WO 2007/ 045260 PCT/ EP2005/ 011255 Subsea Equi pment The
invention relates to a subsea equi pnment used for
WaRU74H52¢8s or crude oil production, such as sab&ea00s/011255
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unit which is associated with said first conponent and
which is in fluid communication therewith for pressure
The invantipaelatdsdn,a Sinskasabipezerd qsephermatirsl gas angedeiod production,
[ I e
such a8 shy?ég‘%}étgﬁtgﬁseﬁi’%%aé\%%pger%rﬁcttérgfdor?ﬁe l%e %gpﬁgia:’gggtﬂlejs $95 calied
BOP (tﬂoWomtrmdwmtorcsr)l, or/@tlsarheemsacahd anmpnsmgratdm% 0ge dased, oni-ﬂlled first

adjust, a | ve a
compofight g f il RpRus oAt vhEh A Tules Mb 3 frabeomplnent and
which it o fltideosmm@atates theeugutfoppReeeompihsagdiat or i s
used. Such a bl owout preventor serves to prevent, in
energency cases, crude oil or natural gas from

Such sﬁﬁé@écﬁlﬂp@n@ni @%rs%@@l@@‘i’n Eir06M BRSHRMY Bn B RESaIRY thte on an oil
In the case of a closed, oil-filled subsea

platforrgwpmtconaaq;@gﬁef@f p@@r@md}ﬁ@md%gpr@gpmq \A subsea actuator
serves @%ﬁ_g& Lahgfa "\/Q@E%Watrjés@ ctd? @H%St@tn‘&%rrliﬁﬂ Ibg ngfé]gagg \?azg Weftlow

ensati on ressure conpensa-
throughpsispeetivet ripes i its the sorgaliatbblewolt prenemnior, an actuatoeis used.

n ydr t
suh 8 P Rb S o OB B g Bl ARt PR rtorl o
from escapisgdrbire seabee Fomrespertaegtipreatahdmat]. vol ume. One
exanpl e for a change in volume is here e.g. a piston
which is novable in a cylinder. In subsea equi pnents
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therefore the object of the present invention to

i nprove a subsea equi pnent of the type referred to at
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tion fails to operate due to the occurrence of a leak or the like, the function of the associated
component will at least be impaired or the component will perhaps no longer be capable of

functioning at all.

Itis therefore the object of the present invention to improve a subsea equipment of the type
referred to at the beginning in a structurally simple manner in such a way that it is stil capa-
ble of functioning and that pressure compensation is still possible, even if the associated

compensator unit is damaged or fails to operate.



2 In connection with the features of the generic
clause of claiml, this object is achieved in that a
wWecohispensat or unit is in fluid conmuni cat iPQT/IR206%/011255
the first conponent or the ®Rirst conpensator unit for
pressure conpensation. This can, on the one hand, be
acconplished by a suitabl e connection between the

nsator unit an e first c
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conmponent to said first compensator unit, possibly
in conmbination with said first conpensator unit.
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ator i s essenti al hara ter- it
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her eof seawat er and he ot her side thereof
COmbﬁtﬁ#‘ﬁér’Mﬁtsalq’ figgt epmpansaigewnias a hydraulic fl ui d,
transm ssion oil, a |owviscosity substance or the
| i ke. These substances will be referred to as
Variohy @éméngldincerits of the nespédivealonuwinsgtor Thiss precissagimahde f@ee example,
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accumulagor in hyg auFuequipmentV\gucgwéi%ggr(sa%cﬁn%/la%r |(s)%55/sgr%t1 a%@ character-
ized in that it utilizes a bladder or a membrane as a compensator element, said bladder or
membrane having on one side thereof seawater and on the other side thereof a compensat-
ing fluid, such as a hydraulic fluid, transmission oil, a low-viscosity substance or the like.
These substances will be referred to as hydraulic fluid in the following. The pressure differ-
ence is compensated by contracting and expanding the bladder or the membrane. It is pos-
sible to realize one or both of said compensator units by such a bladder accumulator.



3 In accordance with a further enbodi nent, the first

and/ or second conpensator unit(s) is/are inplenented

WO Whgeorsdaccunul ator (s). Such a pi ston accunulralIoEP2005/011255%
conprises a piston which is3longitudinally

di spl aceable in a cylinder. The piston as such serves

as a conpensa- tor elenent. Also in this case,
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even if said actua- tor fails to operate, said spring

_package being biased in the direction of this .

Varigussempedimente of the dipitiang giserblge sesombepmpeyeniseg inpgiRable. One
| : neat j )

orafh ARG Sy RATRERSA 24,40 b PG papigon. e

actustor nognalycdcmywisien at displaeemeniaxtlemestwhioh isladaptetido be displaced for

b ' nt... Th [, Wi . . .
operglifg sk e leTngor fabedieo theruu hitapiRTse e 2 fohmecton with
suchadrc agtubir 80 aarto allpy stduiinie ctartih@positiars obtheapeatsagwen if said actua-
or (b oaSPS S B ket et R o AR posiion

t he housing of said actuator. In order to establish
the respective fluid connection, bores in the interior
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oW ng nore variations, ul d ‘connecti on can be
watel gpirewing theputbsea equipendrnitr st conpen- sator unit and
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ranged, at least partially, in the interior of the actuator, i.e. of the housing of said actuator.

In order to establish the respective fluid connection, bores in the interior of the subsea
equipment are imaginable, said bores establishing the fluid connection in question. For ai-
lowing more variations, the fluid connection can be implemented between the first compen-
sator unit and the first component, the first compensator unit and/or the second compensa-
tor unit and/or the second compensator unit and the second component as respective hy-

draulic lines extending between the elements in question.
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lines may al so extend, at |east partially, outside of
WhettEpEot i ve subsea equi pment. Such a subse®CT/EP2005/011255
equi pnent al so uses conponent#s, such as an actuator,

whi ch would no | onger be capable of functioning

wthin a short tine after the ingress of water through
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A gathering of algae or sediments will be prevented in this way and the compensator unit
will be protected against failure. Also an ingress of water into the actuator through the asso-
ciated compensator unit will be prevented in this way. This will enhance the reliability qf the

actuator.

If the compensator unit of the actuator should fait to operate, no seawater can ingress into
the actuator. Pressure compensation will then be taken over e.g. by the compensator unit of

the spring package.



the spring package. WO 2007/045260 PCT/ EP2005/ 011255

5 1f the conpensator unit of the spring package shoul d

Wai 00vesmperate in this connection, a direct ipQrER805/011255
of water into the actuator i$ inpossible once nore,

and even the pressure conpensation in the actuator

wi || be nmaintained, since pressure conpensation wll

still take place via the respective fluid connection

to the other conponent and to the other conpen- sator
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satogenih eespestivelyow t hen through the fluid connection to
the first conpensator unit and finally up to the
actuator. This is, how ever, a very |long way, partlg/ )
If bothheconppnsatdsiungs ishoildgaiktosererate thesisavaien Wi Navg to cover a long dis-
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also in parallel. In the case of the conpensator units

of the actua- tor the fluid connection to the other
For reaspronafitedandansyt hés asbepsydiapessarest alrf in this rapped af east one
est abl i shed i . i .
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tor theHluith cprnadiende i PECE BOMPPRERTRE 1 Bt Cor8BeRE P
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actuator as reliably as possible. It is, however, also
possi bl e that, contrary to the case where the actuator

' ne . i §68 be RREoRBlishddRithout a pressure ac-
AS'”@@%‘H’oqxeorftspgé%%@?Fp@&tégg%)&tr%gﬁuncti on o? t he subsea g )
cum@gtor pAth a respective pressure fluid by opening at least one compensator unit on one
side thereof towards the environment. The compensator unit in question is normally the
second compensator unit which is not associated with the actuator, so as to prevent the

above-described ingress of water into the actuator as reliably as possible.

It is, however, also possible that, contrary to the case where the actuator and the spring

package are used, not both the components contribute to the function of the subsea equip-
ment. If the two compensator units are not directly connected to one another, they may, for
example, also have arranged between them an oil-filled container as a component, Also in



ment. If the two conpensator units are not directly
connected to one another, they may, for exanple, also
Wavwoarsaoged bet ween them an oil -fill ed cont ai@rE®805/011255
a conmponent. Also in WO 20076045260 PCT/ EP200S/ 011255
6 this respect it will be of advantage when then first
and second conpensator units are con- nected in
series. In the foll ow ng, an advant ageous enbodi nent
this tfspeeldt willdeoftadvantagei ervinen fite asd sieapié goMREngR{pRUNIts are con-

nectgﬁﬂgéaegas' s of the figures enclosed, in which: Fig. 1
ows a side view, partly in section, of a subsea

eqU|pnent accordlng to the present i nvent i on. Fig. 1

in th% };&vsl‘r?%s' d ?a\sq‘ggﬁ?retp%i}/ogllm%rg E'ﬂlh C(eggpwﬁo%{ﬁ@ \gfl 'B%néxplamed in

detall puend bagis oﬂheSf!gmbseaclemd,mmcht s inplemented as a
subsea actua- tor 2 with a spring package 10
conprising a spring elenent 21 as a second conponent 6

Fig. &néhoars Asideatiew, daktiam seclibh Sif LCumReABLIpAentRcording to the present
actuator 11 is el ectrical | y operated and is provided

wi P¥eHi%Nongi t udi nal |y di spl aceabl e operating el ement
18. This operating elenent 18 is shown in Fig. 1 in
two different positions. In the upper half of the
Fig. Achaws grsidelviewhpadiyen aectidngfl an emgatimentiof agubsagegquipment 1 ac-

cordlﬂgrtﬁgrtegﬁr‘;egeglqﬁbér‘ntg{ﬁogbls\g‘dggga @gwéﬁw‘@]npa i ta%@teﬁrgsoéjgurbsea actua-
tor Zmlwm(smgw@ﬂ)MQe 12omgrisitgea bprivey elkaient @ff asi gysecahd adngponent 6
and GPEGTAIP A4 B Ry oBBentennt e s Rl ot a bidttired anais
prowhbd)OJﬁh@Ioﬂ@ﬁn&ﬁélly?@spl&@@ébl@bpérh&&@e!emﬂm n&nTaishgmerating element 18
oS L S0 MR A D e OB ShoL A AL EEREATE i erat.

ing enarneéﬁ uees a&mag@@ ath %trédédﬁfdmﬂoﬂ%ﬂ WhREH\B BBw fd38agl @2akrough a
nponent s and t he environnen

il-filled
housigzRiie IoCkpd) MearD At Aaigtiibiopeng ﬁeerﬁwr?o%ﬂram%fower haif of Fig.
1, th@&&%ﬁﬁ@e%ﬁ?é&%@%‘ SKbri Qs iBEed' @116 rAPEMNBIILAL 8Rd opens the flow

ressure ferences resulting fromchanges™in
paSSB@ﬁhﬁ%M&hdh%bm!F@refemlenh@ cf. e.g. the displacenent

of the oper- ating elenment 18 in the |ongitudinal

direction. The first conponent 3, i.e. the actuator
Eachlof thdwsccmmm bds absnoated theaewittad dempensaton luatt dor préssure com-

rst conpensat or it 4. This bladder . . .
pens &bt RirtEtns & AP Al e R BRtog frrovided between
the closé@rdildlegfconimnaati@icdtheadnvivtoement i.hesaedtef. What is compensated
The ot her end of the bl adder

) shown umul ator 7
is the; @dff??)t?tf‘iﬁrﬁséléfﬁnﬁ%reéa’f’”@ﬂg\%? e wafer F’ﬁ?tg'rq anpé‘P Pfgrsure differences
resul&REPGH RAARES Rfenfberatufe ahdBr volume, of. e.g. the displacement of the oper-

ating element 18 in the longitudinal direction.

The first component 3, i.e. the actuator 11, has associated therewith a bladder accumulator
7 as a first compensator unit 4. This bladder accumulator 7 is in fluid communication with
the interior of the actuator at one end thereof (not shown). The other end of the bladder ac-
cumulator 7 is in fluid communication with the interior of the second component 6, i.e. the
spring package 10, via an inlet 29 by means of a hydraulic line 12. Hence, the hydraulic line
12 terminates in the interior of the spring package 10 via a connection 26. Adjacent to said ‘
connection 26, a connection 25 is arranged through which a fluid connection is established



spring package 10, via an inlet 29 by neans of a

hydraulic line 12. Hence, the hydraulic line 12
wornimas®s in the interior of the spring packageriP2005/011255
via a connection 26. Adjacent to said connection 26,

a connection 25 is arranged through which a fluid
connection is established WO 2007/ 045260 PCT/ EP20 05/0

1 1 255 7 between the second conponent 6 and a second
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i mpl enent bot h bl adder accunul ators al so as pressure
accunul ators 9; in this case a suitable pressure
fluid would additionally be provided. The anount of
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e pressure an € pressure com
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penshii&h by mapk of ¢ Astamibadoon ®ngorientp.as a first
conpensator unit 4 is shown, as an alterna- tive,
bel ow the first conpensator unit 4. Such a piston
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a respective hydraulic line 13. 9 CLAIM5S 1. A subsea
equi pnent used for natural gas or crude oi
production, such as a 5 subsea actuator for a valve,
a restrictor or the like, a control nodul e or other
means, and conprising: at Igpst one cl osed,
oil-filled first conponent, first conpensator unit
which is associated with said first conponent and
which is in fluid comuni E&fIMh therewith for
pressure conpensation; 10 a closed, oil-filled second
conponent; and a second conpensator unit which is
associated with the second conponent and which is in
£l ui gy ﬁ%ﬁb’@h@i@h‘eﬁﬂuéeﬁ?ﬁ%&rgi gfagror RF SR Hroduction, such as a
conpensation; wherein the secon conpensé%or 1s’in
supsraPGHARIAT 2 Xelverd wstristos af Biefike, st controhponidabr othesmeans,
dnkilcdfpR@iApensator unit for pressure conpensation. 15

A subsea equi pnment according to claim1, wherein

2.
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i . . tors.
2 bons EaTRANARhATckd AR IPGENE ] AR SRS iy sboord
CaBewsalor gniehisire implementediss bedderetcwintiatartsd spri ng

package is arranged externally of said spring package.

10
3. A subsea equipment according to either of claims 1 or 2, wherein the first
and/or second compensator unit(s} is/are implemented as piston accumulators(s).

4, A subsea equipment according to any one of the preceding claims, wherein the
first and/or second compensator unit(s) is/are implemented as pressure
accumutator(s).

5. A subsea eguipment according to any one of the preceding claims, wherein the
first and/or second component(s) is a spring package/are spring packages.

8. A subsea equipment according to any one of claims 1 to 4, wherein the first
and/or second component(s) is an actuator/are actuators.

7. A subsea equipment according to claim §, wherein the second compensator
unit associated with the spring package is arranged externally of said spring package.
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8. A subsea equi pnent according to any one of the
precedi ng clainms, wherein the first conpensator unit
associated with the actuator is arranged, at | east
partially, in the interior of said actuator. 5 9. A
subsea equi pnent according to @ny one of the preceding
clains, wherein the fluid co%nectl on(s) between the
flrst ensator unit and the first conponent and/or
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Fnter o"’ru PP RBIMentiRecoging dupnicons efdke puaseding sleinasm dvherein the

filmﬂl@bﬁr’f&t:ﬁﬂ@}’@&ﬁvb&@tﬁe'fﬁétcoﬁaﬁgnsa?&qm%ngq @g rﬁpotnﬁnt andfor

[ﬂ? a%‘}a%% in said interior on oppose
fUTPenspoREnt and the figst CW§M§/@qmpiﬁmented as respective
am@lmi@lnnss bReAdNg BEReoh tﬁer@erﬂér%ﬁg%ﬁ&tisn ai ms, wherein

| east one additional conpensat uni't is connected
| n parallel with said first and/or second conpensat or
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one of, the recedln cl aihs, wherein at
CURpURsAingroirg Rty W‘ths 6560 comnRINts inbledene comnemsatorefement in
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e ment according to any rece
%9 CMPRENE: ferifeting & sald @terf@bn@gnmﬂedlssieamf the compensator
@erherﬁtl_ |l ed container. 14. A subsea equi pnment accordi ng

to any one of the preceding clains, wherein the first
and second conpensator units are connected in series.

B0 1% subseH %@@nﬁeﬂ?&@&cﬁ‘ﬁd f&rbng ﬁ*lerlcgfa@ed?’nbbas fhs, wherein at

CL ﬁrrent according to an ng C
least one additional compensator unit iS connected in parallel with said first and/or

second compensator unit(s).

12, Asubsea equipment according to any one of the preceding claims, wherein at
least one compensator unit is open towards the environment on one side of the
compensator element.

13. A subsea equipment according to any one of the preceding claims, wherein the
first component is an oil-filled container.

14. A subsea equipment according to any one of the preceding claims, wherein the
first and second compensator units are connected in series.

16, A subsea installation comprising a subsea equipment according to any
preceding claim,



