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| J CONTROL MODULE W TH DUAL BALL VALVE ASSEMBLI ES
BACKGROUND 5 [0001 ] The present invention relates to
subsea control systems, and nore particularly, in
certain enbodi ments, to control nodul es having dua
baII val ve assenblies for controlling one or nore

2GS, PP ObE ST B R, VAL s vt

capablllty of conmuni cating signals from an operator

on a vessel 10 to and/or fromthe subsea devi ce.

Val ves in conventional control nodules typically have

only two positions: aBAQKGREUMNDion to allow control

fluid to pass fromsupply lines through the val ves

and into function lines, and a vent position to all ow

control fluid to pass fromthe function |ines through

the valv 0 05|t

require ggg?ggllﬁﬁﬁlﬁls%@ EHveH gr\?v?%l%gse%)tq S“atcﬁrémglfﬁ’ BiCps gind more

Siti maki n k 15 detection

Pmﬁlgﬁﬁ b kAR s EnETY © o en s o ombral vave

cogﬁé nodul es have very snall orifices, which are

a for sorsEalipe onerpramatesipda dsvicks.ces pl ace an
nphasis on fluid cleanliness for hydraulic fluid

t ypl cal | y[006HContred maddudesrare génenitddesentliowse or 6 Edkea

nodul es generally nust each have a screen filter and

degeescogithaye therbpadilifyl ofi @mmuivarhdis| bR Rfm bA %péﬁ%{o\’ BR & vessel
whet her caused by contam nation or ot herw se.

td @bt frah tRGubhe Reed. t\@al‘{;t%tﬁl' ?P{‘%ﬁ?{lé{ ??tn% qﬁ?({rtfc?sljri,rp ically have

to repalr t he fallure

] ‘ 9159*
b e s Frskep |R9|51“|°6|‘? Pl eegprihid i %?H[ Bgpl)lines
ﬂEQEIP&?SePt i nventj on relates f o subsea contro

sys% va Vﬁ%ﬂ%llnéo nction lines, and a vent position to allow control fluid to

pass from the function lines through the valves and into vent lines. Both positions
require control fluid to flow to either the supply or vent positions, thus making leak
detection impractical. Additionally, valves in conventional conﬁol modules have very
small orifices, which are prone to blockage. These small orifices place an emphasis on
fluid cleanliness for hydraulic fluid typicaliy used in such control modules. Thus,

control modules generally must each have a screen filter and use costly control fluid.

. Any failure of the valves, whether caused by contamination or otherwise, can result in

the need to retrieve/service the module to repair the failure.
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particularly, in certain enbodinents. to contro
nmodul es having dual ball valve assenblies for
controlling one or nore subsea devices. 5 [0004] One
enbodi ment of the present disclosure provides a subsea
control system conprising a“control nodul e having a

SUNﬂ@%ﬁﬁ?llty of dual ball valve assenblies. Each dual

val ve assenbly of this enbodi ment i s connect ed.
to a supply line, a vent line, and a function line
connect ed 0083 hThebrssent deventien foutes priubgdal doRfolsk@ms, and more
subsea device. 10 [0005] Anot her enbodi nent provides a

penivhlad. inmethie agtinsitigo @onPbluhédilédyhandial bAR dive
val ve assenblies and el ectronics conflgured to contro

aﬁsl'cﬁlbﬂl'eyfoa|cbﬁﬁ‘olllﬁfl 09&‘@* mBa éubgé’;l Y&Ri@ssenblies. In this
enbodi ment, each”of the plurality of dual ball valve

assenbl i mani , .

man 1ol d. PO5E Bk SiBeRaRHER: he TR GenarefireiBt ider « subses

. nment provi des a SE a control system 15
S%fﬁ"gﬂ’%?lﬁgfo PESHE TS U U s v iRg acplwialitvanfi dug! el chlred
bal | _val ve assenblies that control a plurality of
a83epodss f kardidughball yopossemrhly dighis embsdameht acioant@ages a supply
of the present invention will be readily apparent to
Inhoseens kind. lagd ai fandthoe laretconMbtitdderota wabseasdelde @6k doRtrbiiBig said
art may make nunerous changes, such changes are
swhsehidevitdre spirit of the invention. 20 BRI EF

DESCRI PTI ON OF THE DRAW NGS [0008] Figure 1A

[
posi £ on r0 abkaroace S e RARRETR ol el omprising o

gx.ﬁghtg 82? e% gaﬂ | OS 5& e@g%ﬁ{l% gegftr@ipgqrﬁe@%ggmld: t% lclégtrro{ilt’checspluraht\

gagﬁ éu 03|t|on |n accordance with certain enbodi nents
R SP‘é@ éitemhlisg) Gyiiirsembodimentoackioftireeplaratiry of dual ball
illustrates the dual ball valve assenbly of Figure 1 A

velye gssepibbiek cqropises grupply avmdtotth roentintuinfelér dndiarfunction port.
enbodi nents of the present disclosure.

[0006] Yet another embodiment provides a subsea control system
comprising a control module having a plurality of dual ball valve assemblies that control
a plurality of subsea functions.

[0007] The features and advantages of the present invention will be

readily apparent to those skilled in the art. While those skilled in the art may make

numerous changes, such changes are within the spirit of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1A illustrates a dual ball valve assembly in a vent position
1 accordance with certain embodiments of the present disclosure.
[0009] Figure 1B illustrates the dual ball valve assembly of Figure 1A in a

supply position in accordance with certain embodiments of the present disclosure.
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[0011 ] Figure 2 illustrates a schematic of a contro

nodul e in accordance wth certain enbodi nents of the
present disclosure. 5 [0012] Figure 3 illustrates a
cross-sectional top view of a control nodule, | ooking

down on a base plate, in accordance with certain

enbodi nents of the present disclosure. [0013] Figure

4 i1l ustrH®E] Elwr%gﬁéilbéaaﬁe@rthe deal dell walewagemd\CONEiztte 1A in a
nmodul e in accordance with certain enbodi nents of the

bpecksenitiodiis ab@sdunee Wil eABhAm bbEHeR:s Df He! &khAtiES ofire.

perspective view of a control nodule in accordance

d
with certgoni1erhae v t - t disclosure.
0015+ Fi Gur ey 611 ype aniy LB Ri oY collrSnBaHE Fypecordance
: : ' i n.accordance with certain

‘ggg%{%é-% ﬁrg%?lé@déﬁl%ﬁ ?8}6 Tl e DETAILED
DESCRIPTI&M ngTHE,DRﬁngGS 15 [0016] Referring to
Fi gures | R1E FigiTh” dirsiratss picrossrseaticaskientyisy aa nenytrol module,
&ﬁve first ball valve 38, second ball valve 40, dua
loipRg down OP [21bgsg plateeia ageordancawith ca2ah embbdimpheSHFUhepresent
transducer 44. |n sone enbodi nents, dual ball valve

iislies 16 may al so include transm ssion gearing
(not shown). Ball valves 38 and 40 may couple or
ot her wi se[(taBeFidaee £ARkirdds ald- QRS L ed i.n.U. S
Pat ent PuLIicgtrbn No. 20 2%6%?%%%%%%%{QéhﬂghQﬁgconUOLmodme

iReE i : : inits.entirety. Bal
B S o G LB b B SV 1 bt and

10, 000 pstp@n; 25, 000..psi,. for exanple. Ball valves 38
and 40, i Loogélrél%%%ﬂﬁﬂ%%ﬁ?% 2 PREPCFEF e B psanmel slogule in
1/4" dianmeter openings. Ball valves 38 and 40 may

ST EAE NG cBiHH GrPosinens of ds presryt disclesih dual  bal |

val ve assenbly 16 has at |east two ball valves. For

exanmpl e, HY1Phbizue CHluswates gusidesi®s ol Aediol hakihievald\esibsea
38 and 40 may operate i ndependent of one another.

deick én adrerdhncd wghicesain embsdinaéres bithk prabn @R cB8u@nd 40
as contained within a housing, one or both of bal

DETAILED DESCRIPTION OF THE DRAWINGS

[0016] Referring to Figpres 1A-1C: each dual ball valve aséembly 16 may
have first ball valve 38, second ball valve 40, dual motor 42 (illustrated as 42A and
42B). and pressure transducer 44. In some embodiments, dual ball valve assemblies 16
may also include transmission gearing (not shown). Ball valves 38 and 40 may couple

or otherwise have the configurations disclosed in U.S. Patent Publication No.

- 2005/0252556, which is hereby incorporated by reference in its entirety. Ball valves 38

and 40 may use metal seals and withstand 10,000 psi or 15,000 psi, for example. Ball
valves 33 and 40, in some ernbodirhents, may have approximately 1/4” diameter
openings. Ball valves 38 and 40 may have other configurations, so long as each dual
ball valve assembly 16 has at least two ball valves. For example, as indicated in Figures

1A-1C, ball valves 38 and 40 may operate independent of one another. While the
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val ves 38 and 40 nay be renote fromthe rest of dua

ball val ve assenbly 16, so long as ball valves 38 and

40 are connected to the sane function |ine 22 and/or
included in the sanme common body. In sone
enbodinents, first ball val e 38 may connect to supply

é%ﬂ“ ne 18 and function line 22, allowng first ball '

<l lggirate bal byal vas 13 8fand i Of asornntaimgsdl withih raélouﬂlﬁotd}feQiﬂ%Bth of ball

dual ball valve assenbly 16 into function Iine 22.
vaivee i ¢ 48 ecayrid rlrable fromaltive reébOo @M BANRAGE a§s@m\5ﬁnf6 so long as
line 20 and function line 22, allow ng second ball

bl vabvc4 88 ah@ 40 @ttdoshedibdW the Lhy ;
through dual ball valve agse%%PE%%%h B”Véﬁ?éﬁrﬁghMEd“]me

%@%&?ﬁn%@o&l@%? Lorft ergggdl% quls, iﬁé5§§)8ﬁ olgs ﬁfﬁ ﬁtgz{v %rx]]agqtﬁ@ supply

U Rt NGgrau se ?ctq@t F bal | val ves 38 and 40. Dual
t or Afﬁ Y g 5 & Og\ﬁ]fle figptchall valve 3dtie conteol bt from supply line
]%3 valves 38 and 40, or dual notor 42 nmay be

PNU;S é“ﬁldiaHr@lveal@,seimhlué@ iRtogdnétionfing 22e 4 ikdwite, Gecond ball
Dual nmotor 42 may actuate dual ball valve assenblies
VBb/etf) may ponmgetita vettdineateandi fumchdnOimet X2, ADYRinbQeNaHd B S alve 40
positions, or dual notor 42 may be a reversi bl e notor

talcbowbirfpwt fremviahatonaseemthi ish Ml ACkNGh Sy % into vent line.

turni ng back and forth. El ectronics 32 may contr

dual not 0{00‘@ DRal AGYHAL & RNE- ]?rgogpul‘?@r??{% ordlf'lni?]}eotgglétyaf of motor

val ve assenblles 16. I n sonme e

I ntrolled valves wi.ll allow for the
R T Retihar AR st Pl Fistengtins e valyen Brendrdd. Dual motor
uscepti bl e to contam nation issues. Pressure
rrafs v e éllnolfflw TREYPR & fiTal poth Hadirvabas B8 tangd 46r or dual motor 42
otherMAse be associated with dual ball valve assenbly
73y dmkinly mopes. ey Ahsdaicdin Fizunesyl AeC4ATRA] MdtEtA2ahAY actuate
gauge transducers, a device configured to indicate

thbbﬂbYaleWBSﬁnlﬁies bélblv tualive ireths e8¢ Hird®ioh o nibva 1P R%dGs
position, or any other transducer wuseful in subsea

ropeioat,icpdal thétoSAR a8 BEAGEVESHS mMLESSH S e UE&Embii
44 may provide data for use bylgu seéﬂggﬁ?$@%£g3%§gﬁgm%16

' BBt GRS ED, BRANRED SRR SIS
Bl G BEBN b R RPN & et ity s o
e outside usi.ng containing sone or all other
egqg%c&hé/ﬁpgtr%¥edd@g1ces Hall pllg\aﬁg@thﬁgb@myn 6 hydrsulic pilot valves,
which are susceptible to contamination issues. Pressure transducer 44 may connected to,
formed with, or otherwise be associated with dual ball valve assembly 16. Pressure
transducer 44 may be 4-20 MA strain gauge transducers, a device configured to indicate
whether the dual ball valve assembly 16 is in a block position, or any other transducer
useful in subsea operations. In some embodiments, pressure transducer 44 may providé
data for use by subsea control systems in detecting leaks when the subsea control system

1s in a leak detection mode. Pressure transducer 44 may be in a housing with the other

components of dual ball valve assembly 16, or pressure transducer 44 may be outside of
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illustrated). [0018] Dual ball valve assenbly 16 may

have supply manifold 46. vent nanifold 48, and

function port 50. These manifold and port facilities
maybe 5 incorporated into control nodul e base plate

34. Supply manifold 46 may provide a connection point

or otherwi se allow for flow between supply |ine 18 and
adgysing ﬁ‘l)fltalvm"\ﬁ@mea@?;élmjhv coapoBapip loy duaitiafl lall e4EseRYH ES (as
a facial seal using an o-ring to a manifold supply
illismatedpr any ot her type of connector. Vent manifold 48
may provide a connection point or otherw se allow for

fl ow bet Wee g VBl ﬂa‘l r\fal\?eoas@&ﬂblq ugl Q\Qil%vevs%lgi\)/l% J@%ﬁ%@%@l vent

16. 10 Vent nmmnifold fac1a

I I f
'“%é‘#ﬁ%%%%?n‘f‘ﬁﬂ% ?@ﬁ%ﬁﬁ Ry 607 herdag ity o

$ o] ot herwi se ? QOM/for flow between function
‘i’oﬁ%‘"% 1 CoRpE! maodyle B P14 e rBPRIY IEANIRIhES em ppoide a

50 may be a facial seal using an o-ring to a function
CPRRFENOHPoighyr heravise sline fof floonheweer suppDubihe bakid dal Wl valve
assenbly 16 may have a fail safe nechani sm 52

| asemiblss t 6. aS bl psab Al ddtimabb 6 2 BcidlGeMisendoa d- nﬁakd@ﬁla&%old

and/or 40 into a failsafe position in the event

speply liat, @ any 6EHEP HRIeR fTY Rt R 1B aJ elnyfn%m E@ 483135\ rovide a connection
mechani sm 52 may be nechanlcal bi ase sBe

pgg??ﬂgﬁ??l%o?%@ E HF[% 11%2 ZZS?Ed aﬂfaiobege\ﬁilmassemblv 16.

i_.scusse and |IIustrated in Figure 1
e el R LS %91%63.8# SRR OTREFO emBBUPHeisasine, or any
fallsaf? mechani sm 52 may force bal | val ves 38 and 40
OHST e ST SOmIesHR: BYBFHITRPT( I} B preddbe baweanch point or otherwise
illustrated in Figure 1 C) as the failsafe position.
affpydor fiew bsaesn fiedionilinn?8 anduipalpradivvates dssembly 16. Function port
mechanically forced failsafe position in the event of

S8 gy Yeurr facial sl esihp ias @krimgy tohyfihewtn neS Y8 1 Sthed @Qé-gﬂ connector.
Referring to Figure IA, dual ball val ve assenbly

UmYbilBVQV@ass&ﬂBI\ POFal b 2 TBa L e h t—|7
position that pern1t§'fIchfro%1fuﬁE?@%ﬁ Iﬁﬂgkgg%%§SDzAzmd

bbbﬁ MBV@UQ! VQ%Q %%’ Al @%ﬁ%@%ﬂ%’lsarg pos&lon t%e elvé:nrg%f }%Qmal or

whi | e preventing rom su

complete system failure. Failsafe mechanism 52 may be mechanically biased. In some
embodiments, failsafe mechanism 52 may include a spring to force ball valves 38 and 40
into a vent position (discussed below and illustrated in Fi gure 1A)' as the failsafe
position. In other embodiments, failsafe mechanism 52 may force ball valves 38 and 40
1nto a block pdsition (discussed below and illustrated in Figure 1C) as the failsafe
position. Thus, failsafe mechanism 52 may ﬁrovide for a mechanically forced failsafe
position in the event of a failure of electrical or hydraulic systems.

[0019] Referring 1o Figure 1A, dual ball valve assembly 16 may have a
vent position. The vent position is a position that permits flow from function line 22

through dual ball valve assembly 16 into vent line 20 while preventing flow from supply
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line 18 through dual ball valve assenbly 16. Dua

nmotor 42 may nove or actuate dual ball valve assenbly

16 into the vent position by noving ball valve 38 to a

cl osed position and ball vglve 40 to an open

position. [0020] Referring o Figure 1B, dual bal

val ve assenbl may have a 5 supply position. The

ligg b Eyopgisdyal éﬁl livalvg aﬁﬁ@mbﬁ &6 Dhat mptor 2 tsavihow drraomate dual
supply line 18 through dual ball valve assenbly 16
balhvavé assemibbin § ime tiRYenhpdseti@r ey aiobinydalllvawe38a8% cwael
line 20 through dual ball valve assenbly 16. Dua

position arkPbaTByal VOH@ t0dn sehpdkRiondual bal I val ve assenbly
16 into the supply p05|t|on by nDV|ng ball valve 38 to

an open shi R to.a cl 0S¢
posi ti on. [@@ { 0021 E?%drrﬁ ng ZH%llgvljri}vee iy (?%Illjgfna‘ have a
< | ock p05|t|on The
AR t?%nﬁ}?g%%&m Y 8kttt eoameey b Supply fine 15
thrqhgv%géﬁl ball val ve assenbly 16. Dual notor 42
ValvE geRembd b inf fynctigh Vise 32 sdnlisipyeveting fivw from
the bl ock position by noving both ball valves 38 and
Ve ting 24 tetoygk dupldwiliniabre. asfedf2]1 6REN i triokg 42andyhBove or actuate
schematic illustrated in Figure 2, control module 1
did batiywaivecissmhebidualindoahd s@@ﬁ}Vﬁos&%ﬁﬁmﬁlbeﬁv%ﬁl | valve 38 to an open
accunul ator 24, supply line 18, vent 26, “vent |lIne

pé&kio ik bUNedivO80 kd Q@l%se’%lznos%t rol module 12 may use
any nunber of dual valve assenblies 16

Certan Zl‘ﬁﬁ%fﬁeﬁe%f’ et Colith ks gy L1 6 tnay have o
b?ﬁkmeen 10 f and 30 off dual ball valve assenblies
D18 ik

pPﬂ“% PREIBR & 2 eI haEpEveps e dueegibduabball

maybe appropriate, but other- applications may
‘P‘éaa?SF@b}ﬁo}% gf“alﬂ@W@F 43 e Thnd onastuate duskbatbialesassdibibly 16
[0023] While accumul ator 24 as illustrated is a set of

it theebl e@cpeniicrt oy movgAotorlavaied 38 4ddi40 16 @ridsed position.
nmodul e 12 and an accunul ator 24B external to contro

nodul e 12,00a2tRefthedOio tRd s abe i1aiyrated @I?F%tlredf\ébffﬁol module
“for supplying pressurized control 25 fluidto du

1baddy 1H@h&@d@aﬂ3ﬁﬂbJal\%%s§eﬁ1bllgp?6 CR ] ard 14! glpgﬁfylmeel '8, vent 26,

for exanple. hydraulic;
vent line 20, and function lines 22. Control module 12 may use any number of dual ball
valve assemblies 16 (illusﬁated as 16A, 16B, 16CI, etc.). For example, in certain
embodiments, control module 12 may have between 10 off and 30 off dual ball valve
assemblies 16. In some applications, 15 off ball valve assemblies 16 may be
appropriate, but other applications may require more or fewer dual ball valve assemblies
16.

[0023] While accumulator 24 as illustrated is a set of three accumulators

24 A contained within control module 12 and an ac.cumulator 24B external to control
module 12, accumulator 24 may be any type of device for suppiying pressurized control

fiuid to dual ball valve assemblies 16. The control fluid may be, for example, hydraulic,
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7 water based with lubricity additive designed for a
specific tenperature range. In sone enbodinents,

accurmul ator 24 may be three 19 Liter bl adder

accunul ators 24A and/or a LeanabIe 19 Liter bl adder
accumul at or nodul e 24B conflgured to connect to

control  nodule 12 via base plate 34 w thin bl adder
VT e Bk lyhsigily eddin e derdenasclor ¢ specificatmperang6 range. In some
associated with control nodule 12. [0024] Supply I'i ne
er®oduyerite aBangstar M mas bsttieek 10dliteablad@Ppaomesulators 24A andior a
variation) with a nom nal bore of 0.375 inches

réth OVABI 9 DiterdBlyddRf A A6r RlodlicNAB R AEEL r
21T Gual ball valve aSsenbiee 16 o aetaml at%rrﬁ‘%é”%"omo

i ' t i 18 ,
T P AR P o il BBl G Sy B Ypiver plate
35%8%)(1(:?3%%& wuﬁ'lc%ﬁﬁtr %ﬁs 16. Alternatively, nultiple

nes may deliver control fluid
fromone gor nore accunul ators 24 to a nunber of dua
bal | val VEO Og¢5evnly bae A maygp2Hl6 spsnlessaeechtoy anlapproved
control fluid captured in the subsea device to
vargiegiy) 'withoa sothipakeporp pE8.Sip énches eriviaiut, or BnyoBEr type of line to
i nstances the ocean. Vent 26 may be a 15 hydraulic

comuiek hmgort dibdual ball vdlesakembaiek 148 MBusflatdhak theome
internal fluid of the control nmodule is isolated from

ehit@ dfRetRd, lofie SE&HIVBRETS ARAY d'e&%elc&)ﬁfr ShE ﬁ%H z?c%{lméllaé?r 24,10 a

Alternatively; ‘vent 26 haybe si y an open en

her, type of. ent 0026]. Vent

ififler bl 85 139%)‘8%&%@ el Lo X Bl taa&sawav fes (ot

aglatloaﬁ_ W th %f1nal bore of 75 i nches m ni num
?“%Wa% A TPVB@ 19 TRig qng Q8 aRie aecuayators @4¢e aglumber of dual
dual ball valve assenblies 16 to vent 26. In sone
valiyalyesrsblicphé vent |ine 20 may deliver contro
fluid froma nunber of dual ball valve assenblies 16
to vent 2B025AVerrfataveligy controli flié capeirtd b the Subd@tdevice to
shown) may deliver control fluid fromone or nore

“derdtl’ tdaldwer lraseura $&efidlid, @8mbdt IS aV@Bthe2fRear O@@Jfb&%nav bea

nunber of function lines 22 (illustrated as 22A
h%&%uh@k@uﬁhng that includes a check valve so that the internal fluid of the control
module is isolated from the caustic sea water and its corrosive effects. Alternatively,
vent 26 may be simply an open end of vent line 20, or any other type of vent.

[0026] Vent line 20 inay be 316 stainless steel (or an approved variation)
with a nominal bore of 0.375 inches minimum, or any other type of line to connect any
or all dual ball valve assemblies 16 to vent 26. In some embodiments, one vent line 20
may deliver control fluid from a number of dual ball valve assemblies 16 to vent 26,
Alternatively, multiple vent lines (nét shown) may deliver control fluid from one or
more dual ball valve assemblies 16 to vent 26.

[0027] A number of function lines 22 (illustrated as 22A. 22B, 22C. etc.)

may be 316 stainless steel (or an approved variation) with a nominal bore of 0.375
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2~ may be 316 stainless steel (or an approved

variation) with a nom nal bore of 0.375 8 inches

m ni mum or any other type of line to connect any or

all dual ball valve assenblies 16 to one or nore

subsea devi ces 14 (iIIustra@ed as 14A, 14B. 14C). In

sone enbodi nents, function lines 22 nmay deliver

IBYISE YR o anY eFhetii@e oblnk ty ednnect zay e ab|duelsballévat e

subsea devices 14. 5 [0028] Subsea devices 14 may

dssaphblite 1Che bisdt oraBorters@Bbsea deBived 04 (Husradiodesa, daBNNRTE In some
smart val ves, tooling operations, workover function’

iRIdeh £r28) FunctidO WABOD B9 laeli Veri@h 4 65ayid YRES Bu 8 Ui RIE DL .
or any other device suitable for per?ornlng a subsea

&gﬁﬁhkgq6tggﬁ%%%%%%fgﬁgse in very high-pressure

envi ronnent s. he configuration of Figure 2
illustrat arti.cul.ar dual ball 10 val ve

assenbl y @zﬁf%‘?bsg%d?%ﬁsﬁeﬂaﬁf HsHids haistragpareepannifolds,
akve assenblies 16. In the event of a |eak or other

%‘P B eaihele sears yalvemioqling apsmtians warkyven Senainaloptrations,

valve assenblies 16 to isolate the problem For

tovemplessafery valuesc subsea bquipme@Boveryeother deaiee saitabl €K performing a
dual ball valve assenbly 16B could be noved into a -

sabsoaifupanh] inoidipgl thoketih 3t8GhibRA prdsk@y %ﬁviilcgmelzrﬁsr .eventing

fl ow through dual ball valve assenbly 16B. In

parti cul a[oosz?hé cénfhi’u?ﬁi%ng%?itﬂrg Bl iﬁ@%frapers Y g\.ng. %{rlfig%rn%\al b%ill

bet ween function 1 ne 22B Suppl'y Tine

' sept .in supply .line 18 to be capture by dua
AV 2R TS TRy P ke piather AoV s A smStiauty. In the
bal | vql e assenblies 16 in a bl ock position nay all ow
PEP S ety qrather bl ip s therfpstarar m@opseahahipileyalve
if a failure occurs in subsea device 14B, or function
SPEPRDIE B0 1 ivglats the Protleryi Eer evBila phHimstiorlie22B were to have a
non-critical, the operator may 20 nove dual ball valve
lagls drrbl| ball M8 Beiantemntdy 6B ckulddsirhéved igddth KI66K patiteon (illustrated in
operations using remaining dual ball valve assenblies

RiGure Tl Sprevéiting flogi thesi@h@ualRg)] @ivdREEnH 161Nah :pQIQicular. the
| i nes or subsea devices used with a convéntiona ’

{ it . AXTIRSY 20t | 1. th -
168 phtioMaEsN £ U@Hfﬂlr Gty Féxﬁfu'h@t‘?orpﬁr? (1122}':*t %}]dgﬁuuipBH lrr}%nlés allowing

control nodul’e, fal ure of one or nore
ffid %;es%lrmﬁ @ﬂ,ﬂﬂ{hg 123 tolg'e capture by dual ball valve assembly 16B. Thus,

placing various dual ball valve assemblies 16 in a block position may allow for selective
use of function lines 22. For example, if a failure occurs in subsea device 14B, or
function line 22B, and subsea device 14B happens to be non-critical, the operator may
move dual ball vaive assembly 16B into a block position and continue operations using
remaining dual ball valve assémblies 16. Thus, while failure of one or more of functior;
lines or subsea devices used with a conventional control module may result in the need
to pull the control module, failure of one or more function lines 22 or subsea devices 14
i control module 12 may allow for continued operation of control module 12. In some

embodiments, an operator may place most dual ball valve assemblies 16 in a biock
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in control nodule 12 may allow for continued operation
of control nodule 12. In sonme 25 enbodi ments, an
operator may place nost dual ball valve assenblies 16

in a block 9 position. with only one dual ball valve
assenbly 16 al |l ow ng fIOMItﬁerethrough at a given

time. This may prevent interplay between dual bal

RPSItGR. WKk emiy|dne slualehall\eb 3ol saal 6 aligvang HbwitterEthGUEE at a
2, control fluid may be stored in accunul ator 24

givenl tuse. r Btie thaypraveAt anctp24 Berased dial bMevAde EQEIQB‘I% 16.
supply line 18 to 5 dual ball val ve assenblies

Dependi ng[00B0} Refep9sd §tiI00FigfredUabnda!
assenmbl i es 16, the control fluid n(ﬂfkn%g%Y%esmﬂmim

ol e di cat e
a;‘@%l@%@‘%r”?%ﬁ??%% ﬁa*“vﬁa&s S AT i Bt sioohores 18 to
é%lé%ﬁvaégﬂle ?6 ;§ lies 16 to function Ilnes

3. P VRO SRR RS ol 60 DepFnfiipg op thfh%%ﬁ Rnsof dppithel vaivie absgmblies
to subsea devi ces 14. Thus, by noving to a bl ock
1BodiercrpH!l é}“l%%ﬁﬁﬁ‘iﬁs@& ioF M ohdyrd bail valvarmssetbliebd as
bal | val ve assenbly 16 may readily control an
ipdistied shovd, eudvswal edintay flody tiPuagh ofabd m¥al 0f@ual ball vaive
assenblies 16 may al so control the flow of contro

sdenritdiet 16 funodn Diles! 32N Fancien Hikdal Bakdn aly ss control fluid to
assenblies 16 nmay bl ock control f|UId fron1é I'ng.

s@bsea @atic& 14 | T, B¥hof/] ng‘% E%&&%% ﬁ . or ea silaplwsn@xﬁélrpamcular

assenblies 16 to’ vent [ "ne
0 uid to rent 2 15 [ 0031 Referring
it bl 43%%“3@% L6 b TsRAI oo F%W%Flaﬁ%L@aé?Vlce 14 Dual
g é’ i 12 may have a nunber of dual bal
k\? Ve C4s¥ e aé%0| qopgek the d@waef ool i fronl AGction lines
tc.). Dual ball valve assenblies 16 may be nodul ar,
| %wﬂ Rl Yadve misrmbbess! oAy blyak apitorisiuie fioe afierireon@niTol
and/ or ease of replacenent of individual dual bal

firad way favstbrdvighaliallialli vaheonbdnoblis06éLb & eddinelWaly dalike 20 may
val ve assenblies 16 nmay be nounted 20 onto base plate

tBeh ddliverosonerol fltRiduhventl®. usi ng fasteners, for exanpl e.
4 off. Control nodule 12 rmay be designed for the

specific [UO@JI ?REferﬂ\ﬁu &8 e cfb(‘sg lég%gna tg)ta%ﬁerev\agpl‘%evpﬁe ocontrol

of the nunber” of valVe assenb

rﬁr&gﬂ% 2 11021\/ HEVe zg Hl%gber of dual ball valve assemblies 16 (iliustrated as 16A, 16B,

16C, etc.). Dual ball valve assemblies 16 may be modular, allowing for numerous
configurations, ease of removal, and/or ease of replacement of individual dual ball valve
assemblies 16 in control module 12. Dual ball valve assemblies 16 may be mounted
onto base plate 34 of control module 12 using fasteners, for example, 4 off. Control
module 12 may be designed for the specific pfoj ect, which may include a determination
of the number of valve assembiies 16 required. Control module 12 may then be
machined for that number of mounting interfaces for the valve assemblies 16. The

supply line 18 and vent line 20 may be parallel and in communication with a majority of
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machi ned for that nunber of nounting interfaces for
the val ve assenblies 16. The supply line 18 and vent
line 20 may be parallel and in conmunication with a
majority of 10 valve asse Iies 16 supply and vent
lines. Function line 22 may ‘be separate and dependent
fromall _ other function |lines. [0032] Referring nowto
velng agserdlics ke pyrphatndsyeé livg e wFwiction gie 82 4nayi e separate and
addition to dual ball valve assenbly 16, contro
deprodéns fidn gl ptheavencaos bined. at or 24, 5 vent 26.

| at chdown assenbly 28 to provide for al i gnnent and

secure co08e} ReRriiMReR th%%is@ecﬁ@ﬁ%lg @‘%\Aad}q:wure 4. in

subsea devices 14, one or nore filters to renov

280ALAM 5\.@1”5§11 V:filR/Q %s%&%iv géz cokuHrl pmogul %{?%gt?ﬁvg g?éurnglh‘aﬂm 24,

system and el ectronlcs con |gured

I asse nj sensors included in
Vgﬁgge}é@%\é\gl 1'eés® Zﬁé‘) Pfr‘?ﬁ’:g)et F F | gHREI Ang FRCUER RODAFFtion between
heal t h fhe systen1|nclud|ng a check for leaks in
COTHED] 1P atd bggacdeyifies fhy pmreer, mersrfilrend 3Qm>dallneVd_Qontammants
may have guide pin 54. electric connectors 56 and 58,
figroecatsiol {laidsikiarsubge. control systenmfand eteerrbits 81 cqiffp@red to control
conmponents. [0033] Figure 5 illustrates a perspective

dvaldwllofalvecintantlied0 d iinenilet. seB W tBnddd 3 siRLd aMalv 8 4, and
assenblies 16 (illustrated as 16A, 16B, 16C, etc.),

TREAUT D khe AfralIRth 26 fhel BLGRIR AR Sgl% 24 fqgééakgﬁra the

filters 30, electronics 32, prote

h%é'aﬁﬂlggs{ér& ﬁlgme%(:to%{ro?modl.[l 60]%4 gy SUbse contr ol

ys em-ay be used per a gugge PiR ghsiectric

devi ces . in th| paC|ty ontrol the fl ow of
cgieciors @é@“df ?grﬂr el (b And a9 afnembetief aghengehiponens.

in the case_where a subsea manifold is enployed. A

subsea colf0P3] Fizaiest Bivswegs £ petspeiveorew of comodlineddi2 12,

to control any or all of a plurality of subsea 20

shamiog idopishalli vadt arsemblsasH$ed I fsraetliaonsAassmaicat ed.)Wadelimulator
subsea devices 14 (shown in Figure 6), downhole

28 uvemt R6ristchamim bk biWIE: HiliefS30, eRRtrbRGs fv“rﬂ)%tla&ﬂ/%'sklrt 56, and
wor kover functions, or any other subsea function.

eg@mcr&hng@guige 12 may control and nonitor

[0034] A subsea control system may be used to operate and monitor
subsea devices 14, and,.in this capacity, control the flow of oil or gas from a subsea well
or multitude of wells in the case where a subsea manifold is emploved. A subsea control
system may include control module 12 to control any or all of a plurality of subsea
functions, including subsea functions associated with subsea devices 14 (shown 1n
Figure 6), downhole functions, manifold functions, tooling functions, workover
functions, or any other subsea function. Control module 12 may control and monitor
subsea devices 14. A subsea control system may also include a hydraulic power unit,

master control station, electric power unit. umbilical termination both on the surface and

| subsea, jumpers to connect the system components on the sea floor usine either divers or
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subsea devices 14. A subsea control system may al so
include a hydraulic power unit, master contro

station, electric power unit. unbilical term nation

both on the surface and 25 subsea, junpers to connect

the system conponents on tHe sea floor usi ng either
divers or 11 ROVs to effect the connection, the
REbfit te sffertdhe penmegien. theconsiod sresiulesantsihe sensars. ensory can be any
of a nunber of devices that neasure pressure.

of enpmbetairdeyictd thw meisere pEashrprtedpetiuen floweras s@id, production,
chem cal injection flow rate, and any other

eFBRSUEIRARO ifj¥fikatowtad RSO he RRafikABnt t?@k%ﬁ] subsea -
The vari ous enbodi ments di scl 6sed herein nay be
?@gﬁ&prlate for use in the control of production

['uids, chemcal injection, workover of the mell, or

any oth a functi nt a over the .
convent i a?bu]bgkr‘ﬁ Yo ?‘rﬁ‘&%f’émﬁﬁ&}s lﬁﬂaiea&lsr ’é‘a" € appropriate for
foll ow n need for filters may be reduced. a

U dpe Fo Oégépwﬁu%ttﬂ& fhyfs, ghemriel Hasetipe. werkeveradithy welg or any
of fluid to gauge cleanliness may be decreased, and
othensubber fraptitrs. Sawehdvanipgepo ey teatogrertiion tlatondolmotigle may

an acceptable | evel of cleanliness of control fluid.

ifdiGhe itipkvitettBchdedforflterdanfesd RanRd, MRAPSUISEDT control
device 14 is under supply line pressure, and dual

ﬂ*ﬁﬁi ﬂnaV 8k VeedasaeBld AT1uld (AL RRELANRLs AL %etdggregéeﬁcgnd time

Wien thi's set of operatlons occurs

It
rrt\jﬁl%tssg?&it- %?ﬁ%rﬂ;lgys %rgt\e& g Z‘b qoy O%Saﬁcep? ﬁegeveiqio%f:],?gnhness of

g %@%P % remains at an initial |evel over a period of

¥ Yor exanple, approximately 1 hour, then the line

may be considered in good working order. A drop in

initial plP83eLkeak detrpbigrma WMP%@T@%Wh%S%Ga device 14 is under

indication of a leak, with a snall Ieak causing a
suerdy ding pressure, mnésigaulrt@llmeéve ancsilii@ndeds bpermed atto Gk block mode.
and a large | eak causing a reduction in pressure over

Velherhthistset df@perdiions exanpite pred¥aict Rhsid® d&ficd By bE&Poftioned 1o
seconds. In a systemwith 30 function lines, this

G130 %e%freﬁﬁltee&abhﬁéﬂ HﬁMe 1ike usrd Je?s%?é@‘lteﬁlq} 2Gh Sal level over

mul ti pI e, or even al lines to Pocate a eaiikl ng ﬁl ne.
a%flgd 3f time, for example, approx1mate]y 1 hour, then the line may be considered in
good working order. A drop in initial pressure, however, may be seen as an indication
of a leak, with a small leak causing a reduction in pressure over an extended time period,
and a large leak causing a reduction in pressure over a short time, for example a matter
of minutes or seconds. In a system with 30 function lines, this method of detection may
be used fepeatedly across mulﬁple, or even all, lines to locate a leaking line. Once a
leak is located. an assessment of the significance can be made, and a repair plan
generated.

[0037] Potential benefits of the present invention may include reduced

reliance on fluid cleanliness, the ability to check for leaks, a reduction in hvdraulic
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|l eak is | ocated, an assessnent of the significance can
be made, and a repair plan generated. [0037]

Potential benefits of the present invention nay

i nclude reduced 25 relianqg on fluid cleanliness, the
ability to check for |eaks, "a reduction in hydraulic
12 ccunul ation in the npdule, and the elimnation of
aﬁ%}‘&‘?@%ﬂ(}ﬂdn it epdite B theelmpmation afhydsauliiniamectioy Seveen
as conventionally occurs as a result of sharing a
devreron teupplern, abeensenonidyiaresrsian atrémltadisharidg aredhihen supply
Those skilled in the art will also readily appreciate
batween desicadditid @malol moteit Mibsadibet @GRS art fvill AR38adily
Therefore, the present invention is well adapted to

aBirediaft fuifrQRGZdIRAG RAMAAL 3985FBNt i oned as wel | as
those that are inherent therein. "The particul ar

enbodi mengng- g d.abaoye are illustrative gnly. .a

the pres el{r?tﬁ J%i @gﬁ{r%?%r’ é&né%seﬁlgmvﬁ%%‘? RaN é"ée%aarﬂi‘piﬁ’a & g'i'tad‘ég‘e ends
ig gif erent but Sgui al ent manners_apparent to those

g PEYBIREPHmeRYRned A Well\As thpsekhat gerigherenigheree The particular
teachi ngs herein, For exanple, many of the features 10
CHERENE denlesgd @bovy are dlushatiyoeny| asribke presems sipelobineanay be
parts wi thout departing fromthe spirit of the

madiien drdpradiged redifiiorent buregluival dnatriadnas apSarkitti@ e sitiDed in
be limted to the details of construction or design

tiesrehavishdeBendfl e thd Rachis HESE! Foetkahipid BeanG 0@t Breatures
below. It is therefore evident that the particul ar

| t | [ ' oV, be
R e AP BN Y R RE P g rom ne
ch&siﬁfred W t hin ﬁhe scog$.1 5 and spirit of the

Fe QeI THOERE T bRTUBEL VR mifahans gdriendqddo edimitedgo the
a’ or "an", as used _in the clainms, are defined .
RS PhOYISTHERR eSS hiksHeshoMan Oeiher 2t Hescabednarthe claims
that it introduces. Also, the ternms in the clains

bglove K kethereforapyidensithatibe partiewian iHgsteaive smbodinhesdisdosed
explicitly and clearly defined by the patentee. 13

- abbyd By be altered or modified and all such variations are considered within the scope

and spirit of the present invention. Moreover, the indefinite articles “a” or “an”. as used
in the claims, are defined herein to mean one or more than one of the element that it
introduces. Also, the terms in the claims have their plain, ordinary meaning unless

otherwise explicitly and clearly defined by the patentee.
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1. A subsea control system conprising: a contro
modul e having a plurality of dual ball valve
assenblies. each 5 dual ball valve assenbly connected
to a supply line, a vent line, and a function line
connected to a subsea devicgsfor controlling said
subsea device. 2. The subsea control system of claim

ciapperein the plurality of dual ball valve
assenblies are connected to a single supply line and a
single vent |ine, wherein each 10 dual ball valve
assenbly is connected to a different function |ine,
and wherein each function line is connected to a

1. difsubsee sonselrysiamdevnprsind. The subsea control system
of claim1l, wherein at | east one of the plurality of

dual  balalcovabv@odaisis @atihi @ HI&aNBI d fRS] ball Yalvesdssdiles, each
valve; and 1 a second ball valve. 4. The subsea '

control systerguafbdl & ' Y=Y fi hall :
val ve i s connect e%lﬁlt ‘?I{Qhéészrﬁgplgl ('1;(/‘)&1*??thléeHstél)nadsl;J g@ﬁ? rl%gl %Vent line,
flow fromthe i ne through the dual, ball. val ve, .
assenbly int an? 3%%}{%1? T rll%cg?d S UBTFAREICE foF opwolling
second ball valve |s connected to the vent |ine and
controls fl oWrrYRPRHE eEincti on |ine through the dual
bal | valve assenbly into the vent [ine. The subsea

2. cohe pubseasspaiohsystene PhtlaB L. whenewi the phealidy af dipabhll vaivy e
assenbly conprises a dual notor configured to actuate
t aemblistarbadrinevat ve 2 andictsnppsdarnmdbadidele 2t ak Wenerdift each
6. The subsea control systemof claim1, conprising:

dual ball valve assembly is connected to a different function line, and wherein each

function line is connected to a different subsea device.

(3]

. The subsea control system of claim 1, wherein at least one of the plurality of dual
ball valve assemblies comprises: |
a first ball valve; and
a second ball valve.
‘4. The subsea control system of claim 3:
wherein the first ball valve is connected to the supply line and controls
flow from the supply line through the dual ball valve assembly
into the function iine; and
wherein the second ball valve is connected to the vent line and controls
flow from the function line through the dual ball vaive assembly
into the vent iine.
3. The subsea control system of claim 3, wherein the dual ball valve assembly

- comprises a dual motor configured to actuate the first ball valve and the second ball

valve.
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a pressure transducer associated with at |east one of
the plurality of dual ball valve assenblies and
configured to indicate whether the dual ball valve
assenbly is in a block position, whereby flowis 5
prevented through the dual Rall valve assenbly;
wherein the subsea control system has a | eak detection

e t hat u ron1the ressure transducer
6'nﬂg:e% afmpe3L$@&?J gﬁ sUH%@gnggﬁfrol system of claim

1, wherein at |east one of the plurality of dual bal

val ve as@@Reredransdycsrpsariatedovith attepst Quanafehe plmalityof dual
system of claim 1, wherein each of the plurality of

dual ball valbal vaysastsiibdics hns cenfsampgl v ipdisatt iwdiethea the dual
vent position, and a block position; wherein the

suppl y positi dallparviassnftl 9w frabbéhsosaidpiteteb P ow is

t hrough the dual ball valve assenbly, into the

function Iinep,andidne¥eps she éda‘?%ﬁ Qalt/g' ssgﬁgf\ line; 15
wherein the vent position permts f rom the

£ I -
: ﬁ? gt It gg xilkile?e%{l ‘tl‘llet J?lrt)?éé%% %f;sexlsg Y agasTa} lg%g X%F%}%‘I&Iﬂ%(?en?lay utilizes
supply Iline; 4%?%Wereln t he bl ock p05|t|on prevents

f1 ow t hrough t I RIEPs U roRsdugg de ABESt leaks. 9. The
subsea control systemof claim1l1l, wherein at |east one

7. Jliag subsFa capaloy aysiee ehbipin | hwherginf afil¢ashére qfoké pliuomity 20dual

The subsea control systemof claim9, wherein the
f ball sV eapasbli¢son maiurvent position that pernmits
flow fromthe function line, through the dual bal

8. V@hy SubR&S oY systdih Of clhid® 1 VeRtreld &8h oR M p‘?ﬁrﬁl‘f@mf%ufaf 52031
fromthe supply line. 15 11. The subsea control

syal e ggsglfnbﬁ!e@la@ a]slep]%%EﬁoH: 1 O&t p%gllilgaf Qloo%ctkl poorgltlon

mechani cal

wherein the supply position permits flow from the supply line, through
the dual ball valve assembly, into the function line, and prevents
flow to the vent line;
wherein the vent position permits flow from .the function line, through
the dual ball valve aSsembly, into the vent line, and prevents flow
from the supplyv line; and
wherein the block position prevents flow through the dual ball valve
assembly.
9. The subsea control system of claim 1, wherein at least one dual ball valve assembly
has a failsafe position.
10. The subsea control system of claim 9, wherein the failsafe position 1s a vent position
that permits flow frofn the function line, through the dual ball valve assembly, into

the vent line, and prevents flow from the supply line.



bi ased. 12. A control nodule conprising: a plurality
of dual ball valve assenblies; and 5 el ectronics
configured to control the plurality of dual ball valve
assenbl i es; wherein each of the plurality of dual bal
val ve assenblies conprises a5 supply manifold, a vent
mani fol d, and a function port I"). The control nodul e

0 [ e e t-he ronics.are. conf.i ured to

“cf%‘r‘ﬁc LB g RS B s Shes ?fs%ﬁ {5 paatiat & mechanically
ast, one of the plurallty of dual ball valve

a 28fbl i es. 14. The control nodule of claim 12,

conprising an accunul ator connected to each of the
Lséonyomadylorampusinga supply |ine. 15. The contro

nodul e of claim 12, conprising a vent connected to

each of tahsumtintof difal balhifiot dsemibRedaNent |ine. 16.

The control nodule of claim12; conprising a subsea

devi ce conashRd cbitridlred eﬁc%mropnl% pﬂfraﬁtb%ffdﬂglcﬁaﬁél Ive ¢

ports via a function |ine. i . The control

claim12, co a Iatchdomn assenbly. 18. The

contr ol nDdurggéihﬁ?31n112 conprising a filter. 20

19. A sub ea .contro m cqQnprising: a contro

modul e hat eﬁ@}n 559 ‘E}lrtBF %f‘?ael o4 bl [VRivg g qpgnblics comprises a

assenblies which control a plurality of subsea

functi ons. supply manifold, a vent manifold; and a function port.

13. The control module of claim 12, wherein the electronics are configured to control at
least o‘ne dual motor to actuate at least one of the plurality of dual ball valve
assemblies.

14. The control module of claim 12, comprising an accumulator connected to each of

the supply manifolds via a supply line.

p—id
thn

- The control module of claim 12, comprising a vent connected to each of the vent
manifolds via a vent line.

16. The control module of claim 12, comprising a subsea device connected to at least

one of the function ports via a function line.

17. The control module of claim 12, comprising a latcﬁdown assembly.

18. The control module of claim 12, comprising a filter.

19. A subsea control system comprising:

a control module having a plurality o.f dual ball valve assemblies which

control a plurality of subsea functions.



