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(57) Abregé/Abstract:

A downhole packer element includes an inner and outer cable wrapped layer positioned about an inflatable bladder. The inner and
outer cable wrapped layers are formed from helically wrapped, parallel cables. The inner cable wrapped layer may be wrapped
about a layer of slats. The outer cable wrapped layer may be surrounded by an outer cover. An end sub may serve to couple the
downhole packer element to a mandrel.
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(57) Abstract: A downhole packer element includes an mner and outer cable wrapped layer positioned about an intlatable bladder.
The mner and outer cable wrapped layers are formed from helically wrapped, parallel cables. The mner cable wrapped layer may be
wrapped about a layer of slats. The outer cable wrapped layer may be surrounded by an outer cover. An end sub may serve to couple

the downhole packer element to a mandrel.
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Cable Wrapped Inflatable Packer Element

Cross-Reference to Related Applications
[0001] This application claims priority from U.S. provisional application number 61/943,771,

filed February 24, 2014.

Technical Field/Field of the Disclosure

[0002] The present disclosure relates generally to wellbore isolation devices, and specifically

to elements for inflatable packers.

Background of the Disclosure

10003 ] Fluid-energized, or inflatable, packers are isolation devices used in a downhole
wellbore to seal against the inside of the wellbore or a downhole tubular to separate the section
of wellbore or tubular on one side of the inflatable packer from that on the other side of the
inflatable packer. Inflatable packers use elastic bladders positioned on the outside of a mandrel
which, in response to an increased pressure within the bladder, expand until they contact the
surrounding wellbore or tubular. Continued expansion causes an increase in contact area and
force between the bladder and the wellbore or tubular, thereby sealing the annular space

around the packer.

Summary

[0004] The present disclosure provides for an inflatable packer for use in a wellbore. The
inflatable packer may include a mandrel, the mandrel being generally tubular about an axis: a
bladder, the bladder being generally tubular and formed from an elastomer, the bladder

positioned about the mandrel and forming a space between the mandrel and the bladder

defining

CA 2938136 2018-01-29
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the mterior of the inflatable packer; a slat layer, the slat layer including a plurality of slats
overlapping about the outer surface of the bladder; an inner cable wrapped layer, the inner cable
wrapped layer including a plurality of inner cables wrapped around the slat layer; an outer cable
wrapped layer, the outer cable wrapped layer including a plurality of outer cables wrapped

around the outer diameter of the inner cable wrapped layer.

[0005] The present disclosure also provides for an inflatable packer element for use in a
wellbore. The inflatable packer element may include a bladder, the bladder being generally
tubular and formed from an elastomer; a slat layer, the slat layer including a plurality of slats,
gencrally parallcl and overlapping about the outer surfacce of the bladdcer; an inncr cablc wrappced
layer, the inner cable wrapped layer including a plurality of inner cables wrapped around the slat
layer generally parallel to each other; an outer cable wrapped layer, the outer cable wrapped
layer including a plurality of outer cables wrapped around the outer diameter of the inner cable
wrapped layer generally parallel to each other; the bladder, inner cable wrapped layer, and outer
cablc wrapped laycr coupled to cach other at the cnds of the bladdcr, inncr cable wrapped laycr,

and outer cable wrapped layer.

10006] The present disclosure also provides for a method of manufacturing an inflatable packer
element for use 1n a wellbore. The method may include providing a generally tubular temporary
forming mandrel, the temporary forming mandrel having an axis; coupling a plurality of slats
about the temporary forming mandrel, the slats being generally thin strips of metal, the slats
positioned generally parallel and overlapping about the outer surface of the bladder; wrapping a
plurality of inner cables about the slats to form an mner cable wrapped layer, the mner cables
wrapped generally helically and parallel to each other and at a first angle relative to the axis of

the temporary forming mandrel; wrapping a plurality of outer cables about the inner cable

2
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wrapped layer to form an outer cable wrapped layer, the outer cables wrapped generally

helically and parallel to each other and at a second angle relative to the axis of the temporary
forming mandrel, the second angle being generally the opposite of the first angle; positioning
an end sub about each end of the inflatable packer element; coupling the end sub to the slats,
inner cable wrapped layer, and outer cable wrapped layer; removing the temporary forming

mandrel; positioning a bladder within the slats, the bladder being a generally tubular

elastomer; sealing the bladder to the end sub.

[0006a] The present disclosure also provides for an inflatable packer for use in a wellbore. The
inflatable packer comprises: a mandrel, the mandrel being generally tubular about an axis: a
bladder, the bladder being generally tubular and formed from an elastomer, the bladder
positioned about the mandrel and forming a space between the mandrel and the bladder
detining the interior of the inflatable packer; a slat layer, the slat layer including a plurality of
slats overlapping about the outer surface of the bladder; an inner cable wrapped layer, the
inner cable wrapped layer including a plurality of inner cables wrapped around the slat layer;
an outer cable wrapped layer, the outer cable wrapped layer including a plurality of outer
cables wrapped around the outer diameter of the inner cable wrapped layer; and an end sub
positioned at each end of the bladder, inner cable wrapped layer, and outer cable wrapped
layer, the end sub positioned to couple each of the bladder, inner cable wrapped layer, and
outer cable wrapped layer to the mandrel, the end sub including a seal housing and seal ring,

the seal housing positioned about the bladder, the seal ring positioned to compress the bladder

against the seal housing, and a lock ring positioned to retain and compress the seal ring against

the bladder.

CA 2938136 2018-01-29
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[0006b] The present disclosure also provides for a method of manufacturing an inflatable
packer element for use in a wellbore. The method comprises: providing a generally tubular
temporary forming mandrel, the temporary forming mandrel having an axis; coupling a
plurality of slats about the temporary forming mandrel, the slats being generally thin strips of
metal, the slats positioned generally parallel and overlapping about the outer surface of the
temporary forming mandrel; wrapping a plurality of inner cables about the slats to form an
inner cable wrapped layer, the inner cables wrapped generally helically and parallel to each
other and at a first angle relative to the axis of the temporary forming mandrel; wrapping a
plurality of outer cables about the inner cable wrapped layer to form an outer cable wrapped
layer, the outer cables wrapped generally helically and parallel to each other and at a second
angle relative to the axis of the temporary forming mandrel, the second angle being generally
the opposite of the first angle; positioning an end sub about each end of the inflatable packer
element; coupling the end sub to the slats, inner cable wrapped layer, and outer cablc wrapped
layer; removing the temporary forming mandrel; positioning a bladder within the slats, the
bladder being a generally tubular elastomer; and sealing the bladder to the end sub by a seal

ring held 1n place by a lock ring.
Brief Description of the Drawings

[0007] The present disclosure is best understood from the following detailed description when
read with the accompanying figures. It is emphasized that, in accordance with the standard

practice in the industry, various features are not drawn to scale. In fact, the dimensions of the

various features may be arbitrarily increased or reduced for clarity of discussion.

3a
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[0008] FI1G. 1 depicts a cut-away 1sometric view of a cable wrapped inflatable packer clement

consistent with embodiments of the present disclosure.

[0009] FIG. 1A depicts a cross section view of the slats of the cable wrapped inflatable packer

element of FIG. 1.

[0010] FIG. 2 depicts a partial cross section view of a cable wrapped inflatable packer element

consistent with embodiments of the present disclosure.
[0011] FIG. 3 depicts a detail view of the cable wrapped inflatable packer element of FIG. 2.

[0012] FIG. 4 depicts a lateral cross section view of the cable wrapped inflatable packer

element of FIG. 2 at line 4-4.

3b
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Detailed Description

[0013] It 1s to be understood that the following disclosure provides many different embodiments,
or examples, for implementing different features of various embodiments. Specific examples of
components and arrangements are described below to simplify the present disclosure. These are,
of course, merecly examples and are not intended to be limiting. In addition, the present
disclosure may repeat reference numerals and/or letters 1in the various examples. This repetition
1s for the purpose of simplicity and clarity and does not in 1tself dictate a relationship between

the various embodiments and/or configurations discussed.

[0014] As depicted in FIGS. 1-4, inflatable packer 101 may include mandrel 103. Mandrel 103 1s
a generally tubular body having an interior and extending the length of inflatable packer 101.
Mandrel 103 may include coupling 105 at one or both of its ends positioned to, for example,
couple inflatable packer 101 to adjacent tubular member 107 to, for example, make up part of a
tool string. In some embodiments, bladder 109 may be positioned about mandrel 103. Bladder
109 may be a generally tubular, elastomeric member positioned with a gap between 1ts inner
surface and mandrel 103, the gap forming interior cavity 111 of inflatable packer 101. Bladder
109 may be sealed to mandrel 103 such that when fluid pressure within interior cavity 111

increases, bladder 109 inflates and moves radially outward from mandrel 103.

[0015] In some embodiments, bladder 109 1s surrounded by a plurality of slats 112. Slats 112
may be relatively thin strips of metal positioned 1n an overlapping arrangement about bladder
109 as depicted 1n FIG. 1A. In somc cmbodiments, as depicted in FIGS. 2, 3, boot 114 may bc

positioned between bladder 109 and slats 112. Slats 112 may be coupled to each other by, for

example, welding.
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[0016] In some embodiments, slats 112 are surrounded by inner cable wrap layer 113. Inner
cable wrap layer 113 includes a plurality of mner cables 115 wrapped around bladder 109. In
some embodiments, inner cables 115 may be laid in parallel about the perimeter of bladder 109.
In some embodiments, inner cables 115 may be positioned helically about bladder 109. In some
embodiments, the angle between inner cables 115 and a longitudinal line along the length of
bladder 109 may be approximately 5 to 30°. In some embodiments, the angle between inner
cables 115 and the longitudinal line along the length of bladder 109 may be approximately 15°.
Inner cables 115 are positioned to cover substantially the entirety of the outer surface of bladder
109. Depending on the diameter of mnner cables 115, the number of 1nner cables 115 may vary to
fully cover bladder 109. In some embodiments, the diameter of inner cables 115 may be
approximately 1/32” to 1/2". In some embodiments, the diameter of inner cables 115 may be
approximately 1/87. In some embodiments, the diameter of inner cables 115 may be

approximately 3/32”.

[0017] In somc cmbodiments, inncr cable wrap laycr 113 1s surroundcd by outcr cable wrap
layer 117. Outer cable wrap layer 117 includes a plurality of outer cables 119 wrapped around
iner cable wrap layer 113. In some embodiments, outer cables 119 may be laid 1n parallel about
the perimeter of inner cable wrap layer 113. Outer cables 119 may be laid so that they wrap
around 1ner cable wrap layer 113 1n the opposite direction as cables 115 wrap about bladder
109. As such, 1n som¢ cmbodiments, the anglc between outer cables 119 and the longitudinal linc
along the length of bladder 109 1s approximately -5 to -30°. In some embodiments, the angle
between outer cables 119 and the longitudinal line along the length of bladder 109 may be
approximately -15°. Outer cables 119 are positioned to cover substantially the entirety of the

outer surface of mner cable wrap layer 113. Depending on the diameter of outer cables 119, the
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number of outer cables 119 may vary to fully cover inner cable wrap layer 113. In some
embodiments, the diameter of outer cables 119 may be approximately 1/32” to 1/2". In some
embodiments, the diameter of outer cables 119 may be approximately 1/8”. In some

embodiments, the diameter of outer cables 119 may be approximately 3/327.

[0018] Inner cables 115 and outer cables 119 are positioned so that as bladder 109 increases In
diameter as previously discussed, inner and outer cables 115, 119 likewise extend radially. In
some embodiments, inner and outer cables 115, 119 may, for example, increase the rigidity and
restlience of bladder 109 allowing, for example, larger pressures to be used to inflate bladder
109. In somc cmbodimcents, outcr cables 119 may bc positioncd to dircctly cngage the
surrounding wellbore or tubular when inflated. In some embodiments, outer cables 119 may be
formed from a material which, when forced against the surrounding wellbore or tubular,
clastically or plastically deform to form a fluid seal between inflatable packer 101 and the

surrounding wellbore or tubular.

[0019] In some embodiments, as depicted 1n FIGS. 1-4, at least a portion of outer cable wrap
layer 117 may be surrounded by outer cover 121. In some embodiments, as depicted in FIG. 1,
outer cover 121 may surround the entirety of outer cable wrap layer 117. In some embodiments,
as depicted in FIGS. 2, 3, outer cover 121 may surround only a portion of outer cable wrap layer
117. Outer cover 121 may be formed from an clastomeric material. Outer cover 121 may
likewise expand radially as bladder 109 increases in diameter. Outer cover 121 may be
positioned to enhance the fluid sealing capacity of inflatable packer 101 by, for example,
increasing the contact surface between inflatable packer 101 and the surrounding wellbore or
tubular. Additionally, where outer cover 121 1s formed from an clastomeric material and inner

and outer cables 115, 119 are formed from a metal, the generally lower Young’s Modulus of

0
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clastomers may allow outer cover 121 to more readily conform to any surface wrregularities of

the surrounding wellbore or tubular.

[0020] In some embodiments, end sub 122 1s positioned to couple bladder 109, inner cable wrap
laycr 113, outer cable wrap layer 115, and (1f includcd) outcr cover 121 to mandrel 103. In some
embodiments of the present disclosure, end sub 122 may include stress ring 123 at each end of
inflatable packer 101. As depicted in FIGS. 2, 3, stress ring 123 may be positioned about bladder
109, inner cable wrap layer 113, outer cable wrap layer 117, and (if included) outer cover 121. In
embodiments 1n which outer cover 121 does not fully surround outer cable wrap layer 115, an
clastomcric gaskct 124 may bc positioncd between stress ring 123 and outer cable wrap layer
117. Stress ring 123 and elastomeric gasket 124 may, when inflatable packer 101 1s inflated,
serve to, for example, reduce or prevent bladder 109, slats 112, inner cable wrap layer 113, and
outer cable wrap layer 117 from bending too sharply and possibly causing material failure from
assoclated stress concentrations. In some embodiments, end sub 122 may further include sleeve
125 and scal housing 127. Strcss ring 123 may bc coupled to sleeve 125. Slecve 125 may be
coupled to seal housing 127. Sleeve 125 1s positioned to surround inner and outer cable wrap
layers 113, 117. In some embodiments, sleeve 125 may be positioned to compress mner and
outer cable wrap layers 113, 117 between sleeve 125 and seal housing 127. In other
embodiments, the space between sleeve 125 and seal housing 127 which contains inner and outer
cablc wrap laycrs 113, 117, may be fillcd by a potting matcrial such as, for cxamplc and without

[imitation, epoxy resin.

[0021] In some embodiments, seal housing 127 1s positioned tightly around the outer diameter of

bladder 109. In some embodiments, seal ring 129 may be inserted into the end of seal housing
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127 and positioned to compress bladder 109 against seal housing 127. In some embodiments,

lock ring 131 may be positioned to retain and supply the compressive force against seal ring 129.

[0022] In some embodiments, seal housing 127 1s coupled directly to mandrel 103. In other
cmbodiments, scal housing 127 1s coupled to conncction sub 133, 133° by, for cxamplc and
without limitation, a threaded connection or by epoxy resin. As depicted in FIG. 2, in some
embodiments, one or more seals 135 may be positioned between connection sub 133 and
mandrel 103. In some embodiments, end cap 137 may be positioned on the end of connection
sub 133. In some embodiments, each end of inflatable packer 101 may utilize a different type of

conncction sub 133, 1337,

[0023] For example, connection sub 133’ may, in some embodiments, include one or more ports
139 positioned to supply fluid to interior cavity 111 to allow inflatable packer 101 to inflate. In
some embodiments, port 139 may be coupled to a valve assembly (not shown) positioned to

allow or prevent fluid from flowing into interior cavity 111.

[0024] In order to form inflatable packer 101, in some embodiments, the components of
inflatable packer 101 may be built up directly onto mandrel 103. In other embodiments, a
subassembly of inflatable packer 101 including slats 112, inner and outer cable wrapped layers
113, 117, and outer cover 121 may be assembled on a temporary forming mandrel. The
temporary forming mandrel may have an outer diameter equal to that of bladder 109. Boot 114
may be placed onto the temporary forming mandrel to, for example, allow the completed
inflatable packer subassembly to be removed from the temporary forming mandrel. Slats 112
may then be positioned about boot 114 and coupled to each other by, for example, welding. Inner

cables 115 may then be wrapped about slats 112 to form inner cable wrapped layer 113. Outer
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cables 119 may then be wrapped about inner cable wrapped layer 113 to form outer cable

wrapped layer 117.

[0025] For each end of the inflatable packer subassembly, an end sub 122, which may include
scal housing 127, slccve 125, and stress ring 123, may then be assemblced and positioncd onto the
temporary forming mandrel 1n the position previously described relative to inner and outer cable
wrapped layers 113, 117. Seal housing 127, sleeve 125, and stress ring 123 may, in some
embodiments, then be coupled to inner and outer cable wrapped layers 113, 117, slats 112,
and/or boot 114 by, for example, the njection of epoxy resin into the spaces therebetween. In
somc cmbodiments, the inflatablc packcer subassecmbly may then be put under tension to, for
example, pre-stress mmner and outer cables 115, 119, or to stretch the inflatable packer
subassembly to a specified length. In some embodiments, outer cover 121 may be applied to
outer cable wrap layer 117. In some embodiments, outer cover 121 may be formed by wrapping,

injection molding, etc.

[0026] The inflatable packer subassembly may then be removed from the temporary forming
mandrel, bladder 109 may be inserted into the interior of inflatable packer subassembly and
attached thercto by, for example seal and lock rings 129, 131. The now complete inflatable
packer subassembly, also known as an inflatable packer element, may then be positioned about

mandrel 103, and joined thereto by, for example, connection subs 133, 133’

[0027] The foregoing outlines features of several embodiments so that a person of ordinary skill
in the art may better understand the aspects of the present disclosure. Such features may be
replaced by any one of numerous equivalent alternatives, only some of which are disclosed

herein. One of ordinary skill in the art should appreciate that they may readily use the present
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disclosure as a basis for designing or modifying other processes and structures for carrying out
the same purposes and/or achieving the same advantages of the embodiments mtroduced herein.
One of ordinary skill in the art should also realize that such equivalent constructions do not
depart from the spirit and scope of the present disclosure and that they may make various
changes, substitutions, and alterations herein without departing from the spirit and scope of the

present disclosure.

10



Claims:

1. An inflatable packer for use in a wellbore, the inflatable packer comprising:

10

15

a mandrel, the mandrel being generally tubular about an axis;

a bladder, the bladder being generally tubular and formed from an elastomer,
the bladder positioned about the mandrel and forming a space between

the mandrel and the bladder defining the interior of the inflatable

packer;

a slat layer, the slat layer including a plurality of slats overlapping about the

outer surface of the bladder;

an inner cable wrapped layer, the inner cable wrapped layer including a

plurality of inner cables wrapped around the slat layer;

an outer cable wrapped layer, the outer cable wrapped layer including a

plurality of outer cables wrapped around the outer diameter of the inner

cable wrapped layer;

an end sub positioned at each end of the bladder, inner cable wrapped layer,
and outer cable wrapped layer, the end sub positioned to couple each of
the bladder, inner cable wrapped layer, and outer cable wrapped layer to
the mandrel, the end sub including a seal housing and seal ring, the seal

housing positioned about the bladder, the seal ring positioned to

11
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compress the bladder against the seal housing, and a lock ring

positioned to retain and compress the seal ring against the bladder.

The inflatable packer of claim 1, wherein the slats comprise generally thin strips of

metal.
The 1nflatable packer of claim 1, wherein the slats are positioned generally parallel.

The inflatable packer of claim 1, wherein the inner cables are wrapped generally

parallel to each other.

The inflatable packer of claim 1, wherein the outer cables are wrapped generally

parallel to each other.

The inflatable packer of claim 1, wherein the end sub further comprises a stress ring
positioned about the bladder, inner cable wrapped layer, and outer cable wrapped

layer.

The 1nflatable packer of claim 1, further comprising a connection sub, the connection

sub positioned to fluidly seal between the interior of the inflatable packer and the

mandrel at the end of the bladder.

The inflatable packer of claim 7, wherein the connection sub further comprises at least

one port positioned to supply fluid to the interior of the inflatable packer.

The nflatable packer of claim 1, wherein the mandrel further comprises a coupling at

an end of the mandrel positioned to couple the mandrel to an adjacent tubular member.

12
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The inflatable packer of claim 1, wherein the inner cables are helically wrapped about
the bladder in a first direction, and the outer cables are helically wrapped about the

inner cable wrapped layer in the opposite direction.

T'he 1nflatable packer of claim 10, wherein the angle between a line parallel with the
ax1s of the mandrel along the outer surface of the bladder and each of the inner cables

1S approximately S to 30°, and the angle between the line and each of the outer cables

is approximately -5 to -30°.

The inflatable packer of claim 10, wherein the angle between a line parallel with the
ax1s of the mandrel along the outer surface of the bladder and each of the inner cables

1s approximately 15°, and the angle between the line and each of the outer cables is

approximately -15°.

The inflatable packer of claim 1, wherein at least a portion of the outer cable wrapped

layer is surrounded by an outer cover, the outer cover being generally tubular and

formed from an elastomer.

A method of manufacturing an inflatable packer element for use in a wellbore, the

method comprising:

providing a generally tubular temporary forming mandrel, the temporary

forming mandrel having an axis:

coupling a plurality of slats about the temporary forming mandrel, the slats

being generally thin strips of metal, the slats positioned generally

13
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parallel and overlapping about the outer surface of the temporary

forming mandrel;

wrapping a plurality of inner cables about the slats to form an inner cable
wrapped layer, the inner cables wrapped generally helically and parallel
to cach other and at a first angle relative to the axis of the temporary

forming mandrel;

wrapping a plurality of outer cables about the inner cable wrapped layer to
form an outer cable wrapped layer, the outer cables wrapped generally

helically and parallel to each other and at a second angle relative to the
axis of the temporary forming mandrel, the second angle being

generally the opposite of the first angle;

positioning an end sub about cach end of the inflatable packer element;

coupling the end sub to the slats, inner cable wrapped layer, and outer cable

wrapped layer;

removing the temporary forming mandrel;

positioning a bladder within the slats, the bladder being a generally tubular

elastomer:;

sealing the bladder to the end sub by a seal ring held in place by a lock ring.

14
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16.

17.

18.

The method of claim 14, wherein the end sub is coupled to the slats, inner cable
wrapped layer, and outer cable wrapped layer by injecting epoxy resin into the space

therebetween.

The method of claim 14, wherein the first angle is approximately 5 to 30°, and the

second angle 1s approximately -5 to -30°.

The method of claim 14, wherein the first angle is approximately 15°, and the second

angle 1s approximately -15°.

The method of claim 14, further comprising:

forming a generally tubular, elastomeric outer cover about the outer cable

wrapped layer.

15
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