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2237593 1 | NFLATABLE TOOL BACKGROUND OF THE | NVENTI ON 1. FIELD OF THE

| NVENTI ON: The invention relates to an inproved i.nflatable well tool, such
as a packer or a bridge plug, for use in a subterranean well, and a nethqd
of using sane. 2. BRI EF DESCRI PTI ON OF THE PRI OR ART:SEEQF%%;§Q%§E§aCke§§
or bridge plugs have |l ong been utilized in subterranean welTs. U
inflatable tools normally conprise an el astoneric sleeve el ement nounted in
surrounding relationship to a tubuhgfriR@ReIEOdoe). Pressured fluid is
comuni cated fromthe top of the welrT_or tntertor of the well bore to the
bore of the-tubul ar body andshabatcrReOUND @ THRd NENESSRIES t0 the interior
of an inner el astoneric sleeve. Such inner elastoneric sleeve may be
surrounded and secured relative to a reinforcing sheath, which may be
provided in the formof a plurality of peripherally overlapping, slats or

ribs. Such reinfoktci nf1ERBaOF FHE BNVENTEQN:of Thendinventidnyrekatesi ng

strips which are of a suitable |length so that they generally extend beyond
‘each of the éRIseBfiNREOVAL| Anfdpsakdie weddl taalh &eh s tdepacker or
Iongitudinalu% exlending strips circunferentially overl appi ng an adj acent
strip. The widtHFLRIeuRhud: r £pE ¥AG dfeidr SHIEHFARSAR ivveXbr n# Y 3uch a

sheath is such that ggcgsing same.

2. BRIEF DESCRIPTION OF fHE PRIOR ART: Inflatable

packers or bridge plugs have long been utilized in
subterranean wells. Such inflatable tools normally
comprise an elastomeric sleeve element mounted in
surrounding relationship.to é tubular body portion.
Preésuréd fluid is communicatéd from the_top of the well.l
or interior of the well-bore to:ﬁhekboré of the tubuiar
body and thence througﬁ radial passages to the interior
_of an inner elastomeric sleeve. Such inner elastomeric
‘'sleeve may be surrounded and secured relative to ;
reinforcing sheath, which may be provided in the form of (
a plurality of peripherally overlapping, slats or ribs.
Such reinforcing sheath may be formed of longitudinally
extending strips which are of a suitable length so that
they generally extend beyond each of the ends of the
inflatable well tool with each of the longitudinally
extending strips circumferentially overlapping an
adjacent strip. The width of such strips and their

arrangement in forming such a sheath is such that each



2 of the strips will overlap the next adjacent $trip when the inflatable
menber is deflated and’'each strip will overlap the next adjacent strip when
theinflatable nenber is inflated, thus formng a reinforcing sheath for
the YAfl atabl e el enent at all tines. Dependi ng upon the use for which the
I nfl atabl e nenber is constructed, the base naterial of the reinforcing
sheath may be of flat braided wire inpregnated with el astoner or plastic,
strips of plainofovdra fitipgl vkl wyehl apytbe neytnadjacentpstyhnt whenit h
el astoner or plastic, strips of plain or woven nylon, strips of spring
steel, strips ofthfetinflakabke wewpenris nﬁl?ﬁléF%%l apd ®RARrSHELRHAALl y
def ormabl e material, strips of other plain or woven naterial, su E as
FLataRle

teflon or other NSFAR LRQPRFLI #Y APBAC t HEFHP c¥REFTRE A

i nfl at abl mber_is to be ipnflated. Th ' f_the reinforci heat h
S i ther part1 d93Pe Lot 1R SAS FPURERETANY BoRALAEPECARIORRER it ar

el astoneric pac@éy;éﬂéﬂgﬂglggagf féf@&%ﬁ{'yfgsfftéim$@" t hi ckness.
y weddl

Norrmal |y, an upper securing asse ngly eéngages the upper end of the

o oo SIS 456 9066, Bl an e el ey and
securing assenblyenires6al abbns SLGHHES, (€nd BESL RStErbaYbehthe
| . reinforcing sheath may be of flat braided wire
_ impregnated with elastomer or plastic, strips of plain
~ wovern fibefglass which may or may not be impregnated
with elastomer or plastic, strips of plain or woven
nylon, strips of spring steel, strips of metal such as
ordinary mild steel or other permanently deformable
material, strips of other plain or woven material, such
as teflon or other plastics, depending-upon the pressure
to which the inflatable member is to be inflated.
The exterior of the reinforcing sheath is either
partially or completely surrounded and bonded to an
1 outer annularlelastomeric packing element of
substantially greater wall thickness. Normally, an
upper securing assembly wedgingly engages the upper end

of the inner elastomeric sleeve with the reinforcing

slats and are fixedly and sealably secured relative to

-l

the central tubular body, while a lower securing
assembly is sealably secured to a sealing sub which is
mounted for slidable and sealable movements on the

exterior of the central tubular body, in response to the



mounted for slidable and seal abl e novenents on thé.éiteripr of the central
tubul ar body, in response to the 3 inflation forces. Such structures of
this general type are shown in U S. Patent No. 3,160,211; 3,604, 732; and :

3,837,947. Wth inflatable tools of this type, it has been observed t hat?, -

the upper end of the reinforced inner el asBoneric sleeve was expandi ng
prior to expansion of the packing el ement and becom ng defornmed, resulting
in high | ocalisflatten. fSuchsdef Surht sdructawes bfEcabia tdemearads tofpd he
i nner el astoneric sl eeve el ement expand with nuch | ess pressure than the
medi al porti orse oshevnhin| Befe ERtADt Nahi 8h 180 21di; nPe6ddd 73Fai rend
expansi on by the thick walled el astoneric packing sl eeve. Such premature
expansi on of 3h@3TUpP&7- end of the inflatable el enents of the prior art
i nfl at abl e packers_resul%ed in_an i nward _npovenent of the_ oppgsite end of
the el astoneric cOVER LRELBLabLE, EPRYSt RE FRAS: t¥PLst dfehia® A% e into
sealing rel ationshi Lih t? exterior _qf the. tubular. central body and thus
preventi ng pd@g%ﬁﬁvg?m%hﬁtp ggsﬂPgarfP& d°gngP8y§81P5Pr§f8aﬁﬁqﬁfthe
inflatable in é 0 b | e fr I hi he | r rtio of
o Pobee! "kt FRRSH Ok oS FE BBARRERS BRdeHIR i e
the packing element and becoming deformed, resulting in
high local stresses. Such deformation occurs because
the ends of the inner elastomeric sleeve element expand LJ
with much less pressure than the medial portions of such
sleeve element which are reinforced against expansion by
the thick walled elaétomeric packing sleeve. Such
premature expansion of the upper end of the inflatable
| elements of the prior art inflatable packers resulted in
an in&ard movement of the opposite end of the
elastomeric cover sleeve, forcing the inner elastomeric
.Sleeve into sealing relationship with the .exterior of
the tubular central body and thus preventing péssage of
the pressured fluid employed'for expanding the
inflatable inner elastomeric sleeve from reaching the
lower portions of such sleeve.

Another reason for the premature expansion of the
upper end of the inner elastomeric sleeve of the
inflatable packing assembly lies in the fact that any
inflation movement of the lower portions of the

inflatable elements results in an immediate axial

displacement of the lower securing assembly relative to

e



upper end of the inner elastoneric sleeve of .the'inflatable packing
assenbly lies in the fatt that any inflation rovenent of the | ower portions
of theginflatable elenents results 'in an i medi ate axial displacenent of .
the POwer securing assenbly relative to 4 the stationary tubular centra
body. Thus, the stress in the | ower portions &f the packing assenbly is
substantially relieved by such axial novenent, while the fluid pressure
works on the uppethepartatiosdzy heubuler edntialrebodys! eeNas) otHel stwekk
radially outwardly. It has been observed that both the upper end and | ower
end portions of tihe theerowseaguereixpemdopriive packimgnesis embpprisons, thus
causing fluid to be trapped around the cover sleeve and between the well
conduit and the éisiprtinllnceskieved |bposech Spsaljurovenenkagwhblestbe
trapped fluid.-wil| permt the cover  to expand, reducing the inflation
pressure and setﬁ%ﬂ}QFRFQﬁ%ﬁﬁﬁfWﬁrkﬁLﬁ@ theKipRepaperthencofethel énnar. | n

U S. Patent No. 4,832, 120, gke 'S sho and di scl osed an i nfl atabl e tool
for single set wisHd QJ"esrf}b? STt TR cht | FRE Bb} %t @EEEAEALEB! ut i on

to this general probl In such atent e | awner e d of the inflatable
packer is shear- pinne to % RETURPST Ty~ r}ﬁfi PHAL T ?leugﬂﬁ’érﬁﬁé ans
w | not

rel ease 13Rfr ena portlons of the inner sleeve expand prior to
the medial portions, thus causing fluid to be trapped
around'the cover sleeve and between the well conduit and
the casing C or uncased well bore. Subsequent leakage
of such trapped fluid will permit the cover to expand,
reducing the inflation pressure and setting the'stage
for fluid leakage past the cover element.
In U.S. Patent No. 4,832,120, there is shown and
disclosed an inflatable tool for single set within a
subterranean well which incorporates one solution to
this general problem. 1In such pateﬁt, the lower end of
the inflatable packer is shear-pinned to the tubular
body such that the shearable means will not release and
cause the outer assembly portion of the tool which
carries with it the packing component to contract
relative to the tubular body until such time as a
pre-determined pressure within the inflatable element is
* reached, thereby assuring that there is a uniform radial
inflation of the inflatable élement, thus overcoming the
problems described above. However, such a device is not

completely satisfactory for incorporation into a



cause the outer assenbly portion of the tool which carries with it the
packi ng conponent to contract relative to the tubular 'body until such tine
as a pre-determned pressure within the inflatable element is reached, p

t hereby assuring that there is a uniformradial inflation of the i nfl ateBl e
el enment, thus overcom ng the probl ens desc¥i bed above. However, such a
device is not conpletely satisfactory for incorporation into a 5 :

resettabl e | ablsaitalalid & dal£l adibae itod 1t anslesh ts beneshdyat €6, beeact i vat ed,
and reactivated a nunber of times during one trip of a conduit within a

subt er r anean aetliivated;h desaahirvated haptrfeaceieeted aenedbek eperations,
such as acidizing and other stinulation techniques. _In such resettable
tools, the itlagsi durifng fang rfitip ioh preerdei bfwitlkinnd| suhbeersheannt
cannot be repeated. The present invention addresses the problens set forth
above, whi ch¥8dédur siueha afelduriqty the FpyLornangendbdremedialet, unset and
reset wwthin a well during qQne trip of the copnduit carrying such tool into

the wel | . | noPREFLAONS, ShGh &% i 2iRg anfhRther ?E%%P?éﬁi@ntool has

n rel n I ' i n the hol [ h fl
been el eased agd et (4,2 Nk | SGALEI 8 {05180 fhe' [abS-0e]! 2

the inflation process of the inflatable element cannot
be repeated.

The present invention addresseg the problems set ;;)
forth above, which occur in a well tool which is
intended to be set, unset and re;é within a well during
one trip of the conduit carrying such tool into the
well. In the case of a resettable tool, once the
resettable tool has been released and moved to a new
location in the hole, if the deflated element is not
pulled down to the initial run—in position, it may be
free to swagz;nd possibly prevent downward movement of
the tool resulting in severe damage to the_inflatable
element and other components of the tool.

The preséent invention addresses the problems set
forth above which occur in a resettable tool which can
be run into the well, set, unset, aﬂd reset; all in one
trip of the conduit carrying the tool into the well.

The present invention also permits tension to be applied

through the inflatable element to further assist in

proper re-setting action.



pull ed down to the initial run-in position, it may be free to swab up and
possi bly prevent ‘downward novenent of the tool resulting in severe damage
to the_inflatable el enent and ot her conmponents of the tool. The present

i nventi on addresses the problems set forth agove which occur in a
resettabl e tool which can be run into the well, set, unset, and reset, al

inone trip of the conduit carryi ggumiBRyt 88! rhB! nvVBRTYEN! - The present
invention also pernmits tension to'ge—appTTEd—TgrvugE'T%g—inflatable el enent
to further assist inpReogeeseRtSEhvbAdida!l peBvides baR MYRRYtEb1dHE0OL

| N\VENTI ON The present invention provides an inflatable tool for use in a

subt erranean wel fobougeantl aasupebkeanshn wSE1VWDbkeban® eargyabbeuihtsuch
as electric or wire line, continuous tubing, workstring, production tubing,
or<the |ike. Thethaveellobore ahsa donduitdstichaaseéhedtoicusrngizech

I nflatable tool in such well bore during, for exanple, renedial operations,
such as aci di zi njinendconhiénuousnbhbingn werkstying, Pheducbionohpbisgs a
central tubular body having neans as its upper end for sel ective engagenent
to the conduit. @R éhﬁulékeinfwaeabngepﬁéenngse#bﬁen@ieeﬁbeﬂttpcalmyt od

isurrounds the central tubular bo and i s
: : of using such ingYatable tool in such well bore during,

for example, remedial operations, such as acidizing, and
ether stimulation techniques.

The tool comprises a central tubular body having
means as its upper end for selective engagement to the
conduit. An annular inflatable packing element
concentrically surrounds the central tubular body and is
movable, selectively, from a deflated to an expanded
position. Fluid passage means communicate between the
bore of the central tubular body and the iﬁterior of the
annular inflatable packing element such that pressured
fluid may be transmitted from the well surface or well
) bore to the interior of the annular inflatable pecking

element to expand the inflatable packing element.to an
expanded position and into sealing engagement with the
well bore. A first securing means is engagable with one
end of the inflatable packing element for sealably
securing one end to the tubular body. A second securing
means engages with an opposing end of the inflatable
packing element for slidably and sealably securing the
other end to the central tubular body in an initial

position



novabl e, selectively, froma deflated to an expanded position. Fluid
passage neans communi cate between the bore of the central tubular body and
the interior of the annular inflatable packing el ement such that pressured
fluid may be transmtted fromthe well surface or well bore to the inteﬁrgr
of the annul ar inflatable packing el enent?7 to expand the inflatable packing-
el enrent to an expanded position and into sealing engagenent with the well
bore. A firspriecutiong@xpaamsd ons ofnddgaiinglatablenpacki mf dllementf | at abl e
packi ng el enent for seal ably securing one end to the tubular body. A second
securi ng neahbtengegdd ng emgageneddsi nd newaepfenbiodimentat atslamspaxte ng

el ement for slidably and sealably securing the other end to the central

t ubul ar bodyPFRVAAeEhforaEedestivedy sepusing: the sasond secyrine

i nfl at abl e packing el enent into_sealin ngagenent . I n one enbodi nent,
means are prB¢PBEJTRIAtIYRLO &Qﬁy °§@€gﬁaﬁn%“%‘l‘&a§em & pEeY$Heans
relative to the_central . tubular. body to_prevent axial novenment of the
second secur PR3 re&FY MY gggﬁg‘? F§%°HP1 ERCHTING, AR08, dF FEFRRP S e _
pressured flyjpd.uetil a. pre- e ' r _axi al i ;S produced in
t he annul ar F%ffg?%bkégﬁac F%%Leﬁéﬁgﬁg?gtﬁg %égh r%%? g%?é%ﬁﬁﬁgyrsecurlng
the second sgaYiing Pedl3elected degree of axial tension is produced

in the annular inflatable packing element, the means for
selectively securing the second securing means -
comprising a downwardly facing external shoulder on the ~
central tubular body adjacent the sécohd securing means,

a stop ring which surrounds the central tubular body and

abuts the downwardly facing shoulder, and shearable

means securing'the.second'means'to'the'stop-ring. Means

are provided for biasing the second se¢uring means

relative to the central tubular body to resist axial

movement of the second sécuring means in response to

inflation forces prodﬁced by the pressured fluid, with

the means for biasing reﬁaining passive until the means "
for selectively securing the sécond securing means is |
activaﬁed to release the second securing means relative
to the central tﬁbular body with the means fér biasing.
the second securing means also urging the second
securing means in a direction away from the first
secu;ing means and to the initial position of the second

securing means during déflation'of the packing element.



conprising a downwardly facing external shoul der-on ‘the central tubular
body adj acent the second securing nmeans, a stop ring which surrounds the
centfal tubul ar body and abuts the downwardly facing shoul der, and

sheardabl e neans securing the second neans t@xthe stop ring. Means are
provi ded for biasing the second securing nea relative to the central

tubul ar body to resist axial novenent of the second securing.neans in
response to inflatidi fﬂ?’(?eéﬂﬁﬂ‘tﬁﬁ:céﬁ‘%weclﬂe trﬂ‘éss- | (i"f MR P&y REP Ffed

se to in 4 io S by e U M Dy
Securing the secdnd PRI mh Mo’ BRI Sy didiske (i AL Hanger
securing means rel ahlya 40, i PO Laln LR And bt 1dD HY dERRS 4.0

bi asi ng the second Securind neans al'so urging the second securing nmeans in
a direction avaynfdQUR#der | igisABGH | NG HEY B it ddBuddd WHiAhiRoStKd ON
of the second securing nmeans during deflation of the packing el enent. In
this manner, thegMl led GNE1 adE AhdBh MR HUNE Elerieht.he Howened, ahel |
packer, bridge plug, tubing hanger or the like, may be run into the well on
the conduit. Thereafter, pressured fluid nay be introduced within the tdol
to inflate the inflatable el enent. However, the




i nflatable elenment and its conponent parts will not longitudinally axially
move relative to the tubul ar housing until such tinme as the rel easi ng neans
are di sengaged at a sufficient force to assure uniforminflation, top to‘;
bottom of the inflatable nenber. As this Qccurs, the biasing neans is % .
activated from passive node.to assure that %he | over end carrying the

I nfl atabl e nenber axially el ongates relatlve to the tubul ar body during
defl ation, sudifkatabkecelenentpgnfeitovednponanh phetaekilboneton t he
condui t and reset at_a pre-deternmined | ocation, either upwardly or

downwar dl y oﬂqqﬂ%??ﬁ%?%ﬁlYoéé%?b%Y Bever sphatave ohoothehsubniliat abl e

menber can be uniform chieved prior to and during |ongitudinal axial
contraction %PW%%P?cﬂéﬁqkdﬂu%? Fﬁ%elﬂ?IEP%bFﬁlﬁéﬁbEH meRBsi d&eto t he

|
el ongat i Sﬁdﬁfd%&%é“%ﬁﬁiLﬁaﬁ#ﬁ{éﬁ%ﬁ% “?srgé'eﬁéf‘é%gp%éﬂéﬁ%o%“g& IfPT}gN _
#ﬁEleszL%é ’ J§§Lé€8%&%%ern ?|eM?|v%$§a§SHE i &M §'veﬁfical
quarter sect It@ﬂasl a/d&msof e | {321 40! fod 0! 3 £TROPY L 0FohNERaRKELL QR Wi LN

the el ement shown in their run-Tn poSitions |gs and
respectivel y myds It debEdSehdd @l ﬁ&veb%n&hé’a\kﬁgiwetﬁée”ems of the

inflatable tool in the positions occupied after
inflatable member axially elongates relative to the
tubular body during deflation, such that the tool may be T
moved within the well bore on the conduit and reset at a
pre—determined location, either upwardly or downwardly
of the initial location, and reinflation of the
inflatable member can be uniformly achieved prior to and
during longitudinal axial contraction of the lower end
of the inflatable member relative to the tubular body.
Subsequent deflation of the inflatable element will
_cause elongation of the lower end of the tool for
retrieval to the top of the well, or for a second

resetting within the well bore. s

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B together collectively constitute a
vertical quarter sectional view of an inflatable tool
embodying this invention, with the element shown in
their run-in positions.

Figs. 2A and 2B are views respectively similar to
Figs. 1A and 1B, but showing the elements of the

inflatable tool in the positions occupied after the



10 introduction of fluid to effect thé éxpansion'of'the i nflatable

el ements. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Now with reference to
Figs; 1A and 1B, there is shown the inflatable portion of an inflatable
toor&ﬁhich can conprise a packer, bridge plug, t ubi ng hanger or the |ike,
dependi ng upon whet her or not the bore of th ool is open or closed. The
inflatable el enent 10 enbodying this invention is nmounted in surrounding
rel ationship. to &EAAGUAtIARNPTS|HHaiid tansiieaktidiRictrartiPntpE the|

| ength of the pagk ng .connects to the bottom of a conduit, such as
tubing in the fOFH&EP%5385hFﬁﬁﬂﬁﬁ$q%ﬂmﬁflCOiled tubing, or the like, which
extends to the well surfa L Y i1 fHB/ e Dr.Oyi ' he form
of wire or electric line, %ch%?t . U|1€§ﬁtlli CQ%QOEGB l':'[.? @%&%on pi pe,
or;, perhaps, casing. l.ation. qéﬁﬂg r ppl 4 u h re of
.the body sl eeve to tﬁ,ng{ r‘i’faLI altltgb S e erfegﬁ-tdai%isqkﬁlcém%énzf%’o%%énﬁéo{n%
manner, and suchspRRedNeS i AUBIUGU: TP B 40S 18 DMULI OB whicn
~particular part of the present Invention, ot ertimulgenera ackground.
(Jhe inflatabl e ebaibronPtig@M igiket) H¥IUgeLIANQMRIL iy Gy dBI Ehel S
- di sposed in surrounding relationship to the central body sleeve 1. The

. sl eeve like, depending upon whether or not the bore of the tool

is open or closed.

The inflatable element 10 embodying this invention
is mounted in surrounding relationship to a central body
sleeve 1 which extends through the full length of the
packer and connects to the bottom of a conduit, such as
tubing in the form of a continuous length coiled tubing,
or the like, which extends to the well surface. The
conduit may also be provided in the form of wire or
electric line, or sectioned, threaded drill or
production pipe, or, perhaps, casing.

Inflation pressures are supplied through the bore of

L/ the body sleeve to the inflatable element in a known and
conventional manner, and such procedure and components
themselves do not form a particular part of the present
invention, other than general background.

The inflatable element 10 comprises an inner

v elastomeric sleeve 12 which is disposed in surrounding
relationship to the central body sleeve 1. The sleeve
12 has a reinforcing sheath shown as taking the form of -

a plurality of peripherally overlapping reinforcing ribs



12 has a reinforcing sheath shown as taking the formof a plurality of

peri pherally overlapping reinforcing ribs or slats 14 around its
exterior and extending substantially the full length of the inflatable =
el enent 10. Alternatively, such ribs 14 may be provided in | ongitudi na™
sectioned conponents, the sections termnaj{ng at the packer body 16 from
each of the respective ends. Each rib 14 is of arcuate cross-sectional

configurati ommed stecht 4 i dxsowhd f1t$ ebrté¥Eok 0aRACExOLAAE nPON expansi on or
contraction of the sleeve 12. The packing el ement 16 which actually

acconpl i shes stuhs tagutiiialg ergeg efrehl Webdgthhefbohe ohfdavableCenduientor open.
hol e C conprises an outer el astoneric sleeve or cover which is bonded or

ot her wi se appQopr ifditdsnatecteley) taueh poibs oh4 ohapr bal profritied e nf or ci ng
sheath 14. An upper anchoring assenbly 20 is provided for sealingly :
anchori ng t hé ORFFEIBRAL FFeqdhioredseompenents cebbe19eghiionse rei nf orci ng
sheath 14 relative to the central body sleeve 1. Such anchoring assenbly is

of entirely CEREMAYRE aborhte RATHRT FRAY ntb ufiEamacagbgefetdgent 22 which
engages the to enq?gf-the-inner | astoneric slgeve 12 and is forped into
wedgi ng engad&Fdfic & &R byE%"i%\e’a’g‘é_ d! huts 29t WRFERAFE® engaged i n
I nternal thr%%%sssz—%aecitQO%asll ecegr?fizgﬁur;r@fog Iggges&gh ribs shift

relative to each other upon expansion or contraction of

the sleeve 12. f | Q_J

The packing element 16 which actually accomplishes
the sealing engagement with the bore of a well conduit
or open hole C comprises an outer elastomeric sleeve or
cover which is bonded or otherwise appropriately secured
to a portion of or all of the reinforcing sheath 14.

An upper anchoring assembly 20 is provided for
sealingly anchoring the upper ends of the elastomeric
sleeve 12 and the reinforcing sheath 14 relative to the
central body sleeve 1. Such anchoring aSstbly is of .

entirely conventional construction and includes a wedge et
element 22 which engages the top end of the inner
elastomeric sleeve 12 and is forced into wedging

engagement therewith by a wedged nut 24 which is engaged

in internal threads 26a in a sleeve 26. The sleeve 26

&

is secured in position by being attached to the upper
portion of the inflatable tool, by use of a number of
conventional prior art techniqués. The sleeve 26

overlies the upper ends of the reinforcing ribs 14 and



I's secured in position by being attached to the upper portion of the

infl atabl e tool,- by use of a number of conventional prior art techniques.
The Sl-eeve 26 overlies the upper ends of the reinforcing ribs 14 and has
‘a rothded | ower surface 26b to accommodate the radi al expansi on of the

adj acent portions of the ribs 14. By virtue ofl Zuch connections, the upper
end of the inner elastoneric sleeve 12 and the reinforcing ribs 14 are

seal abl y secur ed hagaianstounded lnwesneurfaiatlble to adeonmodaté bvhy sl eeve
1. A lower anchoring assenbly 30 is provided which is identical to the
upper assenbly 2¢agiel ErPansdan iGh thmtadiadent rpoxtienedof ctize i vhbsi p.
Thus, a wedge 32.is forced against the | ower end of the inner elastoneric
sl eeve 12 by an égter B3 'Y %o Qfe & Wit FOHIRC WOR%h Hhe JpRe Bt @Rd W hthe

internal threads,36a prqvided in the |ower, end of the clapping ring 36, The
upper end of cla&ﬁﬁﬁdpﬁﬁﬁﬁiﬁg?ﬁhﬁlﬁ et ARt R TR RERrGERg B RS nyd

S b 0 e A A I B AT S AdedheeilaBryS 001
L er oot SRR S et s ang o ot e
éconnunication bet veel tlgePeERFhotd R 'dssembly 30 is provided which is
| identical to the upper assembly 20 with the exception
that it is in reversed relationship. Thus, a wedge 32
is forced against the lower end of the inner elastomeric
sleevé 12 by an externally threaded wedge nut 34 which
cooperates with internal threads 36a provided in the
lower end of the clamping ring 36. The upper end of
clamping ring 36 overlies the lower end of the
reinforcing ribs 14 and is curved as shown at 36b to
conform to the adjacent portions of ribs 14 when
expansion occurs.
The clamping ring 36 is threadably secured to a seal
N sub 40 having external threads 40a and an elastomerié
circumferentially extending O-ring seal element 36c¢c to
prevent fluid communication between the member 40 and
the member 36. Such sub 40 defines an internal recess
40b within which a seal 42 is mounted which sealably
~ ' engages the exterior surface of the central body sleeve
1. Extending downwardly of the seal sub 40 is a
cylindrical spring housing 46 having disposed therein a

power spring 49. Thus if the housing 46 is not



t he nenber 36. Such sub 40 defines an internal recess 40b within which a
seal 42 is nounted which seal ably engages the exterior:surface of the

central body sleeve 1. Extending dowmwardly of the seal sub 40 is a T
cylindrical spring housing 46 having disposed therein a power spring 49Eﬂ?
Thus if the housing 46 is not restrai ndd .then the | ower end of the '

packing element 10 is free to nove axially relative to the central body

sl eeve 1. |nrestraihed mthenofthiehilowelrvend @F thd YEINiIHg SAhdnd t1i@l
restraint is inposed upon the axial novenent of the housing 46 by shearably
securing suchs hBoeengosBove ekdaddnt rallatddye Hoeshe bertwsdr Mamily sl eeve 1 |
Is preferably provided with a downwardly facing shoul der | a agai nst which a
ring 44 is abt®®¥R. 1The ring 44 defines an external -annul ar groove 44a. One
or nore shear screws 48 are _provided in radial relationship to the housing .
46 and engage theRafRSl ﬁF‘bﬁfigﬁ‘@é‘t4&’§ Shd i dayentiome shd@mpanarviandyth

t he aforedescriﬁed arrapgepent, the lower end of the inner elastoneric

sl eeve 12 ard™ Jea}efﬁfggéi"ﬂ FEpd PR LG RO SRe 251aY yaxenesHy @f t he

PR R Uty R NS AL T PR RN AN

produces a supstaphtfh1 I8856€sbeve 1. Inner body sleeve 1 is
preferably provided with a downwardly facing shoulder 1la
against which é ring 44 is abutted. The ring 44 defines | \;;

an external annular groove 44a. One or more shear

screws 48 are provided in radial relationship to the

housing 46 and engage the annular groove 44a provided in

the shear ring 44.

With the aforedescribed arrangement, the lower end
of the inner elastomeric sleeve 12 and the -reinforcing
ribs 14 cannot move axially so long as the shéar screws

48 are intact. Thus, the applicatioﬁ,'initially, of a

pressured fluid to the inner bore of the inner

elastomeric sleeve 12 produces a substantial degree of ‘J
tension in such sleeve, and particularly in the
reinforcing sheath or ribs 14. When this tension
reaches a preselected degree capable of effecting the
shearing of shear pins 48, such pins are sheared and the
assembly.éo-is free to move axially relative to the B
inner body sleeve 1, as shown in Fig. 2B. As such

action occurs, a biasing means, such as the radially

compressed power spring element 49 housed within the



tension in such sleeve, and particularly in the reinforcing sheath or ribs
14. When this tension reaches a presel ected degree capable of effecting the
shearing of shear pins 48, such pins are sheared and the assenbly 30 is
freeMo nove axially relative to the inner boﬂihsleeve 1, as shown in Fig.
2B. As such action occurs, a biasing nmeans, s .as the radially conpressed
power spring elenment 49 housed within the interior of the housing 46 and
outwardly of theittbuiar bdd{hel bewveihgnid6l and evdvwsirdlylof diveprossedr
Wth this arrangenent, no substantial radial expansion of the packing
element 10 will beéwrsimeve thwiddsibee@ngagicd nefln eeipessedr oduced in
the reinforcing sheath or ribs 14. Wth such arrangenent, all_portions of
the inflatabl e el eneHEtROtREE| asFFRIGMERF aMOy sd{hs%@’tﬂl)ﬂlatr% antially

the sanme tine, thus overcom nghtehe pr. qbl emi of the priqQr, art constructi.on

enurer at ed above‘_?x?\_ﬁBFf'PBnRFI a?aﬂ]fénig_nﬁ SOt aé‘i&g'rl 1% T |t e &9 ng

et N, D DA P EATR R I8 AR et R, T S IR Y

o el e o VRRABRERE FABF 1T, St ol Sl L, el o

element is in prgpegnBOshich aRab? ePe?¥iméditUniof Qi1 RHxpalnd® radildiNg

| outwardly at substantially the same time, thus

' overcoming the problems of the prior art construction

~ enumerated above. Additionally, as the inflatable

packer is deflated during unsetting, the biasing means
spring 49 will expand to move the housing 46 together
with the lower assembly 30 and the inflatable element
downwardly to the initial run-in position. This will
assist in expediting deflation and unsetting of the well
tool as well as assuring that the inflatable element is

. in proper position to provide uniform inflation during

second and subsequent setting operations.

k” As such second and subsequent setting operations
occur, the inflation of the inflatable element will be
resisted by the force defined in fhe spring 49 to assure
uniform axial inflation of the inflatable body. The
spring 49 will not prevent inflation, but will resist

v axial radial movement of the inflatable element to the
well bore or casing for setting until the proper setting

pressure is reached to assure proper and uniform

setting, top to bottom.



second and subsequent setting-operations. As such second and subsequent
setting operations occur, the inflation of the infiatable element will be
resisted by the force defined in the spring 49 to assure uniformaxial =
inflation of the inflatable body. The spring 49 will not prevent inflatﬂhﬁ,
but will resist axial radial noverment of {tRe inflatable elenent to the wel |-
bore or casing for settngéuntil t he proper _setting gressure is reached to

assure proper anghQfef8 eflt tAgtheoprEovhdlt BRPrecizkgsEhaki pthgrin t he
art will appreciate_that other forns,_of gfi regegt nag be utilized between
housi ng 46 ah@rPReOfeAEFUFrenNsny BpEebE ¥t gﬁﬁ aBet¥PPBt BOURINGHAS) | ke. .
Addi tionally he. shear  scre 48 be,replaged b shearahle.ring. In
any event, n%néugg?aﬁ?PﬁfaiagggV §g§§33i6h chﬁhgsiﬁﬂg}egfagpgngpﬁc sl eeve
12, the rein i NQa ki . d i agki e or- N
cover 16 wil P%%burAéﬁ??féﬁﬁéfghegggbgggg%nﬁégéﬁggggeﬁageﬁgt%gpﬁéﬁgﬁng 46
and the centpal aDgdazhBe¥Crinks ¢ EhThAF! 6dent, fbAUBstant14R INflatable
tool for use Tn a subterranean . -

radial expansion of the inner elastomeric sleeve 12, the

reinforcing ribs 14, and the outer elastomeric packing

sleeve or cover 16 will occur until the shearable

connection between the housing 46 and the central body

sleeve 1 is terminated.



wel | bore and carryable into said well bore on a conduit, conprising: (a) a
central tubul ar body having neans on its upper end for sel ective engagenent
to gaid tubular conduit; (b) an annular inflatable packing el enent
concéntrically surrounding said central tubul r body and sel ectively
novabl e from defl ated to expanded positions; é&» fluid passage neans
communi cati ng between the bore of said central tubular body and the

i nterior of saigzﬁﬁﬂyﬁﬁr i nfl atabl e packi ng el enent, whereby pressured
fluid may be transmjted to,tgﬁ?interior of _said annul ar infl atabl e packing

el.enent to expand sald i#fIiRELRERDLR FAQL FRREHIC 11 o THBCRRRRPYRRI ti on
and into sealin enent with said well bore; . (d first securing neans
engagabl e with %ﬁgfﬁg"‘é? %%‘%{Mdc?’ﬁfY%g]a%I’enY)%cﬁ%% "é%leﬁrekh?r? " Ral ablgy
securing said<mg%é§§h{o g@& rf@fﬁ%ﬁl tubul ar body; (e) a second securing
means engagabl e W an’ opposrng end of said inflatable packing el enent for

slidably and seal abl y, pegusdReraRl CuBdlEF Kok [PaPNd hSdMd dbn i @ppdPdy

inan initial position prior to expansion of ‘said intlatable packing
el enent into sealddOf &P IPEESSHE ve (éngd@amént Ofo SFAET It Wl a S egordue sai d

second securing neans relative to sard central tubular body to

(b) an annular inflatable packing element
concentrically surrounding said central tubular body and
selectively movable from deflated to expanded positions;

{c¢) fluid passage means communicating between the
bore of said central tubular body and the interior of
said annular inflatable packing element, whereby
pressured fluid may be transmitted to the interior of
said annular inflatable packing element to expand said
inflatable packing element to an expanded position and
into sealing engagement with said well bore;

(d) a first securing means engagable with one end of
said inflatable packing element for sealably securing

o said one end to said central tubular body;

(e) a second securing means engagable with an
opposing end of said inflatable packing element for
slidably and sealably securing said other end to said
central tubular body in an initial position prior to

v expansion of said inflatable packing element into
sealing engagement;

(f) means for selectively securing said second

securing means relative to said central tubular body to

R N



17 prevent axial novenent of said second securing nmeans in response to
inflation forces produced by said pressured fluid until a' pre-sel ected
degree of axial tension is produced in said annular inflatable packing 3
el enent, said neans for selectively securipg said second securing neans b3
conprising a downwardly facing external tHoul der on said central tubul ar
body adj acent said second securing neans, a stop ring surrounding said
central tubupreventiyazhdlanovemnegtsefdsdbdnsecdhd secumynghmekder inand
shear abl e nmeans securing said second securing neans to said stop ring; and
(g) means forespensagtoainfiatban ferces ngredunedrbyasaid presaugedentral
tubul ar body _to resist_axial novenment of said second securing nmeans in
response to Fheidtwehilopce¥epfelinctadngegsrs pfcasipbdtergianuasi| said
pre-sel ected degree_of axia tens#on | S £rgg$ﬁed in, said innular inflatable,
packi ng el enRRPduced j1Re8ads BRNY8L; HBET2 Fnaaﬁﬁigﬁvs 8REPFssai d means

for selectivel%%securingﬂsaid segond securing neans.i S_acti.vated to rel ease

sai d second_%@_ r?ﬁaéﬁe 3 ?8*3? %gé}g ggFHrcgﬂtfgfdtﬁﬁﬁPQP 588??1§§iq
reans o DUAshAf, Sohd=2EEA0 A AEUALERaTF NG BUeaThd: SERBATaREC L N0

nmeans in a directio \ _ securfng nmeans and to said
initial pOS'6h0é‘aP&--§r§h€r§§C€ﬁﬂu§SEUBb&9, HBTHéeHHFbQ%dSBEBBHOf‘ of said

packi ng el enent. 2. The apparatus of Claim1 wherein said annul ar

i nflatabl e paskiapdng! RERAL, CANBELHCEiAY £L28bAARIKG said central
tubular body and abutting said downwardly facing

" shoulder, and shearable means securing said second
securing means to said stop ring; and
(g) means for biasing said second securing means
relative to said central tubular body to resist axial
movement of said second securing means in response to
inflation forces produced by said pressured fluid until
said pre-selected degree of axial tension is produced in
said annular inflatable packing element, said means for
biasing remaining passive until said means for
selectively securing said second securing means is o’
activated to release said second securing means relative
to said central tubular body, said means for biasing
said second securing means urging said second securing
means in a direction away from said first securing means
and to said initial position of said second securing v
means during deflation of said packing element.-
2. The apparatus of Claim 1 wherein said annular

inflatable packing element comprises an elastomeric

sleeve covering at least a portion of a reinforcing

* < L M L *

sheath.



sl eeve covering at |east a portion of a Feinforcbng sheat h. 3. The
apparatus of Clatm 1l wherein said annular inflatable packing el enent

conp%gses an el astoneric sleeve having peripherally overl apped, axially
extending reinforcing ribs secured relative to the exterior of said

el astonmeric sleeve; and an el astoneric coverl<® eeve secured to at least the
medi al portion of said reinforcing ribs, whereby the end portions of said
el astoneric sleeve @nd Fhed apderatus fbjcicied It ewheaied rpremiselaaniiachflegr ee
of axial tension to prevent iradial expansion of one:énd of said elastoneric
sl.eeve prior toinifdadiaibdre gatkifg BlemgniarcampsrisesClan mlhstivaresiic sai d
shear abl e neans securing said second securing neans to said stop ring
conpri ses a sl esleeve darimgy pexdphersld ydeyerdiarppede ax¥iad v extiendiawdnd
securing neans and surrounding said stop ring; and a shearabl e el enent
connect i ng sai d FeHOEEE LRI Fidss FRFUK _re\:]._a%ﬁw@ & dha exterigniaf 1,
wherein said annuLﬁq i.nfl at abl.e packi ng el ement i%gprises: an el astoneric

sl eeve covering88td 835 TOMGRYC SOV ARG A & ' COyi&F sleeve
CLesr o SRNBIAA 1B BRI S BN B 3 4a o 10
reinforcing ribs, whereby the end portions of said
elastomeric sleeve and said ribs are subjected to said
pre~-selected degree of axial tension to prevent radial
expansion of one end of said elastomeric sleeve prior to
the other end.

4. The apparatus of Claim 1 wherein said shearable
means securing said second securing means to said stop
ring comprises a sleeve threadably secured in depending
relation to said second securing means and surrounding
said stop ring; and a shearable element connecting said
sleeve to said stop ring.

5. The apparatus of Claim 1, wherein said annular
— inflatable packing element comprises:

an elastomeric sleeve covering at least a
portion of a reinforcing sheath, said elastomeric sleeve
having peripherally overlapped, axially extending
reinforcing ribs secured relative to the exterior of
said elastomeric sleeve; and

an elastomeric cover sleeve secured to at least

the medial portion'of said reinforcing ribs, whereby the

‘ A AL I



said el astoneric sleeve; and an el astoneric cover sleeve secured to at

| east the nedial portion of said reinforcing ribs, -whereby the end
portions of said elastoneric sleeve and said ribs are subjected to said -~
pre-sel ected degree of axial tension to prevent radial expansion of one eﬂﬁ
of said elastomeric sleeve prior to the der end. 6. The appar at us of
Claim 1, wherein said annul ar inflatable packing el enent conprises: an

el astoneri c shdepertd\eisi vF alaidailastauriicoBldeved @A XA NG wheat h. 7.
Met hod of bal ancing radi al expansion of an el astoneric sleeve within an

I nfl at abl e t ezl Babjetedn to saiide prereml avded degrashioth axdiquarryable into |
said well bore on a conduit, conprising the steps of: (1) Assenbling at the -
top of the wkensien o areyent gwdiadt expansdidm of smied and lcft a=ial t ool
conprising: (a) a central _tubular body having neans on its upper end for
sel ective en§ifERPRCTLS Sliofye Prifrd teoide othew) emd.annul ar infl atabl e
packi ng el ement concentrically surrounding said central tubular body and
sel ectively novable fromdeflated to expanded positions; (c) fluid passage

n ni i.N n th r i r al | ar body and the
inﬁ?efi g?mg? | cat 69 q'?ntewg%patra%ugo oef %&a%.?n ,C%ﬂteraeint %balid annul)a/ar :

inflatable packing element comprises:.
an elastomeric sleeve covering at least a

portion of a reinforcing sheath.

\/
7. Method of balancing radial expansion of an
elastomeric sleeve within an inflatable tool for use in
a subterranean well bore which is carryable into said
well bore on a conduit, comprising the steps of:
(1) Assembling at the top of the well an
inflatable tool onto a conduit, said inflatable tool
comprising:
(a) a central tubular body having means on its upper
end for selective engagement relative to said conduit; o/

(b) an annular inflatable packing element
concentrically surrounding said central tubular body and
selectively movable from deflated to expanded positions;

(¢) fluid passage means communicating between the
bore of said central tubular body and the interior of
said annular inflatable packing element, whereby

pressured fluid may be transmitted to the interior of

* C L M S *



said annul ar inflatable packi ng el enent, whereby pressured fluid may be
transmtted to tthe interior’ of 20 said annul ar inflatabl e packing

el effent to expand said inflatable packing element to expanded position and
|ntd¥seallng engagenent with said well bore; (d) a first securing neans
engagable with one end of said inflatable ing el enent for seal ably
securing said one end to said central tubular body; (e) a second securing
- means engagabl essd d haanubaposhfiatatlef paakiingnél emebtetpaekpagdesaidnt for
~slidably and seal ably securi-ng said other end to said central tubular body
ip an initial pbsfiababpei packbngxphanpph 66 supanded| neabréopagRAngnto

el ement into sealing engagenent; (fg means _for_se| ectively securing said
second securi ngeaehhBgr epgREoEERE ¥ th ek WPl uBAFS? body to prevent
axi al novement of saig se;ond securing neans in resg se t inflatian £
forch produced by §&7d2pfeEetr 8§°PFLFE BREPP 5“S?g-§£Fe8ng 848G 88%"F
axial tension is oduced, ipn,said annul | akahl b 09 ; and
(g% Fean; Lor b?ﬁ£§n8“§§F83§%8038°§%8 r?%ahﬁégngggegggﬁgéi?osggﬁggggntraI
tubul ar body to L e5i 3hea¥ha! £gOYEHEN a8l duBEEARCpEgEpri ng means in
response to inf?é¥§o§ ?orcestg?oguce ° %rsai upressurédgfluid, said

(e) a second securing means engagable with an
opposing end of said inflatable packing element for
slidably and sealably securing said other end to said
central tubular body in an initial position prior to
expansion of said inflatable packing element into
sealing engagement;

(f) means for selectively securing said second
securing means relative to said central tubular body to
prevent axial movement of said second securing means in
response to inflation forces produced by said pressured
fluid until a pre-selected degree of axial tension is
produced in said annular inflatable packing element; and

— (g) means for biasing said second securing means
relative to said central tubular body to resist axial
movement of said second securing means in response to
inflation forces produced by said pressured fluid, said
means for biasing remaining passive until said means for

3 selectively securing said second securing means is
activated to release said second securing means relative
to said central tubular body, said means for biasing

said second securing means urging said second securing

means in a direction away from said first securing means

* [ L M S *




means for biasing remaining passive until said neans for selectively
securing said second securing neans is activated to rel ease said second

securing nmeans relative to said central tubular body, said neans for =9
bi asi ng said second securing neans urging said second securing neans in
direction away fromsaid first securing ns 21 and to said initial

position of said second securing nmeans during deflation of said packing

el enent; (2) andhriongasid d nitfiadt agsd ticy afh swdidl saganhd tseqiti ngi d _
subterreanean well bore until said inflatable tool reaches a pre-determ ned

| ocation; (3preansufuriqsAefliafiion Aff &5iskackimgmelamentsd to expanded .
positions by increasing pressure to a first pre-deternmned |evel through i
the fluid passagd Zleditaning §ahd iRilaiaie el Sadd Fondnit 1| uid’

t hrough said_ fluid saqe nmeans above .sai.d first .pre- erm.ned level to
actuate the 5 SHRRSIRAARPAL WAL PR d”%tégoﬁ@qse‘%dﬂrgﬁt%%s and

to activate St?’g% rpeagbs%é‘sora g@id&eﬁi%e?fg.%t} ring nmeans, whereby said

annular infla € packi ng enent 1S nove drt her expanded position;

oo Lacaannd YR S G Dl ol hopries, o
positions, +to expanded positions by increasing pressure to a first
pre-determined level through the fluid passage means; and
(4) increasing the pressure of said fluid through
-said fluid passage means above said first pre-determined
level to actuate the means for selectively securing said
second securing means and to activate said means for
biasing said second securing means, whereby said annular
inflatable packing element is moved to a further
expanded position; and
(5) thereafter reducing fluid pressure within the
fluid passage means to move said annular inflatable
packing element from expanded to deflated positions,
whereby said means for biasing said second securing o/
means urges said second securing'meané in a direction

away from said first securing means and to the initial

- position of said second securiﬁg means.

Y



whereby said neans for biasing said second securing-means urges said second

securing neans in a direction away fromsaid first securing neans and to

the ¥nitial position of said second securing nmeans. 22 8. The net hod of

dain7 further conprising the step of: and thereafter noving said

I nflatable tool within said well for actuat@&® and setting at another

| ocation within said well bore and increasing the pressure within said

fluid passage means g0 mhee nethd@YIIARIIMNT7 Fakhe D ¥prd sAi e from

defl ated to expanded position and bias the second securing neans in a

di.recti on away btem oFfi:d first securing neans through the bias of the

bi asi ng neans.
: and thereafter moving said inflatable tool within

§

said well for actuation and setting at another location
within said well bore and increasing the pressure within
said fluid passage means to move said annular inflatable
packing element from deflated to expanded position and
bias the second securing means in a direction away from
said first securing means through the bias of the

biasing means.
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