depth and the great 1nterest

p—" pr—

of the 01l companies have eased the feasibility of complex

systems, Dbroadened the potentiality of the production
underwater facilities and made possible any type of active
process 1n water. The maln processes o0f underwater
treatment are: pumplng or compression of the fluid;

multiphase pumping; liguid/liguid separation; gas/ligquid
separation; solid/liguid separation; oil/water/gas
separatlion; treatment and pumplng, water treatment; heat

p—"

exchange; and 1njection of water or gas 1n well.

Undoubtedly, underwater facllities for the production

pr—

of hvyvdrocarbons provide numerous advantages, however the

deeper the depth and/or the larger the environmental

context, the greater the <criticalities are 1n  the

pr—
-

construction, the maintenance and the control of an

p——

underwater facility for the production of hvydrocarbons.

p—
-

Currently, the maintenance and 1nspection of the

underwater facilities 1is carried out to a great extent by

pr—

unmanned underwater vehicles of the ROV type (Remoted
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pr—

which 1s connected to a surface

Operated Vehicle), each o

pr—

station by means of a connection assembly, through which

the underwater vehicle receilves power and exchanges silgnals

wlth the surface station.
The connection assembly Jgenerally comprilises a tether

connected at one end to the underwater vehilicle; an

intermedlate station, which 1s arranged between the surface

p—" pr— pr— pr—

of the body of water and the bed of the body of water, 1s

pr—

connected to the other end of the tether and comprises a

tether management device configured to selectively wind and

unwind the tether; and an umbillical, which vertically

pr—

extends 1n the body of water and connects the surface

station to the 1ntermediate station.

p—
-

During the malntenance and 1nspectlon operations of

the underwater facilities, the shape that the tether

assumes 1n the body of water 1s often unpredictable,

because the tether 1s 1left slack and 1t 1s displaced by

p—" pr— pr— pr—
L

effect of the currents present 1n the body of water and of

pr—

the continuous shifts of the underwater vehicle 1tself.

Consequently, the position of the tether 1n the body

pr— pr—

of water 1s often uncontrollable and the risk of the tether

pr—
-

remalning entangled between the structures o) the

underwater facillities 1s high.

L]

DISCLOSURE OF INVENTION

p—

The object of the present i1nvention 1s to realize an

pr— pr—

underwater vehicle capable of overcoming the drawbacks of

the known art.

pr—

In particular, an object of the present 1nvention 1s

r—

to realilize an underwater vehicle capable of freely

pr—

displacing i1in the body of water simultaneously limliting the

risk of the tether remalning entangled Dbetween the

p——

structures of the underwater facilities.

In accordance wilth the present 1nvention, an unmanned

p—
-

underwater vehicle for the maintenance and 1nspection of

permanent underwater 1nstallations 1s manufactured, the
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underwater vehicle comprising a frame; a plur

motorized thrusters directable to navigate 1n a

pr—

ality of

pr—

body of

water; a tether to supply power and control the underwater

vehicle from a remote location; and a tether management

device to selectively wind and unwind the tether

the underwater vehicle.

on board

In thilis manner, the tether management device 1s

carrled by the underwater vehicle and, consequently, 1t 1s

pr—

posslble to control on board of the underwater vehicle the

pr—

unwinding of the tether along a given path, remarkably

o

limiting the risk of the tether remaining entangled 1n the

—

structures of the underwater facilities.

More specifically, the tether management device

comprises a tumbler for winding and unwinding the tether;

and a pulley for selectively guiding the tether along the

tumbler.

tether 1n a controlled manner.

least one power source; and a control unit.

pr—

In this manner, 1t 1s possible to wind and unwind the

In particular, the underwater vehicle comprises at

In this manner, when necessary, the underwater vehilcle

can operate as a vehicle of the AUV type (Automated

Underwater Vehicle). In other words, the underwater vehicle

can do without the supply and control tether.

] [ |

1 IS

In particular, the underwater vehilicle comprises a

C module comprlsing sald directable motorilzed

thrusters; sald power source; and said control unit; and a

second module comprising salid tether and sailid tether

management device, the first and the second modules belng

pr—

selectively couplable and decouplable 1n the body of water.

pr—

- modular

In other words, the underwater vehicle 1s o0:

type and can operate both as ROV and as AUV depending on

the particular circumstances.

In particular, the first module comp

rises a

compartment housing the second module, 1n particular the
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lateral walls,

e 1n the

modu.

pr—

-~ the second

so as to allow the housing o:

first module.
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In particular,

comprise respectlve first and

“1rst

second modules

and The

second guldes configured to

engage each other 1n sliding manner 1n a given direction.

In this manner,

the couplling between the

first and the

second module 1s gulded and can be carried out 1n a simple

and guilick manner.

Che

In particular,

comprilise respective

elements tTO

second module and release the second module

module.

Practically, the first

“1rst

selectively engage the

and the second modules

first and second mechanical connection

first module and the

first

from the

second mechanical

and The

connection elements allow The mechanilical connection between

first module and the second module

pr—

INONA

the first and the second module.
In particular, the
comprlse respectively first

ectrica.

making an e.

power connectilion between the

and second connectors

first and

the second module and preferably a hydraulic connection and

a slgnal connection between

module.

Che

In particular,

comprilise respective

-1rst

first and second

and tThe second

the first

second modules

and The

SO dbS

floatling bodies,

Co determine on the first and on the second modules
respective buovanciles.
In particular, tTthe tether has an average specific

welght greater than the
water 1n which 1t 1s 1mmersed.

1t

In this manner,

laying on the bed of the body

preventing the tether

being displaced

and fTrom

unpredictable manner by currents present

specific welght of the body of

pr—

1s posslible to keep the tether

p——

of water along a given path,

from remalnlng suspended 1n the water

1in an uncontrolled and

pr—

1n the body of
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6
water and by the contilnuous shifts of the underwater
vehicle 1tself.
A further object of the present 1nvention 1s tTO

1

provide a system for the maintenance and 1nspection of

I

underwater facilities which 1s exempt from the drawbacks of

the known art.

In accordance wilith the present i1nvention, a system for

p—"

the malintenance and 1nspection of underwater facilitles 1s

provided, the system comprising at least one underwater

pr—

vehicle as claimed 1n any one of the foregoing clalms; and

at least one underwater resident station, The underwater
vehicle and the underwater resident station  beilng

selectively couplable.

In thls manner, 1t 1s possilible to house the underwater
vehlcle 1n the underwater resident station when  the

underwater vehicle 1s not operating.

In particular, the tether comprises an electrical

power connector at one end selectively couplable to an

electrical power connector of the underwater resident

statlon, 1n particular saild electrical power connectors are

1nductive connectors.

In thils manner, 1t 1s possilible to transmit electrical

power from the underwater resident station to the

underwater vehilcle through the tether.

In particular, the first module and the underwater
resident statlon comprilse respective third and fourth
guldes for making a sliding coupling between the first

module and the underwater resident station 1n a glven

direction.

In this manner, the coupling between the first module

and the underwater resident station 1s guilded and can be

carrled out 1n a simple and guick manner.

In particular, the second module and the underwater

resident station comprise respectively third and fourth

mechanlical connection elements to selectilvely engage the
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second module to the

release the

station.

5
module operates outside

A further object

provide a method of

control an underwa

10 drawbacks of The known

second module

7

underwater resident

from the underwater resident

In thilis manner, when necessary,

be kept 1n the underwater resident station while the

OL

Cer vehlcle which 1s exempt

artc.

In accordance with the present 1nvention,

PCT/IB2021/0608635

station and

the second module can

first

- The underwater resident station.

of the present 1nvention 1s to

- managlng a tether to supply power and

from The

—

a method of

managlng a tether to supply power and control an underwater

vehilcle as previously

comprising:

15

- moving the underwater vehilicle 1nto a body o:

- controlling the path of the

a remote station;

- unwinding the

along a

—

20 body of water.

Thanks to the present method,

the tether on the bed of the body of water controlling 1ts

path and consequently 1limiting the

remalning entangled

25 facilities.

tether from

first path and laving the tether on a bed o:

1n the structures of

described

1S provided, and

pr—

- water;

underwater vehilicle from

the underwater wvehilcle
- The

1t 1s possible to unwind

pr—

risk of the tTether

f the underwater

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages o:

invention will be apparent from the followlng descriptilion

—

of a pre:

30 the accompanving drawlngs,
- Figure 1 1s a schematic view 1n lateral elevation o:

"erred embodiliment, wlth re:

- The present

pr—

"erence to the figures of

whereln

facility for the ¢t

an underwater

and of a system :

1n accordance with

35 wlth the underwater

the present

facility;

pr—
-

reatment of hydrocarbons

"or the malntenance and 1nspectilion provided

invention and 1ntegrated
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Figure 2 1s a vliew 1n lateral elevation, with parts

removed

pr—

for clarity and schematilized parts, of an unmanned

underwater vehicle manufactured 1n accordance wlth the

present

pr—

lnvention and part of the system for  the

p——

malntenance and 1nspection of Figure 1;

p—

Figure 3 1s a plan view, wlth parts removed for

p—

clarity and parts schematized, of the unmanned underwater

vehlcle

pr— pr—
L

of Figure 2 and part of the system for the

p—"

malntenance and i1nspection of Figure 1; and

Figure 4 1s a view 1n lateral elevation, with parts

removed

o

for clarity and parts schematized, of the unmanned

r—

underwater vehicle of Figure 2 1n a further operating

pr—

configuration and part of the system for the malntenance

p——

and 1nspection of Figure 1.

BEST MODE FOR CARRYING OUT THE INVENTION

Re

ference numeral 1, 1in Figure 1, 1ndicates an

pr—

underwater facility for the production of hvyvdrocarbons. The

pr— pr—

facility 1 1s arranged on a bed 2 of a body of water 1n

pr—

proximity of a field of underwater wells 3 for the

extraction of hydrocarbons from the bed 2 of the body of

water

pr—

(1n this case, [AYe underwater wells 3 are

11llustrated) .

The facility 1 comprises a wellhead 4 for each

p—

underwater well 3, which 1s positlioned on the bed 2 of the

body of

p——

pr—

water at the respective well 3; a collector 5 for

cach wellhead 4; a processing underwater station 6; plpes

pr—

/7, each of which 1s configured to hvydraulically connect

cach wellhead 4 to the respective collector b; plpes 8,

cach of

pr—

which 1s conflgured to connect each connector 5

pr—

hyvdraulically, electrically and for the exchange of data to

the processing underwater statlion 6; a surface station 9,

p—

which emerges at least partially from the surface 10 of the

p——

body of water; an umbilical 11, which allows the connectilion

between the surface station 9 and the processing underwater

station 6; and a land station 12, which 1s positioned on



10

15

20)

25

30

35

WO 2022/107107 PCT/IB2021/0608635
9

the dry land and 1s put 1n communicatilion via radlo with the

surface station 9.

In particular, the umbilical 11 connects the surface

station 9 and the processing underwater station 6, so as to

p—

allow the flow of fluid, the exchange of signals between

the surface station 9 and the processing underwater station

pr— p—
-

6, and the transfer of power from the surface station 9 to

the processing underwater station 6 so as to supply a

control system and an electrical system, not shown 1n the

accompanvying filgures.

According to alternative embodliments, not 1llustrated

1n the accompanying figures, the underwater facility 1

comprises for each wellhead 3, a Christmas tree coupled to

a respective wellhead 4.

p—

In the non-limiting case of the present 1nvention

described and 1llustrated herein, the surface station 9 1s

arranged on a watercraft. In accordance with an alternative

embodiment, not shown 1n the accompanvyving filigures, the

surface station 9 1s arranged on a floating platform.

The underwater facility 1 1s 1ntegrated by a system 13

pr—

for the maintenance and 1nspection, which comprises an

pr—

underwater resident station 14 arranged on the bed 2 of the

body of water; and an unmanned underwater vehicle 15

provided with a tether 16, which 1s configured to supply

power and control the underwater vehicle 15 and 1s

selectively couplable to the underwater resildent station

14.

i [ |

In particular, the tether 1o has an average specific

— pr—
L

welght greater than the specific weight of the body of

water 1n which 1t 1s Immersed. In other words, the upward

buovance on the tether 16 1s less than the downward weight

force of the tether 16. For this reason, 1n use, the tether

lo lays on the bed 2 of the body of water.

p—
-

The underwater resident station 14 has the function of

pr—

housling the underwater vehicle 15 and of performing service
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operations on the underwater vehicle 15. The underwater

resident station 14 1s connected to the processing

—

underwater station 6 by means of a tether 17 for the supply

— —

of power and for the transmission of data.

In accordance with an alternative embodiment, not

shown 1n the accompanving filgures, the underwater resident

station 14 1s connected to the surface station 9 by means

p—"

of an umbilical.

With reference to Figures 2-4, the underwater resident

station 14 1s confligured to define the shelter of the

underwater vehicle 15. In particular, the underwater

resident station 14 has parking stations 18, which are also

configured to recharge the underwater vehicle 15. In an

embodiment not 1llustrated, said parking stations 18 may be

p——

arranged 1n various polnts of the underwater facility 1.

pr—
-

The underwater resident station 14 1s capable of

communicating with the underwater vehilicle 15 both 1n tether
mode thanks to the tether 16 selectively couplable to the

parking station 18, and 1n wireless mode. The wlreless

pr—

communications are of hybrid type and comprise acoustic,

optlical and electromagnetic communications.

In particular, the tether 16 comprises an electrical
power connector 19 at an end selectively couplable to an

electrical power connector 20 arranged 1n each parking

station 18. More specifically, the electrical power

connectors 19 and 20 are 1nductive connectors.

Furthermore, the tether 16 comprises a first connector

pr—

for the exchange of silignals, not shown 1n the accompanying

figures, which 1s selectively couplable to a second

pr—

connector for the exchange of silignals, not shown 1n the

accompanvying filgures, arranged 1n each parking station 18.

The underwater vehicle 15 has a longitudinal axis A

p—

and comprises a frame 21; a plurality of motorized

thrusters 22 (Figure 3) dilrectable to navigate 1n the body

pr—

of water; and a tether management device 23 to selectively
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wilnd and unwind the tether 106 on board the underwater

vehicle 15.

pr—

In the non-limiting case o0f the present 1nvention

described and 1llustrated hereilin, the tether management

device 23 comprilises a tumbler 24 to wind and unwind the

tether 16; and a pulley 25 to selectively guide the tether
lo along the tumbler 24.

In particular, the tumbler 24 and the pulley 25 are

p—"

motorlzed, so as to allow the unwinding and the winding of

the tether 1o and control the pull of the tether 1lo.

pr—

In the non-limiting case of the present 1nvention

described and 1llustrated herein, the underwater vehicle 15

comprises a module 26 and a module 27 selectively couplable

to each other.

Practically, the module 26 and the module 27 are

p——

selectively couplable and decouplable 1n the body of water.

In particular, the module 26 comprilises the thrusters

27 (Figure 3); a power source 28, which comprises

batteries, not shown 1n the accompanving figures; a control

unit 29 configured to exchange data with the underwater

resident station 14 and to control the modules 26 and 27; a

navigation sensor assembly 30; and tools 31 for carrving

pr—

out malntenance operations of the underwater facility 1.

The module 27 comprises the tether 16 and the tether

management device 23.

The module 26 1s confiligured to navigate 1n autonomous

pr—

manner 1n the body of water and to communicate 1n wireless

mode with the underwater resident station 14 and/or with

the surface station 9 when the module 26 1s decoupled from

the module Z27/.

In such configuration, the module 26 1s configured to

operate 1n AUV mode, 1.e. without the module 26 beilng

pr—

connected to a tether for the supply of power and for the

p——

exchange of data.

In particular, the power source 28 1s configured to
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provlide an electrilc energy reserve when the module 26 1s

decoupled from the module 27.

The control unit 29 1s configured to exchange data 1n

wlreless mode wilith the underwater resident station 14

and/or with the surface station 9 when the control module

20 1s decoupled from the module 27.

With the purpose of allowing the coupling of the
module 27 with the module 26, the modules 26 and 27

comprise respectlve gulides 32 and 33 configured to engage
cach other 1n sliding manner 1n a glven direction, 1n
particular 1n a direction substantially parallel to the
longitudlinal axis A.

Furthermore, the modules 26 and 27 comprilse respective
mechanical connection elements 34 and 35 to selectively

engadge the module 26 and the module 27 and release the

module 26 from the module 27; and respectlve connectors 36

and 37 to make an electrical power connectilion between the

module 26 and the module 27 and preferably a hydraulilc
connection and a slgnal connection between the module 26

and the module 27/.

Additionally, the modules 26 and 2] comprise

respective floating bodies 38 and 39 to determlne a
buovance respectively on the module 26 and on the module

27 .

The module 26 and the underwater resident station 14

comprlse respective dguldes 40 and 41 to make a sliding
coupling between the module 26 and the underwater resident
station 14 1n a Jdilven direction, 1n particular 1in a
direction substantially parallel to the longitudinal axils

A.

In accordance with alternative embodiments, not shown

1n the accompanving filgures, the coupling between the

module 26 and the underwater station 14 can be made

p—

according to further configurations. By way of example, the

module 26 can make with the underwater station 14 a sliding
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coupling 1n a direction transverse to the longiltudinal axis

A and without the aid of guides.

Furthermore, the module 27 and the underwater resident
station 14 comprise respective mechanical connection
elements 42 and 43 to selectively engage the module 27 to

the underwater resident station 14 and release tThe module

27 from the underwater resident station 14.

With reference to Figure 4, the module 26 comprilises a

compartment 44 housing the module 27, 1n particular the

compartment 44 1s delimited at least by a bottom wall 45

o

and two lateral walls 46, only one of which 1s shown 1n

Figure 4.

In use and with reference to Figure 1, when the

pr— pr—
- -

malntenance and 1nspection of the components of the

underwater facillity 1 1s required, the land station 12

communlicates via radio with the surface station 9, which 1n
turn communicates with the processing underwater station 6

through the umbilical 11. The communication 1s transmitted

to the underwater resident station 14 through the tether 17

and the underwater vehicle 15 communicates through the

Ctether 106 with the underwater resident station 14.

Depending on the partilicular operational needs, the

underwater vehicle 15 can operate both 1n AUV mode, 1n

which the module 26 1s decoupled from the module 27 (Figure
4), and 1n ROV mode, 1n which the module 26 1s coupled to

che module 27 (Figures 2 and 3).
The coupling and the decoupling between the module 26

and the module 27 occur 1nside the underwater resident

station 14. In particular, when the module 26 and the
module 27 are decoupled, the module 27 remains housed

1nside the underwater resident station 14.

When the module 260 1s decoupled from the module 27,

p—
-

the module 26 navigates 1n autonomous manner 1n the body of

water and communicates 1n wilireless mode with the underwater

resident station 14 and/or with the surface station 9,
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wlthout the need to be connected to a tether for the supply

pr— pr—
e

of power and for the exchange of data.

Furthermore, the underwater vehicle 15 can operate 1n

AUV mode also keepling the module 27 coupled to the module

20. In such configuration, the electrical power connector

19 1s disconnected from the electrical power connector 20

and, consequently, the unwindling of the tether 16 1s not

carried out.

With reference to Figures 2 and 3, 1n the case when
the underwater vehicle 15 operates 1n ROV mode, the
electrical power connector 19 1s connected to an electrical

o

power connector 20 of the underwater resident station 14,

pr—

and the mechanical connection elements 42 of The module 27

are dilsengaged from the respective mechanical connection

p—
-

elements 43 of tThe underwater resident station 14 to

release the module 27 from the underwater resident station

14.

The motorized thrusters 22 (Flgure 3) cause The moving

pr— pr—

of the underwater vehicle 15 1nto the body of water,

pr—

controlling the path o: the underwater vehicle 15.

Silmultaneously, the tumbler 24 and the pulley 25 actuate

pr—

the controlled unwinding of the tether 16, which lays on

pr— p—

the bed 2 of the body of water along the path of the

underwater vehicle 15, due to the fact that the tether 16

— [ |

has an average speclfic welght dJgreater than the specific

welght of the body of water 1n which 1t 1s 1mmersed.

When the underwater vehicle 15 has to be brought back
to the underwater resident station 14, the underwater
vehicle 15 moves along a return path according to the

pr— pr—
-

position of the tether 1o laid on the bed 2 of the body of

water. Simultaneously, the tumbler 24 and the pulley 25

p——

actuate the winding of the tether 16.

p—

In case of malfunction of the module 27, the module 26

1s released from the malfunctioning module 27 and couples

to a further module 27 housed 1n a further parking station
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18.
Finally, 1t 1s apparent that wvariants can be made to

the present 1nvention with respect to the embodiments

described with reference to the accompanving filigures

pr— p——
-

wlthout thereby departing from the scope of protection of

the claims.

In the described example, the system for  the

malntenance and 1nspection 1s assoclated to an underwater

pr—

facility for the production of hydrocarbons, 1t belng

understood that the claimed vehicle and system can find

other applilications 1n the underwater field. Furthermore,

the system can comprilise more than one unmanned vehicle

pr—

and/or several base stations and the number of unmanned

underwater vehicles and base stations depends on the

p——

dimensions and on the complexity of the facility.
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CLAIMS

1. An unmanned underwalter vehicle for the malntenance

o

and 1nspection of permanent underwater 1nstallations, the

underwater vehilicle (15) comprising a frame (21); a plurality

p—

of motorized thrusters (22) directable to navigate 1n a body

p—

of water; a tether (lo) to supply power and control the

underwater vehicle (15) from a remote location; and a tether

management device (23) to selectively wind and unwind the

cether (l1o) on board the underwater vehicle (15).

2 . The underwater wvehicle as c¢laimed 1n Claim 1,
whereln the tether management device (23) comprilses a
tumbler (24) to wind and unwind tThe tether (1o6); and a
pulley (25) to selectively guide the tether (l1lo6) along the
tumbler (24).

3. The underwater vehilicle as claimed 1in Claim 1 or 2,
and comprising at least one power source (28); and a control
unit (29).

4, The underwater wvehicle as clalmed 1in Claim 3, and

comprilising a first module (26) comprlising sald motorized

thrusters (22) directable; sald power source (28); and said

control unit (29); and a second module (27) comprising said

tether (16) and said tether management device (23), the

first and the second modules (26, 27) being selectively

pr—

couplable and decouplable 1n the body of water.

5. The underwater vehicle as c¢lailmed 1n Claim 4,
whereiln the filrst module (26) comprises a compartment (44)
housing the second module (27), 1n  particular the

compartment (44) 1s delimited at least by a bottom wall (45)
and two lateral walls (406).

0. The underwater vehlicle as clalmed 1n Claim 4 or b5,

whereln the first and the second modules (26, Z27) comprilise

respectlve Ifilrst and second guides (32, 33) configured to

engage each other 1n sliding manner 1n a glven direction.

p—
-

7. The underwater vehlcle as claimed 1n any one of

Claims 4 to 6, wherein the first and the second modules (26,
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2°7) comprilse respective first and second mechanical

connection elements (34, 35) to selectively engage the first

module (26) and second module (Z27) and release the second

module (27) from The first module (26).

p—
-

3 . The underwater vehicle as claimed 1n any one of

Claims 4 to 7, wherein the first module (26) and the second

module (277) comprise respectively first and second

connectors (36, 37) to make an electrical power connectilion

. 1

between the 1rst and the second module (20, 27) and

preferably a hydraullc connection and signal connection

between the first and the second module (26, 27).

pr—

9. The underwater vehlcle as claimed 1n any one of

Claims 4 to 8, wherein the first and the second modules (20,

2'7) comprise respective first and second floating bodies

(36, 39).

p—
-

10. The underwater vehicle as claimed 1n any one of

the foregoing Claims, whereln the tether (1l6o) has an average

pr—

speclfic welght greater than the specific weight of the body

pr—

of water 1n which 1t 18 1mmersed.

pr—

A system for the maintenance and 1nspection o:

underwater facillities, the system (13) comprising at least

pr—

one underwater vehicle (15) as clailmed 1n any one of the

foregoing Claims; and at least one underwater resildent
station (14), the underwater vehicle (15) and the underwater

resident station (14) belng selectively couplable.

12. The system as claimed 1n Claim 11, wherein the
tether (1l6) comprises an electrical power connector (19) at

one end selectively couplable with an electrical power

connector (20) of the underwater resident station (14), 1n
partlicular saild electrical power connectors (19, 20) being
1nductive connectors.

13. The system as c¢laimed 1n Claim 11 or 12, the
system (13) comprising an underwater vehicle (15) as claimed

p—

1n any one of Claims 4 to 9, whereilin the filirst module (26)

and the underwater resident station (14) comprise respectlive
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fourth guides (40, 41) to make a sliding coupling

(276) and the underwater resident

third and

"1rst module

between the
1n a glven direction.

claimed 1n Claim 13,

station (14)

14. The system as
and The underwater resident station

fourth mechanical connection

wherelin the

5 second module (27) (14)

comprise respectively third and
to selectively engage the second module

elements (42, 43)
(14) and release the

to the underwater resident station

(27)
second module (27) from the underwater resident station
10 (14) .
1o. A method of managing a tether to supply power and
control an underwater vehicle as claimed 1n any one ot

Claims 1 to 10, and comprising:

moving the underwater vehilcle

B

(15) 1nto a body of

15 water;
- the underwater vehicle (15)

- controlling the path of
12);

from a remote station (9;

- unwinding the tether (16)
first path and layving the tether

from the underwater vehicle

(16) on a bed

(1lo) along a

20 (2) of the body of water.
The method as clalmed 1n Claim 1b5,
(1o) 1n the underwater vehicle

according to the position of the tether (lo) along a second

and comprising:

16.
(1o)

- wilinding the tether

path.

25
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