ATING SYSTEM ‘THEREFQR: The .pr esen | n\f’ﬁtmn 4elates general ly- t

- 1- L.MPROVED PLUG OR LGZK:E@‘USE( ﬂ L FI ELD TUBULAR NENBERS AND AA’»
i,

|nproved
subterranean wells; and nore particularly toi rrprcmrgm_g}s HAS. Bagﬂu

menber s,

qr “l'ocks" #dapted for LS.

S,y suc?ﬁéa&S’ l_s]’g'§'

barrier nenbers,,

associ at ed operat| ng systems, and methods of theifdse REPLC dE field tubul ar
suelt-as caS| ng or tubi ng stri ngs Ref er r.ee__es_m%—ge-eu\- UK
NHPRGYERZALUS O LGCR FOR USE {N OTL FIEL

pat ent’ appl bcation

TUBULAR MEMBERS AND AN OPERATING SYSTEM THEREFOR

The present invention relates generally to improved barrier members, such as
"plugs" or "locks" adapted for use in subterranean wells; and more particularly, to
improved _p]ug§:or locks and as.sociated_.fgperatirrg systems, and methods of tﬁeir use in
oilﬁeld tubular members -such as casing or tubing strings e ': X

| The use of plugs or locks in oilfield tubular members is well known in the art. A

packer-type lock as particularly described relatlve to the preferred embodiment herein, is

- typically intended to be placed in the tubular mer'nber, such_as a subsurface tubing string,

and to securely and sealingly engage the interior wall of the tubing string. Once in place,
the lock provides fluid and pressure isolation between sections of the tubing string.

Many such lock systems have been developed in which landirlg nipples or profiles
are provided at points along the tubing string’s interior surface, and wherein a lock will
be placed in the nipple or profile. However, placement of a lock of this type is limited to
those points along the string at which_.an appropriate nipple or profile is located. .

A few plugs are known which are “nip:pleless” in that they do not require the
presence of a nipple or profile to be set within a string or wellbore. Nippleless systems
offer the capability to set plugs at sﬁBStantrally any depth or point within a subterranean
well.l These systems also. reduce the need to foresee, at the time tubing or casing is
placed, where a packer device will lerer be needed.

Conventronal methods of_runmng and pulling nippleless plugs or locks, however,
typlcally require that actuating power be supplied from the surface to the runmng or
pulling assemblies performing these func_tions. This requires, therefore, that the tools be

run on wireline, rather than slickline (without an electrical conductor), as is used for
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I's a divisional application of the present application. This divisional

application relates to a downhole power unit for setttn | oi |
orfgas el |, the power unit conprising: a housing: CHP@Q@W%;@DP%@]
contained in said housing; a power source operably donnecREBLAYYSaid

el ectric nmotor; and a novable mandrel ope ably connected to said electric
notor, said mandrel capable of transmtting force fromsaid electric notor
to said tapiny dther types of welluperationd. oThis fequicérherftiindreases) the equipmerh mesds, s
wel |l known in the art. A packer-type |ock, as particularly described

relative t4t{e cBJrhd Gfkration of setting or pulling the plug or lock.

There are techniques which do not rely upon surface-supplied electrical power to
set a lock. These systems, however, typically rgly upon an explosive charge to set the
lock. Rapid setting sequences, and particularly those performed as rapidly as is typically
achieved through use of explosive devices are detrimental in tha.t ;:hey adversely affect the
quality of the setting of each member. For example, slip elements are known to set more
securely when they engage tﬁbing or casmg in a controlled manner. Further, elastomeric
packer elements establish a better seal when the elastomeric material is deformed
gradually, and stresses within the material are thereby allowed to equalize more
gradually, thereby minimizing subsequent rélaXation of the elastomer, with an
accompanying reduction in sealing éffectiveness.

Many existing slip designs employ radially segmented slip elements which are
urged outward to engage the interior wall_of the surrounding tubing string. The slip
elements are often separated from each other a significant distance. If the slip is being
set in a non-vertical tubing string, the elemeI;t!s"may expand non-uniformly resulfing in
the lock being decentralized within the string. As a result, a pressure differéntial across
the lock will be more likely to result in failure of the lock’s slips due to the unequal
forces upon the slips and packiﬁg elemént around the circumference of the lock.

Convehﬁoml designs fqr paclfef-type locks offer a further disadvantage in removal
operations. After a packer-typ-:?tock is set and subjected to a periéd of high temperature
and pressure, the packing element will typically achieve some degree of "set" toward the
expanded state. This "set" of the packing element may also be considered as an absence

of "memory" of the packing element for its original form. The distended exterior
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enbodi nent herein, is typically intehded to be placed in the tub

ne@ber__such as a subsurface tubing string, and to s Egﬂqyﬁpafmh |y
engage the interior wall of the tubing string. Once i ﬁﬁl.dE
provides fluid and pressure isolation befween sectiorls of LAY

'string. Many such | ock systems have begén’deével oped in which Iandihg ni ppl es
or profiles are prOV|ded at p0|nts along the tubing string's interior

surface, and, wher |n a_l e Ia eg in,th L? . e roflle

Towever | ol albRBREC br 527 BekSof cBATaLi ghocre Frhk B4PPbERbSBS pEnt & al ong

t he Strlng atedhiceh &heafpndpr bmpess around the lock, and may provide
difficulty in clearing areas of relatively restricted
diameter, such as an uphole nipple or profile.

In a related aspect, retrieving or "pulling"
operations for locks typically_rely upon engaging a set lock
with a wireline device and pulling or jarring the lock
upward in an attempt to dislodge it from within the tubing
string. This technique. is not always successful and
sometimes results in either damage or "hanging up” of the
lock within the tubing string.

Accordingly, the present invention provides a new
barrier device, such as a lock (or "plug") and associated
methods and apparatus for setting and pulling the barrier
device without the requirement of a nipple or profile; and
which, in a preferred embodiment, facilitates both
contfolled, gradual, setting of the device, and release of
the device without jarring.

According to the present invention, there is
provided a packing element for use in a well lock having an
actuatioﬁ assembly, said paéking element comprising an
elastomeric sleeve having generally opposed axial end
portions and a generally annular central portion adapted to
be compressed and radially egtfuded, said central portion
being of a generally softer elastomeric material than said
axial ends, each axial end portion having a lip adapted to
engage a generally complementary notched member on said well
lock actuation assembly, said lips extending in generally
opposed directions. S

The inventi9n also provides a packing assembly
for a plug member agapfed'for use in a subsurface well, said
packing assembly coﬁirising: .
a. an actuation assembly having first and second
generally opposed, and relatively longitudinally
movable, notched members; and

b. a substantially elastomeric sleeve coupled at
- :
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nipple or profile is |located. A few plugs are k
i ngt hat they do not require the presence of a ni
mnthln a string or wellbore. Nippleless systens pability to-set
pl ugs at substantially any depth or point within Subterranean well. These
systens al so reduce the need to forese&, 4ar the time tubing or casing is

pl aced, where a packer device will |ater be needed. Conventional mnethods of

runni ng and pul ling ni | el ess plugs or | ocks
9 P 9 ppf1rst e%d o said f1rst notched member, and

pl el ess”
FIROED [ e be set

coupled at a second end to said second notched
member, said actuation assembly being operable to
compress said elastomeric sleeve and to urge said
elastomeric sleeve toward an expanded diameter
condition, and further adapted to apply axial
tension to said elastomeric sleeve and to urge
said elastomeric sleeve toﬁéfd a reduced diameter
condition.
The invention further provides a slip assembly for
a lock for use in a subterranean tubular member, said slip
assembly being operable between a ;elétively reduced
diameter state and a relatively expanded diameter state,
said slip assembly comprising:

- a. an actuation assembly including at least two
generally longitudinally opposed and relatively
moveable generally annular wedges; and
b. a generally circumferentially continuous,
radially variable body having a pair of
longitudinally opposed ends, said variable body
having a plurality of radially displaceable
anchoring slips, said anchoring slips being formed
by a plura}ity of interleaved slots extending into
said body from said 6pposed ends, said anchoring
slips operatively'coupled to said moveable annular
wedges so as to be radially displaceable in
response to relative longitudinal movement between
said annular wedges.

The invention also includes a retrievable well
lock adapted for use,yithin a tubﬁlar member within a
subterranean.well;x§ai&.lock comprising:

a. a mandfel assembly;

b. an actuation assembly carried on.said mandrel

assembly, said actuation assembly comprising

generally longitudinally opposed, and relatively

longitudinally moveable, annular wedges;
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-2-
surf ace: o the running or pulling assenblies pe
Thi's reqwres therefore, that the tools be run
slickline (w thout an electrical conductgr), as

typically require that actuating power b '
ﬂ(ng,HgETt HaSBEInkt i ons.
Wi R EpliNeED T at

c. a slip assembly coupled to said mandrel
assembly, said slip assembly operable between a
relatively reduced diameter state and a relatively
expanded diameter state, said slip assembly
comprising a generally circumferentially
continuous, radially variable body having a pair
of longitudinally opposed ends, said variable body
having a plurality of radially displaceable
anchoring Slips, said anchoring slips formed by a
plurality of interleaved slots extending into said
body from said opposed axial ends, said anchoring
slips operatively coupled to said moveable annular
wedges so as to be radially displaceable in
response to relative longitudinal movement between
said longitudinally moveable wedges; and

d. a packing assembly, said packiﬁg assembly

comprising an elastomeric sleeve arranged to be

axially compressed to an expanded diameter
condition by said actuation assembly, said sleeve
further coupled to said actuation assembly and
arranged to be axially drawn to a reduced diameter
condition after said expanded diameter condition
wherein it is maintained under divergent axial
tension said sleevé comprising a generally central
portion having a greater deformability than the
deformability proximate said axial ends.

The invention further includes a retrievable
packer-type well .lock adapted to be disposed within a tubing
string, said lock comprising:

a. a barrel slip assemBly operable between a

reduced d&ahéter, and an expanded diameter

"condition;® . _

b. a packing assembly having a substantially

elastomeric sleeve and adapted to be operable

between an expanded diameter condition and a

reduced diameter condition; and
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-3- many other types of well operations. ThIS requi rement mcreases t he
eql§ prent needs, and the cost of the operation. | i ng the
plug or 1ock. There are techni ques which do not | THISy SHPEIN HAGr BERe} suppl i ed
el ectrical power to set a |ock. These sygtems, hoveveggpiipgpp cal |y rely upon
an expl osive charge to set the | ock. d setti vy

particul arly those perforned as rapl dly as is typically

¢c. an extensible release mandrel disposed through

the lock, said rélease mandrel adapted upon

extension to release the packing assembly and the
barrel slip assembly from the expanded diameter
condition.

The invention provides a method of running a
nippleless lock in a subterranean tubular member, comprising
the steps of: T

a. providing a lock assembly comprising,

1) an actuation assembly;

2) a slip assembly coupled to said actuation
assembly; and .

3) é packing assembly, said slip assembly and
said packing assembly each operable between a
first relatively reduced diameter condition
and a second, relatively expanded, condition;

b. providing a running tool comprising a power

assembly, and a working assembly, said working

assembly tomprising at least one movable member;
¢. coupling said running tool to said lock
assembly to form a severable unit, with said
movable member of said operating tool arranged to
be at least engageable with said actuation
assembly of said lock assembly, said operating
tool being affixed to said lock assembly to be
selectively removable therefrom;

d. placing the running tool and lock assembly

unit within said tubular member to place said lock

assembly at a depth at which it is desired to
actuate said lock assemBly; and

e. actuaéihé.said power assembly to operate said

working agﬁembly and to move said movable member

to cause actuation of said actuation assembly and
the resulting setting of said slip assembly and
said packing assembly within said tubular member.

The invention also provides a méthod of pulling a
[ —
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achi eved t hrough use of explosive devices are detrinental in that they
adversely affect the quality of the setting of each nmenber. For.exanple,
slip elenents are known to set nore securely when TMsysmHHaHNSEEEN g or
casing in a controlled manner. Further, el astomnerj
establish a better seal when the el ast onmér i-c mat el
gradual ly, and stresses within the material are thereby allowed to equallze
nore gradual |y, thereby ﬁ]ﬂlﬁ]ZInq subsequent rel axation of the el astoner,
with an accoRp&k§irngyPEdHeLilER rien 196kl hAY 18Lf 88t PFERBSID IRLAY 18RiS€t i ng sl ip
desi gns enpl agndadilalflryms@grRihed Tubpngl eRAhg WRiGE aArdanipulating

tool capable of engaging and exerting force upon portidns of

the lock in at least two directions, said method comprising
the steps of:

a. placing the tool within the tubing string

proximate the lock and contacting the lock with

the manipulating tool in aﬁ.dperéﬁle relation;

b. operating the manipulating tool to exert force

upon portions of the lock such that the extensible

release mandrel is extended to permlt portions of
the lock to move from an expanded dlameter
condition to a reduced diameter condition; and

C. removing the tool and lock from the tubing

string.

The invention further provides a system for
setting a nippleless lock in a subterranean well,
compfising: _

a. a lock assembly, comprising,

1) an actuation assembly,

2) a slip assembly operatively coupled to
said actuation assembly,

3) a packing ;ssembly operatively coupled to
said actuation‘aésembly, said actuation
assembly comprising at least one
longitudinally movable member, said slip
assembly and said packing assembly each being
actuable in response to longitudinal movement
of said movable member of said actuation

_ assembly; and ‘

b. a rum%iné-tool réleasably coupled to said lock

assembly,.gaid running tool comprising,

1) an electric motor,
2) a power source contained within said
running tool, said power source capable of

providing a supply of electrical power
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urged outward to engage the interior wall of the surrounding tubing string.
Thegslip elements are often separated from each other a significant
distance. If the slip is being set in a non-vertical tubing. st+in t he

el ements may expand non-unifornmy resulting in theOHHERRIHAD BE&E tralized
within the string. As a result, a pressu8e-different|ahEPﬂﬂg@s thell ock
Wil be nore likely to result in failure of the ligck' s—Siips—on t he
unequal forces upon the slips and packing el enent around the circunference
of the lock. Conventional 888§fgRiensrtpaeReratgpeaidcRiestrér Bofarthapd

di sadvantage in renoval opghat hbopgvabitehafdPatkesatiPRol@6kel RagiBteand

subj ected to a period of high tenperature . )
operatively coupled to said electric motor,

and generally longitudinally movable in
response to operation of said electric motor,
said movable mandrel operati&ely coupled to
said lock actuatioﬁ assembly to facilitate
longitudinal movemenf of said movable member
thereof when said running tool is coupled to
said lock ‘assembly. '

The invention further includes an assembly for
setting a nippleless lock within a tubular member within a
subterranean wellbore, comprising:

a. a lock assembly, said lock assembly

comprising, |

1) a mandrel assembly,

2) an actuation assembly carried by .said -
mandrel assembly, said actuation assembly
comprising a plurality of longitudinally
movable members movable in response to a
predetermined force, said actuation assembly
further comprising first and second generally
opposed notched retention members, said
‘notched retentfoﬁ members arranged for
relative longitudinal movement relative to
said mandrel assembly,

3) a slip assembly operatively coupled to
said actuation assembly, said actuation
assembly including a plurality of generally
opposed wedge assemﬁlies adapted for relative
longi&uh{nal movement, said slip assembly
comprféing a generally continuous body member
having a plurality of radially extemnsible
anchoring slips, said anchoring slips movable
from a first, relatively retracted position,

to a second, relatively extended position,
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and pressure, the packing element will typically achieve sone degree of
“set" toward the expanded state. This "set” of the packing el ement may al so
be consi'dered as an absence of "nenory" of the packing elenent for its

original form The di stended ‘exterior -4--dia BHRE %hrpmeg(:gﬁval of

NG, . 94— .
the lock difficult as it reduces t he fFuiPd-bypasg REPLAGED

said anchoring slips movable in response to
movement of said opposed wedge assemblies of
said actuation assembly, and
4) a packing assembly, said packing assembly
comprising an elastomeric sleeve, said
elastomeric sleeve including a generally
central portion, and two relatively opposed
axial portions, each said axial portion
including a.notched lip, each said notched 1lip
engaging a selected one of said notched
retention members of said actuation assembly,
said packing assembiy movable from the first
relatively retracted position to a second,
relatively extended position in response to
converging longitudinal movement of said
notched retention members; and

b. a running tool releasably coupled to said lock

assembly, that running tool comprising,
1) a housing assembly; -
2) a power source comprising at least one
battery within said housing assembly:
3) an activation assembly operatively coupled
to said power source, said activation assembly
operable to coﬁvéy an electrical signal from :
said power source upon occurrence of at least
one predetermined condition:
4) an electric motor contained within inset
housing assembly, said electric motor
operatively cbupled'to said activation
assembly for receiving said electrical signal
from‘gai&-power source upon occurrence of said
at leégt-one predetermined condition:
5) a jack-screw assembly operatively coupled
to said electric motor, said jack-screw
assembly including at least one rotatable

member and one longitudinally movable member,
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around the lock, and may provide difficulty in cl afolﬁ'gSI-@E"E‘?aﬁASOfBEFl?l atively
resjyricted dianeter, such as an uphol e ni pple or gr ed

aspect, retrieving or "pulling" operations for |odks ty EEQQ? relydupon
engaging a set lock with a wireline device and pul ling or Jarrlng the | ock
upward in an attenpt to dislodge it fron%ﬁnfhln the tubing string. This
techni que is not always successful and sonetines results in either damage

or "hanging up" of the lock within the tubi string. Accordin t he
present invention provides®&* ﬂe&PBEFFPanaisgcﬁ?vgﬁgﬁ_mem e¢' B8V¥p14"%n

response to rotation of said rotatable member,

said movable member operatively arranged to
said lock actuation assembly to establish
relative longitudinal movement of said running
tool housing assembly relative to said lock
actuation assembly upon actuation of said
electric motor. R | |

The invention also includes a tool for setting a
nippleless lock in a subterranean well, said lock comprising
an actuation assembl& operable through relative longitudinal
movements between first and second portions of said lock,
said running tool comprising:

a. a housing assembly,

b. an electric motor contained within said

housing assembly;

c. a power source contained within said housing

assembly, said power source capable of providing a

supply of electrical power sufficient to operate

said electric motor; and

d. a movable mandrel, said movable mandrel

configured to be longitudinally movable relative

to said housing asgembly in response to operation
of said electric mét&r, said movable mandrel
selectively engageable with a first portion of
said lock, said housing assembly operatively
engageable with said second portion of said lock,
whereby operation of said electric motor in the
resulting movement of said movable mandrel of said
tool relat;ye to said hbusing assembly will cause
actuation%of‘said lock.

The retriJQable well lock in accordance with the
invention preferably includes a mandrel assembly which
supports a slip assembly. The slip assembly is preferably
operable between a first, relatively reduced diameter, state

or condition, and a second, relatively expanded diameter,
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as a lock (or "plug") and associ ated net hods and apparatus for setting and
pul$¢ing the barrier device without the requirenment of a nipple or profile;
and which, in a preferred embodi nent, facilitates Dqﬂﬁ SHHHYHhBQEEN radual ,
setting of the device, and rel ease of the device wthout ERALEMY- AC ordlng
to one aspect of the present invention-thére is pr¢ . prer=et enent
for use in a well lock having an actuation assenbly, said packlng el ement
conprising an el astoneric sleeve having generally opposed axial end
portions andséagénéFanydaﬁﬂGPar daner areferreénenbapimgnto BBecdApkessed

and includes an actuation mechanism or assembly which includes

at least two generally longitudinally opposed and relatively
longitudinally moveable anﬁular wedges. In a preferred

. embodiment, the slip assembly includes aegenerally
circumferentially continuous and radially variable body
member. In a partlcularly preferred 1mplementat10n, the
body member is constructed to have a structural construction
extending to define a plurality of anchoring slips in a
generally serpentine form, such form established by a

plurality of
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radial ly extruded, said central portion being of a _generally softec.

Iqstomerl c material than said axial ends, each ammgsmﬁpqms ®aEWavi ng a
|lip adapted to engage a general l'y conplenentary ndtched R@pmb on sdid well
| ock actuation assenbly, said |ips extending in ge '

directions, and further conprising at |east one annul ar reinforcing nmenber
di sposed around the elastoneric sleeve to resist axial extrusion of the

el ast gmgr | opposed\aad ifterdeavei rsu)ts 0 The atthstiorpasserablyos opbatively edipled tb ey Bodys
provi ded a

member to selectively cause radial expansion of the anchoring slips.

The lock preferably also includes a packing assembly which includes an
elastomeric sleeve which is again, moveable between a first, relatively radially retracted, -
condition, and a second, relatively radially expanded, 'condition'. .In one preferred
implementation, the elastomeric sleeve is coupled to the actuation assembly such that the
sleeve will be maintained under divergent axial tension when the sleeve is in the first,
relatively radially retracted position. One particularly preferred embodiment of
elastomeric sleeve includes a central portion having a relatively softer, and therefore
relatively more easily deformable centfal portion, with the longitudinally opposed end
porfi(;ns being of a relatively harder elastomeric compound. This particularly preferred
‘embodiment further comprises a novel notched retaining system between an actuation
assembly and the eiastomeric sleeve which minimizes stress upon the sleeve during
deformation.

One preferred embodiment of a runni:ng'tool, in accordance with the present
invention and adapted to operate the well lock of the present invention, includes a power
assembly including both a self-contained power source, such as a bank of batteries, and a
force generator operable through application of power from the power source. The force |

generator will preferably be a mechgmism such as a jack-screw type mechanism, capable
o

£

of imparting a translational forcé to a working assembly of the running tool. This
working assembly will preferably cause relative movement between two portions of the
working assembly, which relative movement will exert a force on a portion of the

actuation assembly of the loék to cause actuation and setting of the lock within a string of

ThlS Sheet Has Been: Re laced.
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-5- packing assenbly for a plug nenber adapted for_use in a subsurface

wel ¢, said packer assenbly conprising: a. an actugtTigg gﬁﬁﬁﬂnh Eﬂ% Ijng
I A @?I gj
0

first and second generally opposed, and relatively ongz&f y N vabl e,
not ched nmenbers; and b. a substantially %Iastoneri sle neral ly
opposed axi al = 13-

tubing or other tubular member. This preferred embodiment
of running tool is adapted to cause gradual longitudinal
movement of portions of the lock actuation assembly such
that the lock is set over an extended period of time. This
period of time should be over approximately one minute, and
most preferably over five minutes.

A preferred embodiment of a pulling tool in
accordance with the present inventidﬂ-and“éﬁitable for use
with the lock of the present invention will also include a
self-contained power source such as a bank of batteries, and
a selectably actuable force generator for establishing
opposing longitudinal movement between two members. In one
preferred implementation, the power assembly of the pulling
tool and the running tool will be essentially identical.
The pulling tool will preferably include a working assembly
which is adapted to apply a translational force to a portion
of the mandrel assembly of the lock to facilitate releasing
or "unsetting" of the lock.

In order that the invention may be more fully
understood, various embodiments thereof will now be
described, by way of illustration only, with reference to
the accompanying drawings, wherein;

FIG. 1 is a side exterior view of an exemplary
packer-type well lock in accér&ance with the present
invention depicted as "set" within a tubing string in an
exemplary implementation of the invention. -

FIGS 2A and 2B are partial cutaway views of an
exemplary packer—type well lock in acéordance with the
present invention depicted "in an unset position.

FIG. 3 is a_detail of an exemplary axial
compression memberx&nd‘associated components.

FIG. & is & cross-sectional view at line a-a of
FIG. 2A showing an exemplary connection between'a running

tool and lock.
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end portions and a generally annul ar central po.rti-d'muﬁmgpqmso;gml
conpressed and radially extruded, said central poftion ﬁﬁbg_’)\ f a ggnerally
softer elastonetric material than said axial ends, i Lng

coupl ed at one axial end to said first notched nenber, and being coupl ed at

the other axi alFIgNd & Q sidd ExBAGOVIWI ST MmN E@mPRITP ownhéle ot vadl icofstArt V-
bei ng- operable to conpress said elastoneric sleeve and to urge said

el ast oner iaSc&hﬁﬁg%iiﬁp@rﬂe?eﬂt'Wﬂ@&?d di aneter condition, and further
A .

ada_pt_ed to apply axial tension to said

FIG. 6 is a partial vertical section of the poWer assembly portion of an exemplary
running tool constructed in accordance with the present invention.
FIG. 7 is a partial Qertical section of the working assembly portion of an
exemplary running tool constructed in accordance with the present invention.
FIG. 8 is a cross-sectional view at line b-b of FIG. 7 showing portions of aﬁ
exemplary ciutch mechanism of the present invention.
FIGS. 9A-9C are partial cutaway Qiews showing an exemplary lock in expanded
and reduced diameter conditions.
FIGS. 10A and 10B are partial cutaway views of an exemplary pulling tool
constructed in accordance with the present invention.
FIGS. 11A-11C are partial cutaway views of an exemplary pulling tool and an
associated lock. |
_The present iﬁvention relates generally to well locks, and to methods and systems
facilitatihg the placemént and refrieval of such locks within a tubular member, such as a
tubing string, within a wellbore. -
The invention will be described in reference ;to a preferred embodiment of a
packer-type well lock having both slips and a deformable packing element. Such a
packer-type well lock may be adapted to serve as a bridge plug or as a hanger for other

types of equipment, as is well known to the art. The present invention has particular
\ -

—a
-

application to well operations coﬁauetgd through use of "slickline" as the invention allows

placement and retrieval of a well lock without the need to transmit power downhole from
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el astoneric sleeve and to urge said el astoneric sleeve toward a reduced
di gneter condition; and c. at |east one annular r | sposed
ardund the el astomeric sleeve to resist axial extfugfsogmal-fi HAS REEstomerl C
sl eeve. According to another aspect of thkSinvention tHHBEPEAGED provilded a

retrievable well |ock adapted for use W|th|n a tubul ar emberWth+n a

subt erranean well, said | ock con;prl sing: a. a rrandrel assenbldy
the surface. Further, the lock of the present invention is nippleless thus may be

plaéed at substantially any point within a tﬁbing string without requiring a pre-placed
matching landing nipple or profile into which the lock must mate.

Referring now to FIG. 1, therein is shown an exemplary loék 10, in accordance
with the present invention, depicted in an operating environment disposed within a tubing
string 11. Although lock 10 will be discussed in 'refereﬂce to é'tl;bing string 11, it should
be clearly understood that lock 10 may also be placed in a casing striﬁg, drill string, or
other tubular member as is well known to the industry. Referring now also to FIG. 2,
therein is depicted lock 10 in greater detail, illustrated substantially in vertical section.
Lock 10 comprises a support mandrel assembly 12, which supports a barrel slip assembly
14. Barrel slip assembly 14 is operable between a reduced diameter condition by which
lock 10 may be placed into or removed from the tubing string, and an expanded diameter
condition by which barrel slip assembly 14 is set and mechanically engages the tubing.

Lock 10 also includes a packing assembly 40 which is also movable between a
relatively reduced diameter condition, and a relatively expanded diameter condition (as
depicted in FIG. 1), whereby packing assemb'l'y' '40 séalingly engages the interior of the
tubéng string to provide fluid and pressure isolation of one section of the tubing string
from an@ther.

As best seen in FIG. 2A, barrel slip assembly 14 preferably includes a one-piece
slip body 16 which surrounds a po_rti_on' of lock 10 1n a circﬁmferentially continuous
manner, such that slip body 16-\& u{iﬁroken at any point around the lock 10. Slip body 16
comprises a plurality of anchoring slips 20 which are configured to be radially expansible.
The generally circumferentially continuous construction of slip body 16 is obtained by

providing a plurality of interleaved slots 18 which define interleaved anchoring slips 20.

-
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assgnbly conprising generally longitudinally opposed,
| ongi tudi nal |y novabl e, annui ar wedges; 16 -6-c. as

b. an actuation assenbly carried on said nandrel assen‘qh g §g€m n
'n aq pé
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coupl

to said mandrel assenbly, said slip

As can be seen in FIG. 2A, a first plurality .of slots 18a extend into slip body 16-from the
lower extent of slip body 16, while a second plurality of slots 18b extend into slip body
16 from the upper extent of slip body 16. - The slots 18 defining anchoring slips 20 pass
through most, but not all, of the axial leng_th of slip body 16. The resﬁlting serpentine
structure defines an arrangement of anchoring slips 20 which may expand radially. Slots
18 are preferably smaller in width than anchoﬁng slips 20 So th.at. énchoring slips 20 will
comprise a majority of the circumferential surface of slip body 16. Testing has indicated
that this slotted one-piece construction permits a significant amount ‘of ra&ial expansion.
For example, a barrel slip assembly 14 having a 4.52" inch nofninal, unexpanded,
diameter, and having 20 anchoring slips 20 defined by 20 slots (10 cut from either axial
end) of approximately 0.12 inches in Width will facilitate expansion with adequate setting
force to at least approximately 4.90 inches. The internal surface of slip body 16 includes
opposing sets of tapered surfaces 36 and 38, respectively, each such surface 36 or 38
coupled to other surfaces in the set by tooth-like engagiﬁg surfaces 22.

Each anchoring slip 20 is preferably provided with opposing sets of anchoring
teeth 23a, 23b upon longitudinally opposed ﬁt'mions of its exterior surface. Anchoﬁﬁg
teeth are adapted to mechanically engage the interipr surface of a tubing string when
barrel slip assembly 14 is set. Opposed anchoring teeth 23a, 23b are each directional to
resist axial movement of lock 10, within the tubing string in either axial direction. An
annular relief 25 is preferably provided along t.he léngth of slip body 16. The relief
offe;rs a smaller, recessed, cr().;‘ézsef:tion to permit flexibility during expansion of slip
body 16. |

Barrel slip assembly 14 further includes an actuation assembly which includes

upper and lower annular wedge assemblies 24 and 26 which are adapted to be
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assenbly operable between a relatively reduced di anet
relatively expanded di anmeter state, said slip assenbl
generally circunferentially continuous, radlally vari
pair of longitudinally opposed ends, salé vari abl e body having a
of radially displaceable anchoring sllps sai d anchoring slips forned by a
plurality of jnterleaved slots extending into said body from said oppase
axi al endslongiydingllycmevable r%,latiwﬁsw(fash Sthey @lopg AR AHtRImARArek3 Fhphedy 16 | i
annul ar wedges so as to be

configured to engage and cooperate w1th wedge assemblies 24 and 26 in such a manner

that converging longitudinal movement of annular wedge assemblies 24 and 26 causes
radial expansion of slip body 16. Specifically, each annular wedge 24 and 26 includes a
plurality of preferably annular tapered ridges 32 and 34, respectively, which engage
complimentary generally annular inclined surfaces 36 and 38, résﬁectively, along the
internal surface of anchoring slips 20 of slip body 16. Tapered ridges 32 and 34, and
complimentary inclined surfaces 36 and 38, are tapered in opposing directions, such that
converging longiﬁ1dinal movement of annul_ar wedges 24 and 26 will act upon
longitudinally relatively fixed inclined surfaces 32 and 34 of slip body 16 to urge
anchoring slips 20 radially outwardly. This relationship may be seen by comparing FIG.
9A, wherein barrel slip 14 is depicted in its relatively reduced diameter ;ondition, to
FIG. 9B, .wherein barrel slip as'sembly- 14 is depicted in its relatively expanded diameter
condition upon divergent axial movement of annular wedges 24 and 26. The engagement
of engaging surfaces 22 of slip body 16 witﬁ complimentary tooth-like surfaces 37 and 39
of wedge assemblies 24 and 26 enable slip body 16 to transmit an axial tensile load across
its length when in its reduced diameter condition. ;

The structure of barrel slip assembly 14 preferably permits slip body 1.6 to be
moved substantially uniformly from its reduced diameter condition toward its expanded
diameter condition. As a result, upon actuation andhoring slips 20 will typically be
substantially uniformly extendé&:rel_gfive to the remainder of lock 10, thereby effectively
centralizing lock 10 with the tubing string, and thereby promoting optimal engagement

with the tubing string.
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radially displaceable in response to relative |ongitudi nal novenment between
said [ongitudinally novabl e wedges; and d. a packi ng S ai d packi ng
asSenbl y conprising an el astoneric sleeve arranged to?%§ 2 H&S flessed
to an expanded diameter condition by sal® actuation lassemBERLAGER :
further coupled to said actuation assenbly and arranged to De—8
to a reduced dianeter condition after said expanded di aneter condition
wherein it is rieferrmgnente umaterto dlGeR2dshockalQ faturema inovel sanular packing

assembly 40 having a substantially elastdmeric sleeve 42 which is also operable between
an expanded diameter condition and a réduced diameter condition by virtue of axial
compression. Annular packing assembiy 40 is concentricélly disposed relative to outer
mandrel 30 of support mandrel assembly 12, and is disposed at a relatively uphole
posifion relative to barrel slip assembly 14. A longitudinally ceﬁt;al portion 44 of
elastomeric sleeve 42 is preferably formed of a softer elastomeric material than that
utilized to form either axial end. 46, 48 so that the central portion 44 of sleeve 42 is more
easily radially extruded to an expanded diameter condition. The sleeves are typically
constructed by unitary molding of elastomeric pieces having differing hardnesses. The
pieces are molded together under heat and pressure to form a single sleeve with portions
of varying hardness. Effective sleeves have been constructed with a central portion
having a 70 durometer hardness measure and axial ends of 90 durometer measure. In the
expanded diameter condition, central portion 44 of sleeve 42 radially extrudes to effect a
seal against the interior surface of the surrounding tubing string. |
Elastomeric sleeve 42 also includes at:l.eést one, and most preferably at least two,
annular reinfofcement members 60, 61 which are n'_ilolded therein proximate the outer
surface. Reinfﬁrc_ement members 60, 61 will preferably each be a coiled spring.
Reinforcement members 60, 6_1 serve to resist axial extrusion of sleeve 42 beyond the
reinforcement member as sleeve 42 i§ moved towani an expanded diameter condition.
Axial ends 46 and 48 o?%iag}c;mcﬁc sleeve 42 are configured with lips 47 and 49
coﬁﬁgured to engage generally matching i;otched retaining members 50 and 52,
respectively. Notched retaining mémiaer 50 is preferably formed as a part of an upper

corﬁpression member 54. Notched 'retaining member 52 is preferably formed as a part of
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sl eeve having generally opposed axial end portions
central portlon adapted to be conpressed and radlaIH}H$xﬁngﬂ
central portion being of a generally softer elasto
axi al ends, whereby said central portloﬁﬁhas a gre

sai d axi al

eneral 'y annul ar

end portions, said packing assenbly further conprising at | east

one annul ar reinforcing menber di sposed around the el astoneric sleeve to

resi st axi

wppesannyjar wiedgs 24.h Lompressional force may be apphed to elastomeric sleeve 42
through engaging surfaces of notched retaining members and elastomeric sleeve 42.

A particular structure is preferred for the engagement of each lip 47, 49 of the
elastomeric sleeve, with respective notched retaining members 50, 52 respectively. This
structure will be described relative to upper lip 47 and notch retaining member 50, with
the understanding that a similar structure is provided relnti\}e to 'liI‘) 49 and notched
retaining memben 52. The structural arrangement is best appreciated with reference to
FIG. 3. The elastomeric sleene 42 includes a thrust surface 71 _nvhich engages a
complimentary thrust surfacé 41 on notched retaining member 50. Thrust surfaces 71 and
73 each preferably extend generally perpendicularly to the longitudinal axis of the tool.
A retaining lip 75, on notched retaining member 50 engages a complimentary lip 79 on
lip 47 to provide engagement therewith, and to facilitate the application of tension to
elastomer_ic sleeve 42. Elastomeric sleeve then defines a connecting surface 81 which
extends toward a central primary diameter section of elastomeric sleeve 42. In the
depicted preferred embodiment, this primary diameter séction, indicated generally at
section 83, forms the primary sealing portion nf elastomeric sleeve 42, and extends

between re-enforcement members 60 and 61 which' are placed at each longitudinal extent

. of this primary sealing section 83. Connecting surface 81 of elastomeric sleeve is

specifically sized relative to the dimension of notched retaining member 50, to define a
gap 85 between the end 87 of notched retaining member 50 and the adJacent surface at a
given diameter of elastomeric nléeve 42. In the depicted embodiment, this adjacent
surface is defined by retaining member 60. In one preferred embodiment this gap will be
approximately .186 inch. Addiﬁonally, the inner terminating portion of surface 87 of

notch member 50 preferably defines general gradual radius 88, for example approximately

-
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-7- elastoneric sleeve. The actuation assenbly may further conprise a pair
of gelatively longitudinal novable not ched nenbers whi ch engage opposi ng :
axi al ends of said elastoneric sleeve and, which may be noved divergently to
axially draw the sl eeve to a reduced diantt eF con h t he
sl eeve under divergent axial THIS SHEET H
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0.10 inch, to further facilitate deformation of elastomeri ace 47 of

notched fetaining member 50 while minimizing stresses in a transitional portion of
elastomeric seal 42, as indicated generally at 89 betwegn the dashed lines.

When lock 10 is assembled in an initial "running-in" configuration, elastomeric
sleeve 42 will preferably be sized relative to the spacing between notched members 50
and 52 such that elastomeric sleeve 42 is "at rest" (i.e., 'no.subs'ialilntial tensional stresses
are placed thereon). However, as described earlier herein, after being set in a well,
elastomeric elements such as elastomeric sleeve 42 will typically assume some degree of
"set" thereby losing some of the "memory" of its original form. and dimension. The
described engagement between notched retaining members 50 and 52 facilitates the
application of axial tension to elastomeric sleeve to overcome any such .“se " otherwise
observed inﬂelastomeric sleeve 42. Divergent longitudinal movement of notched retaining
members 50 and 52 (as will result upon un-setting of lock 10) will axially draw
elastomeric sleeve 42 from the expanded diameter condition to the reduced diameter
condition, aﬁd will maintain sleeve 42 under divergent axial tension to minimize the
diameter of sleeve 42. |

Referring again to FIG. 2A, and further to the detail provided by FIG. 3, outer
mandrel 30 of lock 10 extends through barrel slip assembly 14 and packing assembly 40
in a generally coaxial relation therewith. A generally annular engagement member 86 is
attached by a threaded coupling 88, f)r' other éttachrﬁent mechanism, to outer mandrel 30
proximate the upper end fheregfé-e E‘n-gagement member 86 is adapted to be removably
coupled to a setting tool used to set the ldck 10 within the tubing string. Apertures 189

are preferably provided in engagement member 86 to permit the placement of attaching

pins (not illustrated) to couple lock 10 to such setting tool.
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tension. The lock may further conprise an outer L.sposed within the
barrel slip assenbly and the packing elenent in Bgﬁ&ﬁ,ﬁETYHﬁs)@EE ]
rel’ation and an axial conpression nmenber, di sposed ar ouRgppQY,
outer mandrel, said axial conpression nefiber adapt
di spl aced al ong the outer mandrel and exert axi al conpression upon the
packi ng el ement_and the barrel slip as . ,The axi al conpressi on nenber
my forma fi rts'l; egpclg a?tﬂa‘fﬂi\@ﬁ?’%blﬁd{‘@wi?d Wr@mpé?ﬁém& herpber 4k whighds
annul ar wedge assenblies may formthe other .

disposed around an upper portion of outer mandrel 30. Axial compression member 54

defines a radially extending actuation surface 57 which will engage running and pulling
assemblies as will be described in more detail later herein. One or more shear pins 55

~ are provided to resist motion of compréssion member 54 with respect to mandrel 30. In
a preferred embodiment, two shear pins are provid;ad wﬁich preéeflt a total shear value of
3000 pounds. A motion restricting assembly, indicated generally at 49, is operatively
coupled to axial comﬁression member 54 to allow movement of axial compression
member in only a downward direction relative to outer mandrel 30. In this preferred
embodiment, motion restriction assembly 49 includes a threaded ring 62 and a split-ring
64 which associate éxial compression member 54 with outer mandrgl 30. Threaded ring
62 is adapted to restrict axial motion of compression member 54 with respect to outer
mandrel 30.

Threaded ring 62 features coarse outer threads 62a adapted to threadedly engage a
complimentary interior threading on compression member 54. Finer inner threads 63 are
provided to engage the exterior surface of outéer mandrel 30. Inner threads 63 are
adapted to facilitate downward movement of threadgd ring 62 relative to outer mandrel 30
upon application of suitable axial force ui)on ring Gé. ‘In one preferred exemplary
embodiment, outer threads 62a will have a Pi’tch of 6 and a depth of .075, while inner
threads 62b will have a pitch of 8 and a depth of .035. One or more guide pins of
rotation-limiting pins 65 may bé‘ﬁ__lac;d through portions of compression member 54 to
resist. unthreading of ring 62. An ac;:ess port 68 is provided to permit entry of tools for

manipulation of ring 62 during assembly or disassembly.
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of said novabl e notched nenbers. A one-way notion rie Tﬂ'ﬁ %*ﬂ%? BEEN

I nt erconnect the outer mandrel and axial conpressian nentfEpL d opdg- way
mot'i on restrictor limting axial displacepent of the axial corrpre55| on
menber to notion toward the packing assenbly and barrel slip assenbly so
that portions of the lock are nmaintained in an expanded di aneter condition.
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lock 10. The chamfered surface 67 of split ring 64 is adapted to engage matching

shoulder surface in recess 66 of outer mandrel 30 during pulling or removal operations.
Engagement of split ring 64 with annular lre,cess 66 provides a positive lock of
compression member 54 relative to outér mahdrel 30. A second access port 69 may be
provided to permit.entry of tools to'manipulate rings 64 in disaséeinbly.

A force distribution ring 70 is provided adjacent split. ring 64. Its axial cross-
section should provide that axial force may be applied to split ring 64 and maintained
upon it once split- ring 64 has radially retracted within recess 66. End ring 63 abuts force
distributing ring 70 and engages the inner surface of compression member 54 such that as
compression member 54 is moved axially downward with respect to outer mandrel 30,
end ring 63 transmits the movement to distribution ring 70 and to split ring 64.

Lock 10 further includes a release mandrel assembly 72 disposed within outér
mandrel 30 in a generally coaxial relation therewith. One or more shear pins 73 may be
placed through portions of release mandrel assembly 72 and outer mandrel 30 to resist
axial displacement between the mandrels. In a"préferred embodiment, four shear pins are
used which present a total shear value of 6000 pounds. Release mandrel assembiy 72 is
axially extensible in response to diverging axial tens;on applied proximate its axial ends.
In a preferred embodiment, release mandrel 72 includes an upper section 74 and a lower

section 76, which are coupled to one another by a selectively releasable connection, such

as a threaded connection 78. Réiégsaijle threaded connection 78 is configured to release
under diverging axial tension of a generally predetermined magnitude applied across

upper section 74 and lower section 76 of release mandrel assembly 72, such that the

sections separate and become axially spaced from each other. In this preferred
. e —
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upon extension to rel ease the packing assenbly and the barrel slip assenbly
fromt he expanded di aneter condition. The extensi bl e+elease- y
conpri se’ severabl e el ements. REPLACEVENT SHEET - 8} THIS SHEET HAS BEEN
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embodiment, releasable threaded connection 78 is formed through use of a plurality of

~ threaded collet fingers 91 in lower section 76 of release .mandrel assembly 72, such collet
fingers defined by a plurality of longiﬁxdinal slots 84 in upper section 76 to facilitate
radial deflection of lower section 76 proximate threaded connection 78. Other éxtensible
designs for release mandrel 72 may, of course be contemplated, such as shearable
telescoping configurations. -

A threaded connection 79 may also be provided between collet fingers 91 on lower
half 76 of release mandrel assembly 72 and outer mandrel 30. Threaded connection 79 is
adapted to maintain a fixed relation between lower section 76 and outer mandrel 30 when
upper and lower sections 74 and 76 are engaged. Threaded connection 79 will also be
severable under divergent axial tension és upper and lower sections 74 and 76 are
separated.

Upper releasable mandrel section 74 inclpdes an internal generally annularly
extending actuation surface 80 proximate at its upper end. Similarly, lower releasable
mandrel secfion 82 includes an interxial, generally annular, actuation surface 82. Anﬁular _
actuation surfaces 80 and 82 on upper and lov:sre; feleasable mandrel sections 74 and 76
facilitate engagement with a pulling or retrieval tool, as will be described later herein, by
providing surfaces for receiving the application of divergent axial tension across
releasable mandrel 72 assembly to cause the releasing of threaded connections 78 and 79.

Lock 10 further includes a'spgiﬂg assembly 90, which includes one or more
N -

-
]

springs disposed around lower seétion 76 of release mandrel 72. The lower end of spring
assembly 90 is secured to the release mandrel 72 by a retaining ring 93 which is
preferably threadably coupled to lower section 76. Springs 90 are adapted to store energy

resulting from the axial compression of portions of lock 10 when lock 10 is set.

Thls Sheet Has Been Replaced |

T II




oosed about the rel ease mandrel said spring

A spring assenbl .. be. dis

assgnbly coupl ed “ B- : I bl e upon expansi
el enent ‘and t he b -- §:

i nvention there i

SHEnbl y. According to gn Pt BEEN ¢ he
ptrievabl @4packer-type wel REPIdfEDadapt gd to
.be di sposed within a tub| ng string, said lock conprising: a. amba
assenbly operabl e between a reduced diameter, and an expanded di anmeter
condi t i onTelescoping of compression member 54 relative to outer mandrel 30, will cause radial

expansion of elastomeric sleeve 42 and setting of barrel slip assembly 14. The same
telescoping in compfessional force applied through elastomeric sleeve 42 and barrel slip
assembly 14 will be transmitted through lower wedge. assembly 26 to spring assembly 90.
Belleville type springs have been found to be suitable for this purpose. In 6ne preferred
embodiment, spring assembly 90 will allow lower wedge assembly 26 to telescope for
approximately 3/10 inch relative to release mandrel #ssembly 72. In this embodiment
three opposed stacks-of seven Belleville springs were used with each spring requiring
2000 Ibs. of stroke over 1/10 inch to flatten, thereby providing a spring assembly adapted
to store 14,000 lbs over 3/10 inch of stroke. |

Additional equipment may be coupled to the lower end of lower section 76 of
release mandrel assembly 72. For example, a pressure equalizing valve assembly 95 will
preferably be threadably coupled to lower section 76. Pressure equalizing valve assembly
95 includes a housing 96 having a plurality of radial pressure equalizing ports 97 therein.
A moveable sleeve 94 slidingly engages the internal surface of housing 96 to isolate ports
97 when sleeve 94 is retained a first, unactuat-edl- position, through interaction of a
plurality of collet fingers 98 with an internal ledge 99 in housing 96. As will be
.described later herein, movement of sleeve 94 to a second, lower, actuafed position,
uncovers ports 97 allowing fluid communication from the exterior to the lower side of the
set lock 10 to the internal bore. 19 ‘through lock 10. Additionally, an adapter 92, or other
equipment may be threadably coupled to pressure bypass valve 95 to facilitate the
coupling of lock 10 with other devices as is well known to the art.

Setting of lock 10 is accomplished by axially displacing annular compression

member 54 along outer mandrel 30 through use of a running tool. An exemplary running



b. a a@k#&i&tﬁasbﬁbk 1a@éarrprl sing a substantially el astoneric sleeve having

gener al | .end portions and a generally annular
portlon onpressed and radially extruded, ﬂ
portion belng rall'y softer el astygmetric naterlal an RgpuAG&Qlal

ends, whereby sald central portion has a greater defornabi 2T sal d
-axial ends, said sl eeve being operabl e between an expanded di aneter
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displaced, threaded ring 62 prevents displac_ement of compression member 54 in the
opposite direcﬁon. As previously discussed, in the expanded diameter condition, as
shown in FIG. 9B, movement of upper and lower annular wedge assemblies 24 and 26 of
barrel slip assembly 14 toward one another causes radially outward movement of
anchoring slips 20 of slip body 16, and deformation of elastomeric sleeve 42 aga;inst the
uﬂﬁhg.

Movement of the lock 10 back to a reduced diameter condition is accomplished by
applying divergent axial pressure to annular actuation surfaces 80 and 82 until threaded
coupling 78, joining upper and lower sections 74 and 76 of release mandrel assembly 72,
decouples and the sections become axially spaced. This operation may be perfonhed
thrdugh a number of types of conventional equipment known to the industry. Preferably,
however, "pulling" of lock 10 will be performed through use of a pulling tool 200 as
described later herein. Upon decoupling of the sections of release mandrel 72, the |
decrease in axial éorﬁpression will release both elastomeric sleeve 42 and barrel slip
assembly 14 from the expanded diameter condition and permit each to return to the
reduced diameter condition. This movement may I;e better understood by referring to
FIG. 9B, illustrating a lock before extension of felease mandrel 72, and FIG. 9C which
illustrates a lock after extension of release mandrel 72.

In the unset condition of lock 10, barrel slip assembly 14 and packing assembly 40
are relatively radially withdrawr: :.so‘that lock 10 may be easily withdrawn from the tubing
string. As previously discussed, sleeve 42 of packing assembly 40 is maintained under
divergent axial tension through action of notched members 50 and 52. This axial tension

assists in facilitating withdrawal of lock 10 from the tubing, by-minimizing the radial



annul ar reinforcing menber disposed around the el astoneric sleeve to resist

axial ‘extrusion of the elastoneric sleeve; and c. an exgens-bre £ dSEEEN
mahdre! *di sposed through the | ock, said rejgase mandrel addin §Hﬁéjp§§
extension to rel ease the packing assenbly and the barrel {slip RERLAGEY

t he expanded di anmeter condition. According to another as
I nvention there is _provided a ne d, of I 0Q. ' in
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against the interior surface of the tubing string and maximizing the fluid bypass area

around sleeve 42. Slip bpdy 16 of barrel slip assembly 14 is also radially withdrawn to
assist removal from the interior of the tubing_ string.

As indicated above, the lock 10 may be set and later removed through use of a
running tool 100 which sets ("runs") the lock 10, and a pulling foél 200 which removes
("pulls") a set lock 10. In a preferred implementation, either of these tools may be
suspended within tubing string 11 by a wireline or slickline 190. Because of the tool’s
preferred self-contained nature, a monofilament line, or "slickline” is preferred.

FIGS. 6 and 7 illustrate in partial vertical section upper and lower portions of an
exemplary running tool 100 constructed in accordance with the presént invention.
Running tool 100 includes a working assembly, indicated generally at 101, and a power
assembly, indicated generally at 102. Power assembly 102 includes a housing assembly
104 whicﬁ comprises suitably shaped and connected generally tubular housing members.
An upper portion of housing assembly 104 includes an appropriate mechanism to facilitate
coupling of housing 104 to a conveying memf)ér' such as slickline, coiled tubing, or
possibly wiréline. Housing assembly 104 also incluldes a selectively replaceable clutch
housing 114 as will be described later herein, which forms a portion of a clutch assembly
145.

Power aséembly 102 includes a 'sclf-containeci power source, eliminating the need

. for power to be supplied from :fi:;-ex‘térior source, such as the surface. A preferred power
source comprises a battery assembly 10.6. In one preferred emquiment, battery assembly

106 comprises a pack of 18 C-cell type alkaline batteries.
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assenbly; 2) a sl "mmm”"lm "[)upl ed to said actuation as

Power assembly 102 further includes a force generating and transmitting assembly,

indicatéd generally at 110. Force generating and transmitting assembly preferably
includes a DC electric motor 108, coupled through a gear box 109, to a jackscrew
assembly 110. In a particularly preferred embodiment, a plurality of activation
mechanisms 121, 122 and 123, as will be described, will be electrically coupled in series
between battery assembly 106 and electric motor 108.

Electric motor 108 may be of any suitable type. However, for the embodiment as
described herein, a motor operating at 7500 rpm in unloaded condition, and operéting at
approximately 5000 rpm in a loaded cqhdition, and haviﬂg a horsepower rating of
approximately 1/30th of a horsepowér has been found satisfactory. In the same
particularly preferred embodimeﬁt, motor 108 is coupled through a gear box 109 which |
provides approximately 5000:1 gear reduction. Gear box 109 is coupled through a
conventional drive assembly 115 to jackscrew assembly 110. |

Suitable commercially availéble motors include Globe type BD DC motors such as
the A-2400 motor available from Globe Motbr Division of Precision Mechanique Labinal,
2275 Stanley Ave., Dayton, Ohio 45404, (513) 228-3171. Also suitable are BD and BL
DC permanent magnet planetary gearmotors such as the A-2430 motors from Globe
Motors. Jackscrew assembly 110 is preferably a conventional assembly, such as those
manufactured and sold by Warner Electric'Brake & Clutch Co. of South Beloit, Illinois
61080, (815) 389-3771 as modgl R—1105 Ball Screw. This jackscrew assembly includes a
threaded shaft 111 which moves longltudmally, at least initially, in response to rotation of
the sleeve assembly 112. In this preferred embodiment, threaded shaft 111 will be a 5
pitch shaft. Threaded shaft 111 includes a threaded portion 117, and a generally smooth,

polished lower extension 150. Threaded shaft 111 further includes a pair of generally



3) a packing assenbly conprising a substantially elastoneric sleeve having
general Iy opposed axial end portions and.a generally annular central
portlon adapted to be conpressed and radially extruded, said central
portion being of a generally softer elastoneric naterlal han G
ends, whereby said central portion has a.%ﬁeater defornaoleEWSV an
aX|aI ends, said slip assenbly and said packing assenbly each dﬁﬁw-,

between a first relativel y reduced _di ameter condition ond,
rel ati vel ydiametrically opposed keys 125 which cooperate with a clutch block 128 whlch is coupled

to threaded shaft 111.

Clutch housing 114 includes a pair of diametrically opposed keyways 126 which
extend along at least a portion of the possible length of travel of housing 142. Keys 125
extend radially outwardly from threaded shaft 111 through clutch block 128 to engage
each of keyways 126 in clutch housing 142 thereby preventing rotation of threaded shaft
111 relative to housing assembly 114.

As will be appreciatéd by those skilled in the art, rotation of sleeve assembly 112
will cause threaded shaft 111 and clutch block 128 to move longitudinally upwardly
relative to housing assembly 114. Above a certain level within clutch housing 142, is
indicated generally at 140, clutch housing 114 includes a relativély enlarged internal
diameter bore 146 such that moving clutch blqck 128 above level 140, removes the
outwardly extending key 125 from being restricted from rotational movement.
Accordingly, continuing rotation of collar assembly 112 will cause longitudinal movement
of threaded shaft 111 until such time as clutch block 128 rises above level 140, at which
time rotation of sleeve assembly 112 will also result in free rotation of threaded shaft 111.
By virtue of this result, clutch assembly 145 servesf as a safety device to prevent burn-out
of the electric motor, and also serves as a stroke limiter.

In preferred embodiments, runningntool 100 incorporates one or more activation
assemblies which enable the jzie_lf'(r_-;cfew 110 to operate upon the occurrence c;f one or
more predetermined conditions. Tt;is is particularly desirable when the tool is employed
to run a lock.as the activation assemblies help' insure that the lock is not inadvertently set

at an improper location in the tubing string. Setting tool 100 preferably includes a
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expanded, condifion, said acki g assenbly further conprisi at-—|east
annyl ar reinforci WW&% d around the el astoneric

axi al extrusion of sl-eeve; b. providing ar
conprising a power morklng assenbly, .said
conprising at |east one anabIe nenber . coupling said running tool to
said |l ock assenbly to forma '

plurality of activation assemblies and most preferably will include each of the three
activation assemblies as discussed below.

The activation assembly may comprise timing circuitry 121 of a type known in the
art which is adapted to ptdvide' power from battery source 106 to electric motor 108 and
.gear box 109 and thereby to jack-screw 110 after passage of a predetermined amount of
time. Further, running tool 100 may include an activation assembly including a pressure-
éensitive switch 122 of a type generally kno&n in the art VK;hiCh will operate to provide
power from battery source 106 to electric motor 108 and gear box 109 and thereby to
jack screw assembly 110 once the switch 122 reaches a depth at which it encounters a
predetermined amount of hydrostatic pressure within the tubing string. Further, running
tool 10 will preferably include an accelerometer 123, sensitive to vertical motion of
setting tool 100. Accelerometer 123 may be combined with timing circuitry 121 such that
when motion is detected by the accelerometer 123, the timing circuitry 121 is reset. If so
configured, the activation assembly would operate to provide power from battery source
106 to jack-screw 110 after the accelerometex;-l_23 detects that running tool 100 has
remained substantially motionless within the tubing_ string for a ﬁredetermined amount Qf
time.

Also depicted in FIG. 7 is a working assembly 101 of a running'tool 100 in
accordance with the present invention. W(.)rking assembly 161 includes an actuationl
assembly 151 which is coﬁpled\‘t;lﬂl;oﬁgh-housing assembly 104 of power assembly 102 to
be movable therewith. Actuation; aésembly 151 includes an outer sleeve member 154 |
which is threadably coupled at 152 to housing assembly 104 of power as‘sembiy 102.
Working assembly 101 also includes a connecting sub 131 which is threadably coupled at

158 to a lower end of the otherwised polished portion 150 of threaded shaft 111.



severable unit, w th saird novabl e nenber of said operati ng tool arranged to
be at |ea91hlsSl%ﬂ%Bbe|n&e hdedd sai d actuation assenbly of said

sai d oper at} affixed to said | ock assenbly to
removabl e t Mi

10 - . - 30 -~
Connecting sub 131 facilitates seating of 'Working assembly 101 adjacent engagement

member 86 of block 10, and the securing of working assembly 101 to engagement.
member 86 through use of shear pins 130. Shear pins 130 are adapted to shear and
disconnect lock 10 from running tool 100 upon application of .a predetermined shear load.
The predetermined shear load should generally correspond to ai_1 amount slightly greater
than that required to move the barrel slip assembly 14 and packing assembly 40 into their
expanded diameter conditions. When running tool 100 is coupled to lock 10 through
engagement of shear pin 130 with connecting sub 131 and engagement member 86, the
placement of outer sleeve 154 will be adjusted such that the lower proximate end 162 of
sleeve 154 contécts compression member 54 of lock 10. The described running tool 100
is configured to pefmit an extended duration setting sequence for a downhole lock.
Preferably, the running tool is configured such that the tool’s setting sequence requires
more than one minute of setting time to move portions of the lock to an expanded
diameter condition ffom a reduced diameter condition. Optimally, setting times over five
minutes will be obtained. In embodiments as described herein, wherein the travel of
compression block 54 during the setting sequence will be 2.25 inches, on the order of
setting times between 6 and 20 minutes have beeni observed.

Running tool 100 is adaptgd to cooperate with lock 10 so as to move packing
assembly 40 and barrel slip assembly 14 f:fom reduced diameter conditions to expanded
diameter conditions by engagénf'xﬂe;ltiof outer sleeve 151 with axial compression member
54 of the lock 10 and the exerting .‘of axial force upon compression member 54 by
downward axial movement of outer member 151 with respect-to lock 10. Accordingly, as

" will be appreciated from the above discussion, actuation of motor 108 by activation

assemblies 121, 122 and 123, and the resulting longitudinal movement of threaded screw



d. placing the running tool and Tock assenbly unit within sai d t ubul ar

nmenber to pl ace sai deS(Shdctmgemﬂeylam .a depth at which it i
3 §H§€¥“§§§ BREN

actuate'sai d | ock ass act'uating said power as

sai d wor ki ng asserrbly ai d so¥Bbl e nenber to chuse aRERIAD %n of
sai d actuation assenbly an e resulting setting of said P assenbly and
sai d packing assenbly wthi n sai d tubul ar nmenber. According to another

aspect of ey fiN%RRE h Blatie B6whwai ARt df housing assembly 114 and outer sleeve
154 relative to lock 10. This relative downward movement will shear shear pins 55
securing compression member 54 in an initial, unactuated, position relative to central
mandrel 30 and will thereby cause the previousiy described compression and radial
expansion of packing assembly 40 and the.lon'git'udinal movement of annular wedges 24
and 26.

Referring now to FIGS. 10A and 10B, therein is depicted an exemplary pulling
tool 200 in accordance with the present invention. Pulling tool 200 may again be
suspended by either wireline or slickline. Pulling tool 200 preferably comprises a power
assembly identical 102 to that described relative to running tool 100 with the single
exception that clutch housing 142 of power assembly 102 will be interchanged for a
clutch housing 220, as will be described in more detail later herein.

Working assembly 201 includes an inner member assembly 250 which is
threadably coupled at 258 to a ]owér proximate end of threaded shaft 111. Inner member

. aSsembly 250 is a generally elongated member _which will extend through central bore 19
of lock 10. Inner member assembly 250 inc]ﬁdes an engagement shoe 205 coupled to its
llower proximate end. Engégement shoe 205 includes a plurality of generally radially
extending members 207 which facilitate inner member assembly 250 contacting pressure
bypass sleeve 94 and lower annular'cngagc;ment surface 82 in a manner which will be
described later herein. Working"';ssémbly .201 also includes a collet assembly 208 which
is retained by an outer housing a;séinbly 210. Outer housing 210 is again threadably
coupled at 152 to power tool 102.

Clutch housing 220 is similér to that described relative to clutch housing 114 of

running tool 100, with the exception that, because clutch block 228 will travel



met hod of pulling a packer-type wellbore |ock fromw thin 3 %ug 5T BREN '
usi.ng a mani pul ating tool capable of engagi ng and exertiny P %ﬁ[ Eb
portlons of the lock in at least two directions, said Ioc< havi 3

extensi bl e rel ease mandrel and having a pagkifng assenbly conprising a

substantially el astoneric sleeve having generally opposed axial end
portions and a generally annular central portion adapted to be conpressed

olast omer (OVRRELIY APV Gkl S ‘éfnéﬁ“?'%ﬁééfé‘%’y‘*) AREERA200 381 5 s

a greater deformabjlit
g relatively eniaréedy re‘l tal[)]ore 6§3g be prov1 ed tg“%rg a lower end of clutch housing

220, rather than toward an upper end as described relative to (_:lutch housing 114.
Accordingly, in the manner similar to that previously described relative to clutch housing
114, the clutch assembly which acts a stroke limiter upon longitudinal movement effected
by powér assembly 102, and which further prevents démage to power éssembly 102
through uncontrolied actt_lation.
 When it is desired to utilize puiling tool 200 to remove lock 10 from its set
engagement with the tubing string, pulling tool 200 will be lowered into the tubing string
to the poiht at which lock 10 has been placed. The inner member assembly 250 and
collet assembly 208 are inserted within lock 10 and release mandrel assembly 72 until '
outer housing 210 contacts engagement member 86. At this point collet fingers 224 will
be below the level of upper member engagement surface 80. During this insertion
engagement shoe 205 will engage pressure bypass sleeve 94, and rﬁove ittoa relatively
downward position as depicted in FIG. 11C. : Movement of pressure equalization sleeve
. 94 establishes a flow path through pressure equaliz?tion port 97 and up through central
bore 19 of lock 10. Central bore 19 will then confmunicate, through the slots defining
collet fingers 224 with an upper bypass port 230 in outer housing 210 of pulliﬁg tool 200
to facilitate pressure equalization across loc-:k 10 so as to thereby facilitate removal.
Preferably, the above de_scrlbed activation assemblies of power assembly 102 will
then be automatically actuated, o;‘ will be caused to actuate to initiate operation of jack-
screw assembly 110 in the manner previously described herein. As described previously;

in the operétion of pulling, power assembly 102 will be arranged to impart a genera]ly
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packi ng assenbly further conprising at |east one annul ar reinforcing nenber
di sposed around the el astoneric sleeve to resist axial extrusion of the
el astoneric sleeve, said nethod conprising the steps of: a. placing the
tool within the tubing string proximte the | ock and conta¢ﬂﬁngtheHA9qEEN
wi th the mani pulating tool in an operaﬁlé rél ation; b. oparail[FE etg
mani pul ating tool to exert force upon portions of the'Ioc S1C he

ext ensi bl edc{v?rllvgaaﬁl% diFette d mo{'esme%t ?%readed screw 111 relative to housmg assembly 104

‘rather than relétively upward movement as described relative to running tool 100.

As threaded screw 111 and associated inner member assembly 250 move
downwardly lower contact member 205 will travel to engagé lower annular engagement
surface 82. Further, the inner extensions 254 of collet enlargements 253 are displaced
from residenée in recess 206 in .inner member assembly 250. The oqt'er extensions 255 of
collet enlargements 253 thereby eﬁgage upper internal annular surface 80 thereby securing
the lower end of expansible connector 252, and thereby pulling tool 200, to upper section
74 of release mandrel assembly 72.

Continued axial movement of threadgd shaft 111 and inner member assembly 250
will result in lower engagement member 205 engaging lower internal annular surface 82
applying increased axial load across release mandrel assembly 72. Continued movement
of inner member 250 will eventually cause the opposing engagements of outer portion 255
with annular surface 80 and engagément member 205 with lower member surface 82 to
exert sufﬁcieht axial tens;ion upon release mandrel 72 to cause it to separaté, causing axial
spécing of upper and lower sections 74, 76. FIGS. 11A-11C illustrate tool 200 following
downward axial movement of innef member 250 and extension of release mandrel 72.

Upon extension of release mandrel :72, compression energy stored in spring
assembly 90 is released and lbelg fO is returned to a reduced diameter condition.
Elastomeric sleeve 42 is axially cira(;vh, aé previously described by notched members 50
and 52 to a reduced diameter condition. Further, wedges 24 and 26 are peimitted to

move divergently to return barrel slip assembly 14 to a reduced diameter condition.
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- 11- permt the packing assenbly of the lock to nove fro c 1
di ageter condition to a reduced diameter condition; and c S 6?@%‘?%%“
tool and |l ock fromthe tubing string. Acgoggigg to anot hef aspedtf Pt he &
i nvention there is provided an -

By virtue of the engagements of annular shoulder 205 with internal ring seat 82
and outer portion 255 of enlafgement 253 with int'ernall ring seat 80, lock 10 becomes
affixed to puiling tool 200. As pulling tool 200 is raised, thereby raising upper section
74 of release mandrel assembly 72, and thereby outer mandrel 30, snap ring 64 will
engage recess 66 in outer mandrel 30 to provide a mechanical lifting shelf to support the
remaining ele-rhents of lock 10 during .removal. Lock 10 inaj then be removed from the
well by withdrawal of pulling tool 200.

The pulling tool 200 offers én optional emergency release feature by which collet
assembly 208 may be disconnected from the working assembl& of tool 200 in.the event
that the lock 10 is functioning improperly or cannot be returned to its reduced diameter
condition. As shown in FIGS. 10A and 11A, a shear pin 260 éffixes the upper portion of
collet assembly 208 with respect to outer housing 210. Upon severance of the shear pin
260 by movement of collet assembly .208. with respect to outer housing 210, the collet
assembly 210 becomes disconnected from tool 200. In this manner, lpck 10 is released
from its affixation to pulling tool 200. Tool 200 may thén be removed from the tubing
string. The shear pin 260 should be adapteéi. to shéar in response to a predetermined
shear load generally corresponding to- an amount pf force greater than that required to
move the barrel slip assembly 14 and packihg assembly 40 into their expanded diameter

conditions.
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assenbly for seLL+ng—a—ﬁkpp+e+ess-Iock Wi thin a tubular nmenber within a
subterranean mel a. a lock assenbly, said | ock assenbly
conprisi hg, 1) |mmwc“ﬂgmﬁ”m 2) an actuation assenbly carried -by—said
mandrel assenbly,«sa d tactuasi oh assenbl %5corrpr| sing a pl uriafig YSHEET HAS BEEN
| ongi tudi nal | y novabl e nenbers novabl e i h“response to a prgdet er mepeACED

f-orce, said actuation assenbly further
CLAIMS:

1. A packing element for use in a well lock having an
actuation assembly, said packing element comprising an
elastomeric sleeve having generally opposed axial end
portions and a generally annular central portion adapted to
be compressed and radially extruded, said central portion
beiné of a generally softer elastoméfid matérial than said
axial ends, each axial end portion having a lip adapted to
engage a generally complementary notched member on said well
lock actuation assembly, said lips extending in generally

opposed directions.

2. A packing assembly for a plug member adapted for

use in a subsurface weii, said packing assembly comprising:
a. an actuation assembly having first and second
generally opposed, and relatively longitudinally
movable, notched members; and _
b. a substantially elastomeric sleeve coupled at
a first end to said first notched member, and
coupled at a second end to said second notched
member, said actuation assembly being operable to
compress said elastomeric sleeve and to urge said
elaétomeric sleeve:fdward an expanded diameter
condition, and further gdapted to apply axial
tension to said elastomeric sleeve and to urge
said elastomeric sleeve toward a reduced diameter
condition.

3. An assembly according to claim 2, wherein said

elastomeric sleeve‘@nérudes a genefally central portion

which is formed of s*sgfter elastomeric material than the

elastomeric material used to form the axial ends of said

elastomeric sleeve.
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conpri sing firsL_and_secgnd—geﬂeFa%iy opposed notched retention nenbers,

said notched rete hged for relative | ongitudinal npvenent
relative to said ﬁH ]u 3) a slip assenbly operatively caoupled

to said actuation. ty, #sasd actuation assenbly including
of generally opposed wedge assenbli es adéétéd for relative | ondi
novenent, said slip assenbly conprising a

| TPiSIISHEET yHAS BEEN
i tudi papi ACED

4, An assembly according to claim 2 or 3, further
cdmprising at least one annular reinforcing member'disposed
around the elastomeric sleeve to resist axial extrusion of

the elastomeric sleeve.

5.. A slip assembly for a lock for use in a
subterranean tubular member, said slip assembly being
operable between a relatively reduced diamefer state and a
relatively expanded diameter state, said slip assembly
comprising: '
a. an actuation assembly including at least two
generally longitudinally opposed and relatively
moveable generally annular wedges; and
b. a generally circumferentially continuous,
radially variable body having a pair of
longitudinally oppoéed ends, said variable body
having a plurality of radially displaceable
anchoring slips, said anchéring slips being formed
by a plurality of interleaved slots extending into
said body from said.opposed ends, said anchoring
slips operatively coupled to said moveable annular
wedges so as to be radially displaceable in
response to'relative_longitudinal movement between

said annular wedges.

6. An assembly according to claim 5, wherein the
circumferentially continuous, radially variaﬁle body is
coupled to said annular wedges so as to transmit an axial
tensile load between said annular wedges when the barrel

slip assembly is in its reduced diameter condition.

._\.. -
7. An assembl¥ according to claim 5 or 6, wherein
portions of the exterior radial surface of the -
circumferentially continuous, radially variable body

comprise opposing sets of directional teeth.
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general ly continuous body nenber having a plurality of radh

anchorlng slips, said anchoring slips novable froma first, aii

retracted position, to a second, relatively extended posit | rlmH"IﬂT"" "lll " IIII
anchoring slips - 12 -. _ 37 - * ¢ L M 0§

8. An assembly according to claim 5, 6 or 7, wherein
the bédy is moved substantially uniformly from its reduced
diameter condition toward its expanded diameter condition
such that the anchoring portions of the barrel slip assembly
are substantially uniformly and adjacently positioned about

the inner surface of the tubular member.

9. An assembly according to claim 5, 6, 7 or 8,
wherein the body is in a substantially coaxial relation with
a surrounding tubular member when the slip is in its

expanded diameter condition.

10. An assembly according to any of claims 5 to 9,
having a circumference wherein the anchoring portions

comprise a majority of the circumference.

11. A retrievable well lock adapted for use within a

tubular member within a well subterranean well, said lock

comprising:
a. a mandrel assembly;
b. an actuation assembly carried on said mandrel
assembly, said actuation assembly comprising
generally longitudinally opposed, and relatively
longitudinally.movéaﬁle, annular wedges;
C. a slip assembly coupled to said mandrel
assembly, said slip. assembly operable between a
relatively reduced diameter state and a relatively
expanded diameter state, said slip assembly
comprising a generally circumferentially
continuous,_radially vafiable body having a pair
of longibgdiﬁally opposed ends, said variable body
having a Siurality of radially displaceable
anchoring slips, said anchoring slips formed by a
plurality of interleaved slots extending into said
body from said opposed axial ends, said anchoring

slips operatively coupled to said moveable annular
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'anabIe I n Fesponse to nmovenent of said opposed wedge assenblies of sald
actuation assenbiy, and 4) aﬁﬁiCklng assenbly, said packlng as

;gm;ﬂggcgﬂt ﬂm“mn““ﬂ“mi d to be conpressed and

and two rel ativélyCoppbostd *axi"al portiond8said central
generally softer elastoneric material than said axial ends, each axi al end

ortion including a notched |
P 9 wedges sg as to be radially displaceable in

response to relative longitudinal movement between
said longitudinally moveable wedges; and

d. a patking.aséembly, said packing assembly
comprising an elastomeric sleeve arranged to be
axially compressed ‘to an expanded diameter
condition by said actuation assembly, said sleeve
further coupled to said acfﬁéfioh“assembly and
arranged to be axially drawn to a reduced diameter
condition after said expanded diameter condition
wherein it is maintained under divergent axial
tension said sleeve comprising a generally central
portion having a greate: deformability than the

deformability proximate said axial ends.

12. A lock according to claim 11, wherein said
actuation assembly further comprises a pair of relatively
longitudinal moveable notched members which engage opposing
axial ends of said elastomeric sleeve and which may be
mqved divergently to axially draw the sleeve to a reduced
diameter condition and maintain the sleeve under divergent

axial tension.

13. A lock according té ¢laim .11 or 12, wherein the
lock further comprises an outer mandrel disposed within the
barrel slip assembly and the packing element in a generally
coaxial relation and an axial compression member disposed
around portions of the outer mandrel, said axial compression
member adapted to be axially displaced along the outer
mandrel and exert axial campressibn upon the packing element
and the barrel slip&agéembly.

14, A lock according to claim 13, wherein said axial
compression member quﬁs a first of said moveable notched
members, -and wherein a first of said annular wedge

assemblies forms the other of said moveable notched

members.
Sheet Has Been Replaced
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each said notched |ip engaging a selected one of said notc %éﬁé
menbers of said actuation assembly, said packing assenbly I b.
first relativel yummauﬂm lmllon to a second, relativel W ext

position in resp Iongltudlnal novenent of “said notched
retention nenbers,” s&id packi ng assenbry urther conprising at |east one

annul ar relnforC|ng menber di sposed around the el astoneric sleeve to resist

aXIaL eXtrusth of the eH%% Og%%%%d%%%e % %alm 14, further comprising a

one-way motion restrictor interconnecting the outer mandrel
and axial compression member, said one-way motion restrictor
‘limiting axial displacement of the axial compression member
to motion toward the packing assembly and barrel slip
assembly so that portions of the lock are maintained in an

expanded diameter condition.

16. - A lock according to claim 13, 14 or 15, wherein
the lock further comprises an extensible release mandrel
disposed through the lock within said outer mandrel, said
release mandrel adapted'upon extension to release the
packing assembly and the barrel slip assembly from the

expanded diameter condition.

17. A lock according to claim 16, wherein the

extensible release mandrel comprises severable elements.

18. : A lock according to claim 17, further comprising a
spring assembly disposed about the release mandrel, said
spring assembly coupled as to be compressible upon expansion

of the packing element and the barrel slip assembly.

19. A retrievable packér;tYpe well lock adapted to be-
disposed within a tubing string, said lock comprising:
a. a barrel slip assembly operable between a
reduced diameter, and an expanded diameter
condition;
b. a packing assembly having a substantially
elastomeric;sleeve-and édapted to be operable
between ag eipanded diameter condition and a
reduced dfémeter condition; and
c. an'extensible release mandrel disposed through
the lock, said release mandrel adapted upon
extension to release the packing'assembly and the

barrel slip assembly from the expanded diameter

condition.
is Sheet Has Been Replaced
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b. a running teel—+eteasably coupled to said | ock assembly
togl conprisi ng ﬂl‘l“ﬂﬁenbly; 2) a power source
| east one batte }“mm‘l “m sing assenbly; 3) an acti y
operatively coupl+ed ¢t otsald bower: source, said activation assenbly operable
to convey an electrical signal from sa d#%ower source upon occurrence of at

20. A method of funning a nippleless lock in a
subterranean tubular member, comprising the steps of:
a. providing a lock assembly comprising,
1) an actuation'assembly;
2) a slip assembly coupled to said actuation
assembly; and
3) a packing assembly, said slip assembly and
said packing assembly éééh operable between a
first relatively reduced diameter condition
and a second, relatively expanded, condition;
b. providing a running tool comprising a power
assembly, and a working assembly, said working
assembly comprising at least one mdvable.member;
c. coupling said running tool to said lbck
assembly to form a severable 'unit, with said
movable member of said operating tool arranged to
be at least engageable with said actuation
assembly of said lock assembly, said operating
tool being affixed to said lock assembly to be
selectively removable therefrom;
d. placing the running tool and lock assembly
uﬁit within said tubular member to place said lock
assembly at a depth,at which it is desired to
actuate said lock gséembly; and
e. actuating'said power assembly to operate said
working assembly and to move said movable member
to cause actuation of said actuation assembly and
the'resulﬁing'setting of said slip assembly and.

said packing assembly within said tubular member.

21. A method%gf-ﬁulling a packer-type wellbore lock
having an extensiblg%release mandrel from within a tubing
string using a manipulating tool capable of engaging and
exerting force upon portith'of the lock in at least two

directions, said method comprising the steps of:
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- 13 - least one pr edet er mi ned condi Iu II ! I Lrl C notor. .centar; s
wi thin inset housing assenbly, saidlu ul I I eratrﬁﬂgwﬂtﬂﬁpVéfigga

said activation assenbly for rece|V|ng sai d electrlcal si gnal fggﬂmk'
power

- 41 -

a. placing the tool within the tubing string
proximate the lock and contacting the lock with
the manipulating tool in an operable relation;

b. operating the manipulating toocl to exert force
upon portions of the lock such that the extensible
release mandrel is extended to permit portions of
the lock to move from an expanded diameter
condition to a reduced diameter condition; and

c. removing the tool and lock from the tubing

string.

22. A system for setting a nippleless lock in a '
subterranean well, comprising:

a. a iock aséembly, comprising,
1) an actuation assembly,
2) a slip assembly operatively coupled to
said actuation assembly,
3) a packing assembly operatively coupled to
said actuation assembly, said actuation
assembly comprising at least one
longitqdinally movable member, said slip
assembly and said packing assembly each being
actuable in response to longitudinal movement
of said movablé ﬁember of said actuation
assembly; and .

b. a running tool releasably coupled to said lock

assembly, said running tool comprising,
1) an electric motor,
2) a power snufce contained within said
running tool, said ﬁower source capable of
provﬁgihé.a supply of electrical power
suffiéient to operate said electric motor, and
3) a movable mandrel, said movable mandrel
operatively coupled to said electric motor,
and generally longitudinally movable in

response to operation of said electric motor,
/
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source upon occurrence of said at |east one predetermined condition; 5) a
j ack-screw assenbty operativety coupled to said electric notor, said

oot coarmar sy IO IR 525 5o we vt ' woveny B THBRREEE i 25"

i * = . Eﬂbl €
in response to rotatfontof*sdi d*r ot at abl ézrrenber, sai d novabl
operatively arranged to said |ock actuation assenbly to establish relative

said movabie mandrel operatively coupled to
said lock actuation assembly to facilitate
longitudinal movement of said movable member
thereof when said running tool is coupled to

said lock assembly.

23. A system according to claim 22, wherein said power

source comprises at least one battery.

24, A system according to claim 22 or 23, wherein said
movable mandrel of said_running tool comprises a threaded

member.

25. . A system according to claim 24, wherein said
running tool further comprises a clutch assembly operatively
associated with said threaded member to limit the

longitudinal travel of said movable mandrel.

26.  'A system according to claim 22, 23, 24 or 25,
wherein said running tool further comprises an actuation
mechanism operatively coupled to said electric motor and to
said power source to supply electrical power from said power
source to said electric motog-upon the occurrence of at

least one predetermined condition.

27. A system according to claim 22, 23, 24 or 25, -
wherein said electric motor and said movable mandrel are
cooperatively configured with said lock assembly, such that
actuation of said electric motor will effect setﬁing of
said lock assembly wi;hih a well in a time period not less
than one minute. %, ’

28. _ A system according to claim 27, wherein said
electric motor and said movable mandrel are cooperatively
configured with said lock assembly, such that actuation of

said electric motor will effect setting of said lock
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| ongi t udi nal novenent of said runn| senbly relative to
said | ock actuation assenbly upon a t!m"(ml ‘mﬁﬂmmg ectric ot ok

order that the invention nmay be nore ¢ yrunterst ood, '
thereof will now be described, by way of illustration dﬂ“§'3
to the acconpanying draw ngs, wherein;-F35-1 is a sidg ext i &W of an

exenpl ary packer type well lock in accordance with the ent invention

depicted as "set" withi-n a tubing string
: assembly within a well in a time period not less than five

minutes.

29. An assembly for setting a nippleless lock within a
tubular member within a subterranean wellbore, comprising:
| a. a lock assembly, said lock assembly
comprising, . '

1) a mandrel assembly,.-
2) an actuation assembly carried by said
mandrel assembly, said actuation assembly
comprising a plurality of longitudinally
movable members movable in response to a
predetermined force, said actuation assembly
further comprising first and second generally
opposed notched retention members, said
notched retention members arranged for
relative longitudinal movement relative to
said mandrel assembly,
3) a slip assembly operatively coupled to
said actuation assembly, said actuation
assembly including a plurality of generally
opposed wedge assemblies adapted for relative
longitudinal movement, said slip assembly
comprising a ganérally continuous body member
having a plurality of radially extensible
anchoring slips, said anchoring slips movable
from a first, relatively retracted position,
to a second, relatively extended position,
said anchoring slips movable in response to
movement of said opcosed wedge assemblies of
saidigctﬁation assembly, and
4) a‘Eacking assembly, said packing assembly
comprising an elastomeric sleeve, said
elastomeric sleeve including a generally
central portion, and two relatively opposed

axial portions, each said axial portion
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in an exenplary inplementation of the invention.

FIG 2A and 2B are partial

cutaway, Vi ews_of_a,n_ex_ermgl-&r—y—p&eker- type well lock in ﬁﬁéuﬁﬁ? N\Aé @EEN‘

present i nventi l“ﬂm“I Im‘ ||||i||m| unset_ F:(:Sl_t i on. - 14 | REPLAGED

b.

including a notched lip, each said notched lip
engaging a selected one of said notched
retention members of said actuation assembly,
said packing assembly movable from the first
relatively retracted position to a second,
relativel& extended position in response to
converging longitudinal movement of said
notched retention membéfé; and

a running tool releasably coupled to said lock

assembly, that running tool comprising,

1) a housing assembly;

2) a power source comprising at least one
battery within said housing assembly;

3) an activation assembly operatively coﬁpled
to sdid power source, said activation assembly
operable to convey an electrical signal from
said power source upon occurrence of at least
one predetermined condition;

4) an electric motor contained within inset
housing assembly, said electric motor
operatively coupled to said activation
assembly for feceiving said electrical signal
from said power.source upon occurrence of said
at least one pfedetermined condition;

5) a jack—-screw assembly operatively coupled
to said electric mdtor, said jack-screw
assembly'including at least one rotatable
member and one longitudinally movable member,
said longitudinally movable member movable in
response to rotatioﬁ of said rotatable member,
saidigovéble member operatively arranged to
said f%ck actuation assembly to establish
relative longitudinal movement of said running
tool housing assembly relative to said lock
actuation assembly upon actuation of said

electric motor.

. This Sheet Has Been Replétced




FIG 3 is a detail of an exenplary axi aI”““HMi“"ﬁMII r_and_associated
conponents. FIG 4 is a cross-sectional THIRH@H mgv@ml

an exerrp[ ary connection between a running t Sol “and | ock. REPLACED

- 45 -

30. A tool for setting a nippleless lock in a

subterranean well, said lock comprising an actuation

. assembly operable through relative longitudinal movements

between first and second portions of said lock, said running
tool comprising: |
a. a housing.assembly,
b. an electric motor contained within said
housing assembly; | o
¢. a power source contained within said housing
assembly, said power source capable of providing a
supply of electrical power sufficient to operate
said electric motor; and '
d. a movable mandrel, said movable mandrel
configured to be longitudinally movable relative
to said housing assembly in response to operation
of said electric motor, said movable mandrel
selectively engageable with a first portion of
said lock, said housing assembly operatively
engageable with said second portion of said lock,
whereby operation of said electric motor in the
resulting movement of said movable mandrel of said
tool relative to said housing assembly will cause

actuation of said lock.

31. A packing element for use in a well lock having an
actuation assembly, substantiallf as herein described with
reference to Figure 2A, or Figures 9A, 9B, and 9C of the
accompanying drawings. '

32. A packing assehbly for é plug member substantially
as herein descr1bed>w1th reference to Figure 2A or Figures

9A, 9B and 9C of the accompanylng draw1ngs.

33. : A slip assembly for a lock substantially as herein
described with reference to Figure 2A or Figures 9A, 9B and

9C of the accompanying drawings.
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FIGS5 is a side exterior view of an exenplary downhol e power tool for use
in a running tool of the assenbly according to the present invention -
is 'a partial vertical section of the power assenbly portion Qg
tool. FIG 7 is a partial vertical section of the workin *@gsgﬁﬁl
of the running tool. FIG 8 is a cross=sketional view at
showi ng portions of an exenplary clutch nechani sm of the\run

34, A retrievable well lock substantially as herein
described in Figures 2A and 2B, or Figures 9A, 9B and 9C, or

Figure 11C of the accompanying drawings.

35. A retrievable packer-type well lock substantially
as herein described with reference to Figures 2A and 2B, or
Figures 9A, 9B and 9C, or Figures 11A, 11B and 11C of the

accompanying drawings.

36. A system for setting a nippleless lock

substantially as herein described with reference to the

accompanying drawings.

37. A tool for setting a nippleless lock in a
subterranean well substantially as herein described with
reference to Figures 10A and 10B of the accompanying

drawings.

R O
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FIGS. 9A-9C are partial cutaway views sHowi_ng an exenplary |l ock in expanded
and reduced dianmeter conditions. FIGS. 10A and 10B are partial cutaway
views of a pulling tool. FIGS. 11A-11C are partial cutaway views of the-

pul ling tool and an assocjated | ock. The present inventi BEEN |
generally to well locks, and to nethods &fd-systens faci ITHI&tSH‘E@Tt‘I‘ﬁS

pl acement and retrieval of such |locks within a tubular nber REﬁthEDas a
tubing string, within a well bore.

ABSTRACT

IMPROVED PLUG OR LOCK FOR USE IN OIL FIELD
TUBULAR MEMBERS AND AN OPERATING SYSTEM THEREFOR

A retrievable well lock for use within a
subterranean tubular member has a packlng assembly having a
substantially elastomeric sleeve (44) wh1ch may be axially
compressed into an expanded diameter condition against the
interior surface of a surrounding tubing string. Axial ends
(46,48) of the sleeve (44) are configured to engage
generally matching notched members (50,52) on either side of
the sleeve which, by divergent axial movement, axially draw
the sleeve to a reduced diameter condition and maintain the
sleeve under divergent axial tension. A barrel slip
assembly (14) of the lock has a radially variable body (16)
with a continuous circumference. The body’s axial ends are
adapted to fixedly engage portions of the lock such that the
body is capable of transmitting an axial tensile load across
its length. The body contains substantially lengthwise
slotted portions (20) which permit radial expansion of the
.radially variable body. The lock may be emplaced and set at
substantially any point with%n the tubing string and is
operable between an expaﬁded diameter condition and a
reduced diameter condition. A dawnhole power tool is
described which may be adapted to emplace ("run") or remove

("pull") the lock from the tubing string.

Figure 2A

Thls Sheet Has Been Replaced
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he invention will be described in reference to a preferred enbodi nent of a

acker - type wel | lock having both slips and a deformabl e packing el enent

uch a packer-type well |ock may be adapigegl to serve as a bridge plug or as
hanger for other types of equipnment, as is well known to the art. The
resent invention has particular application to well operations conducted
hrough use of "slickline" as the invention allows placenent and retrieval

f a well lock without the need to transmt power downhole from
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t he surface.

Furt her,

- dem e —— mm

the lock of the present invention is

'ni ppl el ess”" and thus may be placed at sybstantially. any point within a
Fubing sfring without requiring a pre-p
pbrofile into which the | ock nust mate.
Ehown an exenpl ary | ock 10,

mat chi ng | andi ng ni ppl e or
Referring nowto FIG 1,

therein is

I n accordance with the present invention,
depi cted in an operating environnment disposed within a tubing
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string 11. Although lock 10 will be discussed in reference to a tubing
string 11, it should be clearly understood that |ock 10 may al so be pl aced
in.a casing string, drill string, or i?érﬂ tubul ar nenber as is well known
to the industry. Referring now also t IG 2, therein is depicted | ock 10
in greater detail, illustrated substantially in vertical section. Lock 10
conprises a support mandrel assenbly 12, which supports a barrel slip
assenbly 14. Barrel slip assenbly 14 is operabl e between a reduced di aneter
condition by which lock 10 nay be placed into or renoved fromthe tubing
string, and an expanded di aneter condition by which barrel slip assenbly-14
is set and nechani cally engages the tubing. THIS SHEET HAS BEEN

REPLAGED
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Lock 10 al so includes a packing assenp ’y 40 which is also_n
relajively reduced dianeter condition, nd arelatively @
condition (as depicted in FIG 1), mhereby packi ng assenb)y 40;§§thmgly
engages the interior of the tubing string to provide fl Ui Peahrs

I sol ati on of one section of the tubing string from another. As best seen in
FIG 2A, barrel slip assembly 14 preferably includes a one-piece slip body

16 which surrounds a portion of lock 10 in a circugf y égntlnuous
manner, such that 180 ody 16 i s unbroken at anyjgoin f 198e 1 ock 10.
Slip body 16 :
N
109
122 Y 115
4' X
“—100
112
r_ 111
- \ - - Q.
" 110 e 140
; + = '
l 106
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onﬁrises a plurality of anchoring slips 20 whi:t# are configured to be
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| ower extent of slip body 16, while a second plurality of slots |I8b ext &hd
into, slip body 16 fromthe upper extent of slip body 16. The slots 18
deflnlng anchoring slips 20 pass througpgnost, -but not all, of the axial

| ength of slip body 16. The resulting serpentine structure defines an
arrangenent of anchoring slips 20 which may expand radially. Slots 18 are
preferably smaller in width than anchoring slips 20 so that_.apehessngsiF §
20 will conprise a mpjority of the circunferential surface 0ﬂﬂ§lsﬂzﬁmxﬁﬁ BEEN
Testing has indicat edthat4{hisqgsl otted one-pi ece construct}i on pq&@lAggﬁa
signi ficant anount r adi ansion. For exanple, a barr

14 having a 4.52 in L (11.1 nom nal , unexpanded,
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di aneter, and having 20 anchoring slips 20 defined by 20 slots (10 cut ffom
either axial end) of approximately 0.12_inches (3 mm) in width wltk
facilitate expansion w th adequate sett?ﬁé force to at | east approximately
4.90 inches (12.5 cn). The internal surface of slip body 16 includes
opposi ng sets of tapered surfaces 36 and 38, respectively, each such
surface 36 or 38 coupled to other surfaces in the set by tooth-Iike
engagi ng surfaces 22. Each anchoring slip 20 is preferably provided with
opposi ng sets of anchoring teeth 23a, 23b upon |ongitudinally opposed

portions of its exterior surface. Anchoring teeth are adapted to e
nmechani cal |y engage—tHe— rior surface of a tubing string mhqﬂﬂﬂszggé pEEd
| THS ST epLACED
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}barrel slip assenbly 14 is set. Opposed anchoflng teeth 23a, 23b are eacﬁ
directional taPresist axial novement of |ock 10, within the tubi ng” string
An annul ar r®8ef 25 is preferably provided

Wln eithef axial direction.
lal ong the length of slip body 16. The relief offers a smaller, recessed,

‘cross-section to permt flexibility during expansion of slip body 16.
Barr el slip assenbly 14 further includes an actuation assenbly which

includes upper and | ower annul ar wedge assenblies 24 and 26 which are

adapted to be
. i 1
! 6
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5
=} 84
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FIG. 11C
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‘ _ REPLACEMENT SHEET
.-18- longitudinally novable relative to each other aljo ar-outerandriel
'30.- Slip body 16 is configured to engage and cooperatje W t.h ﬁ@ggﬁPb
_assenblies 24 and 26 in such a nanner that converging | nbi? I'n ngv erent
of annul ar wedge assenblies 24 and 26 cguieg radi al pansion of sl ody
16. Specifically, each annular wedge 24 and 26 includes a plurality of
preferably annul ar tapered ridges 32 and 34, respecti '

IMPROVED PLUG OR LOCK FOR USE IN OIL FIELD
TUBULAR MEMBERS AND AN OPERATING SYSTEM THEREFOR

The present invention relates generally to improved barrier members, such as
"plugs" or "lock§ " adapted for use in subterranean wells; and more particularly, to
improved plugs or locks and associated operating systems, and methods of their use in
oilfield tabular members, such as casing or tubing strings.

The use of plugs or locks in oilfield tuBular members is well known in the art. A
packer-type lock, as particularly described relative to the preferred embodiment herein, is
typically intended to be placed in the tubular member, such as a subsurface tubing String,
and to securely and sealingly engage the interior wall of the tubing string. Once in place,
the lock provides fluid and bressure isolation between section; of the tubing string.

Many such lock systems have been developed in which landing nipples or profiles
are provided at points along the tubing string’s interior surface, and wherein a lock will
be placed in the nfpple or profile. However, placement of a lock of this type is limited to
those points along the string at which an appropriaté nipple or profile is located.

A few plugs are known which are “nip:pleless” in that they do not require the
presence of a nipple or profile to be set within a string or wellbore. Nippleless systems
offer the capability to set plugs at substantially any éiepth or point within a subterranean

. well. These systems also reduce the need to foresee, at the time tubing or casing is
placed, where a packer device will later lbe needed. .

Conventional methods of funn;xng and pulling nippleless plugﬁ or locks, however,
typically require that actuating power be supplied from the surface to the running or
pulling assemblies performing these ﬁxﬁctions. This requires, therefore, that the tools be

run on wireline, rather than slickline (without an electrical conductor), as is used for
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conplinmentary generally annul ar inclined surfaces 36 |ang 38g ;vr ope¢t ifvel y,
along the internal surface of anchoring slips 20 off 4l ip bod .q Taper ed
tidges 32 and 34, and conplinentary inclined surfades Uerand 38—afre
tapered in opposing directions, such that converging |ongitudinal nodenent
of annul ar wedges 24 and 26 will act upon 4ongitudimalrty Teratrvely tixed
I nclined surfaces 32 and 34 of slip body 16 to urge anchoring slips 20

radi-al ly 0% ty%gg hEHpb §H§ pTH&yreaﬁ SREH ifdresseEBR éd%g)rﬁélfﬁne%,

wherein barr epl cted I n |ts atlvely reduced di anet er

condi tion, a@ﬁ&ﬁﬁagﬁ%?%“g?ﬁwn fasrertt%g sl plHhas e Zlocks. depicted in its

rel atlvely

There are techniques which do not rely upon surface-supplied electrical power to
set a lock. These systems, however, typically rely upon an explosive charge to set the
lock. Rapld setting sequences, and particularly those performed as rapidly as is typically
achieved through use of explosive dev1ces are detrimental in that they adversely affect the
quality of the setting of each member. For example, slip elements are known to set more
securely when they engage tubing or casing in a controlled manner. Further, elastomeric
packer elements establish a better seal when the elastomeric material is deformed
gradually, and stresses within the material are thereby allowed to eqﬁalize .more
gradually, thereby minimizing subsequent relaxation of the elastomer, with an
accompanying reduction in sealing effectiveness.

Many existing slip designs employ radially segmented slip elements §vhich are
urged outward to engage the interior wail of the surrounding tubing string. The slip
elements are often separated from each other a significant distance. If the slip is being |
set in a non-vertical tubing string, the elemerit.s may expand non-uniformly resulting in
the lock being decentralized .within the string. As a result, a pressure differential across
the lock will be more likely to result in failure of the lock’s slips due to the unequal
forces upon the slips and pecking element around the circumference of the lock.

Conventional designs for packer-type locks effer a further disadvantage in remeval
operations. After a packer-type Tock is set and subjected to a period of high temperature
and pressure, the packing element will typically achieve sorﬁe degree of "set" toward the
expanded state. This "set" of the packing element may also be considered as an absence

of "memory" of the packing element for its original form. The distended exterior
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condi ti on upon divergent axial novenent of annular wed eaemeam IPE&SHEE e
engagenment of engaging surfaces 22 of slip body 16 wit \Unpl trentary
t'ooth-1i ke surfaces 37 and 39 of wedge assenblies 24 and mg,ﬁl % 9%4
body 16 to transmit an axial tensile |oad across its | ncth0 ﬂ

reduced di aneter condition. The structure 3of- barrel slijplassenbly 14

i —

preferably permts slip body 16 to be noved substanti alil y unlforn1y from

its reduced dianeter condition toward its expanded di a

resul t, upon gdéemgtiesn maycmakiengegioved 2F wild loak «hilfifid Gl s stidht | al | y
uni formy ext eRdad eselidlel ¥ i R EMRIARd Hhed AdeKL0 add'@BPprovide

effectively

difficulty in clearing areas of relatively restricted
diameter, such as an ubhole nipple or profile.

In a related aspect, retrieving or "pulling"
operations for locks typically rely upon eﬂgaging a set lock
with a wireline device and pulling or jarring the lock
upward in an attempt to dislodge it from within the tubing
string. This technique is not always successful and
sometimes results in either damage or "hanging up" of the
lock within the tubing string.

Accordingly, the present invention provides a new
barrier device, such as a lock (or "plug") and associated
methods and apparatus for setting and pulling the barrier
device without the requirement of a nipple or profile; and
which, in a preferred embodiment, facilitates both
controlled, gradual, setting of the device, and release of
the device without jarring.

According to the present invention, there is
provided a packing element for use in a well lock having an
actuation assembly, said packing element comprising an
elastomeric sleeve having generally opposed axial end
portions and a generally annular central portion adapted to
be compressed and radially eftfuded, said central portion
being of a generally softer elastomeric material than said

axial ends, each axial end portion having a lip adapted to

" engage a generally complementary notched member on said well

lock actuation assembly, said lips extending in generally
opposed directions.
' The invention also provides a packing assembly
for a plug member adapted for use in a subsurface well, said
packing assembly coﬁprising:
a. an actuation assembly having first and second
generally dpposed. and relatively longitudinally
movable, notched members; and

b. a substantially elastomeric sleeve coupled at
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centralizing lock 10 with the tubing string, and ther?by—pnﬁeﬁvwmal
engagement with the tubing string. - 19 - Referring BERAGEMEETH G
2A, |l ock 10 features a novel annular packing assenbly{4Q-tavinig a
substantially el astoneric sleeve 42 whi Eh4' s al so openjall eobf&me@%

a first end to said first notcdﬁd_memhe;T—aﬂdQ—**

coupled at a second end to said second notched

member, said actuation assembly being operable to
compress said elastomeric sleeve and to urge said
elastomeric sleeve toward an expanded diameter
condition, and further adapted to apply axial
tension to said elastomeric sleeve and to urge
said elastomeric sleeve toward a reduced diameter
condition.
The invention further provides a slip assembly for
a lock for use in a subterranean tubular member, said slip
assembly being operable between a relatively reduced
diameter state and a relatively expanded diameter state,
said slip assembly comprising:
‘a. an actuation assembly including at least two
generally longitudinally opposed and relatively
moveable generally annular wedges; and
b. a generally circumferentially continuodus,
radially variable body having a pair of
longitudinally opposed ends, said variable body
having a plurality of radially displaceable
anchoring'slips. said anchoring slips being formed
by a plurality of interleaved slots extending into
said body from said opposed ends, said anchoring
slips operatively coupled to said mdveable annular
wedges so as to be radially displaceable in i
response to relative longitudinal movement between
said annular wedges. '
The invention also includes a retrievable well
lock adapted for use.within a tubﬁlar member within a
subterranean well, said. lock comprising:
a. a mandrel assembly; -
b. an actuation assembly carried on said mandrel
assembly, said actuation assembly comprising
generally longitudinally opposed, and relatively
longitudinally moveable, annular wedges;

THIS SHEET HAS BEEN This Sheet Has Been Replaced .
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an expanded diameter condition and a reduced di anpt
of axi al conpression. Annul ar packi ng assenbly 40
disposed relative to outer mandrel 30 of support
i s disposed at a relatively uphole position rel at
assenmbly 14. A longitudinally central por®ion 44

Is preferably formed of a softer elastoneric natefi
formeither axial end 46, 48 so that the central portion 44 of slee
more easily radially exﬁ#udédSﬂépaﬁSé%ﬂ@dde@OGmd@éréﬁﬂﬁiiﬁﬂﬂﬁﬂ4lﬂﬂq

yirtue
P, and
egve 42

ized to
ve- 42 1S

e

sl eeves are typically cq&%temqtyed sRY dURITHR" ¥ sRndi1RY oPfe ralAs Y@ DiL£CES

havi ng differing hardness%s

expanded diameter state, said slip assembly

comprising a generally circumferentially

tively reduced diameter state and a relatively

continuous, radially variable body having a pair

of longitudinally opposed ends,

having a plurality of radially displaceable

said variable body

anchoring slips, said anchoring slips formed by a

plurality of interleaved slots extending into said

body from said opposed axial ends,

said anchoring

slips operatively coupled to said moveable annular

wedges so as to be radially displaceable in

response to relative longitudinal movement between

said longitudinally moveable wedges;

and

d. a packing assembly, said packing assembly

comprising an elastomeric sleeve arranged to be

axially compressed to an exbanded diameter

condition by said actuation assembly,

said sleeve

further coupled to said actuation assembly and

arranged to be axially drawn to a reduced diameter

condition after said expanded diameter condition

wherein it is maintained under divergent axial

tension said sleeve comprising a generally central

portion having a greétgr deformability than the

deformability proximate said axial ends.

The invention further includes a retrievable

packer-type well lock adapted to be disposed within a tubing

string, said lbck comprising:

a. a barrel slip assemﬁly operable between a

reduced diameter, and an expanded diameter

"condition;

b. a packing assembly having a substantially

elastomeric sleeve and adapted to be operable

between an expanded diameter condition and a

reduced diameter condition:
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pi eces are nol ded together under heat and pressure

| eeve
W th portions of varying hardness. Effective sl eeves uct ed
with a central portion having a 70 duroneter hardnessfmeasure—and=gxilal
ends of 90 duroneter neasure. |In the expanded diangter g0 H' i dert r al
portion 44 of sleeve 42 radially extrudesé o effect| a séér p&d@ﬁét t He
i nterior surface of the surrounding tubing string. |Ellastoneric sledvg 42
al so includes at |east one, and nost preferably at Ieast t o, annular-
reinforcement members 66 6BAWRXHENEAD Lgp r@de aSiee maing Dd g

surface. Reinforcenment reyebanek60,5aGH Wellle adeehm@mael Q@g@tQ@ &poal | ed

spring.

extension to release the packing assembly and the
barrel slip assembly from the expanded diameter
condition.

The invention provides a method of running a

nippleless lock in a subterranean tubular member, comprising

the'steps of:

a. providing a lock assembly comprising,

1) an actuation assembly; -

2) a slip assembly coupled to said actuation

assembly; and ' '

3) a packing assembly, said slip assembly and

said packing assembly each operable between a-

.first relatively reduced diameter condition

and a Second; relatively expanded, condition;
b. providing a running tool comprising a power
assembly, and a working assembly, said working
assembly comprising at least one movable member;
c. coupling said running tool to said lock
assembly to form a severable unit, with said
movable member of said operating tool arraﬁged to
be at least éngageable with said actuation
assembly of said lack assembly, said operating
tool being affixed to said lock assembly to be
selectively removable therefrom; A
d. pla;ing the running tool and lock assembly
unit within said tubular member to place said lock
assembly at a depth at which it is desired to
actuate said lock assembly; and
e. actuating. said power assembly to operate said_
working assembly and to move said movable member
to cause actuation of said actuation assembly and
the resulting setting of said slip assembly and
said packing assembly within said tubular member.

The invention also provides a method of pulling a
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Rei nf orcenent nenbers 60, 61 serve to resist axial—extrusion of sl

beyond the reinforcenment nenber as sleeve 42 is
di aneter condition. Axial ends 46 and 48 of el ast
configured with Iips 47 and 49 configured to eng
not ched retaining nenbers 50 and 52, respé&ctivel
50 is preferably formed as a part of an upper co

packer-type wellbore lock having an

hgggﬁggllﬁWﬁlrpkbn%enber

mandrel from within a tublng string using a manipulating

tool capable of ehgaging and exerting force upon portions of

the lock in at least two directions, said method comprising

the steps of:

a. placing the tool within the tubing string

proximate the lock and contacting the lock

with

the manipulating tool in an operéBle relation;

b. ope:ating the manipulating tool to exert force

upon portions of the lock such that the extensible

release mandrel is extended to permit portions of

the lock to move from an expanded diameter

condition to a reduced diameter condition;

and

¢. removing the tool and lock from the tubing

string.

The invention further provides a system for

setting a nippleless lock in a subterranean well,
comprising:
a. a lock assembly, comprising,

1) an actuation assembly,

2) a slip assembly operatively coupled to

said actuation assembly,

3) a packing ;ssembly operatively coupled'to

said actuation aésembly, said actuation

assembly comprising at least one

longitudinally movable member, said slip

assembly and said packing assembly each being

actuable in response to longitudinal movement

of said movable member of said actuation

assembly; and

b. a rumning-tool releasably coupled to said lock

assembly, said running tool comprising,

1) an electric motor,

2) a power source contained within said

running tool, said power source capable of

providing a supply of electrical power
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- 20-. upper annul ar wedge 24. Conpressional force may|bResRlEkesit SEET
el astoneric sleeve 42 .through engagi ng surfaces of ngt ‘
menbers and el astoneric sleeve 42. A particul ar strugt
t he engagenent of each lip 47, 49 of the elastoneric slledd N
respective notched retaining nenmbers 50~ $2-respectiyelly. This strucfjufe
will be described relative to upper lip 47 and notchjretaini ng nenber %0,

re is preferréd]|for
&/ 996 |

with the understanding that a similar structure is plovided relative td |lip

49 and not ched

sufficient to operate said electric motor, and
3) a movable mandrel, said movable mandrel
operatively coupled to said electric motor,
and generally longitudinally movable in
response to operation of said electric motor,
said movable mandrel operatively coupled to
said lock actuation assembly to facilitate
longitudinal movement of said movable member
thereof when said running tool is coupled to

said lock assembly. .

The invention further includes an assembly for

setting a nippleless lock within a tubular member within a

subterranean wellbore, comprising:

a lock assembly, said lock assembly

comprising,

1) a mandrel assembly,

2) an actuation assembly carried by said
mandrel assembly, said actuation assembly
comprising a plurality of longitudinally
movable members movable in response to a
predétermined force, said actuation assembly
further comprising first and second generally
opposed notched retention members, said
notched retentfon members arranged for
relative longitudinal movement relative to
said maﬂdrel assembly, )
3) a slip assembly operatively coupled to
said actuation assembly,_said actuation
assembly including a plurality of generally
opposed wedge assemﬁlies adapted for relative
longitudinal movement, said slip assembly
comprising a generally continuous body member
having a plurality of radially extensible '
anchoring slips, said anchoring slips movable
from a first, relatively retracted position,

to a second, relatively extended position,
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retaining nmenber 52. The structural arrangenent
reference to FIG 3. The el astoneric sl eeve 42

SRgﬂﬂﬁEHENTéﬁEETej with

sbrface 71

whi ch engages a conplinentary thrust surface 41 n i hg nmenber
50. Thrust surfaces 71 and 73 each preferably exttend ‘g@ﬂ@ﬁ%ﬂﬁ@9 )
perpendicularly to the |ongitudinal axis $f-the tjoql . _A retaini lip 75,

on notched retaining nenber 50 engages a conplingntary I|p 79 on lilp 47 to
provi de engagenent therewith, and to facilitate t 't ensi on
to el astomeric sleeve 42. Ebabdorpeher ngeybip fchovRb ﬁesnar%%hﬂ%ﬁflhﬁ
surface 81 which extends tOM@&Qm@nEeafr@il@réﬂﬁéye@|ﬁ@@ﬁ@ra§§§ﬁbDﬂeﬁf0f

el astoneric sl eeve 42. In the
said actuation assembly, and

4) a packing assembly, said packing assembly
comprising an elastomeric sleeve, said
elastomeric sleeve including a generally
central portion, and two relatively opposed
axial portions, each.said axiél portion |
including a notched lip, each said notched lip
engaging a selected one of said notched
retention members of said actuation assembly,
said ﬁacking assembly movable from the first
relativel§ retracted position to a second,
relatively éxtended position in response to
converging longitudinal movement of said
notched retention members; and
b. a running tool releasably coupled to said lock
assembly, thét running tool comprising,

1) a housing assembly:

2) a power source comprising at least one
battery within said housing assembly;

3) an activation assembly operatively coupled
to said power source, said activation assembly
operable to coﬁvey an electrical signal from
said power source upon occurrence of at least
one predetermined condition; : ;
.4) an electric motor contained within inset
housing assembly, said electric motor
operatively cbupled_to_éaid activation
assembly for receiving said electrical signai
from gaid- power source upon occurrence of said
at least:- one p:edetermined condition;

5) a jack-screw assembly operatively coupled
to said electric motor, said jack-screw
assembly including at least one rotatable

member and one longitudinally movable member,
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depi cted preferred enmbodinent, this primary di anet g RRNT!
generally at section 83, forns the primary sealing pBEéL

sl eeve 42, and extends between re-enforcenent menbdrd 60 and 61 whi
pl aced at each longitudinal extent of this primary seaIDnUNBUdPPQn .
Connecting surface 81 of elastoneric sleedd i-s specjfliically sized fdellative
to the di nension of notched retaining nenber 50, tol deffmé a gap 85
the end 87 of notched retaining nenber 50 and the afjacent surface—a
gi ven di aneter of el astonerisaisl dongitad ing ltllye mpeay teedle@tﬁﬁrdlmmblet hins

adj acent surface is deflnedg@%daggy angongg%h 8% & PN ¥ &fArd Gfbmber .,
enbodlnent this gap will be

£Ta
(0]

said movable member ‘operatively arranged to
said lock actuation assembly to establish
relative longitudinal movement of said running
tool housing assembly relative to said lock
actuation assembly upon actuation of said
electric motor. o
The invention also includes a tool for setting a
nipplelesé lock in a subterranean well, said lock comprising
an actuation assembly operable through relative longitudinal
movements between first and second portions 6f said lock,
said running tool comprising:

a. a housing assembly,

b. an electric motor contained within said

housing assembly;

c. a power source contained within said housing

assembly, said power source capable of providing a

supply of electrical power sufficient to operate

said electric motor; and _ -

d. a movable mandrel, said movable mandrel

configured to be longitudinaily movable relative

to said housing assembly in response to operation
of said electric motor, said movable mandrel
selectively engageable with a first portion of
said lock, said housing assembly operatively
engageable with said second portion of said lock,
whereby operation of said electric motor in the
resulting movement.of said movable mandrel of said
tool relatiye to said hbusing assembly will cause
actuation of said lock.

The retrievable well lock in accordance with the
invention preferably includes a mandrel assembly which
supports a slip assembly. The slip assémbly is preferably
operable between a first, relatively reduced diameter, state
or condition, and a second, relatively expanded diameter,

N
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apprOX|nater 0.186 inch (4.7 ny). Additionally, the inner terninating
portion of surface 87 of notch menber 50 preferably defines general gradual
radi us 88, for exanple approximately . REPLACEMENT SHEET -21- 0.10 inch
(2.5 mMm to further facilitate defornmati on of elastomeri seal 24 around

surface 47 of
-~ 11 -

state or condition. In a preferred embodiment, the 1lock
includes an actuation mechanism or assembly which includes
at least two generally longitudinally opposed and relatively
longitudinally moveable annular wedges. In a preferred
embodiment, the slip assembly includes a generally
circumferentially continuous and radially variable body
member. In a particularly preferred implementation, the
body member is constructed to have a.strucfﬁral construction
extending to define a plurality of anchoring slips in a
generally serpentine form, such form establiéhed by a

plurality of
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not ched retaining nmenber 50 while mnimzing stressgs .E'.D.LAEEM'EMGﬁﬁEIn I

portion of elastoneric seal 42, as indicated generalfly et weeh {he
dashed |ines. Wen lock 10 is assenbled in an initi4l ﬂéﬂﬁi@.\?ﬁ%

configuration, elastomeric sleeve 42 wll .preferabl sized relatfve to
t he spaci ng between not ched nmenbers 50 ar%& 52 such {hat el astomeric sfeeve

fﬁ S ;at rest" (i.e., no substantial tensional str
ereon [ LB s
el a5t onbr | EPBTERERS Eﬁsﬁ GvEL SREF TR whbncibi Sy %ém“e‘%‘g%ﬁﬁ’“ 0 1R b0y

sone degree of "set" thereby I "
form ang dmegber &9, sel qq;g'ely cause %scfxaqgexlsagnsn?onoéf tfhe ancl%a}mn%réﬁps Its original

The lock preferably also includes a packing assembly which includes an
elaétomeric sleeve which is again, moveable between a first, relatively radially retracted,
condition, and a second, relatively radially expended, 'conditioe. .In one preferred
implementation, the elastomeric sleeve is coupled to the actuation assembly such that the
sleeve will be maintained under divergent axial tension when the sleeve is in the first,
relatively radially fetracted position. One particularly preferred embodiment of
elastomeric sleeve includes a central portion having a relatively softer, and therefore
relatively more easily deformable central portion, with the longitudinally opposed end
portions being of a reiatively harder elastomeric compound. This particularly preferred

.embodiment further comprises a novel notched retaining system between an actuation
assembly and the elastomeric sleeve which minimizes stress upon the sleeve during
deformation.

One preferred embodiment of a running tool, in accordance with the present
invention and adapted to operate the well lock of the present invention, includes a power
assembly including both a self-contained power source, such as a bank of batteries, and a
force generator operable through application of power from the power source. The force
generator will preferably be a mechanism such as a' jack-screw type mechanism, capable
of imparting a translational forceé to a working assembly of the running tool. This
working assembly will preferably cause relative movement between two portions of the
working assembly, which relative movement will exert a force on a portion of the

actuation assembly of the lock to cause actuation and setting of the lock within a string of
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descri bed engagenent between notched retalnlng menbers 50 and 52
facilitates the appllcatlon of axial tension to el '
overcome any such "set" otherw se observed in elasfo HAGEMENE \RHERD
Di vergent | ongitudi nal novenment of notched retainihginmenbers 50 ang B2 (as
wi Il result upon un-setting of |ock 10)-wiBl -axi al | yi dripw ghvpgd [
sl eeve 42 fromthe expanded di aneter condition to {heé reduced I angt
condition, and will maintain sleeve 42 under diver geht—ax+at—tenst+on}io

m ni m ze the dibhABReprobtdecetabalarRakabeirng dddisppre fRirGed2 Ambedd memtt her

to the detail ,proyhdedgP¥o6hGis3ad2t84 to cause gradual longitudinal

«movement of portions of the lock actuation assembly such

that the lock is set over an extended period of time. This
period of time should be over approximately one minute, and
most preferably over five minutes.

A preferred embodiment of a pulliné tool in

accdrdance with the present inventioﬂ-and suitable for use
with the lock of the present invention will also includé a
self-contained power source such as a bank of batteries, and
a selectably actuable force generator for establishing
opposing longitudinal movement between two members. In one
preferred implementation, the power assembly of the pulling
tool and the running tool will be essentially identical.
The pulling tool will pfeferably include a working assembly
which is adapted to apply a translational force to a portion
of the mandrel assembly of the lock to facilitate releasing
or "unsetting" of the lock. .

In order that the invention may be more fully
understood, various embodiments thereof will now be
described, by way of illustration only, with reference to
the accompanying drawings, wherein;

FIG. 1 is a side exterior view of an exemplary
packer—-type well lock in accardance with the present
invention depicted as "set" within a tubing string in an
exemplary implementation of the fnvention.

' FIGS 2A and ZB.are partial cutaway views of an
exemplary packer-type well lock in accordance with the
present invention depicted "in an unset position.

FIG. 3 is a detail of an exemplary axial
compression member and associated coﬁponents.

FIG. 4 is a cross—-sectional view at line a-a of
FIG. 2A showing an exemplary connection between a.running

tbol énd lock.
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mandrel 30 of |ock 10 extends through barrel sli

and dacki ng
assenbly 40 in a generally coaxial relation therew %enerally annul ar
engagenment nenber 86 is attached by a threaded c I|Bg18 V 996 0tjhdr
attachnent nechanism to outer mandrel 30 proxi t he upper end tlhereof.

Engagenent nenber 86 is adapted to be removwaply coupled to a setting tool

used to set the lock 10 within the tubing string.LApertures 189 ar

preferably provided in engagenent nenber 86 to permt the .placenent of
attachi ng pi ns @®IGt 5iiklauside etteddr viewonflynl exelmpliry Howinhokymiwes eddlicogsttiandd in

accordance with the present invention.

FIG. 6 is a partial vertical section of the power assembly portion of an exemplary

running tool constructed in accordance with the present invention.
FIG. 7 is a partial vertical section of the working assembly portion of an

exemplary running tool constructed in accordance with the present invention.

FIG. 8 is a cross-sectional view at line b-b of FIG. 7 showing portions of an

exemplary clutch mechanism of the present invention.

FIGS. 9A-9C are partial cutaway views showing an exemplary lock in expanded

and reduced diameter conditions.

FIGS. 10A and 10B are partial cutaway views of an exemplary pulling tool

constructed in accordance with the present invention.

FIGS. 11A-11C are partial cutaway views of an exemplary pulling tool and an

associated lock.

_The present invention relates generally to well locks, and to methods and systems

facilitéting the placement and retrieval of such locks within a tubular member, such as a

tubing string, within a wellbore.

The invention will be described in reference to a preferred embodiment of a

packer-type well lock having both slips and a deformable packing element. Such a

packer-type well lock may be adapted to serve as a bridge plug or as a hanger for other

types of equipment, as is well known to the art. The present invention has particular

application to well operations condueted through use of "slickline" as the invention allows

placement and retrieval of a well lock without the need to transmit power downhole from
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- 22 - The | ock actuation assenbly includes an axi al
whi ch is disposed around an upper portion of outer

OTRCERERT, S ©

eonpressi on nenber 54 defines a radially extending a tbation surface 57
which will engage running and pulling assepblies as ||| Obd N@¥%8%bed |i n
nore detail later herein. One or nore shear” pins 55 farfe_provided to |rgsi st

el 30. In

the surface. Further, the lock of the present invention is "nipplele

noti on of conpression nenber 54 with respect to man

.placed at substantially any point within a tubing string without requiring a pre-placed
matching landing nipple or profile into which the lock must mate.

Referrihg now to FIG. 1, therein is shown an eXemplary lock 10, in accordance
.with the present invention, depicted in an operating environment dfsposed Qithin a tubing
string 11. Although lock 10 will be discu;sed in reference to a .tu.bing string 11, it should
be clearly understood that lock 10 may also be placéd in a casing string, drilll string, or
other tubular member as is well known to the industry. Referring now also to FIG. 2,
therein is depicted lock 10 in greater' détail,_ illustrated substantially in vertical section.
Lock 10 comprises a support mandrel assembly 12, which supports a barrel slip assembly
14. Barrel slip assembly 14 is operable between a reduced diameter condition by which
lock 10 may be placed into or removed from the tubing string, and an expanded diameter
condition by which barrel slip assembly 14 is set and mechanically engages the tubing.

Lock 10 also includes a packing assembly 40 which is also movable between a
relatively reduced diameter condition, and a relatively expanded diameter condition (as
depicted in FIG. 1), whereby packing assembl& 40 sealingly engages the interior of the
tubing string to provide fluid and pressure isolation of one section of the tubing string
from another.

As best seen in FIG. 2A, barrel slip assembly 14 preferably includes a oné-piece
slip body 16 which surrounds a portion of lock .10 in a circumferentially continuous
manner, such that slip body 16 15 ut_xbroken at any ﬁoint around the lock 10. Slip body 16
comprises a plurality of anchoring slips 20 which are configured to be radially expansible.
The generally circumferentially continubus construction of slip body 16 is obtained by

providing a plurality of interleaved slots 18 which define interleaved anchoring slips 20.
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a preferred enbodi nent, two shear pl ns are provide | g
shear val ue of 306&S Beep Repacedcg) . A notion res rlctlngk %
i'ndi cat ed general | | eratively coupled tjo ax@dl 6@2‘% $i
menber 54 to all ov _ xi al conpression in only a-doynward
direction relative to outer mandrel 30, 4% this pr
notion restriction assembly 49 includes a threaded
64 whi ch associ ate axi al ression menber 54 with outer rrandrel 30.-
Thr eaded r AsgaBs @eussemmEIQerXoa fiesttplunatityacdi siots rh8a iestend fintoalipriedy i Ionfromrtbe r
54 with respect to outer mandrel 30.

lower extent of slip body 16, while a second plurahty of slots 18b extend into slip body

16 from the upper extent of slip body 16. _The slots 18 defining anchoring slips 20 pass
through most, but not all, of the axial length of slip body 16. The resulting serpentine
structure defines an arrangement of anchoring slips 20 which may expand radially. Slots
18 are preferably smaller in width than anchoring slips 20 so th.at‘ anchoring slips 20 will
comprise a majority of the circumferential surf#ce of slip body 16. Testing has indicated
that this slotted one-piece construction permits a significant amount of fadial expansion.
For example, a barrel slip assembly 14 having a 4.52" inch nominal, unexpanded,
diameter, and having 20 anchoring slipﬁ 20 deﬁned by 20 sléts (10 cut from either axial
end) of approximately 0.12 inches in width will facilitate expansioﬁ with adequate setting
force to at least approximately 4.90 inches. The internal surface of slip body 16 includes
opposing sets of .tapered surfaces 36 and 38, respectively, éach such surface 36 or 38
coupled to other surfaces in the set by tooth-like engaging surfaces 22.

Each anchoring slip 20 is preferably provided with opposing sets of anchoring
teeth 23a, 23b upon longitudinally opposed pérﬁons of its exterior surfaée. Anchoring
teeth are adapted to mechanically engage the interior surface of a tubing string when _
barrel slip assémbly 14 is set. Opposed anchoring teeth 23a, 23b are each directional to
resist axial movement of lock 10, within the tubing string in either axial direction. An
annular relief 25 is preferably provided along the léngth of slip body 16. The relief
offers a smaller, recessed, cross'fse(.:tion to permit flexibility during expansion of slip
body 16. |

Barrel slip assembly 14 further includes an actuation assembly which includes

upper and lower annular wedge assemblies 24 and 26 which are adapted to be
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Threaded ring 62 features coarse outer threads 62a ad pﬂ@ILACEMEHT&E&BI y

engage a conplinentary interior threading on conpressio ner
inner threads 63 are provided to engage the exterior guif

mandrel 30. Inner threads 63 are adapted to facilitat n§ of
threaded ring 62 relative to outer nandrel 30'upon apfl ilcation of abl e

axial force upon ring 62. In one preferred exenpl ary dnmbodi ment, outer
threads 62a will have a pitch of 6 and a depth of . 075—wate—+nmer—TTT eads
62b wi || haleagiuginelishmenatde apiative inegach ogher.  arcpigen mapgrel 30y U BadyslGois
rotation-limting pins 65 may be placed through portions of conpression
menber 54 t configured to engage and cooperate with wedge assemblies 24 and 26 in such a manner

that converging longitudinal movement of annular wedge assemblies 24 and 26 causes
radial expansion of slip body 16. Specifically, each annular wedge 24 and 26 includes é
plurality of preferably annular tapered ridgeé 32 and 34, respectively, which engage
complimentary generally annular inclined surfaces 36 and 38, rés;;ectively, along the
interhal surface of anchoring slips 20 of slip body 16. Tapered ridges 32 and 34, and
complimeﬁtary inciined surfaces 36 and 38, are tapered in opposing directions, such that
converging longitudinal movement of annular wedges 24 and 26 will act upon
longitudinally relatively fixed inclined surfaces 32 and 34 of slip body 16 to urge
anchoring siips 20 radially outwardly. This relationship may be seen by comparing FIG.

. 9A, wherein barrel slip 14 is depicted in its relatively reduced diameter condition, to .
FIG. 9B, wherein barrel slip assembly 14 is depicted in its relatively expanded diameter
condition upon divergent axial movemeni of annular wedges 24 and 26. The engagement
of engaging surfacl:es 22 .of slip body 16 with complimentary tooth-like surfaces 37 and 39
of wedge assemblies 24 and 26 enable slip bddy 16 to transmit an axial tensile load across
its length when in its reduced diameter condition. -

The structure of barrel slip ;assem'my 14 preferably permits slip body 16 to be
moved substantially uniformly from ifs reduced diameter condition toward its expanded
diameter condition. As a result, upon actuation anchoring slips 20 will typically be
substantially uniformly extended: relative to the remainder of lock 10, ﬁereby effectively

| centralizing lock 10 with the tubing string, and thereby promoﬁng optimal engagement

with the tubing string.
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resi st unthreadimg—of 1ing 62. An access port 68 is rc‘;“-:P ACEMENT
npl y or @zs ntJI y.
oRly1 MiYd

entry of tools fofrhgBKkeiHss Béen®eplekd ri ng 62 during ass
plit ring 6414

23-SpI|tr|ng 0 be novable axially}alo
duri ng setting of arrf er ed §ur_f ace 67 o

adapted to engage

H
H

Referring once more to FIG. 24, lock 10 features a novel an;ular packing
assembly 40 having a substantially elaetomeric sleeve 42 which ié also operable between
an expanded diameter condition and a .reduced diameter condition by virtue of axial
compression. Annular packirig- assembly 40 is concentrically disposed relative to outer
mandrel 30 of support mandfel assembly 12, and is disposed at a relatively.' uphole
position relative to barrel slip asse_mbiy 14. A longitudinally ceet;'al portion 44 of
elastomeric sleeve 42 is preferably formed of a softer elastomeric material than that
utilized to form either axial end 46, 48 so that the central portion 44 of sleeve 42 is more
easily radially extruded to an expanded diameter condition. The sleeves are typically
constructed by unitary molding of elastomeric pieces having differing hardnesses. The
pieces are molded together under heat and pressure to form a single sleeve with portions
of varying hardness. Effective sleeves have been constructed with a central portion
having a 70 durometer hardness measure and axial ends of 90 durometer measure. In the
expanded diameter condition, central portion 44 of sleeve 42 radially extrudes to effect a
seal against the interior surface of the surrounding tubing string.

Elastomeric sleeve 42 also includes at.l.ezist one, and most preferably at least two,
annular reinforcement members 60, 61 Which are n'_;olded therein proximate the Ol.ltCl:
surface. Reinforcement members 60, 61 will preferably each be a coiled spring.
Reinforcement members 60, 61 serve to.resist axial extrusion of sleeve 42 beyond the
reinfo;cement member as sleeve 42 is moved toward an expanded diameter condition.

Axial ends 46 and 48 of elastomeric slee.ve 42 are configured-with lips 47 and 49
conﬁgufed to engage generally matching notched retaining members 50 and 52,
respectively. Notched retaining member 50 is preferably formed as a part of an upper

compression member 54. Notched retaining member 52 is preferably formed as a part of
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shouess 66 of outer mandrel 30 dir irg—ptt-++Tg~OT] r €noval

“of split ring 64 with annul a eces dés a
p05|t|v ession nenber 54 relative to utler® SM€$‘@§€0 A
second Eﬂ il ray be provided tojgermt entrly lof tools to—
mani pul rings 64 in disassenbly. A force distribution ring 70 is
provi ded adj acent split'ring 64. Its axial cross- section-sheweprovide
that axial force e, ap to s lit. ring 64 an i ntai ned.upon |
once spl it YAPRE ARHAF R ?’?mp&sp BalfreR PRy Re ARl 6%“%%9 sk
abuts force dlstrlbutlng ring 70 and engages the inner surface of
conpr essi orthmugbmgiging sutfaceh af natched retaining members and elastomeric sleeve 42.

A particular structure is preferred for the engagement of each lip 47, 49 of the

~ elastomeric sleeve, with respective notched retaining mémbers 50, 52 respectively. This
structure will be described relative to upper lip 47 and notch retaining member 50, with
the understanding that a similar structure is provided relative to 'li;.) 49 and notched
retaining member 52. The structural arrangement is best appreciated with reference to
FIG. 3. The elastomeric sleeve 42 includes a thrust surface 71 which engages a
complimentary thrust surface 41 on notched retaining member 50. Thrust surfaces 71 and
.73 each preferably extend generally perpendicularly to the longitudinal axis of Ehe tool.
A retaining lip 75, on notched retaining member 50 engages a complimentary lip 79 on
lip 47 to provide engagement therewith, and to facilitate the application of tension to
elastomeric sleeve 42. Elastomeric sleeve then defines a connecting surface 81 which
extends toward a central primary diameter section of elastomeric sleeve 42. In the
depicted preferred embodiment, this primary diameter section, indicated generally at
section 83, forms the primary sealing portion ;)f elastomeric sleeve 42, and extends
between re-enforcement members 60 and 61 which: are placed at each longitudinal extent
of this primary sealing section 83. Connecting surface 81 of elastomeric sleeve is
specifically sized relative to the dimension of notched retaining member 50, to define a
gap 85 between the end 87 of notched retaining member 50 and the adjacent surface at a
given diameter of eiastomeric sléeve 42, In the depicted embodiment, this adjacent
surface is defined by retainihg member 60. In one preferred embodiment this gap will be
approximately .186 inch. "Additionally, the inner tenninating portion of surface 87 of

notch member 50 preferably defines general gradual radius 88, for example approximately
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conpr essi on nember 54 | s noved axial |y downwar d VVB*EPLE- T SREBUtler
mandrel 30, end r'ﬁﬁglﬁafhsmmpla&dt he novenent tof disd ' ting 70 and

to split ring 64. includes a rel epsp mandr el i'%zse ly 72

di sposed within ouf ’@’I n a genergl ly cpaki & 1AMV & hler ewi t h.
One or nore shear pins pl aced thi ugh portions of releasel mandrel
assenbly 72 and outer mandrel 30 to resist axial ¢l splacenent betwegn the
mandrels. In a preferred enbodi nent, four shear pi ' pt esent
a total she#& 10 uichetaofurteo fagilitatediefgrameion lof clasranaricsseahdd drasind sufacehd Y off 2
Is axially extensible in response to diverging axial tension applied

proxi mate i ndtchéd ¥taidiiffSmember 50 while minimizing stresses in a transitional portion of

elastomeric seal 42, as indicated generally at 89 between the dashed lines.

When lock 10 is assembled in an initial "running-in" configuration, elastomeric
sleeve 42 will preferably bé sized relative to thé spacing bgtween notched members 50
and 52 such that elastomeric sleeve 42 is "at rest" (i.e., no.subsiar.ltial tensional stresses
are placed thereon). However, as described earlier herein, after being set in a well, -
elastomeric elements such as elastomeric sleeve 42 will typically assume some degree of
"set" thereby losing some of the "memory" of its original form and dimension. The
described engagement between notched retaining members S0 and 52 facilitates the
application of axial tension to elastomeric sleeve to overcome any such "set" otherwise
observed in elastomeric sleeve 42. Divergent longitudinal movement of notched retaining
members 50 and 52 (as will iesult upon un-setting of lock 10) will axially draw
elastomeric sleeve 42 from the expanded diameter conditién to the reduced diameter
cbndition, and will maintain sleeve 42 under divergent axial tension to minimize the -
diameter of sleeve 42. |

Referring again to FIG. 2A, and further to lt_he detail provided by FIG. 3, outer
mandrel 30 of lock 10 extends through barrel. slip assembly 14 and packing assembly 40
in a generally coaxial relatioxi therewith. A generally annular engagement member 86 is
attached by a threaded coupiing 88, or other attachxﬁent mechanism, to outer mandrel 30
proximate the upper end thereof’ E:ngagement member 86 is adapted to be removably
coupled to a setting tool used to set the lock 10 within the tubing string. Apertures 189
are preferably provided in engagement member 86 to permit the placement of attaching

pins (not illustrated) to couple lock 10 to such setting tool.
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In a preferred enbodi ment, release mandrel 72 incl dd@EPRACEMENEr SRRt ijon 74
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t hreaded connection 78 is configured to rel ease un er 'verging aX| al
tension of a generally predeterm ned mag'nl?t ude applij , ' gdection
74 and | ower section 76 of release mandrel assenbly 72 such that th

sections separate and becone axially sPaced from eachotter—Tm thi s -
preferred The lock actuat:on assembly includes an axial compressxon member 54 which is

disposed around an upper portion of outer mandrel 30. Axial compression member 54
defines a radially extending actuation surface 57 which will engage running and pulling
assemblies as will be described in more detail later herein. One or more shear pins 55
are provided to resist métion of compression member 54 with respect to mandrel 30. In
a preferred embodiment, two shear pins are provided which preéefxt a total shear value of
3000 pounds. A motion restricting assembly, indicated generally at 49, is operatively
coupled to axial compression member 54 to allow movement of axial compression
member in only a downward direction relative to outer mandrel 30. In this preferred
embodiment, motion restriction assefnbly 49 includes a threaded ring 62 and a split-ring
64 which associate axial compression member 54 with outer mandrel 30. Threaded ring
62 is adapted to restrict axial motion of compression member 54 with respect to outer
mandrel 30.

Threaded ring 62 features éoarse outer threads 62a adapted to threadedly engage a
complimentary interior threading on compression member 54. Finer inner threads 63 are
pfovided to engage the exterior surface of outér mandrel 30. inner threads 63 are
adapted to facilitate downward movement of threaded ring 62 relative tb outer mandre] 30
upbn application of suitable axial force upon ring Gi. In one prefeued exemplary
embodlment outer threads 62a will have a pltch of 6 and a depth of .075, while inner
threads 62b will have a pitch of 8 and a depth of .035. One or more guide pins or
rotation-limiting pins 65 may be"p__laced through portions of compression member 54 to
resist unthreading of ring 62. An ac;:ess port 68 is provided to permit entry of tools for

manipulation of ring 62 during assembly or disassembly.
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shearabl e tel escopi ng configurations.
Split ring 64 is adapted to be movable axially along mandrel 30 during setting of

(D

lock 10. The chamfered surface 67 of split ring 64 is adapted to engage matching
shoulder surface in recess 66 of outer mandrel 30 during pulling or removal operations.
Engagement of split ring 64 with annular recess 66 provides a positive lock of
compression member 54 relative to outer mandrel 30. A second access port 69 may be
provided to permit entry of tools to manipulate rings 64 in disassembly.

A force distribution ring 70 is provided adjacent split ring 64. Its axial cross-
section should provide that axial force may be applied to split ring 64 and maintained
upon it once split ring 64 has radially retracted within recess 66. End ring 63 abuts force
distributing ring 70 and engages the inner surface of compression member 54 such that as
compression member 54 is moved axially downward with respect to outer mandrel 30,
end ring 63 transmits the movement to distribution ring 70 and to split ring 64. |

-Lock 10 further includes a release mandrel assembly 72 disposed within outer
mandrel 30 in a generally coaxial relation therewith. One or more shear pins 73 may be
placed through portions of release mandrel assembly 72 and outer mandrel 30 to resist
axial displacement between the mandrels. In a preferred embodiment, four shear pins are
used which present a total shear value of 6000 pounds. Release mandrel assembly 72 _is
axially extensible in response to diverging axial tension applied proximate its axial ends.
In a preferred embodiment, release mandrel 72 includes an upper section 74 and a lower
section 76, which are coupled to one andther by a selectively releasable connection, such
asa threéded connection 78. Reélgasable threaded connection 78 is coﬁfigured to release
under diverging axial tension of a generally prédetermined magnitude applied across
upper section 74 and lower section 76 of release mandrel assembly 72, such that the

sections separate and become axially spaced from each other. In this preferred
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el easabl ethreaded collet fingers 91 in lower section 76 of release mandrel assembly 72, such collet
fingers defined by a plurality of longitudinal slots 84 in upper section 76 to facilitate
radial deflection of lower section 76 proximate threaded connection 78. Other extensible
designs fqr release mandrel 72 may, of course be. contemplated, such as shearable
telescoping configurations. N

A threaded connection 79 may alsb be provided between collet fingers 91 on lower
half 76 of release mandrel assembly 72 and outer mandrel 30. Thi'eaded connection 79 is
adapted to maintain a fixed relation between lower secﬁon 76 and outer mandrel 30 when
upper and lower sections 74 and 76 are engaged. Threaded connection 79 will also be
severable under divergent axial tension -as upper and lower sections 74 and 76 are
separated.

Upper releasable mandre] section 74 includes an internal generally annularly
extending actuation surface 80 proximate at its upper end. Similarly, lower releasable
mandrel section 82 includes an internal, generally annular, actuation surface 82. Annular
actuation surfaces 80 and 82 on upper and low:vef releasable mancirel sections 74 and 76
facilitate'engageinent with a pﬁlling or retrieval tool, as will be described later herein, by
providing surfaces for receiving the application of divergent axial tension across
releasable mandrel 72 assembly to cause the releasing of threaded connections 78 and 79.

Lock 10 further includes a'spring assembly 90, which includes one or more
springs disposed around lower section 76 of release mandrel 72. The lower end of spring
assembly 90 is secured to the releasé mandrel 72 by a retaining ring 93 which is
preferébly threadably coupled to lower section 76. Springs 90 are adapted to store energy

resulting from the axial compression of portions of lock 10 when lock 10 is set.
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telescoping in compressional force applied through elastomeric sleeve 42 and barrel slip
assembly 14 will be transmitted through lower wedge assembly 26 to spring assembly 90.
Belleville type .springs have been found to be suitable for this purpose. In one preferred
embodixﬂent, spring assembly 90 will allow lower wedge assembly 26 to telescope for
approximately 3/10 inch relative to release mandrel assembly 72. In this embodiment
three oppose_,d stacks of seven Belleville springs were used with each spring requiring
2000 Ibs. of stroke over 1/10 inch to flatten, thereby providingl a spring assembly adapted
to store 14,000 Ibs over 3/10 inch of stque. | |

Additional equipment may be coupled to the lower end of lower section 76 of
release mandre] assembly 72. For example, a pressure equalizing valve assembly 95 will
preferably be threadably coupled to lower section 76. Pressure equalizing valve assembly
95 includes a housing 96 having a plurality of radial pressure equalizing ports 97 therein.
A moveable sleeve 94 slidingly engages the internal surface of housing 96 to isolate ports
97 when slecve 94 is retained a first, unactuated position, through intcraqtion ofa
plurality of collet fingers 98 with an internal ledge 99 in housing 96. As will be '
described later herein, movement éf sleeve 94 to a second, lower, actuated position,
uncovers ports 97 allowing fluid communication from the exterior to the lower side of the
set iock 10 to the internal bore 19 through lock 10. Additionally, ah adapter 92, or other
equipment may be threadably coupled to pressure bypass valve 95 to facilitate the
coupling of lock 10 with other devices as is well known to the art.

tSetting of lock 10 is accomplished by axially displacing annular compression

member 54 along outer mandrel 30 through use of a running tool. An exemplary running
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displaced, threaded ring 62 prevents displacement of compression member 54 in the

opposite direction. As previously discussed, in the expanded diameter condition, as
shown in FIG. 9B, movement of upper and lower annular wedge assemblies 24 and 26 of
barrel slip assembly 14 toward one another causes radially outw:_n-d movement of
anchoring slips 20 of slip body 186, énd deformation of elastomeric sleeve 42 against the
tubing. |

Movement of the lock 10 b_ack to a reduced diameter condition is accomplished by
applying divergent axial pressure to annular actuation surfaces 80 and 82 until threaded
cbupling 78, joining upper and lower sections 74 and 76 of release mandrel assembly 72,
decouples and the sections become axially spaced. This operation may be perfomied
throﬁgh a number of types of conventional equipment known to the industry. Preferably,
however, "pulling" of lock 10 will be performed through use of a pulling tool 200 as
described later herein. Upon decoupling of the sections of release mandrei 72, the
decrease in axial compression will release both elastomeric sleeve 42 and barrel slip. :
assembly 14 from the expanded diameter coﬂdition and permit each to return to the
reduced diameter condition. This movement may l;)e better understood by referring to.
FIG. 9B, illustrating a lock before extensidn of release mandrel 72, and FIG. 9C which
iltustrates a lock after extension of release mandrel 72.

In the unset condition of lb'ck_lO, barrel slip assembly 14 and packing assembly 40
are relativély radially withdrawn So‘that lock 10 may be easily withdrawn from -the tubing
string. As previously discussed, sieeve 42 of packing assembly 40 is maintained under
divergent axial.tension through action of notched members 50 and 52. This axial tension

assists in facilitating withdrawal of lock 10 from the tubing, by -minimizing the radial
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around sleeve 42. Slip body 16 of barrel slip assembly 14 is also radially withdrawn to
assist removal from the interior of the tubing string.

As indicated above, the lock 10 may be set and later removed through use of a
lrunning tool 100 which sets ("runs") the lock 10, and a pulling foél 200 which removes
("pulls") a set lock 10. In a preferred implementation, either of these tool; may be
suspended within tubing .string 11 by a wireline or slickline 190. Bec_ause of the tool’s
preferred self-contained nature, a monofilament line, or "slickline" is preferred.

FIGS. 6 and 7 illustrate in partial vertical section upper and lower portions of an
exemplary running tool 100 constructed in accordance with the present invention.
Running tool 100 includes a wofkirig assembly, indicated generally at 101, and a power

| assembly, indicated generally at 102. Power assembly 102 includes a housing assembly
104 which comprises suitably shaped and connected generally tubular housing members.
An upper poi'tion of l_lousing assembly 104 includes an appropriafe mechanism to faci_litate
coupling of housing 104 to a conveying membér such as slickline, coiled tubing, or
possibly wireline. Housing assembly 104 also includes a selectively replaceable clutch_
housing 114 as will be described liter herein, which forms a portion of a clutch assembly
145.

Power assembly 102 includes a self-contained power source, eliminating the need
for power to be supplied from an.-extefior source, such as the surface. A preferred power

source comprises a battery assembly 106. In one preferred embodiment, battery assembly
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includes a DC electric motor 108, coupled through a gear box 109, to a jackscrew
assembly 110. Ina partlcularly preferred embodiment, a plurality of activation
mechamsms 121, 122 and 123, as will be described, WI]I be electnca]ly coupled in series
between battery assembly 106 and electric motor 108.

Electric motor 108 may be of any suitable type. However, for the embodiment as
described herein, a motor operating at 7500 rpm in unloaded condition, and operating et
approximately 5000 rpm in a loaded condition, and having a horsepower rating of
approximately 1/30th of a horSepoWer has been found satisfactory. In the same
particularly preferred embodimeﬁt, motor 108 is coupled through a gear box 109 which
provides approximately 5000_:1 gear reduction. Gear box 109 is coupled through a
conventional drive assembly 115 to jackscrew assembly 110.

Suitable commercially available motors include Globe type BD DC motors such as
the A-2400 motor available from Globe Motor Division of Precision Mechanique Labinal,
2275 Stanley Ave., Dayton, Ohio 45404, (513) 228-3171. Also suitable are BD and BL
DC permaneht magnet planetary gearmotors such a:s, the A-2430 motore from Globe
Motors. Jackscrew assembly 110.is preferably a conventional assembly, such as those
manufactured and sold by Warner Electric Brake & Clutch Co. of South Beloit, Illinois
61080, (815) 389-3771 as model R-1105 Ball Screw. This jackscrew assembly includes a
threaded shaft 111 which moves lorigitudinally, at least initially, in response to rotation of
the sleeve assembly 112. In this preferred embodiment, threaded shaft 111 will be a 5

pitch shaft. Threaded shaft 111' includes a threaded portion 117, and a generally smooth,

polished lower extension 150. Threaded shaft 111 further includes a enerally

THIS SHEET HAS BEE
REPLACED




uncovers ports 97 altow ng fluid comunication fromthe exterTor 109 eSHEET
| ower si deni9fhettas BehRéplicédd 10 to the internal bore 19 thro ngPb&%M !

Addi tional | 92, or other equi pnent may be threadabl'y coupl ed
to pressurémuﬁ
ot her devi

95 to facilitate the coupling of Ipc WOV1996
known to the art.28etting of |ock {0 i§01 w9
acconpl i shed by axially displacing annul ar conpressi on nenbgr ib4—eatd-otrg
outer mandrel 30 through use of a running tool. An exenplary running -
diametrically opposed keys 125 which cooperate with a clutch block

to threaded shaft 111.

Clutch housing 114 includes a pair of diametrically opposed keyways 126 which
extend along at least a portion of ihe possible length of travel of housing 142. Keys 125
extend radially outwardly from threaded shaft 111 through clutch block 128 to engage
each of keyways 126 in clutch hnusing 142 thereby preventing rotation of threaded shaft .
111 relative to housing assembly 114.

As will be appreciated by those skilled in the art, rotation nf sleeve assembly 112
will cause threaded shaft 111 and clutch block 128 to move longitudinaily upwardly
relative to housing assembly 114, Above a certain level within clutch housing 142, is
indicated generally at 140, clutch housing 114 includes a relatively enlarged internal
diameter bore 146 such that moving clutch block 128 above level 140, removes the
outwardly extending key 125 from being restricted from rotational movement.
Accordingly, continuing rotation of collar assembly 112 will cause longitudinal movement
of threaded shaft 111 until such time as clutch block 128 rises above level 140, at which
time rotation of sleeve assembly 112 will also result in free rotation of threaded shaft 1 11.
By virtue of this result, clutch assembly 145 serves as a safety device to prevent burn-out
of the electric motor, and also serves as a stroke limiter.

In preferred embodiments, running tool IOO incorporates one or more activation
assemblies which enable the jack-screw 110 to operate upon the occurrence of one or
more predetermined conditions. Tnis is particularly desirable when the tool is employed
to run a lock as the activation assemblies help insure that the lock is not inadvertently set

at an improper location in the tubing string. Setting tool 100 preferably includes a
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activation assemblies as discusscd below.

The activation assembly may comprise timing circuitry 121 of a type known in the
art whic_h is adapted to provide power from battery source 106 to electric motor 108 and
gear box 109 and thereby to jack-screw 110 after passage of a predetermined amount of
time. Further, running tool 100 may include an activation assembly including a pressure-
sensitive switch 122 of a type generally'known in the art which will operate to provide
power from battery source 106 to electric motor 108 and gear box 109 and thefeby to

- jack screw assembly ilO once the switch 122 reaches a depth at which it encounters a
predetermined amount of hydrostatic pressure within the tubing string. Further, running
tool 10 will preferably include an accelerometer 123, sensitive to vertical motion of
setting tool 100. Accelerometer 123 ;Ilay be combined with timing circuitry 121 such that
when rﬁotion is detected by the accelerometer 123, the timing circuitry 121 is reset. If so
configured, the activation assemb]y. would operate to provide power from battery source
106 to jack—screw 110 after the accelerometer 123 detects that running tool 100 has
remained substantially motionless within the tubing string for a predetermined amount of
time.

Also depicted in FIG. 7 is a working assembly 101 of a running tool 100 in

~ accordance with the present invention. Werking essembly 101 includes an actuation
assembly 151 which is coupleduthrough housing assembly 104 of power assembly 102 to
be movable therewith.. Actuation assembly 151 includes an outer sleeve member 154
which is threadably coﬁpled at 152 to housing assembly 104 of power assembly 102.
Working assembly 101 also includes a connecting sub 131 which is threadably coupled at

158 to a lower end of the otherwised polished portion 150 of threaded shaft 111.
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sections of release nmandrel 72, the

member 86 of block 10, and the securmg of working assembly 101 to engagement
member 86 through use of shear pins 130. Shear pins 130 are adapted to shear and
disconnect lock 10 from rﬁnnihg tool 100 upon application of a predetermined sheaf load.
The predetermined shear Ioad. should generally correspond to an amount slightly greater
than that required to move the barrel slip assembly 14 and packing assembly 40 into their
expanded diameter conditions. When running tool 100 is coupled to lock 10 through
engagement of shear pin 130 with c,bnnecting sub 131 and.engagement member 86, the
placement of outer sleeve 154 will be adjusted such that the lower proximate end 162 of
sleeve 154 contacts compression member 54 of lock 10.. The described running tool 100
is configured to permit an extended duration setting sequence for a downhole lock.
Preferably, the running tool is configured such that the tool’s setting sequence requires
more than one minute of setting time to move portions of the lock to an expanded
diameter condition from a reduced diameter condition. Optimally, setting times over five
minutes will be obtained. In embodiments as described herein, wherein the travel of
compression block 54 during the setting sequence will be 2.25 inches, on the order of
setting times between 6 and 20 r_niﬁutes have been observed.

Running tool 100 is adapted to cooperate with lock 10 so as to move packing
assembly 40 and barrel slip assembly 14 from reduced diameter conditions to expanded
diameter conditions by engagément of outer sleeve 151 with axial corr_lpression member
54 of the lock 10 and the exerting ‘of axial force upon compression member 54 by
downward axial movement of outer member 151 with respect to lock 10. Accordingly, as
will be appreciated from the above discussion, actuation of motor 108 by activation

assemblies 121, 122 and 123, and the resulting longitudinal movement of threaded screw
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securing compression member 54 in an initial, unactuated, position relative to central
mandrel 30 and will thereby caus;a thé previously described compression and radial
expansion of packing assembly 40 and the longitudinal movement of annular wedges 24
and 26. |
Referring now to FIGS. 10A and 10B, therein is depicted an exemplary pulling
tool 200 in accordance with the present invention. Pulling tool 200 may again be
suspended by either wireline or s!ickiine. Pulling tool 200 preferably comprises a power
. assembly identical 102 to that described relative to running tool 100 with the single
exception that clutch housing 142 of powér assembly 102 will be interchanged for a
" clutch housing 220, as will be described in more detail later herein.
-Working assembly 201 includes an inner member assembly 250 which is
tﬁreadab_ly coupled at 258 to a lower proximate end of threaded shaft 111. Inner member
assembly 250 is a generally elongated membg; which will extend through central bore 19
of lock 10. Inner member assembly 250 includes an engagement shoe 205 coupled to its
lower proximate end. Engagement shoe 205 includes a plurality of generally radially _
extending members 207 which facilitate inner member assembly 250 contacting pressure
bypass sleeve 94 and lower annular engagément surface 82 in a manner which will be
described later herein. Working ;ssémbly 201 also. includes a collet assembly 208 which
is retained by an outer housing a'.sse‘mbly 210. Outer housing 210 is again threadably
coupled at 152 to power tool 102.

Clutch housing 220 is similar to that described relative to clutch housing 114 of

running tool 100, with the exception that, because clutch block 228 will travel




. REPL
d| vergent axi al Th%%ie throug tion of notched nmenbe CPLACEMENT q’h S
axi al tension as Stdidplaieatl ng wthdrawal of | ¢c 0 fromthe
t Ubi ng, by m ni m =27- dimensi on of Jefad ANOV 3998 epvpk 42
and thereby mni el astoneric sl eeve 42 against the intefipr -
surface of t he tubing strl n d ITB.XI mzr‘ngnth'e flui dj bypass area

downwardly relative to threaded shaft 111 during operation of puliing tool 200, the "
relatively enlargéd relief bore 238 will be provided toward a lower end of clutch housing
220, rather than toward an upper end as described relative to clutch housing 114.
Accordingly, in the manner similar fo that previously described relative to clutch housing
114, the clutch assembly which acts a stroke limiter upon longitudinal movement effected
by power assembly 102, and which further prevents damage to power assembly 102
through uncontrolled actuation.

When it is desired to utilize pulling tool 200 to remove lock 10 from its set
engagement with the tubing string, puiling tool 200 will be lowered into the tubing string
to the point at which lock 10 has been placed. The inner member assembly 250 and
collet assembly 208 are iﬁsened within lock 10 and release mandrel assembly 72 until
outer housing 210 contacts engagement member 86. At this point collet fingers 224 will
be below the level of upper member engagement surface 80. During this insertion
engagement shoe 205 will engage pressure bypass sleeve 94, and move it to a relatively

- downward position as depicted in FIG. 11C. Movement of pressure equalization sleeve
94 establishes a flow path through pressure equalizgtion port 97 and up through central
bore 19 of lock 10. Central bore 19 will then confmunicate, through the slots deﬁning
collet fingers 224 with an upper bypass port 230 in outer housing 210 of pulling tool 200
to facilitate pressure equalization across loc;k 10 .so as to thereby facilitate removal.

Preferably, the above degcx:itfed activation assemblies of power assembly 102 will -
then be automa-tically actuated, o.r will be caused to actuate to initiate operation of jack-
screw assembly 110 in the manner previously described herein. As described previously,

in the operation of pulling, power assembly 102 will be arranged to impart a generally
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rather than relatively upward movement as described relative to running tool 100.

As threaded screw 111 and associated inner member assembly 250 move
downwardly lower contact member 205 will travel to engage lower annular engagement
surface 82. Further, the inner extensions 254 of collet enlargements 253 are displaced
from residence in recess 206 in inner member assembly 250. The outer extensions 255 of
collet enlargements 253 thereby engage upper internal annular surface 80 thereby securing
the lower end of expansible connector 252, and thereby pulling tool 200, to upper section
74 of release mandrel 'assembly 72.

Continued axial movement of threaded shaft 111 and inner member assembly 250
will result in lower engagement member 205 engaging lower internal annular surface 82
applying increased axial load across felease mandrel assembly 72. Continued movement
of inner member 250 will eventually céuse the opposing engagements of outer portion 255
with annular surface 80 and engagement member 205 with lower member surface 82 to
exert sufficient axial tension upon release mandrel 72 to cause it to separate, causing axial
spacmg of upper and lower sections 74, 76. FIGS. 11A-11C lllustrate tool 200 following
downward axial movement of inner member 250 and extension of release mandrel 72

Upon extension of release mandrel :72, compression energy stored in spring

assembly 90 is released and lock 10 is returned to a reduced diameter condition.

Elastomeric sleeve 42 is axially drawn, as previously described by notched members 50

and 52 to a reduced diameter condition. Further, wedges 24 and 26 are permitted to

move divergently to return barrel slip assembly 14 to a reduced diameter condition.
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exenplary running tool 100 of an apparatus according to P eaial;

i nvention. Running tool 100 includes a working assenbly, EBMGEMSNT SHEET
general ly at 101, and a power assenbly, indicated general [y . r
assenbly 102 includes a housing assenbly 104 which conpli e d bl
shaped and connected generally tubul ar housi ng nenbers. | A 3%33 \gaﬁlﬁ O]
housi ng assenbly 104 i ncludes an appropriate nechani smjo ilitate
coupling of housing 104 to a conveyi ng memtéer- such as s|ickline, coiled
tubi ng, or possibly wireline. Housing assenbly 104 al so Tnttudes—a—
sel ectively replaceabl e clutch housing 114 as will be described | ater
herein, which f @yeirmemdrthe emgagéments ofiapdularsshonidey 205 with internal ring seat 82

bf

and outer portion 255 of enlargement. 253 with internal ring seat 80, lock 10 becomes
affixed to pulling tool .200. As pulling tool 200 is raised, thereby raising upper section
74 of release mandrel assembly 72, and thereby outer mandrel 30, snap ring 64 will
engage recess 66 in outer mandrel 30 to provide a mechanical lifting shelf to support the
remainingl elemeﬁts of ‘lock 10 during removal. Lock 10 may ihén be removed from the
well by withdrawal of pulling tool 200.

The pulling tool 200 offers an optional érn_ergency release feature by which collet
assembly 208 may be disconnected from the working assembly of tool 200 in the event
that the lock 10 is functioning improperly or cannot be returned to its reduced diameter
condition. As shown in FIGS. 10A and 11A, a shear pin 260 affixes the upper portion of
collet assembly 208 with respect to outer housing 210. Upon severance of the shear pin
260 by movement of collet assembly 208 With respect to outer housing 210, the collet
assembly 210 becomes disconnected frbm tool 200. In this manner, lock 10 is released
.from its affixation to pulling tool 200. Tool 200 may then be removed from the tubing
string. The shear pin 260 should be adapte;i tb shear in response to a predetermined -
shear load generally corresponding to an amount pf force greater than that required to
move the barrel slip assembly 14 and packing‘ assembly 40 into their expanded diameter

conditions.
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145. Power assenbly 102 includes a self-contained power source, elimnating

the need for power to be supplied ffroman exterior seu+ee~—sueh—as_Lhﬁ
surface. A prefelr_riﬂnm ﬂﬁll‘ﬁﬁ"l‘ ﬂ!lconprl ses a batt efyRBRISYOEMENT ISHEET! p one

preferred enbodi bl y 106 corrprl sed g pack—of—1t8—Cjce¢l |
type al kaline batteries.
0 1 NOV 1996
CLAIMS: —
1. A packing element for use in a well lock having an

actuation assembly, said packing element comprising an
elastpmeric sleeve having generally opposed axial end
portions and a generally annular central portion adapted to
be compressed and radially extruded, said central portion
being of a generally softer elastomeric matérial than said
_axial ends, each axial end portion having a lip adapted to
engage a generally complementary notched member on said well
lock actuation assembly, said lips extending'in generally

opposed directions.

2. A packing assembly for a plug member adapted for

use in a subsurface well, said packing assembly comprising:
a. an actuation assembly having first and second
generally opposed, and relatively longitudinally
movable, notched members; and
b. a substantially elastomeric sleeve coupled at
'a first end to said first notched member, and
coupled at a second end to said second notched
member, said actuation assembly being operable to
compress said elastomeric sleeve and to urge said
elastomeric sleeve:tdward an expanded diameter
condition, and further gdapted to apply éxial
tension to said elastomeric sleeve and to urge _
said elastomeric sleeve toward a reduced diameter
condition.

3. An assembly according to claim 2, wherein said

elastomeric sleeve includes a generally central portion

which is formed of a softer elastomeric material than the

elastomeric material used to form the axial ends of said

elastomeric sleeve.
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-28 - Power

transmtting ass generally at 110. F¢r penQENET and '
transmtting asslgmmlllu "mallmml' ncludes a DC el ectjiG | | ed
through a gear bokx 109 t® asae€ screM/asseany 110.

preferred enbodi nent, a plurality of acTi vt mon mechhn

123, as wll be descrlbed will be electrically coup ej ' een
battery assenbly 106 and electrkc not or 108. Iec ri, { of
any suitable Pype. Howed8r 25F8P0LKc2ERBEAF RBNECRS 2]

comprising at least one annular reinforcing membe?
around the elastomeric sleeve to resist axial extrusion of

the elastomeric sleeve.

5. A slip assembly for a lock for use in a
subterranean tubular mgmber, said slip assembly being
operable between a relatively reduced diameter state and a
relatively expanded diameter state, said slip assembly
comprising: )
. a. an actuation assembly including at least two
generally longitudinally opposed and relatively
moveable generally annular wedges; and

b. a generally circumferentially continuous,
radially variable body having a pair of
longitudinally opposed ends, said variable body
having a plurality of radially.displaceable
anchoring slips, said anchéring slips being formed
by a plurality of interleaved slots extending into
said body from said opposed ends, said anchoring
slips operatively coupled to said moveable annular
wedges so as to be radially displaceable in
resbonsé to relative longitudinal movement between

said annular wedgeﬁ.

6. An assembly according to claim 5, wherein the
circumferentially continuous, radially variable body is
coupled to said annular wedges so as to transmit an axial
tensile load between said annular wedges when the barrel

slip assembly is in its reduced diameter condition.

7. An assembly according to claim 5 or 6, wherein
portions of the exterior radial surface of the
circumferentially continuous, radially variable body

comprise opposing sets of directional teeth.

/‘——'/ .
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described herein, a notor operati ng“m"ﬂﬂ"ﬂl Hﬂmum aded_condi ti on, jardd
operating at approxi mately 5000 rp i tijorf, @ntiN QHV19EG |
hor sepower rating of approximately 17 30t h 'of "a horsepo ri_has been found
satisfactory. In the sane particularly preferred enbodijnent, notor 1087 i
coupl ed through a gear box 109 whi ch previddes appr oxi y-5000: 1 gear
reduction. Gear box 109 is coupled through a conventi onal drive assenbl y
115 to | ackscrew assenbly 110. Suitable comercially avail abl e_notors

i ncl ude G obe8type BD D&nNmBsE§eebIycRCcEeTdRBEAL2463 2Bt 61 &V ATl bl @brRFGHN

A obe Mdtor DiMesbhbeRyofi sPmeekd 2an¥RehRan:au¢ LabkifBdmly from its reduced

diameter condition toward its expanded diameter condition

such that the anchoring portions of the barrel slip assembly
are substantially uniformly and adjacently positioned about

the inner surface of the tubular member.

9. An assembly according to claim 5, 6, 7 or 8,
wherein the body is in a substantially coaxial relation with
a surrounding tubular member when the slip is in its

expanded diameter condition.

10. An assembly according to any of claims 5 to 9,
having a ;ircumferénce wherein the anchoring portions

comprise a majority of the circumference.

11. A retrievable well lock adapted for use within a

tubular member within a well subterranean well, said lock

comprising:
a. a mandrel assembly;
b. an actuation assembly carried on said mandrel
assembly, said actuation assembly comprising
generally longitudinally opposed, and relatively
longitudinally movéable,'annular wedges;
¢c. a slip assembly coqpled to said mandrel
assembly, said slip assembly operable between a
relatively reduced diameter state and a relatively
expanded diameter state, said slip assembly
comprising a generally circumferentially
continuous, radially vafiable body having a pair
of longitudinally opposed ends, said variable body
having a plurality of radially dispiaceable
anchoring slips, said anchoring slips formed by a
plurality of interleaved slots extending into said
body from said opposed axial ends, said anchoring

ively coupled to said moveable annular
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2275 Stanley Aveo,

from 3 obe Motors.
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and BL DC permanennluﬁmlﬂ y ‘gearnot ors sudh hs O h&NOM 19980
I 'y 110 is prefer]

by a conventi o
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assenbly, such as t hose manuf actured and sold by Wagner Eleciric Brake &

Clutch Co. of South Beloit, Illinois 61680, (815) - 3!

Screw. This jackscrew assenbly includes a threaded shaft 111 which

noves longitudinally, at, least initially, i a:}é:}})o se to rqtation of the
H?S’H' E

sl eeve assenbly 112, MF48RS 3% &SerPed e

LSPIAGRAP SN 111 wil |

be a 5 pitch shaft. Thieagoekeshal trelhlk iiviec|lwohasi tax dtihvada et ettt doe thiegn and
a general ly snooth, said longitudinally moveable wedges: and

d. a packing assembly, said packing assembly
comprising an elastomeric sleeve arranged to be
axially compressed to an expanded diameter
condition by said actuation assembly, said sleeve
further coupled to said actuation assembly and
arranged to be axially drawn to a reduced diameter
'condition after said expanded diameter condition
wherein it is maintained under divergent axial
tension said sleeve comprising a generally central
portion having a gfeater deformability than the

deformability proximate said axial ends.

12. A lock according to claim 11, wherein said
actuation assembly further'comprises.a pair of relatively
longitudinal moveable notched members which engage opposing
axial ends of said elastomeric sleeve and which may be
moved divergently to axially draw the sleeve to a reduced
diameter condition and maintain the sleeve under divergent

axial tension.

13. A lock according td claim .11 or 12, wherein the
lock furthef comprises an outér mandrel disposed within the
barrel slip assembly and the packing element in a generally
coaxial relation and an axial compression member disposed )
around portions of the outer mandrel, said axial compression
member adapted to be axially displaced along the_outer
mandrel and exert axial compressibn upon the packing element

and the barrel_slip assembly.

14. A lock according to claim 13, wherein said axial’
compression member forms a first of said moveable notched
members, and wherein a first of said annular wedge

assemblies forms the other of said moveable notched

members. -
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;)ol'i shed | ower extension 150. Zﬁhded shaft 111 furt 'eBE?%QEMENT SHEET'

general |y - 29- UH’I! |rs“ ﬂll posed keys 125 whic
tlutch bl ock. 128

to threaded shaft 131.
i ncludes a pair of " dlanetrlcally opposed keymays 126

- of

dooperat e with a

@ &k NOVHIRG hg|114
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15. A lock according to claim 14, further comprising a
one-way motion restrictor 1nterconnect1ng the outer mandrel
and axial compression member, said one-way motion restrictor
limiting axial displacement of the axial compression member
to motion toward the packing assembly and barrel slip
assembly so that portions of the lock are maintained in an

expanded diameter condition.

16. A lock according to claim 13, 14 or 15, wherein
the lock further comprises an extensible releaée mandrel’
disposed through the lock within said outer mandrel, said
release mandrel adapted upon extension to release the
packing assembly and the barrel slip assembly from the

expanded diameter condition.

17. ' A lock according to claim 16, wherein the

extensible release mandrel comprises severable elements.

18. A lock according to claim 17, further comprising a
spring assembly disposed about the release mandrel, said
spring assembly coupled as to be compressible upon expansion

of the packing element and the barrel slip assembly.

19. A retrievable packér4type well lock adapted to be
disposed within a tubing string, said lock comprising:
a. a barrel slip assenmbly operable between a
reduced diameter, and an expanded diameter
condition; '
b. a packing assembly having a substantially
elastomeric sleeve and adapted to be operable
between an expanded diameter condition and a
reduced diameter condition; and
c. an extensible release mandrel disposed through
the lock, said release mandrel adapted upon
extension to release the packing assembly and the

barrel slip assembly from the expanded diameter

condition.
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extend al ong at Ieast
142. Keys 125 extend

assenbly 114. As wll

[ possi bl e | engt ht o diT G ¥ NQ
,mm mm’ujﬂmmﬂy from threaded SHAFALA fMENErSHEﬁTﬁ
clutch block 128 to enyage eacht ofs keyways 126 in clut¢h hou5| ng T2
t hereby preventing rotation of threaded shaft 111 rel afi ggqg
be appreciated by-tHdse skilled §n the art, ajipn
of sleeve assenbly 112 will cause threaded shaft 111 afdletuteh b! o6k~ 2B
to nove longitudinally upwardly relative to housing as$enbl ve h

certain | evel 2fi-t hi n cl d &% thedsiofg rimp inigs 3 Rdip@ded® SFeTTeres

cl utch housi n@gubks drdGledHe S ud 118l e dle) e RlopFad iinft erealsteps of

21.

a. providing a lock assembly comprising,
1) an actuation assembly;
2) a slip assembly coupled to said actuation
assembly; and
3) a packing assembly, said slip assembly and
said packing assembly each opérable between a
first relatively reduced diameter condition
and a second, relatively expanded, condition;
b. providing a running tool comprising a powef
assembly, and a working assembly, said working

assembly comprising ét least one movable member:

.c. coupling said running tool to said lock

assembly to form a severable unit, with said
movable member of said operating tool arranged to

be at least engageable with said actuation

. assembly of said lock assembly, said operating

tool being affixed to said lock assembly to be.
selectively removable therefrom;

d. placing the running tool and lock assembly
unit within said tubular member to place said lock
assembly at a depth.at which it is desired to
actuate said lock JSSembly; and

e. actuating said power assembly to operate said
working assembly and to move said movable membg;
to cause actuation of said actuation assembly and
the resulting setting of said slip assembly and

said packing assembly within said tubular member.

A method of pulling a packer-type wellbore lock

having an extensible release mandrel from within a tubing

string using a manipulating tool capable of engaging and

' exerting force upon portions of the lock in at least two

directions, said method conprising the steps of:
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di aneter bore 146 such that noving clutch block 128 above | evel 140,

renoves the ouLmaLdLy_exLendLng—key 125 frombeing re tRE

rot ati onal novene
112 wll cause |lo
as clutch block 1
assenbly 112 w ||

virtue of this result,
prevent burn-out of thelel eBLRF&nfptBE, tapd HishiBetdh

ContIHUI ng rotat|0n (0] \
B | aﬂ) it of threaded shaft TTT ontil suchltilme
reses O\ﬁe

also result in free rotation of thr

D

veI 12041at which tilmd rotpN0OVM996 ! deve
aded shaft 111. |By
geviTe 1 o

Thbinks sEGLEE

clutch assenbly 145 serves as

limter. In preferred eﬁb@dhﬁ&@bsthéumabngaheoboﬁeﬁctlﬁgrpnéaueskORQtar

nore activation

22.

the manipulating tool in an operable relation;

b. operating the manipulating tool to exert force
upon portions of the lock such that the extensible
release mandrel is extended to permit portions of
the lock to move from an expanded diameter
condition to a reduced diaﬁeter'édnditibn; and

c. removing the tool and lock from the tubing

string.

A system for setting a nippleless lock in a

subterranean well, comprising:

a. a lock assembly, comprising,
1) an actuation assembly,
2) a Slip assembly operatively coupled to
said actuation assembly, _
3) a packing assembly operatively coupled to

" said actuation assembly, said actuation

assembly comprising at least one
longitudinally movable member, said slip
assembly and said packing assembly each being
actuable in response to longitudinal movement
of said movable member of said actuation
assembly; and .

b. a running tool releasably coupled to said lock

assembly, said running tool comprising, )
1) an electric motor,
2) a power source contained within said
running tool, said ﬁower source capable of
providing.a supply of electrical power _
sufficient to operate said electric motor, and
3) a movable mandrel, said movable mandrel
operatively coupled to said electric motor,
and generally longitudina1ly movable in

response to operation of said electric motor,

is. Sheet Has Been Replaced
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of one or nore predetermn lons. This is part] 5

et e that the.| ﬁli’ﬂliﬂlllﬂlllﬂﬂlﬂr ok oo e ooty vol R

the tubing string.” Setting”" o8l 100 preferddly includek

said lock actuation assembl o facilitate
longitudinal movement of said movable member
thereof when said running tool is coupled to

said lock assembly.

23. A system according to claim 22, wherein said power

source comprises at least one battery.

24, A system according to claim 22 or 23, wherein said
movable mandrel of said running tool comprises a threaded

member.

25. A'system according to claim 24, wherein said
running tool further comprises a clutch assembly operatively
associated with said threaded member to limit the

longitudinal travel of said movable mandrel.

26. A system accordihg to claim 22, 23, 24 or 25,
wherein said running tool further comprises an actuation
mechanism operatively coupled to said electrié motor and to
said power source to supply electrical power from said power
source to said electric motor-upon the occurrence of at

least one predetermined condition.

27. A system according to claim 22, 23, 24 or 25,
wherein said electric motor and said movable mandrel are
cooperatively configured with said lock assembly, such that
actuation of said electric motor will effect setting of
said lock assembly within a well in a time period not 1ess

than one minute.

28. . A system according to claim 27, wherein said
electric motor and said movable mandrel are cooperatively
configured with said lock assembly, such that actuation of

said electric motor will effect setting of said lock

This Sheet Has Been Replaced




pI urality of activati-on—assenbli-es—and most preferaldl | wi I{P\p qggee edch of
a

the three activa di scussed bel ow. {Thie 8¢
ray conprise ti mt”“mmﬂ “llr"ll'ﬂmlsof a type known injthe ar
adapted to provi de péwek f¥on ba*ttery source 106 to ¢l
gear box 109 and thereby to jack- screw-143 after pasda edet er m ned .
anmount of tinme. Further, running tool 100 may include an activation
assenbly including a pressure- sensitive switch 122 of a type generaltly
known in the amstembiychwiilin aperedtle itmo aprtdwied e gydveest Iquorﬂlebﬁa‘itg?%ﬂ sfotire e
106 to el ectr| {GumEor 108 and gear box 109 and thereby to

29, An assembly for setting a nippleless lock within a
tubular member within a subterrangan wellbore, comprising:
a. a lock assembly, said lock assembly
comprising,
1) a mandrel assembly;
2) an actuation assembly carried by said
mandrel assembly, said actuation assembly
comprising a plurality of longitudinally
movable members movable in response to a
predetermined force, said actuation assembly
further comprising first and second generally
opposed notched retention members, said |
notched retention members arranged for
relative longitudinal movement relative to
said mandfe11assemb1y,
3) a slip assembly operatively coupled to.
said actuation assembly, said actuation
assembly including a plurality of generally
opposed wedge assemblies adapted for relative
longitudinal movement, said slip assembly
comprising a générally continuous body member
having a plurality of radially extensible
anchoring slips, said anchoring slips movable
from a first, relatively retracted position,
-to a second, relatively extended position,
said anchoring slips movable in response to
movement of said opposed wedge assemblies of
said ~actuation assembly, and _
4) a packing assembly, said packing assembly
comprising an elastomeric sleeve, said
elastomeric sleeve including a generally
central portion, and two relatively opposed
axial portions, each said axial portion
[
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j ack screw assenbly 110 once the | ) hC
encounters a predeterm ned anpunt mnm’m‘jmlflmnam’fess r@tmﬁﬁw g gHEETbi
string. Further, running tool 10 wi*l| Spréfetabty 4 ncl ude fan accel er onetier
123, sensitive to vertical notion.of setting tool 100. WAcicelpet oWt 1996133
may be conbined with timng circuitry 421_such that whe tion is detéct
by the accel eroneter 123, the timng circuitry 121 is rgset—1+f"350
configured, the activation assenbly woul d operate to provi de power_fram

ed

battery source 106 to ja@KcSﬁBQH@liOnBEEBédtEQpaCEEEBFQ ChotlRedeliept s
that running tool 100 has renmained su stg %lally Q'es ﬂﬂthln t he
tubing string for a pred&PEP AT RBd*afBORE“BF ©°7¢ © notched

retention members of said actuation assembly,

said packing assembly movable from the first
relatively retracted position to a second,
relatively extended position in response to
converging longitudina; movement of said
notched retention members; and

b. a running tool releasably coupled to said.lock

assembly, that rﬁnning tool comprising,
1) a hous1ng assembly;
2) a power source comprising at least one
battery within said housiné assembly;
3) an activation assembly operatively coupled
to said power source, said activation assembly
operable to convey an electrical signal from
said power source upon occurrence of at least
one predetermined condition; '
4) an electric motor contained within inset
housing assembly, said electric motor
operatively coupled to said activation
assembly for receiving said electrical signal
from said power.source upon occurrence of said
at least one pfedetermined condition;
5) a jack-screw assembly operatively coupled
to said electric motor, said jack-screw .
assembly including at least one rotatable
member and one longitudinally movable member,
said longitudinally movable member movable in
response to rotatioﬁ of said rotatable member,
said -movable member operativély arranged to
said lock actuation assembly to establish
rglative longitudinal movement of said running
tool housing assembly rela;ive to said lock
actuation assembly upon actuation of said

electr I MOTOEET HAS BEEN
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time. Also depicted in FIG 7 is a working assenbl Ot —of I -t ool
100. Working asse ' an actuation asge mﬂ@PLi\ngmﬁfE ‘61
coupl ed through h “i M 04 of power assenbly|102 to be novpb}e
therew th. Actuat includes an outer $| ¢evp1epPae9slo# Which
is threadably coupled at 152 to housi ng- as¥emnbly 104{of power assenbj|y|102.
Wor ki ng assenbly 101 al so i ncludes a connecting sub 13 ' ' Eaiably
coupled at 158 to a | ower end of the otherw sed polighed Bortion 150 -of

t hr eaded shaf304111. A tool for setting a nippleles

subterranean well, said lock comprising an actuation

assembly operable through relative longitudinal movements

between first and second portions of said lock,
tool comprising:
a. a housing assembly,

b. an electric motor contained within said

housing assembly;

said running

c. a power source contained within said housing

assembly, said power source capable of providing a

'supply of electrical power sufficient to operate

said electric motor; and

d. a movable mandrel, said movable mandrel

configured to be longitudinally movable relative

to said hodsing assembly in response to operation

of said electric motor, said movable mandrel

selectively engageable with a first portion of

said lock, said housing assembly operatively

engageable with said second portion of said lock,

whereby operation of said electric motor in the

resulting movement of said movable mandrel of said
tool relative to said housing assembly will cause

actuation of said lock.

31. A packing element for use in a well lock having an
actuation assembly, substantially as herein described witp
- reference to Figure 2A, or Figures 9A, 9B, and 9C of the

accompanying drawings.

32. A packing assembly for a plug member substantially
as herein described wiEh reference to Figure 2A or Figures

9A, 9B and 9C of the accompanying drawings.

33. A slip assembly for a lock substantially as herein
described with reference to Figure 2A or Figures 9A, 9B and
9C of the accompanying drawings.

I
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- 31 - Connecting sub 131 facilitates seating of working assenbly 101

adj acent engagenent nenber 86 of bl ock 10, and the securing of working
‘assenbly lot to engagenent nenber 86 through use of shear pins 130. Shear
pins 130 are adapted to shear and di sconnect |ock 10 from running tool 100
upon application of a predeterm ned shear | oad.

- 46 -

34, A retrievable well lock substantially as herein
described in Figures 2A and 2B, or Figures 9A, 9B and 9C, or

Figure 11C of the accompanying drawings.

35. A retrievable packer-type well lock substantially
as herein described with reference to Figures 2A and 2B, or
Figurés %A, 9B and 9C, or Figures 11A, 11B and 11C of the

accompanying drawings.

36. A system for setting a nippleless lock
substantially as herein described with reference to the

accompanying drawings.

37. A tool for setting a nippleless lock in‘a
subterranean well substantially as herein described with
reference to Figures 10A and 10B of the accompanying

drawings.
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The predeterm ned shear | oad should generally correspond to an anount
slightly greater than that required to nove the barrel slip assenbly 14 and

packing assenbly 40 into their expanded di ameter condittons.
tool 100 is coupled to | ock 10 through engagenent of shedr ﬂ%FE @ﬁ“kNm SHEET
connecting sub 131 and engagenent nenber- 8 < he pl acenerit %

154 will be adjusted such that the | ower proximte end 16 bf sl eeve 154
contacts conpression nenber 54 of |ock 10. The descri bed §

I s configured
downhol e | ock.

tool's setting sequence requires

When runni nge—

uhniong N6 M9%600
to permt an extended durABSERAGRtti ng sequenge for a
Preferably, the running tool is configured}stchThat the

IMPROVED PLUG OR LOCK FOR USE IN OILL?TEIﬁ—'
TUBULAR MEMBERS AND AN OPERATING SYSTEM THEREFOR

A retrievable well lock for use within a
subterranean tubular member has a packing assembly having a
subétantially elastomeric sleeve (44) which'may be axially
compressed into an expanded diameter condition against the
interior surface of a'surrounding tubing string. Axial ends
(46,48) of the sleeve (44) are configured to engage
geﬁerally matching notched members (50,52) on either side of
the sleeve which, by divergent axial movement, axially draw
fhe sleeve to a reduced diameter condition and maintain the
sleeve ﬁnder divergent axial tension. A barrel slip
assembly (14) of the lock has a radially variable body (16)
with a continuous circumference. The body’s axial ends are
adapted to fixedly engage portions of the lock such that the
body is capable of transmitting an ax;ﬁl ‘tensile load across
its length. The body contains substantially lengthwise
slotted portions (20) which permit radial expansion of the
radially variablé body. .The-lock may be emplaced and set at
éubstantially any point with%n the tubing string and is
operable between an expanded diameter condition and a
reduced diameter condition. A dawnhole power tool is

described which may be adapted to emplace ("run") or remove

("pull") the lock from the tubing string.
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nore t-han one mnute of setting tinme to nove portions of the lock to an
expanded di aneter condition froma reduced dianeter condition. Optimally,
setting times over five mi.nutes will be obtained. In enbodinents as

descri bed herein, wherein the travel of conpression block 54 during the
setting sequence will be 2.25 inches (5.7 cm on the order of setting tines
between 6 and 20 m nutes have been obser e Running tool 100 is adapted to
cooperate with lock -10 so as to nove packing assenbly 40 and barrel slip
assenbly 14 from reduced di aneter conditions to expanded di anet er

condi tions by engagenent of outer sleeve 151 with axial ressi on menber
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54 of the lock 10 and the exerting of axial force upon conpression nenber
54 by downward axi al novenent of outer nenber 151 with respect to lock 10.

Accordingly, as will be appreciated fromthe above discussion, actuation of
notor 108 by activation assenblies 121, 122 and 123, and the resulting
| ongi t udi nal novenment of threaded screw - 32 -
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111 will cause a relative downward novenent of housing assenbly 114 and
outer sleeve 154 relative to lock 10.. This relative dowward novenment w ||
shear shear pins 55 securing conpression nenber 54 in an initial,
unactuated, position relative to central mandret 30 and will thereby cause
the previously described conpression and radi al expansi on of packing
assenbly 40 and the |ongitudi nal novenment of annul ar wedges 24 and 26.
Referring now to FIGS. 10A and 10B, therein is depicted an exenplary
pulling tool 200 in a nmethod according to the presentg-Rvention. Pulling

tool 200 may agai n be REPLACEMENT SHEET ]
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suspended by either wireline or slickline. Pulling tool 200 preferably
conprises a power assenbly identical 102 to that described relative to
running tool 100 with the single exception that clutch housing 142 of power
assenbly 102 will be interchanged for a clutch housing 220, as will be
described in nore detail later herein. Wrking assenbly 201 includes an

i nner nmenber assenbly 250 which is threadbb1y coupled at 258 to a | ower
proxi mate end of threaded shaft 111. Inner nenber assenbly 250 is a
general ly el ongated nmenber which will extend through central bore 19 of

| ock 10. Inner nmenber assenbly 250 includes an engagenent shoe 205 coupl ed
to its '

190
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| ower proximate end. Engagenent shoe 205 includes a plurality of generally
radi al |l y extendi ng nmenbers 207 which facilitate inner nenber assenbly 250
contacting pressure bypass sleeve 94 and | ower annul ar engagenent surface
82 in a manner which will be described |ater herein. Wrking assenbly 201
al so includes a collet assenbly 208 which is retained by an outer housing
~assenbly 210. Quter housing 210 is agaim &% hreadably coupled at 152 to power

tool 102. Clutch housing 220 is simlar to that descri} ative to
cl utch housi ng 11490 ynni ng tool 100, with the Bcept]i #08pecause
clutch block 228 wll tyave
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-33- downwardly relative to threaded: shaft 111 during operation of pulling
tool 200, the relatively enlarged relief bore 238 will be provided toward a
lrower end of clutch housing 220, rather than toward an upper end as
described relative to clutch housing 114.. Accordingly, in the manner
simlar to that previously described relative to clutch housi ng
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114, the clwmacts a stroke limter upon |ongitudinal
novenent. ef fected by egaeenbl y 102, and whi cp- damage

t'0 power assemntHisSh uncontrol I ed act uat k OMEPWQG’EMENT SHEEle |red to
utilize pulling nmove | ock 10 fromitis th the
tubing string, | O wll be |lowered i othehw@strlngto
the point at whic | ock 10 has been -pl aceB. - The i nhet é 250
and col | et assenbly 208 are inserted within lock 1 nd_rel’ dr el
assenbly 72 until outer housing 210 contacts engaggnent nenbe this
poi nt collet fingers 224 wl| _ val
. : A B
AR AN so’l_IIA | 11
/ N / N Y
ANIN NN S
O : . o Il»:.'.'". ' = 57
N .
| §—54 . E
e
N
80" \ 80 457
. N-11 \ -
FRAN y-54
N N
N
S N 50 % '\ < 50
60 . \ 0
&N
\ B .
\ 50 61
S - 80 il 52
61 —42
N—52 .
5/24 | -6 1 24
\ 52
t —
74—+ TRTIR . —24 ”
\ 741
N
2 S 14
4
787 14 78
| \ —14 - 16
L:/‘IB
76 5 76" = —18 76 06
N-26
N Ll S
N :
: N <
: N
IN
< [N
N
™\
\
§——93 | 93 93
N

THIS SHEET HAS BEEN
'REPLAGED




4,

be bel ow t he | evet—of Tupper—enber—engagenent surface 80. During this
I nsertion engagenenmbsmﬁgﬁggamm&ﬂhxgngage pressure bypass sl eeve 94, and

nove-it to a relatl osition as depicted in FIG 11C. Myvenent
of pressure equaliz “establishes a flom1Q.~smmgw,._w,-pessure
equal i zati on port 97 h central bore 19 of I@fk bl 3

bore 19 will then comruni cat e, throughtfuﬁsﬁots def i nijng
224 with an upper bypass port 230 in outer housing 210 of gy i [240
to facilitate pressure_equalization across |lock 10 so as|t
facilitate renmoval . Pfiefferapl e above described activatjon assenbl ef
of power assenbly 102}l | " : _ j
9
111
0 EEE
| l ~—102
225
228_m» i 220 -
' 4 226
° NI 238
: 260
i
7 210
258 | : 207
J .
208 FIG. 10B
22 250
25 254
206

253 !_j[

FIG. 10A




4

then be automatically actuated, or will be caused to actuate to initiate
operation of jack- screw assenbly 110 in the manner previously described
Werein. As described previously, in the operation of pulling, power

assenbly 102 will be arranged to inpart a generally - 34- downwardly
di rected novenent of threaded screw 111 relative to housing assenbly 104
. _ - 9 -
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rather than relatively upward novenent as described relative to running
tool 100. As threaded screw 111 and associ ated i nner nenber assenbly 250
nove downwardly lower contact member 205 will travel to engage | ower
annul ar engagenent surface 82. Further, the inner extensions 254 of coll et
enl argements 253 are displaced fromresidence in recess 206 in inner nenber
assenbly 250. The outer extensions 255-ck0cellet enlargenents 253 thereby
engage upper internal annular surface 80 thereby securing the | ower end of
expansi bl e connector 252, and thereby pulling tool 200, to upper section 74
of release mandrel assenbly 72.
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Continued axial nmovement of threaded shaft 111 and i nEEPH¥%@§W §§E€%Iy
250 wi I'l result in | ower engagenent nenber 205 engagijn ower 1 nterng
annul ar surface 82 applying increased axial |oad acrdss We@f@‘ﬂgﬁdre
assenbly 72. Continued novenent of inney_nenber 250 "II.eventuaIIv dause
t he opposing engagenents of outer portion 255 with arnular surface 80 and
engagenent nember 205 with |ower menmber surface 82 tqg exert suffjcien

axi al tension upon rel ease nandrel 72 to cause | oL, arat e, causing

axi al spacing of Uqu?RQLl|7m““ ~ ' 11C illustrate

tool 200 folloy,ap, Rhﬂ&%&hﬂw@@%fmﬁﬂeﬁé&md

The present invention relates generally to improved barrier members,

such as “plugs” or “locks” adapted for use in subterranean wélls; and more’
particularly to improved plugs or locks and associated operating systems, and
methods of their use in oil field tubular members, such as casing or tubing strings.
Reference is made to our UK patent application No. 8614074.4, which
is a divisional application of the present épplication. This divisional application
relates to a downhole power unit for setting a tool in an oil or gas well, the power
unit comprising: a housing; an electric motor contained in said housing; a power
source operably connected to said electric motor; and a movable mandrel operably
connected to said electric motor, said mandrel capable of transmitting force from
said electric motor to said tool.
| The use of plugs or locks in oil field tubular members is well known in
the art. A packer-type lock, as particularly described relative to the preferred
embodiment herein, is typically intended to be placed in the tubular member, such
. as a subsurface tubing string, and to securely and sealingly engaée_ the interior wall
of the tubing string. Once in place, the lock provides fluid and pressure isolation
between sections of the tubing string. '

_ - Many such lock systems have been developed in which landing
nipples or profiles are provided at points along the tubing string’s interior surface,
and wherein a lock will be placed in the nipple or profile. However, placement of
a lock of this type is limited to those pomts along the string at which an approprlate
mpple or profile is located.

A few plugs are known which are “nippleless” in that they do not

~ require the presence of a nipple or profile to be set within a string or wellbore.
Nippleless systems offer the capability to set plugs at substantially any depth or
point within a subterranean well. These systems also reduce the need to foresee,
at the time tubing or casing is placed, where a packer device will later be needed.

| Conventional methods of running and pulling nippleless plugs or locks,



| REPLACEMENT SHEET |
Upon extension of release mandrel 72, conpression ¢nergy—stered—+msphri ng

97
assenbly 90 is released and lock 10 is returned to}lairedyc i len
condition. Elastonmeric sleeve 42 is axially drawn, {as agvﬁgggﬁyge'scri bed
by notched nmenbers 50 and 52 to a reduced di aneter |cdadi-ti-er—Furttier],
“wedges 24 and .26 are permtted to nove divergentlyfto return barrel dflip
assenmbly 14 to a reduced di aneter cond ti on: .

however, typically require that actuating power be supplied from the surface to the
running or pulling assemblies perfofming these functions. This requires, therefore,
that the tools be run on wireline, rather than slickline (without an electrical

conductor), as is used for
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-35- By virtue of the engagements of annular shoul 205 aI
ring seat 82 and outer portion 255 of enlargenent 2bH3 wit tm‘ﬁé{fﬁﬁ? ng
seat 80, |ock 10 becones affixed to pulling tool 20 As pulling-te 200
Is raised, thereby raising upper section 74 of rele se mandr el assenb-y 72,
anddt hFreby outer mandrel 30, snap ring 4 will eng '
mandrel 30 to provide a nechani.cal |ifting shelf, ort .the .remginin
‘el enent s mANy| typescRfr well operations. . Thistequiserpent 1’(“??5??"‘5 %%%ﬁ“‘r%n‘ﬁ%'t heg
wel | by withdrawal of pulling tool 200.
and the cost of the operation of setting or pulling the plug or lock.

-

There are techniques which do not rely upon surface-supplied electrical power to
set a lock. These systems, however, typlcally rely upon an explosive charge to set the
lock. Rapid setting sequences, and partxcularly those performed as rapidly as is typxcally
achieved through use of explosive devices are detrimental in that they adversely affect the
quality of the setting of each member. For éxample, slip elements are known to set more
securely when they engage tubiﬁg or casing in a controlled manner. Further, elastomeric
packef elexixents establish a better seal when the elastoﬁetic material is deformed
gradually, .and stresses within the material are thereby allowed to equalize more
gradually, thereby minimizing subsequent relaxation of the elastomer, with an
accompanying reduction in sealing effectiveness. .

Many existing slip designs employ radially segmented slip elements which are
urged outward to engage the interior wall of the surrounding tui)ing string. The slip
elements are often separated from each other a significant distance. If the Sllp is being
setina non-vettlcal tubing strmg the elements may expand non-uniformly resultmg in
the lock bemg decentralized within the string. As a resuit, a pressure differential across
the lock will be more likely to result in failure of the lock’s slips due to the unequal
forces upon the slips land packing element around the circumference of the lock.

| Conventional designs for packer-type locks offer a further disadvantage in removal
operations. After a packer-type lock is set and subjected to a period of high temperature
and pressure, the packing element will typically achieve some degree of "set” toward the
expanded state. This "set" of tﬁe packing element may also be considered as an absence

of "memory" of the packing element for its original form. The distended exterior
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The pulling tool 200 offers an optional energency re I ch

col l et assenbly 208 nmay be di sconnected fromthe wor of it o
200 in the event that the lock 10 is functioning inp o eﬂai or canno
returned to its reduced dianeter condition. As shown}i 1A,
a shear pin 260 affixes -the upper portlon of collet clSSEﬂb| y 208 with

respect to, outer housing 210. U era

movenent  GameermayIDaRe TemRYa! G the B@Wf)aauf piran i, Mo bR

col | et asserrbly 210 becones di sconnect ed fromtool 200. In this manner, _
| ock 10 i saroamctheddck rand may provideddifficalty in plelringgreas of ze]atlvetmestmctedmy
then be renoved fromthe tubing

diameter, such as an uphole nipple or profile.

0]

In a related aspect, retrieving or “pulling” operations for locks typically
rely upon engaging a set lock with a wireline device and pulling or jarring the lock
upWard in an attempt to dislodge it from within the tubing string. This technique is
not always Quccessful and sometimes résqlts in either damage or "*hanging up” of
the lock within the tubing string. |

Accordingly, the present invention provides a new barriér device, such
as a lock (or “blug") and associated methods and apparatus for setting and pulling
the barrier device without the requirement of a nipple or profile; and which, in a
preferred embédirrient’, facilitates both controlled, gradual, setting of the device, and
release of the device without jarring.

- According to one aspect of the present invention t_here is provided a
packing element for use in a well lock having an actuation asserﬁbly, said packing"
element comprising an elastomeric sleeve having generally opposed‘axial end
portions and a geﬁérally annular central portion adapted to be compréssed ahd'
radially extruded, said central portion being of a generally softer elastomeric
material than said axial ends, each axiél end portion having a lip adapted-to engage
a generally complementary notched me_fnber on said well Ioék actuation assembly,
said lips extending in generally opposed directions, and further comprising at least
one anﬁular reinfqrcfng member disposed around the elastomeric sleeve to resist
axial extrusion éf_the elastomeric sleeve. _

According to another aspect of the invention there is provided a



string. The shear pin 260 shoul d be adapted to shear

predeterm ned shear | oad generally corresponding to 21 t rc
greater than that required to nove the barrel slip aZQewgﬁ;Pf%ﬁ;ﬁﬁﬁp k
assenbly 40 into their expanded di aneter conditions. 36
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packing assembly for a plug member adaptéd for use in a subsurface well, said

packer assembly comprising:

a. an actuation assembly having first and second generally opposed,
and relatively longitudinally moyable, notched members; and

b. a substantially elastorﬁeric sleeve having generally opposed axiai
end portions and a generally annular central portion adapted to be
compréssed and radially extruded, said central portion being of a
generally softer elastometric méterial than said axial ends, said sleeve
being coupled at one axial end to said first notched member, aﬁd
being coupled at the other axial end to said second notched member,
said actuation assembly being operable to compress said elastomeric
s'léeve and to urge said elastomeric sleeve toward an expanded
diameter i:ondition, anc'i,fgrther adapted to apply axial tension to said
-elastomeric sleeve and to urge said elastomeric Sleeve toward a

reduced diameter condition; and

¢. at least one annular reinforcing member disposed around the

elastomeric sleeve to resist axial extrusion of the elastomeric sleeve.

According to another aspect of the invention there is provided a

retrievable well lock adapted for use within a tubular member within a subterranean

well, said lock comprising:

a. amandrel assembly;
b. an actuation assembly carried on said mandrel assembly, said
actuation assembly comprising generally longitudinally opposed, and

relatively longitudinally movable, annular wedges;

ng



I |
- £

CLAI MS: 1. A packing element for use in a REPLAC MENgléﬁFET
actuation assenbly, said packing el enment conprising an eI %gﬁg cislieeve
havi ng general |l y opposed axial end portions and a ereﬂa7a§ ¢entr al
portion adapted to be conpressed and radially extryddd, said central
portion being of a generally softer elastoneric material than said aji al
ends, each axial end portion having a |ip @dapted |y
conpl enent ary. not cbeda rstipbassemblyacalipled [tol saidl mahdes!i assemblysaid skpi d
i ps extending in generally opposed directions, and further

assembly operable between a relatively reduced diameter state and

Nal

a relatively expanded diameter state, said slip assembly comprising
a generally circumfeg'entially- continuous, radially variable bod_y
having a pair of longitudiﬁally.opposed ends, said variable body
having a plurality of radially displaceable a_nchoring slips, said
anchoring slips formed by a plurality of interieaved siots extending into
said body frofn said opposed axial ends, said anchoring slips
operatively coupled to said movable annular wedges so as to be
radially displaceable in response to relative longitudinal movement
between said longitudinally movable wedges; and

d. .a packing assembly, said backing assembly comprising an
elastomeric sleeve arranged to be axially compressed to an expanded
diameter condition by said actuation assembly, said sleeve further
coupled to said actuation assembly and arranged to be a>;iatly drawn
to a reduced diameter condition after said expanded. diameter
condition wherein it is maintained under divergent axial tension said
sleeve having generally opposed axial end portions and a genérally
annular central portion adapted to be compressed and radially
extruded, said central. portion being of a generally softer elastometric
material than said axial ends, whereby said central portion has a
greater deformability than said axial end portions, said packing
assembly further comprising at least one annular reinforcing member

disposed around the elastomeric sleeve to resist axial extrusion of the



conprising at |east one annul ar reinforcing ne J[m t he

el astoneric sleeve to resist axial extrusion of eé\zf Eg S| eeve. 2.
A packing assenbly for a plug nmenber adapted foy [S€Th a subsurface well,
sai d packer assenbly conprising: a. an actuatio assemﬂﬁﬁ Bing First and
second general | y. opposed, and rel atively Iongitpd nal ly novabl § phot ched
menbers; and b. a supstanti.al l%/ﬁ el astomet it sl eeve having general|y opposed
axi al end portions B&SQMEERSIEEVEy annul ar centfal portion adaptel to be

The actuation assembly may erther comprise a pair of relatively
Iongitudinal movable notched members which engage opposing axial ends of said
elastomeric sleeve and whi_ch may be moved divergently to axially draw the sleeve
to a reduced diameter condition and maintain the sleeve under divergent axial
tension.

The lock may further comprise an 0utér mandre! disposed within thé
barrel slip assembly and the packing element in a generally coaxial'relation and an
axial compression member disposed around portions of the outer mandrel, said
axial compression member adapted to be axially displaced along the outer mandrel
and exert axigl compreséion upon thé packing element and the barrel slip assembly.

The axial compression member may form a first of éaid movable
notched members, and a first of said aﬁnu!ar wedge assemblies may form the other

~of said movable notched members.

A one-way motion restrictor may interconnect the o'uter mandrel and
axial compression member, said one-way mot?on restrictor limiiing axial
displacement of the axial compression membef to motion toward the packing
assembly and barrel slip assembly so that portior;s of the lock are maintained in an

expanded diameter condition.

 The lock may further comprise an extensible release mandrel

disposed through the lock within said outer mandrel, said release mandrel adapted
upon extension to release the packing assembly and the barrel slip assembly from
the expanded diaméter condition.

The extensible release mandrel may comprise severable elements.



conpressed and radially extruded, said central portion being~of a generally
softer elastonetric materi al than said axial e i Ng

coupl ed at one axial end to said first notched rﬂE‘HhABEMENB SHEEffg coupl ed at
the other axial end-to said second notched ne oh assenbly

bei ng operable to conpress said el astoneric sl geye a? 5§$?ge sqid
el astomeric sleeve toward an expanded di—afeter cané i on, t her

adapted to apply axifespringrassemhly mayibe dispos : dlelrgm'dsai d
el astoneric sleeve toward a
spring assembly coupled as to be compressible’ u“ﬁon éxpansion <51"TI‘T"J packlng

element and the barrel slip assembly.

According to another aspect of the invention there is provided a
retrievable packer-type well lock adaiatéd to be disposed within a tubing string, said
lock comprising:

a. abarrel slip assembly op'e'rat;le between a reduced diameter, and
én expanded diameter conditjon;
b. a packing assembly comprising a substantially elastomeric sleeve
having generally opposed axial end portions and a generally annular
central portion adapted to be compressed and radially extruded, said
éntral portion being of a generally softer elastometric material than
said axial ends, whereby said central portion has a greater
deformability than said axial ends, said sleevé ‘being operable
between an expanded diameter .condition and a reduced diameter
condition, said packing assembly further comprising at .least one
annular reinforcing member disposed around the elastomeric sleeve
to resist axial Iextrusi_on of the elastomeric sleeve; and

c. an extensible release mandrel disposed through the lock, said

release mandrel adapted upon extension to release the packing.

assembly and the barrel slip assembly from the expanded diameter
condition.

According to another aspect of the invention there is provided a

method of running a nipplele_s_s lock in a subterranean tubular member, comprising



reduced diameter condition; and c. at |east one annular reinforcing npenmber

di sposed around the elastonerlc sl eeve to resist axi.

el astoneric sl eeve.

within a tubular nenber within 37

the steps of:

3. A retrievabl e well IOckRaBbﬁﬁ‘w
17 BEl '&937

-.9 -

a. providing a lock assembly comprising,
1) an é_ctuation assembly;
2) aslip assembly coupled to said actuation assembly; and
3)  a packing assembly comprising a substantially elastomeric
sleeve having generally 6ppbsed axial end portions and a
generally annular cehtrél portion adapted to be compressed and
radially extruded, said central portion being of a generally softer
elastomeric méterial than said axial ends, whereby said central
portion has a greater deformability than said axial ends, said slip
assembly and said packing assembly each operable between a

' first relatively reduced diameter condition and a second, relatively

expanded, condition, said packing assembly further comprising at
least one ‘annular reinforcing member disposed around the
elastomeric sleeve to resist axial extrusion of the -elastomeri.c

sleeve;

~b. providing a running tool cdmprising a power assembly, and a

working assembly, said working assembly comprising at least one
movable member;

c. coupling said running tool to said lock assembly to form a

.severable unit, with said movable member of said operating tool

arranged to be at least engageable with said actuation assembly
of said lock assembly, said operating tool being afﬁ_xed.to said lock

assembly to be selectively removable therefrom;



a subterranean well, said lock conprising: a. a mandr el assenbly; b. an

actuation
assenbly c
| ongi tudin
mandr el as
di aneter s

conpr | Si ng_

assenbl y carrled on said mandrel assenbly, saidypactuatT( {
onprising generally Iongltudlnally opposed, and rBE%&ﬁJﬂ%ENT SHEET
ally novabl e, annul ar wedges; c. a slip assenbly c sai
senbly, said slip assenbl y operlilbl e between ar Ia i yel fmriet%?ed

tate and a relatlv anded ter s sl.i assenbl
placing (fahg running tool an assemiai’i umt sala‘—'%tubrﬂ‘elr""'ly

member to place said lock assembly at a depth at v»;hich it'is desired

to actuate said lock assembly; and

e. actuating éaid power assembly to operate said working assembly

and to .move said movable member to cause actuation of said

actuation assembly and the resulting setting of said slip assembly and

said packing assembly within said tubular member.

According to another aspect of the invention there is provided a
method of pulling a packer-type wellbore lock from within a tubing string using a
manipulating tool capable of engaging and exerting force upon portions 6f the
lock in at least two directions, said lock having an extensible release mandrel
and having a b'acking assembly combrising a substantially elastomeric sleeve
having generally opposed axial end portions and a generally annular ceﬁtral ..
portion adabt_ed to be compressed and radially eﬁmded, said c_e_ntral portion
being of a generally softer e_lastomeric' material than said axial énds, whereby
said centfal portion has a greater deformability than said axial ends, said
packing assembly further comprising at least one annular reinforcing
member disposed around the elastomeric sleeve to resist axial extrusion of the
elastomeric sleeve, said method comprising the steps of:

a. placing the tool within_ the tubing string proximate the lock and

co;'\técting the lock with the manipulating tool in an operable

relation;

b. operating the manipulatiﬁg tool to exert force upon portions of

the lock such that the extensible release mandrel is extended tb



a generally circunferentially continuous, radially varumﬁE?Lﬂb@yFNBéﬁﬁﬁT
pair of longitudinally opposed ends, said variable bodyl hEVTTIg a pluraljt
of radially displaceable anchoring slips, said anchorinp $lispp Giok 1837 by -
plurality of interleaved slots entending into said body}ftom sai d opposkd
axi al ends, said anchoring slips operaLi¥fly coupl ed tojsard novable

annul ar wedges so as to be radially displaceable in response to relative

| ongi t udi nal nmovenergerhit theqackinglasseroblyustithe ldok toavebe fronedo @xpanded

diameter condition to a reduced diameter condition; and

c. removing the tool and lock from the tubing string.

According' to another aspect of the invention there is provided an
assembly for setting a nippleless lock within a tubular member within a
subterranean wellbore, comprising: |

a. alock assembly, said lock assembly comprising,

| 1) a mandrel assembly,

2) an actuétion assembly carried by said mandrel assembly,
said actuation assembly comprising a plurality of
longitudinally movable members movabile in re#ponse toa -
predetermined force, said actuation assembly further
comprising first and second generaﬂy opposed notched
retention membérs, said notched retention members
arranged for relétive longitudinal movement relative to said
mandrel assembly,

3) a élip assemblyoperatively coupled fo said actuation
assembly, said actuation assembly including a plurality of
generally opposed wedge assemblies -adapted for relative
longitudinal movement, said slip _assembly comprising a
generally continuous body member I';avi-'ng a plurality of
radially extensible anchoring slips, said anchoring slips
movable from a first, relatively retracted position, to a

second, relatively extended position, said anchoring slips



by said actuation assenbly, said sleeve further céu -

assenbly and arranged to be. axially drawn to a reduced dianmeter cordition
after said expanded dianeter condition_wierein it |i
di vergent axial tension said sleeve having generally opposed axial end
po&t i og_s ialnd a general | yjnovable arrespohselto movement af saldoppasdd-wedger essed
and radially-

assembilies of said actuation assembly, and
4) a packing assembly, said packing assembly comprising an
elastomeric sleeve, said elastomeric sleeve including a
generally central portio'n adapted to be compressed and radially
extruded, and two relatively opposed axial portions said central
portion being of a generally softer elastomeric material than
said axial ends, each axial end portion including a notched lip,
each sald notched lip engaging a selected one of said notched
retention members of said actuation assembly, said packing
assembly movable from the ﬁrSt_ relatively retracted position to a
-'second, relatively extended position in response to converging
longitudinal movement of said notched retention'membe'rs, said
~ packing assembly further comprising at least one annular
reinforcing member disposed around the elastomeric sleeve to
resist'axial extrusion of the elastomeric sleeve; and |
b. arunning tool releasably coupled to said lock assembly, that
running tool comprising,

1) ahousing assembfy;

2) a power source comprising at least one battery within said
housing assembly;

3) an activation assembly operatively coupled to said power
source, said activation a_ésembly operable to convey an

electrical signal from said power source upon occurrence of at



extruded, said central

portion being of a generally sdf‘

tUEET

el
‘material than said axial ends, whereby said central porlﬁﬁﬁ{ﬁgg%gqﬁreéﬁ_r
deformability than said axial end portions, said packing senblg furth

conpri sing at

| east one annul ar reinforcing nmenber dispgs

el astoneric sleeve to resist axial extrughon of the el ast rrerl c sl eeve

least one predetermined condition;

4) an electric motor contained within inset housing assembly,
said electric métor operatively coupled to said activation
assembly for receiving said elecfrical signal from said power
source upon occun;ehce of said at least one predetermined
condition; |

5) a jack-sqew assembly operatively coupled to said electric
motor, said jé;k-screw assembly including at least one rotatable
member and one longitudinally movable member, said
longitudinally movable member movable in response to rotation
of said rotatable member, said movable member operatively
arranged to said lock actuétion assembly to establish relative
longitudinal movement of said running tool housing assembly
relative to sajd lock actuation assembly upoh ac_:_tuation of said

electric motor.

In order that the invention may be more fully understood, various

. embodiments thereof will now be described, by way of illustra_tion onl_y, with

reference to the accompanying drawings, wherein;

FIG. 1 is a-side exterior view of an exemplary packer-type well lock

in accordance with the present invention depicted as "set" within a tubing string

in an exemplary implementation of the inventi_on.

FIGs 2A and 2B are partial cutaway views of an exemplary packer-

type well lock in accordance with the present invention depicted in an unset

position.




- 38- 4. A lock according to claim3, wherein said actuation
assenbly further conprises a pair of relatively |ongitudinal novable

not ched nmenbers whi ch engage opposing axi al ends of said elastoneric sleeve
and which may be noved divergently to axially draw the sleeve to a reduced
di anmeter condition and maintain the sleeve under divergent axial tension.

5. A |l ock according to claim3 or-44 wherein the |ock further

COMpri ses FIG. 3 is a detail of an exemplary axial compression member and .

associated components.
FIG. 4 is a cross-sectional view at line a-a of FIG. 2A showing an

exemplary connection between a running tool and lock.

REPLAGEMENT SHEET
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an outer
el ement

in a generally coaxial relation and an axi al
di sposed around portions of the outer nandrel, said a

menber adapted to be axially displaced along the oute Y
axi al conpression upon the packing el ement and the banr 4l %
A lock according to claimb5, wherein sat+d5aki al conprgssh
first of said novabl e notched nenbers, and wherein a f}rst of said
wedge assenblles forms the other of sald novabl e notch

mandrel di sposed within the barrel slip ass

FIG.5 is a side exterior view of an exemplary downhole power tool for
use in a running tool of the assembly according to the present invention.

FIG.6 is a partial vertical section of the power assembly portidn of the
running tool. _

FIG.7isa partial vertical section of the working assembly portion of
the running tool. '

FIG. 8 is a cross-sectional view at line b-b of FIG. 7 showing portions
of an exemplary clutch mechanism of the running tool.

FIGS. 9A-9C are partial cutaway views showing an exemplary lock in
expanded and reduced diameter conditions.

FIGS. 10A and 10B are partial cutaway views of a pulling tool.

FIGS. 11A-11C are paﬁial cutaway views of the pulling tool and an
associated lock,

The present invention relates generally to well locks, and to methods
and systems facilitating the placement and retrieval of such locks within a tubular |
member, such as a tubing string, within a wellbore.

The invention will be described 'in reference to a preferred
embodiment of a packer-type well lock having both slips and a deformable packing

" element. Such a packer-type well lock may be adapted to serve as a bridge plug

or as a hanger for other types of equipment, as is well known to the art. The

_present invention has particular application to well operations conducted through
use of “slickline” as the invention allows placement and retrieval of a well lock
without the need to transmit power downhole from




7. A lock according to claim6, further conprf
restrictor interconnecting the outer mandrel and axi
sai d one-way motion restrictor limting axial dism

nt or the ax]a

y1andibadgd? bl |p

assenbly so that portions of the-lock are maint ained| i p an expanded

di aneter condition. 8. A | ock accolflimg to clhi 5,6 or 7, whefein
the lock furt er c n, extensi bl e . .rel ease qan-r | di gh
the | ock HeESH s S REKGF S PLEsknt HPOga s PRRDIEEF :

extension to reI ease the packing assenbly and '
placed at substantially any point within a tubing string without requmng a pre-placed

matching landing nipple or profile into which the lock must mate,

Referring now to FIG. 1, therein is shown an exemplary lock 10, in accordance -
with the present invention, depicted in an operating -environment disposed within a tubing
string 11. Although lock 10 will be discussed in reference to a tubing string 11, it should
be clearly understood that lock 10 may also bc placed in a casing string, drill string, or
other tubular member as is well known to the industry. Referring now also to FIG. 2,
therein is depicted lock 10 in greater detail, illustrated substantially in vertical section.
Lock 10 comprises a support mandrel assembly 12, which supports a barrel slip assemb:y
14. Barrel slip gssemb‘ly 14 is operable between a reduced diameter condition by which
lock 10 may be placed into or removed from the tubing' string, and an expanded diameter
condition by which barrel slip assembly 14 is set and mechanicglly engages the tubing.

Lock 10 also includes a packin_g assembly 40 which is also movable betweeﬁ a
relatively reduced diameter condiﬁon, and- a relatively expanded diameter condition (as
depicted in FIG. 1), whereby packing assembly 40 sealingly engages the interi()r of the
tubing string. to provide fluid and pressure isolation of one section of the tubing string
from another. |

As best seen in FIG. 2A, barrel slip assembly 14 preferably includes a one-piece
slip body 16 which surrounds a portion of lock 10 in a circumferentially continuous
manner, such that slip body 16 is unbroken at any point around the lock 10. Slip body 16
comprises a plurality of anchoring slips 20 which are configured to be radially expansible.
The generally circumferentially continuous coﬁstruction of slip body 16 is obtained by

providing a plurality of interleaved slots 18 which define interleaved anchoring slips 20.



the barrel slip assenbly fromthe expanded di aneter §omdrt L.ﬂg.. S A
| ock according to claim8, wherein the extensible re @é%%N@ISHﬁm: i ses
severabl e el enents. -39- 10. A | ock accordi hgto-ctatm9; r{her

conprising a spring assenbly 17 DEC 1997
- 17 - :
- As can be seen in FIG. 2A, a first plurality of slots 18a cxtexid-inﬁ-slip—bod;.lﬁ.fmmd the

lower extent of slip body 16, while a second plurality' of slots 18b extend into slip body

16 from the upper extent of slip body 16. The slots 18 defining anchoring slips 20 pass

.through most, but not all, of the axial length of slip body 16. The resulting serpentine
' su;ucture defines an arrangement of anchoring slips 20 which may expand radially. Siots_
18 are preferably smaller in width than anchoring slips 20 so that anchoring slips 20 will
comprise a majority of the circumferential surfacé of slip body 16. Testing has indicated

that this slotted one-piece construction permits a significant amount of radial expansion.

For example, a barrel slip assembly 14 having 2 4.52 inch (11.5 cm) nominal, unexpanded,
diameter, and having 20 anchoring slips 20 defined by 20 slots (10 cut from either axial

end) of appmximgt.ely 0.12 inchés (3 mm) in width will facilitate expansion with adequate
setting force to at least approximately 4.90 inches (12.5 cm). The internal surface of slip
body -16 includes opposing sets of tapered surfaces 36 and 38, respectively, each such surface

36 or 38 coupled to other surfaces in the set by tooth-like engaging surfaces 22.

Each anchoring slip 20 is preferabl'y provided with opposing sets of anchoring
teeth 23a, 23b upon longitudinally opposed portions of its exterior surface. Anchoring
teeth are adapted to mechanically e-ngage the interior surface of a tubing string when
barrel slip assembly 14 is set. Opposed a@oﬁng teeth 23a, 23b are each directioral to
resist axial movement of lock-10, within the tubing string in either axial direction. An
annular relief 25 is preferably provided along the length of slip body 16. The relief
'qffgrs a smaller, recessed, cross-section t§ permit flexibility dufing expansion of slip
body 16. |

Barfel slip assembly 14 further includes an actuation assembly which includes

upper and lower annular wedge assemblies 24 and 26 which are adzipted to be



- o SHEET |
di sposed about the rel ease mandrel, said spring assenbl S EE%E
conpressi bl e upon expansion of the packing el ement and e b?ragtd@éép
assenbly. 11. A retrievabl e packer-type well | ock Ldép e

di sposed within a tubing stripng, said | ock conprising: {a. |
assenbly operabl-e between a reduced di aneter, and an expanded di aneter
condition; b. a packing assenbly conprisi¥g=a substant |

st eeve najh B ISR Bbbabie RIS o R ouRR G164 SikEr Aok 967 doayPIE'W &

. configured to engage and cooperate with wedge assemblies 24 and 26 in such a manner

that converging longitudinal movement of annular wedge assemblies 24 and 26 causes
radial expansion of slip body 16. Specifically, each annular wedge 24 and 26 includes a
plurality of preferably annular tapered ridges 32 and 34, respectively, which engage '
complimentary generally annular inclined surfaces 36 and 38, respectively,.along the
internal surface of anchoring slips 20 of slip Body 16. Tapered ridges 32 and 34, and
complimentary inclined surfaces 36 and 38, are tapered in opposing directions, such that
converging longitudinal movement of annular wedges 24 and 26 will act upon
longitudinaily relatively fixed inciined surfaces 32 and 34 of slip body 16 to ufge
anchoring slips 20 radially outwardly. This_relationship may be seen by comparing FIG.
9A, wherein barrel slip 14 is depicted in its relatively reduced diameter condition, to
HG. 9B, wherein barrel slip assembly 14 is depicted in its relati\.rely expanded diameter
condition upon divergent axial movement of annular wedges 24 and 26. The engagement
of engaging surfaces 22 of slip body 16 with complimentary tooth-like surfaces 37 and 39 -
of wedge assemblies 24 and 26 enable slip body 16 to transmit an axial tenéile.loac.l across
ﬁshﬂ@ﬂlwﬁcninimibmmxdtﬁﬁnamrcoﬁﬁﬁon. |

'1_'he.stmcu1re of barrel slip assembly 14 preferably permits slip body 16 to be
moved substantially uniformly from its reduced diameter condition toward its expanded
diameter condition. As a result, upon actuation anchoring slips 20 will typically be
substantially uniformly extended relative to the remainder of lock 10, thereby effectively
centralizing lock 10 with the tubing s&ing, and thereby promoting optimal engagement

with the wbing string.



central
central

axi al ends, whereby said central portion has a greater daf)rﬁﬁblﬁﬁ 9 3 ah
said axial ends, said sleeve being operable between an ekpanded dianeter
condition and a reduced dianeter condition, said packinglassenbly further
conprising at | east one annul ar relnforC|h%'nenber di sposed around the

l
portion adapted to be conpressed and radially exjt lﬁﬁg%f\ﬂg%m SHEET
portion being of a generally softer elastonetric} nhterial shi ¢l

el astoneric s|Réfingoncehére BFIG. 28 1ot 10 Feddiirel AhovkP iR Patkingeeve; and

ansembly 40 having a substantially efastomeric sleeve 42 which is also operable between
an expanded diameter condition and a reduced diameter condition by virtue of axial
compression. Annular packing assembly 40 is concentrically disposed relative to outer
mandrel 30 of support mandrel assembly 12, and is disposed at a relatively uphole
position relative to barrel slip assembly 14. A longitudinally central portion 44 of
elastomeric slee've 42 is preferably formed of a softer elastomeric material than that
utilized to form either axial end 46, 48 so that the central portion 44 of sleeve 42 is more
easily radially extruded to an expanded diameter condition. The sleeves are typically
constructed by unitary molding of elastomeric pieces having differing hardnesses. The
pieces are molded_ together under heat and pressure to form a single sleeve with portions
of varying hatdness. Effective sleeves have been constructed with a central portion
having a 70 durometer hardness measure and axial ends of 90 durometer measure. In the
expanded diameter condition, central portion 44 of sleeve 42 radially e_xtfudes to effect a
seal against the interior surface of the surrounding tubing stnng |

Elastomeric sleeve 42 also mcludes at least one, and most preferably at least two,
annular reinforcement members 60, 61 which are molded therein proximate the outer
surface. Reinforcement members 60, 61 will preferably .each be a coiled spring.
Reinforcement members 60, 61 serve to reeist axial extrusion of sleeve 42 beyond the
reinforcement member as sleeve 42 is moved toward an expanded diameter condition.

Acxial ends 46 and 48 of elastomeric sleeve 42 are configured 'v.vith lips 47 and 49
configured to engage generally matching notched retaining members 50 and 52,
respectively. Notched retaining member 50 is preferably formed as a part of an upper

compression member 54. Notched retaining member 52 is preferably formed as a part of



c. an ext

mandrel adapted upon extension to rel ease the packin

barrel sl
net hod of

conprising the steps of. a. providing a | ock assenbly| cpmry B 199 Bn
actuation assenbly; - 20 ~

ensi bl e rel ease mandrel disposed through the | ock, said rel ease

3
ip assenbly fromthe expanded di aneter condi tﬁgﬁ WEW%HEEX

running a ni ppleless lock in a subterranean} tgburar nenber,

upper annular wedge 24. Compressional force may be applied jto elastomeric sleeve 42

through engaging surfaces of notched retaining members and elastomeric sleeve 42.

A particular structure is preferred for the engagement of each lip 47, 49 of the
elastomeric sleeve, with respective notched re,taining members 50, 52 respectively. This
structure will be described relative to-upper lip 47 and notch retaining member 50, with
the understanding that a similar struétme is provided relative to lip 49 and notched
retaining member 52. The structural arr_angeiﬁent is best appreciated with reference to
FIG. 3. The elastomeric sleeve 42 includes a thrust surface 71 which engages a
complimentary thrust surface 41 on notched retai;xing member 50. Thrust surfaces 71 and
"73 each prefgrably extend generally perpendicularly to the longitudinal axis of thé tool.
A retaining lip ’(5,, on notched retaining member 50 engages a complimentary lip 79 on
lip 47 to provide engagement therewith., and to facilitate the application of tension to
elastomeric sleeve 42. Elastomeric sléeve then defines a connecting surface 81 which
extends toward a central primary dxameter section of elastomeric sleeve 42. In the
depicted preferred embodiment, this primary diameter section, mdxcated generally at
section 83, forms the primary sealing portion of elastomeric sleeve 42, and extends
between re-enforcenient members 60 and 61 which are place;d at each longitudinal extent

of this primary sealing section 83. Connecﬁng surface 81 of elastomeric sleeve is

- specifically sized relative to the dimension of notched retaining member S0, to define a

gap 85 between the end 87 of notched reta_iriing member 50 and the adjacent surface at a
given diameter of elastomeric sleeve 42. In the depicted embodiment, this adjacent
surface is defined by retaining member 60. In one f)referred embodiment this gap will be

approximately 0.186 inch (4.7 mm). Additionally, the inner terminating portion of surface 87

of notch member 50 preferably defines general gradual radius 88, for example approximately



2) a slip assenbly coupled to said actuation assenbly; and 3) a packing
assenbly conprising a substantially elastoneric sleeve having generally

opposed axi al end portions and a generally annul ar r t 4 japt ed
to be conpressed and - 40 - C@LA@'EM%WF SR |
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0.10 inch (2.5 mm) to further lfacilitate deformation of elastomerid seal 42 around surface 47 of

notched retaining member 50 while minimizing stresses in a transitional portion of
elastomeric seal 42, as indicated generally at 89 between the dashed lines. |

- When lock 10 is assembled in an initial "running-in" configuration, elastomeric
sleeve 42 will preferably be sized relative to the spacing beWeen notched members 50
and 52 such that elastomeric sleeve 42 is "at rest" (i.e., no substantial tensional stresses
are placed thereon).. However, as described .;arlier herein, after being set in a well,

. elastomeric elements such as elastomeric sleeve 42 will typically assume some .d.egree of
"set" thereby losing some 6f the "memory" of it; original form and dimension. The
descriﬁed engagenient between notched retaining members 50 and 52 facilitates the
application of axial tension to elastomeric sleeve to overcome any such “set" otherwise
observed in elastomeric sleeve 42. Divergent longitudinal movement of notched retaining
members 50 and 52 (as will result upon un-§etting of lock 10) will axially draw
elastomeric sleeve 42 from the expanded diameter condition to the réduced diameter
condition, and will maintain sleeve 42 under divergent axial tension io r_nini;nize the
diameter of sle;ve 42.

 Referring again to FIG. 2A, and further to the detail provided by FIG. 3, outer
mandrel 30 of lock 10 extends throﬁgh barrel slip assembly 14 and packing assembly 40
in a generally coaxial relation therewith. A génerally annular engagement membe-r 8 is
attached by a threaded coupling 88, or qthei' attachment mechanism, to outer mandrel 30
proximate the upper end thereof. Engagement member 86 is édapted to be removably

- coupled to a setting tool used to set the lock 10 within the tubing string. Apertures 189 -
are preferably provided in engagement member 86 to permit the placement of attaching

pins (not illustrated) to couple lock 10 to such setting tool.
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el astoneric material than said axial ends, whereby sai I on has

a greater deformability than said axial ends, said >I o a?s
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The lock actuation assembly includes an axial compression member 54 which is

disposed around an upper portion of outer mandrel 30. Axial compression member 54

defines a radially extending actuation surface 57 which will engage running and pulling

assemblies as will be described in more detail later herein. One or more shear pins 55 |
are provided to resist motion of compression member 54 with respect to mandrel 30. In-

a preferred embodiment, two shear pins are provided which present a total shear value of

3000 pounds (1361 kg). A motion restricting assembly, indicated generally at 49, is operatively

coupled to axial compression member 54 to allow movement of axial compression

member in only a downward direction relative to outer mandrel 30. In this preferred

embodiment, motion restriction assembly 49 includes a threaded ring 62 and a split-ring

64 which associaté axial compression member 54 with outer mandrel 30. Threaded ring

62 is adapted to restrict axial motion of compression member 54 with respect to outer

mandrel 30.

Threaded ring 62 features coarse outer threads 62a adapted to tﬁreadedly engage a

complimentary interior threading on compression member 54. Finer inner threads 63 are

provided to engage the exterior surface of outer mandrel 30. Inner threads 63 are

adapted to facilitate downward movement of threaded ring 62 relative to outer mandrel 30

upon application of suitable axial force upon ring 62. In one preferred exemplary

embodiment, outer threads 62a will have a pitch of 6 and a depth of .075, while inner

threads 62b will have a pitch of 8 and a depth of .035. One_ or more guide pins or

rotation-limiting pins 65 may be placed through portions of compression member 54 to |

resist unthreading of ring 62. An access port 68 is provided to pefmit entry of tools for

manipulation of ring 62 during assembly or disassembly.



sl eeve; b. providing a running tool conprising a powe
wor ki ng assenbly, said working assenbly conprising at
menber; c. coupling said running tool to said | ock asgenpl

sever abl e unit, with said novabl e nmenber of said operatipg-te : nged| to

be at | east engageabl e wth said actuation assenbly of} said | ock assenbl
said operating tool being affixed to sard23 eck

- Split ring 64 is adapted to be movable axially aloné mandrel 30 during setting of
lock 10. The chamfered surface 67 of split ring 64 is adapted to engage matching
shoulder surface in recess 66 of outer mandrel 30 during pulling or removal operations.
Engagement of split ring 64 with annular recess 66 provides a positive lock of
compression member 54 relative to outer mandrel 30. A second access port 69 may be
provided to permit entry of tools to manipulate rings 64 in d'isasscmbly.

A force distribution ring 70 i's.p.rovideﬁ adjacent split ring 64. Its axial cx"oss_r,-
section should provide that axial force may be. z_ipﬁlied to split ring 64 and.maintained
upon it once split ring 64 has radially retracted wift.lin recess 66. End ring 63 abuts force
distributing ring 70 and engages the inner surface of compression member 54 such that as
compression member 54 is moved axia}ly downward with respect to outer mandrel 30,
end ring 63 transmits the movement to distribution ring 70 and to split ring 64.

Lock 10 further includes a release mandrel éssembly 72 disposed \_vithin outer
mandrel 30 in a generally coaxial relation therewith. One or more shear piﬁs 73 may be
placed through portions of release mandrel assembly 72 and outer mandrel 30 to resist
axial displacemg:nt between the mandrels. In a preferred embodiment, four she_ar pins are
used which present a total shear value .of 6000 pounds (2722 kg). Release mandrel assembly 72 is
axially extensible in response to diverging axial tension applied proximate its axial ends.
In a preferred embodiment, release mandrel 72 includes an upper section 7.4 and a lower
section 76, which'are coupled to one another by a selectively releasable connect.ion, such
as a threaded connection 78. Releasable threaded connection 78 is configured to releas'e'
under diverging axial tension of a generally predetermined magnitude applied across
uppef section 74 and lower section 76 of release mandrel assembly 72, such that the

sections separate and become axially spaced from each other. In this preferred
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assenbly to be selectively renovable therefrom d. pliacing the runm
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assenbly at a depth at which it is desired to actuatef shid | ock assenpl
and e. actuating said power assenbly to operate said rki ng assenbl'y 4
to nove said novabl e nenber to cause actuation of saiid_acfuation assenb
and the resulting setting of said slip as24nbly and sai d packi ng assenbl

it hi id tubul : .
M S e od#nelﬁt,a{elenagz{mee tireaded connection 78 is formed through use of a plurality of

threaded collet fingers 91 in lower section 76 of release mandrel assembly 72, suéh collet
fingers defined by a plurality of longitudinal ;lots 84 in upper section 76 to facilitate
radial deflection of lower section 76 pro#it_nate threaded connection 78. Other extensible
designs for release mandrel 72 may, of coursé be contemplated, such as sheérable
telescoping configurations.

A threaded connection 79 may also bej')rovided betweeﬁ collet fingers 91 on lower
half 76 of release mandrel assembly 72 and outer mandrel 30. Threaded connection 79 is
adapted to maintain a fixed relation between lower section 76 and outer mandrel 30 when
upper and lower sections 74 and 76 are engaged. Threaded connection 79 will also be

| severable under inergent axia_l tension as upper and lower sections 74 and 76 are
separated.

Upper releasable mandrel section 74 includes an internal generally annularly
extending actuation surface 80 proximate at its upper end. Similérly, lower releasable
mandrel section 82 includés -an internal, generally annular, actuation surface 82. Annular
actuation surfaces, 86 and 82 on upper and lower releasable mandrel sections 71‘; and 76
facilitate engagement with a pulling or retrieval tool, as will be described later herein, by

* providing surfaces for receiving the application of divergent axial tension across
releasable mandrel 72 assembly to cause the releasing of threaded connections 78 and 79.

Lock 10 further includes a spring assembly 90, which includes one or more
springs disposed a;ound lower section 76 of release mandrel 72. The lower end of spring
assembly 90 is secured to the release mandrel 72 by a retaining ring 93 which is
pfeferably threadably coupled to lower section 76. Springs 90 are adapted to store energy

resulting from the axial compression of portions of lock 10 when lock 10 is set.

ool

d
y
y
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tubing string using a mani pul ati ng tool capabl e of
force upon portions of the lock in at |east two di
havi ng an extensi ble rel ease mandrel and having a

A method of pulling a packer-type well bor ifhin a
e1gz;0fng aﬁ@ exgr I ng
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acki ng assenbly

conprising a substantially elastoneric sl eeve havi hg—genmerattyopposed

axi al

end portions and a generally annuta5 eentral portion adapted to be

conpr essed'l%ﬂ(sjcp%%%' & éo%p?esms{olﬁdﬁgmbcragf relative to outer mandrel 30, will cause radial

expansion of elastomeric sleeve 42 and setting of barrel slip assembly 14. The same
telescoping in compressional force applied through elastomeric sleeve 42 and barrel slip
assembly 14 will be transmiited through lower wedge assembly 26 to spring assembly 90.
Belleville type springs have been fou;ld .to be suitable for this purpose. In one preferred
embodiment, spring assembly 90 will allow lower wedge a.ssembly 26 to telescope for
approximately 3/10 inch relative to.releas_e ‘mandrel assembly 72. In this embodiment
three opposed stacks of seven Bellevil]e springs were ﬁsed with each spring requiring

2000 Ibs (907 kg) of stroke over 1/10 inch (2.5 mm) to ﬂatten, thereby providing a spring assembly

adapted to store 14 ,000 1bs (6350 kg) over 3/10 inch (7.6 mm) of stroke

Addition_al equipment may be coupled to the lower end of lower section 76 of
release mandrel assembly 72. For example, a pressure equalizing valve as;embly 95 will
preferably be threadably coupled to lower section 76. Pressure equalizing valve assembly
95 includes a housing 96 having a plurality of radial pressure equalizing ports 97 therein.
A movc?able sleeve 94 slidingly engages the internal surface of housing 96 to isolate ports

97 when sleeve 94 is retained a first,. unactuated position, through interaction of a

. plurality of collet fingers 98 with an internal ledge 99 in housing 96. As will be

described later herein, movement of sleeve 94 to a second, lower, actuated position,
uncovers ports 97 allowing 'fluid communication from the exterior to the lower side of the
set lock 10 to the internal bore 19 through lock 10. Additionally, an adapter 92, or other
equipment may.be threadably coupled to pressure bypass valve 95 to facilitate the
coupling of lock 10 with other devices as is well known to the art.

Setting of lock iO is accomplished by.;xially displacing annular compression

member 54 along outer mandrel 30 through use of a running tool. An exemplary running
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el astoneric sleeve to resist axial extrusion of th astUMETT C Sl eeVe,
said method conprising the steps of: a~ @dacing thd tool within the tlubing

SUTING. PLOK'108 win'BeSset Roith f'freater detail in reference to FIGS. 5 and 7. Once 50

displaced, threaded ring 62 prevents displacement of compression member 54 in the
opposite direction. As previously discussed, in the expanded diameter condition, as
shown in FIG. 9B, movement of upper and lower annular wedge assemblies 24 and 26 of
barrel slip assembly 14 toward one anothér caises radially outward movement of
anchoring slips 20 of slip body 16, and deformation of elastomeric sleeve 42 against the
tubing. | |

Movement of the lock 10 back to a reduced diameter condition is accomplished by
applying divergent axial pressure to annular actuation surfaces 80 and 82 ﬁntil threaded
coupling 78, joining upper and lower sections 74 and 76 of release mandre] assembly 52,
decouples and the sections become axially spaced. This operation may be performeq
through a number of types of conventional equipment known to the industry. Preferably,

_however, "pulling” of lock -10 will be performed tiu'ough use of a pulling tool 200 as '

described later herein. .Upon decoupling of the sections of releasé mandrel 72, the
decrease in axial compression will release both elastomeric sleeve 42 and barrel slip
assembly 14 from the expanded diameter condition and permit each to return to ﬁ:e
reduce& diameter condition.. This movement may be better understood .by referring to
FIG. 9B, illustrating a lock before extension of release mandrel 72, and FIG 9C which
i:llustrates a lock after exten_sion of release mandrel 72. |

In the unset condition of lock 10, barrel slip assembly 14 and packing assembly 40
are relatively radially ‘withdrawn so that lock 10 may be easily withdrawn from the tubing
string. As previously discussed, sleeve 42 of packing assembly 40 is maintained under
divergent axial tension through action.of notched members 50 and 52. This axial tension

assists in facilitating withdrawal of lock 10 from the tubing, by mlmmxzmg the radial



contacting the lock with the mani pulating tool in an operable relation..b.
operating the mani pulating tool to exert force upon PO ik ck
such that the extensible rel ease mandrel is extended mgﬁﬁhik‘zﬁggk ng
assenbly of the lock to nove from an expanded di anetef ¢ondi tbf—fﬁ é&a
reduced di ameter condition; and c. renoving the tool and llogk divt hé
tubing string. 14. An assenbly for- g2t4ting a nippliel ess Lack -t hiin
t ubul ar nenber '

dimension of elastomeric sleeve 42 and thereby minimizing dra
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against the interior surface of the tubing string and maximizing the fluid bypass area
around sleeve 42. Slip body 16 of barrel slip assembly 14 is also radially withdrawn to
assist removal from the interior of the tubing string.

~ As indicated above, the lock 10 may be set and later removed through use of a
running tool 100 which sets ("_.runs") the lock.I'O, and a pzflling tool 200 which removes
("pulls") a set lock 10. In a preferred Mple@ethion, either of these tools may be
suspended within tubing string 11 by a wireline or slickline 190. Because of the tool’s
preferred self-contained nature, a monoﬁlamént lim_:, or "slickline" is preferred._

FIGS. 6 and 7 illustrate in partial vertical section upper and lower portions of an
exemplary running tool 100 of an apparatus according to the present invention.
Running tool 100 includes a working assembly, indicated generally at 101, and a power
assembly, indicated generally at 102. Power assembly 102 includes a housing assembly
104 which comprises suitably shaped and connected ggnerally tubular housing members.
An upper portion of housing assembly 104 includes an appropriate mechanism to facilitaté
coupling of housing 104 to a conveying member such as slickline, coiled tubing, or
po#sibly wireline. Housing assembly 104 -also includes a selectively replaceable clutch
housing 114 as will be described later herein, which forms a portion of a clutch 'assembly
145. |

Power asse‘mbly 102 includes a self—contained. power sourée, eliminating the need
for power to be supplied from an e*terior source, such as the sﬁrface. A‘preferred power
source comprises a battery assembly 106. In one preferred embodiment, battery assembly

106 comprises a pack of 18 C-cell type alkaline batteries.



| . FIT |
Wi thin a subterranean wel |l bore, conprising: a. alo k? s ¢8R | pck
assenbly conprising, 1) a mandrel assenbly, 2) an adtu t| n “assetm
carried by said nandrel assenbly, said actuation asge ' 'a
plurality of |ongitudinally novabl e nenbers nnvableiln response to a
predeterm ned force, said actuation assenbly f ur t hereemprsi-rm—+rst—and

second general |y opposed notched - 28 -

Power assembly 102 further includes a force generatiné and transmitting assembly,
indicated genérally at 110. Force generating and transmitting assembly prefefably
includes a i)C electric motor 108, coupled through a gear box 109, to a jackscrew
assembly 110. In a particularly preferred embodiment, a plurality of activation
mechanisms 121, 122 and 123, as will be described, will be electrically coupled in series
between battery assembly 106 and electric motor 108. |

Electric motor 108 may be of any suftable type. However, for the embodiment as
described herein, a motor operating at 7500 rpm .in unloaded condition, and operating at
approximately 5000 rpm in a loaded condition, and having a horsepower rating of
approximately 1/30&1 of a horsepower has been found satisféctory. In the same
particularly preferred embodiment, motor 108 is coupled through a gear box 109 which
provides approximately 5000:1 gear reduction. Gear qu 109 is coupled through a
conventional drive .assembly 115 to jackscrew assembly 110.

Suitable commercially available motors include Globe type BD-DC motors such as
the A-2400 motor available from Globe Motor Division of Precision Mechaniq}le Labinal, -
2275 Stanley Ave., Dayton, Ohio 45404, (513; 228-3171. Also suitable are BD and BL
DC permanent magnet planetary gearmotors such as the A-2430 motors from Globe
Motors. Jackscrew assembly 110 is preferably a conventional assembly, such as those
manufactured and sold by Warner Electric Brake & Clutch Co. of South ﬁeloit, Illinois
61080, (815) _389-.377‘1 as model R-1105 Ball Screw. This jackscrew assembly includes a
threaded shaft 111 which moves longitudinally, at least initially, in response to rotation of
the sleeve assembly 112. In this preferred embodiment, threaded shaft 111 will be 2 5
| pitch shaft. Threaded shaft 111 includes a threaded portion 117, and a generally smooth,

polished lower extension 150. Threaded shaft 111 further includes a pair of generally



retention nmenbers, said notched retention nenbers arr aaged—oT %;{'Eg '
| ongi tudi nal novenent relative to said nandrel assenbl yREﬁLA%EMéﬁ grr

operatively coupled to said actuation assenbly, said agtgatTon assenblyy
including a plurality of generally opposed wedge assenpl {eg po{éé;ﬁe%ﬁ?f o*-
rel ative | ongitudinal novenent, said slip assenbly conpriising a generajly
conti nuous body nenber having a plural+t29 of

diamétrically opposed keys 125 which cooperate with a clutch block 128 which is coupled
to threaded shaft .

Clutch housing 114 includes a pair of diametrically opposed keyways 126 which

extend along at least a portion of the possible length of travel of housing 142. Keys 125

" extend radiaily outwardly from threaded shaft 111 through clutch block 128 to engage
each of keywajs 126 in clutch housing 142 thereby preventing rotation of threaded shaft
111 relative to housing assembly 114.

As will be a;;preciated by those skilled in the art, rotation of sleeve assembly 112
will cause threaded shaft 111 and clutch block 128 to move longitudinally upwardly
relative to housing assembly 114f Abovc a certain level within clutch hoﬁsing 142, is
-indicated generaliy at 140, clutch housing 114 includes a relatively.enlarged internal
diameter bore 146 such that moving clutch block 128 above lével 140, removes the
outwardly extending key 125 from beihg_ restricted from rotational movement.
Accordingly, continuing rotation of collar assembly 1.12 will cause Ioﬁgitudinal movement
of threaded shaft 111 until such time as clutch block 128 rises above level 140, at which
time rotation of sleeve assembly 112 will also result in free rotation of threaded shaft 1.11.
By virtue of this result, clutch assembly 145 serves as a safety devic_e to prevent burn-out
of the electric mbtor, and also serves as a stroke limiter.

In pmfengd embodiments, running Fool 100 incorporates one or more activation
assemblies which enable the jack-screw 110 to operate upon the occurrence of one or
more predetetmined condiﬁons. This is particularly desirable when the tool is employed
to run a lock as the activation assembliés help insure that the lock is not inadvertently set

at an improper location in the tubing string. Setting tool 100 preferably includes a
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froma first, relatively retracted position, to a secopd |vjeﬁﬁ&é§§
ext ended position, said anchoring slips novable in respofjse to novenen
sai d opposed wedge
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plurality of activation assemblies and most preferably will include each of the three
activation assemblies as discussed below.

The activation assembly may comprise timing circuitry 121 of a type known in the
éri which is adapted to provide power from battery source 106 to electric motor 108 and
gear box 109 and therebj( to jack-screw 110 after passage of a predetermined amount of
time. Further, running tool 100 may include an activation assembly including a pressure-
sensitive switch 122 of a type generally know;n in the art which will operéte to provide
power from battery source 106 to electric motor 108 and- gear box 109 and thereby to
jack screw assembly 110 once the switch 122 reaches a depth at which it encounters a
predetermined amount of hydrostatic pressure within the tubing string. Further, run_ning
tool 10 will preferably include an accelerometer 123, sensiti?e to vertical motion of |
setting tool 100. Accelerometer 123 may be combined with timing circuitry 121 such that
when motion is detected by the accelerometer 123, the timing ciréuitry 121 is reset. If so
éohﬁgured, the activation assembly would operate to provide power from battery source
106 to jack-screw 110 after the accelerometer 123 detects that running tool 100 has
remained supstamially motionless within the tubing string for a predetermined -amount of
time.

Also depi_cted in FIG. 7 is a working asserhbly 101 of the

"running tool 100. Working assembly 101 includes an actuation

assembly 151 which i_s coupled through housing assembly 104 of power aésembly 102 to
-be movable therewith. Actuation assembly 151 includes an outer sleeve member 154
which is threadably coupled at 152 to housing assembly 104 of power assembly 102.
Working assembly 101 also includes a connecting sub 131 which is threadably coupled at

158 to a lower end of the otherwised polished portion 150 of threaded shaft 111.
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Connecting sub 131 facilitates seating of working assembly 101 adjacent cngagcmcnt
member 86 of block 10, and the securing of working assembly 101 to engagement
member 86 through use of shear pins 130. Shear pins 130 are adapted to shear and.
disconnect' lock 10 from running tool 100 upon application of a predetermined shear load.
The predetermined shear load should gene'r;ally corrcspbrid to an amount slightly greater |
than that rcéuircd to move the barrel slip assembly 14 and packing assembly 40 into their
expanded diameter conditions. When running'.to'ol 100 is coupled to lock 10 through
engagement 6t’ shear pin 130 with connecting sub 131 and engagement member 86, the
placement of outer sleeve 154 will be adjusted su:ch that the lower proximate end 162 of
sleeve 154 contacts compression member 54 of lock 10. The described running tool 100
is configured to permit an extended duration setting sequence for a downhole lock.
Preferably, the mr;ning tool is configured sucﬁ that the tool’s setting sequence réquires
more than one minute of setting time to move portions of the lock to an expanded
diameter condition from a reduced diameier condition. Optimally, sctt_i_ng times over five
minutés will be obtained. In embodiments as described herein, wherein the travel of

* compression block 54 du.ring. the setting sequence will be 2.25 inches (57 cm) on the order of
setting times between 6 and 20 minutes have been observed.

Running tool 100 is adaptéd to cooperate with lock 10 so as to move éacking
assembly 40 and barrel slfp assembly 14 from reduced diameter conditions to expanded
diameter cbnditions by cngageme-nt_ of outer sleeve 151 with axial compression member
54 of the lock 10 and the exerting of axial force upon compression member 54 by
downward axial movement of outer member 151 with respect to lock 10. Accordingly, as
will be appreciated from the above discussion, actuation of motor 108 by activation

assemblies 121, 122 and 123, and the resulting longitudinal movement of threaded screw
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retention menbers of said actuation assenbly, said pRCKTAg assenblly povabl e

fromthe first relatively retracted position to a setopd, Bl 4897ve) v

extended position in response to converging |ongitudlnal novenent bf| said

notched retention nenbers, said packing assenbly further conprising at

| east one annul ar reinforcing nmenber disposed aroupd the el astonericlsleeve
to resist axial extrusion of the elastome32 ¢ sl eeve; and b. a running tool
rel easabl){ coupled to said | ock l_gsserrbly, t hat

11 will cause a relative downward movement of housing assembly 114 and outer sleeve
© 154 relative to lockl 10. This relative downward movement will shear shear pins 55
securing compression member 54 in an initial, unactuated, position relative to central
mandrel 30 and will thereby cause the previously described compression and radial
expansion of packing assembly 40 and ;hc-: longitudinal movement of annular wedges 24
and 26.

Referring now to FIGS. 10A and 10B, .therein is depicted an exemplary pulling
tool 200 in a method according to the present invention. Pulling tool 200 may again be
suspended by either wireline or slickline. Pulling tool 200 preferably comprises a power
assembly identical 102 to t_hat described relative to running tool 100 with the single
exception that clutch housing 142 of power assembly 102 will be interchanged for a .
‘clutch housing '220, as will be described in_mpre detail later herein.

Working assembly 201 includes an inner member assembly 250 which is
threadabjy coupled at 258 to a lower proximate end of threaded shaft '1_11. Inner member -
assembly 250 isa generally elongated member which will extend through central bore 19
of. lock 10. Inner ﬁember assembly 250 includes an engagement shoe 205 goup]ed to its
lower ﬁroxi.mate end. Engagement shoe 205 includes a plurality.of generally radially
extendiﬁg memi:ers 207 which faCilitatc;. inner member assembly 250 contacting pressure
bypass sleeve 94 and lower annular engagement surface 82 in 2 manner wt_;ich will be
described later higrein. | Working assembly 201 also includes a collet assembly 208 w.hich'
is retained by an outer housing assembly 210. Outer housing 210 is again threédably
coupled at 152 to power tool 1027

Clutch housing 220 is similar to that described relative to clutch housing 114 of

running tool 100; with the exception that, because clutch block 228 will travel
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downv./ardly relative to threaded shaft 111 during operation of pulling tool 200, the
relatively enlarged relief bore 238 will be provided toward a lower end of clutch housing
220, rather than toward an upper end as described relative to clutch housing 114.
Accordingly, in the manner similar to that'p;eviously described relative to clutch housin'g"
114, the clutch assembly which acts a stroke limiter upon longitudinal movement effected
by power assembly 'IOQ-, and which further prevents damage to poWer assembly 102
through uncontrolled actuation.

When it is desired to utilize pulling tool 200 to remove lock 10 from its set
engagement with the tubing string, pulling tool 200 will be lowered into the tubing string
to the point at which lock 10 has been placed. The inner member assembly 250 and
collet assembly 268 are inserted within lock 10 and release mandrel assembly 72 until
outer housing 210 contacts engagement membér 86. At this point collet fingers 224 will
be below the level of upper member engagement surface 80. During this insertion
engagement shoe 205 will engagé pressure bypass sleeve 94, and move it to a relatively
downward position as depicted in FIG. 11C. Movement of pressure equalization sleeve
94 establishes a flow path through pressure equalization port 97 and up through central
boré 19 of lock 10. C_entral bore 19 will then communicate, through the slots defining
coliet fingers 224 with an uppér bypass port 230 in outer housing 210 of pulling tool 200
to facilitate pressure equalization acrc_os# loqk iO 50 as to thereby facilitate removal.

Preferably, thé above ciescribed acti\-ration assemblies of power assembly 102 will
then be automatically actuated, 6:‘ Qill be caused to actuate to initiate operation of jack-
sémv.v assembly 110 in the manner previously described herein. As described previously,

in the operation of pulling, power assembly 102 will be arranged to impart a generalty



4) an electric notor contained wthi n inset hoysi ng assenbly, sai d el ectric

not or operatively coupled to said activation assgnbly—for—TEC sai d
el ectrical signal from said power - 43 - sour @ﬂmﬁﬁﬁ?ﬁw&s e of said
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downWardly directed movement of threaded screw 111 reltive to housing-assembly~104

rather than relatively upward movement as described relative to running tool 100.

As threaded screw 111 and associated inner member assembly 250 move
downWardly lower contact member 205 will travel to engage lower annular engagement
surface 82. Further, the inner extensions 254 of collet enlargements 253 are displaced
from residence in recess 206 in inner member assembly 250. The outer extensions 255 of
collet enlarg.ements.253 thereby engage upper internal annular surface 80 thereby securing
the lower end of expansible connector 252, and thereby pulling tool 200, to upper section

74 of release mandrel assemblj 72.

Continued axial movement of threaded shaft 111 and inner member assembly 250
will result in lower engagement member 205 engaging lower internal annular surface 82
applying increased axial load across release mandrel assembly 72. Continued movement
of inner member 250 will eventually cause the opposing’ engagements of outer portion 255
with annular surface 80 and engagement member 205 with lower member surface 82 o
exerr sdfﬁcient axial tensiori upon release mandrel 72 to cause it to seperate, causing axial )
Spacing of upper and lower sections 74, 76. FIGS. 11A-11C illustrate tool 200 following |
downward axial movement of inner member 250 and extension of reiease mandrel 72.

Upon extension of release mandrel 72 compression energy stored in spring
assembly 90 is released and lock 10 is returned to a reduced diameter condition.
Elastomeric'sleeve 42 is axially drawn, as previously described by notched members 50
and 52 to a reduced diameter condition. Fdrther, wedges 24 and 26 are permitted to

move divergently to return barrel slip assembly 14 to a reduced diameter condition.



condition; 5) a jack-screw assenbly operati velzy :
notor, said jack-screw assenbly including at |e s NEnehS Rtgf nber and
one | ongitudinally novable nenber, said |ongituadi 19 @g‘ﬂb bg er

- movabl e in response to rotation of said rotatablle henber 6993 viabl e
menber operatively arranged to said |ock actuatijpn aﬁ,brﬂﬂ‘f/

relative |ongitudinal novenent of said=r3nming tpol housing as

By virtue of the engagements of annular shouldel
and outer portion 255 of enlargement 253 with internal ring seat 80, lock 10 becomes
affixed to pullin,t; tool 200. As pulling tool 200 is raised, thereby raising upper section
74 of release mandrel assembly 72, and thereby outer mandrel 30, snap ring 64 will |
engage .recess 66 in outer mandrel 30 to provide a mechanical lifting shelf to support the
remaining elements of lock 10 during removal. Lock 10 may then be removed from the
well by withdrawal of pulling tool 200. - :

The pulling tool 200 offers an optional emergency release feature by which collet
assembly "208 may be disconnected from the working assembly of tool 200 in the event
that the lock 10 is functioning improperly or cannot be returned to its reduced diameter
condition. As shown in FIGS. 10A and 11A, a shear pin 260 affixes the upper portion of
collet assembly 208 with respect to outer housing 210. Upon severance of the shear pin
260 by movement of collet assembly 208 with respect to outer housing 210, the collet
assembly 210 becomes disconnected from tool 200. In this manner, lack 10 is released
from its affixation to pulling tool 200. Tool 200 may then be removed from the tubing
string. The shear pin 260 should be adapted to shear in response to a predete.m_lined

- shear load generally corresponding to an amount of force greater than that required to
move the barrel slip assembly 14 and pa;cking asseinb.ly 40 into their expanded diameter

conditions.



notor. 15. A packing elenent for use in a
actuation assenbly, substantially as herein descr to
Figure 2A, or Figures 9A 9B, and 9C of the acco 6.
A packing assenbly for a plug nenber substantiall S
reference to Figure 2A or Figures 9A -9 and 9C of} tihe acco
dr awi ngs.

CLAIMS:

1. A packing element for use in a well lock having an actuation assembly,

said packing element comprising an elastomeric sleeve having generally opposeq
axial end portions and a generally annular central portion adapted to be
compressed and radially extruded, said central portion being of a genérally softer
elastomeric material than said axial ends, each axial end portion having 2 lip
adapted to engage a generally complementary notched member on said well lock
actuation assémbly, said lips extending in generally opposed directions, and further
comprising at least one annular réinforcing m_ember disposed around the

elastomeric sleeve to resist axial extrusion of the elastomeric sleeve.

2. A packing assembly for a plug member adapted for use in a
subsurface w_e-l |, said packer assembly comprising: |
a. an actuation assémbly having first and second generally opposed,
and relatively longitudinally'movable, notched merpbers; and
b. a substantially elastomeric sleeve having generally opposed axial
end portions aqd a generally annular central portion adapted .to be.
compressed and radially extruded, said central portion being of a
generally softer elastometric material than said axial ends, said sleeve
being coupled at one axial end to said first notched member, and
being coupled at the other axial end to said second notched member,
said actuation assembly being operable to compress said elastomeric
sleeve and to urge said elastomeric sleeve toward an expanded
diameter condition, and further adapted to apply axial tension to said
elastomeric sleeve and to urge said elastomeric sleeve tdward a
reduced diameter condition; and |
c. at least one annular reinforcing member disposed around the
elastomeric sleeve to resist axial extrusion of the elastomeric sleeve.

3. A retrievable well lock adapted for use within a tubular member within

* [ L M S *




17. A retrievable well |ock substantially as herein described in
Figures 2A and 2B, or Figures 9A, 9B and 9C, or F ule % EH‘
acconpanyi ng draw ngs. 18. A retrievable @S@ V%‘EI ck
substantially as herein described with referenc 0] |—| gures Z2A and 2B, or
Figures 9A, 9B and 9C, or Figures 11A, 11B and }1¢ gf ythéCd@bnpanying -
drawi ngs. 19. An assenbly for set31rg a nippleless |ock
substantially as herein described with referenc¢ t0 tTheé acconpanyifng

drawi ngs. , g bterranean well, said lock comprising:

a. amandrel assembly;
b. an actuation assembly carried on said mandrel assembly, said
actuation assembly comprising generally longitudinally opposed, and
relatively longitudinally movable, annular wedges; |
¢c. a slip assembly coupled to said mandrel assembly, said slip
assembly operable between a relatively reduced diameter state and
a relatively expanded diameter state, said slip assembly comprising
a generally circumferentially continuous, radially variable body
having a pair of longitudinally opposed ends, said variable body
having a plurality of radialfy displaceable anchoring slips, said
anchoring slips formed by a plurality of interleaved slots entending into
said body from said opposed axial ends, said anchoring slips
operatlvely coupled to said movable annular wedges so as to be
radially displaceable in response to relative longitudinal movement
between said longitudinally movable wedges; and
d. a packing assembly, said packing assembly comprising an -
~ elastomeric sleeve arranged to be axially compressed to an expanded
diameter condition by said actuation assembly, said sleeve further
coupled to said actuation assembly and arranged to be axially drawn
to a reduced diameter condition after said expanded diameter
condition wherein it is maintained under divergent axial tension said
sleeve having generally opposed axial end portions and a generally
annular central portion adapted to be compressed and radially .
extruded, said. central portion being of a generally softer elastometric
material than said axial‘énds, whereby said central portion has a
greafer deformability than said axial end portions, said packing
assembly further comprising at least one annular reinforcing member
disposed around the elastomeric sleeve to resist axial extrusion of the
elastomeric sleeve.

* c L M S *
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4, A lock according to claim 3,' wherein said actuation assembly further
comprises a pair of relatively longitudinal movable notched members which

engage opposing axial ends of said elastomeric sleeve and which may be moved
divergently to axially draw the sleeve to a reduced diameter condition and maintain

the sleeve under divergent axial tension.

5. A lock according to claim 3 or 4, wherein the lock further comprises
an outer mandre! disposed within the barrel slip assembly and the packing element
in a generally coaxial relation and an axial compression member disposed around
portions of the outer mandrel, said axial compression member adapted to be axially
displaced along the outer mandrel and exert axial compression upon the packing

element and the barrel slip assembly.

6. A lock according to claim 5, wherein said axial compression member
forms a first of said movable notched members, and wherein a first of said annular

wedge assemblies forms the other of said movable notched members.

7. A lock according to claim 6, further comprising a2 one-way motion
restrictor interconnecting the outer mandrel and axial compression member, said
one-way motion restrictor limiting axial displacerhent of the axial compression
member to motion toward the packing assembly and barrel slip assembly so that
portions of the lock are maintained in an expanded diameter condition.

8. A lock according to clairh 56 or 7, wherein the lock further cdmprises
an extensible release mandrel disposed through the lock within said outer mandrel,

said release mandrel adapted upon extension to release the packlng assembly and
the barrel slip assembly from the expanded diameter condition.

9. A lock according to claim 8, wherein the extensible release mandrel
comprises severable elements.

T
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10. A lock according to claim 9, further comprising a spring 'assembly_
disposed about the release mandrel, said spring assembly coupled as to be

compressible upon expansion of the packing element and the barrel slip assembly.

11. A retrievable packer-type well lock adapted to be disposed within é
tubing string, said lock comprising:
a. abarrel slip assembly operable between a reduced diameter, and
an expanded diameter condition; -
b. a packing assembly comprising a substantially elastomeric sleeve
having generally opposed axial end portions and a generally annular
_central portion adapted to be compressed and radially extruded, said
central portion being of a generally softer elastometric materiél than
said axial ends, whereby said central portion has a greater
deformability than said axial ends, said sleeve being operable
between "an expanded diameter condition and a reduced diameter
condition, said packing assembly further comprising at least one
annular reinforcing member disposed around the elastomeric sleeve
to resist axial extrusion of the elastomerié sleeve; and |
c. an extensible release mandrel disposed through the lock; said
release mandrel adapted upon extension to release the packing
assembly and the barrel slip assembly from the expanded diameter
condition. |

12. A method of running a nippleless lock in a subterranean tubular
member, comprising the steps of: _

a.. providing a lock assembly comprising,
15 an actuation assembly;
2) aslip assembly coupled to said actuation assembly; and
3) a packing assembly comprising a substantially elastomeric
sleeve having generally opposed axial end portions and a
generally annular central portion adapted'to be compressed and

TTLLLE
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radially extruded, said central portion being of a generally sﬁﬂ'ér

elastomeric material than said axial ends, whereby said central
portion has a greater deformability than said axial ends, said slip
assembly and said packing assembly each operable between a
first relatively reduced diameter condition and a second, relatively .
expanided, condition, said packing assembly further comprising at
least one annular reinforcing member disposed around the
elastomeric sleeve to resist axial extrusion of the elastomeric
sleeve,
b. providing a running tool comprising a 'power assembly, and a
working assembly, said working assembly comprising at least one
movable member;
c. coupling said running tool to said lock assembly to form a
severable.unit, with said movable member of said operating tool
a'rfanged to be at least engageable with said actuation assembly
of said lock assembly, said operating tool 'being affixed to said lock
assembly to be selectiVely removable therefrom;
d. placing the running tool and lock assembly uﬁit within said tubular
member to place said lock assembly at a depth at which it is desired
to actuate said lock assembly; and
e. actuating said power assembly to operate said working assembly
and to move said movable member to cause actuation of said
" actuation assembly and the resulting setting of said slip assembly and

said packing assembly within said tubular member.

A method of pulling a packer-type wellbore lock from within a

tubing string usiﬁga manipulating tool capable of engaging and exerting force

upon portions of the lock in at least two directions, said lock having an extensible

release .r_nandrel and having a packing assembly comprising a substantially

elastomeric sleeve having generally opposed axial end portions and a generally

annular central portion-adapted to be compressed and radially extruded, said

.o® [ L M H] *
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central portion being of a generally softer elastomeric material than said axial

ends, whereby said central portion has a greater deformability than said axial
“ends, said packing assembly further comprising at least one annular reinforcing
member disposed around the elastomeric sleeve to resist axial extrusion of the
elastomeric sleeve, said method comprising the steps of:

-a. placing the tool within the tubing string proximate the lock and '
contacting the lock with the manipulating tool in an operable
relation;

b. operating the manipulatihg tool to exert force upon portions of
the lock such that the extensible release mandrel is extended to
permit the packing assembly of the lock to move from an expanded
diameter condition to a reduced diameter condition; and

c. removing the tool and lock from the tubing string.

14. An assembly for setting a nippleless lock within a tubular member
within a subterranean wellbore, comprising:
- a. alock assembly, said lock assembly comprising,

1) a mandrel assembly, _

2) an actuation asserﬁbly carried by said mandfel assembly,
said actuation assembly comprising a plurality of |
longitudinally movable members movable in response to a
predetefmined force, said actuation assembly further
comprising first and second generally opposed notched
retention members, said notched retention members
arranged for relative longitudinal movement relative to said
mandrel assembly, .

3) aslip-assembly opératively coupled to said actuation |
assembly, said actuation assembly including a plurality of
generally opposed wedge assemblies adapted for relative
longitudinal movement, said slip assembly comprising a
generally continuous body member having a plurality of
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radially extensible anchoring slips, said ar{gmringilips

movable from a first, relatively retracted position, to a
second, relatively extended position, said anchoring slips
movable in response to movement of said opposed wedge
assemblies of said actuation assembly, and
4) a packing assembly, said packing assembly comprising an
elastomeric sleeve, said elastomeric sleeve including a
generally central portion adapted to be compressed and radnally
extruded, and two relatively opposed axial portions said central
portion being of a generally softer elastomeric material than
said axial ends, each axial end portlon including a notched lip,
each said notched lip engaging a selected one of said notched
retention members of said actuation assembly, said packing
assembly movable from the first relatively retracted position to a
.second, relatively extended position in response to converging
longitudinal movement of said notched retention members, said -
packing assembly further comprising at least one annular
reinforcing member disposed around the elastomeric sleeve to .
resist axial extrusion of the elastomeric sleeve; and
b. a running tool releasably cbupled to said lock assembly, that
running tool comprising,
1) a housing assembly;
2) a power source comprising at least one battery within said
housing assembly;
3) an activation assembly operatively coupled to said power
source said activation assemb!y operable to convey an
electrlcal signal from said power source upon occurrence of at
least one predetermined condition;
4) an electric motor contained within inset housing assembly,
said electric motor operatively coupled to said activation
aSsembqy for receiving said electrical signal from said power

AR
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source upon occurrence of said at least one predetermined
condition; '

5) ajack-screw assembly operatively coupled to said electric
motor, said jack-screw assembly including at least one rotatable
member and one longitudinally movable member, said |
longitudinally movable member movable in response to rotation
of said rotatable member, said movable member operatively
arranged to said lock actuation assembly to establish relative
longitudinal movement 6f safd running tool housing assembly
relative to said lock actuation assembly upon actuation of said

electric motor.

15. A packing element for use in a well lock having an actuation
assembly, substantially as herein described with reference to Figure 2A, or

Figures 9A, 98, and 9C of the ac:.compénying drawings.

16. A packing assembly for a plug member substantially as herein
described with reference to Figure 2A or Figures 9A, 9B and 9C of the

accompanying drawings.

17. A retrievable well lock substantially as herein described in Figures
2A and ZB or Fxgures SA, 9B and 9C, or Figure 11C of the accompanying
drawings. '

18. A retrievable packer-type well lock substantially as herein
described with reference to Figures 2A and 2B, or Figures 9A, 9B and 9C, or
Figures 11A, 11B and 11C of the accompanying drawings. '

19. " An‘assembly for setting a nippleless lock substantially as herein
described with reference to the accompanying drawings.
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ABSTRACT

- IMPROVED PLUG OR LOCK FOR USE IN OIL FIELD
TUBULAR MEMBERS AND AN OPERATING SYSTEM THEREFOR

A retrievable well lock for use within a-
subterranean tubular member has a packing assembly having a
substantially elastomeric sleeve (44) which may be axially
compressed into an expanded diameter condition against the
interior surface of a surrounding tubing string. Axial ends
(46,48) of the sleeve (44) are configured to engage _
generally matching notched members (50,52) on either side of
the sleeve which, by divergent axial movement, axially draw
the sleeve to a feduced diameter condition and maintain the
sleeve under divergent axial tension. A barrel slip
assembly (14) of the lock has a radially variable body (16)
with a continuous circumference. The body’'s axial ends are
adapted to fixedly engage portions of the lock such that the
body is capable of transmitting an axial tensile load across
its length, The body contains substantially lengthwise
slotted portions (20) which pefmit radial expaﬁsion-of the
radially variable body. The lock may be emplaced and set at
substantially any point wi;hin the tubing string and is '
operable between an expanded diameter condition and a
reduced diameter condition. A downhole power tool is
described which may be adapted to emplace ("run") or remove

("pull") the lock from the tubing string. ~
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