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TRANSMITTING ELECTRICAL POWER AND COMMUNICATION SIGNALS 

Field of the Invention

This invention relates to transmitting electrical power and communication signals. 

Background of the Invention

One of the enabling techniques used in offshore production control systems for 

hydrocarbon extraction wells, to transmit control and instrumentation signals between 

topside equipment and subsurface equipment installed on the seabed, is the use of 

communications-on-power (COP) where communication signals are superimposed on 

an electrical power signal and transmitted simultaneously with the power signal along 

a power transmission line in an umbilical cable. 

This method is employed to reduce the number of electrical lines needed within the 

umbilical cable, which provides the main interface between topside and subsurface 

equipment for hydraulic and electrical power. Using COP eliminates the need for 

separate power and communication lines within the umbilical cable, thereby reducing 

its overall cost. 

However, this technique does have some inherent disadvantages as follows. 

At the subsea equipment level there is a need to utilise bulky equipment, such as 

communications blocking filters and diplexers, to separate and retrieve the 

communication signals from the power signal and this process can result in electrical 

noise and transients being generated. These subsea components also consume 

electrical power 

The quality of the electrical power generated topside and transmitted through the 

umbilical cable may be poor and contain electrical noise and harmonics of the 

typically 50/60Hz electrical power frequency and these may interfere with the lower 

power communication signals which are superimposed on the electrical power signal. 

Sudden voltage transients (such as those caused by switching surges or sudden 

changes to the electrical load) can interfere with the high frequency communication 

signals. 
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A reduction or elimination of these effects would lead to improvement in the 

reliability of the communications link and in the overall accuracy of the information 

transmitted. 

Summary of the Invention

According to the present invention from one aspect, there is provided a system for 

transmitting electrical power and communication signals, comprising: 

 a transmission line; 

 a source of electrical power for supplying electrical power to the transmission 

line; 

 first communication means, for supplying communication signals to the 

transmission line; 

 power extraction means for extracting and using electrical power from the 

transmission line; 

 second communication means for receiving communication signals from the 

transmission line; and 

 control means for controlling operation of the system in such a way that, in 

use of the system, the power source supplies electrical power to the transmission line 

for respective periods of time which are different from respective periods of time in 

which the first communication means supplies communication signals to the 

transmission line. 

According to the invention from another aspect, there is provided a method of 

transmitting electrical power and communication signals, the method comprising: 

 providing a transmission line, a source of electrical power, first 

communication means, power extraction means for extracting and using electrical 

power from the transmission line and second communication means for receiving 

communication signals from the transmission line, which method further comprises 

controlling operation such that the power source supplies electrical power to the 

transmission line for respective periods of time which are different from respective 
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periods of time in which the first communication means supplies communication 

signals to the transmission line. 

Typically, the second communication means is adapted for supplying communication 

signals to said transmission line for reception by said first communication means 

during periods of time when said power source is not supplying electrical power to the 

transmission line. 

Typically, said power extraction means includes electrical power storage means for 

storing electrical power extracted from said transmission line.  In this case, said 

control means could be such that said first communication means can supply 

communication signals to said transmission line unless the voltage of power stored in 

said storage means drops below a threshold level, in response to which 

communication signals from said first communication means are not supplied to said 

line but electrical power is supplied to said line from said source until the voltage of 

power stored in said storage means is not below said threshold, in response to which 

said first communication means can supply communication signals to said 

transmission line. 

Said control means could include switch means which, in a first condition, couples 

said power source to said transmission line and, in a second condition, couples said 

first communication means to said line.  In this case, said control means could be such 

that, if the voltage of power stored in said storage means is below said threshold, such 

switch means is in said first condition but if it is not below said threshold said switch 

means is in said second condition.  Then, said control means could be such that said 

switch means is switched between said conditions by signals from said second 

communication means. 

Typically, said power source is an AC power source, said extracting means 

comprising a transformer having a primary winding connected across said 

transmission line and a secondary winding connected across rectifier means.  

A system or method according to the invention could comprise a control system for a 

subsea hydrocarbon well or a method of transmitting power and communication 

signals in such a control system.  In these cases, said first communication means 

could each be at a topside location, said power extraction means and said second 
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communication means being in a subsea electronics module and said transmission line 

being in an umbilical cable between said topside location and the subsea electronics 

module.  Alternatively, said power source and said first communication means could 

be in a subsea electronics module, said power extraction means and said second 

communication means being in a subsea sensor arrangement and said transmission 

line being between said subsea electronics module and said subsea sensor 

arrangement. 

In the following embodiments of the invention, electrical energy (at the power 

frequency) flowing down a transmission line is switched off for a very small fraction 

of time to allow the communication of information in the form of higher frequency 

communication signals to be transmitted along the same transmission line.  In this 

way, the power and communication signals are interleaved (as opposed to one being 

superimposed on the other) as in time division multiplexing and there are substantially 

no interference problems between them.  The communication signals are high 

frequency in nature compared to the electrical power and therefore can be transmitted 

in a fraction of the time taken by electrical power transmission.  A duty cycle can 

therefore be achieved which ensures that there is minimal loss of electrical power and 

this together with the use of subsurface electrical power storage (such as a capacitor 

bank), can provide the constant electrical power needed by subsurface equipment. 

Two modes of operation are employed, as follows. 

 Power supply mode – where an AC electrical power signal is transmitted to receiving 

equipment, is converted to DC and an electrical storage device is charged up with 

energy. When the energy stored is sufficient, the system goes into a communication 

signal transmission mode 

 Communication signal transmission mode – when the appropriate supply voltage is 

achieved, communication signals are transmitted and this mode lasts for as long as the 

power supply is within operational limits, after which time the system reverts to the 

power supply mode. 

It will be appreciated that the invention, where the waveform transmitted consists of 

an electrical power signal (e.g. 50Hz sinusoidal) interleaved with communication 

signals has application in other fields than offshore production control systems. 
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Brief Description of the Drawings

Fig. 1 is a schematic diagram of an embodiment of the invention; 

Fig. 2 is a schematic diagram of a modified form of the Fig. 1 embodiment; and 

Fig. 3 is a schematic diagram of another embodiment of the invention. 

Detailed Description of the Invention.

Two different offshore applications which use similar equipment configurations are 

described to illustrate how a time division multiplexing technique (usually used for 

transmitting different types of communications data in separate sequenced time slots) 

can be used as an alternative to the current COP technique to transmit both electrical 

power and communication signals along the same transmission line.  However, the 

invention is applicable to other situations where electrical power and communication 

signals are to be transmitted along the same transmission line. 

Fig. 1 illustrates the use of the invention in a production control system of a subsea 

hydrocarbon well when applied to the transmission of communication signals (control 

and instrumentation) between topside and subsea equipment along a transmission line 

in an umbilical cable.  The figure shows the interface between a topside surface 

platform 1 and a subsea end, specifically at a subsea electronics module (SEM) 2, via 

a transmission line 3 in an umbilical cable.  The SEM 2 is usually physically housed 

inside a subsea control module. The SEM contains its own transformer, power supply 

and diplexer, together with a series of electronic cards, which perform various 

functions such communication, interfacing with instrumentation and sensors, 

controlling valves and hydraulics. 

Reference numeral 5 designates an AC electrical power source at the surface platform 

1; reference numeral 9 designates a surface switch at the surface platform which, in a 

first position couples power from source 5 to transmission line 3 and, in a second 

position connects a modem 10 to the line 3 for the transmission and reception of 

communication signals to and from the SEM 2; and reference numeral 4 designates a 

transformer in the SEM 2 having a primary winding connected across the line 3 of the 

umbilical cable and a secondary winding connected across a conventional AC/DC 
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converter 6 (such as a bridge rectifier and electrical filter) in the SEM 2 and also 

across a modem 11 in the SEM 2 for the transmission and reception of 

communication signals to and from the SEM 2. 

Converter 6 is connected to a subsea electrical power storage device 7 (for example in 

the form of a bank of so-called "supercapacitors").  Device 7 is used to supply 

electrical power to the modem 11 and also SEM electronics 8 (comprising a card rack 

and printed circuit boards) coupled with the modem 11. 

Communication signals and electrical power are extracted from the transmission line 

3 in the umbilical cable by means of transformer 4, which also provides galvanic 

isolation. (Separate transformers for power and communication signals can be used if 

required - see below). The incoming electrical power and the communication signals 

are each extracted separately, as follows. 

When switch 9 is in the first position, electrical power is transmitted and the power in 

the storage device 7 is built up and is used to provide electrical power to the SEM 

electronics 8 and modem 11.  When the electrical power from topside is switched off 

by operation of the surface switch 9, for a short interval the SEM electronics 8 is 

powered from the power held in the storage device 7, the surface switch 9 connecting 

the surface modem 10 to the transmission line 3, allowing communication to and from 

the subsea modem 11, communication signals being fed to appropriate devices in the 

SEM electronics 8.  When the power becomes insufficient as sensed by the SEM 

electronics 8 (i.e. when the voltage of power stored in device 7 drops below a 

threshold) a message from modem 11 to modem 10 causes communication to be 

stopped and power again switched on by operation of the switch 9.  Storage device 7 

is then recharged.   

A typical mode of operation is as follows: 

1. Electrical power is transmitted via the line 3 within the umbilical cable for a 

period of time calculated to be sufficient to fully charge the power storage device 7. 

2. The electrical power is then switched off by the switch 9, the communication 

of a message from the SEM electronics 8, via the modems 11 and 10, confirming that 

the storage device 7 is adequately charged.  If this message is not received at the 
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surface, the switch 9 automatically reverts to the power mode for a further period of 

time.  This process is repeated until the power storage device 7 is adequately charged. 

3. During the communication mode, the power stored in the device 7 is 

monitored by the SEM electronics 8, and when its voltage has fallen below an 

acceptable threshold level, a message is sent to the surface from the modem 11 to the 

modem 10 to switch off communications and revert back to the power mode. 

4. The process is repeated continuously, power and communication signals being 

multiplexed at a rate governed by the recharging requirements of the power storage 

device 7. 

By using the above configuration of this invention, the use of conventional power 

supplies and bulky equipment such as communications blocking filters and diplexers 

is eliminated. 

Fig. 2 illustrates a modification of the Fig. 1 embodiment in which transformer 4 is 

used for extracting power from line 3 and a separate transformer 41 is used for 

extracting communication signals from line 3 and transmitting communication signals 

via line 3, a primary winding of transformer 41 being connected across line 3 and a 

secondary winding of transformer 41 being connected across modem 11. 

Fig. 3 illustrates the use of a technique according to this invention to provide 

electrical power to, as well as communication signals between, remote sensors used 

subsea and an SEM in a production control system for a hydrocarbon well.  This 

eliminates the need for each sensor to have its own electrical power supply.  The 

equipment configuration at a remote sensor electronics package is similar to that 

shown in Fig 1.  

Reference numeral 12 designates an SEM which includes an AC electrical power 

source 13; reference numeral 14 designates a switch in the SEM 12, which in a first 

position, couples power from source 13 to a transmission line 15 and, in a second 

position, connects a modem 16 to the line 15 for the transmission and reception of 

communication signals from and by the SEM 12; and reference numeral 17 designates 

a transformer in a remote sensor electronics package 18, having a primary winding 

connected across line 15 and a secondary winding connected across a conventional 



8 
�

AC/DC converter 19 (such as a bridge rectifier and electrical filter) in the package 18 

and also across a modem 20 in the package 18 for the reception and transmission of 

communication signals from and to the SEM 12. 

Converter 19 is connected to a subsea electrical power storage device 21 (for example 

in the form of a bank of so-called "supercapacitors") in the package 18, device 21 

being used to supply electrical power to the modem 20 and also to a sensor unit 22 in 

the package 18. 

Communication signals and electrical power are extracted from the line 15 by means 

of transformer 16, which also provides galvanic isolation. (Separate transformers for 

power and signals can be used if required). The incoming electrical power and the 

communication signals are each extracted separately, as follows. 

When switch 14 is in the first position, electrical power is transmitted and the power 

in the storage device 21 is built up and is used to provide electrical power to the 

sensor unit 22 and modem 20.  When the electrical power from SEM 12 is switched 

off by operation of the switch 14, for a short interval the sensor unit 22 is powered 

from the power held in the storage device 21, the switch 14 connecting the modem 16 

to the line 15, allowing communication to and from the modem 20.  When the stored 

power in device 21 becomes insufficient since its voltage has dropped below a 

threshold (as sensed by unit 22), modem 20 sends a message to modem 16 so that 

communication is stopped and power again switched on by the operation of the switch 

14.  The storage device 21 is then recharged and when the stored power becomes 

sufficient, as sensed by the unit 22, a message from modem 20 to modem 16 causes 

switch 14 to be operated so that communication can restart. 

The communication signals are control signals to the sensor unit 22 and data from the 

sensor unit 22, transmitted and received via the modems 16 and 20.  

As with the system of Fig. 1, the bi-directional transmission lasts as long as the supply 

voltage from the storage device 21 is within operational limits, otherwise it returns to 

the power supply mode. 

Advantages of using the Invention
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It retains the use of a single transmission line to carry both electrical power and 

communication signals.  

A reduction in harmonic, noise and transients caused by the electrical power and 

signal extraction equipment can be obtained, resulting in a better signal to noise ration 

and causing less communication signal degradation. 

Simpler data transmission is enabled. 

A need for bulky, noisy, blocking filters and diplexers to separate the communication 

signals from the electrical power can be achieved, therefore saving cost and space. 

For sensor applications, it enables elimination of the need to provide a dedicated 

power supply for each sensor with its associated cables and connectors at the SEM 

and  sensor unit, thus saving cost and space. 

Less power consumption subsurface is enabled. 

There is a potential to reduce the distribution architecture to field sensors by using a 

local area network (LAN) thus making further economies in cables and connectors 

and improving reliability further.  Other topologies are also possible.  
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CLAIMS:

1. A system for transmitting electrical power and communication signals, 

comprising: 

 a transmission line; 

 a source of electrical power for supplying electrical power to the transmission 

line; 

 first communication means, for supplying communication signals to the 

transmission line; 

 power extraction means for extracting and using electrical power from the 

transmission line; 

 second communication means for receiving communication signals from the 

transmission line; and 

 control means for controlling operation of the system in such a way that, in 

use of the system, the power source supplies electrical power to the transmission line 

for respective periods of time which are different from respective periods of time in 

which the first communication means supplies communication signals to the 

transmission line. 

2. A system according to claim 1, wherein said second communication means is 

adapted for supplying communication signals to said transmission line for reception 

by said first communication means during periods of time when said power source is 

not supplying electrical power to the transmission line. 

3. A system according to claim 1 or 2, wherein said power extraction means 

includes electrical power storage means for storing electrical power extracted from 

said transmission line. 

4. A system according to claim 3, wherein said control means is such that said 

first communication means can supply communication signals to said transmission 
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line unless the voltage of power stored in said storage means drops below a threshold 

level, in response to which communication signals from said first communication 

means are not supplied to said line but electrical power is supplied to said line from 

said source until the voltage of power stored in said storage means is not below said 

threshold, in response to which said first communication means can supply 

communication signals to said transmission line. 

5. A system according to any preceding claim, wherein said control means 

includes switch means which, in a first condition, couples said power source to said 

transmission line and, in a second condition, couples said first communication means 

to said line. 

6. A system according to claims 4 and 5, wherein said control means is such that, 

if the voltage of power stored in said storage means is below said threshold, said 

switch means is in said first condition but if it is not below said threshold said switch 

means is in said second condition. 

7. A system according to claim 6 as dependent on claim 2, wherein said control 

means is such that said switch means is switched between said conditions by signals 

from said second communication means. 

8. A system according to any preceding claim, wherein said power source is an 

AC power source, said extracting means comprising a transformer having a primary 

winding connected across said transmission line and a secondary winding connected 

across  rectifier means. 

9. A system according to any preceding claim which comprises a control system 

for a subsea hydrocarbon well. 

10. A system according to claim 9, wherein said power source and said first 

communication means are each at a topside location, said power extraction means and 

said second communication means are in a subsea electronics module and said 

transmission line is in an umbilical cable between said topside location and the subsea 

electronics module. 
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11. A system according to claim 9, wherein said power source and said first 

communication means are in a subsea electronics module, said power extraction 

means and said second communication means are in a subsea sensor arrangement and 

said transmission line is between said subsea electronics module and said subsea 

sensor arrangement. 

12. A method of transmitting electrical power and communication signals, the 

method comprising: 

 providing a transmission line, a source of electrical power, first 

communication means, power extraction means for extracting and using electrical 

power from the transmission line and second communication means for receiving 

communication signals from the transmission line, which method further comprises 

controlling operation such that the power source supplies electrical power to the 

transmission line for respective periods of time which are different from respective 

periods of time in which the first communication means supplies communication 

signals to the transmission line. 

13. A method according to claim 12, wherein said second communication means 

supplies communication signals to said transmission line for reception by said first 

communication means during periods of time when said power source is not 

supplying electrical power to the transmission line. 

14. A method according to claim 12 or 13, wherein said power extraction means 

stores electrical power from electrical power extracted from said transmission line. 

15. A method according to claim 14, wherein said first communication means 

supplies communication signals to said transmission line unless the voltage of stored 

power drops below a threshold level, in response to which communication signals 

from said first communication means are not supplied to said line but electrical power 

is supplied to said line from said source until the voltage of stored power is not below 

said threshold, in response to which said first communication means supplies 

communication signals to said transmission line. 
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16. A method according to any of claims 12 to 15, wherein switch means, in a first 

condition, couples said power source to said transmission line and, in a second 

condition, couples said first communication means to said line. 

17. A method according to claims 15 and 16, wherein, if the voltage of stored 

power is below said threshold, said switch means is in said first condition but if it is 

not below said threshold said switch means is in said second condition. 

18. A method according to claim 17, wherein said switch means is switched 

between said conditions by signals from said second communication means. 


