1 TESTING A CONTROL SYSTEM INCLUDING A VALVE Field of the Invention 5This
“invention relates to testing a control system including a valve. Background of the Invention Control
valves of control systems for subsea fluid production wells are often operated infrequently (e.g. every 6
months or less). A problem is that there may be a fault in the 10system which would not be apparent

unti the well operator iriesanaEAIe CONTREE: SYRPPANNE LIDIRI I VAR)emergency situation
could be disastrous. Systems according to embodiments of thiS inventi le the well operator to

be given advance notice of a failure, thus substantially reducing the possibility of discovery of a system

failure onlyietdznd e &reggntion situation. Systems according to embodiments of the 15 invention
frequently test the communications, control circuitry, monitoring circuitry, wiring to the valve and a

solensoid il of a solenoid for operating the valve, without actually operating it. Thus, if it is known that
there’is aﬁﬁﬂ@ﬁf‘ﬂ%’?&%ﬁrﬁé RRIEY R eritialisvatast s vdingorivplvan be increased by scheduling

such a test during scheduled maintenance. Summary of the Invention 20 The present invention is
deflngd bgggﬁg_ﬂtfﬁigmﬁggmg More particularly, accoro!lng to. the present myenpon from one aspect,
there is provided a g a control system including a valve which is operable by a
solenoid, the 25 method comprising applying a current through a coil of the solenoid, the current being
insufficieMaBlChuctvae Sbranial tsystriratdansuktes, fvid mpovitotion welspuaseftthepsystam to the

current. infrequently (e.g. every 6 months or less). A problem is that there may be a fault in the
10 system which would not be apparent until the well operator tries to operate the valve.

Discovery of the failure in an emergency situation could be disastrous.

Systems according to embodiments of this invention enable the well operator to be given
advance notice of a failure, thus substantially reducing the possibility of discovery of a
system failure -only in an emergency situation. Systems according to embodiments of the
15 invention frequently test the communications, control circuitry, monitoring circuitry, wiring to
the valve and a solenoid coil of a solenoid for operating the valve, without actually operating
it. Thus, if it is known that there is a problem before the function is actually needed, reliability

can be increased by scheduling such a test during scheduled maintenance.

Summary of the Invention

20

The prescnt invention is defined by the accompanying claims.

More particularly, according to the present invention from one aspect, there is provided a
method of testing a control system including a valve which is operable by a solenoid, the
25 method comprising applying a current through a coil of the solenoid, the current being
insufficient to cause the solenoid to operate the valve, and monitoring a response of the

system to the current.

Said response could be monitored by monitoring current in the system, for example current

30  through the coil, or by monitoring voltage across the coil.
Typically, the valve is a subsea directional control valve of a subsea fluid extraction well

having a topside control location. In this case, the application of said current through the coil

could be caused from the topside location of the fluid extraction well.




Said response could be monitored by monitoring current in the system, for example current 30through
the coil, or by monitoring voltage across the coil. Typically, the valve is a subsea directional control
valve of a subsea fluid extraction well having a topsfde control location. In this case, the application of
said current through the coil could be caused from the topside location of the fluid extraction well. 2

The application of said current through said coil.is prefe sficded-atdlieniaivaifccording to the
present inVé%ﬁBﬁ"ﬁ%'i‘ﬁrb%?ﬁér%gbeégtthtrﬁg% i%af)afgl\?/)i'ggd[) %Qf:égntrgl system including a valve which is

operable by a solenoid, the system comprising means for applying 5a current through a coil of the

solenoid, e GUFELIARG ESTFGER 8 eURe dhsisolenpistiompes aepthertata cantiahessierior
monitoring a re_sponse 0 e system to the current. Id. monitor A &C?FR; r
monitorind ElFEst 3V SYREhis Rﬂeé%ﬁlBYeac?ereennoﬁh%Bﬁﬁst eép c%%ﬁ%?'%ﬁ r%girr%efvoltagg%goss the
coil. 1D Typisaibhttheoive il sLibscsidineictina cuoanobeal énsridenierayskiitsP eI a fluid

extractionowglrlap at\ﬁig%e‘;;} tOpa%g%%qﬁﬂg%rl%éﬁii%}ir{& ihisspaase brarergienneatiercaoatd. include means
for applyiné)salg currenY?hrough the coll. 15Typically, the system includes means for comparing a
result of monitoring said response with at least one expected result. The system could include means

whereby tBgiapRisasian aheaid dellartéuoapbdtid coiieitectetat intér Ak ODERDBYATEIRS of the
invention prove the reliable operation of a. yalye by festigg the communications, control

circuitry, rﬁB’ﬁﬁB}%‘éogﬁggnﬁy?%r%gmgﬁgogli%&gnﬁo| coll at regular intervals, generally at a much greater
frequency than the valve is used in operation. This is achieved by taking advantage of the fact that the

current ne¢gssafy todriR vala areiatine aiescidranipaip wilativetyrslcweB)fdiagudeaslenoid

gf;lr:gnﬁsn g/\ggj Sé@?rgczt%ﬁe&'é’lph%t/%? %’ ttohpggigleJ régrr?ttr&a}gc%ﬁo%e nﬁ‘aeﬂ igoc\éggmh@%@id@ﬁ)%#"'?:@ﬁyd
include means for applying said current through the coil.

15  Typically, the system includes means for comparing a result of monitoring said response

with at least one expected result.

The system could include means whereby the application of said current through said coil is

effected at intervals.

20 Embodiments of the invention prove the reliable operation of a subsea valve by testing the
communications, control circuitry, monitoring circuitry, wiring and a solenoid coil at regular
intervals, generally at a much greater frequency than the valve is used in operation. This is
achieved by taking advantage of the fact that the current necessary to drive a valve
operating solenoid ramps up relatively slowly. By firing the solenoid coil for only a short

25 period of time, this current can be sensed to verify that all the necessary elements are

working correctly. The power to the solenoid coil is turned off before current has ramped up

enough to operate the valve.

Brief Description of the Drawings

30 Fig. 1is a graph of current against time for a typical current flow through the solenoid coil of

a directional control valve (DCV) within a subsea control system when the valve is operated;

Fig. 2 is a schematic diagram of a control system for a subsea well operating in accordance
with a first embodiment of the invention;

35



working correctly. The power to the solenoid coil is turned off before current has ramped up enough to
operate the valve. Brief Description of the Drawings 30Fig. 1 is a graph of current against time for a
typical current flow through the solenoid coil of a dirdctional control valve (DCV) within a subsea
control system when the valve is operated; Fig. 2 is a schematic diagram of a control system for a
subsea weloperasing detarserdaneat Wihsmirslambodimentiths Myention; 3 Fig. 3 shows details of
current sensing means of the system of Fig. 2; Fig. 4 is a sChematic diagram of a control system for a
subsea well operating in accordance with a second embodiment of the invention; and 5 Fig. 5 shows
details of bisltdge sevbienyatiediayeithef systetroodyRignfdD esaripikanied Drpdadig entsoebidenbavention
10Fig. 1 igyancsaRBacemsadirranstimafonaiyrirg! current flow through the solenoid coil of the
solenoid of a directional control valve (DCV) at a tree within a control system for a subsea fluid
extraction well when the valve is operated. As can be seen, the current rise from the application of the
supply voltagé thohe seteitoisf colligenairisisipnieacousirdus e firgiaance of the solenoid coil, but
ramps up to the point B on the graph, in, typically, 15 between 50 and 300 milliseconds, when the
solenoid mechanically operates. The current continues to rise until it reaches a steady state level
determinetfss Rl SRReSIFEIHE aldlg HiMeriviINd the supply voltage, which is high enough to
ensure that the solenoid is held in the ‘operated’ condition. In embodiments of the invention, the

current inthe olenoid coil is allowed. to rise to level A, typically after 10 to 20 milliseconds, which
is Zﬁnsuﬁ%iiﬁ% t% %?3‘ r@l ePI tHe Q018 %‘l%se%?’gu?firc?e%oﬁ%@ﬁé@cﬁgw f5roHsh dRecepifineidceetRlt at least

the contrdle siplrnpitcafichgiretonay cordrolinatyeiElG¥natttze tRE \iviible rmidontiditsedteateffunctioning
correctly <ivada gl et ABRITA kI i ldndhis B polenadall lndetapled e mopiioring the
coi

voltage across a smei\.lll resistor connected in series with the solenoi peration of the DCVs of

a well conttol Syt a3 sobe S PRl iserintha selsneid ﬁ%sd‘ghi'?.ﬁ&f‘fﬁﬁ%'m i todbenplex
communiddtiotasgystefrihe typlieadidxeviiplripFavhiehymedified joiscepeiaree yipranemgainent of the
'nVQ@t'onQéﬁA}H@ﬁt@ée]&w@ 509 AinldSSANMANG, S0Lie- ke rﬁ%‘%%r‘?‘a%e}ﬁy aospéarg\{gg_ “he acthr}geﬂ.tlnctlon,

is generated at a surface
continues to rise until it reaches a steady state level determined by the resistance of the

solenoid coil and the supply voltage, which is high enough to ensure that the solenoid is held
in the ‘operated’ condition. In embodiments of the invention, the current in the DCV
solenoid coil is allowed to rise to level A, typically after 10 to 20 milliseconds, which is
20 insufficient to operate the solenoid but sufficient to be detected to provide confidence that at
least the control communications, circuitry and wiring, including the DCV solenoid coil itself,
are functioning correctly. In a preferred embodiment, the current in the DCV solenoid coil is
detected by monitoring the voltage across a small resistor connected in series with the
solenoid coil.
25
Operation of the DCVs of a well control system for a subsea well is normally controlled from
a surface platform via a complex communication system, a typical example of which
(modified in accordance with an embodiment of the invention) is illustrated in Fig. 2. The
command signal to operate a DCV, as a well operating function, is generated at a surface
30  platform 1 by a well control and monitoring arrangement 2 and is transmitted via a modem 3
at the platform through a surface to subsea well umbilical 4 to a subsea control module
(SCM), which houses a subsea electronics module (SEM), which in turn houses a subsea
modem 5 and an Ethernet switch blade (ESB) 6 and a single board computer (SBC) 7. The
ESB 6 and SBC 7 are features of modern subsea well communications, and handle the
35  control signals to the multiplicity of drivers for the DCVs on the well. The SBC 7 is located in
a directional control valve support module (DSM) containing a power supply 8, power control
9 and control logic 10 to output supply voltage to the solenoid coils of DCVs located in the




30 platform 1 by a well control and monitoring arrangement 2 and is transmitted via a modem 3 at the
platform through a surface to subsea well umbilical 4 to a subsea control module (SCM), which houses
a subsea electronics module (SEM), which in turn Hbuses a subsea modem 5 and an Ethernet switch
blade (ESB) 6 and a single board computer (SBC) 7. The ESB 6 and SBC 7 are features of modern
subsea well communicatigns, and handle the 3 0] sign )italiTel igriverptov the
DCVs on ﬁ%\ﬂv\)@ﬂ.afﬁg%ége?ﬁs Sgﬁ%W?nC%ﬁi%‘ﬂﬁﬁqugnt%ﬁ \%\%ﬁpﬂ%ﬁ%ﬁg@sw containing
a power sspehpig, qiviaratontyodreedtelcisraempdes 3R Btput supply voltage to the solenoid coils of
DCVs located in the 4 SCM via an H bridge 11 and connectors and wiring 12. In the system diagram

Fig. 2, a DCV solenoid coil 13 of only one DCV is shown fqr simplicity. . ' stem
routing coﬁ?ﬁ?ﬁ%é’&ﬁ@%mﬁhi@éﬂgﬁk,r%ﬂﬂ%lcﬁp uri'tsrgl‘,géhweor% él}?ﬁgm\-/gv%ﬁég%r% @(ﬁgr%qﬁ%or?ly by a

currest flanostosing wikthathisselfscieccby; theawsiireohtior e05HeMeey & iR DHER
p“’gram”?:%%t'é%l%%'ﬁ%@ﬂfqoﬂﬂg;VSFrSR&émém%ém ViR IR REEH dbiaation iavierdestitbetdliove, to
y pulse fo

output a power supp e to the solenoid coil 13, for a limited duration of typicall 19 26,
millisecon@isViAItGUEPMA RERC B PG HRRARRE sTYREPis'the glrjrtjeaapsot %rn%llﬁorﬁg)l ég‘gsa%%znaleroute,

the test cegars & MEIsnagaiinciddes aitest typidalthétie Xhodlisechadshe SIEgh BR6diREE only

the required 40 to 20 ms current driye. tiiuah the DEYraglengifkaaial 3sabebagstheonantinious DC
input to the coi GRAEr opera onal conditions. The current passingeéhrou%g the soIFrmid cail als

passés thoeghagemalidase tgitadlyn hednassass e diahingeSRSiSBPLACER Lhgwirin ig. 3 which

is an expafsignef Gu EeRLREBRRDtANGEGS the DEweeehsidgsil 1 anatts temteewntindowsig 12. The

small voltage produced.acrgss the resistor 14 due to t ' ﬁjﬂr&}ég, ihdid. dsi
amplified B&P%ﬁt%ﬂﬁ&?gﬁﬁlgf%%ﬁrearl%?sﬁ?mﬁg ﬁgsairﬂgtgl?&?éqsié%%ﬂ 7 and 13%?()?%‘{'\/%6 a.lsl,uitable

voltage levidpassentioguie asurjitedlenieieatyAfd i thersrll msisiaprplasirof theRt 1Y hresents
the Cu”e”%ig% thypahithe colbd3anh iofedipdie RS Wikers itiGareltieenberiige Haclatsithe

surface platform 20 via the communication system for verificatjon, or it (£ 49 the SBC 7,
with SRoreGARAIERS S ¥R riingkJecteld fed Id8g]a§?dpé°\(/§grclﬁéa SO tg%négriﬁisggmgzsa e sent to the

surface platiesn flowhigstheomfidemceds tBoisdeabitiatithy sompreationat@nsigioal Bty R @ ioning
correctly, and that ts'?s?ﬁﬁg'%”fo%&oi'ad YA AEOL %ngﬁw%ﬁé‘?m%naqmm@@tﬁee festigitatine can
e ula

1 re . ; ) .
be effecteaeby thew operator and/or automatically at 25re r mterYPatl]ﬁ b Srlrje'tnqqg Mggc@@mlng of
the well coamotAerd(ABNISF NGNS rFIGI PIEREL 2D B SR HIEREIR " PO TUHERT sensing means 15
could be glsewhiere Krniascahowne BBCexan@es it cauldtheribeTsedicielk e fbre swéass| SIRSAILIl 13,

after the coil 13, before the H bridge 11 or anvwhere 3Qsyitabledn therantp!aysiempasanaternative
to m%ﬂitor}% té\?rr%(?{PW%%aﬁll grﬁ*}% e \f/ct)())rlta%}é:‘¥IV r?)“p)?]éc%oss a resistor, current sensing means,15 could

be providedousingpiuiatf stiectioesteabiast AakeRATE AAHiRIPR SEGHIRIESR RIS control
of DCVs vigdtagyuell ermamnicatingssyshimdschiRcHrag C aise iy coltiput aperatsigralaiiénds to
monitor thies functioning correctly, and that the solenoid coil drive and coil continuity is correct.
Operation of the test routine can be effected by the well operator and/or automatically at
25  regular intervals by suitable programming of the well control and monitoring arrangement 2

at the surface platform.

The current sensing means 15 could be elsewhere than as shown. For example, it could be
immediately before the solenoid coil 13, after the coil 13, before the H bridge 11 or anywhere

30 suitable in the control system.

As an alternative to monitoring current by monitoring the voltage drop across a resistor,

current sensing means 15 could be provided using a Hall effect device.

35 An alternative method of securing confidence that the control of DCVs via the well
communication system is functioning correctly, without operating a valve, is to monitor the
voltage pulse appearing across the coil 13, when the test pulse is applied. This is illustrated



voltage pulse appearing across the coil 13, when the test pulse is applied. This is illustrated in Figs. 4
and 5, there being voltage sensing means 21 in Fig. 4 between bridge 11 and connectors and wiring

12. The voltage sensing means 21 is detailed in Fig5 5, the voltage across the coil 13 being connected
to an ND converter 22. Items in Fig. 4 which correspond with items in Fig. 2 have the same reference

numeralsASREIG. & d e HBAIHPUL RS IURAIR. AL/ Er 23 1SPISRANS Bisiestoliage

across the coil 13 and is fed to the SBC 7 Where it again can either Be sent to he surface p gt orm for
verificatioRO I HaNddinge'SBENE Yatiesorersing B hECR risctetaied isdriss by dnsesolngen
verificatioacros®therwise3 meingage sant dadham subagpRiadopy. Tbissnethodiainenticatiapaithe
correct fupstioni il dri have the disadvantage qver the current flo ethod of
not mpro@%‘*ﬁi@%ﬁd@gﬁ%?%@E‘é“a%%%ﬁ%?y&%ﬁnaes% e R
Invertion Hfé\R\canve a7 sepierents dheoiesieiptagetrcipsitidhe ofiUES dolbissTpdtaldye WRIGH would

15 be lostifi¢he ipeggircian sprsiestbasruserel sufpldtyprabesisulleiatastdodixiisdaraplaa can be
hundredsﬁéhpus;cmds ?(fa §a@%§a{%§%€day for the boat/supbmarine hire tg recover and replace the
ed. €

faulty equipmerit from the sea i PRECAIRPLRYRS ARdide sHGREPABh QL IewiFRr
window, tRERSEEE g tertha s fsighplatiobs . pdbiblefoos el emlficativthsftits theranmasponttigg

several mgnihs DHPSENieliaBed '?iédé‘\&ﬁ@“&’iea%ﬂamﬁ@ed%ﬁf‘e‘?“% %QRFJ&‘;}FW?H&%‘E”&W&'V“ with

the W)ell valve control fs stem_before it is needed, thus allowing any detected faulty component to be
changed 3% PARDFLURENTRE HhgiGRIRHEL ofdhesriRned ¢oihtsflhod of testing a control system

including a valve which is operable by a solenoid, the method comprising applying a current through a

coil of theygolenaids the ciiieRt pheingipsufficient to cause the solenoid to operate the valve, and
monitoring a response of the System to the current. 2. A method according to claim 1, wherein said

response is monitored by monitoring
The revenue generated from an oil well can be millions of US dollars per day, which would

15 be lost if the production ceased because of a faulty valve circuit. The cost to fix this problem
can be hundreds of thousands of US dollars per day for the boat/submarine hire to recover
and replace the faulty equipment from the seabed. Worse still if the fault occurs outside an
operational weather window, then the maintenance might not be possible for several months
with the corresponding several months of lost production. This invention enables detection

20  of faulty equipment involved with the well valve control system before it is needed, thus

allowing any detected faulty component to be changed as part of scheduled maintenance.




current _in the system. 10 3. A method according to claim 2, wherein said response is monitored by
mon!tormg current through the coil. 4. A method according to claim 1, wherein said response is
monitored by monitoring 15voltage across the coil. &. A method according to any preceding claim
Whe_rein the valve is a subsea directional control valve of a subsea fluid extraction well having a -
topside control location. 206.A method according to claim 5, wherein the application of said current
through tHf-AME caused from the topside location of the fluid extraction well. 7.A method according to
any preceding claim, wherein a result of monitoring said response is compared with at least one

expected yesult. 23,8, /3 ngfhadia CQr@MrEﬁ’ clAiEnT Aedepgndeniion aitier of cleinasls anyds5,
wherein said response Is compared with at least one expected result sgkgﬁ g dbbln?ﬁéh apgording
to claim 8selgnaidirthe ﬁ@§(ﬂ?6%ﬁf&'ﬂﬁéﬁ’§é¥r‘f‘%%8%?(5‘?&5%‘@%85? U T mé{ﬁ
accorlingy@rfgaisuicnereirAarsénthe aiatenoitithe opstteofha yaiterimgdsraenitatns @ t"@ﬁﬁbl’é?o@étlon 7
msufﬂuen%ﬁo Ca%%? thﬁ;‘solenmg to operate the valve, and means for monitoring a response of the

system to St e cur
2. A method according to claim 1, wherein said response is monitored by monitoring

current in the system.

10
3. A method according to claim 2, wherein said response is monitored by monitoring

current through the coil.

4. A method according to claim 1, wherein said response is monitored by monitoring

15  voltage across the coil.

5. A method according to any preceding claim, wherein the valve is a subsea directional

control valve of a subsea fluid extraction well having a topside control location.

20 6. A method according to claim 5, wherein the application of said current through the

coil is caused from the topside location of the fluid extraction well.

7. A method according to any preceding claim, wherein a result of monitaring said
response is compared with at least one expected resuit.

25
8. A method according to claim 7 as dependent on either of claims 5 and 6, wherein

said response is compared with at least one expected result subsea.

9. A method according to claim 8, wherein a result of the comparison is sent to the

30 topside location.

10. A method according to claim 6, wherein an indication of the result of monitoring is

sent to the topside location.

35 1. A control system including a valve which is operable by a solenoid, the system

comprising means for applying a current through a coil of the solenoid, the current being



12. A system according to claim 11, wherein said monitoring means is adapted for 5monitoring current
in the system. 13. A system according to claim 12, wherein said monitoring means is adapted for
monitoring current through the coil. 1014.A system Zlccording to claim 11, wherein said monitoring
means is adapted for monitoring voltage across the coil. 15. A system according to any of claims 11

to 14, whensiridieny Bdvexifa Sbssa-RiEeiopaEO ML ¥Rl &:RE 2RAAL b SYRIARB AL & sibssR uid

extractiono\gv%I(Ie Qaé’ti”,% a Jfgto(pside control location. 16. A system according to claim 15, wherein the
topside Iocattion RCTUdES n?ea%gefgr applying said current through the coil. 2017.A system according to
any of claims 11 to 16, including means for comparing a result of monitoring said response with at

least one gxpecieckigrl. & aig'an agrrdnadpeandhan daREndeplal e ahdaps 15 and
16, vxgwereln said comparing means is located subsea. 25 19. A system according to crim )
including ThEAIS 18, ELREIHY FeYEHEBT the comparison to the topside location. 20. A system according
to claim 16, including means for sending an indication of the 30result of monitoring to the topside

location. 13 A system according to claim 12, wherein said monitoring means is adapted for

monitoring current through the coil.

10 14, A system according to claim 11, wherein said monitoring means is adapted for

monitoring voltage across the coil.

15. A system according to any of claims 11 to 14, wherein the valve is a subsea
directional control valve of a control system for a subsea fluid extraction well having a

15 topside control location.

16. A system according to claim 15, wherein the topside location includes means for

applying said current through the coil.

20 17. A system according to any of claims 11 to 16, including means for comparing a result

of monitoring said response with at least one expected result.

18. A system according to claim 17 as dependent on either of claims 15 and 16, wherein
said comparing means is located subsea.

25
19. A system according to claim 18, including means for sending a result of the

comparison to the topside location.

20. A system according to claim 16, including means for sending an indication of the
30  result of monitoring to the topside location.






