Subsea Operating Valve Connectable to Low Pressure Recipient BACKGROUND TECHNICAL FIELD
[0001]Embodiments of the subject matter disclosed herein generally relate to a valve useable
undersea and connected to a low pressure recipient and related methods, more particularly, to a valve
useable in an apparatus for operating a deep-sea blowup preventer (BOP) by generating a force due
to a pressure difference between the hydrostatic pressure and a substantially lower pressure.
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[0001] Embodiments of the subject matter disclosed herein generally relate to
a valve useable undersea and connected to a low pressure recipient and related
methods, more particularly, to a valve useable in an apparatus for operating a deep-
sea blowup preventer (BOP) by generating a force due to a pressure difference

between the hydrostatic pressure and a substantially lower pressure.

DISCUSSION OF THE BACKGROUND

[0002] During the past years, with the increase in price of fossil fuels, the
interest in developing offshore drilling has dramatically increased, since offshore
locations appear to hold vast amounts fossil fuel.

[0003] A typical offshore drilling system 10 is illustrated in Figure 1. The
system 10 may include a vessel 12 having a reel 14 (e.g., a Mux Reel) that supplies
power and/or communication cords 16 to a controller 18. Some systems have hose
reels to transmit fluid under pressure or hard pipe (rigid conduit) to transmit the fluid
under pressure or both. Other systems may have a hose with communication or
lines (pilot) to supply and operate functions subsea. However, a common feature of
these systems is their limited operation depth. The controller 18 is disposed

undersea, close to or on the seabed 20. In this context, it is noted that the elements
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24 to the drill in order to extend the subsea well deeper in the formation under the

seabed.

[0005] During normal operation of the system 10, unexpected high pressure

flow of gas, oil or other well fluids (the high pressure exceeding the pressure of

drilling fluid in the drill line 24) may emerge from the formation into the well. This

kind of unexpected event (sometimes referred to as a “kick” or a “blowout”) could

damage the well and/or the equipment used for drilling.

[0006] In order to prevent the damaging effect of this kind of events, a

pressure controlling device, for example, a blowout preventer (BOP), is usually

installed on top of the well 23. The BOP is conventionally implemented as a valve

closing to prevent the release of the high pressure fluids emerging from the well

either in the annular space between a casing and a drill line 24 or in the open hole

(i.e., hole with no drill pipe) during drilling or exploitation operations, respectively.

The controller 18 controls a system of valves (not shown) in order to provide the

force necessary for opening and closing the BOPs 26 and 28.

[0007] Traditionally, the force necessary to operate the BOPs is generated

due to a pressure difference between the hydraulic pressure and a pressurized

hydraulic fluid. The hydraulic fluid used to generate this force is commonly

pressurized by equipment on the surface. The pressurized fluid is stored in an
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BOPs is illustrated in Figure 2. The accumulator 30 is connected via valve 34 to a
cylinder 36. The cylinder 36 includes a piston (not shown) that moves when a
pressure difference occurs between the volumes separated by the piston, thereby
generating a force used to operate a BOP 27 (which is one of the BOPs 26 and 28).
The force is generated due to a pressure difference occurring in the cylinder 36
when the controller 18 makes the valve 34 to open a fluid communication from the
accumulator 30 to the cylinder 36.

[0009] As understood by those of ordinary skill in the art, in deep-sea drilling,
in order to provide hydraulic fluid having a pressure larger than the hydrostatic
pressure generated due to the seawater at the depth of operation of the BOPs (e.g.,
~240 atm at 2500m depth), the accumulator 30 is initially charged at the surface.
Typically the accumulators are charged with nitrogen. As the required pressure
increases with the operating depth, the efficiency of storing the hydraulic fluid (e.qg.,
nitrogen) useable deep-sea decreases, which adds additional cost and weight
because more accumulators are then required to perform the same operation as on
the surface. For example, an accumulator having a 60-liter (L) capacity and a

useable volume of 24 L on the surface has a usable volume less than 4 L at 3000 m



[0008]A conventional apparatus 40 for generating a force used to operate the BOPs is illustrated in

Figure 2. The accumulator 30 is connected via valve 34 to a cylinder 36. The cylinder 36 includes a

piston (not shown) that moves when a pressure difference occurs between the volumes separated by
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[0010] As disclosed in U.S. Patent Application Serial No. 12/338,652 filed on

December 18, 2008, entitled “Subsea Force Generating Device and Method” to R.
Gustafson, the entire disclosure of which is incorporated herein, an apparatus 50 as
illustrated in Figure 3, generates a subsea force F based on a pressure difference
between the hydrostatic pressure and a pressure lower than the hydrostatic
pressure.

[0011] The apparatus 50 includes an enclosure 52 having inside a piston 54
configured to move along thereof. The piston 54 divides the enclosure 52 into a
chamber 56, called the closing chamber, and a chamber 58, called opening

chamber, as shown in Figure 3. A pressure difference between the opening



[0011]The apparatus 50 includes an enclosure 52 having inside a piston 54 configured to move along
thereof. The piston 54 divides the enclosure 52 into a chamber 56, called the closing chamber, and a
chamber 58, called opening chamber, as shown in Figure 3. A pressure difference between the
opening chamber 58 and the closing chamber 56 yields an actuation force moving the piston and
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chambers 56 and 58, for example, by allowing a fluid communication between the
opening chamber 58 and a low pressure recipient 60 via a valve 62. The pressure P,
inside the low pressure recipient 60 may be as low as 1 atm. The valve 62 may be
switched between allowing or not the fluid communication between the opening
chamber 58 and the low pressure recipient 60, by a controller connected to the valve
via a line 63. While a valve (not shown) allowing sea water to enter the opening
chamber 58 is closed before the fluid communication between the opening chamber
58 and the low pressure recipient 60 is established, the closing chamber 56 may
continue to receive sea water at hydrostatic (ambient) pressure via a pipe 64. Thus,
as the piston 54 moves towards right in Figure 3, the volume of the closing chamber
56 increases but due to additional sea water the pressure remains the same, i.e., the
hydrostatic pressure at the operating depth. After the fluid communication between

the opening chamber 58 and the low pressure recipient 60 is established, the
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[0014]Although the arrangement shown in Figure 3 and described in Patent Application Serial No.
12/338,652, attorney docket no. 236466/0340-005, to R. Gustafson discloses the manner of
generating the undersea force without the use of the accumulators, in one embodiment discussed
therein, the accumulators still may be used to supply a supplemental pressure to the closing chamber

56. [0015]Thus, a sure difference betw the closing cha 6 and the openin amber 58
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be removed and the gas at the low pressure that existed in the low pressure recipient 60 prior to
opening ffiFive 62 has to be restored, for reusing the low pressure recipient 60. [0016]The low
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Gustafson discloses the manner of generating the undersea force without the use of

the accumulators, in one embodiment discussed therein, the accumulators still may

be used to supply a supplemental pressure to the closing chamber 56.

[0015] Thus, a pressure difference between the closing chamber 56 and the

opening chamber 58 triggers the movement of the piston 54 to the right in Figure 3,

generating the force F. However, because the seawater from the opening chamber

58 is released into the low pressure recipient 60, the low pressure recipient 60

cannot again supply the same low pressure unless a mechanism is implemented to

empty the low pressure recipient 60 of the received sea water. In other words, the

seawater that partially occupies the low pressure recipient 60 after valve 62 has

been opened, has to be removed and the gas at the low pressure that existed in the

low pressure recipient 60 prior to opening the valve 62 has to be restored, for

reusing the low pressure recipient 60.

[0016] The low pressure recipient 60 may be reset to its initial state by

providing a reset recipient connected to the low pressure recipient 60, as described

in U.S. Patent Application Serial No. 12/338,669, attorney docket no. 236956/0340-

008, filed on December 18, 2008, entitled “Rechargeable Subsea Force Generating



Device and Method" to R. Gustafson, the entire disclosure of which is incorporated herein.
[0017]Another way to reset the low pressure recipient at its initial conditions is described in U.S. Patent
Application Serial No. 12/960,770, attorney docket no. 245826/0340-062, filed on December 6, 2010,
entitled "Rechargeable Subsea Force Generating Device and Method" to R. Gustafson, the entire
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gas insidg the low pressure recipient. [0018]The valve 62 may be a dual chamber valve 70 as
illustrate ﬁtqiﬂ;ure 4. The valve 70 may have various ports 70a to 70e to allow connecting other
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signal wep pf%\e'%%ﬁjve 70 may have various ports 70a to 70e to allow connecting other various
components to the valve 70 (i.e., to block or allow a fluid communication between a
connected component and a chamber of the valve). For example, a port 70a may be
connected to the opening chamber 58, a port 70b may be connected to the low
pressure recipient 60, and a port 70c may be connected to the controller 18 (where
redundant yellow and blue PODs are typically located). A pressure higher than the
hydrostatic pressure may be provided when a fluid communication is enabled
between the opening chamber 58 and the controller 18, to provide a force opposite
to the force provided when the low pressure recipient 60 is in fluid communication
with the opening chamber 58. Thus, the BOP may be closed when the low pressure
recipient 60 is in fluid communication with the opening chamber 58, and opened
when the controller 18 is in fluid communication with the opening chamber 58. As

understood by those of ordinary skill in the art, the closing of the BOPs must be swift

(i.e., time and force are of the essence) to prevent damaging of the equipment due to
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[0020]Cross-sections through a conventional sub plate mounted (SPM) valve 100 (used e.g. in the
apparatus 30) are illustrated in Figures 5A and 5B. Figure 6 is a blow-up representation of the parts of
the conventional SPM valve 100. As illustrated in Figures 5A, 5B and 6, the conventional SPM valve
100 includes an upper seat 101, seals 102a and 102b, a rod seal 103, a backup plate 104, an outer

spring 105, an jnner spring 106, a spring retainer 107, a split collet 108, a pilot piston 109, a piston
ceal 110, B0 AR S CPER A ANDSBrPR B 55 U6 AR A s, RTCKGAT 8 UG sl 116,
aseal 117, a lower seat 118 and a valye body 119. The outer spring 105, inner spring 106, spring
otmimer FSSSHE IR 08 MRS AR E 8GR RSCLHGLEMBFAbEF AP SR ventod to
sea pressure. The r&)ventional SPM valve 100 has a port 130 that can serve to connect to the
opening 8955116@? é@ asport 135 that can serve to connect the low pressure vessel 60, and a port 140

that t th ller 18. In Fi 5A, | 113isi first, itjon bei
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operating condition, However, when the valve 100 is positioned so that port 130 is aligned with port
135to aﬁaioﬂs %Wﬁ‘& Bﬁ%%%éle '58 to the low pressure vessel 60, the pressure differential between
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contact surtf)?ce creates a segl betw?ﬁpeport 135 and chamrqﬁr %%Oéllgl?\ﬁn the Sﬁﬁﬁl %\153 is engaged on
S ort
t

the uppe?seQWiBR S Wheh the Vaive | 8&&8 edine rc])\;/)%o eccontact face e’'spool 113 contacts
a

the lower gl 118 50 e contact sulfaee qigales o osal betwerp AAOIMbGES 45D and port 140. Also
due to an increase pressure difference inside the valve, he potential of leaking Tlui towards the
C Xa
S

lower pressure ch r foreseeahle inc s (for mple,when a fluid com ication, between the
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having a Sy e useablé uridersea, 1n an-arrang W

generates Jgree JRANFLRL PHBPPRBAMBAIRY DA CSILRLERTT12, a spool 113, a nut
114, a cage 115, arod seal 116, a seal 117, a lower seat 118 and a valve body 119.
The outer spring 105, inner spring 106, spring retainer 107, and split collet 108 are
housed within a piston housing chamber 121, which is vented to sea pressure. The
conventional SPM valve 100 has a port 130 that can serve to connect to the opening
chamber 58, a port 135 that can serve to connect the low pressure vessel 60, and a
port 140 that can serve to connect the controller 18. In Figure 5A, the spool 113 is in
a first position being located close to the upper seat 101. In Figure 5B, the spool 113
is in a second position being located close to the lower seat 118.

[0021] This conventional SPM valve 100 is not suitable to be used in the



SUMMARY [0023]According to one exemplary embodiment, a valve useable in an undersea

arrangement configured to generate force for closing a blowout preventer (BOP) based on a pressure
difference between a low pressure recipient and ambient pressure is provided. The valve has a valve
body enclosing a chamber with an input port selectively connectable to an output port, and a chamber

separating assembl anlgur d to separa the hamber from a re ion of dlﬁereg ﬁ) Essure. The
2 seombl PRAAILS 9 U Bade B RaR RO ST e AR RS S AR chamber and
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thereof is P'Ié)}lld d The method |nfgl:lud sre[ Vi %Ifi chamber seP rati mbI pfl&]ured to
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includes n?outrll(tlg aﬁ%ﬁ/ ?Sfaerr% nlgnags% %e(q:% { ur qdation valaee tgen ill berl side the valve

body, froMIRe region o pressure. SAS parati LEmbi Je8 ( ?f bacepr plate

having aflrsJé)omonqoﬁf %f';lg tI tarrr:]e(eé [@ ,%p({tﬁ dcltrl1 | b dtgz?sasgc g]gortlonlqgoa.?ebond

diameter %rg ISt dia € Tegion, pper IER located between the

first po”'o'i‘ Otlt[;hsee% |C g@é%% nt?s .‘éaé @h]t?ydglastlc and when the spool 113 comes in

contact with the seat 130 the contact surface creates a seal between port 135 and
chamber 150 when the spool 113 is engaged on the upper seat 101 and when the
valve is operated the opposite contact face of the spool 113 contacts the lower seat
118 and the contact surface creates a seal between chambers 150 and port 140.
Also, due to an increased pressure difference inside the valve, the potential of
leaking fluid towards the lower pressure chamber foreseeable increases (for
example, when a fluid communication between the low pressure recipient 60 and the
chamber 150 is established), thereby damaging the valve and the apparatus.

[0022] Accordingly, it would be desirable to provide a valve capable to avoid
these problems having a sealing system that would make the valve useable

undersea, in an arrangement which generates force to operate the BOPs using a low
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BRIEF DESCRIPTION OF THE DRAWINGS [0026]The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate one or more embodiments and,
together with the description, explain these embodiments. In the drawings: [0027]Figure 1 is a
schematic diagram of a conventional offshore rig; [0028]Figure 2 is a schematic diagram of an
apparatus conventionalg used for generating a force to actuate BOPs; [0029]Figure 3 is a schematic

diagram BFeFPUEpS5RE 0Ging a low pressure recipient to generate force for actuating the BOPS;
SUMMARY
[0023] According to one exemplary embodiment, a valve useable in an

undersea arrangement configured to generate force for closing a blowout preventer
(BOP) based on a pressure difference between a low pressure recipient and ambient
pressure is provided. The valve has a valve body enclosing a chamber with an input
port selectively connectable to an output port, and a chamber separating assembly
configured to separate the chamber from a region of different pressure. The
assembly includes (1) a backup plate having a first portion of a first diameter towards
the chamber and a second portion of a second diameter larger than the first
diameter, towards the region, and (2) an upper seat located between the first portion
of the backup plate and the valve body.

[0024] According to another exemplary embodiment, an apparatus for
generating a force for closing a blowup preventer (BOP) undersea, the force being
generated due to a pressure difference between a hydrostatic pressure and a low
pressure, is provided. The apparatus includes a cylinder separated in two chambers
by a piston connected to a rod configured to transmit the force generated due to a
pressure imbalance between the two chambers, to the BOP. The apparatus further
includes a low pressure recipient a valve configured to selectively enable a fluid
communication between the low pressure recipient and one of the chambers of the
cylinder. The valve has a valve body enclosing a chamber with an input port
selectively connectable to an output port, and a separating assembly configured to

separate the chamber from a region of different pressure. The assembly includes (1)

10



[0030]Figure 4 is a schematic diagram of a dual chamber valve used in an apparatus for generating
subsea a force for actuating the BOPs using a low pressure recipient; [0031]Figure 5A is a
cross-section through a conventional SPM valve while a spool thereof is in a first position;
[0032]Figure 5B is a cross-section through a conventional SPM valve while a spool thereof is in a

e e S R AR AR e o

second portion of a second diameter larger than the first diameter, towards the
region, and (2) an upper seat located between the first portion of the backup plate
and the valve body.

[0025] According to another exemplary embodiment a method of retrofitting a
sub plate mounted (SPM) valve to become capable to withstand a big pressure
difference between a low pressure inside the valve and a hydrostatic pressure
outside thereof is provided. The method includes removing a chamber separating
assembly configured to separate a chamber inside a valve body, from a region of
different pressure. The method further includes mounting a new separating
assembly configured to separate the chamber inside the valve body, from the region
of different pressure. The new separating assembly includes (1) a backup plate
having a first portion of a first diameter towards the chamber and a second portion of
a second diameter larger than the first diameter, towards the region, and (2) an

upper seat located between the first portion of the backup plate and the valve body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. In the drawings:

[0027] Figure 1 is a schematic diagram of a conventional offshore rig;

[0028] Figure 2 is a schematic diagram of an apparatus conventionally used

for generating a force to actuate BOPs;
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exemplary embodiment, while a spool thereof is in a first position; [0035]Figure 7B is a cross-section
through a SPM valve according to an exemplary embodiment, while a spool thereof is in a second
position; [0036]Figure 8 is a blown-up representation of a SPM valve, according to an exemplary
embodiment; [0037]Figure 9 is an apparatus using a low pressure recipient to generate force for

strati o fol U s S RIBAI ARSI SLR SHRTRig 3104 S ey Lifbodmen
DETAILEr[e)c%FeSrSt:tF(Q)I Féghglr\late force for actuating the BOPs;
[0030] Figure 4 is a schematic diagram of a dual chamber valve used in an
apparatus for generating subsea a force for actuating the BOPs using a low pressure
recipient;
[0031] Figure 5A is a cross-section through a conventional SPM valve while a
spool thereof is in a first position;
[0032] Figure 5B is a cross-section through a conventional SPM valve while a
spool thereof is in a second position;
[0033] Figure 6 is a blown-up representation of a conventional SPM valve;
[0034] Figure 7A is a cross-section through a SPM valve according to an
exemplary embodiment, while a spool thereof is in a first position;
[0035] Figure 7B is a cross-section through a SPM valve according to an
exemplary embodiment, while a spool thereof is in a second position;
[0036] Figure 8 is a blown-up representation of a SPM valve, according to an
exemplary embodiment;
[0037] Figure 9 is an apparatus using a low pressure recipient to generate
force for actuating the BOPs according to an exemplary embodiment; and

[0038] Figure 10 is a flow chart illustrating a method for retrofitting a

conventional SPM valve, according to an exemplary embodiment.

DETAILED DESCRIPTION

[0039] The following description of the exemplary embodiments refers to the

accompanying drawings. The same reference numbers in different drawings identify

12



[0039]The following description of the exemplary embodiments refers to the accompanying drawings.
The same reference numbers in different drawings identify the same or similar elements. The following
detailed description does not limit the invention. Instead, the scope of the invention is defined by the
appended claims. The following embodiments are discussed, for simplicity, with regard to the

terminol d struct f BOP systems. , the. diments to be di d next t
imitea 10 e s oI ALEIRRLP I P 0 N GG PUL PSS A g umdorsea

d having to with d a high iff lative_ t | than hydrostati
AL 1Y o R e i e AT ol e
means :ﬁaha Yi)articuIEr aeature, structure, or (%hﬁ?racteril?tlc des%ribed ia connection with an
embodim 2P YE M RTBRAAING eAE AIE st FRE S BPIHLY s RIBLERAP ISR RgY and

fth bodi t" or "] badi " i I th hout
e apeaTUH TR BT SYSERTS BIRTYSto teeeTag ETE Bt B BEF GRS (1 ATE LRt fomtures,

100 AT BB DR SAERY BRPP Y 1 ODRbR AN AP S ronal

apparatus generating a subsea force (i.e., dug to a pressure difference between hydrostatic pressure
and 2 preUAG SRR Ay csae R O T S TR AMEPER ot tmes
larger than the k:]g(?%r)osta IC ﬁrﬁsiure a{gd h‘ﬁdraulic liquid may leak outside the valve. In contrast, when
the valvel5 028t | \élﬁra[lﬁs ral € éﬁ Fat asé”seubsea force (due to a pressure difference between

nbice (A CERGE may oE Qe CE LI SLAM R s (e oot S i o Bodiic preseure at
AR e G T e
T B B e R S R e
PreSSUre natter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.
[0041] As understood by those of ordinary skill in the art, when a valve is used in
a conventional apparatus generating a subsea force (i.e., due to a pressure difference
between hydrostatic pressure and a pressure larger than the hydrostatic pressure), the
pressure inside the valve may be at times larger than the hydrostatic pressure and
hydraulic liquid may leak outside the valve. In contrast, when the valve is used in an
apparatus generating a subsea force (due to a pressure difference between hydrostatic
pressure and a pressure substantially smaller than the hydrostatic pressure), the
pressure inside the valve may be at times substantially smaller (e.g., ~1 atm vs ~240

atm hydrostatic pressure at 2500m depth) than the hydrostatic pressure and seawater

may penetrate inside the valve, destroying the valve, and, even rendering the
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[0042]Cross-sections through a valve 200 according to an exemplary embodiment are illustrated in
Figures 7A and 7B. The valve 200 is a modified version of the conventional SPM valve 100 in order to
be used undersea and connected to a low pressure recipient inside which gas has a substantially
lower pressure than the hydrostatic pressure. Figure 8 is a blow-up representation of the parts of the

lve 200. As illustrated in Fi A, 7 d.8, the valve 200 jnclud t 201, |
T8 and BRSO B Ibe BES JelI3HTS CARUE NS S apring 100, an

nousing LRI SR ARG OB o3 og i STPORLBERS Pee KOBLELEE I8 Ses TUPINY. & ower
t118 lve body 119. In Fi 7A, the, 113 is.in a first jtion being | dcl t
the upper ChAI0 TR R e aE et R DR daB DL DY TRAEEERAA S the lower
seat 118 E 43]Thus, besides parts similar to parts in a conventional SPM valve (similar parts having
the sameh &P '&ql—rﬁﬁﬁlé@S and 6), the valve 200 has an additional seal 220 located between the

ot 204000 he valv Ty 8 O PH RN AL S A B0 A ALK with  contal
o e e e e s e el R on e
portion. 1A BERCL Y PR A0 08 e ANl e RSIGH RRER M VAR GRAR 912 passes when
the valve S freqiiet 100 la s roRstipRatrt ALl MRiICRYRHSa SRS N35 epentral hole

pressure than the hydrostatic pressure. Figure 8 is a blow-up representation of the

parts of the valve 200. As illustrated in Figures 7A, 7B and 8, the valve 200 includes

an upper seat 201, seals 102a and 102b, a seal 202, a rod seal 103, a seal 120, a

backup plate 204, an outer spring 105, an inner spring 106, a spring retainer 107, a

split collet 108, a pilot piston 109, a piston seal 110, a piston housing 111, a valve

stem 112, a spool 113, a nut 114, a cage 115, a rod seal 116, a seal 117, a lower

seat 118 and a valve body 119. In Figure 7A, the spool 113 is in a first position

being located close to the upper seat 201. In Figure 7B, the spool 113 is in a second

position being located close to the lower seat 118.

[0043] Thus, besides parts similar to parts in a conventional SPM valve

(similar parts having the same label as in Figures 5 and 6), the valve 200 has an

additional seal 220 located between the upper seat 201 and the back-up plate 204,

and an additional seal 202 located between the backup plate 204 and the valve body

1109.

[0044] The back-up plate 104 being essentially a disk with a central hole

through which the valve stem 112 passes when the valve is assembled. Different
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through which the valve stem 112 passes when the valve is assembled. Different from the upper seat
101, the upper seat 201 has a larger hole being configured to surround the first portion of the backup
plate 204. The upper seat 201 has an inner diameter substantially equal to the first diameter of the
back-up plate 204, and an outer diameter substantially equal to the second diameter of the back-up

late 204. Th t 201 th k- late 2 h tially t total vol
R the oL AR S B AT TR RORANER, 116 BACR LGP Ehamber 150
ith t 130 that t t to th i hamber, t 135 that t t
the low prosAHd e i AA b A PRTLPERn Aok A s iReel e ORI GBS port 1301s

used to transfer a pressure different from gn initial pressure. to the opening champey, the port 130 may
e cons ATBUGH TR CEOR FIATERE AL S S AP TRho 108 OIFLE 30 HBdsure
recipient or from a coptroller, via ports, 140 and 150 selecti opened tpwards the chamber 150.
T, hAB3ACE I BhHOTE U BHOA A PP S Bk oA BER IRG S48t Enanging the
pressure to enelraée force for operating the BOP. [0047]Due to the redesigned shapes of the upper
seat 201%%'?%% B ckup plate 204, the valve 200 operates more reliable than a conventional SPM

ihstand GBS external 8 ULt LT e CL o 6 AR ORI SO SAha a hod t
I f hamb [ he back sid lasti
Coat 201 TR LS R GLcA b PATSES A HLHE SRLHRe o5 DTS OB of upper
is | han th ' l. f d
experiond QR LRI ACHr SSTBEH SEabrtor o KD E T e A E T e o
ipi ia ch . It, there i f w
otorm. ThE U 0B e DG 0 e Ao e e O A e ane

the pressure in.the lgw pressure reci 'erygﬁ 1d stjll function with the same sealing arrangement as the
spool 115 BMEGLS SRS NLpSSPELAY Jit b dmigtie 108 KRk HR R AT g Sk hpparatus
300 for ggneraling subseniaforae Raosd o & fresaure d iefense bstec e ydiaptayis pressure
and a low préssure, according to ar’ exemplary emoodiment. The apparatus Includes an enclosure
52 havin h”eslﬁjcﬁp%rpé%to g% %%”J'%“éebda@fqg?"‘?@'eo%%i%éeoﬁ-awee 'Stﬂﬂa§f%%%ds%sr%2 daflosure 52
into a closing chambe and an opening chamber53. sSure difteren etween the opening

r
chamber\%ﬁ and the closing chamber 56 vields an actuati moving the piston 54. The opening
chamber ulrsnge?gcttri]veeﬂp orﬁr?ee@tte (5to %9{88#8@%‘&389&% t6 go and a controller 18 via a valve 200.

A pilot 8%6%]5‘0t“ate+ﬂ% \\//%II\\//% %%%y 119 encloses a chamber 150 with a port 130 that can

serve to connect to the opening chamber, a port 135 that can serve to connect the

@)
D— D

D
|

low pressure vessel and a port 140 that can serve to connect a controller. Since the
port 130 is used to transfer a pressure different from an initial pressure to the
opening chamber, the port 130 may be considered an output port. The pressure is
transferred through the valve from a low pressure recipient or from a controller via
ports 140 and 150 selectively opened towards the chamber 150. Thus, the ports 140
and 150 can be considered to be input ports, being the source of changing the
pressure to generate force for operating the BOP.

[0047] Due to the redesigned shapes of the upper seat 201 and the backup

plate 204, the valve 200 operates more reliable than a conventional SPM valve
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[0049]A conventional SPM valve (such as 100 in Figures 5 and 6) may be retrofitted to become a
valve similar to the valve 200. A flow diagram of a method 400 for retrofitting a conventional valve is
illustrated in Figure 10. The method 400 16 includes removing a chamber separating assembly (e.g.,
the upper seat 101, and the back-up plate 104) configured to separate a chamber (e.g., 150) inside a

ounting B EISA P AR (e ST B o QB 263 B BRLIEGT) RSB confgured
orossurc HAL HEAPLERA BT, LEKHAL FrrE IBRICED IS A0 TR bt ecat (.0.
201). The backup plate (e,q., 204) has a first portion of a first diameter towards t hamber (e.g.,
180) ancrLSaHB ATTBIIEH 11 B EAEanaerIata PSP LR AN P BB P S detRa Pgron, The
e B LSE E SSA ST T
e R A IR T P e A B
resemb GG LIRS o BAEILED e A A PHE LS S8 rRC L CH (D SPRET SUGE 18, be made
thod ST EAFOHIHE & Gl 15 o O Y A0Ch PRG3Rt ek 0 e 8K with
reduced consumption. of energy.and at a lo st. It should be understoqd that this description is not
tencec T IO Iars U8 HhE Bt e ol ARG SRS 21 LB Lover
e T IS O VYR DB o0 B e PR ARG gl ne invention

(between the hydrostatic pressure and the pressure in the low pressure recipient)

and still function with the same sealing arrangement as the spool 113 engages onto

the upper seat 201.

[0048] Figure 9 is a schematic diagram of an apparatus 300 for generating

subsea a force based on a pressure difference between the hydrostatic pressure and

a low pressure, according to an exemplary embodiment. The apparatus 300

includes an enclosure 52 having inside a piston 54 configured to move along thereof.

The piston 54 divides the enclosure 52 into a closing chamber 56 and an opening

chamber 58. A pressure difference between the opening chamber 58 and the

closing chamber 56 yields an actuation force moving the piston 54. The opening

chamber 58 is selectively connected to a low pressure recipient 60 and a controller

18 via a valve 200. A pilot 80 may actuate the valve 200.

[0049] A conventional SPM valve (such as 100 in Figures 5 and 6) may be

retrofitted to become a valve similar to the valve 200. A flow diagram of a method

400 for retrofitting a conventional valve is illustrated in Figure 10. The method 400
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the appended claims. Further, in the detailed description of the exemplary embodiments, numerous

specific details are set forth in order to provide a comprehensive understanding of the claimed

invention. However, one skilled in the art would understand that various embodiments may be

practiced without such specific details. [0052]Although the features and elements of the present

exemplar ﬁm odiments are %(E%c{:}r?iged in the embodim%&in particular combinations, eaé;t feature or
| I r

element asEH'QIERE & fL SEREFIURA ASS SR W5 @nt0 G 4RRE mBBLHHENR S Mevarious
binati ith i t other f d el ts disclgosed herein. [0053]Thj itt
oscrip R B LRG0 40 AREIU B GATEb Bl S OrER URR PO ar t
tice t includi ki i devi formj
eorpordf L O B IR B e i A o | DBy L DEAIRL. and may
include other examples t‘hat occur to those. skilled in tEF ?rt. Su§h other examzl(ﬁf are jntended to be
within thé’@% %Sof%?é"& Wit N EPRENA ArEpeY (€-0), NS YRR SEe Nt I0Ersea

CitorencEBRt B oy Bl SR o oA RR AL DA LSS e SONE B o
body (e.g., 119), from the region of different pressure. The new separating assembly
includes a back-up plate (e.g., 204) and an upper seat (e.g., 201). The backup plate
(e.g., 204) has a first portion of a first diameter towards the chamber (e.g., 150) and
a second portion of a second diameter larger than the first diameter, towards the
region. The upper seat (e.g., 201) is located between the first portion of the backup
plate (e.g., 204) and the valve body (e.g., 119).

[0050] The method 400 may further include mounting a first additional seal
(e.g., 220) located between the upper seat and the backup plate. The method 400
may also include mounting a second additional seal (e.g., 202) between the backup
plate and the valve body. The volume of the new chamber separating assembly may
be substantially equal to a volume of the chamber separating assembly that is
removed. The back-up plate may be made of metal and the upper seat may be
made of plastic or pliable material.

[0051] The disclosed exemplary embodiments provide a valve and a method
of retrofitting a valve to be used in an arrangement for generating a force undersea
with a reduced consumption of energy and at a low cost. It should be understood
that this description is not intended to limit the invention. On the contrary, the
exemplary embodiments are intended to cover alternatives, modifications and

equivalents, which are included in the spirit and scope of the invention as defined by
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a valve body enclosing a chamber with an input port selectively connectable to an output port; and

a chamber separating assembly configured to separate the chamber from a region of different
pressure, the assembly including: a backup plate having a first portion of a first diameter towards the
chamber and a second portion of a second diameter larger than the first diameter, towards the region;

d lgcated het the fi ti f the back lat dth Ive body. 2.
The valy A SHRRPRCR ARG ork HHRD W JALRIGAAI X RIER A HERECR W Upper seat and the
backup plate. . 3. The valve of claim.f’L,f rther comprisjng a.second additional seal between the
packup FERPARIERSRATEAYS SOERIEHEATS R ohiRdVihEIeR IRFRRBAr s connected to a

low pressure recjpient storirg]%fluid gt a loy pressure aubstantially smaller than an aﬁnaient ressure
outside tﬁgr&pégi%: Ive understanding of the claimed invention.” However, one skilled In the

art would understand that various embodiments may be practiced without such
specific details.

[0052] Although the features and elements of the present exemplary
embodiments are described in the embodiments in particular combinations, each
feature or element can be used alone without the other features and elements of the
embodiments or in various combinations with or without other features and elements
disclosed herein.

[0053] This written description uses examples of the subject matter disclosed to
enable any person skilled in the art to practice the same, including making and using
any devices or systems and performing any incorporated methods. The patentable
scope of the subject matter is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims.
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5. The valve of claim 3, wherein the low pressure is about 1 atm. 6. The valve of claim 1, wherein
the backup plate is made of metallic material. 7. The valve of claim 1, wherein the upper seat is
made of a plastic or pliable material. 8. An apparatus for generating a force for closing a blowup
preventer (BOP) undersea, the force being generated due to a pressure difference between a

hydrostatic pr r anﬁw low pressure, the apparatus comprising: a cylinder separated in two
chamber&\/kﬁyagls Jétgrlré c{ég to a rod configured to transmit the force generated due to a pressure

imbalance between the tWﬁ chaml%%ils, to the BOP; a Iowt%&@%sﬁﬁre re(aﬁ'ent; ?d a valve
configured to s ctiveﬁﬂé S6IESEANG &b &2n6f BE ARtG bpéfgg rIaorggfﬂ)%ﬂEeand one of
the chambers of the cylinder, the valve havin body enclosing a chamber with an input port
Solectvely B ARNEAr e eNe e 0T Bt b et COTRGNSH b SUfEbate the
chamber fer a regsion of different REFSSLB’E, the assembl%incl ding: .
a low pressure recipient ahd ambient pressure, the valve comprising:
a valve body enclosing a chamber with an input port selectively connectable
to an output port; and
a chamber separating assembly configured to separate the chamber from a
region of different pressure, the assembly including:
a backup plate having a first portion of a first diameter towards the
chamber and a second portion of a second diameter larger than the first
diameter, towards the region; and

an upper seat located between the first portion of the backup plate and

the valve body.

2. The valve of claim 1, further comprising a first additional seal located

between the upper seat and the backup plate.

3. The valve of claim 1, further comprising a second additional seal

between the backup plate and the valve body.
4. The valve of claim 1, wherein the input port is connected to a low

pressure recipient storing fluid at a low pressure substantially smaller than an

ambient pressure outside the chamber.
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a backup plate having a first portion of a first diameter towards the chamber and a second portion of a
second diameter larger than the first diameter, towards the region; and an upper seat located
between the first portion of the backup plate and the valve body. 9. The apparatus of claim 8,
wherein the valve further comprises a first additional seal located between the upper seat and the
backup plate. 10. The a of clai further comprising a sec dditional seal between
the backup platSand IESAUBOUGTAM 1 TPRHEA I RO B, SoRdl AHE nput port

connected to a low pressure recipient storing fluid at a low pressure substantially smaller than an

ambient pressure outside the chamber. 12. The apparatus of claim 11, wherein the low pressure
is about 1 atm. The garfat S of clal 8, W er e baFku late is rrt]ade oi metallic
: 6. he valv claim'1, wheréin t up plate’l made of metallic
material.
material.
7. The valve of claim 1, wherein the upper seat is made of a plastic or

pliable material.

8. An apparatus for generating a force for closing a blowup preventer
(BOP) undersea, the force being generated due to a pressure difference between a
hydrostatic pressure and a low pressure, the apparatus comprising:

a cylinder separated in two chambers by a piston connected to a rod
configured to transmit the force generated due to a pressure imbalance between the
two chambers, to the BOP;

a low pressure recipient; and

a valve configured to selectively enable a fluid communication between the
low pressure recipient and one of the chambers of the cylinder, the valve having a
valve body enclosing a chamber with an input port selectively connectable to an
output port; and

a separating assembly configured to separate the chamber from a region of
different pressure, the assembly including:

a backup plate having a first portion of a first diameter towards the
chamber and a second portion of a second diameter larger than the first

diameter, towards the region; and
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14. The apparatus of claim 8, wherein the upper seat is made of a plastic or pliable material. 15.
A method of retrofitting a sub plate mounted (SPM) valve to become capable to withstand a big
pressure difference between a low pressure inside the valve and a hydrostatic pressure outside
thereof, the method comprising; removing a chamber separating assembly configured to separate

a chamber inside a valve body, from of different pressure and nting a new
separating assembly canfrgqnéaﬁsagfs GRS B CREERS OISV BB RE ARfon of
different pressu 5 the ne arating assembly including a backup plate having a first portion of a first
diameter toward ?h\@gf?a r and a second portion of a second diameter larger than the first

diameter, towards the region; and an upper seat located between the first portion of the backup
plate and the valve body. 16. The method of claim 15, further comprising:

9. The apparatus of claim 8, wherein the valve further comprises a first

additional seal located between the upper seat and the backup plate.

10. The apparatus of claim 8, further comprising a second additional seal

between the backup plate and the valve body.

11. The apparatus of claim 8, wherein the input port is connected to a low
pressure recipient storing fluid at a low pressure substantially smaller than an

ambient pressure outside the chamber.
12.  The apparatus of claim 11, wherein the low pressure is about 1 atm.

13. The apparatus of claim 8, wherein the backup plate is made of metallic

material.

14.  The apparatus of claim 8, wherein the upper seat is made of a plastic

or pliable material.

15. A method of retrofitting a sub plate mounted (SPM) valve to become
capable to withstand a big pressure difference between a low pressure inside the

valve and a hydrostatic pressure outside thereof, the method comprising;
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mounting a first additional seal located between the upper seat and the backup plate. 17. The method
of claim 15, further comprising: mounting a second additional seal between the backup plate and the
valve body. 18. The method of claim 15, wherein a volume of the new chamber separating
assembly is substantially equal to a volume of the chamber separating assembly that is removed.

material. 20.The method of claim 15, wherein the uggeweat i%madg of glastic orgli ble material.
removing a chamber separating assembly configured to Separate a chamber

inside a valve body, from a region of different pressure; and
mounting a new separating assembly configured to separate the chamber
inside the valve body, from the region of different pressure, the new separating
assembly including
a backup plate having a first portion of a first diameter towards the
chamber and a second portion of a second diameter larger than the first
diameter, towards the region; and
an upper seat located between the first portion of the backup plate and

the valve body.

16. The method of claim 15, further comprising:
mounting a first additional seal located between the upper seat and the

backup plate.

17.  The method of claim 15, further comprising:

mounting a second additional seal between the backup plate and the valve

body.
18. The method of claim 15, wherein a volume of the new chamber

separating assembly is substantially equal to a volume of the chamber separating

assembly that is removed.
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19. The method of claim 15, wherein the backup plate is made of metallic

material.

20. The method of claim 15, wherein the upper seat is made of plastic or

pliable material.
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