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(57) ABSTRACT 
In?atable packer assemblies and bridge plugs that incorpo 
rate selective components made of a composite material, 
thereby providing improvements in Weight, drillability and 
corrosion resistance. A through-tubing packer assembly is 
described having end sleeves fashioned partially from com 
posite material of high strength ?ber and polymer resin. The 
in?atable packer element has longitudinal ribs fashioned 
from composite material With a specialized cross-section 
having a larger cross-section of rib material in locations 
Where additional bending resistance is required and permits 
additional elastomeric material to be placed about the ribs in 
sealing areas. An external casing packer is also described 
having a composite valve assembly and central mandrel 
formed primarily of composite material. The mandrel 
includes metallic ?ttings for threaded attachments to be 
made. 
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COMPOSITE INFLATABLE DOWNHOLE PACKER 
OR BRIDGE PLUG 

[0001] This application claims the priority of US. Provi 
sional patent application Ser. No. 60/444,439 ?led Feb. 3, 
2003. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates generally to earth boring and 
deep Well completion tools and methods. In certain aspects, 
the invention relates to fabrication materials and methods for 
constructing in?atable packers or bridge plugs. 

[0004] 2. Description of the Related Art 

[0005] A subterranean Well annulus is that generally annu 
lar space Within a Wellbore betWeen the inside bore Wall or 
casing and the outer surfaces of a pipe or tube that is 
suspended Within the Wellbore. Packers and bridge plugs are 
Well tools that are commonly used to segregate axially 
adjacent sections of the Well annulus to prevent the transfer 
of ?uids, liquid or gas, from ?oWing or migrating from one 
earth strata to another. Brie?y, the packer is a structural 
barrier along a short length of the annulus performing the 
function of erecting a ?uid-tight seal at both outer and inner 
surface perimeters thereby preventing ?uid and pressure 
transfer betWeen axially adjacent Well sections. Through 
tubing packers and bridge plugs are also knoWn. These 
devices are disposed Within the interior of a string of 
production tubing or the like, and then set Within to provide 
?uid tight sealing thereWithin. 

[0006] There are numerous mechanisms available to the 
driller or hydrocarbon producer for erecting a barrier in the 
form of a packer. One of the several mechanisms is an 
in?atable packer. Characteristically, in?atable packers com 
prise an elastomeric boot element around the outer perimeter 
of a tubular mandrel. Opposite ends of the elastomeric boot 
are secured to the mandrel. Further, the ends are overlaid by 
a sleeve structure that is either assembled With or integral 
With pipe joint structure. The Well annulus, or, alternatively, 
the tubing interior, is obstructed by expansion of the elas 
tomeric boot from the mandrel. ApressuriZed charge of ?uid 
is expressed from the mandrel ?oW bore through a valve 
conduit in the mandrel Wall or collar. This expressed ?uid is 
channeled betWeen the sleeve underside and the mandrel 
outer surface thereby expanding the elastomeric boot against 
the surrounding Well bore or tubing Wall. 

[0007] When the packer is in?ated to expand the elasto 
meric boot against the inside casing, tubing, or borehole 
Wall, extremely high hoop stress is imposed upon the sleeve. 
Where the packer con?nes high-pressure differentials, the 
hoop stress is even greater. Accordingly, the packer end 
sleeve is usually fabricated With high strength materials. 
Unfortunately, many high strength metals are adversely 
affected by the ?uids and gases typically present in a Well 
environment: for example, CO2, H2 S and production stimu 
lation acids. Additionally, the use of high strength materials 
for packer components makes it more dif?cult to drill out the 
packer assembly should it become stuck in the Wellbore and 
have to be removed in that manner. 

[0008] Packer service conditions, therefore, strongly dic 
tate fabrication material selection in many instances. More 
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exotic materials, such as high-strength Inconel, have tradi 
tionally been used for construction of packers to be used in 
severe condition applications. HoWever, the resulting cost is 
expensive. 

[0009] US. Pat. No. 6,269,878, issued to Wyatt et al. 
relates to the design of an in?atable packer assembly. Wyatt 
explains that any piece of the packer assembly may be made 
of “drillable” material, such as ?berglass, drillable plastic, 
cast iron, aluminum, aluminum alloys, ?ber reinforced resin 
materials and so forth so that the packer assembly may be 
drilled or milled out of the Wellbore. Beyond this general 
indication, hoWever, there are no speci?c suggestions as to 
Which packer components should be constructed of drillable 
materials and Which should not. There is also no indication 
as to Which materials out of the list provided are best used 
for particular components. 

[0010] Accordingly, it is an object of the present invention 
to provide a packer construction from materials that are 
suf?ciently strong for most applications and yet are substan 
tially impervious to the chemistry of most doWnhole ?uids. 
It is also an object of the present invention to provide a 
packer device that is both strong and relatively inert to 
corrosive Well ?uids. An additional object of the invention 
is to provide a packer sleeve construction that is substan 
tially comprised of high strength composite materials such 
as carbon or aramid ?ber bound in a polymer composition. 
A further object of this invention is to provide a packer 
construction having improved packer performance and life. 

SUMMARY OF THE INVENTION 

[0011] Packer assemblies are described that incorporate 
selective components made of a composite material, thereby 
providing improvements in Weight, drillability, corrosion 
resistance, and overall packer performance. In one described 
embodiment, a through-tubing packer assembly is described 
having end sleeves that are fashioned partially from com 
posite material. 

[0012] Apacker end sleeve construction is described that 
utiliZes a composite of high strength ?ber and polymer resin. 
The ?bers are formed of high strength aramid or carbon, so 
that the resulting composite of ?ber and resin Will have 
tensile strengths approaching 300 ksi. In forming the end 
sleeve, the ?bers are Wrapped in layers and oriented in a 
manner to address particular expected stress conditions. If 
high hoop stresses Will be imposed upon a particular com 
ponent, the ?bers Within the composite material Will be 
primarily oriented in a circumferential direction for maxi 
mum hoop strength. If axial strain Will be imposed upon the 
component, a portion of the ?bers Will be oriented in 
position that is substantially normal to the circumference in 
order to increase axial strength. The ?bers are bound in a 
high temperature thermoplastic matrix, such as PEEK (poly 
ether-ether-keytone). 
[0013] Additionally, the in?atable packer element is sur 
rounded by a plurality of longitudinal ribs that are fashioned 
from composite material. The ribs have a specialiZed cross 
section that provides for a larger cross-section of rib material 
in locations Where additional bending resistance is required 
and a smaller cross-section of rib material Where such 
bending resistance is not required. The rib design permits 
additional elastomeric material to be placed about the ribs in 
sealing areas. The ribs are constructed of several plys of 
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varying orientations to address the different stresses encoun 
tered throughout the length of a rib. 

[0014] A support sleeve fashioned of KEVLAR® or 
another suitably strong composite material is located at the 
interface of the expandable bladder and end sleeve in order 
to provide reinforcement to the composite portions of the 
end sleeve against expansive forces. This sleeve construc 
tion is provided over the rib area of a packer sleeve Where 
a majority of hoop stress is applied. The support sleeve 
changes the outWard radial stress that is applied to the loWer 
portion of the end sleeve by ?attening the geometry of rib 
deployment during in?ation of the bladder. Due to the 
necessity for threaded assembly of the packer sleeve to the 
remaining pipe structure, the composite sleeve construction 
may be hybridiZed With threaded steel inserts. 

[0015] An exemplary external casing packer is also 
described that incorporates a central mandrel that is formed 
primarily of composite material. The mandrel also includes 
metallic ?ttings for threaded attachments to be made. If 
desired, the entire external casing packer assembly can be 
made of composites, including the valve collar. A valve 
collar that is fashioned of composite material is more easily 
manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The advantages and further aspects of the invention 
Will be readily appreciated by those of ordinary skill in the 
art as the same becomes better understood by reference to 
the following detailed description When considered in con 
junction With the accompanying draWings in Which like 
reference characters designate like or similar elements 
throughout the several ?gures of the draWing and Wherein: 

[0017] FIG. 1 is a side vieW, partially in cross-section, of 
an exemplary through-tubing bridge plug that incorporates 
an in?atable packer assembly constructed using composite 
components in accordance With the present invention. 

[0018] FIG. 2 is a side vieW, partially in cross-section, of 
the in?atable packer element of the bridge plug of FIG. 1, 
shoWn apart from the other components. 

[0019] FIG. 3 is a side, cross-sectional detail of an exem 
plary end sleeve for use in the packer element shoWn in FIG. 
2. 

[0020] FIGS. 4A, 4B, 4C, and 4D illustrate an exemplary 
process for forming a pair of partially composite end 
sleeves. 

[0021] FIG. 5 illustrates, in side cross-section, the annular 
end cap used With the end sleeve shoWn in FIG. 3. 

[0022] FIG. 6 is an axial cross-section taken along lines 
6-6 in FIG. 2 illustrating the overlapping arrangement of 
ribs. 

[0023] FIG. 7 is a side cross-sectional vieW of an alter 
native end sleeve for use in the through-tubing packer 
element shoWn in FIG. 2. 

[0024] FIG. 8 is a side cross-sectional vieW of a further 
alternative end sleeve for use in the through-tubing packer 
element shoWn in FIG. 2. 

[0025] FIG. 9 is a cross-sectional vieW of a portion of an 
exemplary end sleeve arrangement also illustrating a method 
of securing composite ribs Within a partially composite end 
sleeve. 
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[0026] FIG. 10 is a cross-sectional vieW of a portion of an 
alternative end sleeve arrangement also illustrating a method 
of securing composite ribs Within a metallic end sleeve. 

[0027] FIG. 11 is a side cross-sectional vieW of the 
exemplary composite rib shoWn in FIG. 11. 

[0028] FIG. 12 is an axial cross-sectional vieW of an 
exemplary composite rib taken along lines 12-12 in FIG. 11. 

[0029] FIG. 13 is an illustrative diagram depicting the 
overlapping arrangement of a plurality of ribs upon in?ation 
of the bladder element of a packer assembly. 

[0030] FIG. 14 is a side cross-sectional vieW of an exter 
nal casing packer assembly constructed using composite 
components in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] The present invention is directed to designs for 
in?atable packer assemblies and bridge plugs that utiliZe 
non-metallic, lightWeight, composite materials to form for 
certain components. The resulting packer assemblies or 
bridge plugs are lighter in Weight and easier to drill or mill 
out of the Wellbore than conventional packer assemblies. 
Additionally, the composite portions of the packer or plug 
assemblies Will be more resistant to corrosive doWnhole 
chemicals, such as CO2 and HZS, than conventional packer 
assemblies. At the same time, the packer or plug assemblies 
Will have the hardness and durability necessary to provide 
adequate threaded connections to other components Within a 
drill string. Asuitable composite material for use in forming 
the components described herein is a carbon ?ber/PEEK 
matrix. 

[0032] Referring ?rst to FIG. 1, there is shoWn an exem 
plary through-tubing bridge plug 10 that incorporates an 
in?atable packer assembly. The bridge plug 10 is typically 
carried on Wireline or coiled tubing, in a manner knoWn in 
the art, and disposed doWnWardly through production tubing 
(not shoWn). When the plug 10 is loWered to a desired 
location, the plug 10 is set by in?ating the in?atable packer 
element. The mechanics of such setting and in?ation are 
Well knoWn and, thus, Will not be described in detail here. 
The plug 10 includes, at its upper end, a ?shing neck portion 
12 having a reduced diameter external latching pro?le 14 by 
Which a ?shing tool (not shoWn) may be secured for removal 
of the plug 10 from the production tubing. BeloW the ?shing 
neck portion 14 is an upWardly and outWardly directed 
shoulder 16 Which transitions to an expanded diameter 
portion 18. A valve assembly sub 20 is located directly 
beloW the expanded diameter portion 18. The valve assem 
bly sub 20 houses ?uid valving used in in?ation of the 
in?atable packer assembly of the plug 10. The loWer end of 
the valve assembly sub 20 presents an annular ring portion 
22 having internal threads 24 and external threads 26. 

[0033] Conventionally, the ?shing neck portion 12 and 
valve assembly sub 20 have consisted of metallic compo 
nents that are threadedly connected to one another. In the 
plug 10, hoWever, the ?shing neck portion 12 and valve 
assembly sub 20 are unitarily formed as a single top sub 
component fashioned of composite material. The use of 
composite material permits the top sub portion of the plug 10 
to be easily drilled or milled aWay in the event that the plug 
10 becomes stuck Within the production tubing and cannot 



US 2004/0216871 A1 

be removed using a ?shing tool. Composite material also 
provides for a plug 10 that is lighter in Weight and, therefore, 
more desirable and easily used in situations Where the 
Wellbore is angled or substantially horiZontal in orientation. 

[0034] BeloW the unitary top sub, a poppet housing 28 is 
secured by threading to the exterior threads 26 and encloses 
poppet 30 and compression spring 32. The poppet housing 
28 is secured by threading at its loWer end to spring housing 
34. These components operate in a Well-known manner to 
assist in?ation of the bladder element of the plug 10. A 
central mandrel 36 is secured at its upper end to the threaded 
connection 24 of the top sub described previously and 
extends doWnWardly. At its loWer end, the mandrel 36 is 
secured to a bullnose 38 by threaded connection 40. The 
mandrel 36 de?nes a central bore 42 along its axial length. 
Surrounding the mandrel 36 beloW the spring housing 34 is 
an in?atable packer element 44, the details of Which Will be 
described in detail shortly. The loWer end of the in?atable 
packer element 44 is secured by threading to a bottom sub 
46, Which is ?tted With a bleed plug 48. The bottom sub 46 
also supports a shear ring 50, shear adapter 52 and shear 
screW 54 that are used for normal operation of the in?atable 
packer element 44, in a manner that is Well understood by 
those of skill in the art, if removal of the plug 10 is required 
after setting. 

[0035] FIG. 2 illustrates the in?atable packer element 44 
of the plug 10 apart from the other components of the plug 
10 so that its structure and operation is more easily seen. As 
best seen there, the packer element 44 includes an upper end 
sleeve 56, packer element portion 58 and loWer end sleeve 
60. The packer element portion 58 includes a bladder 
element 62 that is fashioned of nitrile rubber, as is knoWn in 
the art. The bladder element 62 radially surrounds the central 
mandrel 36, shoWn in FIGS. 1 and 6. An annular space 63 
is schematically illustrated in FIG. 1 as being de?ned 
betWeen the bladder element 62 and the mandrel 36. As is 
knoWn in the art, the bladder element 62 maybe radially 
in?ated to set the packer element 44 by disposing ?uid, 
under pressure, into the annular space 63, thereby in?ating 
and radially expanding the bladder element 62. The bladder 
element 62 is retained Within the upper and loWer end 
sleeves 56, 60 by metallic retaining rings 64 and 66 Which 
seat inside of the end sleeves 56, 60, respectively, thereby 
trapping the axial ends of the bladder element 62 betWeen 
the retaining rings 64, 66 and the end sleeves 56, 60. 

[0036] Several longitudinal reinforcing ribs 68 are 
arranged circumferentially about the outer surface of the 
bladder element 62 in an overlapping fashion. The overlap 
ping arrangement of ribs 68 is best seen by reference to FIG. 
6. The ribs 68 are fashioned of composite material and Will 
be described in greater detail shortly. 

[0037] Referring once again to FIGS. 1 and 2, a pair of 
enlarged elastomeric sealing elements 70, 72 is shoWn 
surrounding the ribs 68. These sealing elements 70, 72 
provide contact surfaces that contact and engage the interior 
of a production tubing string When the bladder element 62 is 
in?ated. The sealing elements 70, 72 provide for a resilient 
and ?uid tight seal against the interior of the production 
tubing. If a larger version of the packer element 44 Were to 
be integrated into a production tubing string, sealing Would 
occur against the casing Wall or open hole Wall of the Well. 
It is noted that, While the sealing elements 70, 72 are 
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illustrated as covering only a portion of the axial length of 
the ribs 68, the packer element 44 may also be formed so that 
a sealing element surrounds essentially the entire radial 
exterior surface of the ribs 68. 

[0038] The upper and loWer end sleeves 56, 60 are par 
tially comprised of a composite material and partially com 
prised of standard metal, such as steel. FIG. 3 depicts an 
exemplary design for the upper end sleeve 56. It Will be 
understood, hoWever, that the same construction may be 
used for the loWer end sleeve 60. As shoWn, the end sleeve 
56 includes a ?rst, upper portion 74 that is fashioned of 
metal, typically steel, and a second, loWer portion 76 that is 
fashioned of composite material. Additionally, an annular 
end cap 78 is secured to the loWer end of the second portion 
74. The annular end cap 78 functions to provide a resilient 
and strong loWer shoulder for the upper end sleeve 56 and, 
similarly, a resilient and strong upper shoulder for the loWer 
end sleeve 60. The end caps 78also provide optimal resis 
tance to hoop stress forces that are imposed upon the loWer 
end of the upper end sleeve 56 and the upper end of the 
loWer end sleeve 60 during in?ation of the bladder element 
62. It is noted that the ?rst, metallic portion 74 of the end 
sleeve 56 is overlapped by and af?xed to the second portion 
76 over a contact area 80, Which is depicted in FIG. 3. The 
?rst, upper portion 74 includes a threaded box-type connec 
tor 80 that is used to affix the end sleeve 56 to the spring 
housing 34. 

[0039] In currently preferred embodiments, the composite 
used to form the second portion 76 of the end sleeve 56 
consists of high strength ?ber and polymer resin. The ?bers 
are preferably formed of aramid (KEVLAR®)or carbon and, 
When formulated together With the resin, provide tensile 
strengths approaching 300 ksi. As Will be described in 
greater detail shortly, a plurality of layers of the ?bers are 
Wrapped circumferentially about the end sleeve 18 for 
maximum hoop strength and bound in a high temperature 
thermoplastic matrix. PEEK (poly-ether-ether-keytone) pro 
vides a suitable thermoplastic matrix, although other suit 
able matrixes may be used. An important advantage to the 
use of composite material in forming portions of the end 
sleeves 56, 60 is that reinforcing ribs 68 that are formed of 
a composite material may be more easily and securely 
af?xed to the composite portions of the end sleeves 56, 60, 
as Will be described in greater detail shortly, With respect to 
FIG. 9. 

[0040] The second, loWer portion 76 is preferably formed 
by Winding a number of layers of composite material onto 
the overlap portion 81 of the ?rst, upper portion 74. Refer 
ring noW to FIGS. 4A, 4B, 4C and 4D, an exemplary, and 
currently preferred, method of forming a pair of composite 
end sleeves, such as end sleeves 56 and 60, is illustrated. 
FIG. 4A is a side cross-sectional vieW that depicts a pair of 
metallic end pieces 82, 84 removably disposed upon a 
tubular section 86 to form a unitary Workpiece 88. The 
metallic end pieces 82, 84 correspond to the upper portion 
74 of an end sleeve 56 or 60 as described above. The exterior 
radial surface of the overlap portion 81 of each of the 
metallic end pieces 82, 84 is knurled, grooved or otherWise 
roughened to help the layers of composite material to adhere 
and become securely affixed to the end pieces 82, 84. FIGS. 
4B and 4C are external vieWs of the Workpiece 88 illustrate 
the application of different layers of composite material. In 
FIG. 4B, a ?rst layer 90 of composite material is being 
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Wound onto the workpiece 88 as the workpiece 88 is being 
rotated about its longitudinal axis 92. The layer is placed 
onto the workpiece 88 With an in-situ melting and bonding 
process Without curing. The ?rst layer 90 includes a resin 
matrix base coating a plurality of ?ber strands 94 that are 
oriented generally parallel to one another. The currently 
preferred composite material layer is formed of high 
strength carbon ?bers and a PEEK resin matrix. For clarity, 
only a feW of the strands 94 are depicted in FIG. 4B. 
HoWever, in practice, there are numerous such strands 
Within the ?rst layer 90. FIG. 4B illustrates the Winding 
deposition of the ?rst layer 90 of composite material 
Wherein the strands 94 are oriented approximately perpen 
dicular to the axis 92 of the Workpiece 88. This ?ber 
orientation alloWs the ?rst layer 90 to provide maximum 
resistance to hoop stresses that Would act radially outWardly 
upon the second, loWer portion 76 of an end sleeve. It is 
noted that the ?rst layer 90 is deposited circumferentially 
along each of the overlap portions 81 of the end pieces 82, 
84 as Well as the tubular section 86. FIG. 4C illustrates the 
deposition of a second layer 96 of composite material after 
the ?rst layer 90 has been fully deposited onto the Workpiece 
88. The second layer 96 also includes a resin matrix coating 
a plurality of substantially parallel ?bers 98. HoWever, the 
second layer 96 is applied so that the ?bers 98 are oriented 
at an angle 0t that is less than 90 degrees With the axis 92. 

[0041] Additional layers are applied to the Workpiece 88 
until an annular Wall of composite material is built up upon 
the Workpiece 88. It may be necessary to adjust the amount 
of deposition upon various portions of the Workpiece 88 in 
order to provide the annular composite Wall (indicated as 
100 in FIG. 4D) With an outer surface of substantially 
uniform diameter. Such adjustments are Within the skill of 
those in the art. Additionally, as the layers of composite 
material are Wound and deposited onto the Workpiece 88, the 
Winding should be done so that the ?bers of the composite 
material making up the second portion 76 are oriented so as 
to maximiZe the resistance to stress and strain forces that are 
expected to act upon the second portion 76. In a currently 
preferred construction, the Workpiece 88 is Wound With 
layers of composite material so that approximately Z/3 of the 
layers have strands of reinforcing ?bers that are oriented 
approximately in the axial direction and approximately 1/3 of 
the layers have strands of reinforcing ?bers that are oriented 
generally in the circumferential direction. It has been found 
that this construction provides for optimum resistance to 
both hoop stress and axially induced forces. 

[0042] FIG. 4D depicts the completed Workpiece 88 after 
the Wall 100 of desired thickness of composite material has 
been deposited. Once this has occurred and the composite 
material has adequately set and cured, the Workpiece 88 is 
then cut along an axial centerline 102 (shoWn in FIG. 4D). 
The tubular section 86 may be removed or destroyed, 
thereby leaving tWo members formed partially of composite 
material and partially of metallic material. An annular end 
ring 78 may then be secured to the composite end of each of 
the members to result in a pair of end sleeves, such as end 
sleeves 56, 60 described earlier. The annular end rings 78 are 
preferably formed of a high-strength steel and are currently 
preferred to offer improved resistance to hoop stresses 
proximate the end of the end sleeves 56, 60 as Well as 
preventing delamination of the composite portions of the 
end sleeves 56, 60. 
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[0043] Referring noW to FIGS. 7 and 8, tWo alternative 
constructions for an end sleeve are shoWn. In the construc 
tion depicted in FIG. 7, an end sleeve 56‘ features ?rst, 
upper portion 74‘ that is fashioned of metal and a second, 
loWer portion 76‘ that is formed of composite material and 
is approximately one half of the longitudinal length of the 
end sleeve 56‘. The loWer portion 76‘ presents an annular 
shoulder 104. 

[0044] FIG. 8 illustrates an alternative construction for the 
end sleeve 56“ Wherein the second portion 76“ makes up the 
majority of the end sleeve 56“. The ?rst portion 74“ consists 
of an annular ring containing threaded connector 80. The 
?rst portion ring 74“ is embedded on the interior Wall of the 
second portion 76“. It is noted that each of the constructions 
depicted provide for the threaded connection of end sleeve 
56, 56,‘ or 56“ to be located on the ?rst, or metal, portion of 
the end sleeve. Because the composite material used to make 
up the second portion is excellent in resisting tension forces, 
but provides Weak interlaminar shear strength, the threaded 
connection 20 should not be formed into the second portion, 
i.e., the composite material is preferably not threaded. 

[0045] In the constructions of end sleeves 56‘ and 56“, the 
annular shoulder 104 is formed of composite material rather 
than metal. In order to ensure that this construction provides 
adequate hoop strength and resistance to Wear and hoop 
stress during in?ation of the bladder element 62, a support 
sleeve is used. The arrangement depicted in FIG. 9, illus 
trates an annular braided KEVLAR® support sleeve 106 
being used in conjunction With the end sleeve 56‘ described 
earlier. The support sleeve 106 surrounds that ribs 68 
proximate the annular shoulder 104. The KEVLAR® sup 
port sleeve 106 reduces the radially outWard load applied to 
the annular shoulder 104 during in?ation of the bladder 
element 62 by ?attening the geometry of deployment of ribs 
68 during expansion of the bladder element 62. The use of 
composite ribs 68, a KEVLAR® support sleeve 106, and 
partially composite end sleeve 56‘ has the advantage of 
better resisting Wear that results from repeated in?ation and 
de?ation of the bladder element 62, as might occur if the 
bridge plug 10 is cyclically loaded or moved from location 
to location Within a tubing string. 

[0046] FIG. 9 is also illustrative of a method of securely 
af?xing the composite ribs 68 to the second, composite 
portion 76‘ of the end sleeve 56‘. Aseries of fusion Welds are 
used to create a secure connection. At a primary Weld point, 
indicated at 108 in FIG. 9, the composite ribs 68 are fused 
together and to the composite portion 76‘ of the end sleeve 
56‘. This fusion is accomplished by melting the matrix 
material Within the composite material. Additional, second 
ary fusion points 110 are shoWn as Well. Still referring to 
FIG. 9, it is noted that, alternatively, the second, composite 
portion 76‘ of the end sleeve 56‘ might be disposed over and 
directly secured to the ribs 68 during fabrication using the 
rotational Winding technique described above With respect to 
FIGS. 4A-4C. In this instance, the ribs 68 Would be 
arranged about the tubular section 86 and rotated While 
layers of composite material are Wound about them. During 
the fabrication process for the end sleeve 56‘, most of the 
composite layers are Wound so that the carbon ?bers embed 
ded Within the composite material are oriented primarily in 
the radial direction. The circumferential orientation of the 
?bers Within the composite material maximiZes that hoop 
strength that Will be provided by the ?nal end sleeve 56‘. 
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Because multiple layers of composite material are used to 
construct the end sleeve 56‘, some layers of composite 
material may be oriented so that the ?bers Within are 
oriented at an angle (such as a 45 degree angle) With respect 
to the longitudinal axis 92 as required to resist expected 
stress forces. The use of high-strength, carbon ?ber-rein 
forced composite ribs 68 eliminates the plastic deformation 
or yielding found in traditional steel ribs. The ribs 68 are 
important load-bearing components in an in?atable through 
tubing packer assembly and bear combined loading in high 
tensile, bending and tWisting When the bladder element of 
the assembly is in?ated. Traditional ribs are made of a 
high-strength stainless steel and may be stressed to yielding 
beyond its elastic limit When the bladder element is highly 
in?ated to set the assembly. This yielding may prevent the 
packer assembly or bridge plug from being effectively 
released from setting so that it can be removed from the 
tubing string or reset in another location. The inventors have 
recogniZed that a composite that includes a PEEK matrix 
reinforced With advanced high-strength carbon ?ber, such as 
that commercially knoWn as “IM7,” can provide a full 
elastic deformation that Will be recovered after releasing the 
in?ation pressure Within the bladder element. 

[0047] FIG. 10 illustrates a method of securely af?xing 
the composite ribs 68 to a portion of an end sleeve 112 that 
might be fashioned of metal or of composite material. As 
shoWn there, the ribs 68 are fused together at their upper 
ends to an annular composite load-bearing ring 114. The 
composite ring 114 is formed to present an outWardly and 
doWnWardly facing shoulder 116 that contacts and rests 
upon a complimentary inWardly and upWardly facing shoul 
der 118. During in?ation of the bladder element, tension 
forces are applied to the ribs 68, generally in the direction 
shoWn by arroW 120. These forces are transmitted to the 
composite ring 114 and, in turn, applied to the shoulder 118 
of the end sleeve 112, as indicated by arroW 122, thereby 
ensuring a secure connection of the ribs 68 to the end sleeve 
112. 

[0048] The composite ribs 68 have a varying cross-section 
that places a greater number of ?bers and less elastomer in 
those areas that are subjected to greater tensile stress. 
Conversely, feWer ?bers and a greater amount of elastomer 
is provided in areas that are used to create sealing contact 
(i.e., Where the sealing elements 70, 72 Will be located). 
FIG. 11 illustrates a side, or edgeWise, vieW of a single 
exemplary composite rib 68, Which is shoWn apart from 
other components of the bridge plug 10. As shoWn there, the 
rib 68 includes tWo opposite end portions 124, 126 and a 
central portion 128. A typical rib 68 might be about 48 
inches in total length. The central portion 128 has a thickness 
that is less than the thickness of the tWo end portions 124, 
126. The thickness of the end portions 124, 126 is approxi 
mately 0.016 inches While the thickness of the central 
portion 128 is approximately 0.011 inches. As noted, the ribs 
68 are formed of a composite material. Preferably, a rib 68 
is fabricated by cutting it from a sheet of suitable composite 
material. One suitable composite material for this applica 
tion is a Woven lay of ?ber and resin matrix of the type 
described previously. 

[0049] FIGS. 11 and 12 also illustrate a currently pre 
ferred construction for the composite ribs 68 Wherein three 
plys 130, 134, and 138 of reinforced composite material are 
laminated onto one another. As seen there, the ?rst ply 130 
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extends along the entire length of the rib 68. The inset 
draWing illustrates that the reinforcing ?bers 132 of the ?rst 
ply 130 are oriented generally parallel to the longitudinal 
axis 135 of the rib 68. A second ply 134 has ?bers 136 that 
are oriented at an angle With respect to the axis 135. It is 
currently preferred that the angle of the ?bers 136 approach 
90 degrees from the axis 135. It is pointed out that the 
second ply 134 is present on both end portions 124, 126 of 
the rib 68, but it is not present in the central portion 128 of 
the rib 68. The absence of the second ply 134 in the central 
portion 128 results in the central portion 128 being thinner 
than the end portions 124, 126, Which are made up of three 
plys 130, 134, and 138. The third ply 138 also extends along 
the entire length of the rib 68 and, as shoWn in the inset in 
FIG. 11, has reinforcing ?bers 140 that are oriented to lie 
generally along the axis 135. The fact that the ?rst and third 
plys 130 and 138 both extend along the entire length of the 
rib 68 and that both have reinforcing ?bers 132, 140, 
respectively, that are oriented generally along the axis 135 of 
the rib 68 provides high axial tensile strength to the rib 68 
and structural stability When the rib 68 is tWisted or bent in 
use. Additionally, the advanced thermoplastic resin PEEK 
can provide a high fracture toughness and excellent doWn 
hole environmental and heat resistance, Which are important 
to overall packer life and performance. 

[0050] The composite ribs 68 provide improved response 
and resistance to tensile and bending forces, Which Will be 
experienced at or around ?ex points. Thus, the ribs 68 are 
less likely to fail than ribs of conventional metallic con 
struction. Additionally, the ribs 68 are of a unique cross 
sectional design. During in?ation of the bladder element 62, 
the thicker end portions 124, 126 of the ribs 68 Will receive 
radially inWard loading by the shoulders 104 of the end 
sleeves 56, 60. Because there is a greater cross-section of 
composite material at this ?ex point, the rib 68 Will be more 
resistant to failure due to bending forces. At the same time, 
the thinner central portion 128 of the ribs 68 remains 
suitably strong in resistance of tensional loading upon the 
ribs 68 While alloWing additional elastomeric material, such 
as that making up the sealing elements 70, 72, to be placed 
upon the outside of the ribs 68. The increase in elastomeric 
material permits a more secure ?uid-tight seal to be formed 
by the bridge plug 10. 
[0051] FIG. 12 is an axial cross-section taken along lines 
12-12 of FIG. 11 and illustrates that a rib 68 contains a pair 
of arcuate portions142, 144 that extend laterally outWardly 
from a central point 146. The arcuate portions 142, 144 are 
nestable With like arcuate portions (see FIG. 13) When the 
bladder element 62 is in?ated and expanded radially. FIG. 
13 illustrates portions of three exemplary ribs 68a, 68b, and 
68c that are arranged in an arcuate fashion and may, in fact 
be considered an enlarged vieW of three of the ribs 68 shoWn 
arranged in overlapping fashion about the circumference of 
a circle in FIG. 6, albeit after the bladder element 62 has 
been in?ated and radially enlarged so that the ribs 68 are 
arcuately spread apart from one another about the entire 
circumference of that circle. The ribs 68a, 68b, and 68c are 
shoWn apart from other components of a packer assembly 
for clarity. Each of the ribs 68a, 68b, 68c has an arcuate 
portion 142 that is shaped and siZed to easily reside Within 
the arcuate portion 144 of a neighboring rib. In this con 
?guration, the ribs 68 may be spread out relatively uniformly 
about the circumference of the circle illustrated in FIG. 6, as 
Will be necessary upon in?ation of the bladder element 62. 
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It Will be appreciated, then, that the dual arcuate portion 
construction of the ribs 68 is desirable. 

[0052] Turning noW to FIG. 14, there is shoWn an exem 
plary in?atable external casing packer (ECP) assembly 200 
that includes components fashioned from composite mate 
rials. ECP assembly 200 is typically incorporated Within a 
casing string, in a manner Well knoWn in the art, and 
disposed into and then set Within an open and uncased 
borehole (not shoWn). The ECP assembly 200 includes a 
central tubular mandrel 202 that de?nes an axial casing bore 
204 therein. In a currently preferred embodiment, the central 
mandrel 202 includes a tubular mandrel body 206 that is 
fashioned from composite material. It is noted that the 
tubular mandrel body 206 may be formed from layers of 
circumferentially Wound reinforced composite material, in a 
manner similar to that described earlier for the formation of 
the composite portions of the Workpiece 88. 

[0053] Following creation of the composite mandrel body 
206, externally threaded metal end pieces 208, 210 are 
secured to both the upper and loWer axial ends of the 
mandrel body 206. The end pieces 208, 210 are preferably 
fabricated in place upon the mandrel body 206, although 
other suitable Ways of joining such members together may 
be used. Alternatively, the composite mandrel body 206 
might be integrally formed onto the tWo metal end pieces 
208, 210 in the same manner in Which the composite 
portions of the Workpiece 88 Were built up upon the end 
pieces 82, 84. 

[0054] Secured to the outer radial surface of the composite 
mandrel body 206 are a pair of metallic rings 212, 214. The 
metallic rings 212, 214 reside Within recessed grooves 
(visible in FIG. 14) Within the composite mandrel body 206. 

[0055] An in?atable nitrile bladder assembly, shoWn gen 
erally at 216, radially surrounds the central mandrel 202. 
The bladder assembly 216 includes a radially outer elasto 
meric cover 218 that surrounds a plurality of longitudinal 
supporting ribs 220. The ribs 220 may be constructed of a 
composite material, like ribs 68 described earlier, or they 
may be conventional metallic ribs. End sleeves 222 and 224 
secure the bladder assembly 216 to the mandrel 202. The end 
sleeves 222, 224 are preferably fashioned of a suitably 
strong and durable metal, such as steel, and are secured onto 
the rings 212, 214 of the mandrel 202. The end sleeves 222, 
224 also securely retain the bladder assembly 216. 

[0056] Upper and loWer collars 226, 228 are secured by 
threading to the end pieces 208, 210, respectively. The upper 
collar 226 is also a valve collar, Which is used to selectively 
express hydraulic ?uid into the ECP assembly 200 and 
in?ate the bladder assembly 216 and set the ECP assembly 
200 Within a Wellbore. Both the upper and loWer collars 226, 
228 present box-type threaded connectors 230, 232 for 
securing the ECP assembly 200 Within a casing string (not 
shoWn). The upper valve collar 226 is formed of a ?ber 
reinforced composite material. The valve collar 226 has a 
generally cylindrical body With both the upper box-type 
threaded connector 230 and a loWer box-type threaded 
connector 234 at its loWer end. The loWer threaded connec 
tor 234 is used to securely af?x the valve collar 226 to the 
upper end piece 208 of the central mandrel 202. The valve 
collar 226 also has a lateral in?ate port 236 that is located 
just beneath the upper threaded connector 230 and posi 
tioned to receive ?uid from the lateral exterior of the valve 
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collar 226. The lateral in?ate port 236 is interconnected to an 
axial ?uid passage 238 that extends doWnWardly from the 
lateral in?ate port 236 and opens at the loWer end 240 of the 
valve collar 226. When the valve collar 226 is securely 
af?xed to the end piece 208 of the central mandrel 202, the 
axial ?uid passage 238 Will become aligned With an adjoin 
ing ?uid passage 242 housed Within the end sleeve 222. The 
valve collar 226 thus houses a valve assembly Wherein the 
adjoining ?uid passage 242 is hydraulically interconnected 
With the bladder assembly 216 and, as a result, ?uid may be 
selectively expressed into the lateral in?ate port 236 under 
pressure and then transmitted through the ?uid passages 238 
and 242 to in?ate the bladder assembly 216, thereby setting 
the ECP assembly 200 Within an uncased or cased Wellbore. 

[0057] During operation, the ECP assembly 200 is oper 
ated in a manner typical of in?atable ECP assemblies. 
HoWever, the construction of the central mandrel 202 is 
highly advantageous. First, the composite material is easier 
to drill or mill aWay than steel or other metals typically used 
to construct a casing mandrel. Thus, the use of composite 
material in the central mandrel 202 ensures that the ECP 
assembly 200 is easier to drill or mill out of the borehole 
should such become necessary. The use of metallic end 
sleeves 208, 210 and rings 212, 214 ensures that secure 
threaded connections betWeen components are provided. In 
addition, the composite material renders the central mandrel 
202 substantially inert and, thus, relatively impervious to 
corrosion from Wellbore ?uids including, for example, CO2 
and HZS production stimulation acids. 

[0058] Additionally, the use of composite materials to 
form the valve collar 226 is highly advantageous. Valve 
collars have heretofore been formed from steel or a similar 
metal or metal alloy. Because the valve collar 226 is located 
at the uppermost end of the ECP assembly 200, it Will 
ordinarily be the ?rst part of the assembly 200 that is 
encountered by a drill in the event that the assembly 200 
must be drilled out of the Wellbore. Thus, the use of 
composite material to create the valve collar 226 is particu 
larly advantageous. When the valve collar 226 is fashioned 
from composite material, it may be much more easily drilled 
aWay and, as a result, the ECP assembly released from its 
Wellbore setting. The valve collar 226 may be formed by 
using any of the techniques previously described to Wind 
layers of ?ber-reinforced composite material onto one 
another to construct a tubular element. In addition, the valve 
collar 226 might be cast as a single component of ?ber 
reinforced composite material. The use of composite mate 
rials in the manner described herein may also result in loWer 
manufacture and assembly costs. 

[0059] Those of skill in the art Will recogniZe that numer 
ous modi?cations and changes may be made to the exem 
plary designs and embodiments described herein and that the 
invention is limited only by the claims that folloW and any 
equivalents thereof. 

What is claimed is: 
1. An in?atable packer assembly comprising: 

a central mandrel; 

an in?atable bladder element surrounding the central 
mandrel; 

a longitudinal rib member disposed adjacent the bladder 
element; 
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an end sleeve radially surrounding said central mandrel, 
bladder element and rib member, said end sleeve hav 
ing a ?rst portion comprised of composite material and 
a second metallic portion. 

2. The in?atable packer assembly of claim 1 Wherein the 
composite material of the ?rst portion of the end sleeve 
comprises high strength ?bers and polymer resin. 

3. The in?atable packer assembly of claim 1 Wherein the 
rib member is also comprised of composite material. 

4. The in?atable packer assembly of claim 1 further 
comprising a support sleeve disposed betWeen the end 
sleeve and the rib member, the support sleeve acting to 
reduce hoop stress forces appled to portions of the end 
sleeve during in?ation of the bladder element. 

5. The in?atable packer assembly of claim 4 Wherein the 
support sleeve is formed substantially of KEVLAR®. 

6. The in?atable packer assembly of claim 1 Wherein the 
rib member includes a pair of end portions having a ?rst 
thickness and a central portion having a second thickness 
and Wherein the second thickness is less than the ?rst 
thickness. 

7. The in?atable packer assembly of claim 1 Wherein there 
is a plurality of longitudinal rib members that are disposed 
circumferentially about the bladder element and Wherein 
each of the rib mmbers is secured to the end sleeve by at 
least one fusion Weld point. 

8. The in?atable packer assembly of claim 1 Wherein there 
is a plurality of longitudinal rib members that are disposed 
circumferentially about the bladder element and Wherein 
each of the rib members is securely af?xed to an annular 
load bearing ring that presents an engagement shoulder, the 
engagement shoulder being in load-transmitting contact 
With a portion of the end sleeve. 

9. The in?atable packer assembly of claim 1 Wherein the 
composite material forming the ?rst portion of the end 
sleeve comprises circumferentially Wrapped layers of high 
strength ?bers in a resin matrix, the layers having been 
applied such that the ?bers in at least one of said layers are 
oriented circumferentially. 

10. An in?atable packer assembly comprising: 

a central mandrel having: 

a mandrel body comprised of composite material; and 

a metallic portion integrally formed Within the mandrel 
body; 

an in?atable bladder element surrounding the central 
mandrel; 

a longitudinal rib member disposed adjacent the blad 
der element; and 

an end sleeve radially surrounding said central man 
drel, bladder element and rib member. 

11. The in?atable packer assembly of claim 10 Wherein 
the metallic portion comprises a metallic end piece that is 
secured to an axial end of the mandrel body. 

12. The in?atable packer assembly of claim 10 Wherein 
the metallic portion comprises a metallic ring having a 
radially external surface With threads thereupon, the metallic 
ring being disposed upon an outer radial surface of the 
mandrel body. 

13. The in?atable packer assembly of claim 12 Wherein 
the metallic ring is disposed Within a recessed groove upon 
the mandrel body. 
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14. The in?atable packer assembly of claim 10 Wherein 
the composite material of the mandrel body comprises high 
strength ?ber Within a resin matrix. 

15. The in?atable packer assembly of claim 14 Wherein 
the resin matrix comprises PEEK. 

16. An in?atable packer assembly comprising: 

an in?atable bladder assembly; and 

an end sleeve located at one axial end of the bladder 
assembly to secure the bladder assembly to a mandrel, 
Wherein the end sleeve comprises: 

a ?rst portion comprised of a composite material con 
sisting essentially of high strength ?ber in a resin 
matrix; and 

a second, metallic portion. 
17. The in?atable packer assembly of claim 16 Wherein 

the resin matrix comprises PEEK. 
18. The in?atable packer assembly of claim 16 Wherein 

the in?atable bladder assembly comprises a plurality of 
longitudinal rib members for reinforcement of the bladder 
element, at least one of said plurality of longitudinal rib 
members being substantially formed of composite material. 

19. The in?atable packer assembly of claim 18 Wherein 
the rib members further comprise a pair of end portions 
having a ?rst thickness and a central portion having a second 
thickness and Wherein the second thickness is less than the 
?rst thickness. 

20. The in?atable packer assembly of claim 16 Wherein 
the composite material forming the ?rst portion of the end 
sleeve comprises circumferentially Wrapped layers of high 
strength ?bers in a resin matrix, the layers having been 
applied such that the ?bers in at least one of said layers are 
oriented circumferentially. 

21. An in?atable packer assembly comprising: 

a central mandrel having a pair of axial ends; 

an in?atable bladder element surrounding the central 
mandrel; 

a valve collar secured to one axial end of the central 
mandrel, the valve collar being constructed of compos 
ite material and retaining a valve assembly for selective 
transmission of ?uid to the in?atable bladder element 
for in?ation of the bladder element. 

22. The in?atable packer assembly of claim 21 Wherein 
the central mandrel further comprises a generally cylindrical 
central portion that is formed of composite material. 

23. The in?atable packer assembly of claim 22 Wherein 
the composite material of the generally cylindrical central 
portion further comprises a plurality of circumferentially 
Wound ?ber-reinforced layers of composite material. 

24. The in?atable packer assembly of claim 22 Wherein 
the central mandrel further comprises a threaded metallic 
end sleeve secured to at least one axial end. 

25. The in?atable packer assembly of claim 22 Wherein 
the central mandrel further comprises at least one threaded 
metallic ring secured upon an outer radial surface of the 
composite central portion. 


