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(57) Abregée/Abstract:

An Inflatable packing element for an inflatable packer or bridge plug utillized In subterranean wells comprises a tubular
elastomeric sleeve which Is surrounded by a plurality of circumferentially overlapping flexible metal ribs. The opposite ends of
the ribs are respectively welded to an external surface provided on a force transmitting sleeve. The sleeve Is provided with a
shoulder having an abutting relationship with an internally projecting shoulder provided on the tubular mounting structure for the
Inflatable element.
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3 INFLATABLE PACKING ELEMENT

ABSTRACT OF THE DISCLOSURE

An inflatable packing element for an inflatable
packer or bridqge plug utilized in subterranean wells comprises
5  a tubular elastomeric sleeve which is surrounded by a plurality
of circumferentially overlapping flexible metal ribs. The op-
posite ends of the ribs are respectively welded to an external

surface provided on a force transmitting sleeve. The sleeve is
provided with a shoulder having an abutting relationship with

10 - an internally projecting shoulder provided on the tubular

mounting structure for the'inflatable element.
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The invention relates to the construction of an
inflatable packing element for use 1n inflatable packers or
bridge plugs employed in subterranean wells.

Inflatable packers (or bridge plugs) have long

been utilized in subterranean wells. Such inflatable toolsg

normally comprise an elastomeric sleeve element mounted in sur-
rounding relationship to a tubular body portion. Pressured
fluid is communicated from the surface of the well to the bore
of the tubular body and then through radial passages to the
interior of the elastomeric sleeve. To protect the elastomeric
sleeve, it is customary to completely surround the elastomeric
sleeve with a plurality of peripherally overlapping, resilient,
reinforcing slats or ribs. The medial portions of the rein-
forcing ribs are surrounded and may be bonded to an outer
annular elastomeric packing element or cover of substantial
wall thickness. Upper and lower securing assemblies respec-
tively engage the ends of the elastomeric sleeve and the
reinforcing ribs and i1s fixedly and sealably secured relative
to a central tubular body. A lower securing assembly 1is secured
to a sealing sub which 1s mounted for slidable and sealable
movement on the exterlor of the central tubular body, in re-

sponse to the inflation forces. A structure of this general

type is shown in United States patent number 3,160,211 to

MALONE.

With inflatable packers of this type, very substan-
tial tensile forces are exerted on the reinforcing slats or
ribs during the inflation of the elastomeric sleeve. It has
been customary to clamp the ends of the ribs to the upper and

lower securing assemblies, but such clamping arrangements are
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subject to failure if the inflatable packer is repeatedly in-
flated for engagement with different portions of the well casing
or conduit in which it is inserted,. .

More recently, the eads of the flexible ribs have
been welded to an internal surface of a securing sleeve, in the
manner indicated in Fig. 1 of the drawings. If the welding op-
eration is'prqperly accomplished, this provides a secure anchor-
ing of the ends of the flexible ribs to the mounting sleeve,
but those skilled in the art will recognize the difficulty of
making consistently good welds within the relatively small bore
of a mounting sleeve for the inflatable packing element of an
inflatable packer. If one or more of the ribs is not pPro-
perly welded, such ribs will break loose under the tensile
forces imposed by the inflation of the elastomeric sleeve
packer or element which is inserted within the ribs and, because
there is thug crzated a weak urza in the cylindrzical cage of
the reinforcing ribs, the substantial fluid pressure applied to
the inflatable elastomeric sleeve can well push such rib out of
alignment with the other ribs and thus produce a potential area
of breakage of the inflatable elastomeric sleeve because it
will follow the outward displacement of the unanchored rib and
form a thin walled bubble.

There is a need therefore for an anchoring system for
the peripherally stacked cage of flexible reinforcing ribs which
normally surround the inflatable elastomeric sleeve of an inflat-
able packer or bridge plug which effects a reliable rigid connec-
tion of the ends of the ribs to the mounting sleeves for the ex-

pansible packing element.
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SUMMARY OF THE INVENTION

The invention provides an inflatable packing ele-
ment for use in subterranean well, comprising: a tubular
elastomeric body; elongated, peripherally adjacent reinforcing
means snugly surrounding at least the medial portion of said
tubular elastomeric body; an annular seal member disposed over
at least a central region of said elongated, peripherally
adjacent reinforcing means; a force transmitting sleeve exter-
nally secured to at least one end of said reinforcing means in
defining an external load transmitting shoulder; and mounting
means for said load force transmitting sleeve defining an
internal shoulder abuttable with said force transmitting exter-
nal shoulder of said force transmitting sleeve, for receiving
from said force transmitting sleeve the tensile forces produced
by said reinforcing means by fluid pressure expansion of said
tubular elastomeric body.

The reinforcing means 1s preferably a cylindrical
cage of peripherally overlapped slats or ribs surrounding the
inflatable elastomeric sleeve of an inflatable packlng element
and respectively welded at thelr ends to an external surface
of the force transmitting sleeve. Such force transmitting

sleeve has external shoulder disposed in abutting relationship

with an internal shoulder provided on the respective mounting

sleeve to secure the entire inflatable assemnblage to the body
Oof the inflatable packer or bridge plug. Additionally, the
location of the abutting shoulders is deliberately selected so
as to provide an axial length of the circumferential array of
resilient slats or ribs in frictional contact with the internal
bore of the mounting sleeve. Such frictional forces, which are

greatly increased through the application of the inflation
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pressures to the apparatus, signlficantly reduce the tensile
forces applied to the welds, hence minimizing the opportunity
for any individual rib to break at its weld.

Further advantages of the invention will be readily
apparent to those skilled in the art from the following detailed
description, taken in conjunction with the annexed sheets of
drawings, on which is shown a preferred embodiment of the in-
vention.

Figure 1 is a combination perspective and sectional
View illustrating a prior art method of welding the ends of the
reinforcing ribs to'the mounting sleeve of an inflatable packer.

Figure 2 is a vertical quarter sectional view of the
mounting sleeve portion of an inflatable packer wherein the rein-
fofcing ribs are secured by utilization of the construction of
this invention.

Figure 3 is a view.similar to Figure 2 but illus-
trating the effects of application of inflation pressures to the
elastomeric sleeve of the mounting construction of Figure 2.

Figure 4 1is an enlarged scale sectional view taken
on the plane 4-4 of Flgure 2.

Referring to Figure 1, a prior art construction for

securing the reinforcing ribs of an inflatable element for an

-inflatable packer or bridge plug is shown. The ends of each

rib is welded to an interior surface of a mounting sleeve. After

the welding operation, a sleeve of elastomeric material (not

shown) is inserted within the rib cage and the end secured in
conventional fashion. It should be noted, however, that the
welding has to be accomplished in a small internal bore surface
and this is recognized to be a difficult procedure to consist-

ently produce good welds for each of the multitude of reinforc-
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ing ribs.

Referring now to Figure 2, only the upper securing

portion of the inflatable element of an inflatable packer or

bridge plug is shown. All other elements of the inflatable
packer or bridge plug, including the valving apparatus for sup-
plying inflation pressures are well known in the art. See for
example, United States Patent No. 4,708,208; and United States
Patent No. 4,805,699.

Inflatable element 10 comprises a cylindrical cage

10 Of peripherally overlapping flexible slats or ribs 12, the

config-

- Ba
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uration of which is best shown in the eniarged gsectional view
of Fig. 4. The ends l2a of such ribs are welded to a force
transmitting sleeve 14 by a weld W which is accomplished after
the inscertion of the ribs through a mounting sleeve 20. 7Jhe
force transmitting sleeve 14 is provided with an external
shoulder 1l4a which cooperates with an internal shoulder 20a
provided on mounting sleeve 20 for transmitting tensile forces
exerted on the ribs 12 to the mounting sleeve 20.

An inflatable tubg or sleeve 30 of elastomeric mat-
erial is inserted within the bore of the rib cage 12 and passes
through the bore 14b of the force transmitting sleeve 14. Tube
retainer la is installed inside the mounting sleeve 20 radially
forcing the inflatable tube or sleeve 30 of elastomeric material
to extrude and engage in appropriate circumfegential grooves
20c formed in a mounting sleeve 20. Anchor portion 1 is further

provided with evternal threads 1lb for threadably engagine the

upper end of the mounting sleeve 20. Such threadg are sealed
by an O-ring le.

A cover portion 35 of elastomeric material is bonded
to the medial portions ©f the rib dage 12 to provide a sgsealing
contact with the bore of a well or well c¢conduit, as 1is customary.

As 1s customary in inflatable packers, the internal
surface of anchor body 1 cooperates with an internal body tube
2 to define an annular passage lc and radial ports 1ld for
application of fluid pressure to the interior of the elastomeric
sleeve 30. The application and maintenance of fluid pressure
on the interior of the elastomeric sleeve 30 1s accomplished in
a manner well kKnown in the art and fully disclosed in the afore-
mentioned patents, hence further description is deemed unneces-

sary. Thus, when such fluid pressure is applied through the



10

15

20

25

30

- - Aage a—bhn. -

AT R T N -

- S o Arilipds s, b B N — - g . Sy W T —— —— v — v Ay @ A il = —— - - oapm s mg -
TS A — 4 PR AW —— ———e

T e Lt S AR AR S A i - — Sy -~ -
- - Bt mnsle by Sy spteriiarerevinn Samppeand ndpeplenglpepen.t SR S, - S S WA S N e— — - A — - - — - - a

-
VR W

- - A ke W, Tl S, - — iy -

e s i A .
ey i S ey ahh ey W “A-drvi— A —

- - avama -

-
" mee A w =S

- a W W Tt e
S e W v WM Wkl . we

- "
e Wb

m:ag@@ﬁ ?
aff; ’U‘ wISB R XY

fluid passage lc, the inflatable packing element 10 is expanded .

to assume the configuration illustrated in Fig. 3. The tensile

forces developed in the ribs 12 by such expansion are transmitted

- by the welds W to the force transmitting sleeve 14 and by the

peripheral shoulder 14a to the mounting sleeve 20 and the
anchor body 1.

As best shown in Fig. 3, the location of the force
transmitting sleeve 14 relative to the length of the mounting
sleeve 20 is an important featuie of this invention. The force
transmitting sleeve is preferably located above the central-or
medial portion of the mounting sleeve 20 so that a substantial
length of the ribs 12 are disposed in'frictional engagement
with the bore 20b of the mounting sleeve 20. These frictional
forces are substantially increased by the fluid pressure forces
1llustrated by the arrows shown in Fig. 3 and result from the
avplication of the inflation pressure. .

It will be therefore be readily apparent to those
skilled in the art that a very substantial frictional force may
be developed to resist the tensile forces exerted on the rein-
forcing ribs 12 by the inflation of the elastomeric sleeve 30.
such frictional forces substantially diminish the tensiie forces
exerted on the welds W and'thus provide further insurance
against the separation of any of the welds W.

While only the mounting structure for one end of the
inflatable packing element 10 has been shown, those skilled in
the art will recognize that the other end of the element is of
identical construction. Thus, the other ends of the reinfcrc~
ing ribs 12 are secured by external welds W to a force trans-
mitting sleeve which is identical to sleeve 14 except that it

will be disposed in a vertically reversed relationship.
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The aforedescribed construction resolves a trouble-
some constructural defect of inflatable packers or bridge plugs
through not only the substantial elimination of welding defects
caused by performing rib welds in an internal bore, but also
significantly reduces the tensile forces applied to the welds
through the utilization of an extended longitudinal bore area
of the mounting sleeve in frictional éontact with the reinforc-
ing ribs 12 when such ribs are expandéd by inflation pressure.

Although the invention has been described in terms of
specified embodiments which are set forth in detail, it should
be understood that this ié by illustration only and that the
invention is not necessarily limited theretop since alternative

embodiments and operating techniques will become apparent to
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those skilled in the art in view of the disclosure. Accordingly,

modifications are contemplated which can be made without de-

parting from the spirit of the described invention,
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An inflatable packing element for use in a sub-—

terranean well comprising:
a tubular elastomeric body;

a plurality of eiongated, peripherally adjacent,
flexible metal ribs snugly surrounding at least the medial
portion of said tubular elastomeric body;

an annular elastomeric packing cover disposed over

at least a portion of said plurality of elongated peripherally

adjacent, flexible metal ribs;

a force transmitting sleeve externally welded to at
least one end of each said metal ribs and defining an external
load transmitting shoulder:; and

a mounting sleeve for said force transmitting sleeve
defining an internal shoulder abuttable with said force trans-
mitting external shoulder of said force transmitting sleeve,
thereby transmitting to said mounting sleeve the tensile forces

produced in saild ribs by fluld pressure expansion of saic

tubular elastomeric body.

2. - The apparatus of Claim 1 wherein said internal
shoulder is disposed in a medial location in the mounting sleeve,
whereby a length of the ends of said ribs is moved by expansion
Of said tubular elastomeric body‘intb frictional engagement

with the bore of said mounting sleeve, thereby absorbing a

portion of said tensile forces.

3. An inflatable packing element for use in a

subterranean well comprising:
a tubular elastomeric body;

a plurality of elongated, peripherally adjacent,
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flexible metal ribs snugly surrounding at‘least the medial
portion of said tubular elastomeric body;

an annular elastomeric packingcover disposed over
at least a portion of said plurality of elongated, peripherally
adjacent, flexible metal ribs:

a load transmitting means externally welded to each
end of said metal ribs and defining an external load trans-

mitting shoulder; and

an anchor sleeve for each of said load transmitting
means defining an;internal shoulder abuttable with the respec-
tive load transmitting external shoulder of said load transmit-
ting means, thereby transmitting to said anchor sleeves the

tensile forces produced in said ribs by fluid pressure expansion

Of said tubular elastomeric body.

4. The apparatus of Claim 3 wherein said internal
annular shoulders are respectively disposed in a medial location
in the anchor sleeves, whereby a substantial length of the ends
of sald ribs are respectively expanded by said tubular elagto-

meric body into frictilonal engagement with the bores of said
anchor sleeves, thereby absorbing a portion of said tensile

forces.,

5. An inflatable packing element for use in a sub-

terranean well comprising, in combination:

a pair of tubular bodies haﬁing internally pfojectw

ing annular shoulders:

a palr of end rings formed of a weldable material

and respectively insertable in said tubular bodies:

a plurality of elongated flexible ribs also formed

of a weldable material:

- 10 -
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sald ribs being disposed in a‘cylindrical, over-
lapping array, with each rib having its opposite ends respec-
tively welded to the exterior of said end rings;

a sleeve of elastomeric material inserted in said
Cylindrical array of ribs;

a sleeve of elastomeric material disposed over at
least a portion of said cylindrical array of ribs;

an external load carrying shoulder on each said
ring; and

said load carrying external shoulders being
respectively abuttable with said internal shoulders of said
tubular bodies to transmit tension loads imposed on said ribs

by inflation of said elastomeric sleeve.

6. The apparatus of Claim 5 wherein said internal
annular shoulders are respectively located in medial portions
Of said tubular bodies and the end portions of said ribs are
respectively frictionally engaged with a substantial portion of

the interior surfaces of said tubular bodies.

7. An inflatable packing element for use in sub-
terranean well, comprising:

a tubular elastomeric body;

elongated, peripherally adjacent reinforcing means
snugly surrounding at least the medial portion of said tubular
elastomeric body;

an annular seal member disposed over at least a
central region of said elongated, peripherally adjacent re-
inforcing means;

a force transmitting sleeve externally secured to

at least one end of said reinforcing means in defining an

- 1] -
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external load transmitting shoulder; and
mounting means for said load force transmitting
sleeve defining an internal shoulder abuttable with said force

transmitting external shoulder of said force transmitting

sleeve, for receiving from said force transmitting sleeve the
tensile forces produced by said reinforcing means by fluid

pressure expansion of said tubular elastomeric body.

SMART & BIGGAR
- OTTAWA, CANADA

PATENT AGENTS
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