PROTECTING AGAINST TRANSIENTS IN A COMMUNICATION SYS IEM Field of the Invention This
invention relates to protecting against transients in a communication system, for example in a subsea
fluid production well power and communication system. Background of the Invention In subsea fluid
production well power and communication systems, the voltage transients inherently associated with
power on/off switghMEET IRGIAGA INSIS BRARSERIARY Iery danagDRIOAJAoNE SETEMNIcation
modems are directly coupled (connected electrically) to power lines in order to implement
communilg%tli&% r&% P) systems. High voltage transients may damage topside and subsea
modems - communication systems and topside and subsea power distribution
transformers. Summary of the Invention According to the invention from one aspect, there is provided
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and a seexaghigleaitioa sl secofluiaunioatioticpeivellbiohénenehes atiteasirosgstaductive load and at least
one switching means for switching power to said at least one load on and off, the system including
control n@gwgélﬁ&egff@{ecgp\;éﬂwgg said at least one switching means so that, if said power is
switched on during a pariicular phase of the power, it is switched off during the opposite phase of the
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Summary of the Invention

According to the invention from one aspect, thexepiovided a system for transmitting
alternating current power and communication sigh&isveen a first location and a second
location via a communication path which includegeast one inductive load and at least one
switching means for switching power to said at tease load on and off, the system
including control means adapted for controllingdsai least one switching means so that, if
said power is switched on during a particular pradbe power, it is switched off during the
opposite phase of the power and if said power itched off during a particular phase of the
power, it is switched on during the opposite phafdhe power.

According to the invention from another aspectyehes provided a method for transmitting
alternating current power and communication sigh&isveen a first location and a second
location via a communication path which includegeast one inductive load and at least one
switching means for switching power to said at temse load on and off, the method
comprising controlling said at least one switchmgans so that, if said power is switched on
during a particular phase of the power, it is shett off during the opposite phase of the
power and, if said power is switched off duringaatigular phase of the power, it is switched

on during the opposite phase of the power.

Preferably, said control means is further adaptedcontrolling said at least one switching

means so that, in response to switching off saidgppa direct current is applied to said at
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means so that, in response to switching off said power, a direct current is applied to said at least one
inductive load and, in response to actuation of said at least one switching means to switch said power
on, said power is switched on during a phase of the power which results in a magnetisation of said at
least one inductive load opposite to that resulting from said direct current. At least one such inductive

load coulg ke dneaiddirstilecrian ahtlapsieape pushdnititibresachersdbenat SpitcRaTPReEInatian. At

least one such switching means could be at said first location. At least one such switching means is at

said seco gt Smh PRYEN e SBIHREWRILBRAVIBARCHANTIG RBARG LS RAWRR YOI FaRdttRer.

a magnetisation of said at least one inductive lgggbsite to that resulting from said direct

current.

At least one such inductive load could be at sasd location.

At least one such inductive load could be at saabsd location.

At least one such switching means could be atfgatdocation.

At least one such switching means is at said selmmadion.

Said at least one inductive load typically comwiaevinding of a transformer.

A system according to the invention typically comps a power and communication system
for a subsea well and a method according to thentien typically is performed in such a
system. In these cases, typically said first locais a topside location and said second

location comprises a subsea electronics module.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of a typical powet emmmunication system for a subsea fluid

production well;
Fig. 2 is a schematic diagram of an embodimenuoifis system according to the invention;
Fig. 3 is derived from oscilloscope traces forsthating transient problems;

Fig. 4 is a schematic diagram of a second embodinfemnsystem according to the invention;

and

Fig. 5 is a schematic diagram of part of a thirdbediment of a system according to the

invention.

Detailed Description of the Invention

Fig. 1 shows a typical COP-based control systemaf@subsea fluid (e.g. hydrocarbon)
production well in which topside alternating cutréAC) mains power from a mains supply
1 (e.g. on a surface platform) is supplied to tamsers 2 in subsea electronics modules
SEM1, SEM2 -- SEMN at respective fluid productioells, via a power on/off switch 3, a
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A system according to the invention typically comprises a power and communication system for a
subsea well and a method according to the invention typically is performed in such a system. In these
cases, typically said first location is a topside location and said second location comprises a subsea
electronics module. Brief Description of the Drawings Fig. 1 is a schematic diagram of a typical power

and comglrifabesafestem HtepsiRsapaiisidirredustian vkt kbR erMyMmter dgsa@relan
embodiment of such a system according to the invention; Fig. 3 is derived from oscilloscope traces for
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accordingdenthe myaisien aaa bt rinip éseeh aAtic teiagiantrob pas] ol edihadiemndasimenhel Asystem
according to the inventjon. Detailed Description of the Invention Fé%ﬂ‘,l shows a té)ical COP-based

control sy tRTLEIBE SR PESRKR dfoc b SniMADeTadch 3vdria ReRA BibSidtladiigmshe

current (AelverabrsdIPwRtdro B ¢ mainsuit bR RelehoRBop Stifeae MEHTOtNA MR SRR occur at
transformers 2 in subsea electronics modules SEM1, S‘EI\&%SEMN at resg,ective flgild p()}:oduction wells,
viaapov@%ﬁ/d‘fgs%t 3:5)§stem, which are the result aicige power being rapidly 'discharged

within the system. The remanant magnetic enetgyed in inductive elements (transformers
and inductors) is rapidly discharged through thstesy and high transient inrush currents

occur, with potentially catastrophic consequences.

Fig. 2 (in which items which correspond with thaseFig. 1 have the same reference
numerals as in Fig. 1) shows an embodiment ofitivisntion, power switching in the system
being changed by replacing the simple on/off swiichy a phase-controlled power on/off
switch 13, the action of switch 3 now being via ttohelectronics 14 which control the
switch 13 as well as modem 10 and filter 11. Muaeticularly, switch 13 switches power at
a controlled phase angle of the voltage wavefoymically via a thyristor or triac. Switching
of power on and off is phase-controlled to enshe¢ the downstream load is powered up on
the opposite phase of the supply to that when pedveff. For example, if the system is
powered on at, as an example, the positive powHrdyale of the power, it is always
powered off in the negative power half cycle, tlensuring the delivery of an equal number
of positive and negative power half cycles to tbadl, thereby leaving the downstream
magnetic components with a residual magnetic figldt should suppress (rather than
enhance) the inrush current transient surge geaerathen the system is next powered on

(with the appropriate phase-synchronised powerrobnt

The reason for this process is that switching lodf power supply to a transformer results in,
typically, a residual magnetic flux stored in therez If the power is switched on at a part of
the AC supply cycle polarity that enhances thix,flthen the transformer may go into
saturation, resulting in a large input current, ,aa&lthere is no longer a change of core flux
and thus no back electromotive force (EMF), it yolimited by the resistance of the
winding. This high current typically results inveee distortion or collapse of the supply
voltage with the rapid change of supply voltageagating harmonics whose frequencies can
encroach on the communication band of a COP syatancorrupt communications. This,
along with potential damage that can be causedhiey high inrush currents, can be

catastrophic.



circuit breaker 4, a topside transformer 5, a communications blocking filter 6, a circuit breaker 7 and an
umbilical cable 8 between topside and the subsea wells. Control communications are superimposed
under the control of control electronics 9 on to the AC power, after the circuit breaker 7, by a modem
10 and a data signal filter 11. When the power on/off switch 3 or a circuit breaker 4 or 5 is operated,

high voltagg Y aRsirpiseerciohfhBRIAlvSEISbepY HiaraYbEd Qufinhemset oi/iREMe paveesBRNg
rapidly discharged within the system. The remanant magnetic energy, stored in inductive elements
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with those in Fig. 1 have the same reference numerals as in Fig, 1) shows an embodiment of this
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which coptrol the switch 13 as well as modem 10 and fiI,ter,lé, More parti%tﬂarly, switch 13 sw't{cbhes
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opposite phase of the supply to that when powered off. For example, if the system is powered on at,
as an exﬁ‘n@@%‘?«f ﬁﬁ%%@?'ﬁ&ﬁ%g}eé)g{@ﬁ%%@ﬂ%é lways powered off in the negative
power half cycle, thus ensuring the delivery of an equal number of positive and negative power half

cycles to Qe | GG RN ySIEaRIR G\l HoAYRIdeH®) W%M@mpﬁn@]mlﬁa@m metﬁégn@ﬁ:
field that ﬁgﬂggrmﬁ%é@m}?ﬂI_talef‘é?é‘hﬁﬂ%’atmﬁﬂm%“ig‘?{bttté?“l‘ékﬁm&mgﬁj gs8% r@é'l?iBlWQﬁp

the system is next powered on (with the appropriate phase-synchronised power control). The reason
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that enhances this flux, then the transformer may go into saturation, resulting in a large input current,
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collapse of the supply voltage with the rapid change of supply voltage generating harmonics whose
frequencleS EaFPENBIGAERN ther dfiRfunication band of a COP system and corrupt communications.
This, along with potential damage that can be caused by the high inrush currents, can be catastrophic.
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transformer that demaonstrates this phenomenon.and,shows a vagltage (trace 15) applied to a,primary
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and volutnensitrdyartiaaisk.of transients causing damage and COP communication corruption. The
above solution of the transient problem can, however, be augmented since, if a circuit breaker opens,
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providing only 9 volts or so) to the primary winding of the fransformer 5, thus setting its core
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the power on/off phase control-led switch 13, is set to apply, when the circuit breaker 4, is reset, the
first AC supply phase required to reverse the remagence set by the DC supply circuit 20, thus ensuring
that the core of transformer 5 does not go into saturation and thus preventing the problem of high

inrush current, supply voltage collapse and corruption of the COP communication which arises without
the pre-magnetisation technique.



As shown in Fig. 4, the same technique is applied to the subsea transformers 2 housed in the SEMs 1
to N with the DC supply pre-magnetisation applied to all the SEM transformers from the topside via the
umbilical cable 8. Thus, opening of the circuit breaker 7 (or circuit breaker 4) causes a switch 22 to

operate, momentarily connecting a DC supply circuit 23 to the transformers 2 of SEMs 1 to N, followed

by the segiipgI9f @rpaive0oMal BhasArPHERlipe Suisarddmannly dbesavegbnhasealiiagdCand

supply, when re-connected to the transformers, i.e. to reverse the remanent flux in the transformer
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topside copirorectionithansted bR wichithand hisgupieat@isr tabHnicRed connected to

control switches 13, 20, 22 and 24. Fig. 5 shows an alternative arrangement to pre-magnetise the
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each SEM, subsea. In this case in each SEM respectively, control electronics 2 e SEM will have
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(typically receiving power the control electronics power supply) is momentarily connected to the
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electronics 26 allows it to switch on at the correct phase of the AC stpply. Advantages of using the
InventiorCPREMESLasivEAagé i tRAPHHitR R Ahsehak \(ssupRiXnYbaAdE vatNAGieddRsties
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communications without the problems of system component damage such as modems and corruption
of commiffcRfoRYRPheAttABWSW -supply is switched off or on. CLAIMS: 1. A system for
transmitting alternating current power and communication signals between a first location and a
second |ddsiabhove dsosifectedicatiaT gadhcohicyl ofdopssietdeaticrenind Bieeteddamny aleastdne

switching_ means for, switching, power to said at least one,lo d& na %ﬁo%r thzseés stem including control
means aBA0GHGH BORTIIG St 4 Aokt BTG LA RSt O 22 Shorkr s switched on
during a particular phase of the power, it is switched off during the opposite phase of the power and if,

said powElds 2wwiieNEd 3 aliprpavSariEaNsIeHMRIk [of ke BERBILNE |5 30HOREE GhidURRgRMSpPYsite

phase ofi{i&RY¥&ling the required circuitry, power-on ghgsand control within each SEM, subsea.
In this case in each SEM respectively, controltetgcs 26 in the SEM will have to have its
power supply sustained for a few seconds whenrbenming power via the umbilical 8 is
switched off, and also contain circuitry to detsetitch-off of power, whereupon a DC
supply circuit 27 (typically receiving power frorhe control electronics power supply) is
momentarily connected to the transformer 2 by acwk8. At power restoration via the
umbilical 8, a power on/off phase-controlled swigh(typically a triac or thyristors) will not
restore power to the transformer until the conélelctronics 26 allows it to switch on at the

correct phase of the AC supply.

Advantages of using the Invention

The key advantage is that this invention allows uke of transformers with flux densities
that are close to saturation and therefore lowmeland mass, in subsea power systems with
COP communications without the problems of systemmonent damage such as modems

and corruption of communications when the powepguis switched off or on.



2. A system according to claim 1, wherein said control means is further adapted for controlling said at
least one switching means so that, in response to switching off said power, a direct current is applied
to said at least one inductive load and, in response to actuation of said at least one switching means to
switch said power on, said power is switched on during a phase of the power which results in a
magnetisgliq( pfsaid at least one inductive load opposite to that resulting from said direct current. 3.
A system according to claim 1 or 2, wherein at least one such inductive load is at said first location. 4.
A system according to any preceding claim, wherein at least one such inductive load is at said second
location. 5. A system according to any preceding claim, wherein at least one such switching means is
at said first locatjon. 6. A system according tq any preceding claim, wherein at least one such
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preceding claim, com risjng aggwer ancf communication. s ste¥n for a subsea well. .
east one inductive load and at least one switchegns for switching power to said at least
one load on and off, the system including contrelanms adapted for controlling said at least
one switching means so that, if said power is $witicon during a particular phase of the
power, it is switched off during the opposite phagethe power and if, said power is
switched off during a particular phase of the pgwers switched on during the opposite

phase of the power.

2. A system according to claim 1, wherein said nmeans is further adapted for
controlling said at least one switching means s, iih response to switching off said power,
a direct current is applied to said at least omigtive load and, in response to actuation of
said at least one switching means to switch sarepon, said power is switched on during a
phase of the power which results in a magnetisatibisaid at least one inductive load
opposite to that resulting from said direct current

3. A system according to claim 1 or 2, whereireast one such inductive load is at said

first location.

4. A system according to any preceding claim, winea¢ least one such inductive load

is at said second location.

5. A system according to any preceding claim, winee¢ least one such switching

means is at said first location.

6. A system according to any preceding claim, winee¢ least one such switching

means is at said second location.

7. A system according to any preceding claim, winesaid at least one inductive load

comprises a winding of a transformer.

8. A system according to any preceding claim, casimy a power and communication

system for a subsea well.



9. A system according to claim 8, wherein said first location is a topside location and said second
location comprises a subsea electronics module. 10. A method for transmitting alternating current
power and communication signals between a first location and a second location via a communication
path which includes at least one inductive load and at least one switching means for switching power

to said atdeast gnes\@ashornaasr@igie BahPd cammidsngaaticitinesadatdpariconscandshing
means so that, if said power is switched on during a particular phase of the power, it is switched off

during theBP S PRSI HAPBIR SAGUPSEHI HISWEIMRISitched off during a particular phase of

the power, it is switched on during the opposite phase of the power. 11. A method according to claim

10, wherein said controlling further comprises controlling said at least one switching means so that, in

response to switching off said power, a direct current is applied to said at least one inductive load and,
in responBe. to aptuaiéahcef said pateasitomg sWdahiniogneans favgeviteihgaish pon@tioaticaidigmaly is

switched on durin af hase of the power which results in a magnetisation of said at least pne inductive
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wherein #deasineniasuctiviedomthwntbad iszat said Bisitddiaiing.fokIBwitordtiipdacentdisgitbaanyat
claims 10 to 12, wherein at t one such inductive load is at sajd second location., 14. A method
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phase of the power, it is switched on during thpasiite phase of the power.

11. A method according to claim 10, wherein saichtadling further comprises
controlling said at least one switching means s, iih response to switching off said power,
a direct current is applied to said at least omigtive load and, in response to actuation of
said at least one switching means to switch sarepon, said power is switched on during a
phase of the power which results in a magnetisatibisaid at least one inductive load
opposite to that resulting from said direct current

12. A method according to claim 10 or 11, wherditeast one such inductive load is at

said first location.

13. A method according to any of claims 10 to 1Berein at least one such inductive

load is at said second location.

14. A method according to any of claims 10 to 1Berein at least one such switching

means is at said first location.

15. A method according to any of claims 10 to 1#erein at least one such switching

means is at said second location.

16. A method according to any of claims 10 to 15herein said at least one inductive

load comprises a winding of a transformer.

17. A method according to any of claims 10 to 1@rfgrmed in a power and

communication system for a subsea well.



17. A method according to any of claims 10 to 16, performed in a power and communication system
for a subsea well. 18.A method according to claim 17, wherein said first location is a topside location
and said second location comprises a subsea electronics module.

18. A method according to claim 17, wherein saist fiocation is a topside location and

said second location comprises a subsea electromadsle.



