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DOWNHOLE TOOLS HAVING RADIALLY EXPANDABLE SEAT MEMBER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 13/150422, filed

on June 1, 2011, which is incorporated herein by reference in its entirety.

BACKGROUND
1. Field of Invention

[0002] The present invention is directed to ball seats for use in oil and gas wells and,
in particular, to ball seats having a radially expandable seat that, when in one position
provides a seal for a ball disposed on the seat and, when in a second position, allows the ball
to pass through the seat.

2. Description of Art

[0003] Ball seats are generally known in the art. For example, typical ball seats have
a bore or passageway that is restricted by a seat. The ball or plug element is disposed on the
seat, preventing or restricting fluid from flowing through the bore of the ball seat and, thus,
isolating the tubing or conduit section in which the ball seat is disposed. As force is applied
to the ball or plug element, the conduit can be pressurized for tubing testing or tool actuation
or manipulation, such as in setting a packer. Ball seats are also used in cased hole
completions, liner hangers, flow diverters, frac systems, and flow control equipment and
Systems.

[0004] Although the terms “ball seat” and “ball” are used herein, it is to be
understood that a drop plug or other shaped plugging device or element may be used with the
“ball seats” disclosed and discussed herein. For simplicity it is to be understood that the
terms “ball” and “plug element” include and encompass all shapes and sizes of plugs, balls,

darts, or drop plugs unless the specific shape or design of the “ball” is expressly discussed.

SUMMARY OF INVENTION

[0005] Broadly, the ball seats disclosed herein comprise having a housing and a
radially expandable seat member disposed therein. The radially expandable seat comprises a
first or collapsed position and a second or expanded position. A ball or plug element is
disposed on the radially expandable seat member when the seat member is in the first or
collapsed position to block or restrict flow through the housing. In one embodiment, after the

pressure forcing the ball into the seat reaches a predetermined level, a retaining member
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retaining the expandable seat member in collapsed position is actuated and the seat member
radially expands to the second or expanded position. The second position provides an inner
diameter opening that is greater than an inner diameter opening of the seat member in its first
position. Thus, the ball can pass through the seat member.

[0006] In general, the radially expandable seat member comprises first and second
ends that are disposed close to one another when in the first position. In one specific
embodiment, first and second ends of radially expandable seat member contact and overlap
cach other when in the first position and are moved radially away from each other when in
the second position. Movement of the first end and second end away from each other causes
the inner diameter opening through the radially expandable seat member to increase so that
the plug element can be passed through the radially expandable seat member.

[0007] In other embodiments, the first and second ends of radially expandable secat
member do not overlap each other, but are in contact with each other. In certain other
embodiments, the first and second ends of radially expandable seat member do not contact
cach other and, therefore a gap is disposed between the first and second ends. In still other
embodiments, the point at which first and second ends come together, whether in contact, not
in contact, overlapping, or not overlapping, a bonding material can be disposed over the
connection to reduce leakage through the radially expandable seat member.

[0008] In still other embodiments, the radially expandable seat member comprises
two or more arcuate segments that are connected together by retaining members that, at a
predetermined pressure acting on them, fail so that the radially expandable seat member can
expand to the second position. To prevent the one or more of the arcuate segments from
falling into the wellbore, a locking or retaining mechanism can be operatively associated with
one or more of the arcuate segments.

[0009] In certain embodiments, the radially expandable seat member is disposed in a
recess disposed on an inner wall surface of a tubular member. In other embodiments, the

recess is formed from the mating of an upper sub to a lower sub.

BRIEF DESCRIPTION OF DRAWINGS
[0010] FIG. 1 is a side view of a specific embodiment of a radially expandable seat
member shown in the first or collapsed position.

[0011] FIG. 2 is a partial cross-sectional view of the radially expandable seat member

shown in FIG. 1.
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[0012] FIG. 3 is a partial cross-sectional view of a ball seat having the radially
expandable seat member of FIG. 1 disposed therein, the radially expandable seat member
shown in the first or collapsed position.

[0013] FIG. 4 is a partial cross-sectional view of a ball seat having the radially
expandable seat member of FIG. 1 disposed therein, the radially expandable seat member
shown in the first or collapsed position with a ball landed thereon.

[0014] FIG. 5 is a cross-sectional view of a ball seat having the radially expandable
seat member of FIG. 1 disposed therein, the radially expandable seat member shown in the
second or expanded position.

[0015] FIG. 6 is a side view of another specific embodiment of a radially expandable
seat member shown in the first or collapsed position.

[0016] FIG. 7 is a side view of an additional embodiment of a radially expandable
seat member shown in the first or collapsed position.

[0017] FIG. 8 is a side view of yet another specific embodiment of a radially
expandable seat member shown in the first or collapsed position.

[0018] FIG. 9 is a perspective view of another specific embodiment of a radially
expandable seat member shown in the first or collapsed position.

[0019] FIG. 10 is an enlarged cross-sectional view of a portion of a ball seat having
the radially expandable seat member shown in FIG. 9 disposed therein, the radially
expandable seat member being shown in the first or collapsed position.

[0020] FIG. 11 is a perspective view of still another specific embodiment of a radially
expandable seat member shown in the first or collapsed position.

[0021] While the invention will be described in connection with the preferred
embodiments, it will be understood that it is not intended to limit the invention to that
embodiment. On the contrary, it is intended to cover all alternatives, modifications, and
equivalents, as may be included within the spirit and scope of the invention as defined by the

appended claims.

DETAILED DESCRIPTION OF INVENTION

[0022] Referring now to FIGS. 1-5, in one embodiment radially expandable seat
member 30 comprises upper surface 32, lower surface 34, outer wall surface 36, seat 38, first
end 39, and second end 41. First end 39 and second end 41 can have any shape desired or
necessary to facilitate first and second ends 39, 41 respectively to be placed in the collapsed

position (FIG. 1) to receive a plug element so that a sufficient seal can be established between
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upper surface 32 and a plug element (not shown). As shown in FIGS. 1 and 3-5, first end 39
and second end 41 are shaped so that they contact and overlap one another when radially
expandable seat member 30 is in the collapsed position (FIGS. 1 and 3-4). Further, in the
embodiments shown in FIGS. 1-5, first end 39 and second end 41 have shapes that are
reciprocal to each other.

[0023] As shown in the embodiment of FIGS. 1-5, first end 39 is angled along incline
40 and second end 41 is angled along incline 42, wherein incline 40 and incline 42 overlap
and engage one another when in the first position. Angled inclines 40, 42 can be in the range
from approximately 10 degrees to approximately 80 degrees. In one particular embodiment,
angled inclines 40, 42 are each 45 degrees.

[0024] The first or collapsed position of radially expandable seat member 30 provides
a first or collapsed inner diameter opening. In the first or collapsed position, a plug element
such as a ball can be landed on upper surface 32 of radially expandable seat member 30 to
facilitate blocking fluid flow through radially expandable seat member 30 and, thus, through
the bore of the apparatus containing radially expandable seat member 30. It is to be
understood, however, that a complete seal of fluid flow through radially expandable seat
member 30 is not required as downhole operations such as actuation of downhole tools can
be accomplished without attaining a complete leak-proof seal.

[0025] As shown in FIG. 5, the second or expanded position of radially expandable
seat member 30 comprises first end 39 and second end 41 being moved radially outward
away from each other to provide a second or expanded inner diameter opening. In the second
or expanded position, a plug element such as a ball can pass through, either due gravity or
with the assistance of pressure acting downward on the plug element so that fluid flow can be
reestablished through radially expandable seat member 30.

[0026] Radially expandable seat member 30 may be formed out of any material
desired or necessary to provide a sufficient seal between a plug element and radially
expandable seat member 30 and to allow radially expandable seat member 30 to move from
its collapsed position to its expanded position. For example, radially expandable seat
member 30 may be formed by polyether ether ketone (PEEK), polytetrafluoroethylene
(PTFE), rubber, elastomer, metal, reinforced metal, or a combination of any of these
materials.

[0027] In one embodiment, radially expandable seat member 30 is biased or
energized toward the expandable position (FIG. 5) when disposed in the first or collapsed

position (FIGS. 1 and 3-4). Thus, when placed in the position shown in FIGS. 1, 3, and 4,
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first end 39 and second end 41 are trying to move away from each other. One example of
such a biased radially expandable seat member is a c-ring. Thus, to retain radially
expandable seat member 30 in the first or collapsed position so that it can receive a ball on
seat 38, a retaining member is disposed at first and second ends 39, 41 to retain radially
expandable seat member 30 in the first or collapsed position. In the embodiment of FIGS. 1-
5, the retaining member comprises shear screw 50 that is disposed within recess 44 disposed
in outer wall surface 36 and through the body of radially expandable seat member 30 through
first end 39 and second end 41.

[0028] Referring now to FIGS. 3-5, ball seat 60 comprises upper sub 70 and lower
sub 80. Upper sub 70 can be secured to lower sub 80 through any method or device known in
the art. For example, threads (not shown) may be disposed at lower end 71 of upper sub 70
and upper end 81 of lower sub §0.

[0029] Upper sub 70 comprises outer wall surface 76 and inner wall surface 72
defining upper sub bore 74. Lower sub 80 comprises outer wall surface 86 and inner wall
surface 82 defining lower sub bore 84. Lower sub 80 includes shoulder 88 disposed toward
upper end 81. Lower end 71 of upper sub 70 and shoulder 88 of lower sub 80 provide recess
77 when upper sub 70 is made-up with lower sub 80. Although recess 77 is shown as being
formed by the mating of upper sub 70 to lower sub 80, it is to be understood that recess 77
can be a groove cut into inner wall surface 72 or inner wall surface 82. As shown in FIG. 3,
radially expandable seat member 30 is disposed in, and in sliding engagement with one or
more surfaces of, recess 77. Because radially expandable seat member 30 is in its first or
collapsed position as shown in FIG. 1, gap 79 is disposed between outer wall surface 36 of
radially expandable seat member 30 and inner wall surface 82 of lower sub 80.

[0030] Attachment members (not shown) such as threads can be disposed along the
outer wall surfaces 76, 86 of upper and lower subs 70, 80 at the upper and lower ends
respectively for securing ball seat 60 into a string of conduit, such as drill pipe or tubing
string. Alternatively, attachment members such as threads can be disposed along inner wall
surfaces 72, 82 of upper and lower subs 70, 80 at the upper and lower ends respectively for
securing ball seat 60 into a string of conduit.

[0031] In operation, ball seat 60 is secured to a work or tubing string (not shown) and
lowered into the wellbore (not shown). A downhole tool (not shown) is disposed in the work
string above ball seat 60. During run-in, radially expandable seat member 30 is disposed
recess 77 of ball seat 60 in the first or collapsed position (FIGS. 3-4). After being disposed

within the wellbore at the desired depth or location, plug element 90 shown as ball 92 is
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dropped down the tubing string until it enters upper sub bore 74 and lands on seat 38 of
radially expandable seat member 30 (FIG. 4).

[0032] Fluid, such as hydraulic fluid, is pumped down the tubing string causing
downward force or pressure to act on ball 92 to force ball 92 into seat 38. The fluid pressure
is then increased above ball 92 until it reaches the actuation pressure of the downhole tool
causing the downhole tool to perform its intended function, e.g., set a packer, set a bridge
plug and the like. This actuation pressure is a preset pressure that is below the pressure at
which the retaining member, shown as shear screw 50, reaches its failure or breakage point.

[0033] After the downhole tool has performed its intended function, additional fluid
pressure can be exerted on ball 92 to force ball 92 further into radially expandable seat
member 30 so that the retaining member, shown as shear screw 50, fails. After failure of
shear screw 50, radially expandable seat member 30 moves to the expanded position (FIG. 5)
because, in this embodiment, radially expandable seat member 30 is biased radially
outwardly and the shear screw 50 is no longer retaining radially expandable seat member 30
in the first or collapsed position.

[0034] As shown in FIG. 5, in moving toward the second or expanded position, the
inner diameter of radially expandable seat member 30 is increased to the second inner
diameter opening which facilitates passage of ball 92 through radially expandable seat
member 30 as shown in FIG. 5. In the embodiment of FIGS. 1-5, radially expandable seat
member 30 is radially expanded until outer wall surface 36 of radially expandable seat
member 30 engages inner wall surface 82 within recess 77. In other words, radially
expandable seat member 30 fills gap 79. As a result, the inner diameter of the opening
through radially expandable seat member 30 is increased such that ball 92 passes through
radially expandable seat member 30 either due to gravity or the continued force of pressure
within upper sub bore 74 acting downwardly on ball 92. It is to be understood, however, that
gap 79 does not have to be completed filled when radially expandable seat member 30 is in
the second position.

[0035] Although the embodiment of FIGS. 1-5 shows the ball seat 60 and radially
expandable seat member 30 as sharing the same axis, it is to be understood that radially
expandable seat member 30 and ball seat 60 are not required to share the same axis. Instead,
as radially expandable seat member 30 expands, its axis may be off-center from the axis of
ball seat 60, yet plug element 90 will still pass through radially expandable seat member 30

when in the second position.
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[0036] In the embodiment of FIGS. 1-5, inclines 40, 42 facilitate radial expansion of
radially expandable seat member 30 due to the downward pressure being exerted on radially
expandable seat member 30 by ball 92. However, it is to be understood that inclines 40, 42
are not required to be disposed along first end 39 and second end 41, respectively. To the
contrary, as shown in FIG. 6, radially expandable seat member 130 may comprise first end
139 and second end 141 lacking inclines 140, 142, respectively. Instead, first end 139 and
second end 141 are disposed in contact with each other along a substantially vertical line as
shown in FIG. 6 when radially expandable seat member 130 is in the first or collapsed
position.

[0037] Alternatively, as shown in FIG. 7, first end 239 and second end 241 of radially
expandable seat member 230 may be disposed such that gap 252 exists between first end 239
and second end 241 when radially expandable seat member 230 is in the first or collapsed
position. In other words, first end 239 and second end 242 are not in contact with each other
when radially expandable seat member 230 is in the first or collapsed position. Although
having first end 239 not in contact with second end 241 may cause leakage through gap 252
of radially expandable seat member 230 depending on how the plug element contacts the seat
of radially expandable seat member 230, it is to be understood that the leakage through gap
252 may not be detrimental to the operation of radially expandable seat member 230 to
provide the necessary increase in pressure above radially expandable seat member 230 to
actuate the downhole tool or otherwise perform a downhole operation and to cause shear
screw 50 to fail so radially expandable seat member 230 can expand to its second or
expanded position so the plug element can pass through radially expandable seat member
230.

[0038] To decrease the possibility that leakage will occur in the embodiment of any
of radially expandable seat member 30 (FIGS. 1-5), radially expandable seat member 130
(FIGS. 6), or radially expandable seat member 230 (FIG. 7), such that radially expandable
seat member 30, radially expandable seat member 130, or radially expandable seat member
230, are unable to perform their intended functions, a bonding material such as an elastomer
or polymer material may be disposed at, over, or within the area where first ends 39, 139, 239
and second ends 41, 141, 241, respectively, come together. In other words, even if first ends
and second ends are in contact with each other such as shown with respect to radially
expandable seat member 30 (FIGS. 1-5) and radially expandable seat member 130 (FIG. 6), a

bonding material may be disposed at, over, or within the area of where first ends second ends
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come together. In addition, a bonding material may be disposed within gap 252 of radially
expandable seat member 230.

[0039] Referring now to FIG. 8, in another specific embodiment, radially expandable
seat member 330 comprises first end 339 and second end 341 providing gap 352 when
radially expandable seat member 330 is in the first or collapsed position (FIG. 8). Bonding
material 351 is disposed within gap 352 to reduce the likelihood of leakage between first end
339 and second end 341 that would result in radially expandable seat member 330 being
unable to perform its intended functions.

[0040] Although radially expandable seat member 30, radially expandable seat
member 130, radially expandable seat member 230, and radially expandable seat member 330
are shown as having different structural arrangements, it is to be understood that radially
expandable seat member 130, radially expandable seat member 230, and radially expandable
seat member 330 all function in the same manner as described above with respect to radially
expandable seat member 30 in FIGS. 1-5.

[0041] Referring now to FIG. 9, in another embodiment, radially expandable seat
member 430 comprises the same general structures as those of radially expandable seat
member 30 shown in FIGS. 1-5, however, radially expandable seat member 430 comprises
four separate arcuate segments, 432, 434, 436, 438. Arcuate segment 432 is releasably
connected to arcuate segment 434 through retaining member 452; arcuate segment 434 is
releasably connected to arcuate segment 436 through retaining member 454; arcuate segment
436 is releasably connected to arcuate segment 438 through retaining member 456; and
arcuate segment 438 is releasably connected to arcuate segment 432 through retaining
member 458. Retaining members 452, 454, 456, 458 can be shear screws or any other
retaining member that will fail under a predetermined condition, e.g., an increase in pressure.
In addition, each of retaining members 452, 454, 456, 458 can be disposed in recesses
disposed in the outer wall surfaces of separate arcuate segments 432, 434, 436, 438, such as
shown in FIG. 9 with respect to retaining member 454 being disposed within recess 444 and
retaining member 456 being disposed within recess 446.

[0042] As will be recognized by a person of ordinary skill in the art, the embodiment
of FIG. 9 is not biased outwardly. In other words, radially expandable seat member 430 is
not biased toward the second or expandable position. Thus, upon retaining members 452,
454, 456, 458 failing due to the increase in pressure above radially expandable seat member
430, each of arcuate segments 432, 434, 436, 438 is pushed into a recess disposed on an inner

wall surface of a ball seat, such as recess 77 shown in FIGS. 3-5. As a result, the inner
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diameter between arcuate segments 432, 434, 436, 438 is enlarged allowing the plug element
to pass through.

[0043] Referring to FIG. 10, in one embodiment of a ball seat having radially
expandable seat member 430 (FIG. 9), ball seat 660 comprises upper sub 670 and lower sub
680. Upper sub 670 comprises outer wall surface 676, lower end 671, and inner wall surface
672 defining upper sub bore 674. Lower sub 680 comprises upper end 681, outer wall
surface 686, shoulder 688, and inner wall surface 682 defining lower sub bore 684.

[0044] Lower end 671 of upper sub 670 is connected to upper end 681 of lower sub
680 through any method or device known in the art such as threads (not shown). The make-
up of upper sub 670 with lower sub 680 provides recess 677. Disposed within recess 677 is
radially expandable seat member 430. Gap 679 is disposed between outer wall surface 431 of
radially expandable seat member 430 and inner wall surface 682 of lower sub 680.

[0045] In the embodiment of FIG. 10, operatively associated with arcuate segment
434, as well as arcuate segments 432, 436, 438 (not shown in FIG. 10), is a locking
mechanism that prevents arcuate segments 432, 434, 436, 438 from falling into lower sub
bore 684 after retaining members 452, 454, 456, 458 release arcuate segments 432, 434, 436,
438. In the embodiment shown in FIG. 10, the locking mechanism comprises recess or
groove 691 disposed in shoulder 688 of lower sub 680, recess or groove 692 disposed in
lower end 671 of upper sub 670, upwardly biased member 482 disposed within groove 483
disposed on the upper surface of segment 434, downwardly biased member 484 disposed
within groove 485 disposed on the lower surface of segment 434, and biased member 696
disposed within gap 679 and operatively associated with outer wall surface 431 of radially
expandable seat member 430. Grooves 691, 692 are in fluid communication with recess 677.
Upwardly and downwardly biased members 482, 484 can be separate components or they can
comprise the same structure. In one embodiment, upwardly and downwardly biased
members 482, 484 comprise a single c-ring structure. Biased member 696 is biased or
energized inwardly toward bores 674, 684. When arcuate segments 432, 434, 436, 438 are
held together by retaining members 452, 454, 456, 458, biased member 696 is unable to push
segment 434 inwardly.

[0046] As further shown in FIG. 10, a second recess or groove 693 can be disposed in
shoulder 688 of lower sub 680, and a second recess or groove 694 can disposed in lower end
671 of upper sub 670. O-rings or other seals 699 can be disposed in second groove 693 and

second groove 694 to facilitate better sealing between the lower surface of arcuate segment
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434 and shoulder 688 of lower sub 680 and between the upper surface of arcuate segment 434
and lower end 671 of upper sub 670.

[0047] In operation of ball seat 660 of FIG. 10, radially expandable seat member 430
is disposed in recess 677 in the first or collapsed position. Ball seat 660 is then placed in a
work or tubing string and run-in a wellbore to a desired depth. A plug element is dropped
down the bore of the tubing string until it enters upper sub bore 674 and lands on seat 437 of
radially expandable seat member 430. Pressure is increased above radially expandable seat
member 430 until a downhole tool is actuated or other downhole operation is performed.
Thereafter, pressure is further increased until retaining members 452, 454, 456, 458 fail
allowing the plug element to push arcuate segments 432, 434, 436, 438 radially outwardly.
For example, as shown in FIG. 10, arcuate segment 434 can be pushed radially outwardly
into recess 477. In so doing, biased member 696 becomes energized, or further energized.
After the plug element passes through radially expandable seat member 430, biased member
696 pushes arcuate segment 434 inwardly toward bores 674, 684. Arcuate segment 434 is
pushed inwardly by biased member 696 until groove 483 aligns with groove 692 and groove
485 aligns with groove 691 at which time upwardly and downwardly biased members 482,
484 expand upwardly and downwardly, respectively, into groove 692 and groove 691,
respectively. In so doing, arcuate segment 434 becomes locked or retained within recess 677
so that arcuate segment 434 does not fall into lower sub bore 684.

[0048] Although the locking mechanism described above is described as being
operatively associated with arcuate segment 434, it is to be understood that locking
mechanisms, such as the one described above with respect to arcuate segment 434, may also
be disposed on one more of arcuate segments 432, 436, 438. Alternatively, the locking
mechanism may be omitted on all of arcuate segments 432, 434, 436, 438.

[0049] Referring now to FIG. 11, in a modified embodiment of radially expandable
seat member 430, radially expandable seat member 530 comprises bonding material 551
disposed in gaps 455 As discussed in greater detail above, bonding material 551 reduces
leakage through gaps 455 so that radially expandable seat member 430 can performed its
intended functions. Bonding material 551 may be any of the materials discussed above.

[0050] It is to be understood that the invention is not limited to the exact details of
construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. For example, the
biased member can comprise a coiled spring, belleville spring (also known as belleville

washers), a spiral spring, an elastomeric material, or the like. Further, the size of first and
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second inner diameter openings can be modified as necessary or desired based upon the size
of the plug element. In addition, the first and second ends do not have to contact or
otherwise engage one another when the radially expandable seat member is in its collapsed
position.

[0051] Additionally, although the apparatuses described in greater detail with respect
to FIGS. 1-11 are ball seats having a ball as their respective plug elements, it is to be
understood that the apparatuses disclosed herein may be any type of seat known to persons of
ordinary skill in the art that include a radially expandable seat member. For example, the
apparatus may be a drop plug seat, wherein the drop plug temporarily restricts the flow of
fluid through the wellbore. Therefore, the terms “plug” and “plug element” as used herein
encompasses a ball as shown and discussed with respect to the embodiments of the Figures,
as well as any other type of device that is used to restrict the flow of fluid through a seat.
Further, in all of the embodiments discussed with respect to FIGS. 1-11, upward, toward the
surface of the well (not shown), is toward the top of FIGS. 1-11, and downward or downhole
(the direction going away from the surface of the well) is toward the bottom of FIGS. 1-11.
However, it is to be understood that the seats may have their positions rotated. Accordingly,
the ball seats can be used in any number of orientations easily determinable and adaptable to
persons of ordinary skill in the art. Accordingly, the invention is therefore to be limited only

by the scope of the appended claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. An apparatus for restricting flow through a conduit, the apparatus comprising:

a housing having a longitudinal bore and a radially expandable seat member disposed
within the bore, the radially expandable seat member having a first position for receiving a
plug element to restrict fluid flow through the longitudinal bore and a second position in
which the plug element passes through the radially expandable seat member, the radially
expandable seat member comprising

an arcuate member comprising a first end and a second end, the first and second ends
being disposed relative to each other for receiving the plug element when the radially
expandable seat member is in the first position, and

a retaining member operatively associated with the first and second ends to retain the
radially expandable seat member in the first position, the retaining member comprising a
retained position in which the radially expandable seat member is retained in the first position
and a released position in which the first end and second end are released from the retaining
member allowing the radially expandable seat member to radially expand to the second
position.

2. The apparatus of claim 1, wherein the radially expandable seat member is
biased toward the second position.

3. The apparatus of claim 1, wherein the biased member is a c-ring.

4. The apparatus of claim 1, wherein the radially expandable seat member
comprises an outer wall surface, the outer wall surface having a recess disposed therein for
receiving the retaining member, the retaining member releasably connecting the first end to
the second end.

5. The apparatus of claim 4, wherein the retaining member is a shear screw.

6. The apparatus of claim 1, wherein the first and second ends are in contact with
cach other when the retaining member is in the retained position.

7. The apparatus of claim 6, wherein the first end comprises a first inclined
surface and the second end comprises a second inclined surface, the first and second inclined
surfaces being in sliding engagement with each other.

8. The apparatus of claim 1, wherein a gap is disposed between the first and
second ends when the retaining member is in the retained position.

9. The apparatus of claim 8, wherein a bonding material is disposed within the
gap.

12



WO 2012/166928 PCT/US2012/040224

10.  The apparatus of claim 1, wherein a bonding material is disposed at the first
and second ends when the retaining member is in the retained position.

11.  An apparatus for restricting flow through a conduit, the apparatus comprising:

a housing having a longitudinal bore and a radially expandable seat member disposed
within the bore, the radially expandable seat member having a first position for receiving a
plug element to restrict fluid flow through the longitudinal bore and a second position in
which the plug element passes through the radially expandable seat member, the radially
expandable seat member comprising

a plurality of arcuate segments, each arcuate segment being releasably connected to
an adjacent arcuate segment by a retaining member operatively associated with the adjacent
arcuate segments, each of the retaining members retaining the radially expandable seat
member in the first position, each of the retaining members comprising a retained position in
which the radially expandable seat member is retained in the first position and a released
position in which the arcuate segments are released from the retaining members allowing the
radially expandable seat member to radially expand to the second position.

12.  The apparatus of claim 11, wherein two or more of the plurality of arcuate
segments are in contact with each other when the retaining members are in the retained
position.

13.  The apparatus of claim 11, wherein a gap is disposed between one or more of
the arcuate members when the retaining member is in the retained position.

14.  The apparatus of claim 13, wherein a bonding material is disposed within the
gap.

15.  The apparatus of claim 11, wherein the radially expandable seat member is
disposed in sliding engagement within a recess disposed on an inner wall surface of the
housing, the recess providing a gap between the radially expandable seat member and the
inner wall surface of the housing when the radially expandable seat member is in the first
position, the gap providing an area for the radially expandable seat member to radially
expand within the recess.

16.  The apparatus of claim 15, wherein at least one of the plurality of arcuate
segments is operatively associated with a locking mechanism for locking the each of the at
least one of the plurality of arcuate segments within the recess when the radially expandable
seat member is in the second position.

17.  The apparatus of claim 16, wherein the locking mechanism comprises an

arcuate segment upper groove disposed in an arcuate segment upper surface, an upper recess
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groove disposed in an upper surface of the recess, and a first locking member disposed in the
arcuate segment upper groove, the upper recess groove being disposed inwardly relative to
the arcuate segment upper groove when the radially expandable seat member is in the first
position,

wherein inward movement of the at least one of the plurality of arcuate segments
comprising the locking mechanism toward the second position causes the first locking
member to become partially disposed within the upper recess groove thereby preventing
additional inward movement of the at least one of the plurality of arcuate segments
comprising the locking mechanism.

18.  The apparatus of claim 17, wherein an inwardly biased member is disposed in
the gap, the inwardly biased member urging the at least one of the plurality of arcuate
segments comprising the locking mechanism toward the second position.

19.  The apparatus of claim 18, wherein the locking mechanism further comprises
an arcuate segment lower groove disposed in an arcuate segment lower surface, a lower
recess groove disposed in a lower surface of the recess, and a second locking member
disposed in the arcuate segment lower groove, the lower recess groove being disposed
inwardly relative to the arcuate segment lower groove when the radially expandable seat
member is in the first position,

wherein inward movement of the at least one of the plurality of arcuate segments
comprising the locking mechanism toward the second position causes the second locking
member to become partially disposed within the lower recess groove thereby preventing
additional inward movement of the at least one of the plurality of arcuate segments
comprising the locking mechanism.

20.  The apparatus of claim 19, wherein the first locking member and the second
locking member comprise a c-ring.

21.  The apparatus of claim 11, wherein a bonding material is disposed between
cach of the plurality of arcuate segments.

22.  The apparatus of claim 11, wherein each of the plurality of arcuate segments is
disposed within a groove disposed on an inner wall surface of the longitudinal bore, each of
the plurality of arcuate segments comprising an upper surface and a lower surface, each of the
upper surfaces being in sealing engagement with an upper wall surface of the groove and
cach of the lower surfaces being in sealing engagement with a lower wall surface of the

groove.
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