-1 Subsea El ectronic Mddule This invention relates to a subsea el ectronic

nmodul e for an underwater fluid extraction well, and a nmethod of enabling
Et hernet comuni cation therethr. The control of an underwater fluid
extraction well, such as a hydrocarbop_extraction well, is typically

managed by a subsea el ectronic nodule (SEM housed in a subsea control

nmodul e (SCM), itself nmounted on a subsea "Xnmas tree" |ocated on the sea bed
above the fluid extracti on wehhsea®PibGtdniOMBNRE contain a nunber of printed
Wi ring boards or cards 10 which perform dedicated functions, such as the
operation of hydraulic directional control valves (DCVs). Conmunication to
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Et her net welbramd ninabadoot coalilingdithdrhe cemennicaorcthemfas, whi ch requires

Et hernet switches to be nounted. on the circuit boards. Typically, the

el ectrtonic cards are 15 arranged in sets as a 'bay', with a nunber of bays
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communi cation between the bays. Consequently, a | arge nunber of interfaces

|
is requi SedPistBerreafl bythabBvheesEmic BefpeRERYY howrich TBiRsrrenire!
Lypi cal ! dhob e 4ERD S Gbul AARS: subRES K hdliRk? ARERA Bhehe QBN RORA Y
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switches are required to enable communication between the bays. Consequently, a large

number of interfaces is required between all the Ethernet components, which components
typically include switch blades. These interfaces are conventionally effected by
transformers. However, transformers are expensive and consume significant space on the
20  SEM electronic cards, which limits the functions available in an SEM whose dimensions

are strictly limited by well operator customers.

It is an aim of the present invention to remove the need for transformers as SEM Ethernet
component interfaces.
25
This aim is achieved by replacing the Ethernet component interface transformers with
capacitive couplings, e.g. capacitances such as capacitors. Although the use of capacitors
instead of transformers is a known technique, it is rarely employed, as there are severe
restrictions on transmission distances compared to the transformer case. Thus capacitive
30  coupling is not generally a viable option in Ethernet systems, and so transformers are

standard, including for SEMs.



However, in accordance with the present invention, capacitive coupling is
made vi abl e through re-organi sation of the cards within an SEMto ensure
that transm ssion distances are small. This brings about major benefits in
terms of cost and weight: reduction,_as well as allow ng the functional
repertoire of the SEMto be increased. The present invention therefore
provi des various advant ages, i ncl udi ng: Additional space is provided on the

el ect r onHeweddrds 4@brdwBdd wiMcOpregnel ifVoRt dnd ChpaditivbRELHIRRSs Wide Viae t he
primary purposes of the SEM 10 h) The cost of nPonents is reduced in the
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drivers, as these devices have | ow. quiescent power consunption en
conpar edag dloaviigHYie Sunctiatd] eefedpirelof the A§Matorregmetdsedl |y coupl ed i nterface)

but have adequate capacity to drive a capacitively 15 coupled LAN, d)
Reduced di ssipation results in | ower conponent tenperature, winch in turn

| eads t oTROPREEGE thveROR&Biord HagRI¢S Vatioan ddvaglap@lidcivditig: €) Due to the
reduced power consunption, it is possible to enploy systemunbilicals
havi ng smal | er cross-section conductors, |owering costs; 20f) The wei ght of
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c) Power consumption is reduced compared to prior art magnetic coupling,
particularly if FX PHY(s) are employed as line drivers, as these devices have low
quiescent power consumption (when compared to a PHY suitable for driving a
magnetically coupled interface) but have adequate capacity to drive a capacitively
15 coupled LAN;
d) Reduced dissipation results in lower component temperature, which in turn leads
to enhanced component longevity and reliability;
e) Due to the reduced power consumption, it is possible to employ system umbilicals
having smaller cross-section conductors, lowering costs;
20 9 The weight of the SEM is reduced, consequently reducing handling costs;
g) Enhanced EMC (electromagnetic compatibility) performance (Reduced LAN
emissions & susceptibility); and

h) Enhanced speed performance (Controlled track routing).

25 In accordance with a first aspect of the present invention there is provided an electronic
module for use as a subsea electronic module for an underwater fluid extraction well,
wherein a local area network enables communication within the module, the local area
network including a plurality of interfaces with components of the network, and wherein
the interfaces comprise capacitive coupling interfaces.
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nodul e for use as a subsea el ectronic nodule for an underwater fluid
extraction well, wherein a |local area network enabl es conmunication within
the nodul e; the | ocal area network including a plurality of interfaces with
conmponents of the network, and whereifi_the interfaces conprise capacitive
coupling interfaces. - 3 - In accordance with a second aspect of the
present invention there is provided an electronic nodule for use as a

subsea ehfatdoddinee "R aesdeolid ABpedindertM@tREscht Hventent fRed iOBrodicH, an _
conprising a plurality of substantially planar electronics cards, wherein
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i nt er f acswigchoatdve enbstaitidllc eqpd steritfieom sahdaidwighifi deistegkconpri sing a
Iscaﬂ§citance. The invention wll o be described, by way of exanple, with
reference to the acconpanying drawings in 20Figure 1 schematically shows a

subsea elegdco@ahd: wikyltigrd speétioPiad preyent hvase BaRGe pvidedtahecths@sent
invention; Figure 2a schematically shows a physical arrangenent of cards
wi t hi n affaBiing | Bhgagh cammuaication ehecsyr ddsmrcti erreparen; WHhG Bi gihee 21)
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providing Ethernet interfacing between said components, said interfacing comprising a

15  capacitance.

The invention will now be described, by way of example, with reference to the

accompanying drawings, in which:-

20  Figure 1 schematically shows a subsea electronic module functionality in accordance
with the present invention;
Figure 2a schematically shows a physical arrangement of cards within an SEM in
accordance with the present invention; and
Figure 2b schematically shows a cross-sectional view of the SEM of Fig. 2a.
25
Fig. 1 shows an example of a configuration of an Ethemet communication system within
a multi-card, multi-bay SEM, in accordance with the present invention. In Fig. 1,
interfaces for both an optical external interface 1 and a copper external interface 2 to the
well control platform are shown. In practice, only one interface would be used, as
30  described below. The selection of optical or copper interfaces 1, 2 is made to enable the

SEM to be compatible with the form of interface required for a particular installation. In



Fig. 1 shows an exanple of a configuration of an Ethernet comunication
systemw thin a nulti-card, nulti-bay SEM in accordance with the present
invention, In Fig. 1, interfaces for both an optical. external interface 1
and a copper external interface 2 to fhe well control platformare shown.
In practice, only one interface woul d be used, as 30described bel ow. The

sel ection of optical or copper interfaces |, 2 is made to enable the SEMto
be compabéthl @sed tHe fnheratoemnetts ithhefikasadreanrpet)f\Wihid tRASEME Wiash
installation .In - 4 - both cases, the interface connects to a first card

(" CARD 1c9mpsehphEthsmst sEgh Agepehiicbnpripsedo aningtethopieompifer €H8Q) 5.
capacitively coupled to a single board conputer (SBC) 5. If an optical
interface | is used, this is connected to a small formfactor plaggable
transcei lfean OBKRA) iBterfidel ths aistds this ia avedictedcny entadr foerifandi piggpdbée t opsi de

LAN down to t.he internal LAN(S). via an opti cal int to i nt Ethernet
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copper interface 2 is used, this is connected via a nodem 11 to the SBC 5.
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interpre &rbesfr Elllil@nsl ator function for the nodem comuni cations. SBC 5 is
connected. t eEst ernet switch 4, and so nay handl e conmuni cations to and
from15 either external interface | or 2. Ethernet switch 4 is a nanaged
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conf i gur BEISEPIdINGt o8 farie moRemsomEsNisaiefifber of bays each with a stack of
six electronic cards. In Fig, |, only three cards (i.e. CARD 1, CARD 2 and
CARD 6) are shown. In addition, only two bays of cards are shown for
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implementing key level three protocol router functions including Spanning Tree Protocol
(STP) to ensure that no LAN loops are created between the SEM internal LANs (A and B

- see below) and traffic management including bandwidth assignment and prioritization.

20  The configuration of the SEM shown has a number of bays each with a stack of six
electronic cards. In Fig. 1, only three cards (i.e. CARD 1, CARD 2 and CARD 6) are
shown. In addition, only two bays of cards are shown for simplicity (i.c. Bay 1 and Bay
2), with extension of the system being provided by additional interfaces 7 and 8 for
additional bays.

25
The SEM shown supports two internal LANs A and B, providing redundancy. Traffic on
LANSs A and B are routed and managed via switch 4. The LANs A and B are segregated

to assure single point failure tolerance.

30 An ESB card of each bay includes a pair of Ethernet switch blades (ESBs) 6, denoted
ESB A and ESB B, controlling LAN A and B traffic respectively. Each ESB 6 is an um-



25 The SEi vl shown supports two internal LANs A and B, providing
redundancy. Traffic on LANs A and B are routed and managed via switch 4.
The LANs A and B are segregated to assure single point failure tolerance.
managed ei ght-port Ethernet switch, with six ports assigned for connection
to hay-nmounted cards (i.e. CARD 1 CARD 6) and two ports assigned for bay to
bay connectivity. In Fig. i only four ports are shown connected. Ilic

Et her net nﬁmgeahelglhtapms Efe2Bs kwhcf wRRGHK GORD aksigicd RF raRgRdon No aoa?ual
configuration rovi de system redundancy. Each ESB card is | ocafed above

and ort hé@ﬁﬁ‘@ﬁ ‘?c St ﬁ@ retiplact i-veARIh Ok Bl SV« peds dssigiiedt f9e Wsayto Bay shown in
Fig. 2. E@ﬁ]@ CARBLL AR d
e: gct rica ri ng olpoer at 311 eV| cegﬁ(}‘#{p‘&nﬂg@w suc?lé%s\eﬁflcﬁgg I %nZI

control YESBR @D@h@) Ca’d) dr awt dmaang&d) ielaedoali c:mﬁgldetworcas panvitleabywEm nt er f ace

W th ni t.or 0 0 tree. icit hese dr vers,
devi c®s 4™ éﬁ“ﬂi’e%ﬁ%bgslg ‘i“@fﬁg?&\’g Lheve ﬁn‘?‘—'f’&{mgma ctﬁ S%?f’i e S‘ﬁfléf’ aces to
bot h A age c&d&@ﬂﬂ{relbq{]l A5 SBswibin @R, Et her net ports A and B are processed

separately within the SBC. 15Capacitive coupling between the Ms 6 and the
SBCs 10 and switch 4 is enabl ed by a nultiplicity of capacitances 9

provi dedg % 2 Q@H@aﬁ shows
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st ack suglhhplhbﬂy thére diBER d6vae sn@fintedes ey kbt ahews ubBigant imkh WBear@l | el to,
and coaxi al th, major faces of the other cards in
1nterfaces to both"A and B function ESBs 6, and Ethemet ports A and B are processed

separately within the SBC.

15  Capacitive coupling between the ESBs 6 and the SBCs 10 and switch 4 is enabled by a

multiplicity of capacitances 9 provided on the respective cards.

Figs. 2a and 2b schematically shows the physical layout of cards within an SEM housing
12. For clarity, only three cards (i.e. “CARD 1” to “CARD 3”) are shown in each bay’s
20  card stack.

As shown in Fig. 2a and 2b, each electronics card is substantially planar, and in each of
bays 1 and 2, CARD 1 to CARD 3 are arranged in a stack such that the major faces of
each card are substantially parallel to, and coaxial with, major faces of the other cards in
25  the stack. The ESB card holding the ESB switch blades 6 is orientated relative to the
stack such that its major faces are substantially parallel to the axis of the stack and
orthogonal to the major faces of the cards within the stack and positioned such that the

ESB card is substantially equidistant from each card within the stack.



25 the stack. The ESB card holding the ESB switch blades 6 is orientated
relative to the stack such that its major faces are substantially parallel
to the axis of the stack and orthogonal to the major faces of the cards
within the stack and positioned such that the ESB card is substantially
equi di stant fromeach card within the stack. - 6 - SEM housjng 12 is
formed as an. elongate cylinder, with a substantially circular cross

section. SERChoBRACK isSforthéA RIS elhkdle icyBndX witlPhthpgaially tlcilhecdyd s of the
SEM housi ng As can be seen nore clearly in Fig. 2b, each ESB card occupies

a segmensechpbs Eadiedadkon agpeasd witaits a5 etlzogapdvie ter axpepioiie SHM bawsingst ack
when installed in the SEM housing 12. Since the ESB cards sit above or
bel ow t he ‘respective card stacks, the distances between the ESB cards and
the cards of each stack are mnimzed, so that capacitive coupling can 10be

real i sed. Posjtioning the ESB(sahove .o el ow the card stack provi des

anl ohe Bkt bt EPhmigy Glrergm Migads et EoH SR ke (e ettt od Lan
from t hegmtandasdstSEMvBackabame: daad kackenhanagalNGn pRIIEM RBRee; 12, Reduction
of the radi ated and conducted susceptibility within the SEM  Segregation

of the SEM LAN(s) from high speed digital from AC power |ines, topside
conmmuni ¢ 1 ¥ 10 LilVve
anal ogues Rep| B SErERs 2l MAvEME LBl Rk SR IR B AR and
cont r ol | tnd ESHpreddnad tbé c20pof aatiestatk aeksinimized, so that capacitive coupling can

10  be realised.

Positioning the ESB(s) above or below the card stack provides various benefits,

including;:

- Segregation of the capacitively-coupled LAN from the standard SEM backplane to
15  enhance EMC performance;

- Reduction of the radiated and conducted susceptibility within the SEM;

- Segregation of the SEM LAN(s) from high speed digital from AC power lines, topside

communications lines, high current switching functions and sensitive analogue cables;

- Restraining and minimizing of the LAN distribution and controlled impedance of
20  printed tracks;

- Maximizing use of the volume within the SEM enclosure;

- Maximizing the SEM thermal management afforded to the ESB;

- Facilitation of the implementation of thermal provisions to effectively export heat away

(via conduction) from the switches and associated power converters to the SEM chassis
25 via an ESB support ladder metalwork and cover-plate metalwork. Effective thermal

provisions are critical if the mean time to failure (MTTF) of the ESB function is to be

optimized.

The above-described embodiment is exemplary only, and various modifications within

30 the scope of the claims will be apparent to those skilled in the art.



- Maxim zing use of the volume within the SEM encl osure, Maxi m zing the SEM
t hermal managenent. afforded to the ESE, - Facilitation M the

i npl enentation of thermal provisions to effectively export heat away (via
conduction) fromthe switches and ass¢ci ated power converters to the SEM
chassis via an ESB support |adder netal work and cover-pl ate netal work.
Effective thermal provisions are critical if the nean tinme to failure
(MITE) ofott HentpRE id Hﬂ%ltérﬁﬁhxlescohﬁglbﬁu&p(doﬂ‘s&ﬂﬂ)) the axis JT@h1OME 64 i bed
enbodi nent is exenplary only, and various nodi fi cati ons within 30the scope
of the cP@FﬂH‘ﬂtWhCIaxﬁé’f&mﬁl‘émuqﬂw those skilled in the art. For exanple,
in an alternative configuration (not shown), the axis of he stacks nay be
parallel to the axis of the SEM housing 2. CLAIMS 1. An el ectronic nodul e
for use as a subsea electronic nodule ter an underwater fluid extraction
wel |, wherein a |ocal area. network enabl es conmunication within th.e
nodul e, the |ocal area network including a plurality of interfaces with
conponents of the network, and wherein the interfaces conprise capacitive
coupling interfaces. 2,A nodule according to claiml, wherein the |ocal
area network conprises an Ethernet network. 10



3. A nodul e according to claim2, wherein the conponents conprise Ethernet
swtches. 4. A nodule according to either of clains 2 and 3, wherein the
conponents are 15nmounted on el ectronics cards within the nodule. 5. An.
nodul e according to any preceding clapm conprising an electronics card

wi th an Ethernet conponent and an Ethernet interface nounted thereon,
wherein the Ethernet interface conprises a capacitance. 20 6. A nodul e
accordi ngtoangsai m5, wherein the ard conprises a plurality of Ethernet
interfaces, each interface conprising a capacitance. 7. A nodul e according
to either of clains 5 and 6, conprising a pl rainy of electronics cards,

each carq haviniga, [ GRPRGHIY o Fbdeknelusorpenant. AlduBToFhlghAGklRt o7l ace
nount ed t hereon, eac ernet interface conprising a capacitance. 8. A
nodul e adlonl ektragtidro well awireréin i@k erea Fetvesrk ehald esroamine@taton bebineka car ds

is vig an Ethernet jnterface.. . A nodul e according. to either clainms 7
and'6F cBRHERedPcal e asokiscbdine s MR EOTea M REN B T ne

el ect r oningisyofidfafld whd@in the MREHHCEs @mGRIsE caBckiQe Ch iRy htertied €i N Et her net
comuni cation eta is via an Ethernet interface. 11. A nodule according to

any or clains 4 to 10, whet-st onecard cornpris

2. A module according to claim 1, wherein the local area network comprises an
Ethernet network.

10
3. A module according to claim 2, wherein the components comprise Ethernet

switches.

4. A module according to either of claims 2 and 3, wherein the components are

15 mounted on electronics cards within the module.

5. An module according to any preceding claim, comprising an electronics card with
an Ethernet component and an Ethernet interface mounted thereon, wherein the Ethernet
interface comprises a capacitance.

20
6. A module according to claim 5, wherein the card comprises a plurality of Ethemet

interfaces, each interface comprising a capacitance.

7. A module according to either of claims 5 and 6, comprising a plurality of
25  electronics cards, each card having a respective Ethemet component and an Ethernet

interface mounted thereon, each Ethernet interface comprising a capacitance.

8. A module according to claim 7, wherein Ethernet communication between cards
is via an Ethernet interface.

30



an Ethernet switch, 1017. An electronic nodule for use as a subsea

el ectronic nodul e For an undervater fluid extraction well, conprising a
plurality of substantially planar el ectronics cards, wherein the cards arc
arranged in a stack such that the majgr faces of each card are
substantially parallel to, and coaxial with, major faces of the other cards
in the stack, and wherein the nodule further conprises a substantially

pl anar swi t chacabdhle atdoth@t®dithed of @latht Vearldos, tddgnpsikig kat $dasthtwioNBdysi t s naj or
faces are substantially parallel to the axis of the stack and orthogonal to

t he maj ofach@grsomtinmgat eay @se peetiinicsichid- st ack and positioned such that the
swtch card. is substantially equidistant fromeach card within the stack.
13. A nodul e according to claim 12, formed as an elongate cylinder with a
20subst ah®.i al Ayn@iuteccaskandingrtoskis @c tvhanin EtiemnetAommduli@tiac bowdémispys & cl ai m 13
mherggn t he %%ésfgtté¥e stack is substantially parallel to the axis of the
modul ©. 2818 A BT e %Ecording to claim 1 wherein the axis of the stack is
substantially orthogonal to the axis of the nodule, 16. A nodul e according
to any of clainms 1.2 to 15, conprising a plurality of card st acks

ar r anged L bl ong meflq aagidinggp apyef dainsi%eto Anwhareinedf desst onpeaglgonytisesar d f or

each 30sLaglermet swhilh.

10 12.  An electronic module for use as a subsea electronic module for an underwater
fluid extraction well, comprising a plurality of substantially planar electronics cards,
wherein the cards are arranged in a stack such that the major faces of each card are
substantially parallel to, and coaxial with, major faces of the other cards in the stack, and
wherein the module further comprises a substantially planar switch card orientated

15 relative to the stack such that its major faces are substantially parallel to the axis of the
stack and orthogonal to the major faces of the cards within the stack and positioned such

that the switch card is substantially equidistant from each card within the stack.

13. A module according to claim 12, formed as an elongate cylinder with a

20  substantially circular cross-section.

14. A module according to claim 13, wherein the axis of the stack is substantially

parallel to the axis of the module.

25 15. A module according to claim 13, wherein the axis of the stack is substantially

orthogonal to the axis of the module.

16. A module according to any of claims 12 to 15, comprising a plurality of card
stacks arranged along the length of the module, and a respective switch card for each
30 stack.



Ti . A nodul e according to any of clains 12 to 16, wherein each card within a
stack conprises an Ethernet conponent and an Ethernet interface FCS
coupling with a different card. 18. A nodul e according to any of clainms 12
to 17, wherein the or each switcii cgpd conprises an Ethernet switch and.
an Ethernet interface for coupling wwth a different card. A nodul e
according to either of clains 17 and 18, wherein the or each Ethernet

i nt er f ace7.conprhs®se accorM@Liot MY .clad@s A2 @1 H0shéin @Bedtdrd Yithinhestaat
comuni cati on between Ethernet conmponents within a subsea el ectronic nodul e

for an ufIBPREE 8f Ethstst exnpachi vH aeFthemeldrisFipes iy counding Mé ofiffgicsyi di ng

Et hernet _i gt erfaci ng between sai d conponents, said interfacing conprising a
capacitance. 71. A subsea electronic nitwit:de substantially as herein
described with reference to the acconpanyi ng draw ngs.

5 18. A module according to any of claims 12 to 17, wherein the or each switch card

comprises an Ethernet switch and an Ethernet interface for coupling with a different card.

19. A module according to either of claims 17 and 18, wherein the or each Ethernet

interface comprises a capacitance.

10
20. A method of enabling Ethernet communication between Ethermnet components
within a subsea electronic module for an underwater fluid extraction well, comprising the
step of providing Ethernet interfacing between said components, said interfacing
comprising a capacitance.

15

21. A subsea electronic module substantially as herein described with reference to the

accompanying drawings.

20



