
CONTACTLESS POWER TRANSFER SYSTEM

BACKGROUND

[0001] The invention relates generally to contactless power transfer systems and,

in particular, to contactless power transfer for subsea applications.

[0002] Subsea or other underwater well drilling procedures, such as those used in

the oil and gas industry, include use of multiple electrical connections such as, for

example, connections between sub-sea distribution units and floating drilling

vessels or floating oil platforms. Another example of electrical connection

includes coupling between an annular space around a well bore and a tree head

within a wellhead to provide power to down hole elements such as sensors.

Traditional installation approaches include precisely aligning connections from

the tubing hanger to the tree head. Alignment is difhcult to achieve in sub-sea

environments, particularly in deeper waters and in situations wherein the

wellbore is deviated from a vertical position to maximize reservoir penetration

into a hydrocarbon bearing structure. Conventional installation approaches

additionally involve the use of divers or remotely operated vehicles to effect the

physical connection necessary for mechanical connections of electrical contacts

between the tubing hanger and the tree and wellheads.

[0003] Typically wet-mate connectors are implemented in sub-sea drilling

systems to couple two or more elements such as distribution systems, sensors,

and electronic modules . Such wet-mate connections require increased isolation

from seawater at high pressure while ensuring reliable matinglde-mating

operations. 'Wet-mate 
connectors implementing mechanical moving contacts are

difficult to control and align in sub-sea environments. Another design for

coupling between concentric wellhead elements includes an inductive coupler to

transfer an electrical signal across two coils aligned in close proximity. However,

such a design is unattractive mechanically due to the two coils occupying alarge

space. Further, such systems have limited bandwidth and lack effrciency when

subjected to larger gaps, load variations, or misalignments.

CONTACTLESS POWER TRANSFER SYSTEM BACKGROUND  [0001] The invention relates
generally to contactless power transfer stems and, in particular, to contactless power transfer for
subsea applications. [0002] Subsea or other underwater well drilling procedures, such as those
used in the oil and gas industry, include use of multiple electrical connections such as, for example,
connections between sub-sea distribution units and floating drilling vessels or floating oil platforms.
Another example of electrical connection includes coupling between an annular space around a
well bore and a tree head within a wellhead to provide power to down hole elements such as
sensors. Traditional installation approaches include precisely aligning connections from the tubing
hanger to the tree head. Alignment is difficult to achieve in sub-sea environments, particularly in
deeper waters and in situations wherein the weilbore is deviated from a vertical position to
maximize reservoir penetration into a hydrocarbon bearing stnrcture. Conventional installation
approauhes additionally involve the use of divers or remotely operated vehicles to effect the
physical connection necessary for mechanical connections of electrical contacts between the
tubing hanger and the tree and wellheads. [0003] Typically wet-mate connectors are implemented
in sub-sea drilling systems to couple two or more elements such as distribution systems, sensors,
and electronic modules . Such wet-mate connections require increased isolation from seawater at
high pressure while ensuring reliable mating/de-mating operations. Wet-mate connectors
implementing mechanical moving contacts are difficult to control and align in sub-sea
environments. Another design for coupling between concentric wellhead elements includes an
inductive coupler to transfer an electrical signal across two coils aligned in close proximity.
However, such a design. is unattractive mechanically due to the two coils occupying a large space.
Further, such systems have limited bandwidth and lack efficiency when subjected to larger gaps,
load variations, or misalignments.  1100041 Thus there is a need for solutions hawing contactless
power transfer that will not require precise alignment and will not require a remote operated vehicle
or diver for coupling. BRIEF DESCRIPTION  [0005] Briefly, a system comprising a contactless
power transfer system is presented. The system includes a primary element, a secondary element,
and at least one field-focusing element interposed between the primary element and the secondary
element and configured to thous a magnetic field. A partition is disposed between the primary
element and the secondary element. The contactless power transfer system is disposed within
pressure isolation cavities of a sub-sea assembly and configured to transfer power between a
power source and a load. 



[0004] Thus there is a need for solutions having contactless power transfer that

will not require precise alignment and will not require a remote operated vehicle

or diver for coupling.

BRIEF DESCRIPTION

[0005] Briefly, a system comprising a contactless power transfer system ts

presented. The system includes a primary element, a secondary element, and at

least one fìeld-focusing element interposed between the primary element and the

secondary element and configured to focus a magnetic field. A partition is

disposed between the primary element and the secondary element. The

contactless power transfer system is disposed within pressure isolation cavities of

a sub-sea assembly and configured to transfer power between a power source and

a load.

[0006] In another embodiment, a system comprising a contactless power transfer

system is presented. The system includes a primary element, a secondary

element and a first field-focusing element disposed proximate the primary

element. The system further includes a second field-focusing element disposed

proximate the secondary element, the first and second field-focusing elements

being configured for operating at two different resonant frequencies to focus a

magnetic field and exchange power between the primary element and the

secondary element.

[0007] In another embodiment, a system comprising a contactless power transfer

system is presented. The system includes a power source and a first filter

coupled to the primary element and configured to transmit power at a first

resonant frequency. The system includes a first converter and a rectifìer coupled

to the secondary element and configured to deliver power to a load. One or more

sensors and second filters are coupled to the secondary element and configured to

sense at least one parameter and transmit data at a second resonant frequency. At

least two field-focusing elements are interposed between the primary element and

the secondary element, a first field-focusing element configured for transmitting

[0006] in another embodiment, a system comprising ii contactless power transfer system is
presented. The system includes a primary element, a secondary element and a first field-focusing
element disposed proximate the primary element. The system further includes a second
field-focusing element disposed proximate the secondary element, the first mid second
field-focusing elements being configured for operating at two different resonant frequencies to
focus a magnetic field and exchange power between the primary element and the secondary
element. [0007] In another embodiment, a system comprising a contactless power transfer system
is presented. The system includes a power source and a first filter coupled to the primary element
and configured to transmit power at a first resonant frequency. The system includes a first
converter and a rectifier coupled. to the secondary element and configured to deliver power to a
load. One or more sensors and second filters are coupled to the secondary element and configured
to sense at least one parameter and transmit data at a second. resonant frequency. At least two
field-focusing elements are interposed between the primary element and the secondary element, a
first field-focusing element configured for transmitting  power at the first resonant frequency and a.
second. field-focusing element configured for transmitting data at the second resonant frequency. A
second converter is coupled to the primary element to receive data from the one or more sensors.
DRAWINGS [0008] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,
wherein: [0009] FIG. Istrates a sub-sea drilling system according to an embodiment of the
invention; [0010] FIG. 2 illustrates a cross-sectional view of concentric components within a
wellhead system; 



power at the first resonant frequency and a second f,reld-focusing element

configured for transmitting data at the second resonant frequency. A second

converter is coupled to the primary element to receive data from the one or more

sensors.

DRAWINGS

[0008] These and other features, aspects, and advantages ofthe present invention

will become better understood when the following detailed description is read

with reference to the accompanying drawings in which like characters represent

like parts throughout the drawings, wherern:

[0009] FIG. 1 illustrates a sub-sea drilling system according to an embodiment of
the invention;

[0010] FIG. 2 illustrates a cross-sectional view of concentric components within

a wellhead system;

[0011] FIG. 3 illustrates a detailed view of a contactless power transfer system

according to an embodiment of the invention; and

[0012] FIG. 4 illustrates a detailed block diagram of the contactless power

transfer system hosted within the cavities of a sub-sea component according to an

embodiment of the invention.

DETAILED DESCRIPTION

[0013] FIG. I illustrates a sub-sea drilling system according to an embodiment of
the invention. The sub-sea drilling system 10 includes various systems and sub-

systems interconnected underwater and to systems onshore. Sub-sea production

systems may include multiple satellite wells with flow lines coupled to, for

example, a sub-sea distribution unit 12 that is in turn coupled to a master control

station 14 that is hosted for example on a floating drilling vessel or floating oil

platform. The phrase "coupled to" refers to any form of interaction between two

or more entities, including mechanical, electrical, magnetic, electromagnetic,

[0011] NG. 3 illustrates a detailed view of a eontactless power transfer system according to an
embodiment of theinvention; and [0012] FIG. 4 illustrates a detailed block diagram of the
contactless power transfer system hosted within the cavities of a sub-sea component according to
an embodiment of the invention, DETAILED DESCRIPTION ['30131 FIG. 1 illustrates a sub-sea
drilling system according to an embodiment of the invention. The sub-sea drilling system 10
includes various systems and subsystems interconnected underwater and to systems onshore.
Sub-sea production systems may include multiple satellite wells with flow lines coupled to, for
example, a sub-sea distribution unit 12 that is in turn coupled to a master control station 14 that is
hosted for example on a floating drilling vessel or floating oil platform. The phrase "coupled to"
refers to any form of interaction between two or more entities, including mechanical, electrical,
magnetic, electromagnetic,  fluid, and thermal interaction, Two components may he coupled to
each other even though they are not in direct contact with each other. [00141 'Wellhead systems
16, 24, 26 at the surface of each satellite well on the sea-bed provide the structural and pressure
containing interface for the drilling and production equipment. Each wellhead system typically hosts
a sub-sea control module 18. Sub-sea distribution unit 12 is configured to control the flow lines
between each satellite well and the master control station 14. A remote opetator workstation 20
may include, in one embodiment, remotely operated vehicles to assist in the drilling and production.
[0015]Concentric components 28, such as well-bores, tubing hangers, and  tree heads are
disposed beneath each wellhead system 2.4. During production, oil and gas is transported from
beneath the sea-bed via a well-bore at high pressure and temperature. The primary function of a
wellhead system is to control the flow of oil and/or gas into or out of the well. The wellhead system
may further provide additional. features such as ports thr injecting chemicals, well intervention
elements for wet and dry mate connections, pressure relief elements such as annulus vents,
sensors for monitorin.g the tree and well for parameters such as pressure, temperature, corrosion,
erosion, sand detection, flow rate, flow composition, valve and choke position feedback, and
connection points for devices such as down hole pressure and temperature transducers. A
termination cord 15 from the master control station 14 terminates at the sub-sea distribution unit 12
with a dry-mate connection. Multiple electrical coupling connections between the sub-sea
distribution unit 12 and the satellite wellhead systems 16, 24, 26 typically include wet-mate
connections on both ends. For example, for each wellhead system in one embodiment, one
wet-mate connection is on the sub-sea distribution unit 12, and one wet-mate connection is on the
respective_weilhead system. In various embodiments of the invention centa.ctless power transfer
systems are provided for such wet-mate connections. 



fluid, and thermal interaction. Two components may be coupled to each other

even though they are not in direct contact with each other.

[0014] Wellhead systems 16, 24, 26 at the surface of each satellite well on the

sea-bed provide the structural and pressure containing interface for the drilling

and production equipment. Each wellhead system typically hosts a sub-sea

control module 18. Sub-sea distribution unit 12 is configured to control the flow

lines between each satellite well and the master control station 14. A remote

operator workstation 20 may include, in one embodiment, temotely operated

vehicles to assist in the drilling and production.

Concentric components 28, such as well-bores, tubing hangers, and[001s]

tree heads are disposed beneath each wellhead system 24. Dwngproduction, oil

and gas is transported from beneath the sea-bed via a well-bore at high pressure

and temperature. The primary function of a wellhead system is to control the

flow of oil andlor gas into or out of the well. The wellhead system may further

provide additional features such as ports for injecting chemicals, well

intervention elements for wet and dry mate connections, pressure relief elements

such as annulus vents, sensors for monitoring the tree and well for parameters

such as pressure, temperature, corrosion, erosion, sand detection, flow rate, flow

composition, valve and choke position feedback, and connection points for

devices such as down hole pressure and temperature transducers. A termination

cord 15 from the master control station 14 terminates at the sub-sea distribution

unit 12 with a dry-mate connection. Multiple electrical coupling connections

between the sub-sea distribution unit 12 and the satellite wellhead systems 76,24,

26 typically include wet-mate connections on both ends. For example, for each

wellhead system in one embodiment, one wet-mate connection is on the sub-sea

distribution unit 12, and one wet-mate connection is on the respective_wellhead

system. In various embodiments of the invention, contactless power transfer

systems are provided for such wet-mate connections.

[0016] As used herein, "dry-mate connection" refers to a connection that is

done onshore prior to being positioned sub-sea. As used herein, "wet- mate

connection" refers to a connection done under sea., In one example, wet-mate connections are
achieved with the help of remotely operated vehicles (RCN's).  [0017] Referring to FIGs, 2 and. .3,
contactless power transfer system 56 may he implemented where a wet-male connection is
required in sub-sea drilling system 10 of FIG i. Referring in particular to FIG. 2, a cross-sectional
view of concentric components within a wellhead system is illustrated. The reference numeral 36
illustrates a portion of the first component 38 shown for purposes of example as comprising a
tubing hanger that is concentrically disposed within a second component 40 shown for purposes of
example as comprising a tree head. Also, for purposes of example, FIG. 2 depicts a portion of the
tubing hanger 38 wherein electrical connections 42 are tapped from the well-bore 44 into the tree
head 40. A power coupling system 46 comprises at least a first power coupling unit 48 disposed
on. the first component 38 and a second power coupling unit 50 disposed on the second
component 40. As discussed earlier, the electrical connections coupled to the first power coupling
unit may originate from devices such as down hole pressure and temperature transducers within
the well-bore. A connection flange 49 is coupled to the tree head and configured to provide a dry
mate connection 51 to facilitate electrical coupling with the control module on the wellhead, [0018]
FIG. 3 illustrates a detailed view of a contactless power transfer system according to an
embodiment of the invention. The contactless power transfer system 56 that is part of the power
coupling unit as described in FIG. 2 comprises a primary clement 60 disposed within a cavity 76 on
the first component 38 such as a tubing hanger. A secondary element 64 is disposed within a
cavity 78 on the second component 40 such as a tree head, A magnetic shield, for example, the
inner walls of the cavities 76, 78 is configured as a shield such that there is
'magnetic/electrical/electrostatic shielding between the elements hosted with the cavities 76, 78
and the external environment such as sub-sea tubing components. The cavities further include a
non-conducting and non-magnetic partition such as 80, 82 disposed respectively on the first
component 38 and the second component 40 between the primary element 60 and the secondary
element 64. Non-limiting 5  examples of non-conducting and non-magnetic ma eras that can he
implemented in the cavities include ferrite and related materials.  10019] At least one field-focusing
element 66 is interposed between the primary element 60 and the secondary element 64 and
configured to focus a magnetic field. The field-focusing element may include a plurality of
resonators. In one embodiment, the resonators are configured to comprise at least two sets of
unique resonant frequencies. In a more specific embodiment, between the two sets of resonant
frequencies, the first resonant frequency may be configured to transfer power and the second
resonant frequency may be configured to transfer data, Further details of contadless power transfer
systems in general and field-focusing dements in particular can be fbund in co-pending U.S. patent
application Set No. 12/731497, filed on March 25, 2010, entitled "CONTACTLESS POWER
TRANSFER SYSTEM AND METHOD."  [0020] A pressure casing 68 configured as a pressure
isolation element in the embodiment of FIG. 3 includes seals 70, 73 and pressure isolation cap 80
to isolate high pressure within the well-bore environment: and cavity 76. Similarly, seals 72 and 74
and pressure isolation cap 82 are disposed around pressure casing 69 to isolate high pressure
within the well-bore environment and cavity 78. Non-limiting examples of pressure isolation cap
material :include non-magnetic materials, insulating materials, and non-porous materials. 



connection" refers to a connection done under sea. In one example, wet-mate

connections are achieved with the help of remotely operated vehicles (ROVs).

[0017] Referring to FIGs. 2 and 3, contactless power transfer system 56 may be

implemented where a wet-mate connection is required in sub-sea drilling system

10 of FIG 1. Referring in particular to FIG.2, a cross-sectional view of
concentric components within a wellhead system is illustrated. The reference

numeral 36 illustrates a portion of the first component 38 shown for purposes of
example as comprising a tubing hanger that is concentrically disposed within a

second component 40 shown for purposes of example as comprising a tree head.

Also, for purposes of example, FIG. 2 depicts a portion of the tubing hanger 38

wherein electrical connections 42 are tapped from the well-bore 44 info the tree

head 40. A power coupling system 46 comprises at least a first power coupling

unit 48 disposed on the first component 38 and a second power coupling unit 50

disposed on the second component 40. As discussed earlier, the electrical

connections coupled to the first power coupling unit may originate from devices

such as down hole pressure and temperature transducers within the well-bore. A

connection flange 49 is coupled to the tree head and configured to provide a dry

mate connection 51 to facilitate electrical coupling with the control module on the

wellhead.

[0018] FIG. 3 illustrates a detailed view of a contactless power transfer system

according to an embodiment of the invention. The contactless power transfer

system 56 that is part of the power coupling unit as described in FIG. 2 comprises

a primary element 60 disposed within a cavity 76 on the first component 38 such

as a tubing hanger. A secondary element 64 is disposed within a cavity 78 on the

second component 40 such as a tree head. A magnetic shield, for example, the

inner walls of the cavities 76, 78 is configured as a shield such that there is

magneticlelectrical/electrostatic shielding between the elements hosted with the

cavities 76,78 and the external environment such as sub-sea tubing components.

The cavities further include a non-conducting and non-magnetic partition such as

80, 82 disposed respectively on the first component 38 and the second component

40 between the primary element 60 and the secondary element 64. Non-limiting

[0021] In one embodiment, the primary element 60 is coupled to a power source (not shown)
hosted on the control module 18 as referenced in FIG. 1. The secondary element 64 is coupled to a
load disposed within the well bore. In one embodiment the load includes sensors are configured for
sensing at least one parameter such as, fbr example, temperature or pressure within the well-bore.
The contactless power transfer system is configured to transfer power from the power source
coupled to the primary element 60 to the sensors coupled to the secondary element 64 via the
field-focusing element 66. In certain embodiments bi-directional transfer occurs such that data is
transferred simultaneously from the sensors to the control module 18 while power is being
transferred from the power source to the sensors. The load may additionally or alternatively include
actuators based on electrical drives, the holding power needed in magnetic bearing applications,
and subsea control and monitoring systems, for example. The primary element 60 and the second
element 64 are substantially aligned for most efficient contactless power transfer. However, in the
presently contemplated embodiments, misalignments, such as up to several millimeters laterally
and/or several degrees radially, are more tolerable than in conventional embodiments. [0022]
Referring to FIGs. 1 and 3, multiple contactless power transfer systems such as 56 may be
implemented between the sub-sea distribution unit 12 and the satellite wellhead. systems 16, 24,
26. Furthurmore, within a wellhead system, for example, wellhead 24 may include one or more
contactless power transfer system for exchanging power and data. between the power source and
sensors within the well-bore. An example of cascaded contactless power transfer system includes
coupling a first sub-sea distribution unit such as referenced by numeral 12 to a second sub--sea
distribution unit 13. Furthermore, such second sub-sea distribution unit 13 may be coupled to one
or more satellite wells (not shown) for power and data transfer.  [0023] FIG. 4 illustrates a detailed
block diagram of the contactiess power transfer system hosted within th.e cavities of a sub-sea
tubing component according to an embodiment of the invention. The contactless power transfer
system 90 includes a primary element 60, a secondary element 64 and a field-focusing element 66.
In the specific embodiment of FIG. 4, the field-focusing element 66 includes a first field-focusing
element 92 disposed proximate the primary element 60 and a second field-focusing element 94
disposed proximate the secondary element 64. The first and second .field-focusing elements 92, 94
may each comprise multiple resonators or a single resonator, Field-focusing elements 92, 94 are
configured for operating at two different resonant frequencies and to focus a magnetic field to
couple the primary element 60 and the secondary element 64. A power source 96 and an inverter
98 are coupled to the primary element 60 via a first filter 100. In one embodiment, filter 100 has a
band pass response such that the resonance frequency of first resonator lies within 3dB of
bandwidth of hand pass filter. In one embodiment, the power source 96 may be configured to
generate DC power that is converted to the frequency of resonance of first resonator, and the first
resonator may resonate at frequencies of several tens of kHz to several tens of MHz. The first filter
100 is configured to pass such high frequency power (and block other frequencies) from the
inverter 98 to the primary element 60.  [0024] As discussed earlier, the field-focusing element 66
may include one set of resonators, for example, first field-focusing element 92 may be configured
fbr resonating at a first resonant frequency corresponding to the power frequency from the inverter
98. Such a tuned resonator by design. and structure helps focus a magnetic field from the primary
element 60 onto the secondary element 64 resulting in efficient power transfer even with an air gap
in the range of about I centimeter to about 10 centimeters. A first receiving filter 101 and a first
receiving converter 102 coupled to the secondary element 64 respectively filter and convert high.
frequency power to lower frequency power. First receiving filter lo 1 further blocks frequencies
different from the first resonant frequency. in one embodiment, first receiving converter 102
demodulates the power received from the power source. A rectifier 104 coupled to the receiving
converter 102 is configured to supply DC power to a load such as the sensor 106. [002.5] Sensors
106 may include a plurality of individual sensors or an. aggregation of multiple transducers. For
purposes of example a single sensor 106 is illustrated. However, many such sensors may he
coupled to the secondary clement 64. Sensors 106 require power to operate and sense at least
one parameter such as temperature or pressure. Such sensors are designed to withstand high
pressure and temperatures as they may be disposed in environments such as well-bores. Apart
from receiving power, sensors 106 are configured to transmit data such as sensed pressure or
temperature that is required for purposes of controlling the operations of oil drilling. 



examples of non-conducting and non-magnetic materials that can be implemented

in the cavities include ferrite and related materials,

[0019] At least one field-focusing element 66 is interposed between the primary

element 60 and the secondary element 64 and configured to focus a magnetic

field, The field-focusing element may include a plurality of resonators. In one

embodiment, the resonators are configured to comprise at least two sets of unique

resonant frequencies. In a more specific embodiment, between the two sets of

resonant frequencies, the first resonant frequency may be configured to transfer

power and the second resonant frequency may be configured to transfer data.

Further details of contactless power transfer systems in general and field-focusing

elements in particular can be found in co-pending U.S. patent application Ser. No.

12/731497, filed on March 25, 2010, entitled "CONTACTLESS POWER

TRANSFER SYSTEM AND METHOD."

[0020] A pressure casing 68 configured as a pressure isolation element in the

embodiment of FIG. 3 includes seals 70, 73 and pressure isolation cap 80 to

isolate high pressure within the well-bore environment and cavity 76. Similarly,

seals 72 and 74 and pressure isolation cap 82 are disposed around pressure casing

69 to isolate high pressure within the well-bore environment and cavity 78. Non-

limiting examples of pressure isolation cap material include non-magnetic

materials, insulating materials, and non-porous materials.

[0021] In one embodiment, the primary element 60 is coupled to a power source

(not shown) hosted on the control module 18 as referenced in FIG. 1. The

secondary element 64 is coupled to a load disposed within the well bore. In one

embodiment the load includes sensors are configured for sensing at least one

parameter such as, for example, temperature or pressure within the well-bore.

The contactless power transfer system is configured to transfer power from the

power source coupled to the primary element 60 to the sensors coupled to the

secondary element 64 via the field-focusing element 66. In certain embodiments

bi-directional transfer occurs such that data is transferred simultaneously from the

sensors to the control module 18 while power is being transferred from the power

source to the sensors. The load may additionally or altematively include

[0026] A second inverter 108 is coupled to the sensor 100 and configured to convert / modulate the
data signals into a high frequency data signal. A second filter 110 passes the high frequency data
signals (and block other frequencies) to the secondary element 64. A second field-focusing clement
94 is configured to resonate at a second resonant frequency different from the first resonant
frequency such that magnetic field from the secondary element 64 is focused on to the primary
element 60. A second receiving filter 112 and a second receiving converter 114 correspondingly
filter and convert the high frequency data signals into a readable frequency range that can be
handled by the control module 18. Second receiving filter 112 blocks frequencies other than the
second resonant frequency signals.  [0027] In addition to providing power or data transfer,
contactless power transfer system 90 may further be used to provide voltage transformation such
as, for example, for reducing a voltage from primary element to secondary element. it may be
appreciated that such voltage transformation is possible by varying the number of turns on the
primary and the secondary elements. Furthermore, in certain embodiments a voltage regulation
module may he integrated with the contactless power transfer system 90 such that voltage
regulation is provided for any voltage change with respect to loads such as actuators. [0028] In an
exemplary embodiment,advantageous to have an integrated sensor for example, comprising the
second filter 110, second inverter 108, first receiving filter 101, first receiving converter 102, and
rectifier 104 integrated within the sensor 106, in certain embodiments, that have a space constraint
within the cavities of the tubing components some of the electronics such as the second filter 110,
second inverter 108, first receiving filter 101, first receiving converter 102, and rectifier 104 may be
hosted on the control module 18 having communication with the sensors 106 in the well bore.
capabilities within a given space.Imp] enienting field-focusing elements enhances coupling
between primary and secondary elements with higher efficiency for larger gaps. Further, such
systems are robust to variations in the load without much sacrifice to the efficiency. Further, the
field-focusing elements are designed for field channeling/focusing at at-least two distinct
frequencies. Such multiple frequency bands can be utilized to transfer power and data signals
independently across a common field element. Contactless power transfer systems enable
wet-mate connections to disconnect without turning off the main power. This enables continuous
power supply without disruption of production for an entire field during a localized limit at one well.
[00301 While only certain features of the invention have been illustrated and described herein;
many modifications and changes will occur to those skilled in the art. It is, therefore, to he
understood that the appended claims arc intended to cover all such modifications and changes as
fall within the true spirit of the invention. 



actuators based on electrical drives, the holding power needed in magnetic

bearing applications, and subsea control and monitoring systems, for example.

The primary element ó0 and the second element 64 are substantially aligned for

most efficient contactless power transfer. However, in the presently

contemplated embodiments, misalignments, such as up to several millimeters

laterally and/or several degrees radially, are more tolerable than in conventional

embodiments.

100221Referring to FIGs. 1 and 3, multiple contactless power transfer systems

such as 56 may be implemented between the sub-sea distribution unit 72 and the

satellite wellhead systems 76,24,26. Furtherrnore, within a wellhead system, for

example, wellhead 24 may include one or more contactless po\Mer transfer system

for exchanging power and data between the power source and sensors within the

well-bore. An example of cascaded contactless power transfer system includes

coupling a first sub-sea distribution unit such as referenced by numeral 72 to a

second sub-sea distribution unit 13. Furthermore, such second sub-sea

distribution unit 13 may be coupled to one or more satellite wells (not shown) for

power and data transfer.

100231FIG. 4 illustrates a detailed block diagram of the contactless power

transfer system hosted within the cavities of a sub-sea tubing component

according to an embodiment of the invention. The contactless power transfer

system 90 includes a primary element 60, a secondary element 64 and a field-

focusing element 66. In the specific embodiment of FIG. 4, the field-focusing

element ó6 includes a first field-focusing element 92 disposed proximate the

primary element ó0 and a second field-focusing element 94 disposed proximate

the secondary element 64. The first and second field-focusing elements 92,94

may each comprise multiple resonators or a single resonator. Field-focusing

elements 92,94 are configured for operating at two different resonant frequencies

and to focus a magnetic field to couple the primary element 60 and the secondary

element 64. A power source 96 and an inverter 98 are coupled to the primary

element 60 via a first filter 100. In one embodiment, filter 100 has a band pass

response such that the resonance frequency of first resonator lies within 3dB of

ELEMENT LIST 10 sub-sea drilling system 12 sub-sea distribution unit 13 sub-sea distribution unit
14 master control station 15 termination cord 16 Wellhead system 18 sub-sea control module 



bandwidth of band pass filter. In one embodiment, the power source 96 may be

configured to generate DC power that is converted to the frequency of resonance

of first resonator, and the first resonator may resonate at frequencies of several

tens of kHz to several tens of MHz. The first filter 100 is configured to pass such

high frequency po\¡/er (and block other frequencies) from the inverter 98 to the

primary element 60.

10024] As discussed earlier, the field-focusing element 66 may include one set of

resonators, for example, first field-focusing element 92 may be configured for

resonating at a first resonant frequency corresponding to the power frequency

from the inverter 98. Such a tuned resonator by design and structure helps focus

a magnetic field from the primary element 60 onto the secondary element 64

resulting in efficient power transfer even with an air gap in the range of about 1

centimeter to about 10 centimeters. A first receiving filter 101 and a first

receiving converter 102 coupled to the secondary element 64 respectively filter

and convert high frequency power to lower frequency power. First receiving

filter 101 further blocks frequencies different from the first resonant frequency.

In one embodiment, first receiving converter 102 demodulates the power received

from the power source. A rectifier 104 coupled to the receiving converter 102 is

configured to supply DC power to a load such as the sensor 106.

[0025] Sensors 106 may include a plurality of individual sensors or ar7

aggregation of multiple transducers. For purposes of example a single sensor 106

is illustrated. However, many such sensors may be coupled to the secondary

elemen| 64. Sensors 106 require power to operate and sense at least one

parameter such as temperature or pressure. Such sensors are designed to

withstand high pressure and temperatures as they may be disposed in

environments such as well-bores. Apart from receiving power, sensors 106 are

configured to transmit data such as sensed pressure or temperature that is required

for purposes of controlling the operations of oil drilling.

20 remote operator workstation 22 24 Wellhead system 26 Wellhead system 28 Concentric
components 30 32 36 portion of first component 38 first component/tubing hanger 40 second
component / tree head 42 electrical connections 44 well-bore 46 power coupling system 48 first
power coupling unit 



L00261A second inverter 108 is coupled to the sensor 106 and confrgured to

convert / modulate the data signals into a high frequency data signal. A second

filter 110 passes the high frequency data signals (and block other frequencies) to

the secondary element 64. A second field-focusing element 94 is configured to

resonate at a second resonant frequency different from the first resonant

frequency such that magnetic field from the secondary element 64 is focused on

to the primary element 60. A second receiving filter I 12 and a second receiving

converter 114 correspondingly filter and convert the high frequency data signals

into a readable frequency range that can be handled by the control module 18.

Second receiving filter 112 blocks frequencies other than the second resonant

frequency signals.

100271In addition to providing power or data transfer, contactless po,wer transfer

system 90 may further be used to provide voltage transformation such as, for

example, for reducing a voltage from primary element to secondary element. It

may be appreciated that such voltage transformation is possible by varying the

number of turns on the primary and the secondary elements. Furthermore, in

certain embodiments a voltage regulation module may be integrated with the

contactless power transfer system 90 such that voltage regulation is provided for

any voltage change with respect to loads such as actuators.

[0028] In an exemplary embodiment, it is advantageous to have an integrated

sensor for example, comprising the second filter 110, second inverter 108, first

receiving filter 101, first receiving converter 102, and rectifier I04 integrated

within the sensor 106. In certain embodiments, that have a space constraint

within the cavities of the tubing components some of the electronics such as the

second filter 110, second inverter 108, fìrst receiving filter 101, first receiving

converter 102, and rectifier 704 may be hosted on the control module l8 having

communication with the sensors 106 in the well bore.

l002g1Advantageously, contactless power transfer systems as disclosed in

various embodiments above have compact designs as compared to the inductive

49 connection flange 50 second power coupling unit 51 dry mate connection 52  56 contactles
power transfer system 60 primary element 67 64 secondary element 



power transfer systems. A compact design enables larger power transfer

capabilities within a given space. Implementing field-focusing elements

enhances coupling between primary and secondary elements with higher

efficiency for larger gaps. Further, such systems are robust to variations in the

load without much sacrifice to the efficiency. Further, the held-focusing

elements are designed for fìeld channeling/focusing at at-least two distinct

frequencies. Such multiple frequency bands can be utilized to transfer power and

data signals independently across a common field element. Contactless power

transfer systems enable wet-mate connections to disconnect without turning off

the main power. This enables continuous power supply without disruption of

production for an entire held during a localized fault at one well.

[0030] While only certain features of the invention have been illustrated and

described herein, many modifications and changes will occur to those skilled in

the art. It is, therefore, to be understood that the appended claims are intended to

cover all such modifications and changes as fall within the true spirit of the

invention.

10
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ELEMENT LIST

10 sub-sea drilling system

12 sub-sea distribution unit

l3 sub-sea distribution unit

14 master control station

l5 termination cord

16 Wellhead system

l8 sub-sea control module

20 remote operator workstation

22

24 Welhead system

26 Wellhead system

28 Concentric components

30

32

34

36 portion of first component

38 first component / tubing hanger

40 second component / tree head

42 electncal oonnections

44 well-bore

46 power coupling system

48 first power coupling unit

49 conneetion flange

50 second power corrpling unit

51 dry mate conneetion

52
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84 86 88 90 contactiess power transfer system 92 first field-focusing element 94 second
field-focusing element or source 98 inverter 100 first filter 



101 first receiving filter  102 first receiving converter 104 rectifier 106 sensor / load 108 second
inverter 110 second filter 112 second receiving filter 114 second receiving converter  CLAIMS: 



102 first receiving converter

104 rectiher

106 sensor / load

108 second inverter

I 10 second filter

112 second receiving filter

I l4 second receiving converter

l3

A system comprising:         contactless power transfer system (56) comprising a primary element
(60), a secondary element (64), and at least one field-thcusing element (66) interposed between
the primary element (60) and the secondary element (64) and configured to focus a magnetic field;
a partition (80,82) disposed between the primary element (60) and the secondary ethment(64) ,
wherein the contactless power transfer system is disposed within pressure isolation cavities (76,78)
of a sub-sea assembly and configured to transfer power between a power source (96) and a load
(106).        2. The system of claim 1, wherein the partition comprises a non-magnetic and
non-conducting material,        3. The system of claim 1, wherein the contadless power transfer
system is configured to exchange data between the 'load and the power source.        4. The system
of claimwherein the field-focusing element (66) comprises one or more resonators comprising at
least two unique resonant frequencies. .5.The system of claim 4, wherein one of the resonant
frequencies is 



CLAIMS:

l. A system comprising:

a contactless power transfer system (56) comprising a primary element (60), a

secondary element (64), and at least one field-focusing element (66) interposed

between the primary element (60) and the secondary element (64) and configured to

focus a magnetic field;

a partition (80,82) disposed between the primary element (60) and the

secondary element(64),

wherein the contactless power transfer system is disposed within pressure

isolation cavities (76,78) of a sub-sea assembly and configured to transfer power

between a power source (96) and a load (106).

2. The system of claim 1, wherein the partition comprises a non-magnetic

and non-conducting material.

3. The system of claim 1, wherein the contactless power transfer system

is configured to exchange databetween the load and the power source.

4. The system of claim 1, wherein the field-focusing element (66)

comprises one or more resonators comprising at least two unique resonant

frequencies.

5. The system of claim 4, wherein one of the resonant frequencies is

configured to transfer power and another of the resonant frequencies is conf,rgured to

transfer data.

6. The system of claim l, wherein the contactless power transfer system

fuither provides a voltage transformation between the primary element (60) and the

secondary element (64).

7. A system comprising:

a contactless power transfer system (90)comprising

T4

configured to transfer power and another of the resonant frequencies is configured to transfer data.
6. The system of claim 1, wherein the contactless power transfer system further provides a voltage
transthrmation between the primary element (60) and the secondary element (64). 7. .A system
comprising: contaetless power transfer syste (90)comprising  a primary element (60), a secondary
element (64),       a first field-focusing element (92) disposed proximate the primary element (60),
and        a second field-focusing clement (94) disposer proximate the secon a element (94), 



a primary elernent (60),

a secondary element (64),

a first field-focusing element (92) disposed proximate the primary element

(ó0), and

a second field-focusing element (94) disposed proximate the secondary

element (94),

the first and second field-focusing elements being configured for operating at

two different resonant frequencies to focus a magnetic field and exchange power

between the primary element (60) and the secondary element (64).

8. A contactless power transfer system (90) comprising:

a primary element (60);

a power source (96) and a first filter (100) coupled to the primary element (60)

and configured to transmit power at a first resonant frequency;

a secondary element (64);

a first converter (102) and a rectifier (104) coupled to the secondary element

(64) and configured to deliver power to a load;

one or more sensors (106) and second filters (108) coupled to the secondary

element and configured to sense at least one parameter and transmit data at a second

resonant frequency;

at least two field-focusing elements (92,94) interposed between the primary

element (60) and the secondary element (64), a first field-focusing element (92)

configured for transmitting power at the first resonant frequency and a second field-

focusing element (94) configured for transmitting da|a at the second resonant

frequency; and

a second converter (1I2) coupled to the primary element to receive data from

the one or more sensors (106).

15

the first and second field-focusing elements being configured for operating at two different resonant
frequencies to focus a magnetic field and exchange power between the primary element (60) and
the secondary element (64). 8.A amtactiess power transfer system (90) comprising: a primary
element (60);       a power source (96) and a first filter (100) coupled to the primary element (60)
and configured to transmit power at a first resonant frequency; a secondary element (64);        a
first converter (102) and a rectifier (104) coupled to the secondary element (64) and configured to
deliver power to a load;        one or more sensors (106) and second filters (108) coupled to the
secondary element and configured to sense at least one parameter and transmit data at a second
resonant frequency;        at least two field-focusing elements (92,94) interposed between the
primary element (60) and the secondary element (64), a first field-focusing element (92) configured
for transmitting power at the first resonant frequency and a second field-focusing element (94)
configured for transmitting data at the second resonant frequency; and       a second converter
(112) coupled to the primary element to receive data from the one or more sensors (106). 



9. The contactless power transfer system of claim 8, wherein the load

comprises one or more sensors to sense a plurality of parameters within a well bore

(44\.

t6

9.The contactless power transfer system of claim 8, wherein the load comprises one or more
sensors to sense a plurality of parameters within a well bore (44). 


