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enpl oyed to provide a neans to control the well during
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systergsyy bparing, CofpRepents, an control sysPe Ck?lgve been upgre?c{ed for the
operational requirement, the overall system architecture has remained common for more than
two decades.

[0003] The BOP Stack is employed to provide a means to control the well during
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 angulér movement, e.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



to a flex-joint which provides angul ar novenent, e.d.

of up to ten degrees (10), to conpensate for vessel
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with a single or dual el enent hydraulically operated
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BOP Stack Control System and comruni cation with the
the welldrdor e annul us vi a stack nounted gate val ves. The
stack nounted gate valves are arranged in the ram
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t hrough the BOP Stack col unmm dependi ng on which
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is controlled by nmeans of a control system
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i ncrease/ decr ease for the hydraulic circuits which
individaaitrag|is £l8&ek unct i ons on the unitized BOP Stack. These
val ves, when conmanded fromthe surface, either
[0006] aulTheainitized BGR 8tk chopdirallidd Tyamiegnsdifracantrol system containing
pressurized hydraulic fluid to the function sel ected.
pilot Ehdidetkioalfdotirel Vadvesuitith e typichinealtédgedtinalkconiral odule or pod.

specific hydraulic conduit Itne. In turn, the fluidis
Presséxte%gtqat%f's are typically included in the control pod to allow for operating pressure
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
preseure in stack-mounted accumulators, which supply the function directional control valves

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

upper section of the BOP Stack.



pressure in stack-nmounted accunul ators, which supply
the function directional control valves contained in

wo emanoeiamt (two (2)) control pods nmounted on tReT/US2e5/029487
marine riser package or upper section of the BOP
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[0008] A hydraulic power unit and accunul ator banks
not refyrsedaiolteeisupfacti n t he vessel provide a continuous
source of replenishnent fluid that is delivered to the
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oper ati ng net hodol ogi es and conpl exity. These
paramgthts.t i onal operational requirenments and conplexities
have had a serious effect on systemreliability,
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interface. [0010] Al though redundancy provisions are
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portion of the BOP Stack is tinme consum ng creating
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onplete marine riser nust be pulled and laid down.
[0010] Although redundancy provisions are provided by the use of two control pods,

a single point failure in either control pod or function interface is considered system failure
necessitating securing the well and retrieving the lower marine riser package, containing the
control pods, or the complete BOP Stack for repair.

[0011] Retrieving 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



[0012] Running and retrieving a subsea BOP Stack in
deepwater is a significant event with potential for
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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. 5 is a view in partial perspective of a control module mated to a receiver;



ri ser connector, a BOP assenbly, and a nodul ar

retrievable el enent control system [0003] Fig. 2 is a
wok@e/oe3sparti al perspective of a riser connecPOT/US2005/029487

[0004] Fig. 3 is a viewin partial perspective of a

i ser ctor: e t
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Ferspectrve cutaway of a control nodule; [0008] Fig. 7
modujesang reqeaxgr op agPR pgsempbi apkct i ve of an interface
bet ween a stab of control nodul e and receiver on a BOP
[0009hssenblFyg. 8and fod@b&] ofFargexetplay mdthalwthaet of an
exenpl ary nethod of use. DETAILED DESCRI PTI ON OF
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enent s €n asse and unitized,
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systen1200 may be utilized subsea .. I.n production
includipgEodilap eiieevable dlTaet conir] syeip@eH0 rra‘?ﬂ"raBP’éG eldhe peshitecture and

interface applications. [0017] In a preferred
compemdntoié fireodylarBOPeBitde Rlemenioropirobeysteni 2 mgy hewtlizad stbsea, e.g. in
BOP assenbly 100, and wel | head connector 50. [0018]

produbtbh a6 rduuytidiOfserundudisea oot fold commdlinesfa2e@pilitations. n
a preferred enbodi ment, are arranged in a vertical

[(ﬁflﬁf‘y nd hesitd @Hl%gdl%n@@@? Skkt NBompideks ¢ékAEonnector 10, BOP
unctron each control nodule 200 controls, such as
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I ons pre era yl ude materials that are
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[0019] BOP asserrbly 100 is configured to accept and
emboé]rmqmv ararrangsd if 2 ¥ergeeljargy agd positioned adjacent to the particular function

each control module 200 controls, such as hydraulic functions. Composition of control
module 200 sections preferably include materials that are compatible on 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 wellhead, one or more blowout preventers 115



functional control nodules 200 which are renotely
operated vehicle (ROV) retrievable (the ROV is not

W@ baer2iemo t he figures). The use of this nodul aPCT/US2005/029487
di stributed control systemarchitecture in subsea BOP
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pluraw,o& ihydfantis CopmeE19Es 18] leweﬁ%estoraea\avg%asqrdn?tosﬂwlne the figures) and
overall BOP Stack 1 . [OOZOI'BCP assenbly 100 may be

hydrauhéallyzgdrataicgateatype valped e isolation and aengehfon shakerppg kalli funetions.
connector to interface to the subsea wel | head, one or
(0021 DbIRiveD dbniEcey d0icempriddsaiser gdaptearhlt gypdelbiedessutentry assembly
preventers), annular 110 or spherical type bl owout

14, altf RURNb&E TonfecRIrusal H1gy jorkt 13Yidddepbidd iaRanedihe riset &dapter 11 and
Interface to a marine riser (not shown in the figures)

multlﬁ)%g? Qx%&wrl fgll ! HnaP&! %(ﬁ‘g ﬁ% qo%pg I?Ll¥ % bRdsent and in fluid
I'sol at1on and ‘access for choke a uncti ons.
00 er connecto es riser, a er.11. .
comniyiaBPy v osS Spat pape iR Ly tipare oo {5 Bisgiast an inertace
connector 15. Flex joint 13 is disposed internediate
to BQR assemblydPPer 11 and nul ti-bore connector 15. One or
nmore flex [oops 12 may be present and in fluid
[@022HuniBQR iassemibly A0 andys be durthes sxdaptdd je aecelve. one or more control
Mul ti-bore connector 15 provides an interface to BOP
modud&S20tihy didRing[stMdidas 28DRs asHashither hifdutmye. pearnutdr pesventer 110,
adapted to receive one or nore control nodules 200

RAM Hr&veiReKiDg] Htdu@NpredBideds (W& spasi@lipeshdmeu! &hnect t
Qk annul g% preventE? 118 &Awlg?evénter 115, bl omg%?m (no

speancaFfl #ﬁogfnﬁl (Frlﬂt Sate egétg 'ﬁfglﬂ{eL ?(ﬁ%‘éﬁhcalf}pg{% , % %ﬁ&:tm interface

I'ca shovvn) ate
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thereof. One or nore lines 120, e.g. Kkill and/or choke
e.g. Kill pag/or phokedings, anwhbe psespay ps well\a8r Yasipus cgpEelopathways such as
pat hways such as hydraulic conduit 101 and/or MJX
hydranéib cexsiuftel 0d .and/ab MIgX 28bles (R ga?les 26 DOP@]2)Hang- of f
beams 102 may be provided to allow for support of BOP
NI ¥anb It BedmN DX fiay deprodesdtd sisy f@. sYppdrdh of BOFOfEsembly

pooF area such as for staging and/or testing prior
100 during certain operations, €.g. in a moon pool area such as for staging and/or testing prior
to 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



to running. [0024] Referring nowto Fig. 2, riser
connector 10 is typically adapted to provide a

W@ eowa®eieer , such as riser adapter 11, to interParESwos/e487
a marine riser (not shown in the figures). In a
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with connector 15 as a nulti-bore connector rather
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configuration nmay be used. This allows forriser
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into riser connector 10 for interfacing with BOP
interfassewidhy ag Ochokekgl, hydraufiei sl¢otier frak doasty nwy bsediseannected or
supply power and/or comunications to control nodul es

recond€fed ini dhe oppration HoarkiencBdecwssenbl y 100. In a
preferred enbodinent, the marine riser and its
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and boost, may be di sconnected or reconnected in one
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nments, riser connector SO In e s
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riser connector 10 and |lower narine riser package
indeptndent pHte BOBepek detite avent the nBERegisac usinbe diecampesied from BOP
the marine riser nust be disconnected from BOP stack
stack 100 (Kigl §) an)pudiedibiuk tbelk dvafake.t 0 the surface.

[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.



[0027] In a preferred enbodi nent, subsea el ectronics
nodul e 27 may provide for connections such as

we@bmebriceml connections and may be equi pped w PET/US2005/029487
connector receptacles for interfacing to ROV devices,
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connegioire o thenweli mateahlf tassorbdies lasated do Aneltithore gonnegier 15. Power and
nmake/ break el ectrical connectors which may be present,
other @iggals 24 risegoninectont@grohinddaler 18 may borfiectedvidlan oe .fled pressure
via pressure bal anced, oil-filled cabl es.[0029] Apron
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27 nmounted on apron plate 30. In a preferred
[@30bdi deaprefemed ¢robadinent, Hestegnixztaal@ ingleddsdlsd joivr 13 and one or
redundancy and each nay be distinguished fromthe

more PleR@6apsd2ge.gl Btloadfod angulavinoednanit tdcathpdnedte ior wsadosfset. The
Apron plate 30 may be attached to guideline-I|ess

uppetr ﬁ?r[geré’dafatéi”lﬁl fiekOjolrri tBp c%)mecﬁlgﬁ)?t%lcilgl ANEr2{RE 6% flange of riser
di ment, riser connector 10 includes flex joint
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cont ai ni ng ki ck-out flanged assenblies for connection
kill lipg 120 tedhe mm MAGIRE TISEY. j nterfacing with the nmarine
riser, e.g. formed hard pipe flowloops that interface
[@Bdke Rederking nowitndig. A0 riser doheeateri k) interfanes witk BOP assembly 100
[0031] Referring nowto Fig. 3, riser connector 10
(Fig. iintueinizagedelidet1bss Bebiagrsasdthyly I0and connector mandrel 19. Connector
mandrel 19 is typically connected to BOP assembly 100 through riser connector mandrel
flange 23 which may be further adapted to provide mounting for choke/kill, hydraulic, MUX
cable, boost, electric connectors and stabs, 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



(Fig. 1) using guideline-less receiver assenbly 24 and
connector mandrel 19. Connector mandrel 19 is

wo y@bozdeby connected to BOP assenbly 100 t hr ourdm/Us®e5/029487
connector mandrel flange 23 which may be further

in gui@gﬁpt@% rtegntg%g\/i dl:%{'gﬁw %&ig&g%glﬁsesc?gﬁﬁg larlv gt i‘{;ﬁ{a%e Cfl?tached to
0
e 5505 S BS STRIRHED)! B BeeSLs hBOERheL esptess reeny

23 is of the APl ring-groove type and interfaces with
funneh 1freis chhfigured am@eavﬁmi@% prodrcmsthrah aterdages wnpaseresnenging funnel
flex-joint assenbly 13 or additional elenents, e.g.
porticarufghalelit-maotieny eaceiveet’s whi ch may be nounted on
| ower marine riser package . [0033] Cuideline-Iess

[603QP1 Veh fasise ddhiigd@i4tisRkics@tor) dbgeo raadloaﬁes;roeemgwﬂentanon
funnel 16 and gU|éeI|ne- | ess reentry receiver

slots wl'r'%ag'bgq{s ) Clrls%f cc}rﬁ}ew lp%lﬁ{ fedheth 8O ra%§érﬁl?lg"100 (Fig. 1).

I|ne ess eentry unnel 16 and gurde i ne-
entry receiver

This a&@g}% 8bpr(3'\3d§s ceﬁec}/ Pﬂerggtbqnecfcih é’?l:ﬂg C})%é%]g%me%@hg anacP its integral

urdellne Iess reentry funnel 16 confi gu
penpqusﬁrrépep@qu. WHh CREFSPORGIBE MEkeptEcles of BOR &F%@Eﬁbﬁ@%’ nf'gg hydraulic
funnel portion of guideline-less reentry receiver
stab 180084 chokefstabt 3P duegfeegiy apsrati@ns. ori ent ati on dogs 20
and corresponding orientation slots 29 may be used to
[@035phn  rTihe edneeoreppar fld@e wif ntulti-bspamnnéaoB®Pmag be wbhy API ring
100 (Fig. 1). This alignnent system provi des correct

groov%r ?fﬁé‘ﬁﬁ’d iRe Rl With ti mﬁ@hlﬂ?}%@@(ﬁh%h frmandidwes connection of flex
egral peripheral receptacles with correspondi ng

jomt¥gceptacles of BOP assenbly 100, e.g. hydraulic stab
and/ or choke stab 22, during reentry oper ati ons.

The c nnect o E |ti4bore .

ERher o nstor” pabod RRAL Abt MRAg b vt DEFaSom,gonneetion 12

Interface mnth a mat chi ng flange whi ch fornms a | ower
interfacss i dnylgrb s wr@%tqroﬁqte g3 sadesbIIng [grepVs, emBgstiy. via an API

enbodi ment, the bottomor |ower flex | oop connection
flange.2 interfaces to multi-bore connector 15, e.g. a

studded ring groove connection, via an API

[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
manifold 226. Control module 200 communicates with BOP assembly 100 (Fig. 1) through

electrical cable 232 (Fig. 5) in communication with wet mateable connector 228.



flange. [0037] Referring to Fig. 4, control nodule 200
i ncl udes el ectroni cs housing 220 connected to

W@ ovper®at or housi ng 222 which is in conmuni caPCDOSW05/629487
or otherw se connected to pressure conpensated

L R T i TR
T N TR R A swmaa@% b e

redeterm ned function of SPM val ve 224, e.
a moﬁw redastaineer awith watintegral FooRejingymeAlements Huri@ullg 'seal 210 may be
typically supplied to control nodule 200 via supply
retaing@ i §tab @122 taperet sedl remohetsewRi@D acosaremicottoemateh tahfeB@R thread
assenbly 100 (Fig. 1) through electrical cable 232

profile ma@hined iritd tHeQMEPYSHrCiatdrfabe.W t h wet nat eabl e connect or
228.[0039] Control nodule 200 is connected to BOP

nbl 1 :
IERF A o ShifeBden. h‘*‘éﬁgﬁ% *éﬁf‘é% a&ﬁb%éﬂédﬁém**eﬁs mount into
ulic seal Li.ses
stab ﬁﬁ PR Pos s AP rERGD 11 Ao B R AR s V‘V)? *é i4ggimon to the
210 (ﬁ%qbe retained in stab 212 vi taper$ _
hydrane ORAS THRIEN (B SOdr ehsiabi 22 VRER HNHCY cHE! éta'? Hptegl ports
profile machined into the stab port interface. [0040]
contajmingapackehssdisnalt alignyandanterfoces with sho meichiigsprtsadontagned in female
packer seals, nount into stab 212 and are positioned
recep@iold 270t(Rign e]dthianara nebhimeded tieonntids tacaceepttiiaaped sibseaavhnections.
to the hydraulic porting through the body of stab 212.
ThesdM@ b edBuB6ba ddnBedtiodd ndyt 8 fb@dm&PB%SA@%lﬁlﬂHnEQs PR kRfeners and

seals 210 align and |nterface with the natchlng ports

may ﬁﬁ&h@l’d@@ %1&%{%8 @@ék%tsrigi: ﬁ@te agk&y At f Ellb %(R@ITS &' farious hose

ed on the outsi 0’ accept sea’
n [ l.a subs connectlons may be
Conmi"gq‘ c]?(g'fis ﬁﬁyllt)t ‘Fﬁﬁ% Sfasteners and may be
rOV|ded W th meld socket s for i pe, screw cut for

[9Q#] ng le prefeEedbeabodiments, wsh@aq%@é ce@rﬁqg%%ﬁscomprlées conductors

JIC, SAE, or NPT) termnating nmethods. [0041] In
or pinpy ef sppbcbaTdosignant ey, batleto mitleenitse (obsheknJowitkipgontrol module

conpri ses conductors
200. In addition, a fiber optic conductor connection interface (not shown) may be included
for signal command or data acquisition requirements depending on the functional application
of the particular module assignment.

[0042] SPM valve 224 may further include vent port 214. SPM valve 224 (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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or pins to supply power, signals, or both to

el ectronics (not shown) within control nodule 200. In
wa@adae2wm a fiber optic conductor connection Pet/E@sioa®a29487

(not shomn) may be included for signal connand or data

[@ggj‘l > Siedl¥ re%%ﬁ &?@g 8{& KECt\IIa?neacl)peratlon in
[ 0042] SPM val ve 224 further cl ude v nt or}
normagilysopenpay Romatly zhosed rnil(gi\és 4)H>t<&¥iﬂlt9aﬂv19 1§ SEPRifdgtozpilot valves 216
fl anged, ported body cap or top nmenmber which contains
througin a aletigatefl yripihsough rancstabnéli'or rassure iTREWYPE ingigraltto the supply
val ves 216. Pilot valve 216 nay be sol enoi d actuated
mani faid2 2@ irddproaidet € s Whgplg abplanaiinecirculits mequirisfeeducsé alr regulated
type arranged as a three-way, two position, nornally
press&gsosed spring return pressure conpensated with a five
thousand p.s.i. working pressure (WP).[0043] Supply

[d\ﬁg?u Ol ?lv@? ril'6n9nt9r%eaﬁlftﬂn&§%m a@ﬁﬁéto\f rt}>fatf Qe contamed in

e operation‘in nornal’ly open or normally cl osed

no draulic. fluid lied to pil ot

pressiih ougA g eea@ét?uﬁlastﬁ?h HEishe el spolRodsi 218 s
Pressure requlators integral to the supply manifold

preferably feled Vﬂﬁb&rf‘d@d“‘? ﬁvldﬁ@wﬂwgwefmﬁy SHyiremeRiak Rrotection barrier.
requi ring reduced or regul ated pressures. [0044] Pil ot
[004B) e s Refsring teeFiga s ecanitioh medien2l0ds aypticedtyonserted antogeeeiver 238
contai ned in pressure conpensated sol enoi d housi ng

and mdle Rleassicatampgnsiaideshizdbein doglrdieuss 280, ReBeiver 238 is part of
preferably filled with di-electric fluid providing a

BOP §s%5199 00 A0 \hdyWUTRIRRERN 14 %ﬁﬁﬁ%@?aﬁ%&blﬂs ehggxfe'é}l?l mounted to
Referring to FI'g. 5, control e 200 is typical

n o receiver 238 and may be rel eased by
aBO}'>a %ﬁ'ﬁfé&g& hydraulic | ock dog rel ease 230. Recei ver

ss nbl an be i nt eqgr al
@ ﬁb o oPRL vaba 2 A &ﬁw@&%ﬂi%wggn}p 5§ ogeyr more
assenbly frane. [0046] SPM valve 224 (Fig.
SPM duaetiane! poial evabes 248 ywhasepmransfeldbpecksts may ée swmstmem cast from
di rectional control valves 240 whose mani fol d pockets
stainless\stdet wiithwbe poemig armsged fayrsupply, outlet, and vent functions of three-way,

two position, piloted SPM directional control valves 240.

[0047] Modern manufacturing techniques, 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) modules, such as an electronic
board 256, 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
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stainless steel with the porting arranged for supply,

outlet, and vent functions of three-way, two position,
w@rdoened9SPM di recti onal control val ves 240. [POB?$2005/029487

Moder n manufacturing techni ques, such as investnent

e SEEREA S RS ) o SBIEO  3e e
provj din substantial iqh g?élon and machi ni ng
WhICho"pS%P‘el?tF% m gorenes] OWé?t%PH "(95 retrievabl e

contr ol nDduIes 200 i ncl ude atnDsphere chanber 260
(948 ai Rrassirelcempersating blagaerr 292 is sprtemsdmpthin presgyre compensated
nodul es, such as an el ectronic board 256, and one or
solenﬂdrlmu;ingvéﬂSStumﬂ iresqualining the dabmimgaﬂntenﬂommrﬁt, €.g. with seawater
at nosphere chanber 260 is mai ntained at one
head PrlcbRRSRNRhDpeh Bedbttéraitir ¥54Mmay ®e peshiesdatdi areslies valve (not shown),
contr ol nDduIe 200 further includes one or nore

e.g a Qér{s€§ WL IR Iﬁ%g b%%é)g a?rféﬁ%%n@ ??@ssd}b |091§1 lafé@ solenmddhousmg

actuati ngsol eno ot valves 216

o GBI ST A Ve . i

[0049] Pressure conpensating bl adder 262 is contain
cqualigaeH) ff (I COTRPBS LG LSS %vglap@r?&aalsmﬁgﬁuﬁegcoz&@e%teg solenoid

aid in equalizing the housing internal pressure, g.
housing 218 selamat weludingc pressystpanpeagatepelranzhesn 4l ePrqéarr@ compensated
may be provided and a relief valve (not shown), e.g. a
chambe&125p .nsayi be acedssaf thvalghean oftefyll pert 26t ai ned wi t hin
pressure conpensated sol enoid housing 218 to limt

[GU58P S UE nfalilres] eU@ NGl 26 BSEMY BisFEHR eMsTaloe tess RbrAdiydthrough
housi ng 218, al lowi ng equal i zation of the conpensat or

press&}% ag&‘g;lg élgﬁgd Vel ﬁklﬁ%t 2 &5 S;?%@1d905'p%§% edy epreferably one

I en ousi ng , including a pressur

atmosggg\%ng?; @gtélgzg eé aoq ﬁ?gﬂ@hgtéﬁsu rgr%fnclg en%’bﬁﬁ(?ﬁ)ﬁ%ﬂ% C%ector half
[ 0050] A_nal conduit 268 i.spose

locatgdgp éta%ﬂlﬂégg- h nIPraQFlg‘;Qnt the warwabweém éﬁg 33y Ppe machined

~solenoid housing 218 to provide a conduit, at

with pcetdmderhbteyshonkdenthab sppdrelied, with preparstions tmadCﬁptb@pld@étep@xy filled,
conductors froma wet nmake/ break connector half

male lcotgdcafdls ifor &i alecital (Ml adgchnlent. adwlithinpithe tviveng attachment may
internal profile of nmandrel 268 may be machi ned

terminate at corresponding male connectors at solenoids 266, e.g. via boot seals and/or

locking sleeves 264.

[0051]  Pressure compensated solenoid housing 218 interfaces with atmosphere
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, e.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 harness, and
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with a counterbore shoulder that is drilled wth
preparations to accept nol ded epoxy filled, male

wa@oemaeeiconr s for an el ectrical wring attachnmenPCT/UR2005/029487
turn, the wiring attachnent may term nate at

or.r.espondi le .c nnec nQi 266 .0
pistaif R BEMali B GRG0k (rg (oGO Sl pRtisef i an upser
Pressure conpensat ed sol enoi.d housin 18 interfaces
mandwlpﬁntammgsrﬁﬁw@nbﬁa?ﬂgeseabe@@b HeiFaeF i fierigp f Glenavahire ghamber
nodul e. I n an enbodi nent, atnosphere chanber 260 mates
260. t 0 pressure conpensated soI enoi d housing 218 via a
bolted flange, which is machined with an upset nmandr el
[6033] ai h Agrefettad dmbbdinaat,all ssebinterfaces addindchored wilktetest ports to
internal wire/fiber optic conduit, e.g. conduit 268,
provid@h&fiedn® t8MNedt theiMaal A eReRl ©- ﬂﬁgfsbi@ t leBsie integrity prior to
mat chi ng mal e nmandrel al so contai ning redundant radi al

modu?e 825! 1§:ad ﬁttrcmslp Sin Z%qugﬁ‘) dca?lg(%gg?éetf Witﬁh@{%aégg’ and “vent”

qui pped Wi th Tlange p pr Ss to

troni cs. chassi.s har nes nd a| | wirin
ports %ﬁiefref. B Einn NalEk %"L b e FAngBa THsERs, RPYGIE” further
provi ded wi th an upset nandrel cont ai ni ng redundant
envirgurpenig RIEECEOMHPL qu pleelFanicse CoBPRIaLs; &acgfpoatt fofs iy Burther be
chanber 260. [0052] In a preferred enbodi nent, all
equippedivith atsbutfoff ¢slvaped seomdangseahplug. t est ports to
provide a neans to test the internal and externa
[6D53] ng 16 dads subler syl ERcirichlédedtioyicpintedfact inte@ityneay be assured by
installation. In addition, housing 260 is typically

the eSAHInARGAEI "Hr&t@ctlcﬁlh@f Ql%ctn@ﬂldor HB&H optROEIrAIuetoR fidhig a stainless steel
purglng housi ng 260, such as with dry nitrogen,

cond i @ebP e ilicTea Gt XRR" e MGLEE MY | P¢,
lqu"sHa ﬁ%@é“é}lf“waﬁg%ﬁ%&%&é%‘%ﬁoﬁ%@%ﬁ% Sé‘q%?fa«f cBiwgen g 212
interface inte be assured b

(Fig. a0t resmemonn e 00t Bis, AbArrcca B3t (. 3 on BOR assemblyc100 (Fig,

conductors using a stainless steel conduit spool .
1). SR pdectlwies male dah 273t thateerrrespdnd: tppfemialet ecépiade 2@0 on receiver

the like. [0054] Fig. 7 illustrates a preferred
238. Fehaldi reddptachls 270 endyndodtdiapetot Wedaulid appRlid, 236, 242, 244 (Fig.
5), which provide input and outlets to an assigned 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 male stabs 272.

[0055] In 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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(Fig. 4) of control nodule 200 (Fig. 4) and receiver
238 (Fig. 5) on BOP assenbly 100 (Fig. 1). Stab 212

WO p@o0eis30 mal e stab 272 that correspond to fenBCEUS2005/029487
receptacle 270 on receiver 238. Femal e receptacles 270

contain port.s for hydraulic. supply.234 6, 242
(O340 ¢ Pk SEssBtgdine bl BB ol R p 0 ger receptacte
assi gned bl owout preventer stack. Cgnnector body ,
base {hagrph-tho fegale dalk ehl eoneelehPatti e Botother maigaBiandreh in female
with preparations to accept poly-pack type radial seal ,
receptaske?ifl amk fenale @aiinterboreminethst mbls s2atp 273 @rssRchined with matching
preferred enbodi nent, the base of male stab 272 is
taperdVB@hich gstovide ha @cteting duloioa pidbbsitvé aligamentt forhihe nmble/female
hal f of the connector insert containing male pins. The

conndeHNHEVBOr ®hirs diff eprednlpeMe@BRUIEchACR! 290 t hE addition, this
Insert to be set back in the stab body providing

centeﬁ%&él%@? &g{hahh%&h%giééglﬂgélcopﬂépﬁs #38%88{;6 éﬂ;&a%w f)a{&er seal

for damage during han

. __correspondi |l e ndrel pr@fi.le is .machined into

slignils, R de ey e Babe P 2t Bl R EPUR S eb AR R
of a connector pair. Both the male mandrel in femal e .
[005Tkpt ddree comsction) Hebreane madeintady Bdle andy fepBlendecepiacien 270 is
272 are machined with matching tapers, which provide a

maintaged diyiargydiamictl atoln 228\cing asmmiungcagibn ghacdingved throtghea wet mateable
mal e/ f emal e connector hal ves when stab 272 enters

conndcesfahRemBGEPSACIVRICA7(. pleferaisidli &ff ee, wiehimBake/break type. Hydraulic
centering/alignnment nethod further assures correct

com afi6h | HetWQt maRUMA 208.CIRAT feRRR! rRbhEdIBEIV0, isSHMARARA through
and | oading when nale stab 272 is mated in fennal e

g
r [0057] The connection between mal e
paCkesr::ggagg%%glbz}ﬁ%Z emal e receptacle 270 is nmaintained by a

aulic |atch.278,. and .co i catjon s hi eved

Q058 v b Thadiieind i SRV Gty S@Hoth Sty channel
is preferably of the wet make/break type. Hydraulic .

274 cg dmaiionchensn 256 vwdelh conipia redundant7O-riiggseplsnitly back-up rings. The
receptacle 270 i s maintained through packer seal

seal subsdodatd g P8R folfl GUE&nt Mbltlee sthbiibody ia nowrtérhors imieabh member.
SPM val ve 240 (Fig. 5) through supply channel

Conduit 268 may interface with receiver 238 through conduit mandrel 286.

[0059]  Additionally, fitting 280 may be present to terminate a cable at receptacle 270.
For example, fitting 280 may be an SAE.-to-].I.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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274 or function channel 276 which contain redundant
O-ring seals with back-up rings. The seal subs l|ocate

wot toes/oeaenof ol d el enent to the stab body via cowdrarf2eseg9487
in each nmenber. Conduit 268 may interface with

match B8 Sd1¥@hcad IBnh i HUS ‘%g@g% td}i/éﬁgg@{g?}oxi?rﬁge 8039 .ZrZZatise mated to

Additionally, fitting esent to term
r tacle 270 . example, fitting 280 .
secofly S0 b AL B9 i Bog P40l S ol e 270 i
ressure, bal apced, oil Lilled cabl e at receptacle _
7). Date gl 6]ecTigal fenrispYiat Peteet ool cieiiopts 256 (Fig. 7) disposed

.. enbodj nment, distributed function control nodule 200

withinggligtribyted fgctivn sansnoh modulesifsiszenahled dieheeancoR@v! tlectronics 256
position distributed function control nodul e 200

and gorededtionicel ey matdispbsadoalidide distibuted fuiRBidn CHhtgo] BYduldr2 (IOP
stack 100 (Fig. 1) installed subsea. Once positioned,
[0061]ROVA feariced afibéDe @Nfbr Afanteininde of Yepllr, S ROV 91‘&?/%@ ositioned
function control nodul'e 200 into distributed func |o$

proxin®4id el 299 Pze5) 6F fle\ifiterd Hisi Ly hﬁmﬁ&?@{)ﬁgoltlgodul 200 (Fig. 1)

At ap I'me, as % fie

recei ve stab end 272. At redet erm ned

c o] I r fa\rst t.nat | e. el ect ncal .
distal 367 L3R 939 B, 30 LIRS WS oP SEUOP Bl 2o
f IS nat§g tg,s cond wet mateable electrical connector
romyeeivegi2d0 (Big. d) dfoet thigwingdisribatedifyrgtion zonire oduty 200 from
Once mated, electrical connectivity between control ,
receiggr@dPr oni cs 256 (Fig. 7) disposed within distributed
function control nodule 200 is enabl ed between contro
(60624t r GPhiecforebbgadistlasure et ddsomptiondefithe envdhGOaSe6 illustrative and
out si de distributed function control nodul e 200.

explan@6l ] VASoustBaMeen tHel sSRS shaBe,bnd mMterh, Ak SRANG S grfe details of the
repair, an ROV nay be positioned proxi mate end 220
lusthaliv 8 colruor SRS LEtvdlnsdid 3. cont Lol
sty O ool Bon iy dr SRl By PR S e BHEE B0 ERGHFRg from he
. di.stributed function control nodul e 200 di sengaged
Sp““?’?%%ﬁ‘?i‘%:“é‘i%"er 270 (Fig. 7), i.e. by withdraw ng
di stributed function control nodule 200 fromreceiver
270. [0062] The foregoing disclosure and description
of the inventions are illustrative and expl anatory.
Various changes in the size, shape, and materials, as

well as in the details of the
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illustrative construction and/or a illustrative method
may be made wi thout departing fromthe spirit of the
w0 novenricom. CLAI MS: We claim 1. A distributed PCmNUE1005029487

control nodul e adapted for use in a nodul ar bl owout
Ereventer (BOP) stack for use subsea, conprising: a .

CLA ousi ng, adapted to be nmani pulated by a renotely
operated vehicle (ROV), further conprising a stab

We clgomt i on adapted to be received into a BOP stack
control nodul e receiver; b. control electronics

1. difspesbutadi fuhétiontdoatrhbmedulg adaphed foonse ml a mbddar binivost preventer
adapted to control a predeterm ned function with

(BOP) S&eIefor ubOsitRea, Bolpsitiagk; and c. a wet mateable
connector interface di sposed proxi mate the stab

pgrtion, ho.tugﬁlg%agf%ttg%gl axﬁﬁﬁl%&tb?fa Jeflod1) pErapdarhig (ROV),

to operative connect the control electronics to a

controld abl e devi ce associ af. ith,the BOP.st.a
por 1 or R eoBRER T RRRGHH el 18 Fhei A LR sack
di stribute fu(gﬁti on._control nodule of claiml,

f ur t heCOBSHIPPLIAEFCEVRs essur e conpensat or di sposed

W thin the housing. 3. The distributed function .

cont r olcontsellestronice Mispased wilkive thsihqusing, the eeypl glectronics adapted
conpensator conprises at |east one bladder. 4. The

di st ri botedrdl apcédeommaedtfomdtiomydth espect ©l the BIOP, stack; and
wherei n the pressure conpensator is adapted to

g Nt aiaNwpl REEHKIE ddhhddidt intefab®disbogdairorintdté Ste stab portion, the
pressure in the presence of a second pressure outside

the hoq,%ift rhg?teé:ble }I%eg{oﬁiﬁtie}fth%:ﬂ}ap%ctbi rfRBH @nnect the control

nodul e o alm 4, wherein rst pressuré iIs

around e?er(]:?rogitcgm t%plz? ecro%trollable device associated with the BOP stack that

performs the predetermined function.
2. The distributed function control module of claim 1, further comprising a pressure
compensator disposed within the housing.
3. The distributed function control module of claim 2, wherein the pressure compensator
comprises at least one bladder.
4. The distributed function control module of claim 2, 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.
5. The distributed function control module of claim 4, wherein the first pressure is
around one atmosphere.
6. The distributed function control module of claim 4, wherein the pressure outside the

housing is exerted by water at depths exceeding five thousand feet.
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6. The distributed function control nodule of claim4,
wherein the pressure outside the housing is exerted by
wowmab@n3@n dept hs exceeding five thousand feet PCT/URR@S/029487

di stributed function control nodule of claim1l,

7. fl’fgltertﬁgt bR rﬂﬁétp)g ﬁ]%pmcﬁhfe 5‘Pb‘l@ﬁﬁq (f%'}@r MAhptRing a subplate

OSG pr oxi nma e stab pOI‘tI on.

d functjon_ cont of cI al m 7,

mounf‘?ﬁir(sh@ gﬁ'é{‘?@? roxImals grs } ' val ve adapted to
interface with and actuate a p etern1n d function of

8.t Hdegbaribated dunstionaconigh a9 dule %ﬁe 8 ecompr‘smg an integral
di stributed function control nodul e of cI aiml

pilot wilee edaptedhie insoltnwithund hetasonpieigesningd fupgtion of the SPM valve
el ectronics housing in which at |east a portion of the

via a Bdthild siglaéct roni cs are housed; and b. a conpensator
housi ng i n which the pressure conpensator is housed.

9. 10phe TS ML fuRbEGH cHMAAT in6dulE WTt ¢1gim TDGiHepeiff the [ldusing further
6, further conprising a pressure conpensated sol enoid

com housi ng adapted to receive a solenoid, the solenoid
P&B%r atively in communication with the control

el ectroni 11. . The dis d_function
il ¢ BrORian BORTRerEFek Hb Y R L R SHEY slpetronics ar
sol enoi d hou5|ng i s adapted to receive a plurality of
sol enoitwysediand The distributed function control nodul e
of claim1l, further conprising a purge port
ofer at i axsimpensatodiovaingdawhish the PISSTEQIRRFEHODIgMgEsed.
mani fol d systemto purge the el ectronics housing. 13.
10. Theheddistributedt Rectiamcsritad matlle of chandud,efuctherct@npnising a pressure
further conprising a wiring harness operatively in

comp%ﬂs'ﬂﬂé@kcﬂ@ﬁdl@ﬁm%&g ddBste§ APLieQliveeh a6lendid, GBe selendidagieradively in
portl on of the wiring harness adapted to be

comnalg i lge\(,fkythggglg:;oﬁgfeqtrg%cé mat i ng connect or di sposed

11.  The distributed function control module of claim 7, wherein the pressure compensated
solenoid housing is adapted to receive a plurality of solenoids.

12.  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.

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

the housing.

14.  The distributed function control module of claim 1, further comprising:
a. an oil fill port in fluid communication with the housing; and
b. a sea water port in fluid communication with the housing.
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14. The distributed function control nodule of claim

1, further conprising: a. an oil fill port in fluid
wa@oonaozsee@t i on wi th the housing; and b. a sea PEL/@62005/029487

port in fluid communication with the housing.15. The

15. OTRd BisRibuRd fulbkdd QntePhiodle dTRMImel, FhirthéradoMpkising a packer seal
further conprising a packer seal di sposed pr oxi mat e

disposk B AR AR {0 Bor B, 1 T8 o oA BF OF ik e PRE(RIisposgd about
met hod of mani pul ating a distributed

an out rlﬁﬁ'&%f’%ﬂf%?)ﬁ?ﬁé’l‘mlﬂ?dul e subsea, conprising: a. using
an ROV to_position a distributed functjon control

16. nﬁdﬁ‘l’tbocb?%‘%ﬁlﬁat‘]é“'&g g distrigted fypetion Ctoé?féﬂ padulp gubgea, comprising:
bl owout preventer (BOP) stack subsea; b. inserting a
stab ewdnghn RQV db positiburetisttibvied ifarrtionrontp! meduk @roximate a
subsea into the distributed function control nodul e
r ecei vesntiatiappideld receives eh YwobepevatterBOP)Gtack sabsemg a
first wet mateable electrical connector disposed

Pp.OXI Mak&tihPa stdbAdhdestdhé QisaibRUONHC R comBbPARUEle subsea into the
el ectrical connector disposed proximte the receiver;

and d. ﬁiﬁﬂ%g r}gnﬁloﬁ%gﬁfr&%o QFE‘E 1%13’&%& teg% Y@%@ ve the dstab end;

contro ctronlcs I'S ose istri ute
function .cont ectroni ¢ dev

dFs posBAiEh Adie WF‘h‘é“aLTF@Fr e&?ﬁ%ﬁ CPTHEERE oferOE Pipimate the stab
nmodul e. 17. The nethod of claim 16, further

conpr i gihip aaseconh et inHeabls slsciionl ponperionidisPasrdeRrpxinate the
the inserted distributed function control nodul e

di st al rekeivem; ehé st ab end; and b. disengaging the

di stributed function control nodule fromthe receiver

d. enabling electrical connectivity between control electronics disposed within

the distributed function control module and an electronic device disposed
outside the distributed function control module.
17. The method of claim 16, further comprising:
a. positioning an ROV proximate an end of the inserted distributed function
control module distal from the stab end; and

b. disengaging the distributed function control module from the receiver.
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