wo 2012/173870 A2 | IV OO O 0 A RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/173870 A2

20 December 2012 (20.12.2012) WIPO | PCT
(51) International Patent Classification: (72) Inventor; and
E21B 33/064 (2006.01) E21B 34/08 (2006.01) (75) Inventor/Applicant (for US only): WEBB, Ronald W.
. .. [US/US]; 1710 Woodcroft Court, Houston, Texas 77095
(21) International Application Number: (US)
PCT/US2012/041356 ’
. . (74) Agent: ROSE, Collin A.; Chamberlain Hrdlicka, 1200
(22) International Filing Date: ith Street. 14th Fl Houstor. T 002
7 June 2012 (07.06.2012) Smith Street, oor, Houston, Texas 77002 (US).
- . . (81) Designated States (uniess otherwise indicated, for every
(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
L. CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(30) Priority Data: DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
13/159,712 14 June 2011 (14.06.2011) us HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(71) Applicant (for all designated States except US): CAMER- KZ, LA, LG, LK, LR, LS, LT, LU, LY, MA, MD, ME,
ON INTERNATIONAL CORPORATION [US/US]; MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
1333 West Loop South, Suite 1700, Houston, Texas 77027 OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(US) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
’ TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: APPARATUS AND METHOD FOR CONNECTING FLUID LINES

(57) Abstract: An apparatus and method for controlling fluid flow in a blowout preventer.

150~
ffffffffff
_\/\ \/\_
154
iiT~-100
FIG. 1 =
156

In one embodiment, an apparatus for connecting fluid lines includes a socket fluid connect-
or and a plug fluid connector. Each connector includes a flow channel. The plug fluid con-
nector is detachably connectable to the socket fluid connector at a connection end of the
plug and socket fluid connectors such that the flow channels align. Each of the socket and
plug fluid connectors includes a check valve in the flow channel. The check valve is con-
figured to prevent tluid flow through the connector flow channels while the plug and sock-
et fluid connectors are not connected, and to enable bidirectional fluid flow through the
connector flow channels while plug and socket fluid connectors are connected.
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Apparatus and Method for Connecting Fluid Lines

Background

[0001] Blowout preventers (BOPs) are used in hydrocarbon drilling and
production operations as a safety device that closes, isolates, and seals the
wellbore. Blowout preventers are essentially large valves connected to the
wellhead and comprise closure members that seal and close the well to prevent the
release of high-pressure gas or liquids from the well. One type of blowout
preventer used extensively in both low and high-pressure applications is a ram-
type blowout preventer. A ram-type blowout preventer uses two opposed closure
members, or rams, disposed within a specially designed housing, or body. The
blowout preventer body has a bore aligned with the wellbore. Opposed cavities
intersect the bore and support the rams as they move into and out of the bore. A
bonnet is connected to the body on the outer end of each cavity and supports an
operator system that provides the force required to move the rams into and out of
the bore.

[0002] Ram-type blowout preventers are often operated using pressurized
hydraulic fluid to control the position of the closure members relative to the bore.
The flow of hydraulic fluid to the rams is controlled via one or more control pods
of the blowout preventer. The control pod provides an electrical interface for
operation of the blowout preventer from a drilling platform or other surface
location. The control pod may be modularized to facilitate pod testing and service
by allowing individual replacement and/or testing of each module. The control
pod generally includes an electronics package (MUX module) and a hydraulics
module (MOD module). The MUX module provides electrical communication
with surface systems and electrically activated solenoid valves. The solenoid
valves control flow of hydraulic fluid to hydraulic pilot valves of the MOD

module.

[0003] The MUX and MOD modules are coupled by a number of hydraulic

connectors through which pressurized fluid flows between the modules.
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Summary

[0004] An apparatus and method for controlling fluid flow in a blowout
preventer. In one embodiment, an apparatus for connecting fluid lines includes a
socket fluid connector and a plug fluid connector. Each connector includes a flow
channel. The plug fluid connector is detachably connectable to the socket fluid
connector at a connection end of the plug and socket fluid connectors such that the
flow channels align. Each of the socket and plug fluid connectors includes a check
valve in the flow channel. The check valve prevents fluid flow through the
connector flow channels while the plug and socket fluid connectors are not
connected, and enables bidirectional fluid flow through the connector flow

channels while plug and socket fluid connectors are connected.

[0005] In another embodiment, a subsea control unit for controlling a subsea
device includes a hydraulic module and an electrical control module. The
hydraulic module provides hydraulic pressure to the subsea device (e.g., a subsea
blowout preventer). The hydraulic module includes a plurality of fluid connectors.
The electrical control module electrically controls fluid delivery to the hydraulic
module. The electrical control module includes a plurality of fluid connectors,
each of which corresponds to and is mateable with one of the fluid connectors of
the hydraulic module. Each of the fluid connectors comprises a check valve that
prevents fluid flow through the connector while the connectors are not mated, and
allows bidirectional fluid flow through the connector while the connectors are

mated.

[0006] In yet another embodiment, a drilling system for boring earthen
formations includes a blowout preventer disposed at a subsea wellhead. The
blowout preventer includes a subsea control pod that hydraulically controls the
blowout preventer. The control pod includes a mated pair of hydraulic connectors
that connect fluid lines of the control pod. At least one of the connectors includes
a stem that enables bidirectional fluid flow through the mated connectors by

forcing a check valve in each connector open while the connectors are mated.

[0007] In a further embodiment, a fluid connector assembly includes a socket

fluid connector and a plug fluid connector. Each connector includes a flow
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channel. The plug fluid connector is releasably connectable to the socket fluid
connector at a connection end of the plug and socket fluid connectors wherein the
flow channels are coaxially aligned. Each of the socket and plug fluid connectors
includes a check valve in the flow channel. The check valve includes a closing
seat and a moving member. The moving member has a closed position sealingly
engaging the closing seat when the socket and plug connectors are not connected,
and an open position spaced apart from the closing seat when the socket and plug
fluid connectors are connected. At least one of the socket and plug fluid
connectors includes a stem that engages the moving members of both the socket

and plug fluid connectors when the moving members are in the open position.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a detailed description of exemplary embodiments of the invention,

reference will now be made to the accompanying drawings in which:

[0009] FIG. 1 shows drilling system including a blowout preventer in

accordance with various embodiments;

[0010] FIG. 2 shows a blowout preventer control pod in accordance with various

embodiments;

[0011] FIG. 3 shows a fluid connector panel of a module of a control pod in

accordance with various embodiments;

[0012] FIG. 4 shows a mateable pair of fluid connectors in accordance with

various embodiments;

[0013] FIG. 5 shows a mated pair of fluid connectors in accordance with various

embodiments; and

[0014] FIG. 6 shows a flow diagram for a method for controlling fluid flow in a

connector pair in accordance with various embodiments.
Notation and Nomenclature

[0015] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,

companies may refer to a component by different names. This document does not
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intend to distinguish between components that differ in name but not function. In
the following discussion and in the claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted to
mean “including, but not limited to... .” Also, the term “couple” or “couples” is
intended to mean either an indirect or direct connection. Thus, if a first device
couples to a second device, that connection may be through a direct connection, or

through an indirect connection via other devices and connections.
DETAILED DESCRIPTION

[0016] The following discussion is directed to various embodiments of the
invention. Although one or more of these embodiments may be preferred, the
embodiments disclosed should not be interpreted, or otherwise used, as limiting
the scope of the disclosure, including the claims. In addition, one skilled in the art
will understand that the following description has broad application, and the
discussion of any embodiment is meant only to be exemplary of that embodiment,
and not intended to intimate that the scope of the disclosure, including the claims,

1s limited to that embodiment.

[0017] The electronics section (MUX module) and the hydraulics section (MOD
module) of a blowout preventer control pod are hydraulically connected by a
plurality of fluid connectors of each module. When the connectors of the modules
are engaged, fluid is allowed to flow bidirectionally between the modules through
the connectors. In a conventional system, when the connectors are disengaged
while the fluid system is pressurized, the expulsion of fluid through the connectors

can present a safety hazard.

[0018] Embodiments of the present disclosure include a fluid connector that
inhibits expulsion of fluid when connectors are disengaged. The connector
includes a valve that is mechanically and positively held open when a pair of
connectors is engaged, allowing bidirectional hydraulic flow through the
connectors. When the connectors are disengaged, the valve closes automatically,

preventing expulsion of fluid from the connectors and the attendant safety hazard.

[0019] FIG. 1 shows drilling system 150 in accordance with various

embodiments. The drilling system 150 includes a drilling platform and drilling rig

4
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152, ariser 154, and a blowout preventer (BOP) 156. The BOP 156 is coupled to a
wellhead 158. The riser 154 connects the BOP 156 to the drilling platform 152.
One or more control pods 100 are coupled to the BOP 156 for actuating BOP

hydraulics in response to control signals provided from the surface.

[0020] FIG. 2 shows the BOP control pod 100 in accordance with various
embodiments. The control pod 100 includes a MUX module 102 and a MOD
module 104. The MUX module 102 and the MOD module 104 are hydraulically
connectable through fluid connectors 106, 108 mounted in a connector panel 110,
112 of each of the MUX and MOD modules 102, 104. Each of the fluid
connectors 106, 108 includes a check valve that prevents fluid expulsion from the
connectors 106, 108 while the connectors 106, 108 are disengaged, and allows

bidirectional fluid flow while the connectors 106, 108 are engaged.

[0021] FIG. 3 shows a fluid connector panel 110 of module 102 of the control
pod 100 in accordance with various embodiments. The connector panel 112 of the
module 104 is similarly configured. The connector panel 110 includes a plurality
of connectors 106 and/or connectors 108 for transferring hydraulic fluid between

the module 102 and the module 104.

[0022] FIG. 4 shows a view of a longitudinal cross section of a mateable pair of
fluid connectors 106, 108 in accordance with various embodiments. As shown in
FIG. 3, the connector 106 may be a socket connector, and the connector 108 may
be a plug connector. In FIG. 4 the valves of the connectors 106, 108 are illustrated
in the closed position, whereby fluid is prevented from flowing out of the
connectors 106, 108. The generally cylindrical body 302 of the connector 106
includes a mating section 304 that mates with the connector 108, and a line
connection section 306 that is connectable to a fluid line. The sections 304, 306
are joined, e.g., threaded together via threads 330, to form the body 302. A groove
308 in one of the sections 304, 306 contains a sealing device 348 (e.g., an O ring,
a gasket, etc.) that seals the interface 310 between the sections 304, 306. The body
302 of fluid connector 106 includes a passage 312 though which fluid flows
through the connector 106.
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[0023] A portion of the passage 312 is configured to form a check valve 314.
The check value 314 comprises an expanded diameter region 316 of the passage
312 that retains a moving member 318 (i.e., a closing member), an elastic member
320 (e.g., a coil spring), and a stem 322. The moving member 318 is a flow
blocking member that operates to prevent fluid flow out of connector 106, and
may be spherical, poppet-shaped, or any shape suitable for use in a check valve in
various embodiments. A first end of the expanded diameter region 316 forms a
closing valve seat 326. A second end of the expanded diameter region 316 forms
an opening valve seat 332. In FIG. 4 the moving member 318 is positioned against
the closing valve seat 326 sealing the connector 106 and preventing fluid from
flowing out of the mating end of the connector 106. Expansion of the elastic
member 320 provides the sealing force that moves the moving member 318 into

contact with the closing valve seat 326.

[0024] The stem 322 is in contact with the moving member 318 and is disposed
forward of the closing valve seat 326 (i.e., towards the mating end of the
connector 106) when the check valve 314 is closed as shown in FIG. 4. In some
embodiments, the stem 322 may be a part of or fixed to the moving member 318.
In other embodiments, the stem 322 may be in contact with but not fixed to the
moving member 318. The stem 322 forces the valves of connectors 106, 108 open
while the connectors 106, 108 are engaged. The base of the stem 322 includes a
flange 334. In some embodiments of the check valve 314, the flange 334 engages
the moving member 318 and is dimensioned to fit within a flange holding area

336 proximate to the closing valve seat 326.

[0025] A socket 338 of the connector 106 is configured to receive a plug 340 of
the connector 108 when the connectors 106, 108 are mated. A groove 342 in the

socket 338 retains a sealing device 344 that prevents fluid from escaping past the
sealing device 344 to ambient space while the connectors 106, 108 are mated and

under operating or test pressure.

[0026] The body 352 of the connector 108 also includes a mating section 354
and a line connection section 356. The sections 354, 356 are joined, e.g., threaded

together via threads 380, to form the body 352. A groove 358 in one of the
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sections 354, 356 contains a sealing device 398 (e.g., an O ring, a gasket, etc.) that
seals the interface 360 between the between the sections 354, 356. The body 352
of fluid connector 108 includes a passage 362, though which fluid flows through

the connector 108.

[0027] A portion of the passage 362 is configured to form a check valve 364.
The check value 364 comprises an expanded diameter region 366 of the central
passage 362 that retains a moving member 368 (i.e., a closing member), and an
elastic member 370 (e.g., a coil spring). A first end of the expanded diameter
regions 366 forms a closing valve seat 376. A second end of the expanded
diameter region forms an opening valve seat 382. In FIG. 4, the moving member
368 is positioned against the closing valve seat 376, sealing the connector 108.
Expansion of the elastic member 370 provides the sealing force that moves the

moving member 368 into contact with the closing valve seat 376.

[0028] While the connector 108 lacks a stem 322, as illustrated, in some
embodiments of the connectors 106, 108, the stem 322 may be disposed in and
retained by the connector 108 rather than the connector 106. In other

embodiments, both of the connectors 106, 108 may include stems 322.

[0029] FIG. 5 shows a mated pair of fluid connectors 106, 108 in accordance
with various embodiments. The plug 340 of the connector 108 is within the socket
338 of the connector 106, and the stem 322 of the connector 106 is in contact with
the moving member 368 of the connector 108 and the moving member 318 of the
connector 106. The force of the stem 322 against the moving members 318, 368
pushes the moving members 318, 368 away from the corresponding closing valve
seats 326, 376. The length of the stem 322 ensures that both of the moving
members 318, 368 disengage from the forward valve seats 326, 376 when the
connectors 106, 108 are mated. Thus, the stem 322 holds both check valves 314,
364 open when the connectors 106, 108 are engaged, thereby allowing full
bidirectional flow between the connectors 106, 108 through the passages 312, 362.

[0030] In some embodiments, the check valves 314, 364 are configured to
position one of the moving members 318, 368 against a corresponding opening

valve seat 332, 382 when the connectors 106, 108 are mated. In FIG. 5, the
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moving member 318 is positioned against the opening valve seat 332 of the
connector 106. The opening valve seat 332, 382 may include ridges running in the
direction of the connector 106, 108 longitudinal axis. The ridges allow fluid to
flow freely past the opening valve seat 332, 382 and the moving member 318, 368
while the moving member 318, 368 is disposed against the opening valve seat
332, 382. In some embodiments, the relative forces of the elastic members 320,
370 may determine which of the moving members 318, 368 contacts the opening
seat 332, 382. In other embodiments, the length of the expanded region 316 may
differ from the length of the expanded region 366 causing the moving member
318, 368 disposed in the shorter of the expanded regions 316, 366 to contact the
corresponding opening valve seat 332, 382 while the connectors 106, 108 are

mated.

[0031] The stem retaining and guide structure 324 may also include ridges or

passages that allow fluid to flow into and/or out of the connector 106.

[0032] Various components of the connectors 106, 108, including the sections
304, 306, 354, 356, the moving members 318, 368, and the stem 322 may be made
of stainless steel or any other material suitable for use in a fluid connector of a

blowout preventer control pod 100.

[0033] FIG. 6 shows a flow diagram for a method for controlling fluid flow in a
connector pair 106, 108 in accordance with various embodiments. Though
depicted sequentially as a matter of convenience, at least some of the operations
shown can be performed in a different order and/or performed in parallel.
Additionally, in some embodiments of the method 500, only some of the

operations shown may be performed.

[0034] In block 502, the socket fluid connector 106 is brought into engagement
with the plug fluid connector 108 to allow bidirectional fluid communication

between the connectors 106, 108.

[0035] In block 504, as the connectors 106, 108 are connected, a check valve
314 in the first connector 106, and a check valve 364 in the second connector 108
are opened. The check valves 314, 364 are opened by mechanical engagement of

the connectors 106, 108 rather than by force of fluid.

8
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[0036] To effect opening of the check valves 314, 364, in block 506, a shaft 322
extending from the socket connector 106 is coupled to a flow blocking member
318 of the socket connector 106 and to a flow blocking member 368 of the plug

connector 108.

[0037] In block 508, the flow blocking member 318 of the socket connector 106
and the flow blocking member 368 of the plug connector 108 are disengaged from
corresponding closing valve seats 326, 376 of the socket and plug connectors 106,
108 by force of the shaft 322. The length of shaft 322 ensures that neither blocking
member 318, 368 remains in contact with the corresponding closing valve seat
326, 376 while the connectors 108, 108 are connected. In some embodiments, at
least one of the blocking members 318, 368 is forced against an opening valve

seat 332 by the shaft 322.

[0038] In block 510, the socket connector 106 is disconnected from the plug
connector 108. The disconnection prevents fluid communication between the
socket connector 106 and the plug connector 108, and prevents fluid flow out of

the mating end of each of the socket and plug connectors 106, 108.

[0039] In block 512, as the connectors 106, 108 are unmated, the shaft 322 of the
socket connector 106 disengages from the flow blocking member 368 of the plug
connector 108. As the force of the shaft 322 is removed, the flow blocking
member 318 of the socket connector 106 and the flow blocking member 368 of
the plug connector 108 are each forced against the corresponding outer seat 326,
376 of the first and second connectors 106, 108 by force of the elastic members

320, 370 on the blocking members 318, 368.

[0040] In block 514, the connectors 106, 108 are disconnected. The check valve
314 1n the first connector 106 and the check valve 364 in the second connector

108 are closed.

[0041] The above discussion is meant to be illustrative of the principles and
various embodiments of the present invention. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. For example, while embodiments of the fluid

connectors 106, 108 are described with regard to the blowout preventer control

9
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pod 100, those skilled in the art will understand that various embodiments of the
connectors 106, 108 are applicable to other apparatus requiring fluid connectors
incorporating valves that are mechanically opened and allow bidirectional fluid
flow while the connectors are mated, and prevent fluid flow out of the connectors
while unmated. It is intended that the following claims be interpreted to embrace

all such variations and modifications.

10
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Claims

What is claimed is:

1. A drilling system for boring earthen formations, the drilling system
comprising:

a blowout preventer disposed at a subsea wellhead, the blowout preventer
comprising a subsea control pod that controls the blowout preventer,
the control pod comprising:

a mated pair of hydraulic connectors that connect fluid lines of the
control pod, at least one of the connectors comprising a stem
that enables bidirectional fluid flow through the mated
connectors by forcing a check valve in each connector open

while the connectors are mated.

2. The drilling system of claim 1, further comprising:
a drilling rig; and

a riser extending between the drilling rig and the blowout preventer.

3. The drilling system of claim 1, wherein the connectors provide fluid
communication between modules of the control pod while the modules are
connected, and the check valve of each connector prevents fluid flow out of the

connector while the modules are not connected.

4. The drilling system of 1, wherein each check valve comprises a closing
member that prevents fluid flow through the connector while the connectors are
mated, and wherein the stem is coupled to each closing member of the connectors

while the connectors are mated.

5. The drilling system of claim 4, wherein the closing member of each
connector is positioned against a closing valve seat while the connectors are not
mated, and the closing member of at least one of the connectors is positioned
against an opening valve seat, by force of the stem, while the connectors are

mated.

11
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6. The drilling system of claim 1, wherein a length of the check valve is
defined by a distance between a closing seat and an opening seat of the check
valve, and the length of the check valve of one of the connectors differs from the

length of the check valve of the other of the connectors.

7. The drilling system of claim 1, wherein the hydraulic connectors comprise:

a socket fluid connector comprising a flow channel; and

a plug fluid connector comprising a flow channel, the plug fluid connector
detachably connectable to the socket fluid connector at a connection
end of the socket and plug fluid connectors such that the flow
channels align;

wherein each of the socket and plug fluid connectors comprises a check
valve in the flow channel, the check valve configured to:
prevent fluid flow through the connector flow channels while the

plug and socket fluid connectors are not connected; and

enable bidirectional fluid flow through the connector flow channels

while plug and socket fluid connectors are connected.

8. The drilling system of claim 1, wherein the check valve of each connector
COMpIises:
a moving member;
a closing seat disposed between the moving member and the mating end of
the connector;
a spring disposed against the moving member; and
wherein the spring forces the moving member against the closing seat
while the plug and socket fluid connectors are not connected,

thereby preventing fluid flow through the connector.

9. The drilling system of claim 1, wherein the subsea control pod comprises:

12
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a hydraulic module configured to provide hydraulic pressure to the blowout
preventer, the hydraulic module comprising a plurality of the fluid
connectors;

an electrical control module configured to electrically control fluid delivery
to the hydraulic module, the electrical control module comprising a
plurality of the fluid connectors, each of the fluid connectors of the
electrical control module corresponds to and is mateable with one of
the plurality of fluid connectors of the hydraulic module; and

wherein each of the fluid connectors comprises a check valve that prevents
fluid flow through the connector while the connector is not mated to
a corresponding connector, and allows bidirectional fluid flow
through the connector while the connector is mated with a

corresponding connector.

10.  The subsea control unit of claim 9, wherein each check valve comprises:
a moving member;
a closing seat that engages the moving member to close the check valve;
and
an opening seat that restrains the travel of the moving member while the

check valve is open.

13
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Y

510
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Y
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CONNECTOR VIA THE DISCONNECTING
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