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DESCRIPTION

[0001] The present invention relates to underwater connector arrangements, for example 
underwater connector arrangements which are operable to provide wide-bandwidth signal 
transfer. Moreover, the present invention also concerns methods of transferring wide- 
bandwidth signals via underwater connector arrangements.

[0002] There is an increasing trend for deploying technical apparatus within ocean 
environments, for example associated with offshore exploration and production associated with 
oil and gas, as well as renewable energy systems which generate electrical power from ocean 
waves, ocean streams and ocean temperature differentials (Ocean Thermal Energy 
Conversion). Depletion of oil and gas reserves in the Middle East, onshore in the USA and in 
the North Atlantic Ocean has resulted in oil and gas companies considering boring and 
extracting for oil and gas in polar regions of the Earth which are largely devoid of land and 
covered in ice sheets. Moreover, most favourable conditions for ocean wave energy production 
lie in high latitudes approaching polar regions. Such aforementioned environments are harsh 
and technical apparatus failure can be costly to address. Moreover, ocean salt water is highly 
corrosive and conductive, which creates difficulties when undersea connections are being 
made. So whilst direct physical connections between conductors is a straightforward way of 
connecting cables, they face particular challenges when used underwater, particularly when it 
is necessary to separate and reconnect them underwater multiple times since this can 
adversely affect sealing integrity and so risk water ingress. Physical connections can also be 
hard to align accurately and are more restrictive in their ability to accommodate tight bending.

[0003] Inductive transfer of power at connectors has been described in a published United 
Kingdom patent application no. GB 2 456 039 A (Rhodes & Hyland, "Multimode wireless 
communication system", Wireless Fibre Systems Ltd.) wherein there is described a multimode 
system which operatively employs three mechanisms of light, radio and acoustic carriers in 
combination with a selection arrangement for selecting a most appropriate of the three 
carriers. The search report associated with this patent application identifies numerous earlier 
patent applications: GB 2 297 667 A, EP 1 370 014 A2, EP 0 338 765 A2, WO 02/071657 A2, 
US 2002/0067531 A1, US 5 081 543 A.

[0004] Longer range underwater communication using radio frequency (RF) signals has also 
been proposed - e.g. as set out in US 2009/0212969 which describes a system for 
communicating between a well-head assembly and an umbilical termination using RF signals.

[0005] WO 2012/099371 discusses short range underwater data transmissions, using flexible 
dielectric waveguide cables to guide millimetre wave radiation, before allowing it to pass 
unguided between connectors.

[0006] Despite the proposals made to date, they have not achieved widespread commercial 
acceptance and the Applicant has recognised that there are some significant shortcomings 
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associated with previous proposals. It is an aim of the present invention at least partially to 
address such shortcomings and to provide a commercially attractive underwater connector 
system.

[0007] When viewed from a first aspect the invention provides an underwater connector 
arrangement as claimed in claim 1.

[0008] Microwave and/or millimeter wave technology would be understood by those skilled in 
the art as implying that the dimensions of the first component are similar to or larger than the 
wavelength of the waves being employed i.e the dimensions are larger than half the 
wavelength. In fact it would be understood that the dimensions are larger than an eighth of the 
wavelength.

[0009] Thus it will be seen by those skilled in the art that a connector arrangement is provided 
in which the components cooperate to provide an underwater data connection using 
microwaves or millimetre waves (i.e. those having frequency between 300 MHz and 300 GHz - 
hereinafter collectively referred to as "microwaves"), without requiring physical contact between 
conductors. Instead microwaves are generated by the antenna and travel to the receiver, 
which could be through water as well as through the component encapsulations. This allows 
fully sealed components and thus which can be manufactured with a long operating life even in 
very harsh marine environments. This addresses the problems set out above with connections 
involving physical contact between conductors.

[0010] The Applicant has realised in spite of a presumption in the art that microwaves cannot 
be used underwater, particularly subsea, due to their strong absorption by water, that in fact a 
highly effective high-bandwidth, short-range data communication between connector 
components can successfully be achieved, even through sea water, by using waves in a range 
of substantially 300 MHz to 300 GHz, optionally 1 GHz to 6 GHz. This contrasts with previous 
proposals to use inductive coupling to transfer data which is inherently limited to lower 
frequencies and so to lower bandwidths. It also contrasts with the longer range undersea 
communication using RF signals e.g. as disclosed in US 2009/0212969. As will be recognised 
by those skilled in the art, microwave transmission is fundamentally different from RF 
transmission in several respects. In RF transmission the wavelength is significantly greater 
than the dimensions of the transmitting and receiving elements and so it is governed by 
lumped element circuit theory. Here the shape, dimensions and physical setting of the 
transmitting and receiving elements are not especially critical. By contrast however in 
microwave transmission the transmitting and receiving elements are of roughly similar 
dimensions to the wavelength. The transmission is governed by distributed element circuit I 
transmission line theory and the shape, dimensions and physical setting ofthe transmitting and 
receiving elements are critical.

[0011] The encapsulation containing the antenna could be a housing mounted to another 
structure - e.g. a suitable bulkhead. The encapsulation could be provided at the end of a data- 
carrying cable. In a set of embodiments therefore a submersible cable for carrying data 
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extends from the encapsulation. The encapsulation could comprise a discrete housing 
sealingly attached to the cable or could be integrally formed with the cable - e.g. by being 
moulded onto it.

[0012] The skilled person will appreciate that when considering the dimensions of the 
encapsulation, the dimensions of any cable, bulkhead or other structure to which it is mounted 
are excluded.

[0013] Although, as the Applicant has recognised, the dimensions ofthe encapsulation are of 
relevance when considering microwave frequencies, in preferred embodiments the antenna is 
also of similar dimensions. Thus in a preferred set of embodiments the antenna has an active 
portion which has a maximum dimension larger than one-eighth of the wavelength of said 
carrier wave.

[0014] Although in accordance with the invention in its broadest aspects no particular minimum 
separation between the components is implied, in a set of embodiments the antenna is 
adapted to transmit data to the receiver by means of radiation/propagation of the carrier wave 
if the receiver is separated from the antenna by a distance which is more than one-eighth of 
the wavelength of said carrier wave.

[0015] Although in accordance with the invention in its broadest terms data communication 
may take place between the antenna and receiver only one way, preferably the components 
are configured to permit two- way communcation. Communication from the second component 
to the first could employ a different modality but according to the present invention the receiver 
in the second component has the same characteristics as the antenna in the first component - 
i.e. it comprises a second non-coil antenna adapted to receive data from the antenna of the 
first component by means of an electromagnetic carrier wave having a frequency of between 
300 MHz and 300 GHz, wherein the non-coil antenna is received in a submersible 
encapsulation having a maximum external dimension equal to or greater than one eighth of the 
wavelength of said carrier wave.

[0016] Thus in the first and second components each comprise a non-coil antenna as set out 
above which are preferably respectively able to transmit and receive data at different times. 
The first and second antennas are preferably identical.

[0017] The Applicant also envisages that a plurality of antennae may be provided in either or 
both components. There may be equal numbers in each, thereby enabling multiple 
independent channels. In one set of embodiments the first component comprises a plurality of 
said non-coil antennae arranged to transmit at a different frequency and/or using a different 
transmission protocol from each other.

[0018] Alternatively there may be different numbers so as to allow many-to-one communication 
- e.g. with a suitable multiplexing scheme. In one set of embodiments the first component 
comprises a single antenna arranged to transmit data to a plurality of independent 



DK/EP 2678958 T3

transmitters. The first component may exchange data with a plurality of second components; in 
other words the first component could be designed such that it can act as a physical hub for a 
plurality of second components.

[0019] In a set of embodiments the underwater connector arrangement is configured to allow 
data transmission with the first and second components at a plurality of mutual rotational 
positions.

[0020] The Applicant has further appreciated that operating in the microwave/millimetre wave 
range allows any of a number of existing protocols for wireless data transmission in air to be 
used. Thus in a set of embodiments the first component is arranged to transmit data using a 
predefined protocol for wireless data transmission in air. For example the protocol may be 
selected from the group comprising: WiFi, GSM, Bluetooth, GPRS, CDMA and Zigbee. This is 
advantageous in that it allows existing software to be used but there is also a further 
advantage which may be realised when the components are removed from the water - e.g. for 
maintenance or inspection, since the same protocols can be used communicate with standard 
equipment on the ship (over much longer distances since the propagation is through air). This 
simplifies inspection and diagnostic operations. The first component could be arranged to 
transmit in exactly the same way as it does underwater when it is temporarily in air (e.g. for 
maintenance or inspection). In a set of embodiments however the first component is arranged 
to adapt its transmission when it is temporarily in air. In other embodiments a different antenna 
is provided for in-air transmissions.

[0021] In an advantageous set of embodiments the non-coil antenna is arranged to transmit 
directionally. This exploits a characteristic of an antenna suited to microwave transmission and 
gives a higher signal strength at the receiver for a given transmission energy level.

[0022] In embodiments of the invention the antenna has an active portion which has a 
maximum dimension larger than half the wavelength of said carrier wave.

[0023] In embodiments of the invention the encapsulation comprises a non-metallic emission 
surface arranged so that in use said carrier wave passes through said surface. The rest of the 
encapsulation could be of the same material as the emission surface, a different non-metallic 
material, metal, or any combination of these.

[0024] Optionally, the underwater connector arrangement is implemented so that the first and 
second components include a power transfer arrangement for transmitting electrical power 
between the first and second components. More optionally, the power transfer arrangement 
comprises respective parts in the first and second components which cooperate to transfer 
power through inductive coupling and/or capacitive coupling. The Applicant has appreciated 
that with the relatively small physical size of components which the invention advantageously 
allows, care is necessary in the relative placements of the antenna and the inductive, 
capacitive or other power transfer parts in order to avoid interference of the data signals. The 
directional transmission possible with the directional transmitter of some embodiments can 
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assist here. However the ability to substantially reduce or avoid such interference is a 
significant advantage over previous proposals.

[0025] In one set of embodiments the power transfer arrangement is disposed to allow power 
to be transferred with the first and second components at a plurality of mutual rotational 
positions.

[0026] The power transfer arrangement could be implemented substantially as an annulus on 
the first and second components together with the communication arrangements being 
disposed within the annulus and/or around a periphery of the annulus. Yet more optionally, the 
annulus is implemented as a circular form, elliptical form or polygonal form. More optionally, 
the first and second components are operable to be joinable at a range of mutually different 
angles, rendered possible by use of the annulus.

[0027] Optionally, the underwater connector arrangement is implemented such that the 
antenna and optionally other connected parts are embedded in an encapsulation material to 
prevent water coming into direct contact with electronic and/or electrical parts.

[0028] Optionally, a wireless antenna is provided for receiving and/or transmitting wireless 
radiation between the components, wherein the wireless antenna is provided with a 
dynamically-controlled impedance matching network arrangement for compensating for 
changes in antenna electrical impedance characteristics when, in operation, pressure applied 
via water to the connector changes.

[0029] In a set of embodiments the first and second components are provided with a latching 
arrangement for binding the first and second components together. The invention also extends 
to a connector arrangement as claimed in claim 15. Optionally the latching arrangement is 
implemented as a magnetic latching arrangement. The magnet could be permanent or 
energizable.

[0030] Optionally, the underwater connector arrangement further includes an optical data 
communication arrangement and/or an acoustic communication arrangement for 
communicating data between the first and second components.

[0031] Optionally, the underwater connector arrangement is implemented so that the first and 
second components have associated therewith data and/or power conditioning apparatus for 
conditioning data signals and/or power transfer signals for interfacing to the first and second 
components.

[0032] Optionally, the underwater connector arrangement is implemented such that the 
connector arrangement is adapted for use with ocean submarine vehicles, for example 
remotely operated vehicles (ROV). For example the first or second component could be 
provided on a remotely operated arm of an ROV.
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[0033] Optionally, the underwater connector arrangement is adapted for use with distributed 
ocean wave energy production systems.

[0034] Optionally, the underwater connector arrangement is adapted for down-borehole 
operation.

[0035] Optionally, the underwater connector arrangement is implemented such that the 
wireless arrangement is adapted to provide wireless data transfer between the first and second 
components at data rates in excess of 1 Gbit/second.

[0036] In accordance with the invention the underwater connector arrangement is preferably 
adapted to transmit data from the antenna to the receiver via saltwater, e.g. seawater.

[0037] The invention also extends to a method of transferring data between a first underwater 
component and a second underwater component as claimed in claim 14.

[0038] Also preferably the above-mentioned method comprises transmitting the carrier wave 
over a distance less than one metre, preferably less than 50 centimetres.

[0039] Also preferably the above-mentioned method comprises transmitting said carrier wave 
through salt water.

[0040] Preferably in the above-mentioned method the carrier frequency is in the range of 1 
GHz to 20 GHz, preferably 1 GHz to 6 GHz.

[0041] Optionally, the method further involves including a power transfer arrangement in the 
first and second components and dynamically tuning operating of the power transfer 
arrangement for transmitting power between the first and second components.

[0042] It will be appreciated that features of the invention are susceptible to being combined in 
any combination without departing from the scope of the invention as defined by the appended 
claims.

[0043] Where reference is made herein to wavelengths, these should be understood as the 
wavelength measured in free space. Where the wavelength of the carrier waves varies, the 
minimum wavelength should be used for any comparison.

Description of the diagrams

[0044] Embodiments of the present invention will now be described, by way of example only, 
with reference to the following diagrams wherein:

FIG. 1 
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is a schematic view of an underwater connector arrangement in accordance with an 
embodiment ofthe invention;

FIGs. 2(a)-(e)
are schematic illustrations of various possible antenna arrangements;

FIG. 3
is an illustration of a transformer arrangement for magnetically transferring power;

FIG. 4
is an illustration of an underwater connector arrangement with magnetically coupled 
power transfer and wireless coupled signal exchange;

FIG. 5
is an illustration of an embodiment of an underwater connector arrangement pursuant to 
the present invention;

FIG. 6
is an illustration of a transformer pole face configuration of the connector arrangement of 
FIG. 4;

FIG. 7
is an illustration of a remotely operated vehicle (ROV) or submarine for use in 
underwater environments; and

FIG. 8
is an illustration of uses of the underwater connector arrangement of FIG. 4 in an 
underwater environment.

[0045] In the accompanying diagrams, an underlined number is employed to represent an item 
over which the underlined number is positioned or an item to which the underlined number is 
adjacent. A non-underlined number relates to an item identified by a line linking the non­
underlined number to the item. When a number is non-underlined and accompanied by an 
associated arrow, the non-underlined number is used to identify a general item at which the 
arrow is pointing.

Description of embodiments of the invention

[0046] Referring to FIG. 1, an underwater connector arrangement 10 is shown which is 
suitable for being used in sub-sea environments. This comprises two components 12, 14, each 
of which comprises a respective non-coil antenna 16, 18 which is designed to be able to 
transmit and receive radiating or propagating microwaves or millimetre waves which might, 
depending on the application, be somewhere in the range of 300 MHz to 300 GHz. The 
antennae 16, 18 together form a wireless data connection 20 which allows data to be passed 
between the components 12, 14 and thereby connect respective attached cables 22, 24. The 
antennae 16, 18 are received in submersible encapsulations, the maximum dimensions of 
which are at least one eighth of the wavelength (or the minimum wavelength if the wavelength 
varies) of the carrier waves.



DK/EP 2678958 T3

[0047] As shown in the lower part of Fig. 1, the wireless data connection may be maintained 
even when the two components 12, 14 are not in physical contact with one another since the 
microwaves are transmitted from one component, through the seawater to the other 
component.

[0048] Figs. 2(a) to 2(e) show various possible configurations for the non-coil antenna 16, 18 
depicted schematically in Fig. 1. One ofthe most basic forms of possible antenna shapes is a 
dipole and this is shown in Fig. 2(a). Another basic form is the loop antenna shown in Fig. 2(b). 
A further possible form is a patch antenna as shown in Fig. 2(c) and comprises a planar panel 
from which the waves are generated.

[0049] The antennae shown in Figs. 2(a) to 2(c) will generate travelling electromagnetic waves 
in the microwave and millimetre range having characteristic angular distributions which are well 
known in the art. The patch antenna shown in Fig. 2c is asymmetric in that it radiates most 
energy in the forward direction. In some embodiments however the directionality of the 
antennae is enhanced by adding a waveguide in the form of a horn as is shown in Figs. 2(d) 
and 2(e).

[0050] The antennae have an active portion which has a maximum dimension which is at least 
one-eighth of the wavelength ofthe waves being transmitted/received more typically more than 
half a wavelength. However given the high frequencies that are used in accordance with the 
invention, this still allows the connector component to be very compact.

[0051] Using propagating microwaves in accordance with the invention it can be shown that 
reliable, high data rate communication can be achieved even through sea water. For example 
a rate of up to 1 GBs can be achieved through up to ten centimetres of sea water and effective 
communication can be carried out over longer distances - e.g. up to one metre. This greatly 
simplifies their use in challenging marine environments over physical contact connectors.

[0052] In some embodiments ofthe invention as well as high speed data communication, the 
two components of the connector can transfer electrical power. The principle behind this is 
described with reference to Fig. 3 and embodiments having this feature are shown in Figs. 4 to
6. Referring to Fig. 3, a magnetic transformer indicated generally by 110 includes a high- 
permeability magnetic core 120 defining an at least partially closed magnetic path 130, with at 
least one primary winding 140 and at least one secondary winding 150 mutually magnetically 
coupled together via the core 120. Such a transformer 110 is well known, and is potentially 
capable of transferring large quantities of power between the primary and secondary windings 
140, 150. Moreover, it is further known to implement the magnetic core 120 in a plurality of 
separate component parts 160A, 160B which can be brought into mutual contact to implement 
the core 120. Use of such a transformer 110 in underwater environments for transferring 
alternating current (a.c.) power is known. Beneficially, the transformer 110 is operated at a 
relatively high alternating frequency when considerable power is to be transferred 
therethrough, although magnetic hysteresis losses occurring within the magnetic core 120 
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define up upper frequency regime which can be employed for the transformer 110. When 
signals employed to excite the windings 140, 150 are derived from high-frequency pulse-width- 
modulated (PWM) electronic switching units 170, considerable high frequency electrical noise 
can exist in a vicinity of the core 120, especially when the core 120 is magnetically leaky.

[0053] When the transformer 110 is included in an underwater a.c. power connector 
arrangement 100 illustrated in FIG. 4 together with a wireless link 110, a potential problem 
arises in that noise generated by pulse-width-modulated (PWM) transformer 110 couples to the 
wireless link 110 and causes unreliable data communication. This has been recognised in the 
prior art. For example in order to address such cross-talk, the aforementioned patent 
application GB 2 457 796 A describes use of a light carrier for an underwater multimode 
wireless communication system. However, in harsh underwater environments, light carrier 
arrangements can be potentially unreliable on account of marine growth.

[0054] Embodiments of the present invention however avoid the shortcomings associated with 
existing contemporary underwater power connector arrangements, as will be described with 
reference to the embodiment of the present invention shown in FIG. 5 and indicated generally 
by 200. As in the previously described embodiment, the underwater connector arrangement 
200 includes a first connector component 210Aand a second connector component 210B. The 
components 210A, 210B are disposed in a mutually abutting manner when the connector 
arrangement 200 is mated, and are mutually spatially separated when the connector 
arrangement 200 is in an unmated state. The connector arrangement 200 includes a 
transformer 250 which includes a high magnetic permeability magnetic core 260 implemented 
substantially as an annulus, an elliptical form or a polygonal form; optionally, the polygonal 
form is provided with rounded corners to avoid undesirable magnetic flux leakage. The 
magnetic core 260 is implemented as two half cores 270A, 270B which are disposed in the two 
connector components 210A, 210B respectively. At each connector component 210A, 210B, 
the half cores 270A, 270B each define concentrically disposed complementary pole faces 
280A, 280B which are disposed at or near surfaces whereat the components 210A, 210B abut 
when the connector arrangement 200 is in a mated state.

[0055] Within the half cores 270A, 270B are disposed corresponding coils 290A, 290B 
respectively whose one or more windings 300 are concentric to the pole faces 280A, 280B. 
The cores 270A, 270B are chosen to minimise the introduction of losses in the microwave 
band.

[0056] In a central region 300 of the transformer 250, there is included a wireless microwave 
interface 310A, 310B similar to that previously described above disposed between the two 
connector components 210A, 210B. The wireless interface 310A, 310B is beneficially 
implemented to employ one or more wireless communication channels. Beneficially the one or 
more wireless microwave communication channels are encompassed within a frequency 
spectrum extending from 300 MHz to 300 GHz. Again this enables the connector arrangement 
200 to provide data communication therethrough at data rates in excess of 1 Gbits per second. 
Such high data rates are highly desirable when supporting high-definition stereo camera 
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imaging systems and/or performing high-speed non-destructive testing of underwater 
structures, for example to detect by eddy current measurements formation of stress 
microcracks in underwater installations, for example pipelines, pressure vessels, well heads 
and such like. Optionally, the wireless interface 31OA, 31 OB is supplemented with an optical 
communication link, for example the wireless interface 31 OA, 31 OB implemented in a central 
portion of the cores 260A, 260B as illustrated in FIG. 4, with the optical communication link 
implemented around the cores 260A, 260B. Optionally, the wireless interface 31 OA, 31 OB is 
implemented additionally or alternatively around an exterior periphery of the cores 260A, 260B.

[0057] The wireless interface 31 OA, 31 OB may operate in a frequency range of 1 GHz to 6 
GHz. Data transmission rates of 1 GBs or more are capable of being achieved in such a 
wireless operating regime.

[0058] The communication protocol employed for the signal modulating the 
microwave/millimetre wave carrier is conveniently chosen from a pre-existing protocol such as 
Wi-Fi, Bluetooth, ZigBee etc. This allows easy communication between either of the connector 
components and on-board equipment if it needs to be brought to the surface on a ship for 
maintenance or inspection.

[0059] Optionally, the components 210A, 210B include a peripheral wireless source 600 for 
irradiating mutually abutting surfaces of the components 210A, 210B for preventing marine 
biological growth. Certain electromagnetic radiation frequencies are highly damaging to 
biological systems when the frequencies correspond to dipole moments of biological molecules 
essential for biological activity. Beneficially, wireless radiation provided from the wireless source 
600 can be modulated to provide synergistically also for data communication through the 
connector arrangement 200. Optionally, the wireless source 600 is a part of the wireless 
interface 310A, 310B. Optionally, the wireless interface 310A, 310B is operable to utilize 
wireless signals of different electric field polarization directions for obtaining enhanced signal- 
to-noise ratio, and potentially increased data communication rate byway of employing wireless 
signals of mutually orthogonal electric-field polarization direction.

[0060] The wireless interface 310A, 310B beneficially employs an exterior surface of the cores 
270A, 270B facing towards a central axis of the connector arrangement 200 and adjacent to 
the interface 310A, 310B to assist to focus and concentrate wireless electromagnetic radiation 
between the components 210A, 210B to achieve an enhanced signal-to-noise ratio and hence 
a potentially greatest bandwidth possible for the connector 200. Optionally the exterior surface 
is spatially continued as a reflector which substantially encloses an inner electromagnetic 
volume 350 in which wireless radiation propagation occurs. As previously discussed, the 
wireless interface 310A, 310B beneficially employs one of more of following antenna types: 
stub antenna, waveguide horn antenna, patch antenna, dipole antenna, loop antenna.

[0061] An advantage of the connector arrangement 200 of FIG. 5 and FIG. 6 is that it is 
beneficially implemented in a rotationally symmetrical form so that the components 210A, 210B 
can be mated in mutually different angular orientations, thereby rendering operation of the 
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connector 200 more flexible and easier in underwater environments. A mechanical coupling 
mechanism 360 is beneficially included around an external periphery of the cores 270A, 270B 
to ensure that the components 210A, 21 OB are held robustly together when the connector 
arrangement 200 is in a mated state. The coupling mechanism 360 is beneficially implemented 
as a bayonet-type latching mechanism. Alternatively, the coupling mechanism 360 is 
implemented using electromagnets, for example so that the connector arrangement 200 
intrinsically disconnects when the coupling mechanism 360 is de-energized.

[0062] The connector arrangement 200 is beneficially potted or otherwise sealed in material 
which is operable to protect its internal functional parts, for example the transformer 250 and 
its windings 290A, 290B, the wireless interface 310A, 310B and any power and/or signal 
processing units included within the components 210A, 210B of the connector arrangement 
200. Such potting includes plastics material potting, for example in polyurethane polymer 
plastics material, silicone rubber, epoxy resin, silica glass and so forth.

[0063] In operation, the wireless interface 310A, 310B is optionally used for assisting to 
centralize the components 210A, 210B when brought together, for example in a underwater 
environment in particle-filled water wherein optical visibility is severely restricted, for example in 
a seabed oil and gas drilling facility. Moving the components 210A, 210B laterally with respect 
to one another whilst the components 210A, 210B are being brought together is beneficially 
implemented by monitoring a strength of wireless signals exchanged through the wireless 
interface 310A, 310B and/or monitoring an efficiency of power transfer through the transformer 
250. A maximum efficiency of wireless transmission through the interface 310A, 310B occurs 
when the components 210A, 210B are brought together and their concentric axes mutually 
align.

[0064] One or more of the components 210A, 210B are beneficially at ends of underwater 
cables, namely providing a way to join the cables together for establishing power transfer and 
signal transfer through the cables. Alternatively, one or more of the connectors are included on 
underwater apparatus, for example for providing a connection location on apparatus to which 
underwater cables are susceptible to being coupled. Yet alternatively, the components 210A, 
210B are both included on apparatus, for example one of the components 210A, 210B on a 
distal end of an articulated arm 510 of a remote ocean vehicle (ROV) 500, and the other of the 
components 210A, 210B is included on exchangeable power tools 520 of the ROV 500. Such 
an arrangement is shown schematically in Fig. 7. Beneficially, the ROV 500 includes a set of 
exchangeable tools thereon which are susceptible to being dynamically swapped during 
operation of the ROV 500 when executing an underwater task, for example performing survey, 
salvage, inspection, maintenance, repair and construction tasks.

[0065] The underwater connector arrangement 200 is susceptible to being employed for 
offshore renewable energy systems, for example ocean wave energy generators, offshore 
wind turbines, offshore tidal energy generation systems. Moreover, the underwater connector 
arrangement is beneficially employed for offshore oil and gas exploration and production 
installations, for providing telecommunication links and power links to isolated islands, for 
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example in an archipelago small islands, along roadways subject to flooding, along railway 
lines subject to flooding, and so forth. Various practical applications for the connector 
arrangement 200 are provided in other parts of this patent document describing the present 
invention.

[0066] The connector arrangement 200 beneficially includes signal processing units, data 
processing units, signal conditioning and power-handling electronic devices, for example PWM 
units, wireless units and so forth. Optionally, the data processing arrangement is operable to 
perform dynamic impedance matching of at least one of the transformer 250 and the wireless 
interface 310A, 310B, for example to ensure most efficient power transfer though the 
transformer 250 and/or most efficient transfer of wireless radiation across the interface 310A, 
31 OB. Such dynamic impedance matching beneficially also includes selection of a most 
beneficial frequency of operation. For example, marine growth on mutually abutting surfaces of 
the components 210A, 210B is susceptible to resulting in a slightly larger operating mutually 
separation of the cores 270A, 270B which changes an inductance of the windings 290A, 290B 
of the transformer 250. When the transformer is being operated in a high-frequency resonant 
manner to ensure most efficient power transfer, tuning of the windings 290A, 290B is important 
and is beneficially implemented dynamically in the connector arrangement 200, for example by 
dynamically altering an operating frequency employed with respect to the transformer 250 
and/or by adjusting dynamically reactive components employed with the windings 290A, 290B 
(for example tuning capacitors). As aforementioned, tuning of the wireless interface 310A, 
310B by tuning reactive components and/or by choice of signal operating frequency, for 
example signal carrier frequency, is also beneficially performed in the connector arrangement 
200 when in operation.

[0067] Referring to FIG. 8, there is shown an underwater configuration indicated generally by 
700 in an underwater environment 710, for example at an ocean bed. A remotely operated 
vehicle (ROV) 720 is coupled via an umbilical cable to a surface location or other submerged 
apparatus (not shown). The ROV 720 includes a ROV junction box (JB) 730 and is also 
equipped with an articulated arm 740 including a distal gripping jaw 750 and a viewing camera 
arrangement 760. A flexible cable 770 is coupled between the ROV JB 730 and a connector 
210A as aforementioned. The configuration 700 further includes an underwater facility 
including an underwater tool and/or subsea control module 810 coupled via a cable 800 to a 
component 210B as aforementioned. Optionally, the component 210A includes a ROV handle 
820 which is more easily gripped by the gripping jaw 750. The cable 770 is terminated in a 
connector, for example a proprietary SeaCon 55 series product. The ROV 720 is beneficially 
remotely controlled in operation to mate and unmate the components 210A, 210B for making 
and breaking connection respectively. The configuration and its associated operation enable 
electrical power and communication to be provided, for example to seabed mounted apparatus 
or to apparatus deployed underwater temporarily.

[0068] Thus it will be seen that embodiments of the invention can provide an improved 
underwater connector arrangement which is potentially easier to connect and disconnect, is 
capable of coupling wireless signals more efficiently and with enhanced signal bandwidth and
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which is easier to manufacture using readily available component parts.

[0069] Modifications to embodiments of the invention described in the foregoing are possible 
without departing from the scope of the invention as defined by the accompanying claims. 
Expressions such as "including", "comprising", "incorporating", "consisting of", "have", "is" used 
to describe and claim the present invention are intended to be construed in a non-exclusive 
manner, namely allowing for items, components or elements not explicitly described also to be 
present. Reference to the singular is also to be construed to relate to the plural. Numerals 
included within parentheses in the accompanying claims are intended to assist understanding 
of the claims and should not be construed in any way to limit subject matter claimed by these 
claims.
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Patentkrav
1. Undervandsforbindelsesanordning (10) omfattende en første komponent og en 

anden komponent, hvor komponenterne er indrettet til at placeres på en gensidigt 

tilstødende måde, når forbindelsesanordningen (10) parres til overførsel af data 

fra den første komponent (12) til den anden komponent (14), idet den første 

komponent (12) omfatter en første spoleløs antenne (16), og den anden 

komponent (14) omfatter en tilsvarende modtager (18), hvor den første spoleløse 

antenne (16) er indrettet til at overføre data til modtageren (18) ved hjælp af en 
elektromagnetisk bærebølge med en frekvens på mellem 300 MHz og 300 GHz, 

hvor den første spoleløse antenne (16) er modtaget i en nedsænkelig indkapsling 

(210A), som har en maksimal udvendig dimension, som er lig med eller større 

end en ottendedel af bølgelængden af nævnte bærebølge, hvor nævnte modtager 

(18) er tilvejebragt af en anden spoleløs antenne (18), indrettet til at modtage 

data fra den første spoleløse antenne (16) af den første komponent (12) ved 

hjælp af nævnte elektromagnetiske bærebølge, hvor den anden spoleløse antenne 

(18) er modtaget i en anden nedsænkelig indkapsling (210B), som har en 

maksimal udvendig dimension, som er lig med eller større end en ottendedel af 

bølgelængden af nævnte bærebølge.

2. Undervandsforbindelsesanordning (10) ifølge krav 1, hvor den første antenne 

(16) er indrettet til at overføre data til den anden antenne (18) ved hjælp af 
stråling/udbredelse af bærebølgen, når den anden antenne (18) er adskilt fra den 

første antenne (16) med en afstand, som er mere end en ottendedel af 

bølgelængden af nævnte bærebølge, hvor nævnte afstand fortrinsvis er mindre 

end en meter, mere fortrinsvis mindre end 50 centimeter.

3. Undervandsforbindelsesanordning (10) ifølge krav 1, hvor bærebølge­

frekvensen er i området fra 1 GHz til 20 GHz, fortrinsvis 1 GHz til 6 GHz.

4. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, hvor et nedsænkeligt kabel (22) til at bære data strækker sig fra 

indkapslingen (210A).
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5. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 
krav, hvor nævnte anden antenne (18) har en aktiv del, som har en maksimal 

dimension, der er større end en ottendedel af bølgelængden af nævnte 

bærebølge.

6. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, hvor et nedsænkeligt kabel (24) til at bære data strækker sig fra den anden 

indkapsling (210B).

7. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, hvor nævnte første komponent (12) er indrettet til at overføre data under 

anvendelse af en foruddefineret protokol til trådløs dataoverførelse i luft, hvor 

nævnte første komponent (12) fortrinsvis er indrettet til at tilpasse dens 
overførsel, når den første komponent (12) er midlertidigt i luften.

8. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav konfigureret til at tillade dataoverførsel med den første og anden komponent 
(12, 14) ved en flerhed af gensidige rotationspositioner, og/eller hvor nævnte 

første spoleløse antenne (16) er indrettet til at overføre retningsmæssigt.

9. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, hvor nævnte indkapsling (210A) omfatter en ikke-metallisk 

emissionsoverflade indrettet således, at under anvendelse passerer nævnte bølge 

gennem nævnte overflade.

10. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, hvor den første og anden komponent (12, 14) omfatter en 

effektoverførselsanordning (250) til at overføre elektrisk effekt mellem den første 

og anden komponent (12, 14), fortrinsvis hvor energioverførselsanordningen 

(250) omfatter respektive dele i den første og anden komponent (12, 14), som 

samarbejder for at overføre energi gennem induktiv kobling og/eller kapacitiv 

kobling, og/eller hvor energioverførselsanordningen (250) er arrangeret til at 

tillade overførsel af energi med den første og anden komponent (12, 14) ved en 

flerhed af gensidige rotationspositioner.
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11. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, hvor nævnte første og anden komponent (12, 14) er forsynet med en 

låseanordning (360) til at binde den første og anden komponent (12, 14) 

sammen, og hvor låseanordningen (360) fortrinsvis er implementeret som en 

magnetisk låseanordning.

12. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, yderligere omfattende en optisk datakommunikationsanordning og/eller en 

akustisk kommunikationsanordning til at kommunikere data mellem den første og 

anden komponent.

13. Undervandsforbindelsesanordning (10) ifølge et hvilket som helst foregående 

krav, hvor nævnte første eller anden antenne (16, 18) har en aktiv del, som har 

en maksimal dimension, der er større end en ottendedel af bølgelængden af 

nævnte bærebølge, og hvor fortrinsvis nævnte første eller anden antenne (16, 18) 

har en aktiv del, som har en maksimal dimension, der er større end halvdelen af 

bølgelængden af nævnte bærebølge.

14. Fremgangsmåde til at overføre data mellem en første undervandskomponent 

(12) og en anden undervandskomponent (14) i en forbindelsesanordning (10), når 

komponenterne (12, 14) er placeret på en gensidigt tilstødende måde, når 

forbindelsesanordningen (10) parres, omfattende overførsel afen 
elektromagnetisk bærebølge med en frekvens på mellem 300 MHz og 300 GHz fra 

en første spoleløs antenne (16) i den første komponent (12) til en tilsvarende 

modtager (18) i den anden komponent (14), hvor den første spoleløse antenne 

(16) er modtaget i en nedsænkelig indkapsling (210A), som har en maksimal 

udvendig dimension, som er lig med eller større end en ottendedel af 

bølgelængden af nævnte bærebølge, hvor nævnte modtager er tilvejebragt af en 

anden spoleløs antenne (18), der modtager data fra den første spoleløse antenne 

(16) af den første komponent (12) ved hjælp af nævnte elektromagnetiske 

bærebølge, hvor den anden spoleløse antenne (18) er modtaget i en anden 

nedsænkelig indkapsling (210B), som har en maksimal udvendig dimension, som 

er lig med eller større end en ottendedel af bølgelængden af nævnte bærebølge.
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15. Undervandsforbindelsesanordning (10) omfattenden en første komponent og 

en anden komponent til overførsel af data fra den første komponent (12) til den 

anden komponent (14), og hvor nævnte første og anden komponent (12, 14) er 

forsynet med en låseanordning (360) til at binde den første og anden komponent 

(12, 14) sammen, idet den første komponent (12) omfatter en første spoleløs 

antenne (16) og den anden komponent (14) omfatter en tilsvarende modtager 

(18), hvor den første spoleløse antenne (16) er indrettet til at overføre data til 

modtageren (18) ved hjælp af en elektromagnetisk bærebølge med en frekvens 

på mellem 300 MHz og 300 GHz, hvor den første spoleløse antenne (16) er 

modtaget i en nedsænkelig indkapsling (210A), som haren maksimal udvendig 

dimension, som er lig med eller større end en ottendedel af bølgelængden af 

nævnte bærebølge, hvor nævnte modtager (18) er tilvejebragt af en anden 

spoleløs antenne (18), indrettet til at modtage data fra den første spoleløse 

antenne (16) af den første komponent (12) ved hjælp af nævnte 

elektromagnetiske bærebølge, hvor den anden spoleløse antenne (18) er 

modtaget i en anden undervandsindkapsling (210B), som haren maksimal 

udvendig dimension, som er lig med eller større end en ottendedel af 

bølgelængden af nævnte bærebølge,
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