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WELLBOPE LOCK SYSTEM AND METHOD OF USE

The present invention relates generally to wellbore lock

I'l'bore: and nore

systems and to methods and apparatus for their use in tubular
members disposed within a wellbore; and more particularly relates
to such wellbore lock systems of a design particularly useful in
relatively large or "full bore" applications.

Many types of locks are known fof use in engaging tubular
members within a wellbore, and for facilitating flow cohtrol
operatlons or the placement of other equipment in the wellbore
Of particular interest are’ wellbore locks which can engage a
relatively large, or "full bore", nipple within.g string of
casing or other tubular member (such as tubing, drill string,
work string, etc.). A current trend in the drilling of wells is
that of "slim hole drilling", which entails the drilling of the
smallest diameter hole which is feasible. The subsequent

* performing of operations in such an operatioh requires that ahy
restrictions in the casing, such as seal bores, nipples, etc.,
be minimal, and that the largest possible bore be maintained
through the tubular string.

Typically, locks are zrun into the wellbore on either
wireline or slickline. To facilitate this running-in process,
it is desirable that the lock configuration provide minimal drag
against the tubular string as the lock is inserted within the
string. It is also desirable that the lock be capable of being
set relatively simply, and therefore relatively inexpensively.

Conveﬁtional locks suitable for full bore applications,
however, have included engagement members (commonly known as

"latching dogs"), which will locate recesses within a profile or
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thereby engaging the recesses as the latching dogs pass
through the profile. Additionally, such conventional locks
typically include stationary sealing elements, such as
conventional chevron-type sealé, which will sealingly engage
the profile. However, locks with such a sealing arrangement
inherently require a reduced diameter section within the
profile to facilitate establishing a sealing engagement with
the lock, and thereby present an undesirable flow
restriction within the tubular string.

Accordingly, the present invention provides a ﬁ%w
lock system and method of its use which includes a lock
which includes selectively radially extendable engagement
members, and radially expandable sealing elements, thereby
facilitating optimal use of the lock in full bore
environments.

According to one aspect of the present invention,
there is provided a lock which comprises a housing assembly;
an actuation assembly operatively associated with sSaid
housing assembly and movable in relation to said housing
assembly; at least one engagement member coupled to said
housing assembly, said engagement member being movable from
a first position wherein said engagement member is
substantially radially retracted relative to said housing
assembly, to a second position wherein said engagement
member is operatively extended relative to said housing
assembly; and a sealing assembly coupled to said housing
assembly, said sealing assembly comprising an expandable
seal element and an expandable backup member, said seal
element and backup member each having an interior surface,
said seal element operatively associated with said actuation
assembly to facilitate radiai expansion of said interior
surfaces of said seal element and séid backup member upon
predetermined movement of said actuation assembly.

According to another aspect of the present
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ful'l bore apPLnggggngh assembly of tubular members disposed in a
wellbore and to selectively engage a profile including
recesses installed within said tubular member assembly,
which lock assembly comprises a housing assembly; an
actuation assembly operatively coupled to said housing
assembly in longitudinally movable relation thereto; a
plurality of engagément members operatively coupled to said
housing assembly, said engagement members movable from a
first position wherein said engagement members are
substantially radially retracted relative to said housing
assembly and facilitate traversal of said lock through sk&id
tubular member assembly,’fg a second position wherein said
engagement members are operatively extended relative to said
housing assembly to operatively engage said recesses in said
profile; an annular seal element operatively associated
with said housing and said actuation assembly, said annular
seal element movable from a first condition wherein the
exterior diameter of said seal element facilitates the
traversal of said lock through said tubular member assembly,
to a second condition wherein the exterior diameter of said
seal element is expanded to sealingly engage said profile,
said association of said seal element with said actuation
assembly configured to establish expansion of the interior
and exterior diameters of said seal element through
longitudinal movement of said actuation assembly relative to
said housing assembly.

In a particularly preferred embodiment, the
actuation assembly will be, at least in part, longitudinally
movable relative to the housing assembly, and will extend at
least partially therein. The lock includes at least one
engagement member operatively coupled to the housing
assembly which is movable from a first position, which is
relatively radially retracted relative to the housing, to a
second position, where thé engagement member is relatively

radially extended relative to the housing assembly. 1In a
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dragging against the interior sidewalls of the string, while the

second, relatively radially extended, position allows the lock

to selectively mechanically engage a profile within the tubular

string to facilitate mechanically securing the lock in position.

The lock assembly also includes a sealing assembly which

includes a seal element which is operated by expanding the
internal diameter of the seal element, resulting in expansion of

the external diameter. In,o%e preferred embodiment, expansion

will be accomplished throuéﬂ use of an actuation sleeve which

includes a first section having a first diameter, and a second

position having a second, larger diameter. 1In this preferred
implementation, in an unactuated position, the first, relatively

smaller, diameter of the actuation sleeve will radially underlie

the seal element, and allow the seal element to remain in a
relatively relaxed, and therefore unexpanded, state. The
actuation sleeve may then be moved to a second position, wherein

the second, relatively larger, section will underlie the seal

element, with the second section being cooperatively sized and
configured to cause expansion of the intérnal diameter of the

seal element, thereby urging the outer surface of the seal

element into engagement with a profile. In one particularly
preferred embodiment, the lock will include a sealing assembly

which includes not only at least one expandable seal element, but

also may involve one or more expandable backup member generally

adjacent to the seal element and formed of a material adequate

to prevent undesirable extrusion of the seal element. This
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control line and the interior of the lock assembly. In a
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further preferred implementation of this embodiment, the
lock will be coupled to a surface controlled, flow control
device, such as, for example, a subsurface safety valve,
thereby facilitating control of the flow control device
through lock 10.

In order that the invention may be more fully
understood, embodiments thereof will now be described, by
way of example only, with reference to the accompanying
drawings, in which:

Figs. 1A-B depict one exemplary embodiment of lock
in accordance with the present invention, illustrated in an
operative attachment to an exemplary running tool, and
disposed within a tubular string including a nipple.

Figs. 2A-B depict the latch member actuation
portion in varying stages of actuation; depicted in Fig. 2A
with latch members 24 in a "locating" position; and depicted
in Fig. 2B in a locked position.

Figs. 3A-B depict the lock of Fig. 1 in an
actuated position.

Fig. 4 depicts the latch member actuation sleeve
of the lock of Fig. 1 in greater detail, illustrated

partially in obligque section.
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Figs. 6A-B depict an alternative embodiment of backup ring
suitable for uée with the present invention.

Figs. 7A-B depict the backup ring of Fig. 6 installed in an
operational relation on a lock; depicted in Fig. 7A in an
unexpanded state; and depicted in Fig. 7B in an expanded state.

Figs. 8A-D depict an alternative embodiment of a lock in
accordance with the present_iqvention, depicted in a cqmbination
with a subsurface safety véive forming an equipment string in
accordance with the present invention.

Fig. 9 depicts an alternative embodiment of a dual sealing
arrangement in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings .in more detail, and
particularly to FIG. 1, there is depicted an exemplary 1lock
assembly, indicated generally at 10, in accordance with the
present invention. Lock 10 is depicted coupled to an exemplary
running tool 100 in an exemplary operating application. Lock 10
and running tool 100 are depicted within a casing. string 11
including a nipple 120.

Lock 10 includes a mandrel assembly, indicated generally at
12, a housing 14, and a lower sub 16. Mandrel assembly .12
includes a coupling sub 18 which is threadably coupled at 20 to .
an internal mandrel 22. Mandrel assembly 12 extends generally

coaxially with, and partially within, housing 14.
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wherein sard slTeeve 1s proximate the or each engagenent nmenber to secure
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that said sealing assenbly further conprises an expandabl e backup nenber
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actuati on asseffdnds generally coluerantiestlilon redserlviey toaijnbernal mandrel
| ongi tudinally novable in relation to said housing assenbly.
22, and in slidable relation thereto. Actuation sleeve 28
includes a first portion of a first diameter 29 and a second
portion of a second larger Qigmeter 31. A shoulder 33 is fdrmed
at the transition betweeﬁ; the first -énd second portions.
Actuation sleeve 28 further includes a plurality of“longitudinal
grooves 35, each in registry with a respeqtive latch member 24,
with each groove 35 having a bottom surface configured to form
a radially extending detent portion 30 proximate its lower end.
Actuation sleeve 28 further includes a generally annular recess
32 which is engageable with an external locating shoulder 34
formed on internal mandrel 22.
Each actuation spring 26 includes a retaining tab 36 which
engages a recesé 38 in housing 14. Each actuation spring 26 then
includes a central "dog leg" portion, indicated generally at 40,
including two bends 42 and 44, forming an actuation surface
shoulder 46. Each actuation spring 26 terminates in an extension
48 which extends into a central aperture 50 of each latch member
24, and which is engageable with a generally radially inward tab
52 and a relatively radially outward shoulder 54. The

interaction of extension 48 with tab 52 and shoulder 54 allows

actuation spring 26 to selectively urge latch member 24 radially
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An inner sleeve 54 is threadably coupled at 56 to housing
14. Inner sleeve 54 has a generally upwardly extending annular
portion 58 which includes a longitudinal groove 60 therein. A
generally lower portion 62 of inner sleeve 54 defines a portion
of the internal bore through lock 10. Lower sub 16 is threadably
coupled at 64 to inner sleeve 54, and includes an upwardly
extending annular portion 66 which cooperates with housing 14 to
define a sealing assembly rgtgntion recess, indicated generally
at 68. Housing 14, innef éleeve 54, and lower sub 16 also
cooperatively define an annular chamber. 70. A paéking element
actuation sleeve 72 is slidably retaihed within chamber 70.
Packing element actuation sleeve 72 includes a longitudinal
recess 74 which engages an actuation lug 76 coupled to inner
mandrel 22, and extending through longitudinal groove 60 in upper
portion 58 of inner sleeve 62.

Packing element retention recess 68 is an annular gap, which
facilitates the placement of a packing aséembly, indicated
generally at 78, around packer element actuation sleeve 72. 1In
one preferred embodiment, packing element assembly 78 will
include a generally annular elastomeric seal element 80, with a
solid, but radially expandable backup ring 82 on each side of
elastomeric seal element 80 in recess 68. In one preferred
embodiment, elastomeric seal element 80 will be a nitrile
element, of approximately 80-90 durometer. Also in one preferred
embodiment, each backup ring 82 will be a solid, but expandable,

element, such as may be formed of unfilled wvirgin
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In a preferred enbodi ment, the first position ﬂ,ﬁsstlgﬁﬁ rrenbers

position, a seal surface 86 will underlie and sealingly engage
a conventional O-ring seal 88a on annular extension 66 of lower
sub 16. Similarly, a conventi?nal O-ring seal 88b will sealihgly
engage the external surface;ef packing element actuation sleeve
72. Lock 10 will be designed to be placed within casing {(or
another tubular membert, having an internal diameter of 2.992
inches. In such application, a pFofile 122 will preferably have
a seal surface diameter of 2.855 inches (the landing nipple
inside diameter seal bore). 1In this embodiment, housipg 14 of
lock 10 will preferably have an external diameter of
approximately 2.83 inches. In this same preferred embodiment,
backup rings 82 will each have a nominal internal nonexpanded
diameter of approximately 2.310 inches and a nominal external
diameter of approximately 2.790. Elastomeric seal element 80
will preferably have a nominal internal diameter of approximately
2.250, and a nominal external diameter of approximately 2.810.
Annular recess 84, preferably has a diameter of approximately
2.265 inch, or .117 inch smaller than the outer diameter of the
remainder of packing element actuation sleeve 72.

As previously discussed, lock 10 is depicted coupled to an

exemplary running tool 100 of a type suitable for use in placing
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operatively coupled t Q assenbly, said enga e
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in the art. Accordingly, the structure and operation of running
tool 100 will be described here only briefly.

Running tool 100 includes a central mandrel assembly 102
telescopingly. retained relative to a housing 104. Central
mandrel assembly 102 is coupled through a shear pin 106, to inner
sleeve 54 of lock 10. Running tool 100 also includes a plurality
of nipple locating members ilu which will engage a lower shoulder
of a nipple, but will retract into recesses 108 of mandrel
assembly 102 upon relative movement of central mandrel assembly
102 relaﬁive to housing assembly 104.

As can be seen in Figure 1B, when lock 10 is in the running-
in position, coupling sub 18 and attached internal mandrel 22 are
in a relatively extended position relative to housing 14. 1In
this position, by virtue of the engagement of radially extending
shoulder 34 of internal mandrel 22 with annular recess 32 of
actuation sleeve 28, detent portion 30 of actuation sleeve 28 is
above dogleg portion 40 of actuation spring 26, thereby urging
extension 48 of actuation spring 26 generally radially inwardly.
Extension 48 contacts tab 52 of latch member 24 and maintains
latch member 24 relatively retracted relative to housing 14;
preferably retracted at least substantially within the outer
diameter of housing 14.

As running tool 100 runs up through the tubular string, and

through nipple 120 installed therein, nipple locator members 110
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relative to detente portion 30 of actuation sleeve 28. This

movement will preferably be relatively short, on the order of
.375 inch.This movement biases extension 48 of actuation spring
26 relétively outwardly, tﬂe;eby biasing latch members 24 to a
radially outward, but spring biased, position, as”depicted in
Figs. 2B and 3A-B. After such predetermined movement of running
tool mandrel assembly 102 relative to running tool housing 104
and associated nipple locator members ;10, nipple locator members
will retract into recesses 108 in mandrel assembly 102 and
facilitate movement of running tool 100 and lock 10 upwardly
through nipple 120. .
Accordingly, as upward movement is applied through running
tool 100, latch members 24 of lock 10 will retract to enter
nipple 120, but are spring biased outwardly, and will extend to
engage complimentary recesses 127 formed iﬁ nipple profile 122.
Latch members 124 and nipple profile 122 preferably have
complimentary tapered surfaces 124 which facilitate upward
movement of latch members 24 through nipple profile 122, but
which resist downward movement. 1In this preferfed embodiment,
nipple profile 122 includes two longitudinally spaced shoulders

which extend generally perpendicularly relative to the
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sleeve 62 and housing 14 relative to inner mandrel 22. As
mandrel assembly 12 moves dqwnwardly, relative to housing 14 and
the associated elements, detente portion 30 of actuation sleeve
28 comes to rest behind tab 52 in the lower proximate body
portion of each latch member 24 (or depicted in Fig. 2B), thereby
preventing retraction of latch member 24 relative to housing 14,
and thereby establlshlng'a.p031t1ve mechanical engagement of Ylock
10 with nipple profile 122.

Simultaneously with such motion, relativéiy downward

movement of inner mandrel 22, and associated actuation lug 76,
causes lower_surface'79 of lug 76 to engage an upper shoulder 77
of packing element actuation sleeve 72 to move it downwardly
relative to inner sleeve 62 and lower sub 16. This downward
movement causes reduced diameter recess 74l to be moved
longitudinally beneath lower seal 88a, and causes relatively
enlarged diameter portion 92 of packer element actuation sleeve
72 to be brought into registr& with packing élement assembly 78.
This positioning causes expansion of the internél diameter of
each backup ring 82 and of elastomeric seal element 80, thereby
further resulting in expansioﬁ of the outer diameter of each
component. This expansion facilitates establishing of a sealing
engagement between elastomeric seal element 80 and nipple 120,
with backup rings 82 being similarly expanded to avoid extrusion
of elastomeric seal element 80. The movement of packing element

actuation sleeve 72 concentrically to inner sleeve 54 facilitates



In one particularly preferred enbodi nent, the_l ock assel
sedal i ngrassenbly which includes not only at |
el ement, but also nay involve one or nore expa
general ly adjacent to the seal elenent and for. B
prevent undesirable extrusion of the g$eal el enent. -This

‘ ;@%{L_include a
Al e seal

renber
al ‘adequate to

inner sleeve 54 providing structural support for actuation sleeve
72 as it serves to expand packing element assembly 78. This
support facilitates ‘actuation sleeve 72 being formed as a
relatively thin annular component.

Referring now to Figs. 6A-D and 7A—B{,therein is depicted
an alternative embodiment of backup ring 140 in accordance with
the present invention. Backup ring 140 may be utilized in place
pf either or both of backup rings 82, formed of PEEK, as
described earlier herein. Backup ring 140 is a solid ring having
a circumferentially tapered (qr:"scarf") cut 142 therein. Backup
ring 140 is formed such thag in an unexpanded condition, as
depicted in Figs. 6C-D, relative ends 144 and 146 on either side
of tépered cut 142 will overlap, thereby establishing a reduced
diameter state of backup ring 140. Tapered cut 142 is oriented
to facilitate ends 144 and 146 moving toward an adjacent,
overlapping, relation When rin_g 140 is not subjected to an
expanding force. Backup ring 140 is also formed sudh that when
in an expanded condition, both - the ‘internal and external
diameters, 147 and 148, respectively are, or'closely'approximate,
perfect circular shapes. Such conformity assures that in an
operating environment, backup ring 140 will establish a uniform
backup surfacelfor an associated elastomeric seal (element 80 in
Fig. 1).

As depicted in Figs. 7A-B in an exemplary configuration,. a
reduced diameter portion 150 of an actuation sleeve 152 allows
ends 144 and 146 to overlap. Expansion of backup ring 140 around
a larger diameter section 152 causes backup ring 140 to assume

a planar, circular, shape.



backup material may al so be incorporated into thiThisSekHRIHR @y a8 one
pi'ece ub assenbly. The invention furthe “the use of
a lock assenbly having nore than one seal el emants,mnm M ,allly' spaced
relation to one another, and adapted to engage a n .cont r ol
line inlet therein. The spaced seal-elénments preferably Iie on opposed
sides of the port, and therehy facilitate fluid communication between a
control |ine aR&et h®TEREBLI o NFENEART o8l 89ssERBEGTPLRRSS f 8r t MEFPBFef 8Er ed
i mpl enentation of this enbodiment, the lock will be coupled tq a surface
COnt r of | eGOmBREUCEEr A TRIP CaLri chiBs f BETexBRReAcE, GbsHr PaTLPEapBty
val ve, thereby facilitating control, of the flaow.cantrqgl device thr.ough.l ock
o, ' ' MReERYp, T pRenRTaFRG Hel | by e Tt APEF Y PERgRiE LS
embodi Ment,LRcLERLantb! hQ{?%"ngfﬂﬁfr&% POl r£ %2000 600! ¥ralbt Br

reference to the acconpanyl

approximately 2.80 inches, and an outer diameter in an expanded
state of approximately 2.865 inches. Ring 140 in this embodiment
will have an internal diameter in an expanded state of
approximately 2.379 inch, and a thickness of approximately .010
inch. Backup ring 140 may be formed of any appropriate material
having a suitably low modulus of elasticity. In particuldrly
preferred embodiment, backupurang 140 will be formed of titanium,
because of both its relatively low modulus of elasticity, and its
suitability for use in hydrogen sulfide (H,S) environments.

Preferably, ring 140 will be machined with a slightly
oversized outer diéﬁeter and a slightly undersized internal
diameter. Once machine is a solid ring, tapered cut 142 will be
made into solid ring, typically removing approximately .032 inch
of material. Subsequently, the ring will be generally uniformly
compressed such that the external diameter decreases. This
compression will induce permanent deformation in the ring.
Subsequently, the ring may be expanded to where relative ends 144
and 146 are engaged, and ring 40 forms a continuous annular
member. The outer diameters and interior diameters will then
preferably be machined to finish diameters.

Referring now to Fig. B8A-D, therein is depicted an
alternative embodiment of a lock and full bore nipple in
accordance with the present invention, and incorporated in a

system with a surface controlled subsurface safety valve, in an



drawi ngs, in which: Figis. 1A-B depict Q0§ &R, %hggg)odl ment

of' l ock in accordance with the present invention,
mllam mwthln a
he | atch

operative attachnment to an exenplary running too_l

tubul ar string including a nipple. Figs.

menber actuation port lon in varying -stldges of act uat ion; depicted in Fig.
2A with latch nbers 24.in_a_.locating". 03|t|o d 2B
in a Iock@ﬁeBBSEWo conélguratlolffl 5? ch & ccor %% ‘9 tt%% Br?sgnt

eprct | oc
actuated posit Ri depi h tu 0
sl eeve of EPVS ?:0832 of ls “ﬁell gcnrog"a g? cEiIeltag%l gkiﬁ%%tlrrfgt g?'t [ ghéyﬂ?ﬁ

obli que SS%t'QHrface controlled subsurface safety valves, which are
operated through use of a hydraulic control line extending to the
surface has long presented a problem to the use of full bore
nipples. The complexity of providing a hydraulic fluid passage
from the surface, into the tubular member and subsequently to the
safety valve has required relatively restricted nipple
configurations. Figs. 8A-D depict a full bore nipple and lock
design, indicated generally'_at 160, in combination witkh a
subsurface safety valve, indiéated generally at 162.
Nipple 163 includes a seal bore 165 and a recessed profile
167. Seal bore 165 is in fluid communication with a central
fluid passage 167, which is coupled in a conventional matter to
a control line 169. Fluid to control the subsurface safety valve
will be applied through control line 169 in a manner known to
those skilled in the art. Lock assembly 164 operates in a manner
similar to that described relative to lock 10. The portion of
.lock 164 above actuation lug 76 is preferably essentially
identical to that as described relative to chk 10. Elements of
lock 164 which are essentially identical to those described
relative to lock 10 have been numbered similarly, and elements
which are functionally similar though possibly of a slightly
different configuration have beeh indicated with primes. As can
be seen in Fig. 4A, lock aséembly does not include a lower sub
16, but includes a coupling sub 166 which facilitates coupling
of lock 164 to subsurface safety valve assembly 162. Coupling

sub 166, housing 14, and inner sleeve 62 cooperatively define



- 8- Fig. 5 depicts the sealing assenbly OThiStSh&‘tHﬁkCHéexﬂie -
greatew detail, and in an actuated position, |aIIy |n
vertical section. Figs. GA-B depict an aI t gumg "mﬂ mant of
backup ring suitable for use with the present inve Figs. 7A-B

depict the backup ring of Fig. 6 instalbed in an : operational relation on a

Iock depicted in Fig. 7Ain_an , . , . .
an annular passage 70  within which packing element actuation

sleeve 172 may move. Coupling sub 166 and housing 14
cooperatively define a packing element retention recess 68~
housing packing element assembly 168. Packing element assembly
168 includes two seal assemblies 78a, 78b, each of which may be
essentially identical to seal assembly 78 of lock 10. Seal
assemblies 78a, 78b are separated in spaced relation by a ported
spacer ring 170, including, preferably, a plurality of ports 172
therethrough. Preferably, ported spacer ring will be formed of
virgin PEEK, as are backup riggs 162. %

As can be seen in Fié.;SB, packer actuation sleeve 172
includes two recesses 174, 176 which will underlie a respective
seal assembly 78a, 78b when lock 164 is in an wunactuated
position, but which will be Ilongitudinally offset from the
respective seal assembly 78a, 78b, when lock 164 is set within
nipple 163, as depicted in Figs. 8A-D.

As can be seen in Fig. 8B, packing element actuation sleeve
172 includes a port 178 proximate recess 174. When packing
element actuation sleeve 172 has been moved to an actuated
position, wherein sleeve operates to expand the internal
diameters of seal assembly 78a, 78b, port 178 provides £fluid
communication between control line 169 and contrbl fluid passage
167 to an internal chamber 180. Coupling sub 166 preferably
includes at least one fluid passage 182 which is in fluid
communicatidn with chamber 180.

When lock 164 is placed in the locked position, through
manipulation functionally identical to that described relative

to lock 10, packing element actuation sleeve 1727 will move



8A-D depict an alternative enbodi nent of a Iock | mnth t he
present invention, depicted in a conbination  safety
val ve form ng an equipnent.string in accordance wth the present. .

I nventi on. Fig. 9 depicts an &l tletrnative enbodinent of a dual sealing
arrangement in accordance with the present invention. eferrlng1

now to GAWDWArgRVnghD iPRSFAFR Hbtai Cherghy BXPRPEIRdr| fPEo HIESTH

there is depicted an exenpl ar
dlgmeters, and rrBere¥ore the external diameters, of each backup

unexpanded state; and depicted in Fig. 7B in anTe E ﬂ ?mmu. " Figs.

ring 82, and elastomeric seal elements 80 and 80 of seal

assemblies 78a, 78b. Ported spacer ring 170 is preferably formed
with an internal diameter larger than the outer diameter of

sleeve 178. Sealing engagement of elastomeric seal elements 80

with intermal surface 174 of nipple 161 establishes a fluid flow
path from port 176 in nipple 161, through passage 70" to fluid
passage 182 in coupling sub 166; This fluid passage then
communicates with pressure chgmber 174 in subéurface safety valve

162 to facilitate selective.cperation of piston sleeve 176 to
operate safety valve 162 in a conventional manner. ‘Briefly, so

long as fluid pressure is applied through central line 169 to

pressure chamber 174, piston sleeve 176 is maintained in a

relatively downward position where it retains flapper valve 184

in an open position, as depicted in Fig. 8B. If fluid pressure

is not applied to maintain piston sleeve 176 in this position,

return spring 188 will urge piston sleeve 176 upwardly, allowing
flapper valve 184 to close.

Subsurface safety valve 162 as depicted herein may be
substantially a Series 10 surface controlled subsurface safety
valve, as manufactured by Otis Engineering Corporation of Dallas,
Texas. The opération of such subsurface safety valves is well
known in the art.  The specification of U.S. Patent No.
4,834,183, issued May 30, 1989, to Michael B. Vizant, Craig D.
Hines, Rennie L. Dickson, and Robert C. Hammett, and assigned to
Otis Engineering is hereby incorporated herein by reference, as

an exemplary description of the structure and operation of such



assenbly,

i nvent i on.
an.exenpl ary operating application. Lock 10 and
depicted within a casing string 11 including a m

i ncludes a nandrel assenbly, indicated generally a

i ndi cated generally at 10, in accordance with the present

Lock 10 is depicted coupled-to an exemﬁSheeyHasrBsmﬂ beE‘ool 100 in
0 are -

Lock 10

ou5|ng 14, and

a | ower sub 16. Mandrel assenbly 12 “includes a coupllng sub 18- mhlch S
t hr eadabl y ac suplseda faice2@afet yavalveer nbt showlrd|be2 2.1 evaridr eindesstrsid) that
extends generally coaxially with,_and partially w thin, housing 14.

safety valve 162 1is merely one of many types of safety valves or
other surface controlled flow control devices known to the art
énd suitable for use in accordance with the present invention.

Referring now to Fig. .9A-B, therein is depicted an
alternative sealing arrangement 190 for a lock establishing a
flow path with a ported nipple. Sealing arrangement 190 is
similar to that depicted relative to lock 164. However, sealing
arrangement 190 has been modified to shorten the length of the
sealing assembly, thereby ﬁgcilitating the use of a packing
element actuation sleeve 19é ﬁaving'a single recess 194. Sealing
configuration 190 includes a packing element éssembly 193
including a central ported backup ring 196, with an elastomeric
seal element 80 on each side thereof, and with a backup ring 82
at each end. Ported backup ring 170 may be formed similarly to
backup rings 82, with the exception that ported space of fing
will preferably have an axial dimension of approximately 0.5
inch. Preferably, ported backup ring 196 will be formed of
virgin PEEK, as are backup rings 82. The operation of sealing
configuration 190 is similar to that previously described

relative to lock 10 and lock assembly 164.



- 9- _ Referring now also to Figs. 2, 3, 4. and 5, the pluralit of
engagerrent menbers, such as |atching menbers (orWh

ret-ained at  teast partially within a respective apert re h@ddSl ng 14.
Each latch r”'lﬂl:ull l“u Illﬂlml ned in an operatlve e to the
remai nder ofl “‘“\\ \m‘“

CLAIMS:

1. A lock which comprises a housing assembly (14); an

actuation assembly (28) operatively associated with said
housing assembly (14) and movable in relation to said
housing assembly (14); at least one engagement member (24)
coupled to said housing assembly (14), said engagement
member being movable from a first position wherein said
epgagement member is substantially radially retracted
relative to said housing assembly, to a second position
wherein said engagement member is operatively extended
relative to said housing. assembly, and a sealing assembly
(78) coupled to said hou51ng assembly, said sealing assembly
gomprising an expandable seal element (80) and an expandable
backup member (82), said seal element {80) and backup member
(82) each having an interior surface, said seal element
operatively associated with said actuation assembly to
facilitate radial expansion of said interior surfaces of
said seal element and said backup member upon predetermined

movement of said actuation assembly.

2. A lock according to c¢laim 1, wherein said
actuation assembly is longitudinally movable in relatiomn to

said housing assembly.

3. A lock according to claim 1 or 2, wherein said at
least one engagement member is movable from a first position
wherein said engagement member is radially retracted
substantially entirely within the outer diameter of said

housing assembly, to a second position.

4. A lock according to claim 1, 2 or 3, further
comprising a second expandable backup member coupled to said
housing assembly proximate said expandable seal element,
said expandable backup ring also operatively associated with

said actuation assembly to facilitate radial expansion of



actuation spring 26 and actuation sl eeve 28. Actua;TBE‘ETEEVE“28~ex%ends

general’ly concentrically relative to internal nandreﬂhﬁaﬁmﬂﬁﬁﬂahﬁcﬁhkdable

relation t here i on.s|l eeve 28 includes a fi ' 4
first dlaneterzﬂﬂl T EEngportion of a second | 31. A
shoul der 33 is L she«lransition Jetween the firs d.

portions. Actuation sleeve 28 further includes a plurality of IongitUdinaI
grooves 35, each in registry with a respective latch nenber 24, wth each
groove 35 hayJig, a bod teypisy friuh SN BH sk dd dedinlinets ikt etk iyt ext esli g

detent portion 30 proximate its | ower end.
actuation assembly.

5. A lock assembly adapted to traverse an assembly of
tubular members disposed in a wellbore and to selectively
engage a profile including recesses installed within said
tubular member assembly, which lock assembly comprises a
housing assembly; an actuation assembly operatively coupled
to said housing assembly in longitudinally movable relation
thereto; a plurality of engagement members operatively
coupled to said housing aSsembly, said engagement members
movable from a first position wherein said engagement ¥
members are substantiéll§:radially retracted relative to
said housing assembly and facilitate traversal of said lock
through said tubular_member assembly, to a second positiom
wherein said engagement members are operatively extended
relative to said housing assembly to operatively engage said
recesses in said profile; an annular seal element
operatively associated with said housing and said actuation
assembly, said annular seal element movable from a first
condition wherein the exterior diameter of said seal element
facilitates the traversal of said lock through said tubular
member assembly, to a second condition wherein the exterior
diameter of said seal element is expanded to sealingly
engage said profile, said association of said seal element
with said actuation assembly configured to establish
expansion of the interior and exterior diameters of said
seal element through longitudinal movement of said actuation

assembly relative to said housing assembly.

6. A lock assembly according to claim 5, wherein said
actuation assembly comprises a.first sleeve which is movable
from a first position to a second position, said sleeve
operatively coupled to said engagement members to facilitate
movement of said engagement members from said first,

substantially radially retracted position, when said sleeve



Actuation sleeve 28 further includes a generally annulaf~+e@ess__32_wnLgh_
I S engageabl ' cating shoul der 34 for I nt ernal

rondr el 22, ORI P 2 e s %EE W@
y

i ncludes a central ®ddg I"eg™ poértion, Lndicated general

two bends 42 and 44, form ng an actuation surface shoulder 46. Ea

actuation spring 26 termnates in an extension 48 which extends into a

central aperhdhBe?Oief igagshikatehsnepbeitid4, avdswhicheksnéngageable with

a generally radlall nmarg tgb e . D
perative ended position, when said sleeve member is in

said second position.

7. A lock assembly according to claim 6, wherein said
sleeve member is further movable to a third position wherein
said sleeve member is proximate said engagement members to

secure said engagement members in said operatively extended

position.

8. A lock assembly according to claim 5, 6, or 7,
wherein said actuation as§epbly comprises a packing elemént
actuation sleeve, said pécking element actuation sleeve
having a section of a first relatively smaller diameter
which is radially proximate said annular seal element when
said annular seal element is in said first condition, said
packing element actuation sleeve further comprising a second
secfion of a relatively larger diameter, which second
section is radially proximate said annular seal element when

said annular seal element is in said second condition.

9. The use of a lock as claimed in any of claims 1 to

8 with tubular members disposed in a wellbore.



5% qnq a relatively radially outward shoulder 54. The -interaction
of' extension 48 with tab 52 and shoul der 54 allows actuation spring 26.to
selectively urge latch nenber 24 radially - “This Sheet Has Been Replaced -

- 10- outwardly, as will be described later herein, and _ 1] %
l'atch menmber 24 in an operative relation.relative to hous | :

ABSTRACT

WELLBORE LOCK SYSTEM AND METHOD OF USE

A lock comprises a housing assembly (14); an
actuation assembly (28) operatively associated with said
housing assembly (14) and movable in relation to said
housing assembly (14); at least one engagement member (24)
coupled to said housing assembly (14),-said engagement
member being movable from a first position wherein said
engagement member is substantially radially retracted b
relative to said housingaagsembly, to a second position
wherein said engagement member is operatively extended
relative to said housing assembly; and a sealihg assembly
(78) coupled to said housing assembly, said sealing assembly
comprising an expandable seal element (80) and an expandable
backup member (82), said seal element (80) and backup member
(82) each having an interior surface, said seal element
operatively associated with said actuation assembly to .
facilitate radial expansion of said interior surfaces of
said seal element and said backup member upon predetermined

movement of said actuation assembly.

Figs. 1A,1B
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. . . . . . . \
actuation sleeve 72 is slidably retained wi thin chanber 70. P“Ckrﬂg“* -
el‘ement: actuation sleeve 72 includes a |ongitudinal ThﬂS&ﬂShZée d

engages an actuation lug 76 coupled to inner nandrel {ng
t hrough | ongi tudi nal groove 60 in upper 2pgrtion 58 of ﬂ 62.
Packi ng el enent retention recess 68 is an annul ar gap, ates
the placenent of a packing assenbly, indicated generally at 78, around
packer el enment actuation sleeve 72. In one preferred enbodi nent, packing
el ement assenbly 78 will include a generally annul ar elastigeric seal
el enent 80, with g : s
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solid, but radially expandabl e backup ring 82 on each side of elastoneric
seal” elrenent 80 in recess 68. In one preferred enbodinent, elastoneric
seal elenent 80 will be a nitrile elenent, of approximtely 80-90
durometer. Also in one preferred enbodi e, each backup ring 82 will-be a
solid, but expandable, elenment, such as nmay be formed of unfiILSd

virgin ‘This Sheet Has Been Replaced:
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pol yet her et her ketone ("PEEK"). For exanple, the material sold under the
trade nane of "Arlon 1000" by Greene, Tweed Engineered Plastics of
Hatfi el d, Pennsylvania, has been found satisfactory for this purpose.
Packi ng el enent actuation sleeve 72 i ncl udég€ an annul ar recess 74 which,
ina first, unactuated, position will underlie the elenents of packing

el enrent assenbly 78. Also in such first position,. a seal surface 86 wll
underlie and sealingly engage a conventional o-ring seal 88a on annul ar

extension 66 of |ower
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sub 16. Simlarly, a conventional o-ring seal 88b will sealingly engage

t he “external surface of packing el enent actuation sleeve 72. Lock 10 w |
be ‘desi gned. to be placed wthin casing Of, anot her tubul ar nenber),
having an internal dianeter of 2.992 inches (7.600 cn). In such
application, a profile 122 will preferably have a seal surface dianeter of
2.875 inches (7.302 cm (the landing nipple inside dianeter seal bore).

In this enbodi ment, housing 14 of lock 10 wll ©preferably have an
external dianeter of approximately 2.83 inches (7.19 cm. In this sanme
preferred enbodi nent, backup rings 82 wll each have a nom nal internal
nonexpanded

This Sheet

. iy llll 11}



di aneter of approxi mately 2.310 inches (5.876 cn) and a nom nal
Elastonerlc sea

diarreter of approximately 2.790 inches (7.087 cn).

80-wi || preferably have a nom nal
i nches (5.715 cn), and a nom nal externalggdganeter of apnfscpﬁéelmgs«ﬂ

inches (7.137 cm. Annul ar

i nt er nal

recess 84, preferably has a d
. 117 inch (0’29

approximately 2.265 inch (5.753 cm, or
remai nder of packlng eleneﬁt
| ock 10 is depicted coupled to an

the outer dianeter of the

72. As previously discussed,
exenplary running tool 100 of a type suitable for use in placing
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Runni rg- tool 100 includes a central mandrel assenbly 102 tel escopingly
retained relative to a housing 104. Central  mandrel assenbly 102 is
coupl-ed through a shear pin 106, to inner sleeve 54 of |ock 10. Running
tool 100 also includes a plurality of nippt€8locating nenbers 110 which
wi |l engage a | ower shoulder of a nipple, but will retract into recesses
108 of mandrel assenbly 102 upon rel ative novenent of central nandrel

assenbly 102 relative to housing assenbly 104. As can seen in
Figure 1B, when lock 10 is in the running- in position, coup ng sub 18
and attached internal mandrel 22 are A
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Whousmag 14. In this
~@xt2endi ng shoul der 34 of

i N a relatlvely ext ended pp5|t rabaet
p05|t|on by virtue of the: eﬂbagenﬁntaof

i nt ernal —wardeel—23 with anndl:aci-eces: ;giigdﬁ watior] sl eeve 28, detent
QH§19N3§WENT‘ Kt i on sIeeVe 284:8:7 & > | ’ pogtijon 40 of actuation
sipr. y [urging : exten54on 48» f agtyae_ h spning 26 generally
rpd aII EE ﬁly. ExtenSIon 48 cont actE <t ab SZ'Uf I'at dh menber 24 and
nai télng | at ch jmgnber 24 rel.ativel y. Letrachﬁqwrelat|ve to housi ng 14;

pf e t eld WELLB@REST.ORKIISYSTEM-AND |METHOD IOFnUSEhe_cut er  di anet er of
hpusi ng 14.

The present invention relates generally to wellbore lock
systems and to methods and apparatus for their use in tubular
members disposed within a wellbore; and more particularly relates
to such wellbore lock systems of a design particularly useful in
relatively large or "full bore" applicatioﬁs.

Many types of locks are known for use in engaging tubular
members within a wellbore, and for facilitating flow control
operations or the placement of other equipment in the wellbore.
Of particular interest are wellbore locks which can engage a
relatively large, or "full bore", nipple within.; string.of
casing or other tubular member (such as tubing, drill string,
work string;:etc.). A current trend in the drilling of wells is
that of "slim hole drilling", which entails the drilling of the
smallest diamete:. hole which is feasible. The subsequent
performing of operations in such an operation requires that aﬁyj
restrictions in the casing, such as seal bores, nipples, etc.,
be minimal, and that the largest possible bore be maintained
through the tubular string. | | |

Typlcally, locks are run into the wellbore on either
wireline or slickline. To facilitate this rﬁnning-in process,
it is desirable thét the lock configuration provide minimal drag
against the tubular string as the lock is inserted within the
st;ing. It is also desirable'ﬁhat the lock be capable of being
set relatively simply, énd therefore relatively inexpensively.

Conventional locks suitable fof full bore applications,
however, have included engagement members (gommonly known as

"latching dogs“), which will locate recesses within a profile or



As™running tool 100 runs up through the tubul a REPEAGEMENTdSHEBT)ugh ni ppl e

120 i nst al
- 13 - wil

novenent applied through the running tool 100, fthro

102, will
| ower sub

| ed therein, nipple |ocator nenbers

| engage a | ocat | ng shoul der 121 of i )pI urther upward
od’ g#%% 93? randr el

act through shear pin 106 to e>§e_rt a| generally—upuald] pull on

16, i nner sleeve 62 and

nipple by riding, or “dragging” against the interior of the tubular string as
the lock is placed in the wellbore, and thereby engaging the recesses as
the latching dogs pass through the profile. Additionally, such
conventional locks typically include stationary sealing elements, such as
conventional chevron-type seals, which will sealingly engage the profile.
However, locks with such a sealing arrangement inherently require a
reduced diameter section within the profile to facilitate establishing a
sealing engagement with the lock, and thereby present an undesirable flow
restriction within the tubular stfing.

In US-A-4116277 there is described a downhole assembly
comprising a lock assembly for a wellbore which comprises a housing
assembly; an actuation assembly operatively associated with said housing
assembly and movable in relation to said housing assembly; .at least one
engagement member coupled to said housing assembly, said engagemént
member being movable from a first position wherein said engagement
member is substantially radially retracted relative to said housing
assembly, to a second position wherein said engagement member is
operatively extended relative to said housing assembly; aﬁd. a sealing
assembly coupled to said housing assembly, said sealing assembly
comprising an expandable seal element having an interior surface, said
sealing assembly operatively associated with said actuation assembly to
facilitate radial expansion of said interior surface of said seal element
upon predetermined movement of said actuation assembly, wherein said
actuation assémbiy comprises a first sleeve which is movable from a first
position to a s&ond position, said sleeve operatively coupled to said
engagement members to facilitate movement of said engagement members.
from said first, substantially radially retracted position, when said sleeve
is in said first position, to said second, operatively extended position,

when said sleeve is in said second position.



heru5| ng 14. Thus, these conponents, as well as packi n;RMENECSHEET

sl'eeve 72,
relative to inner mandrel 22 and particularly relatlle
30 of actuation sleeve 28. This novenent will prefefa

short, on the order of 375 inch (0.952 ¢cn). This nov
extensi on 48 of ‘actuation spring 26 retati vel y outwajdly, thereby bi asj
| atch menbers 24 to a radially outward, but spring brasea, posrtTom—as

actuation spring 26 and | atch nenbers 24 m)ve upward] y

t
y be%??g |y

depicted in Figs. 2Bcsetdarg B oneraspestof the qiesentimezntioncthere isf

runni ng

"providedd fockSsseimbly 167 a Weflbore which Eomprises 2 howsiag @ 104
assembly; an actuation assembly operatively associated with said housing
assembly and movable in relation to said housing assembly; at least one
engagement member coupled to said housing assembly, the or each
engagement member being movable from a first position wherein the or
each engagement member is substantially radially retracted relative to
said housing assembly, to a second position wherein the or each
engagement member is operatively extended relative to said housing
assembly; and a sealing assembly coupled to said housing assembly, said
sealing assembly comprising an expandable seal element having an
interior surface, said sealing assembly operatively associated with said
actuation assembly to facilitate radial eXpansion of said interior surface of
said seal element upon predetermined movement of said actuation
assembly, wherein said actuation assembly comprises a first sleeve which
is movable from a first position to a second position, said sleeve -
operatively coupled to the or each engagement member to facilitate
movement of the or each engagement member from séid first, substantially
radially retracted position, when said sleeve is in said first position, to
said second, operatively extended position, when said sleeve is in said
second position, characterised in that said sleeve is further movable to a
third position wherein said sleeve is proximate the or each engagement
member to secure the or each engagement.member in said operatively
extended position, and in that said sealing assembly further comprises an
expandable batkup member having an interior surface, said interior
surface of the backup member being arranged to radially expand upon said
predetermined movement of said actuation assembly.

The actuation assembly may be longitudinally movable in

relation to said housing assembly.



and associ ated ni ppl e | ocator nenbers 110, nipp &EMMENHME wi

retract into recesses 108 in mandrel assenbly 1p2[and TaCI 1T novenment
of running tool 100 and |l ock 10 upwardly throupgh n|1pp 1196

Accordingly, as upward novenent is applied through runni ng ?o I 100, latch
menbers 24 of lock 10 will retract to enter nipp e {spring

bi ased outwardly, and will extend to endage cophpli nent ary recessies 127.
formed in nipple profile 122. Latch nenbers 12Z—andTmipptreprofile 122
preferably have corflidé aeeteh\engageaent menfleranay e niovablé foomi a first

upwar d

position wherein said engagement member is radially retracted
substantially entirely within the outer diameter of said housing assembly,
to a second position.

| The lock assembly may further comprise a second expandable |
backup member coupled to said housing assembly proximate said
expandable seal element, said second expandable backup member also
operatively associated with said actuation assembly to facilitate radial
expansion of both said backup members upon predetermined movement of
said actuation assembly. ,

In a preferred embodiment, the first position of the
engagement members facilitates the movement of the lock assembly
through a tubular string while minimizing dragging against the interior
sidewalls of the string, while the second, relatively radially ext’ended,
position allows the lock to selectively mechanically engage a profile
within the tubular string to facilitate mechanically securing the lock in
position. _ ‘

The lock assembly also includes a sealing assembly which.
includes a seal element which is operated by expanding the internal
diameter of the seal element, resulting in expansion of the external
diameter. In one preferred embodiment, the actuation assembly includes a
packing element actuation sleeve which includes a first section having a
first diameter, and a second section haviﬂg a second, larger diameter. In
this preferred implementation, in an unactuated position, the first,
relatively smaHer, diameter of the actuation sleeve will radially underlie
t_he seal element, and allow the seal element to remain in a relatively
relaxed_, and therefore unexpanded,'state. The actuation sleeve may then
be moved to a second position, wherein the second, relatively larger,

section will underlie the seal element, with the second section being
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rmve"rrent of latch nmenbers 24 through ni ppl e profi 24

downward novenent. In this preferred enbodi nent nif.gbw{?%i le {122
i ncludes two |ongitudinally spaced shoul ders whi¢ geperal ly

perpendicularly relative to the _
- 14 - longitudinal axis of nipple prof_ isl_e 12p. Once lock 10 i s} engaged

cooperatively sized dnd configured to cause exparsion of the internal
diameter of the seal element, thereby urging the outer surface of the seal
element into engagement with a profile.

According to another aspect of the present invention, there is
provided a lock assembly adapted to traverse an assembly of tubular
members disposed in a wellbore and to selectively engage a profile
including recesses installed within said tubular member assembly, which
lock assembly comprises a hou'sing assembly; an actuation assembly
operatively coupled to said housing assembly in longitudinally movable
relation thereto; a plurality of engagement members oper-atively coupled
to said housing assembly, said engagement members movable from a first
position wherein said engagement members are substantially radially
retracted relative to said housing assembly and facilitate traversal of said
lock through said tubular member éssembly, to a second position wherein
said engagexﬁent members are operatively extended relative to said
housing assembly to operatively engage said recesses in said profile; an
annular seal element operatively associated with said housiﬁg and said
actuation assembly, said annular seal element movable from a first
condition wherein the exterior diameter of said seal element facilitates the

- traversal of said lock through said tubular member assembly, to a second
condition wherein the exterior diameter of said seal element is expanded
to sealingly engage said profile, said association of said seal element with
said actuation assembly configured to establish expansion of the interior
and exterior diameters of said seal element through longitudinal
movement of said actuation assembly relative to said housing assembly,
wherein said actuation assembly comprises a first sleeve which is movable
from a first position to a second position, said sleeve operatively coupled
to said engagement members to facilitate movement of said engagement
members from said first, substantially radially retracted position, when

said sleeve is in said first position, to said second, operatively extended



vvith; ni pple profile 122, downward jarring applie€
100 facilitates rel ative conpression of |ower su

housing 14 relative to i nner mandrel 22. As ?Dgisﬁg’z
relative to housing 14 and t he asspc at1 d g, |detente

downwar dl y,
portion 30 of actuation sleeve 28 cones to res

- | ower proxi mate body portion of each batch nenper 24 (or depictdd in Flg

ZB) t her eby preventi ng retraction of latch ne
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sald sleeve is further movable to a third position wherein said sleeve is.

proximate said engagement members to secure said engagement members
in said operatively extended position.

The actuation assembly may comprise a packing element
actuation sleeve, said packing element actuation sleeve having a sectioq |
of a first relatively smaller diameter which is radially proximate said
annular seal element when said annul'ér seal element is in said first
condition, said packing element actuation sleeve further comprising a
second section of a relatively larger diameter, which second section is
radially proximate said annular seal element when said annular seal
element is in said second condition.

In one particularly preferred embodiment, the lock assembly
will include a sealing assembly which includes not only at least one
expandable seal element, but also may involve one or more expandable
backup member generally adjacent to the seal element and formed of a

material adequate to prevent undesirable extrusion of the seal element.

- This



Si nul t aneously with such.motion, relatively downmward novenent of inner

mandrel 22, and associ ated actuation |lug 76, Q?ﬁ%ﬁ;%—LgmeFésupLﬂ
| CEMENT A8k

lug 76 to engage an upper shoul der 77 of pac
72 to nove it downwardly relative to .inner sllegre—62—and-tower
This downward novenent causes reduced dianetdr jre gj -fo be
| ongi tudi nally beneath | ower seal 88a; and causqs ﬁgfég %Ry er
di ameter portion 92 of packer elenent actuatidn lsleeve 72 tolbe
into registry with packing el enent assenbly 7§4. This positionir
expansi on. of the internal dianeter of

backup material may also be incorporated into this se

element as a one piece sub assembly.

ce 79 of
i on sl eeve
sub 16.
noved
| ar ged
br ought
g causes
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'The invention further contemplates the use of a

lock assembly having more than one seal elements in

longitudinally spaced relation to one another, and adapted

to engage a nipple having a control line inlet therein. The

spaced seal elements preferably lie en opposed sides of the

port, and thereby facilitate fluid communication between a

control line and the interior of the lock assembly. In a

further preferred implementation of this embodiment,

the

lock will be coupled to a surface controlled, flow control

device, such as, for example, a subsurface safety valve,

thereby facilitating control of the flow control device

through lock 10.

In order that the invention may be more fully

understood, embodiments thereof will now be described

. by

way of example only, with reference to the accompanying

drawings, in which:

Figﬁ. 1A-B depict one exemplary embodiment of lock

in accordance with the present invention, illustrated

in an

operative attachment to an exemplary running tool, and

disposed within a tubular string including a nipple.

Figs. 2A-B depict fhe latch member actuation

portion inﬂvarying st&ges of actuation; depicted in Fig. 2Aa

with latch members 24 in a "locating" position; and depicted

in Fig. 2B in a locked position.
" Figs. 3A-B depict the lock of Fig. 1 in an

actuated position.

Fig. 4 depicts the latch member actuation sleeve

of the lock of Fig. 1 in greater detail, illustrated
 partially in oblique section.



each backup ring 82 and of elastoneric seal ele @&E&QCEWﬁﬁ{E@HEHﬁrther
resulting in expansion of the outer dianeter of gact—conpoment—Thi s
expansion facilitates establishing of a sealing Je aﬁﬁ6E¢‘€§7 er
el astoneric seal elenment 80 and nipple 120, wt 84 Rei ng
simlarly expanded -to avoid extrusion of- elastonerlic _seal elenedt |80. The
novenment of packing el ement actuation sl&eve 72 concentrically to i nner

sl eeve 54 facilitates
. Fig. 5 depicts the sealing assembly of the lock of Fig. 1

in greater detail, and in an actuated position, illustrated
partially in vertical section. |

Figs. 6A-B depict an alternative embodiment of backup ring
suitable for use with the present invention. _.

Figs. 7A-B depict the backup ring of Fig. 6 installed in an
operational relation on a lock; .depicted in Fig. 7A in an
unekpanded state; and depicted iﬁ Eig. 7B in an expénded state.

Figs. 8A-D depict an alternative embodiment of a lock in
accordance with the present invention, depicted in a combination
with a subsurface safety valve forming an equipment string in
accordance with the present invention.

Fig. 9 depicts an -alternative embodiment 6f a dual sealing

arrangement in accordance with the present invention.

Referring now té the drawings in more _detail, and
particularly to FIG. 1, there is depicted an exemplary lock
assembly, indicated generally at 10, " in accordance with the
present invention. Lock 10 is depicted coupled to an exemplary
running tool 100 in an exémplary operating application. Lock 10
and running tool 100 are depicted withig a casing string 11
including a nipple 120. |

Lock 10 %ncludes a mandrel_assembly, indicated generally at
12, a housing 34, and a lower sub 16. Mandrel assembly 12
includes a coupling sub 18 which is threadably coupled at 20 to
an internal mandrel 22. Mandrel assembly 12 extends generally

coaxially with, and partially within, housing 14.



i nner sl eeve 54 providing structural support foRERUACEMENT SHEEE 72 as it
T

serves to expand packing el enent assenbly 78.
actuation sleeve 72 being fornmed as a relativel
Referring now to Figs. 6A-D and 7A-B, therein i
enbodi ment of backup ring 140 Backup ring 140

support— Tladi | i tates
Y| tB Pégnybpr cdnponent .
an &l tlernati ve

lin place of

either or both of backup rings 82, formed of PFEEK, as describegd earlier

herein. Backup ring 140 is a solid ring having

Referring now also to Figs. 2, 3, 4, and 5, the plurality
of engagement members, such.as_latching members (or "dogs") 24
are each retained at leaét partially within a respective aperture
25 in housing 14. Each latch member 24 is retained in an
operative relation relative to the remainder of lock 10 by an
actuation spring 26 and actuation sleeve 28. Actuation sleeve
28 extends generally concentrically relative to internal mandrel
22, and in slidable relation éhereto. Actuation sleeve 28
includes a first portion of a first diameter 29 and a second
portion of a second larger diameter 31. A shoulder 33 is férmed
‘at the transition between the first and second portions.
Actuation sleeve 28 further includes a plqrality of"longitudinal
grooves 35, each in registry with a respective latch member 24,
with each groove 35 having a bottom surface configured to form
a radially extending detent portion 30 proximate its lower endﬁ
Actuation sleeve 28 further includeé a generally annular fecess
32 which is engageable with an external locating shoulder 34
formed on internal mandrel 22. .

Each actuatzon sprlng 26 zncludes a retaining tab 36 which
engages a recess 38 in housing 14. Each actuation spring 26 then
includes a central "dog leg" portion, indicated generally at 40,
.-including two bends -42 and 44, forming an actuation surface
shoulder 46. Each actuation spring 26 terminates in an extension
48 which extends into a central aperture 50 of each latch member
24, and which_is engageable with.a generally radially inward tab
52 and a relatively radially outward shoulder 54. ‘The
interaction of extension 48 with tab 52 and shoulder 54 allows

actuation spring 26 to selectively urge latch member 24 radially



a circunferentially tapered (or "scarf") cut 142 RF ' Trﬁ ng 140
Is fornmed such that in an unexpanded condition, ks| depicted in JFijgs. 6C D,
rel ati ve ends 144 and 146 on either side of tapered1 DECAQ9%i 1]l jover| ap,
t hereby establishing a reduced dianeter state of packup ring 140.f Tapered
cut 142 is oriented to facilitate ends 144 and [146 noving d |an

adj acent, overlapping, relation when r+nd 240 ils_not subjected td an
expanding idtfardie s Wind bd0dsscAlida ' RIEH el "and'Bslo £8 Alka
expanded condition, both the internal and extern aneters, a nd
148, respedidbat ynember @4 ¢hoag! dpaayivrd MRIlALion relative to hous:Lng 14.

An inner sleeve 54 is threadably coupled at 56 to housing
14. Inner sleeve 5S4 has a generally upwardly extending annular
portion 58 which includes a longitudinal groove 60 therein. A
generally lower portion 62 of inner sleeve 54 defines a portion
of the internal bore through lock 10. Lower sub 16 is threadably
coupled at 64 to inner sleeve 54, and includes an upwardly
extendir;g annular portion 66 which cooperates with housing 14 to
define a sealing assembly retent_ion recess, indicated generally
at 68. Housing 14, inner sleeve 54, and lower sub 16 also
cooperatively define an annular chamber 70. A paéking element
actuation sleeve 72 is slidably retained within chamber 70.
Packing element actuation sleeve 72 includes a longitudinal
recess 74 which engages an actuation lug 76 coupled to inner
mandrel 22, and extend:mg through longitudinal groove 60 in upper
portlon 58 of inner sleeve 62.'

Packing element retention recess €8 is an annular gap, which
facilitates the  placement of a packing asseﬁbly, indicated
generally at 78, -eround packer eiemen-t actuation sleeve 72. In
one preferred embodiment, packing element assembly 78 will®
include a generally annular elastomeric seal element 80, with a
solid, but radially expandable backup ring 82 on each side of
elastomeric séal element 80'iﬁ recess 68. In one preferred
embodiment, elastomeric seal element 80 will be a nitrile
element, of approximately 80-90 durometer. Also in one preferred
embodiment, each backup ring 82 will be a solid, but expandable,

element, such as. may be formed of wunfilled virgin



perf‘e_ct circular shapes.” Such conformty assures REHLAGEMENT Sf& i ng

envi ronnent, backup ring 140 will establish a unifofm backup Sur e for

an associ ated el astoneric seal (elenment 80 in Fip. 1?-7DEC 1963 icted in

Figs. 7A-B in an exenplary configuration, a redufced dianeter porftijon 150
ansi on

of an actuation sleeve 152 allows ends 144.and 146 -
of backup ring 140 around a |arger di amet]er1 sectj on 152 causes bagkup ring

140 to assyukeBnBr-aPALrk&EEAY! FHpERRAPE: For e:.cample, the material sold

under the trade name of "Arlon 1000" by Greene, Tweed Engineered

‘Plastics of Hatfield, Pennsylvania, has been found satisfactory
for this purpose.

Packing element actuation sleeve 72 includes an annular
recess 74 which, in a first, unactuated, position will underlie
the elements of packing element assemBly 78. Also in such first
position, a seal surface 86 will underlie and sealingly engage
a conventional O-ring seal 88a on annular extension 66 of lower
sub 16. Similarly, a conventional O-ring seal 88b will sealingly
engage the external. surface of packing elemeﬁt a,ctuat_:ion sleeve
72. Lock 10 will be designed. to be placed within casing (or
another tubular me.mber)', having an internai diameter of 2.992
inches_(7.600 c'x_ﬁ). In such application, a profile 122 will preferably have
a seal surface diameter of 2.875 inches (7.302 cm) (the landing nipple
inside diameter lgeal bore). In this embodiment, housing 14 of
lock 10 will preferably. .--have ~an external - diameter of
approximately 2.83 inches (7.19 cm). In this same preferred embodiment,

- backup rings 82 _will eaqh have a nominal internal nonexpandea

diameter of approximately 2.310 inches(5.876 cm) and a nominal external
diameter of approximately 2.790 _irig:hes (7.087 cm). Elastomeric seal element
80. ‘will ' preférably have a nominal internal_diameter of approximately
2.250 iriches (5.715 cm), and a nominal external diameter of approximately 2.810 inches
(7137 cm). Annular recess 84, preferably has a diaﬁéter of approximately
2.265 inch .(5.753 cm), or .117.inch (0.297 ¢m) smaller than the outer diameter of the
remainder of packing element’ actuation sleeve 72.

As previously discuséed, lock 10 is depicted coupled to an

exemplary running tool 100 of a type suitable for use in placing
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- 16 - An exenpl ary backup ring wll h IS
constructed to have a final outer dianeter in a fel axﬁ@@ﬁ@ff
approximately 2.80 inches (7.11 cm, and an outelf dia ’'f"an{ expanded

state of approximately 2.865 inches (7.277 cnm. R ng—140.in thjs|efrbodi nent
wi |l have an internal dianeter in an expanted st ate of

lock 10 within a well. Running tool 100 will preferably be of

a éonventional design such as the model R running tool
manufactured by OTIS Engineering Corporation of Dallas, Texas.
The use of the model R running tool is familiar to those skilled
in the art. Accordingly, the structure and operation of running
tool 100 will be described here only briefly.

Running tool 100 includes a central mandrel assembly 102
telescopingly retained relativg to a housing 104. Central
mandrel assembly 102 is coupled through a shear pin 106, to inner
sleeve 54 of lock 10. Running tool 100 also includes a plurality
of nipple locating members 110 which will éngage a lower shoulder
of a nipple, but will retract into recesses 108 of mandrel
assembly 102 upon relative movement of central mandrel assembly
102 relative to housing assembly 104.

As can be seen in Figure 1B, when lock 10 is in the running-
in position, coupling sub 18 and attached internal mandrel 22 are
in a relatively extended positién relative to housing 14. 1In
this position, by virtue of _the engagement of radié.lly extending
shoulder 34 of internal t_naﬁdfel 22 with annular recess 32 of
actuation sleeve '28, detent portion 30 of actuation sleeve 28 is
above dogleg portion 40 of actuation spring 26, thereby urging
extension 48 of actuation spring 26 generally radially inwardly.
Extension 48 contacts 'tab 52 of latch member 24 and maintains
latch member 24 relatively retracted relative to housing 14;
preferabiy retratted at least substantially within the outer
diameter of housing 14. ' -

As running tool 100 runs up through the tubular string, and

through nipple 120 installed therein, n.ippie locator members 110



approximately 2.379 inch (6.043 cm, and a thi ckrej ¢ly .010
Lnch (0.025 cm. Backup ring 140 nay be fornmed of 30&_5 pét,lr ﬂraterlal
having a suitably | ow nodulus of elasticity. In garft i 4 )1 7pr ferred
enbodi nent, backup ring 140 will be fornmed of titlajium becausejoff both
its relatively | ow nodulus of elasticity, and itd suitability forjuse in
hydr ogen sul fide (H2S) ‘environnents. - 1¥referdably —ring 140 willl be
machi ned Wil cengaget by losabisio cshoulder dlaketd wippke si2ght | yFurther
undersi zed internal diameter, Once nmachine is a solid ring, tapered cut
142 will M@WREee movement | apPiked EhEPegh| fheeryaniggaseodxilil el Shroah
i nch (0.081

ntrpal mandrel 102, will act through shear pin 106 to exert a
generally upward pull on lower sub 16, inner sleeve 62 and
housing 14. Thus, these components, as well as packing element
actuation- sleeve 72, actuatibn spring 26 and latch members 24
will move upwardly relative to inner mandrel 22 and particularly
relative to detente portion 30 of actuation sleeve 28. This
movement will preferably be relat'ively' short, on the order of
-375 inch (0.952 cm).  This movement biases extension 48 of actuation spring
26 relatively outwardly, thereby biasing latch members 24 to a
radially outward, but spring biased, positioh; as depicted in
Figs. 2B and 3A-B. After such predetermined movement of running
tool mandrel -assembly 102 relative to running tool housing 104
and associated. r_:.ipple locator members 110, nipplg locator members
will retract into. recesses 108 in mandrel assembly 102 and
facilitate movement of running tool 100 and lock 10 upwardly
through nipple 120

Accordingly, as upward movement is applied through running
tool 100, latch members 24 of lock 10 will retract to enter
nipple 120, but are spring biased outwardly, and will extend to
engage complimentary recesses 127 formed in nippie profile 122.
Latch members 124 and nipple profile 122 preferably have
complimentary tapered surfaces 124 which facilitate .upward
movement of latch members 24 through nipple profile 122, but
which resist downward movement. In this preferred embodiment,
nipple profile 122 includes two longitudinally spaced shoulders

which .extend generally perpendicularly relative to the



REPLACEMENT SHEET

of rfateri al . Subsequently, the ring will be general|
such that the external dianeter decreases. Thi s nf?ﬁg%n@? I I nduce
per manent deformation in the ring. Subsequently,|{th bej ekxpanded

to where relative ends 144 and 146 are engaged, fn| ( _
continuous annular nenber. The outer diameters apd interior dianeters wll
then preferably be nmachined to finish di amdéers.
Fig. 8A-Dlonglieudinali axidegt ctigpleaproghiter {44 Ve adicrens iof eﬁgggga
and full bore nipple in accordance with the present invention, and |

i ncor por at ¥dthnngpple profile 122, downward jarring applied through running

tool 100 facilitates relative compression of lower sub 16, inner
sleeve 62 and housing .14 relative to inner mandrel 22. As
mandrel assembly 12 moves downwardly, relative to housing 14 and
the associated elements, deténte portion 30 of actuation sleeve
28 comes to rest behind tab 52 in the lower proximate body
portion of each latch member 24 (or depicted in Fig. 2B), thereby
preventing retraction of latch member 24 relative to housing 14,
and thereby establishing d positive mechanical engagement of lock
10‘ with nipple profile 122.

Simultaneously with such motion, relativeiy downward
movement of inner mandrel 25, and associated actuation lug 76,
causes lower surface 79 of lug 76 to engage an upper shoulder 77
of packing element actuation sleeve 72'_ to move it downwardly
relative to inner sleeve 62 and lower sub 16. This downward
movement causes reduced diameter recess 74 -to be moved
longitudinaliy beneath lo.vwér seal 88a, and g:aus.es relativelf
enlarged diameter portion 92 of packer element actuation sleeve
72 to be brought into iegistr‘ir with pa.cking elemeht assembly 78.°
This positioning causes expansion. of the internal diameter of
each backup ring 82 and of elastomeric seal element 80, thereby
further resulting in expansion of the outer diameter of each
component. This expansion facilitates establishing of a sealing
engagement between elastomeric seal element 80 and nipple 120,
with backup'rings 82 being similarly .éxpanded to avoid extrusion
of elastomeric seal element 80. The movement of packing elemerit_

actuation sleeve 72 céncentrically to inner sleeve 5S4 facilitates



sysfemwith a surface controll ed subsurface safety
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art, the use of surface controlled subsurface saf et p\g chl are
operated through use of a hydraulic control |ine px enrh ng.to thel

has long presented a problemto the use of fgull b

pr e

sur f ace

inner sleeve 54 providing structural support for actuation sleeve

72 as it serves to expand packing element assembly 78.

This

support facilitates actuation sleeve 72 being formed as a
relatively thin annular component.

Referring now to Figs. 6A-D and 7A-B, therein is depicte_d
an alternative embodiment of backup ring 140 fa—accordance—with-
Wﬁ Backup ring 140 may be utilized in place
of either or both of backup rings 82, formed of- PEEK, as
described earlier herein. Backup ring 140 is a solid ring having
a circumferentially tapered (or "scarf") cut 142 therein. Backup
ring 140 is formed such that in an unexpanded condition, aé
depicted in Figs. 6C-D, relative ends 144 and 146 on either side
of tapered cut 142 will overlap, thereby establishing a reduced
diameter state of backup ring 140. Tapered cut 142 is oriented
to facilitate ends 144 and 146 moving toward an adjacent,
overlapping, -relation when ring 140 is not ubjgcted to an
expanding force. Backup ring 140 is also 'formed such that when
in an expanded condition, both the internal and external
diameters, 147 and 148, respectively are, or closely approximate,
perfect circular shapes. Such conformity assures that in an
operating environment, backup ring 140 will establish a uniform
backup surface for an associated elastomeric seal (element 80 in
Fig. 1).

As depicted in Figs. 7A-B .in an exemplary configuration, a
reduced diameter portion 150 of an actuation sleeve 152 allows
ends 144 and 146 to overlap. Expansioh of backup ring 140 around
a lai'ger diameter section 152 causes backup ring 140 to assume

a planar, circular, shape.



ni p}f)l es. The conplexity of provi di ng a hydraulic flui-d passage..fromthe

surface, into the tubular nenber and subsequentl| REPLACEMN QHEET\ al ve

has required relatively restricted nipple cqnfp-guratt-ens: $. 8A-D
depict a full bore nipple and | ock design, indig qg(ﬁ/ 1t 160, in
conbination wwth a subsurface safety valve, indi C’teag@gﬁé lylatf 162.

Ni ppl e 163 includes a seal bore 165 and 36recessqd |profile 163al $eal bore
165 is in fluid communication with a central fluid passage 167, wjich is
coupled in a conventional matter to a control | ilne169—~di-d—to6—C€O0Nntrol
t he subsurface safety val ve

An exemplary backup ring will be described which -is

constructed to have a final outer diameter in a relaxed state of
approximately 2.80 inches (7.11 cm), and an outer diameter in an expanded
state of approximately 2.865 incheé (7.277 cm). Ring 140 in this embodiment
will have an internal diameter in an expanded state of
approximately 2.379 iInch (6.043 cm), and a thickness of approximately .010
inch (0.025 cm). Backup ring 140 may be formed of any appropriate material
having a suitably low modulus of elasticity. In particularly
preferred embodiment, backup ring 140 will be formed of titanium,
because of both its relatively low modulus of elasticity, and its
suitability for use in hydrogen sulfidé (H,S) environments.

Preferably, ring 140 will be machined with a slightly
oversized outer diameter and a élightly undersized interna]_.
diameter. Once machine is a solid ring, tapered cut 142 will be
made into solid ring, typically removing approximately .032 inch (0.081 cm)
of material. Subsequently, the ring will be generally uniformly
compressed such that the external diameter decreases. This
compression will induce permanent deformation in the ring.
Subsequently, the ring rﬁ_ay be expanded to where relative ends 144
and 146 are engaged, and ring 40 forms a continuous annular
member. The outer diameters and interior diameters will then
preferably be machined to finish diameters.

Referrir;g now to Fig. 8A-D, therein is depicted an
alternati*}e embodiment of a lock and full bore nipple in
accordance with the present invention, and incorporated in a

system with a surface controlled subsurface safety valve, in an
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wi || be applied through control line 169 in a |TgRAre—KkReWA--+
skilled in the art. Lock assenbly 164 operates ijn a % sijm|l ar to that
described relative to lock 10. The portion of |onP€§§ é%%ve dgctuation
lug 76 is preferably essentially identical td tjhat as described relative
to lock 10. Elements of lock 164 whichyare essentially identicgl to those

described relative to | ock 10 have been, nunbered simlarly—and el enents
whi ch are eSREPIBFYI Wnéiwraﬁmmod&vmmmgm*

|
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| ock asse

of surface controlled subsurface safety valves, which are
operated through use of a hydraulic control line extending to the
surface has long presented a problem to the use of full bore
nipples. The complexity of providing a hydraulic fluid passage
from the surface, into the tubular member and subsequently to the .
safety valve has required relatively restricted nipple
configurations. Figs. 8A-D depict a full bore nipple and lock
design, indicated _generally at 160, in combination with a
subsurface safety valve, indicated generally at 162.

Nipple 163 includes a seal bore 165 and a recessed profile
163a. Seal bore 165 is in fluid communication with a central
fluid passage 167, which is coupled in a conventional matter to
a control liné 169. Fluid to control the subsurface safety valve
will be applied tﬁrough control line 169 in a'magner known to_.
those skilled in the art. Logk assembly 164 operates in a manner

- similar to that described relative to lock 10. The portion of
lock 164 above actuation 1lug 76 is preferably essential;y
identical to that as described relative to lock 10. Elements of
lock 164 which are essentially identical to those described
relative to lock 10 have been numbered similarly, and elements
which are functionally similar though possibly of a slightly
different confiéuration have been indicated with primes. As can
be seen in Fig.-88 , lock ésséﬁbly does not include a lo&er sub
16, but includes a coupling_sub 166 which facilitates couplihg
of lock 164 to subsurface safety valve assembly 162. Coupling

sub 166, housing 14, and inner sleeve 62° cooperatively define
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16, but includes a coupling sub 166 which facil CEME&IT.S _Erl::f | ock 164
to subsurface safety val ve assenbly 162. Couplihg su}) 166, hodsijng 14, and
i nner sl eeve 62 cooperatively define 17DEC 1997 -
18 - an annul ar passage 70 wi thin which packing jel ement act uatii dn sl eeve
172 nmay. nove. Coupling sub 166 angg -housjng 14

an gnnular passage 70° within which packing element actuation
sleeve 172 may move. Coupling sub 166 and housing 14
cooperatively define a packing element retention recess 68~
housing packing element.assembly 168. Packing element assembly
168 includes two seal assembl_ies 78a, 78b, each of which may be
essentially identical to seal assembly 78 of lock 10. Seal
assemblies 78a, 78b are separated in spaced reiation by a ported
spacer ring 170, including, preferably, a'plurality of ports 172
therethrough. Preferably, portéd spacer ring will be formed of
virgin PEEK, as are backup rings 82 .
| As can be seen in Fig. 8B, packer actuation sleeve 172
includes two recessés 174, 176 which will underlie a respective
seal assembly 78a, 78b when- lock 164 is in an unactuated
position, but which will be longitudinally offset from the
respective seal assembly 78,a,. 78b, when lock 164 is set within _
nipple 163, as depicted in Figs. 8A-D. |

As can be geen in Fig. 8B, packing element act_:ﬁation sleeve
172 includes a port 178 proximate recess 174. " When packing
element actuation sleeve 172 has been moved to an actuated
position, wherein sleeve operates to expand the internal
diameters of seal _assegnbly 78a_, 78b, port 178 provides fluid
communication between control line '16'9 and contrél £luid passage
167 to an internal chamber 180. Coupling sub 166 preferably
includes at least one fluid passage 182 which is in fluid
communication with chamber 180';

When lock 164 is placed in the locked position, through
manipul.ation functionally identical to that described relative

to lock "10, packing elemeni: actuation sleeve 172 will move



cooperatively define a packing el enent retenti

packi ng el enent assenbly 168. Packi ng el enent ass KM fﬂ§H3ngs t wo
Seal assembly 78 of 1ock 10 Seal " assembl i oq eal VRECAY sdodrated in
spaced rel ation by a ported spacer ring 170, | ’ rgbly, a
plurality of ports 172 t her et hr ough. 'T’%fera |y, ported spacer {ring wll
be formed of  virgin PEEK, as are backup rings=82— As—eaH be seen
in Fig. 8Bdmd%act 4Bt | passagey JOI72 tharbbﬁeSeipandmgssﬂﬁe 13Atetrnal
which will underlie a respective
lameters, and therefore the external diameters, of each backup
ring 82, and elastomeric seal elements 80 and 80 of seal
assemblies 78a, 78b. Ported spacer ring 170 is preferably formed
with an internal diameter larger than the outer diameter of
sleeve 178. Sealing engagement of elastomeric seal elements 80
with intermal surface 174 of nipple 163 establishes a fluid flow
path from passage 167 in nipple 163, . through passagé 70° to fluid
passage 182 in coupling sub 166. This fluid passage then
communicates with pressure chamber 174 in subsurface safety valve
162 to facilitate selective operation of piston sleeve 176 to
operate safety valve 162 in a conventional mannér. Briefly, so
long as fluid pressure is applied through central line 169 to
pressure chamber 174, piston sleeve 176 is maintained in a
relatively downward position where it retains flapper valve 184
in an open position, as depicted in Fig. 8. If fluid pressure
is not applied to maintain piston sleeve 176 in this position,
return spring 188 will urge piston sleeve 176 upwardly, allowing
flapper valve 184 to close. .
Subsurface safety valve 162 as depicted herein may be
substantially a Series 10 surface controlled subsurface safety
valve, as manufactured by Otis Engineering Corporation of Dallas,
Texas. The operation of such subsurface safety valves is well
known in the art. The specification of U.S. Patent No.
4,834,183, isslled May 30, 1989, to Michael B. Vizant, Craig D.
Hines, Rennie L. Dickson, and Robert C. Hammett, and assigned to

Otis Engineering .Mﬁﬁed—hew, a

an exemplary description of the structure and operation of such



seal assenbly 78a, 78b when |lock 164 is in an uraetuatetd T n, but
which will be longitudinally offset fromthe r : EMENﬁgﬁigieenbly 78a,
78b, when lock 164 is set within nipple 163, epicted 1 n Filgg 8A-D.
As can be seen in Fig. 8B, packing elenent actu t-oq‘pbgevp97l 2 1 ncl udes a
port 178 proximate recess 174. When packi ng erent actuation sl eeve 172
has been noved to an actuated positioﬁ:zﬁhérei ! f 0 expand
the internal dianeters of seal assenbly 78a, 78b, port 178 provifes quid
comuni cati on between control |ine 169 and cont rot—f1TiId passage -

a subsurface safety valve. It should be clearly understood that

safety valve 162 is merely one of many types of safety valves or
other surface controlled flow control devices known to the art
and suitable for use in accordance with the present invention.’
Referring now to Fig; 9A-B, therein is depicted an
alternative sealing arrangement 28( for a lock establishing a
flow path with a ported nipple. The sealing arrangement in Fig. 9A -
" 9B is similar to that depicted relative to lock 164. However, the sealing
arrangement 3¢ has been.modified to shorten the léngth of the
sealing assembly, thereby ‘facilitating the use of a packing
element act_:uation sleeve 192 having a single fecess 194. InFig. 9A - .
9B, sealing configuration includes a packing element assembly 193
including a. central ported backup ring 196, with an elastomeric
seal element 80 on each side ther§of, and with a backup ring 82
at each end. Ported backup ring 196 may be formed similarly to
backup rings 82, with the exception that portea.spéce of ring
will preferably have an axial dimension of approximately 0.5
inch (1.25 cm). Preferably, ported backup ring 196 will be formed of
virgin PEEK, as are backup rings 82. The opéfation of ﬁes&ﬂﬂﬁ
configuration »& is similar to that previously described

relative to lock 10 and lock assembly 164.



167 io an internal chanber 180. Coupling sub 166 preferably i ncludes at

| east one fluid passage—182—which—s 'I[Ref : gtgedcmq chanber
voni put a1 on- 1 unct | AHAHEFAAAN

mani pul ati on functi o that descrilped relative Jtq | ock 10,
packi-ng el enent act dat iontsl Beve 172 wil I21rr[_)ve 17 DEC 1997

CLAIMS:

1. A lock assembly for a wellbore which comprises a housing

assembly (14); and actuation assembly (28,72) operatively associated
with said housing assembly '(14) and movable in relation to said housing
assembly (14); atleastone engagement member (24) coupled to said
housing assembly (14), the or each engagement member being movable
from a first position wherein the or each engagement member is
substantially radially retracted relative to said housing assembly, to a
second position wherein fhe or each engagement member is operatively
extended relative to said housing assembly; and a sealing assembly (78)
coupled to said housing assembly, said sealing assembly comprising an
expandable seal element (80) having an interior surface, said sealing
assembly operatively associated with said actuation assembly to facilitate
radial expansion of said interior surface of said seal element upon

- predetermined movement of said actuation assembly, wherein said
actuation assembly includes a first sleeve (28) which is movable from a
first position to a second position, said sleeve operatively. coupled to the
or each engagement member to facilitate movement of the or each
engagement member from said first, substantially radially retracted
position, when said sleeve is in said first position, to said second,
operatively extended positio#, when said sleeve is in said second positioh,
characterised in that said sleeve is further.movable to a third position
wherein said sleeve is proximate the or each engagement member to
secure the'or‘sa.éh engagement member in said operatively extended
position, and in that said sealing assembly further comprises an
expandable backup member (82) having an interior surface, said interior
surface of the backup member (82) being arranged to radially expand upon

said predetermined movement of said actuation assembly.



- 19 - downwardly T passage—76; +r_fn‘le__reby exp%ﬁl\g@gi% al -
di aneters, and therefo )j anet ers, eac ackup ri ng ,
and el astoneric seal emmwﬁmﬂuﬂ["l"’bf seal apseribDEEsI99Ba, | 78b.
Ported spacer ring 170 i's prefertablsy fformed witph pn internal dijangter

| arger than the outer dianeter of sl eeve 178. Sparrmgemngagemnent of

el astoneric seal elenents 80 with intern@g surfphce 174 of nipple [163. .
establishes a fluid flow path frompassage 167 in nipple 163, th_roggh

passage 702to fluid Adackassemddyiaccovding twchim 166vhereimsaid attuation

th . e gs i i
passage ggsembly (28,72) is longitudinally movable in relation to said housing

@)

assembly (14).

3. - Alock assembly according to claim 1 or 2, wherein said at
least one engagement member (24) is movable from a first position
wherein said engagement member is radially retracted substantially
entirely within the outer diameter of said housing assembly (14), to a

second position.

4. A lock assembly according to claim 1, 2 or 3, further
comprising a second expandablé backup member (82) coupled to said
housing assembly (14) proximate said expandable seal element (80), said |
second expan&able backup member also operatively associated with said
actuation assembly to facilitate radial expansion of both said backup
members upon predetermined movement of said actuation assembly
(28,72).

5. A lock assembly adapted to traverse an assembly of tubular
members disposed in a wellbore and to selectively engage a profile
including recesses installed within said tubular member assembly, which
lock assembly comprises-a housing assembly (14); an actuation assembly
(28,72) operatively coupled to said housiﬁg assembly in longitudinally
movable relation thereto; a plurality of engagement members (24)
operatively coupled to said housing assembly, said engagement members
movable from a first position wherein said engagement members are
substantially radially retracted relative to said housing assembly and
facilitate traversal of said lock through said tubular membef assembly, to

a second position wherein said engagement members are operatively



communi cat es wi-th—presstre—chanber 174 in subSurfREBLA@EMEN'K/SHEET 162 to

facilitate selec pi ston sl eeve 17 operates fety
valve 162 in al Hmmmngm""mm! Briefly, so Io 9 pfessure
is applied thr0ugh centfral" | |5ne*169 to pressurq dha er 174, p| sfon
sleeve 176 is maintained in a relatively downwdr d—postiohr ‘Ahme It

retains flapper valve 184 I n an open pos?3i“on |as depicted in Fi
If fluid d .t t

bost 1 on, " eXEERAF relativoto B8R b isind ARyt Lo BETAGR eeannrd:
allowing  (bLagRs in'didprbfile! Qrfhffifilar seal element (80) operatively

associated with said housing dssembly and said actuation assembly, said

8D.

df'his

annular seal element movable from a first condition wherein the exterior
diameter of said seal element facilitates the traversal of said lock through
said tubular rﬁember assembly, to a second condition wherein the exterior
diameter of said seal element is expanded to sealingly engage said profile,
said association of said seal element with said actuation assembly
configured to establish expansion of the interior and exterior diameters of
said seal element through longitudinal movement of said actuation
assembly relative to said housing assembly, wherein said actuation
assembly comprises a first sleeve (28) which is movable from a first
position to a second position, said sleeve operatively coupled to said
engagement members to facilitate movement of said engagement members
from said first, substantially radially retracted position, when said sleeve
is in said first position, to said second, operatively extended position,
when said sleeve is in said second posmon characterised in that said
sleeve is further movable to a third position wherein said sleeve is
proximate said engagement members to secure said engagement members

in said operatively extended position.

6. - Alock assembly according to claim 5, wherein said actuation
assembly comprises a packing element actuation sleeve (72), said packing
element actuation sleeve having a section of a first relatively smaller
diameter Whiqh is radially proximate said annular seal element (80) when
said annular seal element is in said first conditioh, said packing element
actuation sleeve further comprising a second section of a relatively larger
diameter, which second section is radially proximate said annular seal

element when said annular seal element is in said second condition.



Subsurface safety val ve 162 as depicted herein may be substantially a
Series 10 surface controll ed subsurface safety valve, as manufactured by
Qi s Engineering Corporation of Dallas, Texas. The operation of such
subsurface safety valves is well known in the art. The specification of
- U S. Patent No. 4,834,183, issned May 30, 1989, to Mchael B. Vizant,
Craig D. Hines, Rennie L. Dickson, and R@ert C. Hammett, and assigned to
Qis Engineering as an exenplary description of the structure and

operation_of such .
P 7. The use of a lock assembly as claimed in any of claims 1 to 6

with tubular members disposed in a wellbore.

REPLACEMENT SHEET
17 DEC 1997 I
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-20 - a subsurface safety valve. It should be clearly understood that
safety valve 162 is nerely one of many types of safety valves or other

surface controlled flow control devices known to the—er+——and.suitable for
use in accordance with the present invention. RﬁRkA@EMﬁmﬁb&HEET 9.
9A-B, therein is depicted an _
-5 17 DEC 1997
ABSTRACT

WELLBORE LOCK SYSTEM AND METHOD OF USE

A lock comprises'é housing assembly (14); an
actuation assembly (28) operatively associated with said
housing assembly (14) and movable in relation to said
housing assembly (14); at least one engagement member (24)
coupled to said housing assembly (14), said engagement
member being movable from a first poéition wherein said
engagement member is substantially radially retracted *
relative to said housing$a;sembly, to a second position
wherein said engagement member is operatively extended
relative to said housing assembly; and a sealing assembly
(78) coupled to said housing assembly, said sealing assembly'
comprising an expandable seal element (80) and an expandable
backup member (82), said seal element (80) and backup member
(82) each having an interior surface, said seal element
operatively associated with said actuation assembly to
facilitate rédial expansion of said interior surfaces of
said seal element and said backup member upon predetermined

movement of said actuation assembly.

Figs. 14,1B
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al te}nat I ve sealing arrangenent for a |ock establi ghtag—a—t+
a ported nipple. The sealing arrangenent in Fig. Q/REP,KAQENE% to
that depicted relative to |l ock 164. However, the sedli[ng arrangément { has
been nodified to shorten the length of the sealing|agse 'D’ECS@WG y
facilitating the use of a packing elenment actuation 4l eeve 192 having a
single recess 194. In Fig.9A- 9B, sealing configur3gtiter—+rettdes—a packi ng
el enent assenbly 193 including a. central lported bﬁLCkUp ring 196, wigh an
el astoneric seal element 80 on each side thereof, and W i ng
82 at each end. Ported backup ring 196 may, fqrned simlarly to
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backup rings 82, with the exception that ported space of ring wll
preferably have an axial dinension of approximately 0.5 inch (1.25 cm.
Preferably, ported backup ring 196 will be forned of / .y K_as are

backup rings 82. The operation of the sealing configu
that previously described relative to lock 10 and | ocj
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CLAI MS: 1. A lock assenbly for a well bore which conprises a
housi ng assembly (14); and actuation assenbly (28,72) operatively
associated with said housing assenbly (14) and novable—#—+elati-en-te—sai d
housi ng assenbly (14); at |east one engagenent nenberﬂEﬂDMﬁ%ﬂﬂWE&HEEFeud
housi ng assenbly (14), the or each engagenent nenber rg-—Tovabte |r m a
first position wherein the or each engagenent nenber |s g@ﬁbé@%
radially retracted relative to said housTﬁb Tassenbl y,| tjo second po<|tion
wherein the or each engagenent nenber is operatively |extended relatinve|to
sai d housi ng assenbly; and a sealing assenbly (78) cqupled to said houging
assenbly, said sealing assenbly conprising an expandgbkeﬂﬂﬁﬁ—1ﬁ1ﬂnﬂn-f80)
having an interior surface, said sealing assenbly operatively associ at ed
with said actuation assenbly to facilitate radial expansion of said
interior surface of said seal elenent upon predeterm ned novenent of said
actuation assenbly, wherein said actuation assenbly includes a first sleeve
(28) which is novable froma first position to a second position, said:

sl eeve operati ve he or each engagenment nenber to facilitate

novenent of thejor each
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engagenent nenber fromsaid first, substantially radially retracted
position, when said sleeve is in said first position, to said second,
operatively extended position, when said sleeve is in.said second position,
characterised in that said sleeve is further novable
wherein said sleeve is proximate.the or each engagene IEEH" VIENQOSE@EJ
the or each engagement nenber in said operatively extpen Qsition
that said sealing assenbly further conpri-sés- an expangdapl égaEEu‘P%’ne
(82) having an interior surface, said interior surfacke of _the backup
(82) being arranged to radi aIIy o.n upon said pre eterm ne
sai d actuation assenbly. '
- 2. A | ock assenbl y/z

dnber
nt} of
22
| ai m 1, wherein said actuation
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assenbly (28,72) is longitudinally novable in relation to said housing
assenbly (14). 3. A | ock assenbly according to claiml or 2,
wherein said at |east one engagenent nenber (24) is novable froma first
position wherein said engagenent nenber is radially retracted
substantially entirely within the outer diameter of_said housing assenbly
(14), to a second position. 4, A |l ock asg@ AQE I )
claiml, 2 or 3, further conprising a seBond expandal-& wel (82)
coupled to said housing assenbly (14) proxi mate saifd e&an abl e se
sol §RG&GI9el §
»]

el enent (80), said second expandabl e backup nenber |al
associated with said actuation assenbly to facilitgte radial expangi
bot h said backup nenbers upon predeterm ned novenept of sald act i pn
assenbly (28,72).

140
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FIG. 68




5. A |l ock assenbly adapted to traverse an assenbly of tubular
menbers di sposed in a wellbore and to selectively engage a profile

i ncluding recesses installed within said tubular nenher assenbly, mhich
| ock assenbly conprises a housing assenbly (14); an PEAQ] 2
(28,72) operatively coupled to said housing assenbl y{li ol .n, ?
novabl e relation thereto; a plurality of engagenent %? i
operatively coupled to said housing assenifiy, said e gage rQ erk
nmovabl e froma first position wherein said engagenen{ penbers are
substantially radially retracted relative to said hoysing assenbly and
facilitate traversal of said | ock through said tubul r_assenhbly] to

a second position wherein said engagenment nenbers are operatively
- 23 -
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extended relative to said housing aésenbly to operatively engage said

recesses in said profile;
associated with said housing assenbly and sai d act uj
el enent novable froma first condition
element facilitates the trave
menber assenbly,

annul ar
di anet er

t hrough sai d tubul ar
exterior diameter of said seal elenent is éxpanded {o
sai d association of said sea
configured to establish expansion of the interior a
el enment through | ongitudi nal

profile,

said sea

relative to said housing assenbly,

seal

of said sea

an annul ar

seal

el ement (80) operatlvely
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to a second c
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of said Tock.
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novenent of
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hge said

nd exterior

oactuati-on S

senbl y

di aneters of

sard actuatron ass
wherein said actuation_assenbly

enbl y
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6. A | ock assenbly according to claim5, wherein said actuation
assenbly conprises a packing el enent actuation sleeve (72), said packing

el enent actuation sleeve having a section of a first relatively snaller

di ameter which is radially proximte said annul ar seal elenment (80) when
said annular seal element is in said first condition, said packing el ement
actuation sleeve further conprising a second section of a relatively |arger

di aneter, which second section is radlallyepYOX| e Se-araDRttaR seal
el enent mhen sai d annuka#—seaL,PIPnent_ls I n sai d{jlefond fcopn .,hn.
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7. The use of a |ock assenbly as clained in any of clains 1 to 6
with tubul ar menmbers disposed in a well bore.
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