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STACKED PISTON SAFETY VALVES AND RELATED METHODS

BACKGROUND

IQGG1] The present invention relates generally to operations performed
and equipment utilized in conjunction with a subterranean well and, in particular,
to safety valves having redundant gperators or systems.,

FO002T Subsurface safety valves are well known in the ol and gas
industry and act as failsafes to prevent the uncontrolied release of reservoir
fluids in the event of a worst-case-scanario disaster. Typical subsurface safety
valves are flapper-type vaives that are opened and dosed with the help of a flow
tube moving telescopically within the associated production tubular. The flow
tube is often controlied hydraulically from the surface and is forced into its open
position using a piston and rod assembly that may be hydraulically charged via &
control line linked to a hydraulic manifold or control panel at the well surface.
When sufficient hydraulic pressure is conveyed to the subsurface safety valve via
the control ling, the piston and rod assembly forces the flow tube downward,
which causes the flapper to move downward to the open position. When the
hydraulic pressure is removed from the control line, the flapper can move into its
closed position,

[GGG3T Some safety valves are arranged thousands of feet underground
and are therefore required to traverse thousands of feet of production tubulars,
including any turns and/or twists formed therein.  Consequently, during its
descent downhele, the control line for an associated safety valve may undergo a
substantial amount of vibration or otherwise sustain significant damage thereto.
In extreme cases, the control line may be severed or one of the connection
points for the control fine may become inadvertently detached and/or damaged
either at a surface well head or at the safety valve itself, thereby rendering the
safety valve potentially powerless and inoperable. Moreover, during prolonged
operation in downhole environments that exhibii extreme pressures and/or
temperatures, the hydraulic actuating mechanisms ussd to move the flow tube
may fail due to mechanical fallures such as seal wear and the like. As a result,
seme safety valves prematurely fall, thereby leading to a need for redundant

safety valve operators or systems.



10

20

30

WO 2014/021816 PCT/US2012/048821

SUMMARY OF THE INVENTION

I8GG4] The present invention relates generally to operations performed
and equipment utilized in conjunction with a subterranean well and, in particular,
to safety valves having redundant cperators or systems.

[OG085T In some embodiments, a safety valve is disclosed. The safely
valve may include a piston bore defined within a housing that defines a first
controt Hine port for communicably coupling a first control line to the piston bore
and a second control line port for communicably coupling a second control line to
the piston bore, wherein the first and second control lines convey hydraulic fluid
pressure o the piston bore, a first piston assembly movably arranged within the
piston bore, a second piston assembly movably arranged within the piston bore
and axially spaced from the first piston assembly, the second piston assembly
including a transition member arranged at & distal end thereof, a flow tube
coupled to the transition member and configured o move axially within a flow
passage defined in the safety wvalve in response to the movement of the
transition member, and a valve closure device movable betwean an open
position and a dosed position and adapted to restrict fluid flow through the flow
passage when in the closed position, wherein the flow tube is adapted to shift
the valve closure device between its open and closed positions.

[OQO8T In other embodiments, a method of actuating a safety valve is
disclosed. The method may include introducing hvdraulic fluid pressure to a
piston bore with one or both of a first control ling and a second control line
commmunicably coupled to the piston bore, the piston bore being defined within a
housing which also defines a first control line port for communicably coupling the
first control line to the piston bore and & second control line port for
communicably coupling the second control line to the piston bore, wherein a first
piston assambly and a second piston assaembly are movably arranged within the
piston bore, axially transiating at least the second piston assembiy downward
within the piston bore in response to the hydraulic fluid pressure, the second
piston assembly including a transition member arranged at a distal end thereof,
axially displacing & flow tube with the transition member coupled thersto, the
flow tube being arranged within a flow passage defined in the safety valve, and
moving a valve closure device with the flow tube from a closed position which

restricts fluid flow through the flow passage to an open position.
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FO807] The features and advantages of the present invention will be
readily apparent to those skilled in the art upon a reading of the description of

the preferred embaodiments that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FOGO8] The following figures are included to illustrate certain aspecis of
the present invention, and should not be viewed as exclusive emboediments, The
subject matter disclosed is capable of considerable modifications, alterations,
combinations, and equivalents in form and function, as will occur to those skilled
in the art and having the benefit of this disclosure,

FO009] FIG. 1 illustrates a well system that incorporates one or more
principles of the present disclosure, according o one or more embodiments.,

FQOLI0T FIGS. 2A-2C illustrate successive cross-sectional views of an
sxemplary safety valve in its closed position, according to one or more
embodiments.

FOOLELT FIGS. 3A-3C illustrate successive cross-sectional views of the
exemplary safety valve in its open position, according o one or more

ambodiments.

DETAILED DESCRIPTION

FOG12] The present invention relates generally to operations performed
and equipment utilized in conjunction with a subterranean well and, in particular,
to safety valves having redundant operators or systems.

[O813] The exemplary safety valves disclosed herein provide redundant
operators or systems which cooperatively ensure that a downhole safely valve
continues to operate in the event of g fallure of an associated control ling, piston
seal, downstop, upstop, pisten bore, or other controlling equipment, Morgover,
since a universal operating pressure is typically maintained in the disclosed
safety valve, in at least some embodiments, the safety valves disclosed herein
are able to swilch back and forth between the redundant systems without
ceasing production operations. Accordingly, activation and switching systems for
switching between the two systems may not be reguired, thereby minimizing the
part count for the disclosed safety valves. The redundancy of the two systems
are additive in addition to being independently redundant. For example, in order

for gas to migrate into the first of the redundant systems, the gas must pass
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through multiple mechanical and dynamic seals of the first and second
redundant systems.

[GG14] Referring to FIG. 1, Hlustrated is a well system 100 which
incorporates one or more embodiments of an exemplary safety valve 112,
according to the present disclosure.  As illustrated, the well system 100 may
include a riser 102 extending from a wellhead installation 104 arranged at a sea
floor 106, The riser 102 may extend, for example, to an offshore ofl and gas
platform (not shown). A wellbore 108 extends downward from the welihead
installation 104 through various sarth strata 110, The wellbore 108 is depicted
as being cased, but it may be an uncased wellbore 108, without departing from
the scope of the disclosure. Although FIG. 1 depicts the well system 100 in the
cortext of an offshore oil and gas application, it will be appreciated by those
skilled in the art that the various embodiments disclosed herein are egually well
sutted for use in or on other types of ¢l and gas rigs, such as land-based oil and
gas rigs or rigs located at any other geographical site.  Thus, it should be
understood that the disclosure is not limited to any particular type of well

FO818] The well systemn 100 may further include a safety wvalve 112
interconnectad with a tubing string 114 arranged within the wellbore 108 and
extending from the wellthead instaliation 104. The tubing string 114 may be able
o communicate fluids derived from the wellbore 108 o the well surface via the
wellhead installation 104. In some embodiments, a first control line 116z and a
second control ling 118b may extend from the well surface and into the wellhead
instaliation 104 which, in turmn, conveys the control lines 116a,b into an annulus
118 defined between the wellbore 108 and the tubing string 114. The control
lines 1iBa,b may extend downward within the annulus 118 to be eventually
communicably coupled to the safety valve 112, As discussed in more detall
below, the control fines 116a,b may be configured to actuate the safety valve
112, for exampile, to maintain the safety valve 112 in an open position, or
otherwise to dose the safety valve 112 and thereby prevent flow through the
valve 112 and to the surface {e.g., a blowoutl in the event of an emargency).

FOGI8] In some embodiments, the first and second control lines 116a,b
may be hydraulic conduits that provide hydraulic fluid pressure to the safety
valve 112 in at least two independent and distinct locations.  In operation,
hydraulic fiuid may be applied to one or both control lines 116a,b from a

hydraulic manifold {(not shown)} arranged at a remote location, such as at a
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production platform or a subsea controf station.  When properly applied, the
hydraulic pressure derived from one or both of the control lines 116a,b may be
configurad to open and maintain the safety valve 112 in its open position,
thereby allowing production fluids to flow through the tubing string. To move
the safety walve 112 from ils open position and into a closed position, the
hydraulic pressure in the control lines 116a,b may be reduced or otherwise
aliminated.

FOGL?T While only two control lines 116a,b are depicted in FIG. 1, |
should be understeod that more than two control lines 116a,b may be emploved,
without departing from the scope of the disclosure. 1t should also be understood
that other means, besides hydraulic fluid pressure, may be used to actuste the
safety valve 112, in keeping with the principles of the disclosure., For example,
the safety valve 112 could be at least partially electrically actuated, in which
case one or both of the control lines 116a,b could be an electrical or a fiber oplic
line that communicates with a servo or other subsea motor or actuator. In cther
embodiments, the safety valve 112 could be actuated using telemetry, such as
mud pulse, acoustic, electromagnatic, seismic or any other type of telemetry. In
vet other embodiments, the safety vaive 112 could be actuated using any type
of surface or downhole power source communicably coupied to the safety valve
112 via the control lines 1163,b. In vet further embodiments, the safety valve
112 could be actuated remotely, such as from a location remote from the well
site,

[0G181 Morsover, aithough the control lines 116a,b are depicted in FIG.
1 as being amranged external o the tubing string 114, it will be readily
appreciated by those skilled in the art that any hydraulic line may be used to
convey actuation pressure to the safety valve 112, For example, the hydraulic
fine could be internal to the tubing string 114, or formed in a sidewall of the
tubing string 114, The hydraulic line could extend from & remote location, such
as from the earth’s surface, or ancther location in the welibore 108, In yet other
embodiments, the actuation pressure could be generated by a pump or other
prassure generation device communicably coupled o the safelty valve 112 via
the first and second controf lines 118a,b.

(0018 In the following description of the representative embodiments
of the disclosure, directional terms such as “above”, “below”, “upper”, Tlower”,

etc., are used for convenience in referring to the accompanying drawings. In
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Foon

general, "above”, “upper”, “upward” and similar terms refer to a direction toward
the earth’s surface along the wellbore 108, and “below”, ower”, “downward”
and similar terms refer to a direction away from the earth’s surface along the
wellbore 108,

[O0207 Referring now to FIGS. 2A-2C, with continued reference o FIG.
1, lustrated is an exemplary embodiment of the safety valve 112, according to
one or more embodiments.  In particudar, the safety valve 112 is depicted in
FIGS. 2A-2C in successive secltional views, where FIG. 2A depicts an upper
portion of the safety valve 112, FIG. 2B depicts a middle portion of the safety
valve 112, and FIG. 20 depicts a lower portion of the safety vaive 112, As
illustrated, the safety valve 112 may have a housing 202 that includes an upper
connector 204 (FIG. 24) and a lower connector 206 (FIG. 2C) for interconnecting
the safety valve 112 with the tubing string 114,

FOG21] A first control line port 208 may be defined in the housing 202
or otherwise provided for connecting the first control line 116a (FIG. 1) to the
safety valve 112. Although the port 208 is shown in FIG. 2A as being plugged
with a set screw 210 or other type of plug device, when the first control line
116z is appropriately connected to the first port 208, the first control line 116a
is placed in fluid communication with a piston bore 212 and able to convey
hydraulic fluid pressure therets. The piston bore 212 may be an elongats
channe! defined within the housing 202 and configured to extend longitudinally
along a large portion of the safeby valve 112,

[OG22] A first piston assembly 214a may be arranged within the piston
bore 212 and configured to transiate axially therein. The first piston assembly
21da may include a first piston body 2153 and a first piston rod 220a coupled to
a lower portion of the first piston body 2153, The first piston rod 220a may be
an slongate member that extends longitudinally from the first piston body 215a
through a portion of the piston bore 212,

88231 The first piston assembly 2148 may also include a first piston
head 216a arranged at or otherwise coupled te an upper portion of the first
piston body 215%a.  The piston bore 212 may define a first up stop 218
configured to mate with or ctherwise bias the first piston head 216a when the
first piston assembly 214a is forced upwards in the direction of the first controt
fing port 208, In at least one embodiment, as illustrated, the first up stop 218

may be a reduced diameter radial shoulder defined in the piston bore 212 and
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having an axial surface configurad to engage a comresponding axial surface of
the first piston head 216a. In other embodiments, the first up stop 218 may be
any device or means arranged within the piston bore 212 and configured to stop
the axial translation of the first piston assembly 214 as it advances toward the
first control line port 208,

[OG24T In operation, when the Fuid pressure or other forces within the
piston bore 212 below the first piston assembly 2148 are greater than the fluid
prassure above the first piston assembly 214a, the first piston head 21%a may
be forced against the first up stop 218 and thereby form a mechanical seal with
the first up stop 218 such that fluids {e.g., hydraulic fluids, production fluids,
etc.) are unable to migrate past the first piston head 216a and into the first
control line port 208, In some embodiments, the first piston assembly 214a
may further include one or more dynamic seals 222 arranged radially
thereabout, such as about the first piston body 215a. The dynamic seals 222
may be configured to further seal against any fluid pressure attempting o
migrate past the first piston assembiy 214a. In at least one embodiment, the
dynamic seals 222 may be o-rings, but may otherwise be any other type of
radial seal known to those skilled in the art, such as TEFLON® v-rings.

00257 Referring to FIG. 2B, the safety valve 112 may further inciude a
second piston assembly 214b arranged within the piston bore 212 and axislly
spaced from the first piston assembly 214a. Similar to the first piston assembly
214a, the second piston assembly 214b may also be configured to axially
transiate within the piston bore 212, The second piston assembly 214b may
include a second piston body 215b and a second piston rod 220b coupled to 2
fower portion of the second piston body 215h. The second piston rod 220b may
be an elongate membaer that extends longitudinally from the second piston body
215b through a portion of the piston bore 212,

08281 The second piston assembly 214b may further include a second
piston head 216b arranged at or otherwise coupled to an upper portion of the
second piston body 21i5b. In some embodiments, such as when the safety valve
112 is in its closed position, as illustrated, the second piston head 216a may
gngage or otherwise be in close contact with the lower end of the first piston rod
220a. In some embodiments, the second piston assembiy 214b may further
include one or more dynamic seals 222 arranged radially thereabout and

configured to further seal against any fluid attempting to migrate past the
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second piston assembly 214b. Again, the dynamic seals 222 may be o-rings,
but may otherwise be any other type of seal known to those skilled in the ar,
such as TEFLON® v-rings.

[I0G27] The second pisten assembly 214b may further include a
transition member 224 arranged at or otherwise coupled to the bottom or distal
end of the second piston rod 220b.  The transition member 224 may define an
increased diameter portion 225 which, as will be discussed in gregter detsil
below, may serve to stop the axial movement of the transition member 224 at &
predetermined location within the piston bore 212, The transition member 224
may be configured to couple the second piston assembly 214b to a flow tube
226 movably arranged within the safety valve 112, In at least one embodiment,
the transition member 224 is coupled to the flow tube 226 via receiving flange
234 which is coupled to or otherwise forms an integral part of the flow tube 226,

FOG28] The safety valve 113 may include a valve closure device 228
that selectively opens and closes a flow passage 230 extending axially through
the safety valve 112, As illustrated in FIG. 2C, the valve closure device 228 may
he a flapper. It should be noted that, although the safety valve 112 is depicted
as being a flapper-type safety valve, those skilled i the art will readily
appreciate that any type of safely vaive may be employed, without departing
from the scope of the disclosure. For example, in some embodiments, the
safety valve 112 could instead be a ball-type safety valve, or a slesve-type
safety valve, ste.

[O0287 As shown in FIG. 2C, the closure device 228 is shown in its
closed position, and a torsion spring 232 biases the cdlosure device 228 to pivot
to its closed position. The flow tube 226 may be used to overcome the spring
force of the torsion spring 232 and thereby displace the closure device 228
between its open and closed positions. For example, when the flow tube 226 is
extended to its downward position, it engages and forces the dosure device 228
into its open position {as shown in FIGS. 3A-3C). On the other hand, upward
displacement of the flow tube 226 will free the flow tube 226 from contact with
the closure device 228 and permit the torsion spring 232 to pivot the closure
device 228 back to its closed position.  Accordingly, axial movement of the
transition member 224 within the piston bore 212 {i.e., axial movement of the

sacond piston assembly 214b) will force the flow tube 226 to correspondingly
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move axially within the flow passage 230, and esither open the closure device
228 or allow it to close, depending on its relative position.

[8G38] Referring to FIG. 2C, the safety valve 112 may further define a
lower chamber 236 within the housing 202. In some embodiments, the lower
chamber 236 may form part of the piston bore 212, such as being an elongate
extension thereof. A spring 238 may be arranged within the lower chamber 236
and, in one or more embodiments, may be configured to bias the receiving
flange 234 upwardly which, in turn, biases the second piston assembly 214b.
Accordingly, expansion of the spring 238 will cause the second piston assembly
214b to move upwardly within the piston bore 212,

FO83141 It shouid be noted that while the spring 238 is depicted as a
coiled compression spring, it will be appreciated that any type of biasing device
may be used instead of, or in addition to, the spring 238, without departing from
the scope of the disclosure. For example, a compressed gas, such as nitrogen,
with appropriate seals may be used in place of the spring 238. In other
embodiments, the compressed gas may be contained in a separate chamber and
tapped when needed.

08321 Referring again to FIG. 2B, the safely valve 112 may further
include a second control line port 240 defined in the housing 202, The second
control line port 240 may provide a connection location for the second control
fine 116b (FIG. b} to be communicably coupied to the safety valve 112,
Specifically, the second control line port 240 may place the second control line
116h in fluid communication with the piston bore 212 such that hydraulic fluid
may be conveyed to the piston bore 212 via the second control line 116b.
Accordingly, the second control line port 240 provides an additional or
“redundant” location where hydraulic fiuid may be introduced into the piston
bore 212 in order to manipulate the axial position of the flow tube 2286 and
thereby open or close the closure device 228.

[OG33] As will be appreciated by those skillad in the art, the addition of
the second control line 118b feeding hydraulic fluid to the second control line
port 240 may prove advantageous in the event the first control line 116a or first
control line port 20B are damaged, compromised, or cotherwise becoms
inoperable. In such events, without the redundant operational advantage of the

sacond control line 116b and accompanying second control line port 240, the
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safety valve 112 may fail to properly close, thereby risking a blowout to the
surface.

(G834 In one or more embodiments, the second control line port 240
may be definad in the housing 202 such that it is able to provide hydraulic fluid
pressure that acts on both the first and the second piston assemblies 214a,b,
atheit in different axial directions within the piston bore 212, For example, fluid
pressure introduced into the piston bore 212 via the second control line port 240
may serve to force the second piston assembly 214b downward within the piston
bore 212, but simultaneocusly force the Tirst piston assembiy 2ida upwards
within the piston bore 212,

Q8387 still referring to FIG. 2B, the safety valve 112 may further
include a down/up stop seat 242 armranged within the piston bore 212, In some
embodiments, the down/up stop seat 242 may be an annular slesve coupled or
otherwisa attached to the inner circumferential surface of the piston bore 212,
In other embodiments, however, the down/up stop seat 242 may form an
integral, machinad portion of the piston bore 212, As illustrated, the down/up
stop seat 242 may exhibit a reduced diameter as compared to the inner surface
of the piston bore 212, As a result, the down/up stop seat 242 may provide a
second up stop 244 at a lower portion thereof, and a down stop 246 at an upper
portion thereof,

88381 The second up stop 244 may be configured to engage the
transition member 224, such as at an axial surface defined on the increased
diameter portion 225, as the transition member 224 advances or is otherwise
biased axially upwards within the piston bore 212, Consequently, the second up
stop 244 may be configured to prevent the transition member 224 from axially
advancing past the down/up stop seat 242, which simultanecusly prevents the
second piston assembly 214b from axially advancing further within the piston
bhore 212,

[OG37] The down stop 246 may be configured to engage the sscond
piston body 215b, such as at an axial surface defined thereon, as the second
piston body 215b advances axially downward within the piston bore 212,
Consequently, the down stop 246 may be configured to prevent the second
piston body 215b from axially advancing past the down/up stop seat 242, which
simultanecusly prevents the second piston assembly 214b from  axially

advancing further within the piston bore 212.
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08381 In exemplary operation, the safety valve 112 may be properly
actuated in order to open and/or close the closure device 228 using one or both
of the first and second control lines 118a,b. For instance, providing hydraulic
pressure 1o the piston bore 212 via the first control line 116a and first control
line port 208 may force the first piston assembly 214a axially downward within
the piston bore 212, As the first piston assembly 214a moves axially downward,
the first piston rod 220a may engage and mechanically transfer the hydraulic
force derived from the first control line 116a to the second piston assembly
214b, thereby also forcing the second piston assembly 214b to move axdally
downward within the piston bore 212,

[O838] Moving the second piston assembly 214b axially downward
within the piston bore 212 will simultaneously displace the flow tube 226
downward via the coupling engagemaent between the transition member 224 and
the receiving flange 234, As the flow tube 2286 moves downward, it engages and
opens the closure device 228 to permit production of well fluids through the flow
passage 230, An example of the closure device 228 in its open position can be
seen in FIG. 3C.

008481 Moreover, as the second piston assembly 214b moves axially
downward within the piston bore 212, the spring 238 is compressad within the
fower chamber 236. In at least one embodiment, the second piston assembly
214b will continue its axial movement in the downward direction, thereby
continuing to compress the spring 238, until the second piston body 215b
engages the down stop 246 and effectively pravents the second piston assembly
214b from further downward advancement. Engagement between the second
piston body 215b and the down stop 246 may generate a mechanical seasl
between the two components {&.g., metal-to-metal seal), where the mechanical
seal is configured to prevent the migration of fluids {e.g., hydraulic fluids,
production fluids, ete.) thersthrough. In other embodiments, however, as best
seen in FiG. 3C, the bottom portion of the flow tube 226 may engage or
otherwise mate with a radial shoulder 248 defined in the housing 202. Similar to
the down stop 246, the radial shoulder 248 may prevent the second piston
assembly 214b from continuing to move axially downward,

[O041] Upon reducing or eliminating the hydraulic pressure provided via
the first control line 116a, the upwardly biasing force of the spring 238 may be

configured to displace the Tirst and second piston assemblies 214a,b upwards in
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the piston bore 212, In at least one embodiment, the second piston assembly
214b will continue its axial movement in the upward direction until the transition
member 224 engages the second up stop 244 and effectively prevents the
second piston assembiy 214b from further upward movement., Engagement
hetween the transition member 224 and the second up stop 244 may generate
another mechanical seal bstween the two components, where the mechanical
seal is configured to prevent the migration of fluids {e.g., hydraulic fluids,
production fluids, etc.) therethrough.

(88421 In other embodiments, the first and second piston assemblies
214a,b will continue their axial movement in the upward direction until the first
piston head 216a of the first piston assembly 2143 engages the first up stop 218
and effectively prevents the first and second piston assemblies 214a,b from
further upward movement in the piston bore 212, As noted above, engagement
between the first piston head 216a and the first up stop 218 may generate yat
another mechanical seal between the two components o prevent the migration
of fluids {e.g., hvdraulic fluids, production fluids, efc.) therethrough.

FO8431 As the second piston assembiy 214b moves axially upwards in
response to the force of the spring 238, the flow tube 226 simultaneocusly moves
upwards and oul of engagement with the closure device 228, Once free from
engagement with the flow tube 228, the spring force of the torsion spring 232
will bias the closure device 228 back into its closed position. The closure device
228 in its closed position is best seen in FIG. 2C.

(00441 Reforring now to FIGS. 3A-3C, with continuad reference to FIGS.
2A-2C, exempiary operation of the safety valve 112, according to one or more
additional embodiments is disclosed. In some applications, it may be desirable
to have a second ¢or redundant system or operator configured to actuate the
safety valve 112 independent of the first control ling 116a. This may prove
especially advantageous in the event the first control line 1168 bhecomes severed
or ctherwise inoperable, and thereby unable to hydraulically pressurize the
piston bore 212 as generally described above. As depicted in FIGS. 3A-3C, the
second control line 116b as coupled to the safety valve 112 at the second control
{ine port 240 may sarve as a redundant system or operator configured to actuate
the safety valve 212 independent of (or in conjunction with} the first control line

116a, and thereby be able to properly open and close the closure device 228,
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08451 In exemplary operation, the hydraulic pressure provided o the
piston bore 212 via the second control line 116b at the second control line port
240 may force the second piston assembly 214b axiaslly downward within the
piston bore 212, The hydraulic pressure applied at the second contiol line port
240 may simultaneously impinge upon the lower portion of the first piston rod
220a, thereby forcing the first piston assembly 214a in the upward direction
within the piston bore 212, and/or otherwise forcing the first piston head 218a
into engagement with the first up stop 218, Again, the mechanical engagement
between the first piston head 216a and the first up stop 218 may provide a
mechanical seal configured to prevent the migration of fluids therethrough.

(00481 As the second piston assembly 214b moves axially downward
within the piston bore 212, the flow tube 228 will simultaneocusly be displaced
downward., As the flow tube 226 moves downward, it engages and opens the
closure device 228 to permit production of well fluids through the flow passage
2320, Moreover, downward movement of the second piston assembly 214b
compresses the spring 238 within the lower chamber 238, As described above,
the second piston assembly 214b may continue its axial movement in the
downward direction until the sscond piston body 215b engages the down stop
246 and effectively prevents the second piston assembly 214b from further
downward advancement. In other embodiments, however, the bottom portion
of the flow tube 226 may engage or otherwise mate with the radial shoulder 248
defined in the housing 202, thereby preventing the second piston assembly 214b
from continuing to move axially downward.

08471 Upon reducing or eliminating the hydraulic pressure provided via
the second control line 116b, the spring 238 may force the second piston
assembly 214b back upwards in the pisten bore 212, which will simultaneously
move the flow tube 2286 upwards and out of engagamaent with the dosure device
228, Once free from engagement with the flow tube 226, the closure device 2248
may be biased into its closed position with the spring force of the torsion spring
232. The second piston assembly 214b may continue moving axially upwards
until the transition member 224 engages the second up stop 244 and effectively
prevents the second piston assembly 214b from further upward movement. In
other embodiments, the second piston assembiy 214b may continue its axial
movement in the upward direction until the second piston head 218b engages

the bottomn portion of the first piston rod 220a, which forces the first piston
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assembly Z214a into increased engagement with the first up stop 218 and
affectively prevents the first and second piston assemblies 214a,b from further
upward movement in the piston bore 212,

00481 Those skilled in the art will readily recognize the several possible
confiqurations for proper actuation and operation of the exemplary safety valve
112 configured with a redundant operating system, as generally disclosed
herein. For example, the safety valve 112 may properly operate while both the
first and the second control lines 118a,b are active and positively providing
hydrauiic fluid to the piston bore 212, The safety valve 112 may also properly
operate when only the first control line 116a is active, but the second control line
116b is inoperable or otherwise non-functional. Likewise, the safeby valve 112
may properly operate when only the second control line 118b is active, but the
first control line 116a is inoperable or otherwise non-functional. The safety
valve 112 may further be able to properly operate in the event that at least one
of the first or second control lines 116a,b is active, but one or more of the piston
bore 212, the first up stop 218, the dynamic seals 222, and the transition
member 224 {(i.e., the second up stop 244 and/or the down stop 2486) are
damaged or otherwise non-functional, Cther combinations will be apparent to
those skilled in the art

[8048] At least another advantage of the disclosed safety valve 112 is
that the operating pressure between the first and second control lines 116a,b
wouwld remain the same, thereby allowing & user to switch back and forth
between either operating systemn.  As a result, complex and often unreliable
activation and/or switching systems are not reguired in the disclosed safety
valve 112, and thus the part count for the safety vaive 112 is kept t0 a minimum
{i.e., part count is typically perceived to be inversely related to reliability),

FOG50] Moreover, the redundancy of the two systemns are additive in
addition o being independently redundant. For example, when operating with
the first control line 116a as the active control line, in order for fluids to migrate
into the first control line 116a through the piston bore 212, the fluid is required
to traverse multiple dynamic seals 222 on each of the first and second position
bodies 215a,b, the second up stop 244, and the first up stop 218.

[OGS51T Another advantage of the disclosed safety valve 112 is the
abllity to retrofit existing, commercially-available safety valve systems to include

the redundant gperating system.
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(G052 As used herein, the term “dynamic seal” is used to indicate a
seal that provides pressure isolation between members that have relative
displacement therebetween, for example, a saal which seals against a displacing
surface, or 3 seal carried on one member and sealing against the other mamber,
etc. A dynamic seal may comprise a material selected from the following:
elastomeric materials, non-elastomeric materials, metals, composites, rubbers,
ceramics, derivatives thereof, and any combination thereof. A dynamic seal may
be attached to sach of the relatively displacing members, such as a bellows or &
flexible membrane. A dynamic seal may be attached to neither of the reiatively
displacing members, such as a fleating piston.

FOGS31 Therefore, the present invention is well adapted to attain the
ends and advantages mentionad as well as those that are inherent therein. The
particular embodiments disclosed above are illustrative only, as the present
invention may be modified and practiced in different bul equivalent manners
apparent to those skilled in the art having the benefit of the teachings herain,
Furthermore, no limitations are intended to the detaiis of construction or deasign
herein shown, other than as described in the claims below. It is therefore
evident that the particular illustrative embodiments disclosed above may be
altered, combined, or modified and all such variations are considered within the
scope and spirit of the present invention. The invention iHustratively disclosed
herein suitably may be practiced in the absence of any element that is not
spacifically disclosed herein and/or any optional element disclosed herein, While
compositions and methods are described in terms of "comprising,” “containing,”
or Vincluding” various components or steps, the compositions and methods can
also “consist essentially of” or “consist of” the various components and steps.
All numbers and ranges disclosed above may vary by some amount, Whenever
a numerical range with a lower limit and an upper limit is disclosed, any number
and any included range falling within the range is specifically disclosed.  In
particular, every range of values {of the form, “from about a3 to about b,” or,
equivaiently, “from approximately a to b,” or, squivalantly, "from approximately
a-b") disclosad herain is {0 be understood to set forth evary number and range
gncompassad within the broader range of values., Alse, the terms in the claims
have their plain, ordinary meaning unless otherwise explicitly and clearly defined
by the patentea. Moreover, the indefinite articles "a” or “an,” as used in the

claims, are definad herein to mean one or more than one of the element that it
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introduces.  If there is any conflict in the usagss of a word or term in this
specification and one or more patent or other documenis that may be
incorporated herein by reference, the definitions that are consistent with this

spacification should be adopted.
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CLAIMS
The invention claimed is:

1. A safety valve, comprising:

a piston bore defined within a housing that defines a first control line port
for communicably coupling a first control fine to the piston bore and
a second control line port for communicably coupling a second
control tine to the piston bore, wherein the first and second control
linas convey hydraulic fluid pressure to the piston bors;

a first piston assembly movably arrangad within the piston bore;

a second piston assembly movably arranged within the piston bore and
axially spaced from the first piston assembly, the second piston
assembly including a transition member arranged at a distal end
thereof;

a flow tube coupled to the transition member and configured to move
axially within a flow passage defined in the safety valve in response
to the movement of the transition member; and

a valve closure device movable between an open position and a closad
position and adapted to restrict fluid flow through the flow passage
when in the closed position, wherein the flow tube is adapted to
shift the valve closure device between open and ciosed positions.

2. The safety valve of claim 1, wherein the piston bore defines an up
stop configured to bias the first piston assembly when the first piston assembly
is forced toward the first control line port.

3. The safety valve of daim 2, wherein engagement between the up
stop and the first piston assembly generates a mechanical seal therebelween.

4. The safety wvalve of claim 1, further comprising one or more

dynamic seais arranged about the first and/or the second piston bodies,

5. The safety valve of claim 1, wherein the valve dosure device is a
fHlapper.
8. The safety valve of claim 1, further comprising a spring arranged

within the piston bore and configured to bias the second piston assembly
upwardly within the piston bore.
7. The safety valve of claim 1, wherein the first control line port

provides hydraulic fluid pressure via the first control line that forces the first
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piston assembly downward within the pistoen bore which thereby biases the
second piston assaembly downward within the piston bore.

8. The safety valve ¢of claim 1, whersin the second control line port
provides hydraulic fluid pressure via the second control line that forces the first
piston assembly toward the first control line port and Torces the second control
line assembly downward within the piston bore.

9. The safety valve of claim 1, further comprising a down/up stop seat
arranged within the piston bore and providing an up stop at a lower portion
thereof and a down stop at an upper portion thereof.

13.  The safety valve of claim 9, wherein the transition member engages
the up stop as the second piston assembly moves upwards within the piston
bore and thereby stops axial advancement of the second piston assembly,

11, The safety valve of claim 10, wherain engagement between the up
stop and the transition member generates a mechanical seal therebetween.

12. The safety valve of claim 9, wherein the second piston assembly
engages the down stop as the second piston assembly moves downward within
the piston bore and thereby stops axial advancement of the second piston
assembly.

13,  The safety valve of claim 12, wherein engagement between the
down stop and the second piston assembly generates @ mechanical seal
therebetween.

14, The safety valve of claim 1, wherein the safety valve is actuated to
open and/or close the valve closure device using one or both of the first and
second control fines.

15, A method of actuating a safety valve, comprising:

introducing hydraulic fluid pressure to a piston bore with one or both of &

first control line and a second control line communicably couplad to
tha piston bore, the piston bore being defined within a housing
which alse defines a first control line port for communicably
ceupling the first control line to the piston bore and a second
control line port for communicably coupling the second control line
to the piston bore, wherain a first piston assembly and a second
piston assembly are movably arranged within the piston bore;
axially translating at least the second piston assembly downward within

the pisten bore in response to the hydraulic fluid pressure, the
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second piston assembly including a transition member arranged at
a distal end thereof;

axially displacing a flow tube with the transition member coupled thereto,
the flow tube being arranged within a flow passage defined in the
safety valve; and

moving a valve closure device with the flow tube from a closed position

which restricts fluid fiow through the flow passage to an open
position.

16.  The method of claim 15, wherein introducing the hydraulic fluid
pressure to the piston bore further comprises, introducing the hydraulic fluid to
the piston bore with only the first control line.

17. The method of claim 18, further comprising:

forcing the first piston assembly downward within the piston bore; and

hiasing the second piston assembly with the first piston assembly, thereby

axially translating the second piston assembly downward within the
piston bore.

18.  The method of claim 15, wherein introducing the hydraulic fluid
pressure to the piston bore further comprises, intreducing the hydraulic fluid to
the piston bore with only the second control line.

18, The method of claim 18, further comprising:

forcing the first piston assembly toward the first control line port; and

forcing the second piston assembly downward within the piston bore.

20, The method of claim 1%, further comprising:

biasing the first piston assembly with an up stop defined in the piston

bore; and

generating @ mechanical seal between the up stop and the first piston

assembly.

21, The method of claim 15, further comprising:

angaging the second piston assembly on a down stop provided at an

uppear portion of a down/up stop seat, the down/up stop seat being
arranged within the piston bore; and

generating a2 mechanical seal between the down stop and the second

piston assembly.

22, The method of claim 15, further comprising:

reducing the hydraulic fluid pressure within the piston bore;
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biasing the second piston assembly upwardly within the piston bore with a

spring arranged within the piston bore;

engaging the transition member on an up stop provided at a lower portion

of a down/up stop seat; and

genearating @ mechanical seal between the up sitop and the transition

mamber,

23. A method of actuating g safely valve where a first controf line
communicably coupled to the safety valve at & first control line port becomes
incperable, comprising:

introducing hydraulic fluid pressure to a piston bore with a second control

ine communicably coupled to the piston bore, the piston bore being
defined within a housing which also defines a second control line
port for communicably coupling the second control line to the piston
hore, wherain a first piston assembly and a second piston assembly
are movably arranged within the piston borg;

axially transiating the second piston assembly downward within the piston

Bore in response {0 the hydraulic fluid pressure, the second piston
assembly including a transition member arranged at a distal end
thereof;

axially displacing a flow tube with the transition member coupled thereto,

the flow tube being arranged within a flow passage defined in the
safety valve; and

moving a valve closure device with the flow tube from a closed position

which restricts fluid fiow through the flow passage to an open
position.

24, The method of clabm 23, further comprising:

forcing the first piston assembly toward the first control line port defined

in the housing; and

forcing the second piston assembly downward within the piston bore,

25, The method of claim 24, further comprising:

biasing the first piston assembly with an up stop defined in the piston

bore; and

generating a mechanical seal between the up stop and the first piston

assembly.
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26. The method of claim 25, further comprising:

engaging the second piston assembly on a down stop provided at an
upper portion of a down/up stop seat, the down/up stop seat being
arranged within the piston bore; and

generating a mechanical seal between the down stop and the second
piston assembly.

27. The method of claim 25, further comprising:

reducing the hydraulic fluid pressure within the piston bore;

biasing the second piston assembly upwardly within the piston bore with a
spring arranged within the piston bore;

angaging the transition member on an up stop provided at a lower portion
of a down/up stop seat; and

generating a mechanical seal between the up stop and the fransition

member,
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