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ABSTIRAGT
This invention concerns a multiplexed eiectlrohydraulic

kind of control system consisting of ten undersea conlrol modules,

(24), arranged and instalied one for each local Xmas Tree (14) and

satellite Xmas module (48). System tinks wup with @& stTationary
production system by means of two hydraulic umbiticals, (42), and
one electric umbilical, (44), this latter through an elecltric

distribution module, (28), while connection of Jjumper, (84) of
undersea contrel! module, (24), and to electric distribution
module, (26) is done by means of a . remotely controlled wvehicle

(R.O.V.), (30).
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MULTIPLEXED ELECTROMYDRAULIGC TYPE OF CONTROL SYSTEM FOR UWUSE IN

UNDERSEA PROODUCGTION SYSTEM

This invention concerns a multiplexed electrohydraulic
type of control system for use in an undersea production system
which enables the valves bof each undersea well To be individually
controllied by an electropically digited means worked by an
oparator at a computer which liles in the stationary production
uni T,

A multiplexed electrahydraulic type of control s#stem
has to be provided with some Kind of electric power spurce and
means of communication with the contro! and supervision station,
through whiéh to interface with tThe operator., The ideal ‘way To
avoid use of an undersea umbilical with electric cables between
‘the piatform and the'template would be To provide tThe undersea
control! module with its.own' power supply source and/or :place,
together with means To enable 1T tb communicate directly with tThe
é!atfbrm through the undersea environment it which it liés.

'Furthermore, the need to develop various other Kinds of technology’
__connected with idea is why it has not vet gained tThe degree of
reliability and safety needed in the control o f undersea
production systlems,

Description of Prior Ark

Within the present state of the art, multiplexed
electrohydraulic control systems employ electric wumbilicals To
provide power and communication for underéea control modules, A
big drawback to this has always been the need to have electric

connectors lving in the undersea structures and/or equipment
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whenever two or more modules have to share one same electrical
umbilical which generally makes iT more ditticultl To cafry put
maintenance of the system whenever taulis abpear in stretches of
equipement therein., An example of +this would be a Template
manifold with control modules installed in the Xmas Trees, where 3
mere faulty connector or electric cable within the manifold would
mean that production at ail! welis would have To be stopped and
mani%oid would have to be brought to the surface for the repatr of
a single connector or eleCtric or, dptherwise, multiplexed control

Dver the faulty well would be lost,

Summary of lovention

This tnventTion probides a multiplexed electrohydraulic
Ttvpe of control system which consists of ten undersea control

‘modules arranged and installed as one for each local Xmas tree and

module of satellite tree. The system is linked up with a
sfationary production unit by means of two hydraulic umbilicals
‘and one electric umbilical, the latter through an electric

distribution module, ln order to avoid the need to recover The

manifold in the event of a fault in the jumper or electric
connector theréin, the connection between the jumper in tThe
undersea controi module and electric distribution model I S

échieved by:means of a R.O,V; By alliowing such connections tTo be
"made anduhmade locallv,.at the template, the electric jumper can
-bé within the template, which.in the event of a fault can be
remotely disconnected by fhe R.0.V,, thus enabling a new Jjumper To

be cast upon the templiate and connected at both its ends to the

R.0.V.,, thus leaving the electrical connection,

cuinfll gy Epankh ke cyebhid St Sy eaend s ahel. Vvl Welphet apnany vuivls R L R “Avwel whvd v-relh iiak] WRANY WAl el ehiel SRRy

The multiplexed electrohydrauiic type ot control system

.
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used for an undersea production system, as in this invention, will
néw be described in greater detail! with the help of the drawings
hereto,

Fiéure 1 is a view of connection of jumper tTo undersea
control module and fa\e}ectric distribution module by means of 2
remotely operated vehicle :‘R.Oky,

Figure 2 is a +low chért of the undersea hydraulic
arrangement,

Figure 3 is a hydraulic flowchart ot The connection of

undersea control! module To 3 Ioca[ welt Xmas. Tree,

Figure 4 s a flowchart of hydraulic interfaces wilh

‘tocal wet Xmas tree, top o%lwet tree, cover of wet Xmas Tree, bed

of undersea control module, and terminal for manifold connecilion,

Figure.S ahd B are ¥1owCha}ta of hydraulic interfaces
with sate!iites tfee module.and strgctdfe of flow line,

Figure. 7' is a hydbéulfb {lowchart of coﬁtrol for
sate}liﬁetree_madQle and-Satéilite wel Xmas tree,

Figure .é' is a .schematic diagram shawing‘ electric

interfaces with local wet Xmas tree,

Figure 9 is a 'shematic diragram showing electric
interfaces with Satelfite'tree module and structure of flow line,
Figure 10 is a  schematioc diagram o+ electric

distribution module,
Figure 11 is a schematic diagram of undersea eleclric

distribution arrangement,

Figure 114 is an enlarged detail of electric

'distribution, taken +from Figure 11,

Figure 1¢d is a block diagram of preferred elecltronics

for undersea contro! module,
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Qetailed Description of Lnvention

The multiplexed electrohydraulic control system of This
invention is used in an undersea production system of the Kind
described in the Brazilian patent application Pl 38005123 belonging
to the same applicant which amongst other features operates in a
600m depth of water; whiie templiate, 10, and manifold, 12, are
séparate structures and can be installéd separately; manitold, 12,
will have four headers: for pboduction, gas—-li+tt, broduction
'testjng and injecting ot water/Secandaby production; manifold, 12,
has blocking valves workéd only by remotely oontrolied vehicie -
R;U.V. For jnca! well, al!l production and control valves for
manifold, 12, headers lie in Their own Xmas tree (local MAM)Y, 14;
'interface o template*mani¥old witTh sate!lite well production and
control lines wfl! be by means of flow lines structure (F,L.S),
48, qf safe!lité'tree module (S.T.M), 18, ot respective well,
S*T;M¥ ﬂB.is i}ke ah MXM, ED,'ahd maﬁ.be'insta!lgd and locked on

 'tb any of the ten openings of template, 410, so as to enable

'manifold;.ﬂé, to interfaée w}th' a satellite well; horizontal

bonnections-to be used between manifcid, 12, and.each local MXM,
.ﬂ4, S.T.M.;-ﬂQ, ter@inals"for-hvdraulic énd- electric umbilicals
for éxport-lines, as well és flexible satelilite M, X .M.

‘For'this‘inﬁention the primary contro} systém.is to be
mu!tiplexéd  e1ectrohydranicaiIu,"and thefe shall also be a
secondarvllhydraulid .syétem' as‘sfahdbv‘ for the Ffirst, while
indudtive Type eiectric conneotors' are to be employed in The
transmitting of all électric~ ocpwer and communications signals.
Prfmary system consisis ﬁ$ ten undérsea controi models (U,C.M. s),
24, each installed atl every loba! M.X.M, 14, and/or 5.7 .,M, 18,

Such modutes, g, are fed 'hvdrauiically and electrically by
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distribution systems installed i N the manifold, The hydraulitc

distribution system is connected to stationary nroduction unit Dby

two umbilicals coming straight from the wmanifold, For electric
distribution there is a junction b o X Known as efectric
distribution module (E.D.M.), @B, which |links this Kind of
distribution and the electric umbilical To the stationary

nroductTion unit i,

At the stationary production unit, in turn, tThe control
and supervision stations are to be installed, hydraulic and
electric suplly units, panels for secondary system and for safety
valves (S,C.S.S,V,); _stationany production uniT connection to
" umbilicals taking place by means of rapid connectling and

disconnecting devices,.

Link up with manifold will be done by two hydraulic and
'cne'électric umbf!icala. Eachhvdréulic umbilical will cons}st'b¥:
‘?1.pressure #éed Iine fo U,GC.M,;
- 9 preésure lines Forsecondary contro!l; and-
-~ 5 pressure fines for S.G,S.S.V.

For undersea hydraulic distribultion each WXT, 20 or

,S.T;M,, 48; will be given three control  ines by means ©Of i ts
connection with'manifbld, 1, that is, a hydraulic feed line +from
its U.C.M., a line to work its secondary control, and a line To

work its 5.C.5.5.V,

Each U,G.M.,'Eé, will be connected by E.D.,M, Jdb by means
of an electric cable, 28, which will provide energy and
communications signals, All electric cables Qill be installed i

manifold, 12, in such a way as 1o énable it to be connected To The
FE D.M,, 26, and to the respectlive Uu.c. M, c4d, by means of an

R.O0.V., 30, without any help from divers, The great advantage of
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this system is that in the event of any fault in the cable and/or
its electrical connectors, the cable may be disconnected at bolh
ends and replaced by another, which will be lowered and laid wupon
the manifold, 12; upon connecting up the new cable a connection 15
restored which would otherwise have bean lost, or would at leastT
have taken time and much expense to have worked upon, while
unéersea electrical connections between umbilical and stationary
oroduction unit and each U,G.M, empioy induction tType connectors,

U.G.M., 24, will be theﬁdevice which, upon being given a
suitabile order from control and supervision station will work the
corresponding va!ﬁe.-iikewise, regular scanning will take place to
update Undersea'.sensnh {igures.‘ U;G.Mh, 24, should be =
cylindrical container Filled withdieleétric ftuid and shoﬁ!d be
provided with an_outsidepressure-compensating device, UOonnecltion.
of'chtrol'linéSibetwéeh.U.C.M.,24,.andifs seat, 32, takéspiace

 ‘jb§ ‘means of'individuar hydraﬁlic coﬁnectnrs for each flihe;
e{ecfric §0hn§ction for undgrsea'trahsducers alsp,taking pface‘ by
meané of éeat,aa,of.U,G,M., E4.Sﬁch connéctors should be o? the
.cdnduCting‘kihd;with a devibe'to.keeg their elecfrical ‘contacts
'_protected both ddbing and after"désbonnecting.

The‘eléctbical canhectioh ¥or the cable from E.D.M,, 28,
isg{-the induction kind. It will link up with U.C.M. 24, by means
.o¥ua connécforthét can be manipﬁlatéd.bv'anZR;O.V., placed . in the

'dppér'side é? the'U.C.ﬂ..All contfol  and. data collecting Tasks
.dndeftaken by the U,C.M, wilt' be ménaged by a set of smart
electranic cirbuits,-upon‘receiving order§ from the surface, whtle
such circuits will Qeinstaliedin an airtight container +illed
with inebt gas at atmospheric pressure,

E.D.M,, 268, will spread The energy and communications

";'a.-l!.#.‘q"‘]0{&(’0.-?'Vul\“\ﬁ‘,n(t}hbﬁ.‘»\w,‘\llloﬁug.;“""; atv g .|.-"‘$1‘('4,4‘0lg-ﬁlg‘(lh“g‘.‘\ysglg‘ngq-*q ‘-’.-...am.'u.o"chqu R e R R AP IR LR I TR s sldm'ndrtnd T " missnbersdan & rae « w1 rem
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signals from the stationary production unit (s.P.U.) to all the
undersea electrohydraulic <control modules, 24, and should be
instal led in aa special part of manitold, 12, sui table for
horizontél connection with the electrical umbilical locked To
tempiate, 10,

The contro!l! and supervision station (6.85,5.) will
consist of a control nanel, 36, and interface with undersea

contro! modules, 24, and a computer, 38, with a printer, 40, for
man-machine intertace,

The secondary control mode enables operator to Keep a
well In prbductian directliy +from the S!P.U. by means ot a ‘primary

control override., Fach local WXT, 14 and S5, T.M,, 18, are provided

"with a set of duties in the control lines of which shuttlie valves
are installed one for each duty. Each well have its own secondary
control Iine,from'the S. P.U,, which tine is linked together Qill

'all fhe shuttie #alﬁes o#'this.lécél WXT, 14, or S.T;M., 18, 5D
that its pressurizétion wii} Keep all du{ies open with which i1 is
 7355ociated..‘ '
inview‘ of the .{oregofng the invention aims at o
hbltihiéxed electrohydraulic-tvpé of control svstem to be used i N
an underseé'production system; séi&cpntrol system consisting of
ten modules of undersea cohffbl'(U.G.M.), (24), arranged and
 inStalled bhe¥oreverv'iocai wéf Xma5 'tree, 14, and ‘satellite
Tree model (S,T,M.),.(18), Whiéh'Wilf link up with the .stationary
nroduction unit by meahs o%ihvdraulic umbilicals (42) and elactiric
~umbilicals (44), +the latter through an' electric distribution
module, (E.D,M,), ES, connection of electric jumper (84) of said
"undersea cbntrol modulie (U.C, M. (24), and said alectric

dgistribution model (E.D.M.); (26), being done by means of @

-------
-----
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remotely operated vehicle (R, 0,V.2, (30).

The primary control system is ot TtThe multiplexed
electrohydraulic Kind, and alse includes @& secondary hydraulic
system as standby for said primary system,

The hydraulic distribuition system 15 linked To The
stationary production unit by hydraulic umbilicals (42), coming
directliy from manifold, (12, and electrical distribution | S
provided with an electrical distribution module (E.D.M.), (28,
which links this distribution and the electrical umbilical, (44),
to the stationary broduction unit,

Eacﬁ such hydréulfc .umbi!iba!, (42, consists of a
pressure feed line for .safd Undérsea confrol module (U.C.M.),
(24), pressure line for secondary contro!l, and pressure lines for
safely vaives,

' At undersea hydhaulic distribution every wetl Xmas tree
(WXT?, (EO), or Satellite tree module (§.T.M) (18), receives
contral'fines by means of its connection with the manifold, (12),
.one‘af whiCh iines.is ¥or hydraulic feed of its undersea control
'modufé.(u;G;M.) (84),.bne for working its secondary cdntrol, and
one.fo'QOrk ite safety valve.

All electrical cables, (28), are inastatied in the
manifold, (48); cbnneption-o%éfeotric cable, (2B), to electric
distributionmoduie (E.D.M,), (EB}..and to respective undersea
“control-mbdule (U.C.M.), (84),. being achieved by means of 3
remotely operated vehicle (R,0,V,), (30),

The electrical connecfiob‘o¥ electrical cable (28), from
electric distribution module (E.D.M.), (28), is of the induction
/

kind, said electric cable, (28), being Llinked To the undersea

control module (U.C.M.) (24), by means of a connector, (34) tThat

T A S S O AR B B T RN T A SR A A A G LRGBS e s M g R e e e e T
LI R N I . N . f . . . - 4 v ) . . . ..l ) .
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can be manipulated by a remotely operated vehicle (R,0,V.J, (30),
lyving in the upper side part of said wundersea control module
(u.C.M,), (24,

A look at Figure 1 serves to show that +the control
system is linked up with the stationary production system by means
of two hydraulic umbilicals, 42, and one electric umbilical, 44,
the latter through an electric'aistribution module (E.D.,M,2>, &8;
connection at'underséa control module (U,C.M.), (24), and at
etectricai distribution module (E;D;M), (EB), being done by means
of a rembtetﬁ operated vehicle (R.0.V.), 30,

Figure E Ts a ‘_¥!bwchart "OF undersea hydraulic
distfibutioh of wells 46A-4BJ, showing terminals, 48, to coanect
umbilical to manifold, connection, 50 of manifold, 12, to WXT, 20,
a maintenaﬁce panel, 52, of ﬁvdraulic 'diétribution to operating
ua!ves, 54, *DP'R;U.V,. . .

ngure 3 shows hﬁdraulicfl¢WGﬁartof connection 56, of.
.   undersea confrol mbdulé, 84,'with 3 fdcal.wet Xmas tree; 14, with
pbéssureétatsg' 58.' Figube '4.§hows é flowchart of hydraulic

interfaces of tree-cap, 60, top of WXT, B2, and local WXT, 14;

seat;,84, o¥'U.C;M. 24 and connécfion  termina| of manifold, BB

being shown, Figubes 5 and b flowcharts p{' hydraulic interfaces

'with.satel{ite tree module, 18; and étructureo{ flow tine, 16,
"being ého@hin Fiéure 9, and connecting pilate 68, to satellite

“free module,'48, and terminal, 70, for cohnecfion with . umbilical

' and.satellite WXf, and in Figure 5 the Top of 5, T. M, 7¢, The seatl
of U,CAM, be, The termina! tq cohnect'mani¥old, 48, a cqnnecting
'pléte, 72, to the F.,L.S, 46; and Figure 7 shows =@ hydraulic
flowchart of S, T, M,, 1B and satlelliite WXT, connection with §.T,M,

768 being shown,
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As is to be seen from Figure 8 which is a schematic
diagram of the electrical intér$aces of local WXT 144 with U,C.M,
24, the container, 78, i1s shown with electronic circuits electric
power inductiqn connectors 80, signal induction electric
connectors, B2, electric jumper, 84, along with connection by
R.O.V, with seat of U.C.M, 32, and conduction electric coupling
unthreaded connectors, 88, while Figure 89 is a schematic diagram
of electric interfaces of S, T.M, 18 with F,L,S5, 16, which shows
hubs of horizontal connection, 88, structure of seat, 90, ot +flow
lines andumbilicél of control of sateilite W,X,T, déd, tThreaded
coﬁducting electric connector, 82, and etlectrtic cable, g4, o+
control umbilical of satellite W, X.T,, 22, Also, as 1is to be seen
from Figures 8 and 9, each local W.X.T, 14, and S,T.M, 18, will be
proyided with two pressuré tranéducers 968, and Twp butside Sensors
| bf posifibn o? cheké valves, 98, .whiie loéal W. X, T, 44,. and
satél}ite w;X,T;.EE may also be prpvidé wifh a transducef for
'dow5~thefhble pressbre and températube (D,P,T.T.), 100, Figure 10
I 5 a schématic diagram o+ 'elecfric dfstribution modul e, 20,
showing umbilical, 102, of statibnarv.production uni t, huBs, 104,
inductidn electric_connectors,for power, 80, induction electric
"connectors for signals; 8d, ?éed- arbangement ‘and distribution,
436, w;th its'prgtectionbircuité, 408; and arrangement and
distribution %oraignala} ﬂdD; witlh its‘protection circuits, 11d,.

Figures 1" and 41A are é schematic diagram of Qndersea
'e}ectric distributiﬁﬁ and an enlarged detail of E,D.M,, 88; Takem
from Figure 11, and _éhdw tempiate 10, manifold, 12, E.D.M,, 2o,
U.C.M’s, 24, and electrical umbilical for V E.P, 102, (Figure 117,
as well as electrical wumbilical for V,E.P, 102, hubs  for

horizontal connection, 88, power induction elecirical connectors,

.....
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8O, signal i1nduction electrical connectors, Ha, protection and
distribution circuits, 114, and electric Jjumper, 84, o remotle

connection for R.O.V,

Final!y,\Figure 12 is a block diagram of preferred
electronics for und@nsea control module, Jd4, showing Jjumper for
ealectric distribution modﬁie; 84, feed induction connector, 1186,
signal 1tnductTion connect&r, 448;'power spurce, 120, communications
interface, 182{ microprocesser, 144, interface driver for soclenoid
‘valve, 126, interfaces for S, P.D.T. switch, 128, A/D converter and
multiplexer, 130, signal arranger, and interFéce for O,P.T.T.,
132, signal arranger for pressure transducer, 134, and signal
arranger and pressure transducer, 134, and "signal arranger and
‘inter¥ace for sensor for choKke position, 138,

i1t should be pointed.out that though the whole of 'the
control system déscription has been done based on the undersea’
productipn system concerned in the Brazilian patent application P |
9005123, 1 Ts main features may be considered as those of other
undersea prbducfion systems (templatefmani¥old, manifold, wel Xmas

trees) .,

))))
)
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- MULTIPLEXED ELEGTROHYDRAULIGC TYPE OF CONTROL SYSTEM FOR USE IN

1'

UNDERSEA PRODUCTION SYSTEM consisting of ten undersea control

modules (U.C.M‘s), (24), arranged and installed as one +for each

tocal wet Xmas tree, (14), and satellite tree module (5,T.M,),

(18) wherein aforesaid control system links up wilth stationary

nproduction unit by means o©of hydraulic umbilicals, (42) and

electric umbilicals, (44) and by means of an electric distributlion
module (E.D.M.), (2B6), while electric jumper connection, (84) of

aforesaid undersea control module'(U.C.M),'(E4) and of atoresaid
electric distribution modulefE,D.M.), (28) is done by means bf a
remotely controlled vehicJe (R;O;V.), (302,
d - MULTIPLEXED ELECTROHYDRAUL!C TYPE OF CONTROL SYSTEM FOR USE IN
'UNDEHSEA PRODUGTIGN SYSTEM accérding jto claim 1, comprising a
‘Brimary contbol,system-§¥ thé multipléxed ‘efectrohvdraulfc_ Kind,
and alsd'inciudinga sebondary hydraulkc system as% .standby tor
said.primary svStem, ' . .
3 - MULT!PLEXED ELEGTROHYDR&ULIGTYPE.OF CONTROL SYSTEM_FOR USE I N
UNDERSEA PRODUCTi0N SYSTEM acoording to claim 1, wherein the
hydraulic distribution 'svstem i 5 'bonnécted. to <tThe sfationary
Productioh unif;b? hydraulic nmbilicals, (42), comihg' straight
{rbm mani%old,(ﬂa),'and:the electri@ distribution. is provided
With ah eléctrib.distributipn modﬁle,(E.D.M.), (EB),. which links
,such"distribution to. the eyéctrical umbilical, (44) of TtThe

stationary production unit,

4 - MULTIPLEXED ELEGTROHYDRAULIC TYPE OF GONTROL SYSTEM FOR USE 1IN

UNDERSEA PRODUGTION SYSTEM according to claim 1, wherein each said

‘hvdraulic umbilical, (42) consists of a nressure fead line for

said undersea control module_(U.C.M.), (284), a pressure line for

MO A MY AL R A Y L M T A L i O TR U e
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secondary control, and pressure lines for safety valves,

5 - MULTIPLEXED ELEGTROHYDRAULIG TYPE OF CONTROL SYSTEM FOR USE IN
UNDERSEA PRODUCTION SYSTEM according to claim 1, wherein at
undersea hydraulic distribution each wel Xmas Uree (WXT>, (20) or
satellite tree module (S5,T.;M,) (18), is provided with control
lineg by means of its connection to manifold, (122, one line for
hydraulic feed of its undersea contro! moduile (U,c.M,), (24), one
tine to drive its secondary conirol, and one line ftTo drtive i Ts
safely valve,

5§ - MULT!PLEXED ELECTROHYDRAULIC TYPE OF CONTROL SYSTEM FOR USE 1IN

- UNDERSEA PRODUCTION SYSTEM according to claim 41, wherein all
electric cables, (28), are installed in the manifold, (12), while
‘connection of electric cable (28), to eilectric distribution module
(E.D.M,), (206 ), and to respective undersed control module
(U.C.M,), (24) is done by means of a remotely controlled venicle
(R.0.V.)>, (30),

7 - MULTIPLEXED ELEGTROHYDRAULIG TYPE OF GONTROL SYSTEM FOR USE IN
UNDERSFEA PRODUCTION SYSTEM according to claim 5, wherein eleciric
connectfon of electric cabie (28), from eiectric distribution
module (FE.D.M.), {(2B), is of the induction TtType, salid electric
cable, (28), being linked to the undersea control module (U.C.M.,),
(24), by means of a cbnnector, (34), which can be manipulated by a
remotely controlled vehicle (R,O,V.), {(30) lving in the upper side

nart of said undersea éontrol module (U,C.M,), (24), S .
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