Subsea El ectronic Mdule This invention relates to a subsea el ectronic

nodul e for an underwater fluid extraction well, and a nethod of enabling
Et her net conmuni cation therefor. The control of an underwater fluid
extraction wen, such as a hydrocarbon extraction well, is typically managed

by a subsea el ectronic nodule (SEM housed in a subsea control nodul e
(SCM, itself nmounted on a subsea "Xma5 tree" located on the sea bed above
the fluid extraction well. Existing SEMs contain a nunber of printed wiring

boards or cards 10 which perfgr sed i at ed nfeti ons, such as the operation
of hydraulic directional cont — Communi cation to and from
the SEMis enabled via a nodemif there are copper |inks, or an equival ent

optical nodemif optical links are enpl oyed, Mdem gEMs Utg'[u:gi se Et hernet
communi cathinvsatieuetsiatenie xpeses slsrieon ipduledor an undeiates REFaGHeD

swi t ches §.g; Bq Hﬁg:mo%f%ﬁaﬁm Egﬁerrg%gmbmmgcﬁﬁma}mf&al ly, the electronic

cards are arranged In sets a a nunber of bays within the
SEM Burther Ethernet switches are required to enabl e comrunication between

t he bays...Consequent | a | arge, nunber of. i nterfac IS requir t ween
LT Cho” EPRE 8 gbte el B ARG ik b AR tboh SRR AR o
bl ades. TihegRcdlNt @ifae® by ar subsansledton@nablyle §EERY thedsddyinta sutsénednedos .

However, transformers are expensive and consu,r,nf Si gni ficant ghace on t he
20SEM el eBedubn (M ritell momnicd onjanupsea iangs fFret (65AST 20419 381084 PROYEHP SEM

whose di NNgeQRiBh Svelll MHxfding SEVE LdathiP¥% niRibbr ORSIRLONirklY Ho@fB P carly 1S an

aimof the present invention“to renove the need for transfoiniers as SEME
conpolfentwhinl gerferoededi@EdTngions,mutls anthikioperationyf hysdviuici dingctional Eantier net

capor ¢ anebd SHEAE ChARRIRaRPA ® W RofiTReSEM iEaBBH8 il dinadindnins o g of

t ransf or reé sopper fnks)@vvan tQEitialeswpticaltmodent Hropliyal ditiRs aeathplagdt NModerar e
severe restrictions on transm ssion di stances conpar e%o thg} t ransf or ner

case. Thu¥:MapHdise ikfeersgceiprinigaten Revegedds &19CYoBC Rt Vi ireHITh
Et her net ) sheBvitcBBto$ nﬁJtﬁfbﬁLdﬁ[fhi ESci BoardsaNgplctily, tRCEHGogt dafds 2EM. -

2 - However, 1 n accordance wt present invention, capacitive coupling

i s nede irmbpal ichsatugha rleaydr withiasatmbken offbayh avithar the SENLhi Ifprthar Bormed ensur e

that trans sion distances,are smal.l..TIHi rin b ' its in

orms of BTSN T ahe FRbTaranc ol el PFR Sho B SFREG

repert oi rmt¥er bhinteplabbd ie rdipircd bétwaseall 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.



The present invention therefore provides various advantages, including:

a) Addi ti onal space is provided on the electronic cards for well control and
nonitoring functions which are the primry purposes of the SEM 10 b) The
cost of conponents is reduced in the Ethernet conmunication system c)
Power consunption is reduced conpared to prior art magnetic coupling,
particularly ir EX PHY() are. enpl oye%j' as line drivers, as these devices
have | ow qui escent power consunption (when conpared to a PHY sui table for

arive s BaNRRM I BRyfatCul P 65 one el BicCun i P OWEGRTIE &

t ower CofpaRANt-ot@AReld wtﬁe cm/ds GAthinnant SEM tb @adlSe that @ziﬁ%ﬁflééﬁﬁ cﬁﬁameglent ,
longevity and reliability;, c)Due to the reduced power consunption, it is

possi bl e2edmaipilhip bsypgs @?ﬁuamalqr penaliss mdemsg! sawiand iveighbeeduelian; powell
conduct ogsa11owaEhL RchcRORA %Tpe%erQJﬂﬁe @EMJﬂatbeQ%c %}:ﬁ@d SENT is reduced,

consequent |y reduci ng handli ng cost anced EMC (el ect romagnetic
conpatibility) performance (Reduced LAN em ssions & susceptibility); and

h) Enhanc shee erfor led track rn 25|l naccordance with a
first asﬁgeclt’ 0 fnﬁgnno ggrﬁﬁ’r‘? Ogﬁﬁ aﬁloflﬁ%(i fa§esp}“8%}\d8’§d an el ectronic
nodul e for use as a subsea el ectroni c nodul e for an underwater fluid
extraction wel | %air ein a |local area network enabl es conmunication within

the moduPe, tAgdifigral| spareds mEpvidtdc opnibieuelFsiepnic (spigs afor tyelbicontieleppdices with
Conponenﬁﬁn@énx%rfﬁn@%hwal%h e WARKS Purbdies bfthekERLes conprise capacitive

coupllng i nterfaces
The cost of components is reduced in the Ethernet communication system;

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;
€) Due to the reduced power consumption, it is possible to employ system umbilicals
having smaller cross-section conductors, lowering costs;
20 f) The weight of the SEM is reduced, consequently reducing handling costs;
2) 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.

30



In accordance with a second aspect of the present invention there is

provi ded an el ectronic nodule for use as a subsea el ectronic nodule for an
underwater fluid extraction well, conprising a plurality of substantially
pl anar el ectronics cards, wherein the cards are arranged in a stack such
that the major faces of each card are gubstantially parallel to, and
coaxial with, major faces of the other“Cards in the stack, and wherein the
nodul e further conprises a substantially planar switch card orientated

relative jo the stack,such that it jor faces are s ntial.l rall el
to the axfns agrdange it g %\er‘fﬂn‘grats%e&gé’ﬁ;{he tporeﬁeﬂg e ot 1Ee g%‘!égs gt &lﬁ%d gigr ds

Wi t hi n t hgle@tadeK ndilP @S LD RS th SUSdRa t dledtrohlte nfdduleC Porcat dmderwatdpsheadt i al |y
equi distant fromeach card within the stack. 10 In accordance with a third
aspect  of CHFAEtipn wshntommipare 3 Blyralive P sybstap el PlarRrLISRIPRIGH s eHB T ng
ELhernet QUG AL RO ¥GD BlAAhAGhe FATRAARAIP MiH Bhda’t SHRARAIY

el ectroni c nodule for "an underwater fluid extraction well, conprising the
step of ppasliditngnécheaevith, magerf facésng thevthersardsindhe siago aadh whereynihg

interfacin onpri sing a. 15ca i tance., The inventi on w,l w b
ascri bechopy ety St it & vonen Eee e SO Sk B, IR B 1
whi ch: - 2Qkikgsicd thatS RHenHdr £8éd YreSdubwantallsuhisslie] @b ehd aoii of thedtack and

functionality in accordance with the present i nvegé‘l on; . Fi gurﬁs%g
schemat i cefthggosHdadhamaioy daceaof ther candierithin the stagk ard pesttigngd shehsmriiben

accor danceiidird RuBEAHEY cibisah! Ain oACkaF] GHAR BOsaghematical |y shovs a
cross-sectional view of the SEMof Fig. 2a. 25 Fig. | shows an exanple of a

confiburation of an Ethernet comuni cation systemwithin a multi-card,

mul ti - bay. SE i n accordance W t he present..inyention.. . i Ly,
i nt er f ace® $55PIBRIH" a%@f‘? EseerCteg?tt%? R%fgenﬁ At er F%I(l:}eﬁle © ‘aSrPé"%{hé@io%%%Fh"gx"tfer nal

i nt erf aceendblifg tBemel |cof@iiniction! Bitivesim Bh@n&howmpodentsp wdthiin ce,substhy one
interface woul d be used, as 30descri bed bel ow. TheI‘ sel ectjon _ of optical or

copper i n¢legtfogice gnopule; forg %@éewt%nabiudeeﬁf?@?%w% ‘lS’E‘PE’é‘r’Pﬁaflﬁebft Wt h the
form of i phefdACEHeRRH &R bAWRa tdif YbRporkdAt! hili 3hteAReing Bomprising 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 Ethernet 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



both cases, the interface connects to a first card ("CARD 1") within the
SENI, which conprises an Ethernet switch 4 capacitively coupled to a single
board conputer (SBC) 5. If an optical interface 1 is used, this is
connected to a small formfactor pluggable transceiver (SFP) 3, which acts
as a nedi a converter extending the topside LAN down to the SEM i nternal
LAN(s) via an optical point to point ~Ethernet |ink, and thus provides an
optical to electrical interface to the Ethernet switch 4. Modem 11 shown in

Fig. 1 not ,be present. h : r. interfa i s used,

this |sm§%{lﬁn§%ets RV s ifotaofor\é\ﬁ% é%jéﬂBﬂg’) W’It&H L&‘Bgﬁgg ‘ﬁ%ﬁlbrts t he
nmodem 1lcanstisesil Bieficssvatdard dgeciandy tdlipRidnb 8lsRild boafddtslpatasRanst i on for
t he nodern conmuni cations. SRC 5 is connected to Ethernet switch 4, and so

may handl e communi cations to and from 15 either external interface |I or 2.

Bt her net 115 bedaf ibtSrtieRIAGEM, EERoRARMY © QfSﬂangir gmg&wgdgg&&evd

three protocol router functi ons$ 1 ncludi ng Spanni n r ot IP) to
ensur® t Wansceiver(BRP) hoypuctaaas oy zmtdid Cbmtewweecxteﬂdmﬁﬁwltopstdermﬁdﬁ dbwiido (A and B

- be} | dj dth d
oror i 1 LRt GB AN IBRARRIR belnb e #ab Apl LB SRR o7 ey

each Wi t bptivabloatdetrifal Bitotfaet @Cthe Giiegnet 3wilsh 4. Mddegh 1 11sho@iliy Fidinegotar ds

(i.e. CARD 1, CARD 2 and CARD 6) are shown. In addition, only two bays of
cards ar BOLRWRHor si mplicity (i.e. Bay 1 and Bay with extension of the
system bei ng provided by additional interfaces 7 and 8 for additional bays,
25 The SEM shown supports two internal LANs A and B, providing redundancy.
Traf 4 ¢ Hrhowarer axcopner iptesfieee ? dsutsed, thisds nemmegied via amedém dh t4 theTSBCISANs A and

B are se | ilur erance. .30 An ESB card
of each é%gfﬁ%%des étrgl%% %dg Ef %ddggle(‘?gﬁs? béldg%éiﬁ%tl tgmr:}ﬁngged
ei ght--ptnalrtslaﬁtrlfmﬂdmehfoﬂhti’nol‘iem‘ﬂbmhluﬁlc}!ﬁomSSI gned for connection to bay
nounted cards (i.e. CARD 1 - CARD 6) and Iwo ports assigned for bay to bay

connectivity. In Fig. 1 only four ports are shown connected. The Ethernet
swi t ch b§BdA8&sis connected to Ethernet switch 4, and so may handle communications to and from

15  either external interface 1 or 2. Ethernet switch 4 is a managed switch capable of
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.e. 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
LANs 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-



(ESBs) 6 of each CARD 1 are arranged in a dual configuration to provide
system 5redundancy. Each ESB card is | ocated above and orthogonal to the
respective stack of six cards of the hay, as shown in Fig, 2. Each card
(i.e. CARDI - CARD 6) includes an SI3C 10 which feeds electrical drivers
to operate devices in the SEM such as directional control valves (DCVs)
and/ or other 10 electrical devices and3al so interface with nonitori ng
sensors on the well tree. For sinplicity, these drivers, devices and

i nterfaces are _nat sho in Fig. 1. Each SBC 10 .in rfaces both A and B
function BOREH elélﬁd? 8’6‘?&&&%% Iﬁnﬁraésﬁ?%ﬁ&rs‘é%ng‘gﬁ’gr g’t E‘Pﬂ/ Wi t hin
the SBC, ﬁm’é@ﬁt@@%a&dsV ecosmkbng betamge o)t hei E\ﬁBspo@tsaisdlgh&p f§B6sy 16 rapd

switch 4 is enabl ed a multiplicity of capacitances 9 provided on the
respect i veonngetiaty. Flnéég lzaﬂsaﬁmr porisaishewn eennegtedhdig Ethwwb pyshchipdesay out

of cards w n I y r

" CARDt o %} %sz m 1| %retlaglgﬁl:ggayﬁsggg%:la?oél?g%u&ﬂ tg\?rgﬂggv{/r%]yét%mﬁ g. 2a
and 2b§ emdbncﬁiney.t Eacti ESBoardlisi lscaebsticvrtand|drihogdrahar theanspectiveedwk af bays
1 and 2, CARD 1 }gﬁ RD 3 are ag ged in a stack such that the major faces
of each cSK§Ls8 ay &%ﬁh%wyla%&r Ilel to, and coaxial with, nmajor faces
of the other cards in the stack. The ESB card holding the ESB sw tch bl ades
6 is orientated relative to the stack such that its major faces are

subst ant i Brghycaphfigt CARD & - wlaﬁ)gnc@#de@ﬁésgpa&wawhf slsgisal drivsrsttRe maj or
faces of bAGLEALURCLE W SERE SLRGK ARGARSICLLACMIAMADA it R 210

i's substa y equidis rom ea card e st SEM
housi @) 12lectsicdodeviagts amdaz{lsehmagaieewﬂlylmmd‘em,ngvuenstora oguths tveeit tra¢.| yFazi r cul ar

cross sect.ion,. Each stack i,s.arranged with its axis .orthagopa e axis

of *the: SeHRUH G R e adSadh B Sk g BMR T A oE R h B

card oCCURjt@faces REEHTE™ afd BSHn&RHESHWs 6, and Ethernet 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.



space that exists above or below the card stack when installed in the SEM
housing 12. Since the ESB cards sit above or below the respective card
stacks,the di stances between the ESB cards and the cards of each stack are
m nim zed, so that capacitive coupling can be realised. Positioning the
ESB(s) above or below the card stack grovides various benefits, including:
Segregation of the capacitively-coupt®d LAN fromthe standard SEM backpl ane
to 15 enhance EMC performance; - Reduction of the radiated and conducted

suscepti il within the SE egr.egali on of the SEM LAN(a). from high
poed di S VLIS (Bt i corEiE Aa BBl B GRS WS ST gh
current satibe hEAGh JtabkG iaﬁﬁr?edﬂﬂ_tlﬁﬁ‘@@liﬁ bitBogdRAl t8AMe 62 bF 8% SEM RBadingi ni ng
and mnimzing of the LAN distribution and controlled inpedance of

20printed-tracks; - Maximizing use of the volume within the SEM encl osure;
Maxi m zing the SEM t hermal nanagenent afforded to the ESB;, Facilitation of
the inplenmentation of thermal provisions to effectively export heat away
(vi a Tondscai bmjechanare cleerly wi Figh2ls cacldESB saci atenicpavepmenoonoss-teetisnt 0 t he

SEM ch i i SB | ad tal. - pl.at tal k.
e e e L N L R T R el e
(MTE) of the ES.B function is to be optimzed. For exanple, in an

alternatijve con%%guratLon (not _shown), the axis of the stacks may be
par al | el Sige thdSBradpsit #hoxe SERFlAW RS Frgpeptive card gtacksgfhg diggances between

the ESB cards and the cards of each stack are minimized, so that capacitive coupling can
10  berealised.

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.



1. An electronic nodule for use as a subsea el ectronic nodule for an
underwater fluid extraction well, conprising. 5a housing; a first and
a second | ocal area network established within the housing to enable
comuni cation within the electronic nodule, the first and second | ocal area
net wor ks bei ng segregated to provide redundancy, the first and second | ocal
area networks each including a pIuraIrty of interfaces with conponents of
the networks; 10a switch contalned wi thin the housing, the switch operable
t o manage and ro te tra fic.on fi.rs

t k
Lo a0 el S et & syt o REE SRS S e RS BEUIRLS S he

pl ural it ypahliday heGRRIAKSSEMMousiad 12y of el ectronic cards and flrst and
second Etﬂernet swi tches, 15each of the first and second Et hernet sw tches

in each ot' the plurality of bays includes a first port, a second port and
a plurality of additional ports; in each of the bays, the additional ports
of the first Ethernet switch contained the respective bay are coupl ed
with respective ones of the electronic cards also contained within the sane
bay to provide connectivity with the first |local area network; 20 in each
of the bays, the additional ports of the second Ethernet switch contained
within the respective bay are coupled with respective ones of the

el ectronic cards al so contained within the sane bay to provide connectivity
with the second | ocal area network; the first port of the first

Et hernet switch of a first bay of the plurality of bays is 25coupled with
the first port of the first Ethernet switch of a second one of the
plurality of bays; and



t he second port of the second Ethernet switch of the first bay of the
plurality of bays is coupled with the second port of the second Ethernet
switch of the second one of the plurality of bays. 2. An electronic
nmodul e according to claim 1, wherein the first and the second 5Et hernet
switches in each of the plurality of bgys are configured to provide system
redundancy. 3. An el ectronic nodule attording to claiml, wherein couplings
between the first Ethernet switch of the first bay and the first Ethernet
swi tch o;uégiggksecond bay associated with the respective first ports,

bet ween ond Ethernet switch of the first bay and the second

Et hernet switch of the second bay associated with the respective second
ports, bet ween the fj Et her net smntch of th fi{st bay and the
respectivk onedn Gleckpic an I B 5° A cRubEh IS REE P8R ifAT a7 SPAFRAIR t he

second EtfaH Rekactivh e, &mﬂ*mﬁ@p the respective ones of the electronic cards
contai ned therein between the first Ethernet switch of the second bay

and tHe respecthonsinghes of e el ectronic cards contained therein,

between the second B herngh jsuhteh ol bhe.asaand b, Al Lis,TesRagLi ve

ones of 20t he ‘electroni EOont'ar ne ere| are capaC| e coupl i ngs.
communication within the electronic module, the first and second local area networks

being segregated to provide redundancy, the first and second local area networks each
including a plurality of interfaces with components of the networks;
10 a switch contained within the housing, the switch operable to manage and route
traffic on the first and second local area networks; and
a plurality of bays contained within the housing, wherein:
each of the plurality of bays contains a plurality of electronic cards and first and second
Ethernet switches,
15 each of the first and second Ethernet switches in each of the plurality of bays
includes a first port, a second port and a plurality of additional ports;
in each of the bays, the additional ports of the first Ethernet switch contained
within the respective bay are coupled with respective ones of the electronic cards also
contained within the same bay to provide connectivity with the first local area network;
20 in each of the bays, the additional ports of the second Ethernet switch contained
within the respective bay are coupled with respective ones of the electronic cards also
contained within the same bay to provide connectivity with the second local area
network;
the first port of the first Ethernet switch of a first bay of the plurality of bays is
25  coupled with the first port of the first Ethernet switch of a second one of the plurality of
bays; and
the second port of the second Ethernet switch of the first bay of the plurality of
bays is coupled with the second port of the second Ethernet switch of the second one of
the plurality of bays.
30



4. An el ectronic nodule according to claiml, wherein each el ectronics card
conprises a single board conputer, the single board conputer having a
capacitive 25coupling to both the first and second | ocal area networks. 5.
An el ectronic nodule for use as a subsea electronic nodule for an
underwater fluid extraction well coinprising; a housing; 30a first and a
second | ocal area network establishet?wwithin the housing to enable

conmmruni cation within the nodule, the first and second | ocal area networks

being - 10 - segregated to provide redundancy and each of the |ocal area
networks including a plurality of interfaces with conponents of the
net wor ks; a switch contained within the housing, the switch operable

to manage and route traffic on the first and second | ocal area networks;
and 5a plurality of bays contained within the housing, each of the bays co

plurality of gh&sdcHBRi: GRokAL Q§co?('ﬁﬁ% fth rpdim N dwBGERA e HiRCLRE theSWchEDES

wher ei n: each of the Ethernel swtches conprises a first port, a
second pbihtrnghawichss unadach pf dhe pbidility oddlaypare sonfigureshich pofvidehsystzays, t he
additionghmgghéf of the first Ethernet switch are coupled 10 with
respective ones of the electronics cards to provide connectivity with the
first local area network and the additional ports of the second Ethernet

connect vty ok BRI Betdn dBLls HBR hettpmkcosipes o Provee
between the first Ethernet switch of the first bay and the first Ethernet switch of
10 the second bay associated with the respective first ports,
between such second Ethernet switch of the first bay and the second Ethernet
switch of the second bay associated with the respective second ports,
between the first Ethernet switch of the first bay and the respective ones of the
electronic cards contained therein,
15 between the second Ethernet switch of the first bay and the respective ones of the
electronic cards contained therein
between the first Ethernet switch of the second bay and the respective ones of the
electronic cards contained therein,
between the second Ethernet switch of the second bay and the respective ones of
20  the electronic cards contained therein

are capacitive couplings.

4, An electronic module according to claim 1, wherein each electronics card
comprises a single board computer, the single board computer having a capacitive

25  coupling to both the first and second local area networks.

5. An electronic module for use as a subsea electronic module for an underwater
fluid extraction well comprising:
a housing;
30 a first and a second local area network established within the housing to enable

communication within the module, the first and second local area networks being



one of the first and second ports of the first Ethernet switch of each of
the hays is coupled with one of the first and second ports of the first

Et hernet switch of another one of the bays and one of the first and second
ports of the second Ethernet switch of each of the bays is coupled with one
of the first and second ports of the sgcond Ethernet switch of the
respective other one of the bays. 206. An el ectronic nodul e according to
claimb5, wherein couplings between the Ethernet switches and el ectronics
cards assQgcli af h j t [ C Cidt anc o, [ 7 tronic
nodul e acge%%%%%g {oosléol%gemggﬁgﬁg Zd:ﬁ(ril %gﬁ p fi %gsl(g%%t?\i/\fgie n . ekszgﬁglh@%igt

sw t ches plaeditedf interfaegavidt enyaysnts ofifheinsvatkypaci t ance couplings. 8, A

met hod of enabl i nq Et her.n@} Cg ni,cat.i on, bet ween Ethernet co nent s
within a subsehS¥lteteemiined Wb B hgpsing hin JurhPRIAYE {7 2B RCPEE wel |,

t he net hogd, @R PRhSHiRbadd\Rc&ldEB&al @fca networks; an®r Ovi ding a first and a second
| ocal area network internally to a housi nghfo_r the nodule to enable

comuni cat i on aptusility tofi dapipdenteined within thethoypiag.seachod thobays contadningewor ks
bei ng > CIpIGER f&'f §1é’cu%¥1%\f£'c9r%§' aﬁ(fﬂ}é{‘%‘s%g ﬂﬂh&%&“ﬁ{ch&h%thhl%ﬁ@' area networ ks
including a plurality of Tnterfaces w N component's of e networks;

provi di ng a pl edchlof the Bthethaysviwhthtomprives hduistipogs, a eaohd Ipayt aodatphuralityg a
plurality of electronic cards and a. pair of Ethernet switches, each

Et her net %é)ﬁdtd jongkPU e pair of Ethernet switches witin each respective one

of the pluralifyeaeh opSbdydCihe dddBioRall for@lofRRE First EtIK@ERRWitBR hfe cauplkda
plurality of additional ports; in each of the bays: 10coupling_ the

addi t I®nawithagespsctfe ange of pdeationiss fcprds tto proyedmeqnneetivity iy the firelsleedt i ve
ones of t I ' - [ r | r.oyvi aectivity
wth the Reh Seofcnk 3hb e S8NHG BohdBeifE URShA RERY MR BY LAGIGHORR

addi t i onatespmtivs owds df e ¢lespais icuds seponide Eberctiety with tiehsevartdioca spact | ve
ones of the electronic cards in the respective bay to provide connectivity
wi th 15t heatkoARd | ocal area network; coupling one of the first and

second ports Ofnedt@hd fifss bndbdaBhdBrtsSyiithe Arse Ettelies bwheyodach Bethelbdyadsi ty of
bays with one of the first and second ports of the first Ethernet switch of

one of5 t heouptaderittopng picthp figstand sgcond poey sf the faptditheraetsayjtch of pegther one
connectividy. BQ};S efnﬁ%n]:: o e ﬂirgtcﬁd Bt ﬂ?)?lrs\ﬁ?'iﬂ%' scBSHd Bthernet switch of each of

the bays is coupled with one of the first and second ports of the second Ethernet switch of

the respective other one of the bays.

20 6. An electronic module according to claim 5, wherein couplings between the
Ethernet switches and electronics cards associated therewith comprise capacitance

couplings.

7. An electronic module according to claim 5, wherein couplings between the

25  Ethernet switches located in separate bays comprise capacitance couplings.

8. A method of enabling Ethernet communication between Ethernet components
within a subsea electronic module for an underwater fluid extraction well, the method
comprising the steps of:

30



20coupling one of the first and second ports of the second Ethernet switch
of the first bay or the plurality of bays with one of the first and second
ports of the second Ethernet switch of the other of the plurality of bays
to provi de bay-to-bay connectivity for the second | ocal area network, 9..A
nmet hod according to claim8, further cion’pri sing the steps of:

managi ng and routing traffic on the flilrst and second I ocal area networks
with a switch; and provi di ng Ethernet interfacing between said

Et hernet conmpgnents w-thin,the sybsea el ectropi.c nodul e, .sai.d interfacing
conprising c rg‘él?fngn%%rsg%dpflisﬁcé’gaqoc-a?ﬁa-ne %.E Ige ¥16°da§83%?%¥°ﬁg}ﬁ? o claim
8, Wwher embdwleupldnaigs doainneedatibh avitHin ek alodal tiehasst and set@at 1oeili £48a car ds
associated therewith conprise capacitance couplings, 11. A method

accor di nfElYerks \bsing sggreghied & proyisige redugdansyapd each pltherdpcal gesp nefyarkhes

5 ocat edinblﬁd&%fﬁ{lﬁ%@tybf?&'rﬁe&&@?ﬁvﬁtﬁ%émﬁ&[éﬁf%'&f%%i%t&&‘l&?l ings. ~12. A method

according to claim38, wherein the one of the other of the plurality of bays
is & second Wrayidog afierabiynfbhys yitloh theehosising fracimbayhaatdining hehurdoypf i si ng

t he step . C [ ong h i.rst. and nd por of .t he .first
Et her netagév%\ﬁtotn %:%9%& f ﬁ‘g 4R rrsgff ?Bw aey S%Vft c%ﬁ%ee%cﬁt??tgﬁnf yS #abgyglen%atlr & upling
wi t h t heEthemst svidtdhes witin @ich tbeddifve b€ oShe phaalligyf bivstinclodiag affirétiort i r st and

second ports of the first Ethernet switch of a third bay of the plurality
of bays t¥°P P%ranf)F‘B{HrﬂﬁyBgﬁdft&?—“ﬁng’r@onnectivi ty for the fast |ocal area

net wor k; and iqQué dffiiBe .or the first and second ports of the second
Et hernet switch of the I5 first bay of the plurality of bays not coupling
wi t hI& he second Etdeepling thegidditienalfports oof e taspedbiag firsti Etheroetesvatchtwigh f | r st

a0, SeCoR BRSPS CTERNELE O Rkl MO PRI B 1,
ar ea net thoifikst local area network, and
coupling the additional ports of the respective second Ethemet switch with
respective ones of the electronic cards in the respective bay to provide connectivity with
15  the second local area network;
coupling one of the first and second ports of the first Ethernet switch of first bay
of the plurality of bays with one of the first and second ports of the first Ethemnet switch
of one of the other of the plurality of bays to provide bay-to-bay connectivity for the first
local area network; and
20 coupling one of the first and second ports of the second Ethernet switch of the
first bay or the plurality of bays with one of the first and second ports of the second
Ethernet switch of the other of the plurality of bays to provide bay-to-bay connectivity for

the second local area network.

25 9. A method according to claim 8, further comprising the steps of:
managing and routing traffic on the first and second local area networks with a
switch; and
providing Ethernet interfacing between said Ethernet components within the

subsea electronic module, said interfacing comprising capacitance couplings.
30



20 13. An electronic nodule for use as a subsea electronic nodule for an
underwat er thud extraction well, conprising a first and a second

| ocal area network (LAN) to enable comunication within the subsea

el ectroni ¢ nodul e; 25a housi ng; and one or nore bays positioned

wi thin the housing, each of the one nore bays conprising: a Qur.ality
of substantially planar el ectronics Cé@ds, the cards arranged in a stack
such that nmajor faces of each card are oriented substantially parallel to

maj or fac of ,the 30ot her cards iy the.stack | axi s of
b ot Coana R R i o vilfei b E R \né Bttonthe TRLfles 2X]

cards in fiteel&t@aics cards ds3ociatd shebstidndon@risy cipaainaice Ebipinget switch card
orientated relativestack such that its major faces are oriented
substantially parallel to a main axis of the stack and orthogonal to the

ori entati o of Af\&hIPIRLbrdi RS 1 &, RheRlif EPRRLSBethaitiBe Whilchdd stvltéhest aCk

and positioned such that the Ethernet switch card is substantially
equi dist alvcated orscpardiedlaps cBapriseoéapecitdncet@plinghi cs card within the stack,

12. A method according to claim 8, wherein the one of the other of the plurality of
bays is a second bay of the plurality of bays, the method further comprising the steps of:
coupling one of the first and second ports of the first Ethemet switch of the first
10 bay of the plurality of bays not coupling with the first Ethernet switch of the second bay,
with one of the first and second ports of the first Ethernet switch of a third bay of the
plurality of bays to further provide bay-to-bay connectivity for the first local area
network; and
coupling one of the first and second ports of the second Ethernet switch of the
15 first bay of the plurality of bays not coupling with the second Ethernet switch of the
second bay, with one of the first and second ports of the second Ethernet switch of the
third bay of the plurality of bays to provide bay-to-bay connectivity for the second local

area network.

20
13.  An electronic module for use as a subsea electronic module for an underwater
fluid extraction well, comprising
a first and a second local area network (LAN) to enable communication within the
subsea electronic module;
25 a housing; and
one or more bays positioned within the housing, each of the one more bays
comprising;:
a plurality of substantially planar electronics cards, the cards arranged in a stack
such that major faces of each card are oriented substantially parallel to major faces of the
30  other cards in the stack and such that a major axis of each card is oriented substantially

parallel to major axes of the other cards in the stack,



a first Ethernet switch |ocated on the planar Ethernet switch card and
capacitively coupled with each of the plurality of substantially planar

el ectronics cards_ and a second Ethernet switch | ocated on the planar
el ectronics card and capacitively coupled with each of the plurality of
substantially planar cards, 10 14. A ngodul e according to claim13,

wherei n the housing includes an el oﬁdg?e mai n body in the formof an

el ongate cylinder with a substantially circular cross-section receiving

said Ethernet_swtc ard and.said rality of planar electropnics cards
Tunerel n oai HoRrHERAEC PUpRERERLT ol st sl bieh R8s, B RS Rl T

el ect r onihat it€ atdils RO @8 drisied ssbstdntialy @hraflel @l HAgA exiswifnhdeEyk ahd sai d
housi ng thereby m nim zing distance hetween the Ethernet swt rd and

g h c
each of 9%‘%"gﬁpﬂrtﬁlﬂi1°c W%‘Fat’épé’(gtt}%eoﬁ?l@‘é facsy stthér?EPCHP’@a‘W ﬁﬂrﬂbwé YdAe 8@t her mal

manageneid p R &l ittt IR B Sl o2l i§ AbsBhRAl dgidt@at 'ndW £distap One of
the followng profiles: 20 the nain axis of the stack is substantially

par al ¥ el endofeattorigittonis vard vedtiis thefstacke housi ng of the nodule; or the main
axis of the sigckels SURSKANGLALL Y, RLLBAPRAL P Abonal iinalyar s of the

housi ng of the 1o accordrng er el

and t he septsddvit dueh oethe Phirilithes subantdiylause clctpaii¢s cafdsHidder net swi t ch
bl ades (ESBs), wherein the Ethernet swjtch card conprises an ESB card
cont ai ni ng th%s‘iYSP‘ﬁ %8?‘“’“@58%’}”% atﬁﬁp&?&% gf‘ﬁeelffé‘iofncéica@s@é @Bt ed to

control  gapiddiwitP&hch BethkiphuihlitOMs3EntidIR fg8meBsqef the pair of ESBs _
configured to control traffic on the second LAN, - 14 - operate devices in

t he dul e, wherein each SBC interfaces with both the first LAN and the
second LAN, i . el kcs card includes a first LAN port and a
B ol R0 RShRTAS

second LAN port, C of each electronics card is configured
so t hat traffwherciache Weukinghinolugbs srhelohgats mainAbbdyoint the $orpr o as sledgaepar at el y
fromtr aI:}]:hin err \?V?'[ iavseu sgarrlltriﬁf"}lfgpuc%la}r r2:?052-%5:% {(])91 rléc':Aéli\lviRg rs;[d'd Ethernet switch card
and said plurality of planar electronics cards
15 wherein said Fthemet switch card is located in a space between said electronics
cards and an inner surface of an elongate main body of said housing thereby minimizing
distance between the Ethernet switch card and each of the plurality of electronics cards
and providing enhanced thermal management; and
wherein the main axis of the stack is configured to one of the following profiles:
20 the main axis of the stack is substantially parallel to a longitudinal axis of the
housing of the module; or the main axis of the stack is substantially orthogonal to a

longitudinal axis of the housing of the module.

15. A module according to claim 13, wherein first and the second Ethernet switches

25 comprise a pair of Ethemet switch blades (ESBs), wherein the Ethernet switch card
comprises an ESB card containing the pair of ESBs, the first of the pair of ESBs
configured to control traffic on the first LAN and the second of the pair of ESBs
configured to control traffic on the second LAN.

30 16. A module according to claim 15, wherein each electronics card includes a single

board computer (SBC), wherein each SBC is configured to feed electrical drivers to



17. A nodul e according to claim 13, wherein the housing has a | ongitudi nal
shape, the nodule further conprising: a plurality of card stacks arranged
along a length of the housing of the nodule; 10 and a respective one of a
corresponding plurality of Ethernet scards for each respective one of the
plurality of card stacks. 18, A nodule gccording to claim 13, wherein the
first and the second Ethernet 155mﬁtdﬁg§ conprise first and second ESBs,
wherein the Ethernet switch card conprises an ESB card, and wherein each

el ectroni ¢s _card.wi t.hi,n th tack . rd i . o) nt and
S orr e R it S \ARSE A S8 Sne@reloel ShenHlEHra SRR ARE L 20
t he ESB ctatdecoadd AN seh@sia dath eteoednicoogéd iiideandirat Eablopudt midhe sevehd

interface for capacitively coupling with the second ESB on the ESB.card. 20
19. A nodull BRIk GdirRereia the S ep SR ehtionics CAEl isroon %F?éeéﬁﬁftragg‘&h of

the pluralehdiVedhrdibof Gid £RE EANCRIHR FOENCSEFarReIGARAS trhffiGedl¥ddaRoRERVI di NG
capacitive coupling to the respective first or Second ESB, wherein the ESB
card inclthdeecond LiAMsporpl ural ity of capacitive devices being connected with
the first ESB, providing capacitive coupling to a 25 correspondi ng
plurality of the electronics cards in the stack, and a second plurality of
capaci ti vey. devA eesduleadtgrdignecihidd 19y whertineths Aot kS8 1gnpowdidal stjape,
capacitiv %gépiingg%o the corresponding plurality of electronics cards in
t he stackiieTpguie GPREPHEEST ding to claim 17, wherein each Ethernet

swi tch card CoppRiiep ofBard QEcRE iaigel RIRL AR RATARE hbkdlg/oC@ERRIIeM th a
d'ffeﬁfnt Ethernet swtch card to provide
an

a respective one of a corresponding plurality of Ethernet switch cards for each

respective one of the plurality of card stacks.

18. A module according to claim 13, wherein the first and the second Ethernet
15  switches comprise first and second ESBs, wherein the Ethernet switch card comprises an
ESB card, and wherein each electronics card within the stack comprises a first Ethernet
component and a first Ethernet interface for capacitively coupling with the first ESB on
the ESB card, and a second Ethernet component and a second Ethernet interface for
capacitively coupling with the second ESB on the ESB card.
20
19. A module according to claim 6, wherein each Ethernet interface of each of the
plurality of electronics cards comprises a capacitive device providing capacitive coupling
to the respective first or second ESB, wherein the ESB card includes a first plurality of
capacitive devices being connected with the first ESB, providing capacitive coupling to a
25  corresponding plurality of the electronics cards in the stack, and a second plurality of
capacitive devices being connected with the second ESB, providing capacitive coupling

to the corresponding plurality of electronics cards in the stack.

20. A module according to claim 17, wherein each Ethernet switch card comprises an

30 Ethernet interface capacitively coupled with a different Ethernet switch card to provide



- 15 - connectivity between associ ated LAN conponents in each other of e
plurality of card stacks, 21. A nodule according to claim13, wherein the
first Ethernet switch |located on the planar Ethernet switch card is a first
ESB, wherein the second Ethernet switch | ocated on the planar Ethernet
switch card is a second ESB, the nodul e further conprising: a
plurality of hays each containing a-~ Pur al i ty of electronics cards and a
respective Ethernet switch card including a first and a second ESB;

e SRS R SERR LA be e BB BT B Gl v

associ at egekg) ural i ty of electronics cards, and at |east one addl t| onal port
configured for bay to bay connectivity. 22. A nodule according to claim
13, further conprising: a plurality of bays each containing a

plurality)of glRGIIONERiEALITaimd T, %E{%ﬁ{ ¥ §irdk I QRENG it Wchfed ondhd. and a

pair of Ethernet swtches contained wthin the respective Ethernet swtch
card;5 planandithera¢tiswitale harBtihe fine ESBwivhersinohe s¢voneg Ethernst sWEtdhelopaed emi t ches

within e e he t f conpr.i.ses a first port,
a second&%g)la[n%sﬁt%g}ngt Sp lﬁcﬁa 1s5 Cog%gggi %‘ﬁé‘f‘%ﬁ})@?@éﬁ“ﬁ%’g?lggn the first
port of a firspluElinesfielys SWhtdbhtaﬁﬁng dplupdity ofodledohies B&ts wad zci‘bepeﬁﬁi;?a 1;] irst
of the plLyralit f bays i.s cq V\nthaflrst Et hernet switch of the
pair of Eﬁﬁ @%’/“ dg‘ﬁ‘élé‘d‘é‘gaé-ugté‘e AgeOrdERB: plurality of bays to provide
bay-to-bay coph&efl sath ¥:S8f conf}Ristd & plurdiiMNor PO &dntigha féleFeQ@iQH%QHfﬁQf the
first Ethernet swtch of the pair of Ethernet 25 switches of the first of

the W ur&pmt ¢ @frreémnsimgs paly eof wpitsh for ftha sespgativer associated trlrabty ©he pair

of Et her %y s t %J&@,haélﬁfax g%t%héﬁﬁicﬁ&oﬁaﬁ"ﬁoﬂ? L&{nglu}etdyforoga}ng‘%gy E&nggtgl\fl!yde

connecti vi

22. A module according to claim 13, further comprising:
a plurality of bays each containing a plurality of electronics cards, a respective

15  Ethernet switch card, and a pair of Ethernet switches contained within the respective
Ethernet switch card;

wherein each Ethernet switch of the pair of Ethernet switches within each
respective one of the plurality of bays comprises a first port, a second port, and a plurality
of additional ports;

20 wherein the first port of a first Ethernet switch of the pair of Ethernet switches of
a first of the plurality of bays is coupled with a first Ethernet switch of the pair of
Ethernet switches of a second of the plurality of bays to provide bay-to-bay connectivity
of the first LAN;

wherein the second port of the first Ethernet switch of the pair of Ethernet

25  switches of the first of the plurality of bays is coupled with a first Ethernet switch of the
pair of Ethernet switches of a third of the plurality of bays to provide connectivity with
the first LAN;

wherein each separate one of the plurality of additional ports of the first Ethernet
switch of the pair of Ethernet switches of the first of the plurality of bays is coupled with

30  aseparate one of the plurality of electronics cards contained in the first of the plurality of



wherein each separate one of the plurality of additional ports of the first
Et hernet switch of the pair of Ethernet switches of the first of the
plurality of bays is coupled with 30a separate one of the plurality of

el ectronics cards contained in the first of the plurality of -16- bays to
provi de connectivity of the respectivggglurality of electronics cards with
the first LAN, and wher ei n each separate one of the plurality of
additional ports of the second Ethernet switch of the pair of Ethernet
switches of the first of the plurality of bays i oupl ed i t. arate
one. of & nEsi0 P opRleils of i BebdycRBiy of e Bt il B TR fe
pluralityrLaN;bays to provide connectivity of the respective plurality of
cards with the second LAN. 23. A subsea el ectroni ¢c_nodule for use as _a

subsea el ectr oWh‘?;reWDEﬂﬁhegePﬁateaﬁn‘?LGﬁﬁ%FePM%l'éy qf| aflditiomat parts of theyseqond
conpri Si Nfihermet switch bf J(;lh'i:tpa‘i"’lngf Eth%lﬁﬁp BitdHae ¥ tlgé fift %?&l’#lpﬁllﬁ_ra(liltyb%g R{ljﬂ jgnabl e

communi cation wmthin the subsea electronic no _uI e; a housi ng; one
or nor%e beypledosith b semdateiond phHtheldutabiysifredgctronich cardh eomsrisedm o figstisdy s

i sing: 15a.pl i f. sub ji al I l ect ' d h
cards. o Srgauei® of ol lbrdlich CORBEILT ! e ReDRAle BEHS iR A e o

subst ant i @cbiyd paNal | el to, and coaxial wth major faces of the other cards
in the stack, and a substantially planar ESB card orientated
relative to the stack such that its nmajor faces are oriented substantially

paral l el 39 a gBibsaXichcRbnit hBodtiaCkr aRE & Hhe@enakletRodib ne i itentagt | on of

the major faces of the electronics cards within the stack, the . ESB
card Bbnpwidsiwaeraldid extracieBwelndanguiseg:t o control traffic on the first LAN

and the second ESB configured to control ffic,on nd AN

each of the pl auggﬁnf&;a %efcgré# @8%lra5?ﬁ & %rgr(%ss\&\ﬁé%ﬁ%bgel °r?8““§‘?‘§ ‘?artllltgn Is—fﬁwlerf trlllgt
conponent sudb¢h dediiohRtmdduls aneusingt@df ace for capacitively coupling with the
first ESB on the ESB card and a second Et her net conpgnent and a second

Et her net i nt er Pc¥ RaI5R3Y6 iR?é‘It19n‘?,doWﬁF’é‘o‘ fiboHs I eagh © ?kf PR RAYES
card, andcomprising:the first and second Ethernet interfaces each providing a
capacitive coupling to the respective first and second ESBs on the ESB
card.15 a plurality of substantially planar electronics cards, the cards arranged in a stack

such that major faces of each card are oriented substantially parallel to, and coaxial with
major faces of the other cards in the stack, and
a substantially planar ESB card orientated relative to the stack such that its major
faces are oriented substantially parallel to a main axis of the stack and orthogonal to the
20  orientation of the major faces of the electronics cards within the stack,
the ESB card comprising a first ESB configured to control traffic on the first LAN
and the second ESB configured to control traffic on a second LAN,
each of the plurality of electronics cards comprising a first Ethernet component
and a first Ethernet interface for capacitively coupling with the first ESB on the ESB card
25 and a second Ethernet component and a second Ethernet interface capacitively coupled
with the second ESB on the ESB card, and
the first and second Ethernet interfaces each providing a capacitive coupling to

the respective first and second ESBs on the ESB card.

30 24. A module according to claim 23,



wherein the liousiig includes an elongate main body in the -formof an

el ongate cylinder with a substantially circular cross-section receiving
sai d ESE card; wherein said ESE card is |located in a space between
said el ectronics cards and an inner surface or an elongate main body of
sai d housing, thereby m nim zing distance 5between the ESE card and each of
the plurality of electronics cards; -dnd wherein the main axis of the
stack is substantially parallel to a Iongitudinal axi s of the housing or

the modul ul SLaim 23, 19 the h
ncl udes. an o BAEAES HPBETUFH T b s Fielt Sol BRI FRBGE wi th a

subst ant ¢yainldyr with £ WtRfanEAIBSSCERE EloSsd 86 ElevéinBg SAHE SBSargar d wher ei n
said ESE card js |ocated in a space between sald electronics cards and an

i nner sur f aceVedreianaid Byt eard isdaraichindyspase kedvernngitsel ergronich 6adpgndithi ni zi ng
di st ance; et WeeRe to?%nﬁ?ﬁmg%%r HafRN6bds G sa E& holeneP ik ady) gﬁﬁﬁﬁz Qim0 CS

cards; and 1bwherein mai N axi s"stack 1s substanti hogonal to a
IongiiudbﬂabmahcESBmauhmdhad&MngpmNﬂM£omﬂdmbamsc@ﬂ&zmdnndule according to

| 23, wh h l.ud d
CLa 25, ML D SRER SELITE 5558 B 5P BRSO

oper at e hehoess 6fthé hediwedul e, wherein each SEC interfaces with both the
first LAN and the second LAN, wherein the first Ethernet interface
conprises a first LAN port, wherein the second Ethernet interface conprises

a secondr4 AN RfdauleRE MBS LRI g SEC of each el ectronics card is
configured so that traffic received through the first LAN port is processed

sepat@tel y frwohereingh¢ housineciochndes mhdou@he hin b@lyomdhtﬁcmnp@hn elopgate A nmodul e
accordi n%yl{nﬁ vlvﬁ’h a su%"s%tanm%rcei\rcuiﬁ %)e% 1(') nl%celvzlg S'fn qi%gi nga"r‘(“fI i nal shape, the

nmodul e f er conpriern car arranged al ong a
| ength of t hewhmuslsmg EﬁB tdre 1sfﬂbchlé(91;n a space between said electronics cards and an
inner surface of an elongate main body of said housing, thereby minimizing distance
between the ESB card and each of the plurality of electronics cards; and
15 wherein the main axis stack is substantially orthogonal to a longitudinal axis of

the housing of the module.

26. A module according to claim 23, wherein each electronics card includes a single
board computer (SBC), wherein each SBC is configured to feed electrical drivers to

20  operate devices in the module, wherein each SBC interfaces with both the first LAN and
the second LAN, wherein the first Ethemnet interface comprises a first LAN port, wherein
the second Ethernet interface comprises a second LAN port, and wherein the SBC of each
electronics card is configured so that traffic received through the first LAN port is
processed separately from traffic received through the second LAN port.

25
27. A module according to claim 23, wherein the housing has a longitudinal shape,
the module further comprising:

a plurality of card stacks arranged along a length of the housing of the module;

and

30 a respective one of a corresponding plurality of ESB cards for each respective one

of the plurality of stacks.



and 30a respective one of a corresponding plurality of .ESE cards for each
respective one of the plurality of stacks, 28.A nodule according to claim

23, further conprising: a plurality of bays each containing a
plurality of electronics cards and a respective ESB card including a
plurality of ESB; wherein each ESB conprises a plurality of ports

configured for receiving tr froma cdr1r8e‘spondi ng plurality of ports for
tile respective associated plurality of electronics cards, and a plurality
of additional ports configured for bay to bay cormectivity. 1029. A nodul e
according to claim 23, wherein the one or nore bays conprises a

pluralityz®f bawnsodeRClcditeab Riang 23, Sepal@hdrigingr al i ty of el ectronics
cards, a respective ESB card, and a pair of ESBs contained within the

respective ESB: Plaraity offayerarhaaptpinmgpa pluralify ohelpeirapicscands apg f FSRCENE h
respectiv i of bays conprises a first port, a second
port, andggﬁg?ﬁ?{éilﬁlggg:"”é%i}?wg%gl ports; wherein the first port of
a first ESB ofwhéreinpach ESB d&BBsisef a aluralitg tof pbrts henfigucadafor receivingoizatfici s

0 lurality

coUDL 0 YA B, SR, ShudE e o T RGP, BORIR)
wher ei n t fectfRe@nearBYr indfa phealftyr 6t BSBodl pheés RBhfig@Ed HEEBa9 td hayf i r st
of the 20plurality of bays is coupled with a first ESB of the pair of ESBs
of a thir¢ePBeEctVME- plurality of bays to provide connectivity with the first
I AN; wherei n each separate one of the plurality of additional ports
of the first ESB of the pair of ESBs of the first of the plurality of bays
i s colpl ezb.wi t A modebpmreadagdnelagh 28he plurality of el ectronics cards
contained in tvblﬁergiinr (t: o(r)lfe otr hrr?org Ibli!lg/g Ici)rgl risoefs abglﬁaligyp of i)%\/si gaech containing a
separate plurality of electronics cards, a respective ESB card, and a pair of ESBs
contained within the respective ESB card;
wherein each ESB of the pair of ESBs within each respective one of the plurality
15  of bays comprises a first port, a second port, and a plurality of additional ports;
wherein the first port of a first ESB of the pair of ESBs of a first of the plurality of
bays is coupled with a first ESB of the pair of ESBs of a second of the plurality of bays to
provide bay-to-bay connectivity of the first LAN;
wherein the second port of the first ESB of the pair of ESBs of the first of the
20  plurality of bays is coupled with a first ESB of the pair of ESBs of a third of the plurality
of bays to provide connectivity with the first LAN;
wherein each separate one of the plurality of additional ports of the first ESB of
the pair of ESBs of the first of the plurality of bays is coupled with a separate one of the
plurality of electronics cards contained in the first of the plurality of bays to provide
25  connectivity of the respective plurality of electronics cards with the first LAN; and
wherein each separate one of the plurality of additional ports of the second ESB
of the pair of ESBs of the first of the plurality of bays is coupled with a separate one of
the plurality of electronics cards contained in the first of the plurality of bays to provide
connectivity of the respective plurality of cards with the second LAN.

30



25connectivity of the respective plurality of electronics cards with the
first LAN;, and wherei n each separate one of the plurality of
additional ports of the second ESB of the pair of ESBs of the first of the
plurality of bays is coupled with a separate one of the plurality of

el ectronics cards contained in the first of the plurality of bays to
provi de connectivity of the respectrﬁg'plurality of cards with the second
LAN. - 19 - 30. A nethod of providing comruni cati on between cithin a subsea

el ectronic nodul e . for .an underwat er .fl ui xtraction 1. .conprising the
Steps. of 30 TR i o g e LB R i on help e Comamen v inif FoatsE "The
housi ng ¢lB@tdae MEdAO fRlaR REddrRatdRiBidRRENCction NS el thefefd ngat e cyl i nder

with a substantially circular cross-sect ion; ﬁroyid[n a plurality
of substant i aPPyidzandeudngef poibies dentigsicadegrinbal the hewing siclusingoper at e

devi ces &l@néfft]cem %ﬁ?iﬂh@?&fg{)& : %Ildr?%?tlﬁg:?]gnder with aas‘hﬁﬂﬂ?:ﬁg? chlbfallidsal 1ty a

el ectronics cards In"a stack w ousi ng suc maj or faces of
each Tarskcto® ori ented substantially parallel to, and coaxial with, major

10 f f the ath ds in the stack h the plurality of electroni
carde el udi W5 8 gD PRt e Bt G P MBI ool cr  ace

t br coupbpeige dbtikesan ficlsGbscESRBc@shiés modsé;ant i al |y planar Et her net
swi t chbl ade (ESB).card and including a second Et hernet conmponent and a

second Et her n¥taBedrs Brelinet denionica gards ima stadewshe tehousine weh #3B car d;
15est abl jugiok M5ked of A Al drPors@EQNibbaf@ iy A5aeael &5, Rl Ko kkifiNyith Om&ioRb! €

communi catlon within the subsea el ectroni ¢ nodule, the step of establishing
i ncl Wi nipceshe! the etheofeards aw it sierkt hachEBB pbarldy of lslecESBec eards owhyplitigsa ng t he

first ES fi red to praovigde r contrpl eof traffic.,on.th irst LAN and
he: secont P Letnden b0 68, bREEPRIREC B sbbire il f A BB 4r2h s coond
LAN; 20pasktahthaiynglatds EtSBetcavitthblada (BPRIC earb eindeatludiag & statk Eternet

el ectronics card gnd an jnner surface_of the el ongate i n body of said
housi ng, C%E’né‘gr"di‘%t?eﬁeﬁ%“ 'iheWFte!atqr@F%fqr\F@u@wgt‘ﬁ%h 3 psrond Esthon ﬂ%ﬁESﬁ s mgj or
faces 31Gr@riented substantially parallel to a main axis of the stack and
orthogonal to the orientation of the nmajor faces of the el ectronics cards
wi t hin the stestablishingrabiyrsin anidniazisergndi bcalnceca etwasken (ltAl) BSBepahe and

each of (e 2apkMhal Y (R sHhEF HeANHS nfEALAS 1R WerPL P Mg ARGRY ¢ e el

managenent ;
the step of providing the ESB card, the ESB card comprising the first ESB configured to

provide for control of traffic on the first LAN and the second ESB configured to provide
for control of traffic on the second LAN;

20 positioning the ESB card in a space between said stack of electronics card and an
inner surface of the elongate main body of said housing, ESB card being oriented relative
to the stack such that its major faces are oriented substantially parallel to a main axis of
the stack and orthogonal to the orientation of the major faces of the electronics cards
within the stack, thereby minimizing distance between the ESB card and each of the

25  plurality of electronics cards and providing enhanced thermal management;

capacitively coupling the first Ethernet component on each respective one of the
plurality of electronics cards with the first ESB;

capacitively coupling the second Ethernet component on each respective one of
the plurality of electronics cards with the second ESB;

30 managing and routing traffic on the first LAN using the first ESB; and

managing and routing traffic on the second LAN using the second ESB.



capacitively coupling the first Ethernet conponent on each respective one
of the plurality of electronics cards with the first ESB;

capacitively coupling the second Ethernet conmponent on each respective one
of the plurality of electronics cards with the second ESB; 30managi ng and
routing traffic on the first LAN using .the first ESB;, and nmanagi ng and
routing traffic on the second LAN usifg the second ESB. -20 - 31. A

met hod as defined in claim30, wherein each el ectronics card includes a
singl e board conputer (SBC), wherein each SBC interfaces with both the
first LAN and the second LAN, wherein each el ectronics card includes a
first LANBIpor tA assiari stdetined trhclainf B0, svhecdipaait dectabaios cerd ipclodesci siggle

eSact at i PAMEGeOHO. cdgE ere HEUREEa §0f apRgPEdRHc SNV CBtipl i ng

to the second ESR, whaRiMBiR0kd Rl EAGRARALSI NEt they ?&1@ Rssdtiated with a
processing traffic received through the first LAN port of each respective

el ect r5on| t canaditeregryicet rgviding rmapacativei eoupling ity dle lﬁlfﬁ’fcﬁﬁﬁ) aeinglidesna LAN
pOf t. seg? 15 ﬁ p%ﬂd ?S%?Clgt%{ll \Q%ﬁl é{ g c%h@ ! g&théMa {;lgé Splrot}ﬁllgs @ftLQe

i ncl udes s F'ura capaC| rve VI ces e| Ag conn wth the
first ES&ouphmgllodhm@comDESBluhvmea:lmdmlﬂlm cbmpﬁsmglthemqqudl ng plurality of

t he el ectroni cs car.ds | the sta f ca C|t|ve
devi ces bei ng RIBTFHEEE ﬁft‘?‘?c‘?lﬁ%dc%ré’ligtﬂ tE% rsb ‘H’S (glaéao? f‘?SB 38up| i ng
15t o t he ganfoarRendiseghrbyr A Erﬁffﬁ:freﬁlﬁatth&ﬁ%l‘i&le%@é(ﬂﬂ LIANGbe. stack. 33. A
nmet hod as defined in claim30, wherein the ESB card includes a first

pluraldity of capacitive devices being connected with the first ESB,

providin K Lapag (?&étﬁlo% efso(ﬂi? In%:(ﬁ" ﬂkélgm?‘ é % %ﬁe?élﬂqgéjEP%rogi'&an@fuhéy zé gf'st ;nﬁalit .

el ectronics car ‘a secon Ity o capacitive

devi ces bl dagaditivindsiced beingvohixetciewdin theHSS, ESBppnodld!i@ cappative caupliogupl i ng

to the Cograec%%%gp%ng%g plhﬂ'gll?tlylof ¥heoeflecet'\r|0%ﬁ:g rc0 Isg:nS th(é% agl? and atsggon%tp?&rléﬁty of
capacitive devices being connected with the second ESB, providing capacitive coupling

15  to the corresponding plurality of electronics cards in the stack.

33. A method as defined in claim 30, wherein the ESB card includes a first plurality
of capacitive devices being connected with the first ESB, providing capacitive coupling
to a corresponding plurality of the electronics cards in the stack, and a second plurality of
20  capacitive devices being connected with the second ESB, providing capacitive coupling

to the corresponding plurality of electronics cards in the stack.



