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ELECTRICAL COUPLING APPARATUS AND METHOD 

BACKGROUND 

The invention relates generally to coupling systems and, in particular, to electrical 

coupling systems for subsea applications. 

In subsea or other underwater well drilling procedures, such as those used in the oil 

and gas industry, concentric wellhead elements are used and typically include a tree 

head housing and a tubing hanger to support electrical connections within an annular 

space between a well bore and the tree head.  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 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. 

Although wet mate connections between well heads are typically performed under 

sub-sea conditions, there is a need for solutions that embody electrical couplers for 

contactless power transfer that will not require precise alignment, will withstand 

higher operating pressures, and will not require a remote operated vehicle or diver for 

coupling. 

BRIEF DESCRIPTION 

Briefly, an apparatus to provide electrical coupling between two components in a well 

system is proposed.  The apparatus includes a first component disposed around a well-

bore and configured to host electrical connections.  A second component is disposed 

concentrically around the first component and configured for power coupling with the 

first component.  A first power coupling unit is disposed on the first component and 

configured to host one or more transceivers and resonators.  A second power coupling 

unit disposed on the second component and configured to host one or more 
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transceivers and resonators.  The transceivers and resonators on the first and second 

power coupling units are configured to transfer power in a contactless manner. 

In another embodiment, a method for providing electrical coupling is provided.  The 

method includes installing at least two components within a wellhead system, each 

component comprising a power coupling unit including a transceiver situated within a 

pressure isolation element.  The method further include positioning a first component 

concentrically within a second component and aligning the power coupling unit of the 

first component with the power coupling unit of the second component to enable 

electrical power and signal communications automatically in both directions in a 

contactless manner between the transceivers of the power coupling units of the first 

and second components.   

DRAWINGS 

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: 

FIG. 1 illustrates a sub-sea drilling system according to an embodiment of the 

invention; 

FIG. 2 illustrates a cross-sectional view of concentric components within a wellhead 

system; 

FIG. 3 illustrates a detailed view of power coupling according to an embodiment of 

the invention; 

FIG. 4 illustrates an alternate arrangement of power coupling according to an 

embodiment of the invention; and 

FIG. 5 illustrates an exemplary method of establishing a contactless power coupling 

between at least two concentric components in a wellhead system. 

FIG. 1 illustrates a sub-sea drilling system according to an embodiment of the invention; FIG. 2
illustrates a cross-sectional view of concentric components within a wellhead system; FIG. 3 illustrates
a detailed view of power coupling according to an embodiment of the invention; FIG. 4 illustrates an
alternate arrangement of power coupling according to an embodiment of the invention; and FIG. 5
illustrates an exemplary method of establishing a contactless power coupling between at least two
concentric components in a wellhead system.  DETAILED DESCRIPTION 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 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. 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/electronics module 18. Sub-sea distribution unit 12 is configured to control the flow lines
between each satellite well and the master control station 14. Remote operator workstation 20
includes, in one embodiment, remotely operated vehicles to assist in the drilling and production.
Concentric components 28, such as well-bores, tubing hangers, and tree heads are disposed beneath
each wellhead system 24. 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 wellhead system is to control
the flow of oil and/or gas into or out of the well. The wellhead system may further provides 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. FIG. 2 illustrates a cross-sectional view of concentric
components within a wellhead system. 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 
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DETAILED DESCRIPTION 

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 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.   

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/electronics module 18.  Sub-sea distribution unit 12 is configured to control 

the flow lines between each satellite well and the master control station 14.  Remote 

operator workstation 20 includes, in one embodiment, remotely operated vehicles to 

assist in the drilling and production.   

Concentric components 28, such as well-bores, tubing hangers, and tree heads are 

disposed beneath each wellhead system 24.  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 wellhead system is to control the flow of oil 

and/or gas into or out of the well.  The wellhead system may further provides 

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.   

FIG. 2 illustrates a cross-sectional view of concentric components within a wellhead 

system.  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/electronics modules on the wellhead. FIG. 3 illustrates a detailed view
of a power coupling system according to an embodiment of the invention. The power coupling system
56 comprises a first power coupling unit 58 disposed on the first component (38 as referenced in FIG.
1) and includes cavity 76 configured to host at least one transceiver and resonator 60. A second power
coupling unit 62 is disposed on the second component (40 as referenced in FIG. 1) and includes cavity
78 configured to host at least one transceiver 64 and resonator 66. 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 well-bore environment and the first power coupling unit 58.
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 the second power coupling unit 62.
Non-limiting examples of pressure isolation cap material include non-magnetic materials, insulating
materials, and non-porous materials. Transceivers 60 and 64 may be configured to transfer power in a
contactless manner. The contactless power transfer may be bi-directional. In one embodiment,
transceiver 60 receives signals from down hole devices in the well-bore and transfers those signals in
a contactless manner onto the transceiver 64 via the resonator 66. Transceiver 64 is in turn coupled to
the control module 14 (FIG. 1) via a dry mate connection. The first and second power coupling units
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. FIG. 4 illustrates an alternate
arrangement of power coupling according to an embodiment of the invention. In the illustrated
embodiment, the pressure casing and pressure isolation cap have enhanced thickness as compared
to the power coupling system in FIG. 3. It may be noted that such enhanced pressure isolation is
useful for high pressure environments within the well-bore. The power coupling system 90 illustrates a
first power coupling unit 92 having a projection 96 to host the electrical connections coupling the
transceiver 60. The second power coupling unit 94 includes an enhanced pressure casing thickness
95 having pressure isolation cap 96. FIG. 5 illustrates an exemplary method of establishing a
contactless power coupling between at least two concentric components in a wellhead system. The
method 100 includes installing at least two components around well bore in step 102. First component
is installed around a second component in step 104. For the purposes of example, first component
may include a tubing hanger and second component may include a tree head. Cavities are provided
on the first and second component in step 106. Transceivers and resonators are disposed within the
cavities in step 108. First and second power coupling units comprising the transceivers and resonators
are aligned with each other at step 110. Power is transferred between the first and second power
coupling units in step 112. Contactless coupling is established between down hole devices and the
control module in step 114. 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.  El FMENT LIST 10 sub-sea drilling operation 12 sub-sea
distribution unit 14 master control station 
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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/electronics modules on the 

wellhead.   

FIG. 3 illustrates a detailed view of a power coupling system according to an 

embodiment of the invention.  The power coupling system 56 comprises a first power 

coupling unit 58 disposed on the first component (38 as referenced in FIG. 1) and 

includes cavity 76 configured to host at least one transceiver and resonator 60.  A 

second power coupling unit 62 is disposed on the second component (40 as referenced 

in FIG. 1) and includes cavity 78 configured to host at least one transceiver 64 and 

resonator 66.  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 well-bore environment and the first power coupling unit 58.  

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 the second 

power coupling unit 62.  Non-limiting examples of pressure isolation cap material 

include non-magnetic materials, insulating materials, and  non-porous materials. 

Transceivers 60 and 64 may be configured to transfer power in a contactless manner.  

The contactless power transfer may be bi-directional.  In one embodiment, transceiver 

60 receives signals from down hole devices in the well-bore and transfers those 

signals in a contactless manner onto the transceiver 64 via the resonator 66.  

Transceiver 64 is in turn coupled to the control module 14 (FIG. 1) via a dry mate 

connection.  The first and second power coupling units are substantially aligned for 

most efficient contactless power transfer.  However, in the presently contemplated 

516 Wellhead system 18 control module/electronics modules 20 Remote operator workstation 24
Wellhead system 26 Wellhead system 1028 Concentric casings 36 first component and second
component 38 first component 40 second component 42 electrical connections 1544 well-bore 46
power coupling 
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embodiments, misalignments, such as up to several millimeters laterally and/or 

several degrees radially, are more tolerable than in conventional embodiments.    

FIG. 4 illustrates an alternate arrangement of power coupling according to an 

embodiment of the invention.  In the illustrated embodiment, the pressure casing and 

pressure isolation cap have enhanced thickness as compared to the power coupling 

system in FIG. 3.  It may be noted that such enhanced pressure isolation is useful for 

high pressure environments within the well-bore.  The power coupling system 90 

illustrates a first power coupling unit 92 having a projection 96 to host the electrical 

connections coupling the transceiver 60.  The second power coupling unit 94 includes 

an enhanced pressure casing thickness 95 having pressure isolation cap 96.   

FIG. 5 illustrates an exemplary method of establishing a contactless power coupling 

between at least two concentric components in a wellhead system.   The method 100 

includes installing at least two components around well bore in step 102.  First 

component is installed around a second component in step 104.  For the purposes of 

example, first component may include a tubing hanger and second component may 

include a tree head.  Cavities are provided on the first and second component in step 

106.  Transceivers and resonators are disposed within the cavities in step 108.  First 

and second power coupling units comprising the transceivers and resonators are 

aligned with each other at step 110.  Power is transferred between the first and second 

power coupling units in step 112.  Contactless coupling is established between down 

hole devices and the control module in step 114.   

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.  

 

 

 

48 first power coupling 50 second power coupling             51 dry mate connection 51 2056 power
coupling 58 first power coupling 60 transceiver 62 second power coupling 64 transceiver 2566
resonator 68 pressure casing 69 pressure casing 70 seal 72 seal 
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ELEMENT LIST 

10 sub-sea drilling operation 
12 sub-sea distribution unit 
14 master control station 
16 Wellhead system 5 
18 control module/electronics modules 
20 Remote operator workstation 
24 Wellhead system 
26 Wellhead system 
28 Concentric casings 10 
36 first component and second component 
38 first component 
40 second component 
42 electrical connections 
44 well-bore 15 
46 power coupling 
48 first power coupling 
50 second power coupling 
51 dry mate connection 51 
56 power coupling 20 
58 first power coupling 
60 transceiver 
62 second power coupling  
64 transceiver 
66 resonator 25 
68 pressure casing 
69 pressure casing 
70 seal 
72 seal 
73 seal 30 
74 seal 
76 cavity 
78 cavity 
80 pressure isolation cap 
82 pressure isolation cap 35 
90 power coupling 
92 first power coupling 
94 second power coupling 
95 pressure casing thickness 
96 projection 40 
100 exemplary method 
102 Installing at least two components around a well-bore 
104 Positioning first component around second component 
106 Providing cavities on the first and second components 

3073 seal 74 seal 76 cavity 78 cavity       80 pressure isolation cap 3582 pressure isolation cap 90
power coupling 92 first power coupling 94 second power coupling             95 pressure casing thickness
4096 projection 
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108 Disposing transceivers and resonators in the cavities 
110 Aligning first and second power coupling units 
112 Transferring power between the coupling units in a contactless manner 
114 Establishing contactless coupling between down hole devices and the 

control module 5 
   

100 exemplary method 102 Installing at least two components around a well-bore 104 Positioning first
component around second component 106 Providing cavities on the first and second components 6
108 Disposing transceivers and resonators in the cavities 110 Aligning first and second power coupling
units       112 Transferring power between the coupling units in a contactless manner 114 Establishing
contactless coupling between down hole devices and the 5control module  WHAT IS CLAIMED IS:  1.
An apparatus to provide electrical coupling between two components in a well system, the apparatus
comprising: a first component (38) disposed around a well-bore (44) and configured to host electrical
connections; 
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WHAT IS CLAIMED IS: 

1. An apparatus to provide electrical coupling between two components in a well 

system, the apparatus comprising: 

a first component (38) disposed around a well-bore (44) and configured to host 

electrical connections; 

a second component (40) disposed concentrically above the first component (38) and 

configured for power coupling with the first component; 

a first power coupling unit (48) disposed on the first component and configured to 

host one or more transceivers and resonators; 

a second power coupling unit (50) disposed on the second component and configured 

to host one or more transceivers (60, 64) and resonators (66), wherein the transceivers 

and resonators on the first and second power coupling units are configured to transfer 

power in a contactless manner. 

2. The apparatus of claim 1, wherein the transceivers (60, 64) and resonators (66) 

on the first and second power coupling units are configured to transfer power bi-

directionally.    

3. The apparatus of claim 1, wherein the first power coupling unit (48) is aligned 

to the second power coupling unit (50). 

4. The apparatus of claim 1, wherein the first and the second power coupling 

units comprise cavities (76, 78) to host the transceivers and the resonators. 

5. The apparatus of claim 4, wherein the cavities are sealed via pressure isolation 

caps (80, 82). 

6. The apparatus of claim 1, wherein the second power coupling unit (50) is 

coupled to a plurality of sensors and electrical devices hosted within the first 

component (48). 

a second component (40) disposed concentrically above the first component (38) and configured for
power coupling with the first component; a first power coupling unit (48) disposed on the first
component and configured to host one or more transceivers and resonators; a second power coupling
unit (50) disposed on the second component and configured to host one or more transceivers (60, 64)
and resonators (66), wherein the transceivers and resonators on the first and second power coupling
units are configured to transfer power in a contactless manner.  2. The apparatus of claim 1, wherein
the transceivers (60, 64) and resonators (66) on the first and second power coupling units are
configured to transfer power bidirectionally.  3. The apparatus of claim 1, wherein the first power
coupling unit (48) is aligned to the second power coupling unit (50).  4. The apparatus of claim 1,
wherein the first and the second power coupling units comprise cavities (76, 78) to host the
transceivers and the resonators.  5. The apparatus of claim 4, wherein the cavities are sealed via
pressure isolation caps (80, 82).  6. The apparatus of claim 1, wherein the second power coupling unit
(50) is coupled to a plurality of sensors and electrical devices hosted within the first component (48).
installing at least two components within a wellhead system, each component comprising a power
coupling unit (56) including a transceiver (60) situated within a pressure isolation element; positioning
a first component (38) concentrically within a second component (40); 
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7. A method for providing electrical coupling comprising: 

installing at least two components within a wellhead system, each component 

comprising a power coupling unit (56) including a transceiver (60) situated within a 

pressure isolation element; 

positioning a first component (38) concentrically within a second component (40); 

aligning the power coupling unit of the first component with the power coupling unit 

of the second component to enable electrical power and signal communications 

automatically in both directions in a contactless manner between the transceivers of 

the power coupling units of the first and second components. 

8. The method of claim 7 wherein the first component comprises a tubing hanger 

and the second component comprises a tree head. 

9. The method of claim 7 further comprising disposing at least one resonator (66) 

between the transceivers (60, 64) of the power coupling units of the first and second 

components. 

  

  

aligning the power coupling unit of the first component with the power coupling unit of the second
component to enable electrical power and signal communications automatically in both directions in a
contactless manner between the transceivers of the power coupling units of the first and second
components.  8. The method of claim 7 wherein the first component comprises a tubing hanger and
the second component comprises a tree head.  9. The method of claim 7 further comprising disposing
at least one resonator (66) between the transceivers (60, 64) of the power coupling units of the first
and second components. 


