Title of Invention: A Mdular, Distributed, ROV
~Retrievabl e Subsea Control System Associ ated
Deepwat er Subsea Bl owout Preventer St ack

Uk atl on
T‘“%E{F&X n: g E%d“@” DR q aé?gié %“r?g e, irgl System,
rel ate to of fa¥f8fFiat qu\"ﬁﬁr Hgsfeﬁtq geut v%e[:eSetack onfiguration,
specifically and M \Mﬁeer subsea bl owout preventer
stack configuration and its control system
Inventarhi t ect ur e, GraspstRegnolds er f ace, and oper ati onal
paranet ers. BACKGROUND OF THE | NVENTI ON [ 0002] When
FIELD OF THE INVENTMBNr froma floating drilling vessel,
a bl owout preventer stack (BOP Stack) is typically
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BACKGROUNDIOE THE INYENTHONt ure has renai ned conmon
for nore than two decades. (0003] The BOP Stack is

guoﬁzqyedeﬁn driflitigde daepveaérSrdrn adlvating ritling weesel, aclowowt preventer
rilling operations and provide a neans to both secure
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osi'ng sition due to automati'c station
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'S t |caII arranged in tw sections, includj
Alt w;g@ype@@efq &mwaagpmmmﬁ% cmworﬁm@é] beis, reentry guidance
provides an interface to a nmarine riser via a riser
systersptlead | kzaring decampongrtst epd ofontiek sysisrisghaverheer jupgraded for the
adapter is secured to a flex joint which provides

opeRatitula PreqidsemNthe ofe@ll soitemfarilitetfife Hegremame( L8nmdrofor more than
conpensate for vessel offset. The flex joint assenbly,

twd dechddsn, interfaces with a single or dual el enent
hydraul i cal |y operated annul ar type bl owout preventer
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drilling operations and provide a means to both secure and disconnect from the well in the
advent of the vessel losing position due to automatic station keeping failure, weather, sea
state, or mooring failure.

[0004]) A conventionally configured BOP Stack is typically arranged in two sections,
including an upper section (Lower Marine Riser Package) which provides an interface to a
marine riser via a riser adapter located at the top of the package. The riser adapter is secured
to a flex-joint which provides angula.r movement, €.g. of up to ten degrees (10°), to
compensate for vessel offset. The flex-joint assembly, in turn, interfaces with a single or dual

element hydraulically operated annular type blowout preventer (BOP), which, by means of



| the radial elenent design, allows for the stripping

of drill pipe or tubulars which are run in and out of
the well. Also located in the Lower Marine Riser = -
Package r se n)_ .Ls.a draul i ca
the ra@aafgﬁewsi et oSG pt e s bUTRiee & ligrephich ace run o
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the véllboke.col utm dependi ng on which individual ramis
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to.allow for operating pressure increase/decrease for
moupied galeyalyss; c,T?'e stack mpauniad gate valyasrase ararged U ghe @RLstagk column at
the unitized BOP Stack. These val ves, when commanded
varigusqrasitions adlowinge cirailatioar thiough abe BOR [Syackrcoddmn tdepending on which
hydraulically direct pressurized hydraulic fluid to
indivtitheal frarnds tlosedsel ected. Hydraulic fluid is supplied to
the BOP Stack via a specific hydraulic conduit |ine.

I(K)OGEV N The hlﬁltleeé}' BOP Sta%k ?src%ﬂtrﬁﬂe aLEbr} system containing
stack-mounted accunul ators, supp y t inet
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increase/decrease for the hydraulic circuits which control the functions on the unitized BOP
Stack. These valves, when commanded from the surface, either hydraulically or electro-
hydraulically direct pressurized hydraulic fluid to the function selected. Hydraulic fluid is
supplied to the BOP Stack via a specific hydraulic conduit line. In turn, the fluid is stored at
pressure in stack-mounted accumulators, which supply the function directional contro! valves

contained in redundant (two (2)) control pods mounted on the lower marine riser package or

upper section of the BOP Stack.



(0007) Currently, nost subsea bl owout preventer
control systens are arranged with "open" circuitry
whereby spent fluid fromthe particular function is
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particularly in the control system conponents and
paramétewsf ace. [ 0010) Al t hough redundancy provisions are
provi ded by the use of two control pods, a single
[000Y] f aRkdenedédpwaitdriievelopmestadonpnidments fhane plaoed increased demands
interface is considered systemfailure necessitating
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rlse{ package, okt?| ing the control pods, or t
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[0012) Running and retrieving a subsea BOP Stack in

religibipuparticulaglyan shegeanfrobspsteneeaamponenistand juedanei al f or
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i 0000}V ed Allthotgheredpadanty @rovisidr30ira pravidealdaly theaise of ¢we ebntrol pods,
configuration, size, capacity, and handling equi pment

a si@f PARNfSLATR difhRl bonttd) Pof 3P FandtidnARFhes issdoREidere@ngstem failure
mai ntain the | arger nore conpl ex subsea 3

necessitating securing the well and retrieving the lower marine riser package, containing the

control pods, or the complete BOP Stack for repair.

[0011] Rctricvihg any portion of the BOP Stack is time consuming creating “lost
revenue” and rig “down time” considering the complete marine riser must be pulled and laid
down.

[0012] Running and retrieving a subsea BOP Stack in deepwater is a significant event
with potential for catastrophic failure and injury risk for personnel involved in the operation.

[0013] In addition, vessel configuration, size, capacity, and handling equipment has

been dramatically increased to handle, store, and maintain the larger more complex subsea



BOP Stacks and equi pnent. The configuration and
pressure rating of the overall BOP Stack requires
substanti al structural nmenbers be incorporated into

the ;assenbly design to alleviat bendi noaent
BOR et At e ehyiEpirioh ahd messEins e B g cygrall BOP Stack
Interface area between the, Lower Marine Ri ser Package .
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LowashRiint iRiser Pdtkage andBOR StadoRSfterfacTP Theset stab lbtedddes may see in
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Fig. 1 is a viewin partial perspective of a subsea
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BRIEF DESCRIPTION OF THE DRAWINGS

[0001] The various drawings supplied herein are representative of one or more
embodiments of the present inventions.

[0002] Fig. 1 is a view in partial perspective of a subsea BOP Stack comprising a

riser connector, a BOP assembly, and a modular retrievable element control system;

[0003] Fig. 2 is a view in partial perspective of a riser connector;
{0004) Fig. 3 is a view in partial perspective of a riser connector;
[0005) Fig. 4 is a view in partial perspective of a control module;
[0006] Fig. § is a view in partial perspective of a control module mated to a receiver;



[0007) Fig. 6 is a viewin partial perspective cutaway
of a control nodule; 100081 Fig. 7 is a viewin
parti al perspective of an interface between a stab of
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present inventions conprise elenments that, when
modids endbtescivanoh aBiQR seemblipanth a reconfi gured subsea
Bl owout Preventer Stack (BOP Stack) | including
(000%dul ar Figl 8iiey Abehae] chamrxemphiry mlethmyiaif @se.200.
Variations of the architecture and conponents of
3 N Rﬂ*ﬁ@l‘@(ﬂﬂ errent control system 200 may be

ﬂ#‘?b Figrige. production
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100, and wel | head connector 50. 100181 BOP assenbl
assqrobledl nod waiized.dorm ol reepadigheed sabepaBigwout Breaerrsﬁre&eﬁfr/ ROP Stack) 1
enbodi nent, are arranged in a vertical array and
incmdiaigtmomdak @thevabletelenwent bentpdsysten 280, Manatiowmof tha etrhitecture and
control nodule 200 controls, such as hydraulic

corﬁﬁ&ﬁhﬁs%&md@%ﬁ&ﬁbﬁml%eﬂ%hﬁ@i sysieR200EmaP Be atilizdd¥ubsea, €.g. in
preferably include materials that are conpatible on
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100 i r ed ept. and al l ow t he use
SROEL: ? rbapeciEmed RebrORER: b&fﬁ&cﬁrromm Se5 G651, FTior 10, BOP
are rermtely operated vehicle (ROV) retrievable (the
asseoily; K0, aad weldgedicannestorSPgur es). The use of this
nodul ar distributed control system architecture in
si#i8} BBOPStaasimtippl M dvdludes ebntwls miodniesh200 that, in a preferred
re-configuration of existing BOP stack arrangenent

emBESh@AE alLarfABUE th Aeerobdl anay asdpasigoriedyadjadenthe the particular function
[ nt egratr on and unitization of the elenents required
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e unltlze and nay -cofipri se el enents such

mc@g‘eh%@ hgﬁsegge:?er%ﬁ% glrlcbpcg E Isa\@g%%\% I?lipfgﬂpesgr‘? both the galvanic

and galling scales and be suitable for long term immersion in salt water.

[0019] BOP assembly 100 is configured to accept and allow the use of distributed
functional control modules 200 which are remotely operated vehicle (ROV) retrievable (the
ROV is not shown in the figures). The use of this modular distributed control system
architecture in subsea BOP Stack applications allows for the re-configuration of existing BOP
stack arrangement designs to reduce weight and complexity in the integration and unitization
of the elements required to form the overall BOP Stack 1.

[0020) BOP assembly 100 may be unitized and may comprise elements such as a

hydraulic connector to interface to the subsea welthead, one or more blowout preventers 115



5 (e.g. ram'type bl owut preventers), annular 110 or
spherical type bl owout preventers, a plurality of
hydraul i c connectors to interface to a marine riser
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assenbly 14, and nulti-bore connector 15. Flex joint
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mul ti-bore connector 15. One or nore flex |oops 12 nmay
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riser adapter 11. Miulti-bore connector 15 provides an
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00 may be further adapted to recerve one or
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(not shown in the figures). In a preferred
¢.g. killvandfareehokerlineer mayrieepitesent 128 welhpas ivasgsusnentasl paviiveays such as
MJX cabl es 26 and hydraulic conduit hoses 25. R ser
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receptacles for choketkill, hydraulic, electric, and
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b
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O running.

[0024]  Referring now to Fig. 2, riser connector 10 is typically adapted to provide a
connector, such as riser adapter 11, to interface with a marine riser (not shown in the figures).
In a preferred embodiment, riser connector 10 comprises one or more MUX cables 26 and
hydraulic conduit hoses 25. Riser connector 10 may also incorporate integral connection
receptacles for choke/kill, hydraulic, electric, and boost line conduit interfaces. In a preferred
embodiment, riser connector 10 is configured with connector 15 as a multi-bore connector

rather than single bore connector, although either configuration may be used. This allows for



6 riser connector 10 to absorb | oading and separating
forces as well as bending nonments within its body
where substantial section nodulus exists. Further, it

riser GhEASERO s ﬁ%e dadifg afld scpuitih@ foread ashvadll asl&lnﬂﬁlg moments within

ucture to alleviaté the potential for separation of
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ea met mat eabl e Cﬁnnector
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substanis! FabeiRted SiTnalotede a0evAg i pataniak BirigPaepfort S £ difing a high
“assenbly 100 (Fig. 1). This interface may be used to
pressugpé.g. \enbX0 (Figl/lor conmuni cations to control nodul es
200 (Fig. 1) located on BOP assenbly 100. In a
RoEdsyr 1 el £ phdetisieahbodifentyont be mars subseadvet trgateable connectors 21
interfaces, such as choke/kill, hydraulic, electric,

Fdinfekfacing eI BOTe gsseMbBNEO0 (Fig. 1).
mqgg lgﬁg%edfmn??rsgjpﬁg%ﬁﬂgtorn 3 80261 In certa?ﬂ (Fig. 1

g HREMITS b HAER SOREFESSS ol Fﬁ%ﬁt@?ﬁa‘s‘@@ U 0
o o o SRS BB  h Bivere an

riser connector control nodule 28 may all ow contrql
intepfaces, seich camchokeskilll hydranlic.owlsetnearand e begste Maya bk fdjeconnected or
functions independent of the BOP stack in the event
recériiRci¥lih bfe bpEtionficin rizer ebnneaonBrt ed from BOP st ack
100 (Fig. 1) and pulled back to the surface. 100271 In

f}[gﬁi@if er [:f ferfiitd RALBBMentsS ¥R&GCHNALAEE 10 MhfiSalsd® thvdlwdelriser connector

provide for connect i ons such as el ectri cal
nec Ofand sub. lectroni

corfff BT 28 TRSh Tetpnfies e 8P Hork e oBAES Oland supyss electronics

retrlev bl e control .mdul es, 2 Suc
mofisle WGk BVAy BRLPISETa I IWBRHCB RN I ISP Rt R “‘B' control module

[00281 In a preferred enbodi ment, subsea electronlcs -
28 roajulalow7 conteali efe Hsesneonmector 18 and hevsrr B@ERE (SSHRYEkage functions

mul tiplex cables 26 to a |ower marine riser package

indepéndent eHiht BOR swck in thereventi the marioe miset st digeannected from BOP
maket break el ectrical connectors which may be

staa{ mﬁ(mg B #id pafled BRX (Behd AkRGE.al to riser connector
.g. Via pressure balanced, oil-filled cables.

[0027] In a preferred embodiment, subsea electronics module 27 may provide for
connections such as electrical connections and may be equipped with connector receptacles
for interfacing to ROV devices, e.g. ROV retrievable control modules 200 (Fig. 1) such as to
facilitate control of riser connector functions.

[0028] In a preferred embodiment, subsea electronics module 27 provides one or .
more interfaces from main multiplex cables 26 to a lower marine riser package which

contains multibore riser connector 15. Wet make/break electrical connectors which may be

present, e.g. 21, may be integral to riser connector 15, e.g. via pressure balanced, oil-filled

cables.




7 (0029] Apron plate 30, which is of sufficient area
to provide for nounting of junction boxes 27, nmay be
present to provide a transition frommin nultiplex '
r ol I nnectars.ta.the wet mateable . . .

15| ABRR ater Sl VRiebri B hilptie8 45 imcbEiRe 181 meppking of junction
an ot her signals to riser connector control nodule
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apron plate 30. In a preferred enbodi nent, two
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each may be distinguished fromthe other, | abel e
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diffegsmt golgesy Apgem plate 30 may betattrchied do Bhidelinesless reemtge Ginnel 16 (Fig. 3).
assenblies for connection of lines 120 (Fig. 1)
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Fig. 3, riser connector 10 interraces w
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adapfef 1 Gpefining KickFov el cpremreiesfon cgBneson pi o 20 (Fig. 1)

. be further adapted to provide nounting for chokelkill,
interfagingwith the Toppine cisen 6.2. oroied haed piper flaw-danps dbatonterfanel choke and
stabs, and the |like, or a conbination thereof. [0032]
kill line 120 po gfeanaiadnaineatderrent , ri ser connect or nmandr el
flange 23 is of the APl ring-groove type and

0031 f aReferrig Hovd tcmﬂ§ 31 AerfcoAnGfor 1ol iﬁi%{/ﬁgé??r(girtﬁ BOP assembly 100

| ower connecti on of | ex joint assenb

(Fig.aﬂ?%%ﬁé’rggiqsghéﬁgtr?cee(ij\?eéﬁﬂs?cgﬁmlgylﬁrarHil 86’}91%&0? 5%%1%3@5 Connector

nmoun marine rise

) i.del i ne-less .r iver S ly 24 conprises
R TR R T N A AR T—
reentry receiver 17. Milti-bore connector 15 nmay be
ﬂangaﬁsamlggla may l}eeélrtggr adapted to provide mounting for choke/kill, hydraulic, MUX
cable, boost, electric connectors and stgbs, and the like, or a combination thereof.

(0032] In a preferred embodiment, riser connector mandrel flange 23 is of the API
ring-groove type and interfaces with a matching flange which forms the lower connection of
flex-joint assembly 13 or additional elements, e.g. annular blowout preventers which may be
mounted on lower marine riser package .

[0033]  Guideline-less receiver assembly 24 comprises guideline-less reentry funnel

16 and guideline-less reentry receiver 17. Multi-bore connector 15 may be arranged to reside



8 in guideline-less reentry funnel 16 and
guideline-less reentry receiver 17 may be attached to
the top of BOP assenbly 100 (Fig. 1). In a preferred

i GRS RSB o OTELE Fngy b, vache
N i AT T T e——

orientati on dogs 20 and corresponding_ orientation .

funa¢l ok6s is2epnfigyrade with ed funoel pogian rthal dntesfaperewithra corregpending funnel
respect to BOP assenbly 100 (Fig. 1). This alignnent

portiyis bEgnidelimerldsTeanmrynecdivariZent ati on of nul ti-bore

connector 15 and its integral peripheral receptacles

Vioh 341 C O e RPRBH bhSH RN A6tidiathn ddd P ardTBbiftesbdRding orientation
e.g. hydraulic stab 18 and/or choke stab 22, during

s BT bR R bR o EARIBEEF 0P el o0 . 1.
o e R o RSB RO SRR s e

a preferred enbodi nent, the bottomor | ower flex |oop )
peripbenaé eedeplacte withhearrespending secapipelrs pHBO: assambhol00,3.g. hydraulic
e.g. a studded ring groove connection, via an API
stath | &agFor HoRa ¢thb R2f duririgngeritoy dperatiops. control nodul e 200
i ncl udes el ectronics housing 220 connected to
0P$INS TRE cdiiesioP Bpplet 3lanBé 6N miuRi-bdte &OAMBLRIraS @ b¥vof Bn API ring
or otherwi se connected to pressure conpensated
i f4h j ' 16 i C :
robfe {82, ihd SRUEHEE sl el g YBRUEWALR fohms 3RWEE connection of fex
. .plate nounted (SPM valve 224. In certain
J°"§H§odi ments, pilot valve 216 is adapted to interface
with and actuate a predeterm ned function of SPM )
V903 22In aeprgferigd serpbertiment, dhe bettomt piolpwerofigg joop connection 12
Hydraulic fluid is typically supplied to control
interfedes €0 200tiboee sopptipr 1Sarid ol sudizd. rigpigrocoe comdedtion, via an API
200 communi cates with BOP assenbly 100 (Fig. 1)
flang®; ough el ectrical cable 232 (Fig. 5) in
conmuni cation with wet nmateable connector 228. 9

[0037]  Referring to Fig. 4, control module 200 includes electronics housing 220

connected to compensator housing 222 which is in communication with or otherwise
connected to pressure compensated solenoid housing 218. Pilot valve 216 is located between
- pressure compensated housing 218 and sub plate mounted (SPM) valve 224. In certain
embodiments, pilot valve 216 is adapted to interface with and actuate a predetermined
function of SPM valve 224, e.g. via hydraulic activation.

[0038] Hydraulic fluid is typically supplied to control module 200 via supply
manifeld 226. Control module 200 communicates with BOP assembly 100 (Fig. 1) through

electrical cable 232 (Fig. §) in communication with wet mateable connector 228.



[0039] Control npdule 200 is connected to BOP assenbly

100 (Fig. 1) via stab 212 that includes a hydraulic

seal 210 In a preferred enbodi nent, hydraulic- seal
rises a nolded el astoner with an inte

W@?ﬂf or EPRERlmedple 28Ads connegted 0, BOF asambly 1) gb@ via stab 212

retained in stab 212 via tapered seal retainers which
that mchidss a dydraulic seal 2d6.cln a piefomtdembodinent, pydiiailie seal 210 comprises
machined into the stab port interface. [0040] In an

a mald@belas@er Withdiintegrab fshfBroidd ring| siémén) Hedrausie lsesl 210 may be
seals, mount into stab 212 and are p03|t| oned and

e 992178 G044 cHRUERSERRE By 60 P RTIY e thrad
b I k
profEFpaBiEg ﬁﬁ‘aﬁ‘aﬁfﬂ’gfﬁ e Gee ith hé"RL?Lﬂl ng ports.
contained in female receptacle 270 (Fig. 7) that are

0888 neln #m cmbedionans pslradicaseals 107 plsp geae%nw@a seals, mount into

connections. These flanged subsea connections may be
stab 22 andhext fositOAEl snd retaifibditge mackided asinterbore whidh isreymmon to the
be provided with weld sockets for pipe, screw cut for

hydriali portigntiecigh’ the dbdy i Sls 11Q2S SWhéeP1&6d, Ot ftab Einternal ports
JIC, SAE, or NPT) term nating nethods. [0041] In

contBhRgSIatRs R0 Cib rﬁﬁ?ﬂ Sind Wider IR WAR e ﬁ\gﬂ:ﬂﬁfg V\;gfrtszgo%tamed in female

conpri ses con ucto or plns to supply

recelgti ?317 {Fi r'{hqﬁgthaé%%laanﬁgi dlﬁs(lgcg{ochsgnljw}%Bg?ctsubsca connections.
Thess e qubees coateghians 'a%&fmfn%"a&e‘d?j@% SAEC i ffangenand fasteners and

requi renents dependi ng on the functional application
may be provddeshwith eldasockeg dbrepips.scrpwreuttfor fubigaionseiorsabn earious hose
224 may further include vent port 214. SPM val ve 224 :
conngétiors. (i.4) JIQ, BRIE; ak NPT) nerininktingandthedsged, ported body
cap or top nenber which contains an actuating piston

@081 [0NePprefifed drﬁﬁ(ﬁﬂxhézllts,p\%t%atﬁﬁﬂlt\! %ﬁm?eﬁﬁﬂ 228! Rn Y@.lsé’ Sonductors

216 may be sol enoid actuated and be a pr essur e
or pﬁxﬁ%’%ﬂm& %@we{" Ssl,, foltl]g%%'ih Eogginawlﬁgs &roE g@&ﬁ@ p‘r%ﬁﬂﬁ' contro! module
200. p[n flﬂlﬂg ?ﬁmﬁg tgq? gglgcﬁﬂscg)tr(cﬁmectu% n[xtf@{ﬁ%i{ngh \yl% may be included

[ranl fold 226 orting and arrangenent may vary for
for signal, omandef é)ﬁ;a peAuisition requirements depending on the functional application

of the particular module assignment.

[0042]  SPM valve 224 may further include vent port 214. SPM valve 22:1 (Fig. 4)
typically includes a flanged, ported body cap or top member which contains an actuating
piston and one or more integral pilot valves 216. Pilot valve 216 may be solenoid actuated

and may be a pressure compensated, linear shear-seal type arranged as a three-way, two

position, normally closed, spring return pressure compensated with a five thousand p.s.i.

working pressure (WP).
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normal |y open or normally closed nodes. Hydraulic
fluid is supplied to pilot valves 216 through a
dedicated”port t hrough t he stab 212. Pressure

B@gﬂ ghﬁqu@%‘g{ﬁﬁ 2%6017"# on dng, gﬁdlﬂt lflsﬁ#/ A Irﬁgﬁe operation in

normpaly DR AETA toﬁpsgeuﬁwiqsd iR ot ¥ B e

contained in pressure conpensated sol enojd housin 9
throggiga dedisstedrport tirpeghs Hheettaly 6ﬂ%ndfr@|ssmu§8|4’gt°za8ntpgra to the supply
preferably filled with di-electric fluid providing a
man$foRioP2G aye prowidednfoe nsupplyproofimctiom wirbuits feguirirgotedsyed or regulated
Referring to Fig. 5, control nodule 200 is typically
pressiie€rted into receiver 238 and may be rel eased by
actuati ng a hydraulic | ock dog rel ease 230, Receiver

f(gﬁg] m)u | E v&sBﬁjﬁ \?ﬁ ﬂﬁ&! vaf’lpgoﬂﬂﬂd uﬁ@rs' ma?ge{ré‘lcontamed in

S per manen mount

pressii O BPERIIG 190% ui'ﬁ?:i‘eﬁ#pfpé@%'ﬁ%%%%%séf 4 %gsﬁ/}m%usmg 285
di recti onal control val ves 240 whose nani fol d cicket S
prefoaplyo@lledwvish divelaetrie faid proyidinga saoandagy eayignmegitgl protgetion barrier.
porting arranged for supply, outlet, and vent
0045} i orRefating o Fég.\ wontréMoodde 200 mt;yppallm@@rtspmto receiver 238
di rectional control valves 240. [0047) Mbdem

andrmdwséféiéhgemsy taaﬁmngw ®§draBli€ boksddgreRase 230, Recdiver@3s is part of
be enployed for conponents such as the SPM val ve

Bogﬁgse{ng r?{vimn\ﬂemﬁﬁe alstﬂrﬁ%é(urgﬁ‘ﬁ&ﬁﬂé drhickdi8 Eﬁ'ﬁéﬁeﬂtlfﬂ ¢hounted to

ction a |n|ngoerat|ons
Bhgo48 Reé%”l ng to F|g 6, retrievable control
a Mhcl ude at nosphere chanber 260 cont ai ni ng
el ectronics control input/output, (1/ qﬁ ul es, such
400460 o SR tahvec 224, GBige 4» 98 coRfel Biedu YﬁBWé’F‘S“' one or more

supplies. In a preferred enbodi nent, atnosphere
SPM hdirsotional 260trolsvatedsn24{) wédsemamfeldam«vbstp e be igvestment cast from
currently preferred enbodi ments, control nodule 200

staifilétd §1edl wikle thedesting errmligedoioe sippdp,soutlet, aadpents fitnictigns of three-way,
bl adders 262, pllot val ve actuating it sol enoids 266,

tw dsﬁfonvgllld{&?Sﬁﬂledlfe%hGnal%ntrﬁ%hﬁ‘:@Qﬂ@t val ve type SPM

al ves Fig. 5 which are piloted from sol enoi d

o[ﬁ&f‘ﬁt edM%de%m%%'fac%fm?é‘T@Chmques, such as investment casting, may be

employed for components such as the SPM valve 240, SPM valve 224, and supply manifold
226 providing substantial weight reduction and machining operations.

[0048] Referring to Fig. 6, retrievable control modules 200 include atmosphere
chamber 260 containing electronics control input/output (I/O) modaules, such as an electronic
board 256,l and one or more power supplies. In a preferred embodiment, atmosphere chamber
260 is maintained at one atmosphere. In currently preferred embodiments, control module

200 further includes one or more pressure compensating bladders 262, pilot valve actuating

11



[ 00491 Pressure conpensating bl adder 262 i-s contai ned
wi thin pressure conpensated solenoid housing 218 to
aid in equalizing the housing internal pressure, e.

g.
i s§u
soleride 266 Valved HG (G pBBpANBIVSGRUSM Wafles 240 (Fig. 5)
-3 J..relief \E be cont ai ned
wmc\ﬁ\f??]?ﬁo%(?grg ET usrsoéénc? _cl)‘{n(g%erl{gt 3‘? égl_)tsvoalyl‘éegg%‘& housing 218 to
L0073, o B RS RGP onsBtinE bl 0RFT 1 GORPIEA B Brespife compensated

conpensat or bl adder 262 vol une agai nst pressure :
sole nng 248 dolaehst equatizung the hpagng intemel plessiireidi. ggwith seawater
pressure conpensated chanber 250. Pressure conpensated
headqivessber. 26 @pem gedwatarqees 2BHmahbeygbvided ad a téllef vahkt(not shown),
252. [0050] A mandrel, e.g. conduit 268, may be ‘

e.g. #teRNPSEdeETVANG a9 D% coBMlrea Withi ' i
B conplqgnsa?ed sol eng?d housi ng Z%B?g&%?‘g\%lglga?%ﬁsgmnﬂd bousing

210 & ACREAN. b5y RS o RIS 710 aowing
o B R BB il 12 okl B Eopstd sl

a counterbore shoulder that is drilled with

houspiged valump.dnelyding adpesswn ensapeapissd chiambes 350. Rraseure compensated
connectors for an electrical wiring attachnment. In

chantbgr 250 may briaceessedathteaghmawil fithyort 282.ni nat e at
correspondi ng mal e connectors at sol enoi ds 266, e.g.

[0050]000A masdrel, 1 coRduil DOV NG B¢ EiBYGRed Ate ok 9443 kintrally through

Pressure conpensat ed sol enoi d "housi hg 218 interfaces

e RO b NS A AT ol D, g ety o

el ectronics no an
ef. 260 . . s to. pressure c ensat ed so| enoi d
aomofpR nfpr o3P e, SRR SPRliGee” RO aros MHRERTSRbConnector  half
V\g'éth a}? ﬁ)ﬁt rsandrel.,cont ai ni ng redundant radi al '
located 1) stab 2 & 4% 4n addifjen; the eyteranl prptile|of maadrel 368 may be machined
. conduit, e. g conduit 268, mates to an internal
with acipunterbase sheuldér thet isi drilledrwitlc prapgratinheto aeeptr mbldet spoxy filled,
cont ai ni ng redundant radial a-ring seals. Atnosphere

malecdomnibetors2fod ameylettriciln@iringdsttaR ke € I \Wrh) tHel ANUKE altihment may
provi di ng access to the el ectronics chassis, wWring

_ RSt . o
termfnafeN 85 §@rré59ndlﬁé l??lg ncgigheé%:’é' &gso@xfffbﬂﬁcﬁﬁéj .rbd%. dvl\ia\‘/i boot seals and/or

enbodi nent s, t top i's also provi
: drel containing redundant O ring seals which
IOChPE?%rE}{??thO the top of atnosphere chanber

[0051] Pressure compensated solenoid housing 218 interfaces with atmosﬁhere
chamber 260 containing ‘the electronics module. In an embodiment, atmosphere chamber 260
mates to pressure compensated solenoid housing 218 via a bolted flange, which is machined
with an upset mandrel containing redundant radial seals. In addition, the internal wire/fiber
optic conduit, ¢.g. conduit 268, mates to an internal counterbore profile via a matching male
mandrel also containing redundant radial a-ring seals. Atmosphere chamber 260 may further

be equipped with flanged top providing access to the electronics chassis, wiring hamess, and

12



260. (00521 In a preferred enbodi nent, all seal
interfaces are machined with test ports to provide a
means to test the internal and external Oring seals

plgtlmg Jﬁ?ﬁ'g nhé%ﬁz?lggﬁ ?g@ﬁﬂﬂ{epy 5 bnfl?l‘;g equpgég ds':?éljow&ed | ¥ith an upset
oo B B B BB cambe

environmental protection for the electronics
260cormponents. Each port 258 may further be equi pped
wth a shut-off valve and secondary seal plug. [00531 .
(008X ep mubprfernzicemiddiment, aHiséalintetfacesi ave mchinkd oxdth test ports to
integrity may be assured by the environnental

protide tae ffeh @t tese HRCinidrRall ardr exitbrpgr OQﬁﬁ% Gedld irl eRiRé Sntegnty prior to
using a stainless steel conduit spo equi pped with

mo@ﬂg Hﬂgaﬁﬂ]hf)ﬁeﬂln a@cﬂﬁoﬁ 3%951 gtzﬁﬁﬁ g;{l %.hppédf \%ﬁﬁ “LfIRéland “vent”

ustrates rre

55T pﬁ?éla“ﬁﬁﬂqéir%%i’%%ﬁ b sl S e e

100 (Fi Stab 212 includes rral e stab 272 that
enver@nmegtpgmaotp@wmefﬁ;l herdegtionics| eomprments. Eael ipeer 25823lsay further be
Fermal e receptacles 270 may contain ports for hydraulic
equippep Iwitl2B8hut28bval velghd edendafy spal plBg, which provi de
i nput and outlets to an assi gned bl owout preventer

005 Qiﬁd&?tsﬁbsda%bﬁ eibdifical@lecheniesinfetfacd MRy may be assured by
receptacle 2

O are machined with preparations to

the 30?19& meit: agm%gn W%@?EHI ﬁclraﬁtg:?'e Sc%ghh%go dlﬁn&?ﬁ%wniess steel

°°"98ﬁm’%$'ﬁavag$ e PR 3 SR Rt of R ike,

caonpect or. i ns¢ t contalnlng mal e pi ns
d8fler bBige 7 i %@e&geme@gsé WwwféEF derfpes between stab 212
insert to be set back in the stab bod provi di ng

(Figrdtodconool todule 360 (Rigi 4) ahdaieceiver238r(FigiS) eviBOP n@emlbéy 100 (Fig.
potential for damage during handling. 13 [0056] A

1). cSabeXRoimdiudes falestab 202 ehatpoblespondi to female reeeptaclé @70 on receiver
the femal e receptacle base to accept the fermale half

230 Fénf1@ Féb%ﬁtta%s 290 mayRehfid fets Bl Rydraal ﬁltpﬁie)mnﬁg’é’?gﬁ’ 244 (Fig.

receptacle 270 and fenale counterbore in

5), %‘?chaﬁr%vm nﬁﬂeaQG\Mu{ths Baf %sngled blowout preventer stack. Connector body
through-bores for female receptacle 270 are machined with preparations to accept poly-pack
type radial seal assemblies to seal on malje stabs 272.

[0055) 1In a preferred embodiment, the base of male stab 272 is machined with a
counterbore profile to accept the male half of the connector insert containing male pins. The
counterbore is recessed deep enough to allow the insert to be set back in the stab body

providing protection for the individual pins and alleviating the potential for damage during

handling.
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. tapers, which provide a centering function and
positive alignment for the nmalelfemal e connector
hal ves when stab 272 enters femal e receptacle 270. In

bj | Oy c&@és@ (ﬁﬁ% +Hﬂﬁ@x‘el ?l'%'ﬁ'i’é;fs rﬁféh'ﬂ%@ ity Ihi&efEmalc receptacle

ssures corre I C por ua acker seal

‘4 3PP e, T ?'@é@{f}? . PaoE B0 TR S Sl i fomale

receRa i 210y Egﬁ?’élgﬁgﬁﬁém%?eg i ﬁpﬁ@%@feﬁhﬁ“ ahicdvih g

is achieved through a wet mateable connector assenbly

tapepg avhighiphvids pcentering| funasiont ard \pesitive ledighmenk fory the. male/female
Hydraulic conmuni cati on between nale stab 272 and

conrfeetor| halvec ephéc| #al? 7272 enrepd Nemalee deddpragteg270pac ker addition, this
seal assenblies 282. [0058] Male stab 272 interfaces

centhE[é) %éﬁ@' h‘n%th%ﬂoﬁ(rﬁieg as3ured W&%é@hotﬁ/d%lh?é poaNRGlal packer seal

functi on channel 276 whi ch contai n redundant

syl Sy e ol g HRjc s i RO B KPS LT
JBSEF\ o 18 8omier U PeLutr el o T22800 eDMRdS) receptacle 270 is

JAddi tional | fitting 280 may be present to termnate
mainjaingd by adtyd}/@ﬁ'@d%tabl 8,2nd. commaymieatigny$ achigved threygh @0vet mateable
may be an SAE: to-J.1.C adapter fitting to term nate
conmectureassermnbly B84,awhinth, isopteférablycofl e met ahaliedsresit agpe  Hydraulic
270. [0060] In the operation of a preferred

com@iAsAtiBR MetwébinSinaiebsthie @7 Uit fefiald psteptatle 2001 ﬁzaﬁﬂaned through
(Fig. 1) nmay be installed subsea by using an

pacl&?§éatl a&'@nﬁ'hé&ﬁﬂiwt ed function control nodule 200

proxi mate control nodul e receiver 238 (Fig. 5) in BOP

)- stal l.e itiponed
ﬁ@ﬁﬁwﬁﬂg sl 27dingst a5 Wy St VNS 340 g, G Rraya aipwty channel
function control nodule 200 into distributed function
274 o funcsion phannel 276 vhigl contain radundant O-ringsgslsewith dack-up rings. The
receive stab end 272. At a predetermned tine, as the
seal | sube dedatenthecmenifyld felersent we tthe $tab rhwidy abi eowmitexbongsain each member.
connector 228 (Fig. 5) disposed proxi mate stab end 272

‘Contisit 368 athytifterfBEOWitH reveiven23Smbdughebadiit mandreL28GIECt Or
228 (Fig. 5) disposed proxinmate receiver 270 (Fig.

[00s9fnc %d@ﬁ&ﬁll efiftin r2'8@ ?llxzai}p&rﬂ?@&gl ¥ tEMnigﬁEWe&Ble at receptacle 270.

contr ol electro i cs | Spose

For example, fitting 280 may be an SAE.-to-J.1.C. adapter fitting to terminate a pressure
balanced, oil filled cable at receptacle 270.

[0060) In the operation of a preferred embodiment, distributed function control
module 200 (Fig. 1) may be installed subsea by using an ROV to position distributed function
control module 200 proximate control module receiver 238 (Fig. 5) in BOP stack 100 (Fig. 1)
installed subsea. Once positioned, the ROV inserts stab end 272 (Fig. 7) of distributed
function control module 200 into distributed function control module receiver 238 which is

adapted to receive stab end 272. At a predetermined time, as the insertion occurs, first wet
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within distributed function control nodule 200 is
enabl ed between control electronics 256 and an
el ectroni c devi ce di sposed outside distributed

mﬁﬂéE@lE'é?&h‘f&“tJo%e&&d#f r@%g 5) [ PB4k ﬁbxﬁrﬁ&e?\%@jﬁg9 3J2 is mated to

aril ses .g. for main e‘or ‘repair,

se 95‘4 %ﬁr“?%abl?&ﬁe&hca&e BHREIoG A2 Rl D SBepspd-pEpximpie receiver 270 (Fig.
ét al fromstab end 272 (Fig. 7) and distributed
E‘f‘? Bwtfelo qcmcahﬁ@meeﬂ befweem ganfeal eleqtipmiosclis (Rig. 7) disposed
270 g e. by wthdrawing distributed function
wighintdigri mddbectmocmmmmelﬂﬂers éiabled [1@06&h ddirrol electronics 256
foregoi ng di sclosure and description of the inventions

andram eldchronicrdevicedispbsed Aial@diRtbIK fmtioﬁ%n&mﬂa&ﬁe hBo.
the size, shape, and materials, as well as in

dgb@il]s OAs Elﬁ:eneeﬁ bHést bl F&%ﬁﬂt@]\?ér{cﬁ n‘agrgmg 93y fog; positioned

|IIustrat|ve met

prhifpage ‘{F?“ i, 8ot e il sistied 'Qlf&&aweatr?ﬁ%nﬁ@ééoo (Fig. 1)

reventer (BOP) stack for use
d'%loﬁg%e St ot AT Ve, ) A cisbwed Tmdioncabnirol eodule 200 disengaged
mani pul ated by a renotely operated vehicle
frem reasiver 23 gs Thd.caby withdawing distribdtedt fenction dmtrol module 200 from
received into a BOP stack control nodul e receiver; b.
receiyr@§0ur e conpensat or di sposed within the housing,
the pressure conpensator further conprising a

iosts : The fofdolil gislIBaky A BescbaRPsCHle thickilnl Fr%lillgstrative and

housi ng, the contr ctronics 0 con
wW.th resp to.t.he BORP

e BRAGHT VHRE i iR e Sieo B8 A mf Pritls Saivgloal The deails of the
i"é)r ﬁl mat e th “ﬁ ortion, the wet mateable
SRHLE constRbon § ailysiratiyeupethgrbmay be srade svitheut depanéng from the

spirit of the invention.
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control electronics to a controll able device

associated with the BOP stack that perfornms the

predeterm ned function. 2. The distributed function

control nodule of claim11, wherein the pressure

conpensator is adapted to maintain pressure within the

fQuUSingg. at a first pressure in the presence of a

S'E'élj@rl\r'g‘pressure out si de the housing. 3. The

Westlninhut ed functi on control nodule of claim 2,

wherein the first pressure is round .ope at npspherge

b The! disetussd funetipn, conirohymogHier Slapidolr dissfin gt aiviar blowout
[ [ ae,.housi ng i s exerted

BB R A gl P onisand feet . S

The dast ri buhoedinguadapteh te det mehipniathd! by af reshadélpn dperated vehicle

further co L Si a subpl.ate unted (SPM ,val.ve . .

i sposed. pIBQVi-REner SBPLRng g, b Rorien'adpiled 8 o6received into
di stri but egJRIIsIK @AtPRLARE réRAE:e of claim 5,

further conprising an integral pilot valve adapted to

i nterbace w pressurel eqseprasaton dispoged ewithinethef Jnousingn thy pressure
the SPM val ve vi€ ﬁnﬂydraul i-é; ia%%%' 'r'16 7. The

di st ri but e§OFPEREEL LR EPBPIRBRA LIS 1 ai m 1,

wher ekn t heotfdl Sdl@@ronitst disfosed avithin 38 howsing@nthe control electronics
el ectronics _housing in which at | east a portion of the
control el aéapteshie sontplea sedetermingdy functian Wit despgetoto the BOP
housi ng i ngwhi.ghyt he pressure conpensator is housed.

8. The distributed function control nodule of claim4,
furthdr coapretansigabde pomsstordnterfacepdispesed proxdtmmteothd stab portion,
housi ng adgpted to receive a solepoid, t

he sol engi
operat i v_eI & et E‘Gﬂ’ﬁ]ﬁllﬁi ccogﬁcéw Wtqr c¢ H@g%cﬁ{q Bperatlveqy connect the
el ectroni CgontRh] eldtfroflics td & BUhRSIabl WA hsstEPvith the BOP stack

nmodul e of claimb5, wherein the pressure conpensated
sol enoi d hthas perforims thelpretletdmimed fortioe a plurality of
sol enoi ds. 10. The distributed function control nodul e
of claim1, further conprising a purge

2. The distributed function control module of claim 1, wherein the pressure

compensator is adapted to maintain pressure within the housing at a first pressure in the

presence of a second pressure outside the housing.

3. The distributed function control module of claim 2, wherein the first pressure is

around one atmosphere.

4. The distributed function control module of claim 2, wherein the pressure outside

the housing is exerted by water at depths exceeding five thousand feet.

5. The distributed function control module of claim 1, further comprising a subplate
mounted (SPM) valve disposed proximate the stab portion.

6. The distributed function control module of claim 5, further comprising an integral
pilot valve adapted to interface with and actuate a predetermined function of the SPM

valve via a hydraulic signal.
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port operatively in conmunication with a nitrogen
purge manifold systemto purge the electronics
housi ng. 11. The distributed function control nodul e
of claiml1, farther conprising a wiring harness
operatively in comrunication with the contro

| ect 14€S . t] L r
Tuapt A5° ety RER0r BBl hABUL e bl 1 el B RS further
cempisesor di sposed outside the housing. 12. The

di stributed functi.on control nmodul e of claim./1, }
farthdr coffplesiromjcs housingn xyhich at|lpasha pprtion of |]ﬂm gpntrol electronics
comuni cat | oWEéd?aBﬁ‘e housing; and b. a sea water

port in flurd communication with the housing. 13. The

di st r bbut ed cbmpensatom housing ol whiohl theepressucd aimpetsator is housed.
farther conprising a packer seal disposed proximte

the stab portion, at |east a portion of the packer

S.te alb rgé tﬁ&tri‘rﬂit%ﬁfﬁ@ﬁ’or?&ﬁ%l oAt SFTcl M £, Fathe@ fcoflpBising a pressure
stab portion. _ _
compensated solenoid housing adapted to receive a solenoid, the solenoid operatively in

communication with the control electronics.

9. The distributed function control module of claim 5, wherein the pressure

compensated solenoid housing is adapted to receive a plurality of solenoids.

10.  The distributed function control module of claim 1, further comprising a purge
port operatively in communication with a nitrogen purge manifold system to purge the

electronics housing.

11.  The distributed function control module of claim 1, farther comprising a wiring
harness operatively in communication with the control electronics, at least a portion of
the wiring harness adapted to be operatively connected to a mating connector disposed

outside the housing.

12.  The distributed function control module of claim 1, farther comprising:
a. an oil fill port in fluid communication with the housing; and

b. a sea water port in fluid communication with the housing.
13.  The distributed function control module in claim 1, farther comprising a packer

seal disposed proximate the stab portion, at least a portion of the packer seal being

disposed about an outer surface of the stab portion.
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