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PACKING ELEMENT BACKUP SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No.13/472,128, filed

on May 15, 2012, which is incorporated herein by reference in its entirety.

BACKGROUND
Field of Invention

[0002] The invention is directed to packing element systems for use in a work or tool
string disposed in a wellbore to isolate one or more zones of the wellbore from one or more
other zones in the wellbore.
Description of Art

[0003] Referring to FIG. 1, prior packing element systems 200 include a housing or
mandrel 211 with a packing element 212 disposed therecon. Each end of packing element 212
includes housing or support 213 to facilitate elastic expansion of packing element 212 away
from mandrel 211 when an axial load is placed on packing element 212 at axial load points
214. Each end of packing element 212 also includes two back-up elements 215, 216 each of
which are shown as two metal petal back-ups having bottom petal back-up 217 and top petal
back-up 218, or a phenolic back-up (not shown) which is known in the art. A Teflon®

barrier is also known to be included in the case of a metal petal back-up element.

SUMMARY OF INVENTION

[0004] Broadly, the packing element systems disclosed herein comprise a sealing
element having a support system. The support system can include one or more of a first
spacer ring, a second spacer ring, a third spacer ring, a mesh ring, and one or more petal
rings. One or more of these components can be disposed at one or both of the upper end
and/or lower end of the sealing element. When compressed, the sealing element is moved
radially outward to engage an inner wall surface of a wellbore due to compressive forces of
the one or more spacer ring(s), mesh ring, and/or petal ring(s). In certain embodiments, the
lower end of one or more of the mesh ring(s) and/or petal ring(s) rotate outwardly toward the

casing and, in certain embodiments, engage the casing to facilitate creation of the seal.
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BRIEF DESCRIPTION OF DRAWINGS

[0005] FIG. 1 is a cross-sectional view of a prior art packing element system.

[0006] FIG. 2 is a cross-sectional view of a specific embodiment of a packing element
system disclosed herein shown in its initial or run-in position.

[0007] FIG. 3 is a cross-sectional view of the packing element system illustrated in
FIG. 2 shown in its set position.

[0008] FIG. 4 is a top view of one specific embodiment of a petal ring for inclusion in
the packing element systems disclosed herein.

[0009] FIG. 5 is a partial cross-sectional view of the petal ring shown in FIG. 4.

[0010] FIG. 6 is a partial cross-sectional view of one specific embodiment of a mesh
ring for inclusion in the packing element systems disclosed herein.

[0011] FIG. 7 is a partial cross-sectional view of one specific embodiment of a first
spacer ring for inclusion in the packing element systems disclosed herein.

[0012] FIG. 8 is a partial cross-sectional view of one specific embodiment of a second
spacer ring for inclusion in the packing element systems disclosed herein.

[0013] FIG. 9 is a portion of the partial cross-sectional view of the second spacer ring
shown in FIG. 8 taken along line 9.

[0014] 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

[0015] Referring now to FIGS. 2-3, packing element system 20 is shown in its initial
or run-in position (FIG. 2) and its set position (FIG. 3). Broadly, packing element system 20
comprises sealing element 22 having a back-up or support system (discussed in greater detail
below), upper support member 18, and lower support member 19, all carried on outer wall
surface 14 of mandrel 12. Mandrel 12 includes inner wall surface 16 which defines
longitudinal axis 11.

[0016] Sealing element 22, as well as the components of the support system, upper
support member 18, and lower support member 19 are tubular members, each having an inner
surface determined by an inner diameter that receives mandrel 12. As will be appreciated by

persons of ordinary skill in the art, mandrel 12 is a tubular member carried on a casing string
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(not shown). Mandrel 12 can be secured to the casing string through any device or method
known to persons of ordinary skill in the art.

[0017] Sealing element 22 comprises sealing element upper end 21, sealing element
lower end 23, sealing element inner wall surface 24, and sealing element outer wall surface
26. Secaling element 22 may be formed of any material known by persons of ordinary skill in
the art such as elastomers, rubbers, polymers, or thermoplastics. In one specific embodiment,
sealing element 22 is formed of 95 durometer Nitrile. Additionally, sealing element 22 may
have any shape desired or necessary to provide the requisite compression, deformation, or
“extrusion” to form the seal with the inner wall surface of casing 17 (FIG. 3). As shown in
FIGS. 2-3, in a preferred embodiment, sealing element 22 is formed into the shape of a
sleeve.

[0018] In the embodiment of FIGS. 2-9, sealing element inner wall surface 22 is
supported by o-ring member 27, and filler ring member 29. O-ring and filler ring members
27, 29 provide support to sealing element 22 and facilitate expansion of sealing element 22
radially outward away from longitudinal axis 11 of mandrel 12 during movement from the
run-in position (FIG. 2) to the set position (FIG. 3), as well as provide a seal along mandrel
outer wall surface 14 while running in the well.

[0019] Disposed on mandrel outer wall surface 14 adjacent to and above sealing
element upper end 21 is first upper spacer ring 32, and disposed on mandrel outer wall
surface 14 adjacent to and below sealing element lower end 22 is first lower spacer ring 52.
In the embodiment of FIGS. 2-9, first upper spacer ring 32 and first lower spacer ring 52 are
identical and will be discussed in greater detail with respect to FIG. 7. It is to be understood,
however, that first upper and lower spacer rings 32, 52 are not required to be identical. Nor
are both required to be included as part of packing element system 20.

[0020] Disposed on mandrel outer wall surface 14 adjacent to and above first upper
spacer ring 32 is second upper spacer ring 34, and disposed on mandrel outer wall surface 14
adjacent to and below first lower spacer ring 52 is second lower spacer ring 54. In the
embodiment of FIGS. 2-9, second upper spacer ring 34 and second lower spacer ring 54 are
identical and will be discussed in greater detail with respect to FIGS. 8-9. It is to be
understood, however, that second upper and lower spacer rings 34, 54 are not required to be
identical. Nor are both required to be included as part of packing element system 20.

[0021] Disposed on mandrel outer wall surface 14 within upper cavity 35 defined by
second upper spacer ring 34 is third upper spacer ring 36. Disposed on mandrel outer wall

surface 14 within lower cavity 55 defined by second lower spacer ring 54 is third lower
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spacer ring 56. In the embodiment of FIGS. 2-9, third upper spacer ring 36 and third lower
spacer ring 56 are identical. It is to be understood, however, that third upper and lower
spacer rings 36, 56, are not required to be identical. Nor are both required to be included as
part of packing element system 20. Third upper and lower spacer rings 36, 56 can be formed
out of a metal and can have a rectangular cross-section (FIGS. 2-3). Alternatively, third
upper and lower spacer rings 36, 56 can have any other shape, or formed out of any other
material, desired or necessary to sufficiently fill upper and lower cavities 35, 55 and to
provide sufficient support to second upper and lower spacer rings 34, 54 to facilitate moving
sealing element 22 from its run-in position (FIG. 2) to its set position (FIG. 3).

[0022] Disposed on second upper spacer ring outer wall surface 103 (FIGS. 8-9) is
upper mesh ring 38. Disposed on second lower spacer ring outer wall surface 103 (FIGS. 8-
9) is lower mesh ring 58. As illustrated in FIGS. 2-3, upper and lower mesh rings 38, 58
include flared side walls that receive first upper and lower spacer rings 32, 52, a portion of
second upper and lower spacer rings 34, 54, and sealing element upper and lower ends 21, 23,
respectively. As further shown in FIGS. 2-3, upper and lower mesh rings 38, 58 also include
opening 84 (FIG. 6) into which a portion of upper and lower second spacer rings 34, 54 are
disposed and into which upper and lower third spacer rings 36, 56 are disposed, respectively.

[0023] Disposed on mandrel outer wall surface 14 adjacent to and above upper mesh
ring 38 is first upper petal ring 40. Disposed on mandrel outer wall surface 14 adjacent to
and below mesh ring 58 is first lower petal ring 60. As illustrated in FIGS. 2-5, first upper
and lower petal rings 40, 60 include flared side walls that receive portions of first upper and
lower mesh rings 38, 58, respectively. In the embodiment of FIGS. 2-9, first upper petal ring
40 and first lower petal ring 60 are identical and will be discussed in greater detail with
respect to FIGS. 4-5. 1t is to be understood, however, that first upper and lower petal rings
40, 60 are not required to be identical. Nor are both required to be included as part of
packing element system 20.

[0024] Disposed on mandrel outer wall surface 14 adjacent to and above first upper
petal ring 40 is second upper petal ring 42. Disposed on mandrel outer wall surface 14
adjacent to and below first lower petal ring 60 is second lower petal ring 62. As illustrated in
FIGS. 2-5, second upper and lower petal rings 42, 62 include flared side walls that receive
portions of first upper and lower petal rings 40, 60, respectively. In the embodiment of FIGS.
2-9, second upper petal ring 42 and second lower petal ring 62 are identical and will be

discussed in greater detail with respect to FIGS. 4-5. 1t is to be understood, however, that
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second upper and lower petal rings 42, 62 are not required to be identical. Nor are both
required to be included as part of packing element system 20.

[0025] Disposed on mandrel outer wall surface 14 adjacent to and above second
upper petal ring 42 is third upper petal ring 44. Disposed on mandrel outer wall surface 14
adjacent to and below second lower petal ring 62 is third lower petal ring 64. As illustrated
in FIGS. 2-5, third upper and lower petal rings 44, 64 include flared side walls that receive
portions of second upper and lower petal rings 42, 62, respectively. In the embodiment of
FIGS. 2-9, third upper petal ring 44 and third lower petal ring 64 are identical and will be
discussed in greater detail with respect to FIGS. 4-5. 1t is to be understood, however, that
third upper and lower petal rings 44, 64 are not required to be identical. Nor are both
required to be included as part of packing element system 20.

[0026] Disposed on mandrel outer wall surface 14 adjacent to and above third upper
petal ring 44 is fourth upper petal ring 46. Disposed on mandrel outer wall surface 14
adjacent to and below third lower petal ring 64 is fourth lower petal ring 66. As illustrated in
FIGS. 2-5, fourth upper and lower petal rings 46, 66 include flared side walls that receive
portions of third upper and lower petal rings 44, 64, respectively. In the embodiment of
FIGS. 2-9, fourth upper petal ring 46 and fourth lower petal ring 66 are identical and will be
discussed in greater detail with respect to FIGS. 4-5. 1t is to be understood, however, that
fourth upper and lower petal rings 46, 66 are not required to be identical. Nor are both
required to be included as part of packing element system 20.

[0027] As illustrated in the embodiment of FIGS. 2-3, first, second, third, and fourth
upper petal rings 40, 42, 44, 46 are “nested” or layered together such that first upper petal
ring 40 is disposed within second upper petal ring 42, which is disposed within third upper
petal ring 44, which is disposed in fourth upper petal ring 46. Similarly in this embodiment,
first, second, third, and fourth lower petal rings 60, 62, 64, 66 are “nested” or layered together
such that first lower petal ring 60 is disposed within second lower petal ring 62, which is
disposed within third lower petal ring 64, which is disposed in fourth lower petal ring 44.

[0028] Referring now to FIGS. 4-5, first, second, third, fourth upper petal rings 40,
42, 44, 46 and first, second, third, fourth lower petal rings 60, 62, 64, 66 are described in
greater detail. In the various embodiments of packing element system 20 disclosed herein,
the differences, if any, between or among one or more of first, second, third, fourth upper
petal rings 40, 42, 44, 46 and first, second, third, fourth lower petal rings 60, 62, 64, 66 are

directed to the dimensions of each petal ring.
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[0029] First, second, third, fourth upper petal rings 40, 42, 44, 46 and first, second,
third, fourth lower petal rings 60, 62, 64, 66 comprise upper end 71, lower end 72, and side
wall or side wall surface 73. Side wall 73 is flared outwardly from upper end 71 to lower end
72 at angle 76 so that the opening in lower end 72 is larger than opening 74 disposed in upper
end 71. Angle 76 is in the range from about 13 degrees to about 15 degrees and opening 74
has a diameter substantially equal to the outer diameter of mandrel 12.

[0030] Upper end 71 includes upper end surface 79. In the specific embodiment of
FIGS. 2-9, upper end surface 79 is angled relative to opening 74 so that, when first, second,
third, fourth upper petal rings 40, 42, 44, 46 and first, second, third, fourth lower petal rings
60, 62, 64, 66 are disposed on mandrel outer wall surface 14, upper end surface 79 is
substantially perpendicular to longitudinal axis 11 of mandrel 12.

[0031] Disposed within side wall surface 73 are one or more slots 75. Each slot 75
has width 78 in the range from about 0.050 inches to about 0.070 inches. Each slot 75 is
disposed at angle 77 from adjacent slots 75. Angle 77 is in the range from about 35 degrees
to about 55 degrees. Height 70 is in the range from about 0.065 inches to about 1.300 inches
where the downhole tool is a 5 inch bridge plug.

[0032] In one specific embodiment, first, second, third, fourth upper petal rings 40,
42, 44, 46 have dimensions such that, when nested or layered together, a portion of upper
mesh ring 38 is not covered by first upper petal ring 40, a portion of first upper petal ring 40
is not covered by second upper petal ring 42, a portion of second upper petal ring 42 is not
covered by third upper petal ring 44, and a portion of third upper petal ring 44 is not covered
by fourth upper petal ring 46 (FIG. 2). Similarly, in certain embodiments, first, second, third,
fourth lower petal rings 60, 62, 64, 66 have dimensions such that, when nested or layered
together, a portion of lower mesh ring 58 is not covered by first lower petal ring 60, a portion
of first lower petal ring 60 is not covered by second lower petal ring 62, a portion of second
lower petal ring 62 is not covered by third lower petal ring 64, and a portion of third lower
petal ring 64 is not covered by fourth lower petal ring 66 (FIG. 2).

[0033] In another specific embodiment, one or more of first, second, third, fourth
upper petal rings 40, 42, 44, 46 are disposed relative to each other such that the
corresponding slot(s) 75 of each of the upper petal rings are indexed so that the slot(s) of one
upper petal ring does/do not align with the slot(s) of the next upper petal ring. In one
particular embodiment, the slot(s) of each upper petal ring are indexed in the range from
about 20 degrees to about 90 degrees. In one other particular embodiments, the slot(s) of

each upper petal ring are indexed in the range from about 20 degrees to about 50 degrees. In
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one specific embodiment, the slot(s) of each upper petal ring are indexed 22.5 degrees
relative to the subsequent upper petal ring.

[0034] In other embodiments, the first, second, third, fourth lower petal rings 60, 62,
64, 66 are indexed in the same manner as first, second, third, fourth upper petal rings, 40, 42,
44, 46. In still other embodiments, all of first, second, third, fourth upper petal rings, 40, 42,
44, 46 and first, second, third, fourth lower petal rings 60, 62, 64, 66 are indexed in this
manner.

[0035] First, second, third, fourth upper petal rings 40, 42, 44, 46 and first, second,
third, fourth lower petal rings 60, 62, 64, 66 can be formed of any material known or desired
to provide sufficient support to sealing element 22 during movement of sealing element 22
from the run-in position (FIG. 2) to the set position (FIG. 3) and to facilitate creation of a
suitable seal with the inner wall surface of casing 17. In one particular embodiment, first,
second, third, fourth upper petal rings 40, 42, 44, 46 and first, second, third, fourth lower
petal rings 60, 62, 64, 66 are formed from a metal such as steel or titanium.

[0036] Referring now to FIG. 6, upper and lower mesh rings 38, 58 are described in
greater detail. In the various embodiments of packing element system 20 disclosed herein,
the differences, if any, between upper and lower mesh rings 38, 58 are directed to the
dimensions of each mesh ring.

[0037] Upper and lower mesh rings 38, 58 comprise upper end 81, lower end 82, and
side wall or side wall surface 83. Side wall 83 is flared outwardly from upper end 81 to
lower end 82 at angle 89 so that the opening in lower end 82 is larger than opening 84
disposed in upper end 81. Angle 89 is in the range from about 13 degrees to about 15 degrees
and opening 84 has a diameter substantially equal to the outer diameter of mandrel 12.

[0038] Upper end 81 include upper end surface 80. In the specific embodiment of
FIGS. 2-9, upper end surface 80 is angled relative to opening 84 so that, when upper and
lower mesh rings 38, 58 are disposed on mandrel outer wall surface 14, upper end surface 80
is substantially perpendicular to longitudinal axis 11 of mandrel 12.

[0039] Lower end 82 includes bevel 85 disposed at height 87 above lower end 82 and
at angle 86. Angle 86 is in the range from about 35 degrees to about 55 degrees and height
87 is in the range from about 0.040 inches to about 0.060 inches. Height 88 is in the range
from about 1.500 inches to about 1.7500 inches where the downhole tool is a 5 inch bridge
plug.

[0040] Upper and lower mesh rings 38, 58 can be formed of any material known or

desired to provide sufficient support to sealing element 22 during movement of sealing
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element 22 from the run-in position (FIG. 2) to the set position (FIG. 3) and to facilitate
creation of a suitable seal with the inner wall surface of casing 17. In one particular
embodiment, upper and lower mesh rings 38, 58 are formed from a metal mesh such as steel
or titanium.

[0041] Referring now to FIG. 7, first upper and lower spacer rings 32, 52 are
described in greater detail. In the various embodiments of packing element system 20
disclosed herein, the differences, if any, between first upper and lower spacer rings 32, 52 are
directed to the dimensions of each first spacer ring.

[0042] First upper and lower spacer rings 32, 52 comprise upper end 91, lower end
92, and side wall or side wall surface 93. Height 95 between upper end 91 and lower end 92
is in the range from about 0.150 inches to about 0.250 inches.

[0043] Side wall 93 is profiled to have a top beveled portion toward upper end 91 and
a lower beveled portion 96. Lower beveled portion 96 is disposed at angle 99 relative to the
inner wall surface of upper and lower first spacer rings 32, 52. Angle 99 is in the range from
about 13 degrees to about 15 degrees.

[0044] Lower end 92 is profiled to include a flat portion that intersects side wall
surface 93 and an angled portion that connects the flat portion intersecting side wall surface
93 with a second flat portion intersecting with the inner wall surface of first upper and lower
spacer rings 32, 52. This second flat portion has a width in the range from about 0.050 inches
to about 0.070 inches. Depth 97 of the lower angled portion as measured from the second flat
portion of lower end 92 to the first flat portion of lower end 92 is in the range from about
0.065 inches to about 0.085 inches.

[0045] Opening 94 is defined by an inner wall surface and includes a beveled portion
toward upper end 91 Opening 94 has a diameter that is substantially identical to the outer
diameter of mandrel 12. Upper end 91 include upper end surface 90. In the specific
embodiment of FIGS. 2-9, upper end surface 90 is angled relative to opening 94 so that, when
first upper and lower spacer rings 32, 52 are disposed on mandrel outer wall surface 14, upper
end surface 90 is substantially perpendicular to longitudinal axis 11 of mandrel 12.

[0046] First upper and lower spacer rings 32, 52 can be formed of any material
known or desired to provide sufficient support to sealing element 22 during movement of
sealing element 22 from the run-in position (FIG. 2) to the set position (FIG. 3) and to
facilitate creation of a suitable seal with the inner wall surface of casing 17. In one particular
embodiment, first upper and lower spacer rings 32, 52 are formed from an elastomer or

polymeric material such as polytetrafluoroethylene (“PTFE”).
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[0047] Referring now to FIGS. 8-9, second upper and lower spacer rings 34, 54 are
described in greater detail. In the various embodiments of packing element system 20
disclosed herein, the differences, if any, between second upper and lower spacer rings 34, 54
are directed to the dimensions of each second spacer ring.

[0048] Second upper and lower spacer rings 34, 54 comprise upper end 101, lower
end 102, outer wall surface 103, and inner wall surface 104 defining opening through which
mandrel 12 is disposed. The opening has a diameter that is substantially identical to the outer
diameter of mandrel 12. Height 110 from upper end 101 to lower end 102 is in the range
from about 0.200 inches to about 0.240 inches.

[0049] Outer wall surface 103 and inner wall surface 104 are profiled to define cavity
35, 55 (FIG. 2-3) when mandrel 12 is disposed within the opening defined by inner wall
surface 104. Thickness 106 between outer wall surface 103 and inner wall surface 104 is in
the range from about 0.090 inches to about 0.110 inches.

[0050] Outer wall surface 103 includes an upper portion having height 108 in the
range from about 0.100 inches to about 0.1300 inches and an angled lower portion that
connects the upper portion with lower end 102. The angled lower portion of outer wall
surface 103 is disposed at angle 109 relative to the upper portion of outer wall surface 103.
Angle 109 is in the range from about 35 degrees to about 55 degrees.

[0051] Inner wall surface 104 includes an upper portion that is parallel to the upper
portion of outer wall surface 103, an angled portion that is parallel to the angled portion of
outer wall surface 104, and an interface portion that is substantially parallel to the upper
portion of inner wall surface 104 and which, in the embodiment of FIGS. 2-9, engages or
contacts mandrel outer wall surface 14. As shown in FIGS. 2, 3, 8, and 9, the angled portion
of inner wall surface 104 connects upper portion of inner wall surface 104 with the interface
portion of inner wall surface 104 and the interface portion of inner wall surface 104 connects
lower end 102 with the angled portion of inner wall surface 104. The upper portion of inner
wall surface 104 has height 107 in the range from about 0.080 inches to about 0.110 inches.

[0052] The interface portion of inner wall surface 104 is disposed at angle 111
relative to the angled portion of inner wall surface 104. Angle 111 is in the range from about
35 degrees to about 45 degrees so that the interface portion is substantially parallel to
longitudinal axis 11 of mandrel 12 when third upper and lower spacer rings 34, 54 are
disposed on mandrel outer wall surface 14.

[0053] Second upper and lower spacer rings 34, 54 can be formed of any material

known or desired to provide sufficient support to sealing element 22 during movement of
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sealing element 22 from the run-in position (FIG. 2) to the set position (FIG. 3) and to
facilitate creation of a suitable seal with the inner wall surface of casing 17. In one particular
embodiment, second upper and lower spacer rings 34, 54 are formed from an elastomer or
polymeric material such as polyetheretherketone (“PEEK”).

[0054] Upper support member 18 and lower support member 19 may be any shape
desired or necessary to provide transference of an axial load on outermost metal petal rings
46, 66. As shown in FIGS. 2-3, both upper support member 18 and lower support member 19
are cones. In other embodiments, only one of upper support member 18 or lower support
member 19 is a cone. In still other embodiments, one or both of upper support member 18
and/or lower support member 19 have rectangular-shaped cross sections. In still another
embodiment, one of upper support member 18 or lower support member 19 is rectangular-
shaped and the other of upper support member 18 or lower support member 19 is a piston-
shaped sleeve.

[0055] In one particular embodiment, upper support member 18 and lower support
member 19 are slidable relative to each other along outer wall surface 14 of mandrel 12. In
another specific embodiment, one of upper support member 18 or lower support member 19
is fixed to mandrel 12 against movement. In still another embodiment, both upper support
member 18 and lower support member 19 are stationary.

[0056] Upper support member 18 and lower support member 19 are rigid members
formed from any material known by persons of ordinary skill in art, including, but not limited
to, glass or carbon reinforced phenolic or metals such as steel. In embodiments in which the
axial load is applied in only one direction, one of the upper support member 18 or lower
support member 19 may be formed of a material that is less strong than the material used to
form the cone that is directly receiving the axial load.

[0057] In operation, after packing element system 20 is disposed within a wellbore at
the desired depth and location, packing element system 20 is actuated in the same manner as
any other packer or packing element system known to persons of ordinary skill in the art,
such as by applying a force to upper support member 18 axially in the downward direction in
FIGS. 2-3 while lower support member 19 is stationary. Such axial load may also be applied
in the opposite direction on lower support member 19 while upper support member 18 is
stationary or in both directions to both upper support member 18 and lower support member
19 with neither upper support member 18 nor lower support member 19 being stationary.
Alternatively, a radial force can be applied to mandrel 12 to radially expand mandrel 12 and

thus, compress upper and lower petal rings 40, 42, 44, 46, 60, 62, 64, 66, mesh back-up rings

10



WO 2013/173159 PCT/US2013/040298

38, 58, and, thus sealing element 22, between stationary upper and lower support members
18, 19.

[0058] Regardless of how packing element system 20 is actuated, during actuation,
sealing element 22 is moved radially outward from longitudinal axis 11 of mandrel 12. In so
doing, lower end 82 of upper and lower mesh rings 38, 58 are rotated outward toward the
inner wall surface of casing 17. Similarly, lower end 72 of one or more of upper or lower
petal rings 40, 42, 44, 46, 60, 62, 64, 66 can also be rotated outwardly toward the inner wall
surface of casing 17. In certain embodiments, one or both lower end 83 of upper or lower
mesh rings 38, 58 engages with the inner wall surface of casing 17 to facilitate creation of a
seal. In still other embodiments, one or more lower ends 72 of upper or lower petal rings 40,
42, 44, 46, 60, 62, 64, 66 engages with the inner wall surface of casing 17 to facilitate
creation of a seal.

[0059] 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
materials forming the components and the dimensions of each of the components can be
modified as desired or necessary effectuate the best seal for the target environment.
Moreover, not all of the components described with respect to the embodiments of FIGS. 2-9
are required to provide a suitable seal against an inner wall surface of casing 17. Nor are the
same components required to be included at both the upper end and the lower end of the
sealing element. To the contrary, the components at the upper end of the sealing element can
be different in number, dimension, or order from those at the lower end of sealing element.

[0060] Further, it is to be understood that the term “wellbore” as used herein includes
open-hole, cased, or any other type of wellbores. In addition, the use of the term “well” is to
be understood to have the same meaning as “wellbore.” Moreover, in all of the embodiments
discussed herein, upward, toward the surface of the well (not shown), is toward the top of
Figures, and downward or downhole (the direction going away from the surface of the well)
is toward the bottom of the Figures. However, it is to be understood that the tools may have
their positions rotated in either direction any number of degrees. Accordingly, the tools can
be used in any number of orientations easily determinable and adaptable to persons of
ordinary skill in the art. In addition, embodiments having only one or more “upper”
component(s) or only one or more “lower” component(s) are not to be construed as requiring

that/those components to be closer to the well surface (in the case of the use of “upper”) or to
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be further away from the well surface (in the case of the use of “lower”). 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. A packing element system for a downhole tool comprising:

a mandrel having a mandrel outer wall surface;

a rigid upper supporting member operatively associated with the mandrel outer wall
surface;

a rigid lower supporting member operatively associated with the mandrel below the
upper supporting member;

a sealing element operatively associated with the mandrel outer wall surface between
the upper supporting member and the lower supporting member, the sealing element having a
sealing element upper end, a sealing element lower end, a sealing element outer wall surface,
and a sealing element inner wall surface;

a first upper spacer ring operatively associated with the mandrel outer wall surface
adjacent to and above the upper end of the sealing element;

a second upper spacer ring operatively associated with the mandrel outer wall surface
adjacent to and above the first upper spacer ring, the second upper spacer ring having a
second upper spacer ring inner wall surface, a second upper spacer ring outer wall surface, a
second upper spacer ring upper end, and a second upper spacer ring lower end,

a first portion of the second upper spacer ring inner wall surface being operatively
associated with the mandrel outer wall surface, and

a second portion of the second upper spacer ring inner wall surface and the mandrel
outer wall surface defining a first upper cavity;

a third upper spacer ring operatively associated with the mandrel outer wall surface,
the third upper spacer ring being disposed within the first upper cavity;

an upper mesh ring partially disposed on the second upper spacer ring outer wall
surface and partially disposed on the sealing element outer wall surface, the upper mesh ring
having an upper mesh ring upper end having an upper mesh ring upper end surface defining
an upper mesh ring upper end opening having an upper mesh ring upper end opening
diameter, an upper mesh ring lower end, and

an upper mesh ring side wall surface, the upper mesh ring side wall surface
connecting the upper mesh upper ring upper end with the upper mesh ring lower end and
defining an upper mesh ring lower opening having an upper mesh ring lower opening
diameter, the upper mesh ring lower opening diameter being greater than the upper mesh ring

upper opening diameter; and
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a first upper petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the upper mesh ring side wall surface, the first upper petal ring having a
first upper petal ring upper end having a first upper petal ring upper end surface defining a
first upper petal ring upper end opening having a first upper petal ring upper end opening
diameter, a first upper petal ring lower end, and

a first upper petal ring side wall surface, the first upper petal ring side wall surface
connecting the first upper petal upper ring end with the first upper petal ring lower end and
defining a first upper petal ring lower opening having a first upper petal ring lower opening
diameter, the first upper petal ring lower opening diameter being greater than the first upper
petal ring upper opening diameter, and the first upper petal ring side wall surface having at
least one first upper petal side wall slot disposed therein.

2. The packing element of claim 1, further comprising:

a second upper petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the first upper petal ring side wall surface, the second upper petal ring
having a second upper petal ring upper end having a second upper petal ring upper end
surface defining a second upper petal ring upper end opening having a second upper petal
ring upper end opening diameter, a second upper petal ring lower end, and

a second upper petal ring side wall surface, the second upper petal ring side wall
surface connecting the second upper petal upper ring end with the second upper petal ring
lower end and defining a second upper petal ring lower opening having a second upper petal
ring lower opening diameter, the second upper petal ring lower opening diameter being
greater than the second upper petal ring upper opening diameter, and the second upper petal
ring side wall surface having at least one second upper petal side wall slot disposed therein.

3. The packing element system of claim 2, further comprising:

a third upper petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the second upper petal ring side wall surface, the third upper petal ring
having a third upper petal ring upper end having a third upper petal ring upper end surface
defining a third upper petal ring upper end opening having a third upper petal ring upper end
opening diameter, a third upper petal ring lower end, and

a third upper petal ring side wall surface, the third upper petal ring side wall surface
connecting the third upper petal upper ring end with the third upper petal ring lower end and
defining a third upper petal ring lower opening having a third upper petal ring lower opening

diameter, the third upper petal ring lower opening diameter being greater than the third upper
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petal ring upper opening diameter, and the third upper petal ring side wall surface having at
least one third upper petal side wall slot disposed therein.

4. The packing element system of claim 3, further comprising:

a fourth upper petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the third upper petal ring side wall surface, the fourth upper petal ring
having a fourth upper petal ring upper end having a fourth upper petal ring upper end surface
defining a fourth upper petal ring upper end opening having a fourth upper petal ring upper
end opening diameter, a fourth upper petal ring lower end, and

a fourth upper petal ring side wall surface, the fourth upper petal ring side wall
surface connecting the fourth upper petal upper ring end with the fourth upper petal ring
lower end and defining a fourth upper petal ring lower opening having a fourth upper petal
ring lower opening diameter, the fourth upper petal ring lower opening diameter being greater
than the fourth upper petal ring upper opening diameter, and the fourth upper petal ring side
wall surface having at least one fourth upper petal side wall slot disposed therein.

5. The packing element system of claim 4, wherein the second upper metal petal
ring, the third upper metal petal ring, and the fourth upper metal petal ring are disposed
relative to one another wherein

a portion of the third upper metal petal ring side wall surface is not covered by the
fourth upper metal petal ring side wall surface, and

a portion of the second upper metal petal ring side wall surface is not covered by the
third upper metal petal ring side wall surface.

6. The packing element of claim 4, wherein the one or more slots of the first
metal petal ring are indexed approximately 22.5 degrees relative to the one or more slots of
the second metal petal ring.

7. The packing element of claim 1, wherein the upper mesh ring and the first
upper metal petal ring are disposed relative to each other wherein a portion of the upper mesh
ring side wall surface is not covered by the first upper metal petal ring.

8. The packing element system of claim 1, further comprising:

a first lower spacer ring disposed on the mandrel outer wall surface adjacent to and
below the lower end of the sealing element;

a second lower spacer ring operatively associated with the mandrel outer wall surface
adjacent to and below the first lower spacer ring, the second lower spacer ring having a
second lower spacer ring inner wall surface, a second lower spacer ring outer wall surface, a

second lower spacer ring upper end, and a second lower spacer ring lower end,
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a first portion of the second lower spacer ring inner wall surface being operatively
associated with the mandrel outer wall surface, and

a second portion of the second lower spacer ring inner wall surface and the mandrel
outer wall surface defining a first lower cavity;

a third lower spacer ring disposed on the mandrel outer wall surface, the third lower
spacer ring being disposed within the first lower cavity;

a lower mesh ring partially disposed on the first lower spacer ring outer wall surface
and partially disposed on the sealing element outer wall surface, the lower mesh ring having a
lower mesh ring upper end having a lower mesh ring upper end surface defining a lower
mesh ring upper end opening having a lower mesh ring upper end opening diameter, a lower
mesh ring lower end, and

a lower mesh ring side wall surface, the lower mesh ring side wall surface connecting
the lower mesh upper ring upper end with the lower mesh ring lower end and defining a
lower mesh ring lower opening having a lower mesh ring lower opening diameter, the lower
mesh ring lower opening diameter being greater than the lower mesh ring upper opening
diameter; and

a first lower petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the lower mesh ring side wall surface, the first lower petal ring having a
first lower petal ring upper end having a first lower petal ring upper end surface defining a
first lower petal ring upper end opening having a first lower petal ring upper end opening
diameter, a first lower petal ring lower end, and

a first lower petal ring side wall surface, the first lower petal ring side wall surface
connecting the first lower petal upper ring end with the first lower petal ring lower end and
defining a first lower petal ring lower opening having a first lower petal ring lower opening
diameter, the first lower petal ring lower opening diameter being greater than the first lower
petal ring upper opening diameter, and the first lower petal ring side wall surface having at
least one first lower petal side wall slot disposed therein.

9. The packing element system of claim 8, wherein the upper mesh ring upper
end surface is disposed substantially perpendicular to a longitudinal axis of the mandrel.

10.  The packing element system of claim 9, wherein each of the first upper petal
ring upper end surface, the second upper petal ring upper end surface, the third upper petal
ring upper end surface, and the fourth upper petal ring upper end surface are disposed

substantially perpendicular to a longitudinal axis of the mandrel.
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11.  The packing element system of claim 10, wherein the lower mesh ring upper
end surface is disposed substantially perpendicular to a longitudinal axis of the mandrel.

12.  The packing element system of claim 11, wherein each of the first lower petal
ring upper end surface, the second lower petal ring upper end surface, the third lower petal
ring upper end surface, and the fourth lower petal ring upper end surface are disposed
substantially perpendicular to a longitudinal axis of the mandrel.

13.  The packing element system of claim 8, further comprising:

a second upper petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the first upper petal ring side wall surface, the second upper petal ring
having a second upper petal ring upper end having a second upper petal ring upper end
surface defining a second upper petal ring upper end opening having a second upper petal
ring upper end opening diameter, a second upper petal ring lower end, and

a second upper petal ring side wall surface, the second upper petal ring side wall
surface connecting the second upper petal upper ring end with the second upper petal ring
lower end and defining a second upper petal ring lower opening having a second upper petal
ring lower opening diameter, the second upper petal ring lower opening diameter being
greater than the second upper petal ring upper opening diameter, and the second upper petal
ring side wall surface having at least one second upper petal side wall slot disposed therein;
and

a second lower petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the first lower petal ring side wall surface, the second lower petal ring
having a second lower petal ring upper end having a second lower petal ring upper end
surface defining a second lower petal ring upper end opening having a second lower petal
ring upper end opening diameter, a second lower petal ring lower end, and

a second lower petal ring side wall surface, the second lower petal ring side wall
surface connecting the second upper petal lower ring end with the second lower petal ring
lower end and defining a second lower petal ring lower opening having a second lower petal
ring lower opening diameter, the second lower petal ring lower opening diameter being
greater than the second lower petal ring upper opening diameter, and the second lower petal
ring side wall surface having at least one second lower petal side wall slot disposed therein.

14.  The packing element system of claim 13, further comprising:

a third upper petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the second upper petal ring side wall surface, the third upper petal ring

having a third upper petal ring upper end having a third upper petal ring upper end surface
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defining a third upper petal ring upper end opening having a third upper petal ring upper end
opening diameter, a third upper petal ring lower end, and

a third upper petal ring side wall surface, the third upper petal ring side wall surface
connecting the third upper petal upper ring end with the third upper petal ring lower end and
defining a third upper petal ring lower opening having a third upper petal ring lower opening
diameter, the third upper petal ring lower opening diameter being greater than the third upper
petal ring upper opening diameter, and the third upper petal ring side wall surface having at
least one third upper petal side wall slot disposed therein; and

a third lower petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the second lower petal ring side wall surface, the third lower petal ring
having a third lower petal ring upper end having a third lower petal ring upper end surface
defining a third lower petal ring upper end opening having a third lower petal ring upper end
opening diameter, a third lower petal ring lower end, and

a third lower petal ring side wall surface, the third lower petal ring side wall surface
connecting the third lower petal upper ring end with the third lower petal ring lower end and
defining a third lower petal ring lower opening having a third lower petal ring lower opening
diameter, the third lower petal ring lower opening diameter being greater than the lower
upper petal ring upper opening diameter, and the third lower petal ring side wall surface
having at least one third lower petal side wall slot disposed therein.

15.  The packing element system of claim 14, further comprising:

a fourth upper petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the third upper petal ring side wall surface, the fourth upper petal ring
having a fourth upper petal ring upper end having a fourth upper petal ring upper end surface
defining a fourth upper petal ring upper end opening having a fourth upper petal ring upper
end opening diameter, a fourth upper petal ring lower end, and

a fourth upper petal ring side wall surface, the fourth upper petal ring side wall
surface connecting the fourth upper petal upper ring end with the fourth upper petal ring
lower end and defining a fourth upper petal ring lower opening having a fourth upper petal
ring lower opening diameter, the fourth upper petal ring lower opening diameter being greater
than the fourth upper petal ring upper opening diameter, and the fourth upper petal ring side
wall surface having at least one fourth upper petal side wall slot disposed therein; and

a fourth lower petal ring partially disposed on the mandrel outer wall surface and
partially disposed on the third lower petal ring side wall surface, the lower upper petal ring

having a fourth lower petal ring upper end having a fourth lower petal ring upper end surface
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defining a fourth lower petal ring upper end opening having a fourth lower petal ring upper
end opening diameter, a fourth lower petal ring lower end, and

a fourth lower petal ring side wall surface, the fourth lower petal ring side wall
surface connecting the fourth lower petal upper ring end with the fourth lower petal ring
lower end and defining a fourth lower petal ring lower opening having a fourth lower petal
ring lower opening diameter, the fourth lower petal ring lower opening diameter being greater
than the fourth lower petal ring upper opening diameter, and the fourth lower petal ring side
wall surface having at least one fourth lower petal side wall slot disposed therein.

16. A packing element system for a downhole tool comprising:

a mandrel having a mandrel outer wall surface;

a rigid upper supporting member operatively associated with the mandrel outer wall
surface;

a rigid lower supporting member operatively associated with the mandrel below the
upper supporting member;

a sealing element operatively associated with the mandrel outer wall surface between
the upper supporting member and the lower supporting member;

an upper mesh ring comprising an upper mesh ring side wall downwardly flared for
receiving an upper end portion of the sealing element within the upper mesh ring;

a lower mesh ring comprising a lower mesh ring side wall upwardly flared for
receiving a lower end portion of the sealing element within the lower mesh ring;

at least one upper petal ring having an upper petal ring side wall and at least one
upper petal ring slot, the upper petal ring side wall being downwardly flared for receiving a
portion of the upper mesh ring;

at least one lower petal ring having a lower petal ring side wall and at least one lower
petal ring slot, the lower petal ring side wall being upwardly flared for receiving a portion of
the lower mesh ring;

a first upper spacer ring disposed on the mandrel outer wall surface between the upper
portion of the sealing element and the upper mesh ring;

a second upper spacer ring disposed on the mandrel outer wall surface between the
first upper spacer ring and the upper mesh ring, the second upper spacer ring comprising a
second upper spacer ring inner wall surface, the second upper spacer ring inner wall surface
and the mandrel outer wall surface defining an upper cavity;

a third upper spacer ring disposed on the mandrel outer wall surface, the third upper

spacer ring being disposed within the upper cavity;
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a first lower spacer ring disposed on the mandrel outer wall surface between the lower
portion of the sealing element and the lower mesh ring;

a second lower spacer ring disposed on the mandrel outer wall surface between the
first lower spacer ring and the lower mesh ring, the second lower spacer ring comprising a
second lower spacer ring inner wall surface, the second lower spacer ring inner wall surface
and the mandrel outer wall surface defining a lower cavity; and

a third lower spacer ring disposed on the mandrel outer wall surface, the third lower
spacer ring being disposed within the lower cavity.

17.  The packing element system of claim 16, wherein four upper petal rings are
nested together and four lower petal rings are nested together.

18. A method of sealing a wellbore, the method comprising the steps of:

(a) running a string into a wellbore, the string having a packing element system,
the packing element system having

a mandrel having a mandrel outer wall surface,

a rigid upper supporting member operatively associated with the mandrel outer wall
surface,

a rigid lower supporting member operatively associated with the mandrel below the
upper supporting member,

a sealing element operatively associated with the mandrel outer wall surface between
the upper supporting member and the lower supporting member,

an upper mesh ring comprising an upper mesh ring side wall downwardly flared for
receiving an upper end portion of the sealing element within the upper mesh ring,

at least one upper petal ring having an upper petal ring side wall and at least one
upper petal ring slot, the upper petal ring side wall being downwardly flared for receiving a
portion of the upper mesh ring,

a first upper spacer ring disposed on the mandrel outer wall surface between the upper
portion of the sealing element and the upper mesh ring,

a second upper spacer ring disposed on the mandrel outer wall surface between the
first upper spacer ring and the upper mesh ring, the second upper spacer ring comprising a
second upper spacer ring inner wall surface, the second upper spacer ring inner wall surface
and the mandrel outer wall surface defining an upper cavity, and

a third upper spacer ring disposed on the mandrel outer wall surface, the third upper

spacer ring being disposed within the upper cavity; and
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(b) applying a load to the mandrel to force the first upper spacer ring into the
sealing element causing the sealing element to move radially outward from a longitudinal
axis of the mandrel into sealing engagement with an inner wall surface of the wellbore, and
causing a portion of the upper mesh ring to rotate radially outward from the longitudinal axis
of the mandrel.

19. The method of claim 18, wherein the load is applied axially in a first direction
along the longitudinal length of the mandrel.

20. The method of claim 19, wherein the load is further applied axially in a
second direction along the longitudinal length of the mandrel.

21.  The method of claim 18, wherein the load is applied radially along the
longitudinal length of the mandrel.
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