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(67) A well tool lock mandrel and running and
pulling tools for installing and retrieving the lock™
mandrel. The lock mandrel is used for supporting
a well tool such as a subsurface safety valve 300.
at a landing nipple 400 in a well tubing string. The
lock mandrel includes a tubular body, locking dogs
20 supported in the body, an expander sleeve 25
for operating the locking dogs, and a latch for -
releasably locking the expander sleeve 25 when
the locking dogs 20 are locked outwardly. The
running tool 50 includes a head assembly for
connection with a wireline tool string, an upper
retainer key assembly 64 for connection with the
head of the lock mandrel, and a lower locking lug -
assembly 91 for engagement with the expander
sleeve 25 of the lock mandrel for operating the
sleeve. The runningtoo! also includes a spring
biased insertion sleeve 111 for operating the lower
locking lug assembly 91 permitting the running tool
to be installed in the lock mandrel when the locking
dogs of the lock mandrel are at inward release - -
positions. The pulling tool (not shown) includes
lugs for engaging the upper-end of the lock
mandrel expander sleeve 25 to push it downwardly
to a released position and a collet for engaging the
head of the lock mandrel to retrieve the lock

-mandrel. An alternate form of the running tool (not

shown) permits use of the tool to set a lock

" mandrel which is larger in diameter than the well

tool such as the safety valve supported from the
lock-mandrel.
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WELi TOOL LOCK MANDREL AND HANDLING TOOLS THEREFOR

This invention relates to well tools and more particularly
relates to a lock méﬁdrel and running and éulling tools therefdr
for releésably locking a safety valive in the flow conductor.of a
well, 7 | |

In the well art, partiéularly that relating to oil and gas
weils, it is standard practice to complete the wells using wire-
line equipment and methods which provides forrsubstantial cost
reductions duriné future well servicing operations. Wireline
complecion,methods‘and equipment are illustrated and described in
substantial detail inVPETROLEUM ENG INEER INTERNATIONAL for August
198l at pages 83-89. Presentlyfavailable lock mandrels for sub-
suriéce safery Valvesrare of the exﬁension hanger type, whjch—may
present several operationalrprleems when used with safety
valves. Extension hanger locks are sét by applying force in the
same downward directicn required for drivxng the safety valve

into the landing nipple in which the valve 1s to be locked.



The friction caused by packing between the safety valve and the
landing nipple may reguire such excessive drive-down force that
the lock mandrel is prematurely set. Further, it is possible to
only partly engage the lock mandrel in the recess, establish
control line pressure, and remove the running tool used to set
the lock mandrel without any indication of a serious problem.
One remedy which has been employed is a spring isolator device,
which eliminates major problems but still may malfunction. The
locking sleeve of the extension hanger type lock must move in
the oppésite direction from flow to lock a safety valve. It is
possible that flow could lift the locking sleeve releasing the
lock.

Applicant's prior U.S. Patent 4,545,434 issued October 8,
1985 solves a substantial number of the problems encountered in
the prior art devices. Such patent shows a lock mandrel and
running tool ‘'similar to the present devices. & lock mandrel set
by downward force and released by upward pulling is shown in U.S.
Patent 4,595,024 issued June 17, 1986. The present lock mandrel
and handling tools offer several improved features over devices
of the prior patent.

It is a principal object of the invention to provide new and
improved well tools. .

It is a particularly important object of the invention to

rovide a new and improved lock mandrel and running and pullin
S
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- tools forrsuéh lock mandrel for use in wells to releasably lock
devices such as safety valves at a landing nipple along a flow
conductor of a well.

It is another object of the invention to providera well lock
mandrel and funning téols operable withrwireline equipment.

It is another objeqt of the invention to provide a running
tool and é iock manarei which is set by‘a force applied in a
'directioh,opposite to the direction of force réquired to drive
the deviéersuch as a safé£y valve connected with the lock mandrel
into the*lanaing nipple in which the lock mandrel is set.

"It is anoﬁﬁer ObjéC£'of the ihvention to providera running
tool with a lock mandrel which may bé driven downwardly with
unlimited force'ﬁithout the possiblility of pre-setting the lock.

It is a,fﬁfther object of the invention to provide a running
tool with a lock mandrel having arlocking sleeve which moves to
loc* the mandrel in the direction of flow in the well thereby
pre&entihg”well flow from releasing the lock.

It is a still further object of ﬁhe invention to provide a
-running tool and a lock mandrelrwhich requires that the lock
mahdtél be préperly set and the Qell tool activated before the-
runnihg,tcol can be released.

1t is'anotﬁer object of the invention that safety valve
‘control line integrity berestablishéd before the running tool

can be released frdm the lock mandrel.



It is another object of the invention to provide a new and
improved running tool for well apparatus such as a safety valve.
It 1s another object of the invention to provide a lock
mandrel wherein the locking sleeves of the mandrel is releasably
held at an upper end position at which the locking keys or dogs

are expanded by a snap ring located above the keys.

It is another object of the invention to provide a lock
mandrel for a well in which the locking sleeve is provided with
an interpal annular groove for engaging and moving the locking
sleeve both downwardly and upwardly.

It 1s a further object of the invention to provide a lock
mandrel which may be relocked without the need for a separate
tool other than the running tool.

It is another object of the invention to provide a running
tool which may be installed in the lock mandrel while the lock
mandrel is in the unlocked position.

It is another object of the invention to provide a running
tool having an adjustable core extension to permit use with
numerous safety valves without separate hardware.

It is another object of the invention to provide a lock
mandrel which includes elastomer rings at the upper and lower
ends of the lock sleeve to dampen any vibration between the

lock sleeve and the remaining structure of the lock mandrel.



In accordance Qith the invention there are provided.a lock
mandrel for feleasably locking a well device at a landing nipple
in a flow. conductor ana running and pulling tools for setting and
removing the lock mandrel. The lock mandrel includés a tubular-
body, circumerentiaily spaced locking‘dogs or keys for radial
movement between lock and felease positions, a key expander
slee&e movable upward;y behind the keys for expanding the lock
keys outwardiy inclﬁding an internal annular recess in the sleeve
for engagement by runhing tools to move the sleeve both upwardly
and downwardly, an annular locking boss around the upper end por-
tion of the sleeve, and a snap ring within the body aone the
rkeys for releasably locking thé sleeve at an upper key expanded
position. The runniné t061 inc1udes a head assembly for sup-
porting the tool in a well from a wireline tool string, an upper
latcﬁ assembly including retainer dogs for releasably engaging
7 therloék mandrel body, a lower latch assembly for engaging the
expander sleeve of the lock mandrel'including a spring biased
insertion sleeve and expandable locking lugs mounted on a central
core supported from the head assembly, and an operating prong-
secured in the lowef,end of the core including an'adjustéble core
extension for-fittingrthe running tool to a variety of safety
valves. The pulling tooi has a head assembly for securing with a

wireline tool string, a central core extendable into the lock .




.

mandrel, collet fingers on the head assembly for engaging the
pulling neck of the lock mandrel body, and radially expandable
unlocking lugs extendable from the core for engaging the upper

end of the lock mandrel expander sleeve to drive the sleeve back
downwardly for releasing the lock mandrel keys. 1In operation the
running tool is inserted into the lock mandrel with the locking
dogs in the unlocked position and the head of the running tool is
attached to a2 wireline tocl string. The safety valve is pumped
open during installation of the running tool in the lock mandrel
and the éafety valve is then released providing an upward bias on
the core of the running tool. The safety valve and lock mandrel
are lowered on the running tool by the wireline tool string
through a flow conductor into the landing nipple at which the
safety valve is to be locked. After the no~go shoulder on the
lock mandrel body engages a no-go shoulder in the landing nipple,
the safety valve is pumped open relieving the upward force on the
running tool core and the running tool is then pulled upwardly
expanding the keys of the lock mandrel. The locking lugs are
then released from the locking sleeve freeing the running tool to
be removed from the well. When pulling the lock mandrel, the
pulling tool is lowered on a wireline tool string into the lock
mandrel engaging the upper end of the locking sleeve of the
mandrel driving the sleeve downwardly to release the locking keys

of the mandrel. The collet fingers in the head of the pulling



tool engage the pﬁlling neck of the mandrel pulling the lock
mandrel and safety valve upwardly in the flow conductor.

The details of preferred embodiments of the invention

together with its objects and advantages will be evident from the
follbwingrdescription taken in conjunction with the accompanying
drawings wherein:

FIG. 1 is a longitudinal view in'section.and elevation of a
lock mangrel embodying'ihe features of the invention;'-

FIGS. 2A and 2B taken together are a longitudinal view in
section and elevation of a running iool for installing the lock
mandrel bf FIG. 1 in a well flow conductor landing nipple;

'FIGS. 3A and 3B form a schematic longitudinal view in section
illustfatingra first step in the installation of the rqnning tool
in the lock mandrel; | |

FIGS. 4A and 4B form a schematic longitudinal view in section
fshbuing a second step in the installation 6f the running tool in
the lock mandrel;

FIGS. 5A and 5B together form a schematic view in section
showing a third step in the installation of the running tool in -
the lock mandrel; , ‘

FIGS. 6A and 6B together form a schematic view in section
showing thé running tool completely installed in the lock

mandrel;



FIGS. 7A and 7B form a schematic view in section illustrating
the running tool fully coupled with the lock mandrel and safety
valve with the pressure released on the safe£y valve after
installation;

FIGS. 8A and 8B together form a view in section and elevation
of the running tool and lock mandrel positioned as suspended from
a wireline tool string in the landing nipple of a well flow con-
ductor in which the lock mandrel is being installed;

FIGS. 9A and 9B form a longitudinal view in section and ele-
vation showing the lock mandrel on the no-go shoulder of the
landing nipple and the running tool telescoped together prepara-
tory to expanding the locking dogs of the lock mandrel;

FIGS. 10A and 10B form a longitudinal view in section and
elevation of the running tool and lock mandrel in the landing
nipple with the safety valve pumped open relieving the upward
force of the safety valve piston on the core of the running tool;

FIGS. 11A and 11B form a longitudinal schematic view in sec-
tion of the running tool and lock mandrel as the locking lugs on
the running tool are releasing from the lock mandrel;

FIGS. 12A and 12B form a view in section and elevation of the
running tool and lock mandrel with the locking dogs of the lock
mandrel fully expanded and the locking lugs of the running tool
fully released from the lock mandrel;

FIGS. 13A and 13B form a schematic view 1n sectien of the



running tool released from the lock mandrel and being extracted
from the mandrel;

FIG 14 is a longitudinal view in section and elevation
showihg‘the lock mandrél fullf installed in the landing nipple
and the running tool removed;r

FIGS. 15A and 15B form a longitudinal view in section and
elev&tion of the pulling tool of the invention inserted into the
lock mandrel‘in the landing nipple and the locking keys of the
7 lock mandreirretrécted; and

FIG. 16 isra schematic view in section and elevation of a
modified form of the runnihg tool for installation of a lock

mandrel and éafety valve in a staggered or graduated bore.

Refetring‘ﬁé FIG. l; the lock mandrel 10 ofrthe invention has
a'tubular.body formed by a head 11 and a packing mandrel and
 locking dog retainer sleeve 12. The sleeve 12 is threaded at the
upper end on the head 11 and has a2 graduated lower end portion 13
which js externally threaded and supports an annular packing
assembly 14 for sealing around the lock mandrel in a landing
hipple. The sleeve 12 is provided with longitudinal circumferen
tialiy spacéd Qindows'ls in which radially expandable locking
dogs 20 are fitted. ,Ibraccordance with standard well tool
desién, the locking dogs 20 have side ears fitting behind longi-

tudinal flanges along _the windows 15, not shown, retaining the



._lo_

locking dogs in the windows. Such structure is shown in detail

iﬁ U.S. Patent 4,545,434, particularly in FIGS 3 and 7. A
locking dog expander sleeve 25 is mounted for longitudinal move-
ment within the bore of the sleeve 12 within the locking dogs 20
for expanding the dogs radially through the windows 15. The
expander sleeve has a stepped outer surface conforming to the
internal surfaces of the locking dogs 20 for expanding the dogs
and holding them outwardly in the windows 15 for locking the lock
mandrel at a landing nipple. The expander sleeve 25 has an
internal'annular operating recess 26 for engagement by operating
lugs on the running tool to move the expander sleeve upwardly and
downwardly. A split snap ring 27 is fitted within the sleeve 12
above the dogs 20 for engagement with an external annular latch
boss 28 on the expander sleeve 25 when the expander sleeve is at
an upper end position at which the dogs 20 are expanded. The co-
action between the ring 27 and the latch boss 28 releasably holds
the expander sleeve 25 at the upper locking position at which the
dogs 20 are fully expanded locking the lock mandrel in a landing
nipple. The sleeve 12 has an external annular no-go shoulder 29
which seats on a stop shoulder in the landing nipple when the
lock mandrel is installed in the landing nipple. Annular seals
30 and 35 are fitted within the head 11 angd the sleeve 12,
respectively, for sealing with the outer surface of the expander

sleeve 25. The head 11 has an internal annular recess 36 for
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engagement by the running.toolrand the pulling tool during
iastallation and rehoval of'tﬁe lock mandrel.
rReferring to FIGS 2A and 2B, the running tool 50 used for

instailation of the lock mandrel 10 has a fishing neck 51 pro-
vided with sﬁandardrwireline features fér connection in a wire-
line tool string, not shown. Thé neck Sl includes a reduced
- threaded upper end portion 52 and an external annular flange 53.
Therfishing neck has a skirt portion 54 énd is provided with a
gradﬁated bore having an upper internally threaded section 55 and
an eﬁlarged'downwardly opening section 60. A retainer dqg sleeve
61 telescopes into the fiShihg neck skirt 54 and is provided with
a'downwardiy facing internai annular shoulder 62 and ciréumferen- :
tialiy spaced retainer dog windows 63 for radially expandéble
retainer doigs 64. The windows 63 each have retaining flanges or
ears which hold the dogs in the windows while'permittin§ them to
expénd and contract radially, as illustrated in detail in FIGS.
~11-16 or U.S. Patent 4,545,434. The retainer dogs function to
" releasably couple the running tool with ﬁhe head of the lock
mandrel during inétallation of the léck mandrel; An upper
setting sieeve 65 is fitted in concentric space felation within
the retainer sleeve 61. The sleeve 65 has a reducéd threaded
upper end portién 70 wﬂidh engages the threads 55 of the fishing
neck.  The upper setting sleeve 65 Bas longitudinal slots 71

along each side of the sleeve and an enlarged lower end portion
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72 providing an upwardly facing external annular shoulder 73.

The enlarged sleeve portion 72 has a downwardly opening enlarged
bore portion provided with an internal annular latch recess 74.
The lower enlarged bore portion of the sleeve 72 is also provided
with an internal annular downwardly facing stop shoulder 75. A
lower setting sleeve 80 is slidably fitted within the key
retainer sleeve 61 and has a reduced upper end portion 81 which
telescopes into the lower end of the bore of the upper setting
sleeve 65. The lower setting sleeve upper end portion has cir-
cumferentially spaced windows 82 in which transfer lugs 83 are
fitted for radial movement for releasing and engaging the upper
setting sleeve latch recess 74. As shown in FIG. 2A, the
transfer lugs 83 are expandable to positions at which the outer
bosses of the lugs engage the recess 74 of the upper setting
sleeve. The central portion of the lower setting sleeve has a
graduated outer surface providing an upper external annular
locking surface 84 and a central external annular release surface
85. The surfaces 84 and 85 coact with the inner surfaces of the
retainer dogs 64 for holding the dogs outwardly in lock positions
and permitting the dogs retract inwardly to release positions, as
shown in FIG. 2A. The lower end portion of the lower setting
sleeve 80 has circumferentially spaced windows 90 in which
locking lugs 91 are positioned which coact with the expander

sleeve 25 of the lock mandrel when setting the lock mandrel in a
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lanaing nipple. A tubular core 100 is positioned through the
lower setting sleeve 80 extending upwardly into a portion of the
upper setting sleeve 65 where the core is secured by a pin 101 to
the retainer sleeve 61. The pin 101 passes through the longitu-
dinal slots 71 in the uppér setting sleeve 65, as shown in FIG.
2A. A spring 102 is compressed;within thé fishing neck bore bet-
ween the ﬁpper'ehd of ﬁhe bore and the upper end ofithe core

| biasing the core dowhwéfdly{ The core haélan external annular
transfet,lug release recess 102. A stop shoulder 103 on the core
below the release recess 102 is engageable with the reduced head
'portion 81 of the lower setting sleeve 80 during a step in the
operation of the rﬁnhing.tool; The core 100 is reduced along a
lower end portion 104 which is proviééd with longitudinal opposi-
tely disposed slots 10S5. Aﬁ external énnulér stop shoulder 110
is provided on the core at the upper end of the reduced lower end
section 104. “An insertion sleeve 1ll1 is slidably mounted on the
reduced lower énd portion 104 of the core. The insertion sleeve
aSVAn external annular release recess 112 which coacts with the
locking lugs 91 to permit the locking lugs to move inwardly to
releaSe_positioﬁs,ras sh@wn in FIG. 28. The insertion sleeve is
held on the éore by a pin 113 extending through the slots 105 in
the core. A spfing 114 within the bore of the core is compressed
beﬁween a washer 115 at the upper end of the spring bearing

against the pin 113 and the upper end edge of a core nut 120



threaded into the lower end of the core. The spring 114 acting
through the pin 113 biases the insertion sleeve 104 to the upper
end position on the core illustrated in FIG. 2B. An adjustable
core extension assembly 121 is secured into the lower end of the
core nut 120. The extension assembly includes a threaded rod 122
and an internally threaded annular stop plate 123 locked on the
rod 122 by identical nuts 124. The stop plate 123 is engageable
with the upper end of the operating piston of a safety valve and
is adjustable along the length of the rod 122 to accommodate the
running toocl to a variety of safety valve designs. As explained
in more detail hereinafter, the spring biased insertion sleeve
111 coacts with the locking lugs 91 éuring the installation of
the lock mandrel with the running tool and permits the running
tool to be installed in the lock mandrel when lock mandrel is in
the unlocked condition.

Referring to FIGS. 15A and 15B, a pulling tool 200 for
removing the lock mandrel and safety valve includes a head 201
having fishing neck 202 for connection with a wireline tool
string. A pulling collet 203 is supported from the head for
engagement with the recess 36 in the head 11 of the lock mandrel.
The collet 203 is movable on an expander mandrel 204 supported
from the head for holding the collet 203 expanded and for
releasing the collet for compression inwardly. 2n operating

prong or core 205 extends downwardly from the head and supports
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radialiy expandable uniocking lugs 210 which are enéageable with
the upper end edge of the expander sleeve 25 of the lock mandrel
to drive the expander sleeve downwardly for releasing the dogs
20, | |

“The firstrstep in ﬁherinstallation of the lock mandrel 10 is
rtﬁe coﬁnecﬁidn of the lock mandrel Qith a subsurface safety valve
300 by thfeading the lower reduced threaded end portion 13 of the
rlbck mandrel hbusingrinto the upper end portion 301 of the safety
Valverﬁop. The lock mandrel and safety valve are then installed
on tﬁe'running tool 50 fof,running the safety valve in a'well
flo& condﬁctor into a landing nipple 400, as best iilustrated in
FIGS. 8A and.EP. The landing nipple 400 is a cohventional
landing nipplercénnected iﬁ the flow conductor, not showﬁ, of a
well, in accordanée with étandard procedure. The landing nipple
includes anrinternal locking recess profile 401 which is designed
to receive the locking dogs 20 of the lock mandrel 10. Below the
1o¢king'dég recess 401, the landing nipple has an internal annu-
lar nd-go‘shoulder 402 which is.engageable by the stop shoulder
| 29 on £herlock mandfel body. The landing nipple has a seal sur-
‘face 403 below the no-go shoulder for ehgagement by the seal
assembly 14 on the lockrmandrel. The landingrnipple has a side
- fluid fitting'404 connected with a control fluid line 405 leading
to a side poft 410 in the landing nipple for conducting céntrol

fluid from the surface end of a well through the line 405 into
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the landing nipple to control the operation of an annular piston
411 of the safety valve 300 in accordance with standard safety
valve procedure.

The installation of the running tool 50 in the lock mandrel
10 is illustrated sequentially in FIGS 3A and 3B through FIGS. 8A
and 8B. The running tool S50 is inserted into the assembled lock
mandrel 10 and safety valve 300 in the condition of the running
tool represented in FIGS 2A and 2B. The spring 114 within the
core is biasing the insertion sleeve 104 to the upper end posi-
tion illustrated in FIG. 2B at which the lugs 91 may retract
inwardly into the insertioﬁ sleeve recess 112 to the release
positions so that the lugs may be freely introduced into the lock
mandrel bore. The spring 102, as shown in FIG. 2A, urges the core
100 to a lower end position at which the transfer lugs 83 are
held outwardly into the recess 74 of the upper setting sleeve 65.
The release surface 85 on the lower setting sleeve 80 is within
the retainer dogs 64 so that the dogs 64 are at inward release
positions for insertion into the recess 36 of the head 11 of the
lock mandrel 10. FIGS. 3A and 3B show the running tool inserted
into the lock mandrel reduced central bore portion to location at
which the locking lugs 91 are entering the central reduced bore
portion of the lock mandrel body above the seal 30. As the
running tool is inserted farther downwardly into the lock mandrel

as shown in FIGS. 4A and 4B, the locking lugs 91 enter the bore
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of the loék mandfel:expanderrsleeve 25 and the retainer dogs 64
enter the heaq 11 of the lock,mandrel 10 aligned within the
internai annular recess 36 of the lock mandrel head. At the
pdsitioh shown in FIGS. 4A and 4B, the lower end edge of 6la of
‘the running tool sleeve-6l is engaged with the internal anﬁular
stop shoulder 1lla of the head ofifhe lock mandrel 10. With the
sleeve 61'restrainéd against further movement into the lock
méndrel body the-connection offtﬁe pin 101 between the sleeve 61
and the'gcre'loorpreventsvany further downward movement of the
core intorthe lock mandrel. Additional downward force applied

to thg runﬁing tool head telescopes the head downwardly on the
sleeve 61 and the core 100 simultaneously moving the upper
setting sleeve 65, which is screwed-into the running tool head,
downvardly until ihe lower end edge 65a of the upper setting
sleeve engages the upwardly faéing stop shoulder 80a on the lower
éet;ing sleeve 80, as also fepresented in FIGS. 4A and 4B.
Additionalrdownward force on the running tool head further
compresses the spring 102 and the upper and lower setting sleevésr
65 and 80 which are now telescoped together move downwardly on
the core carrying the insertion sleeve lllrdownwardly because the
locking lugs 91 extend inté the insertion sleeve recess 112 and
are held inwardly by the bore éprface of the lock mandrel
expanaer sleeve 25. The lugs 91 engage the lower end surface

112a of the recess llZ'dn the insertion sleeve forcing the inser-
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tion sleeve downwardly with the upper and lower setting sleeves
on the core compressing the spring 1ll14. This additional downward
movement of the setting sleeves and insertion sleeve 111 is
represented in FIGS. 5A and 5B which show the insertion sleeve
downward and the lugs 91 fully within the bore of the lock
mandrel sleeve 25 just before the lugs move into an alignment
with the recess 26 in the sleeve 25. The downward movement of
the upper and lower setting sleeves of the running tool, in addi-
tion to carrying the insertion sleeve 111 downwardly, moved the
retainer dog holding surface 84 on the lower setting sleeve 80
behind the retainer dogs 64. When the lower retainer sleeve
release surface 85 moved below the retainer dogs to position the
locking surface 84 within the dogs,.the retainer dogs 64 were
cammed outwardly into the recess 36 of the lock mandrel as shown
in FIG. 5A. Thus, in the tool condition represented in FIGS. S5A
and 5B, the running tool is telescoped to the condition
illustrated with the retainer dogs 64 expanded and the locking
lugs 91 about to reach alignment with the recess 26 of the
expander sleeve 25 of the lock mandrel 10. At the instant that
the insertion sleeve 111 is carried downwardly with the upper and
lower setting sleeves aligning the lugs 91 with the recess 26,
the upper bias of the spring 114 on the insertion sleeve through
the pin 113 cams the locking lugs 91 outwardly into the recess 26

of the lock mandrel sleeve 25 out of the insertion sleeve recess
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112. With the lugs 91 no iohgerrholding the insertion sleeve
downwardly against the spfing 114, the spring returns the inser-
tion sleeve back'upﬁafdly to the position represented in fIG. 6B,
at which the'quter surface of the insertion below the recess 112
rholds the lqgs 91 inrthe outward locking positions engaging the
lock mandfel sieeve reeess 26. During the installation of the
running tool in the lock mandrel to this point the-safety valve
hes been held open by pressure applied into the operating
cyl;nder*of the safety valve. In the condition represenﬁed in
FIGS. 6A and 6B the core of the running tool with the adjustable
coreiextension assembly 121 is aﬁ a lower end position. Release
of the operating pressure in the safety valve permits the spring
of the safety valve, not shown, to urge the safety valve
operating piston 411 upwardly engaging the stop plate 123 of the
adjustable core'exteneion. rThe upward force of the piston from
the safetyrvalve reises the‘coreiback upwardly lifting the pin
101 whichrpglls the reteinef dog'sleeve 61 upwardly engaging tﬁe
doge 64 with the upper end of the recess 36 in the head il of the
lock mandrel 10, as represented in 7A and 7B. The upward move-
ment of therco:e thch expahds the retainer dogs 64 also aligns
the release recess 102 on tﬁe core within the transfer lugs 83 so
that the tranSfer'lugs may move inwardly disengaging the lugs 7
from the upper setting sleeve recess 74 of the running tool. The

head of running tool including the skirt 54 and the upper setting
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sleeve 65 is lifted upwardly due to the release by the transfer
lugs 83 to the position shown in FIGS. 8A and 8B which is the
condition of the running tool, lock mandrel, and safety valve as
they hang from the wireline tool string for lowering in a well
flow conductor. FIGS. 8A and 8B show such condition of the tools
hanging from the wireline as they are lowered into the landing
nipple 400. Since the upper setting sleeve 65 is disengaged from
the lower setting sleeve 80, the lower setting sleeve stays at
the lower end position illustrated in FIG. 8B at which the lock
mandrel sleeve 25 is at the lower end position keeping the lock
mandrel in the unlocked condition as it is lowered through the
well flow conductor into the landing nipple to the position of
FIG. 8B at which the stop shoulder 59 on the lock mandrel body
engages and rests on the stop shoulder 402 in the landing nipple.
After the safety valve, lock mandrel, and running tool arrive
in the landing nipple, as illustrated in FIGS. 8A and 8B, the
wireline tool string is jarred downwardly telescoping the running
tool to the condition shown in FIGS. 9& and 9B at which the head
of the running tool moves downwardly until the lower end edge of
the skirt 54 engages the upper end edge of the head 11 of the
lock mandrel 10 and the lower enlarged end portion 72 of the
upper setting sleeve moves over the transfer lugs 83 aligning the
recess 74 in the upper setting sleeve with the transfer lugs.

The safety valve is now in the proper position in the flow con-
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dqctorrbelow the landing nippie and the lock mahdrel 10 is pro-
perly positioned iﬁ the Ianding nipple for expanding the locking
dogs 20 of the lock mandrel. Control fluid pressure is applied
from the surface through the control line 405 to'the'safety valve
to pump the safety valve open mo§ing the piston of.the safety
valve downwafdly from the piate 123 on the adjustable core exten-

sion of the running tool. With the séfety valve piston moved

below the cére éxtension plate 123, the core of the running tool

is shifted by the spring 102 back downwardly until the lower end
edge 6la of the retainer dog retaining sleeve 61, reengages the
internal shoulder 11 in the lock mandrel head 11, as illustrated

in FIGS. 10A and 10B. This downward movement also shifts the

surface of the core above the recesé 102 back behind the transfer

lugs 91 as the upper setting sleeve 65 moves over the transfer
lugs; thaﬁ is, the recess 74 in the setting sleeve 65 is aligned
with the transferrlugs, Simultaneously, the retainer dogé 641are
moved slightly below the ﬁpper end of the recess 36 in the head
of the lock mandrel 10. This downward movémentrofrthe core cams
the transfer iugs outwardly into the upper setting sleeve recess

74 and is.caused_by the force of the spring 102 which was per--

mitted to expand due-to the removal of the upward pressure on the

core extension assembly by the safety valve piston which is now
pumped open and no longer is urged'upwardly against the core. An

upward jarring force is then applied to the head of the running
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tool 50 by the wireline tool string telescoping the running tool
to the extended condition represented in FIGS. 11A and 1l1B.

Since the transfer lugs 83 are at outward positions, the upper
setting sleeve 65 picks up the transfer lugs pulling them
upwardly applying an upward force to the lower setting sleeve 80
which is pulled upwardly. The upward movement of the lower
setting sleeve carries the locking lugs 91 upwardly due to the
engagement of the lugs in the recess 26 of the lock mandrel
expander sleeve 25. The expander sleeve is moved upwardly within
the locking keys 20 of the lock mandrel expanding the locking
keys 20 into the locking recess 401 of the landing nipple 400.
FIG. 11B shows the locking dogs 20 of the lock mandrel 10 fully
expanded into the locking recess of the landing nipple. The
locking dogs 91 are now aligned with the recess 112 on the inser-
tion sleeve 1lll. Continued upward force on the running tool head
pulling the upper and lower setting sleeves upwardly causes the
locking lugs 91 to be cammed inwardly from the recess 26 in the
expander sleeve 25 of the lock mandrel into the insertion sleeve
recess 112 so that the lugs 91 are released from the sleeve 25
leaving the expander sleeve 25 at the upper locking position.
Simultaneously, the upward movement of the lerr setting sleeve
80 of the running tool shifted the release surface 85 on the
setting sleeve behind the retainer dogs 64 so that the dogs are

free to cam inwardly for release from the recess 36 in the head
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of the lock mandrel 10, as shown in FIG. 1lA. With the locking

lugs 91 cammed in;ardlyrout of the lock mandrel expander sleeve
recess 26 and the retainer dogs 64 cammed inwardly out of the
iock mandrel headirecess 36, the running tool is fully released
frém the lock mandrel 10 leaving the lopk mandrel -in the locked
condition inrthe-landing nipple as shown in FIGS 12A and 12B.
Fu:therrdpward movement of the tool string lifting the running
tool extends the parts of the running tool to the condition shown
in FIGS. 13A énd 13B, at thcﬁ the running tool is esentially
exéraétegrfrom the lock mandrel and may be lifted to the surface
and feﬁoved from the well flow coﬁductor.

FIG. 14 shows the lock mandrel 10 in the landing nipple 400
suppor;ing ﬁhe safety valve 300 in the tubing string below the
lanaing nippie. The loék mandrel was left in the locked con-
dition asrdeséribed and iliustrated as the running tool was
pulled from the mandrel, aé shown in'FIGS; 132 and 13B. When the
locking keys 20 of the lock mandrel were fully expanded to
locking positions by the upward movement of the expander sleeve
25, the,expandér sleeve was raised to the upper end position
shown in FIG. l4rat which the locking boss 28 on the expahder
sleeve is above the latch ring 27, thereby, releasably holding
the expaﬁder'sleeve at the upper locking position. ‘

Thejlbck mahdfel 10 and Saféty'valve 300 may be removed from

the landing nipple by the pulling tool 200 illustrated in FIGS.
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15A and 15B. The pulling tool is connected on a wireline tool
string and lowered into the landing nipple telescoping the tool
into the lock mandrel as illustrated. The unlocking lugs 210 on
the pulling tool engage the upper end edge of the expander sleeve
25 driving the sleeve 25 downwardly to the lower end position
illustrated in FIG. 15B at which the locking boss 28 on the
sleeve 25 is moved below the latch ring 27 and the locking dogs
20 are free to move inwardly to the unlocked position from the
locking recess of the landing nipple. The pulling collet 203 on
the pulling tool engages the recess 36 in the head of the lock
mandrel 10 for pulling the lock mandrel back upwardly after the
release of the locking dogs.

In the event, when attempting éo install the safety valve and
lock mandrel, the safety valve will not open when control line
pressure is applied to it in the landing nipple, the wireline
tool string can be jarred upwardly and the entire tool string
with the lock mandrel and safety valve may be pulled back to the
surface. Similarly, in the event when an attempt is made to set
the lock mandrel in the landing nipple the locking dogs on the
lock mandrel are not adjacent to the landing nipple locking pro-
.file, upward jarring on the tool string will retrieve the lock
mandrel and safety valve to the surface. The reason that the
lock mandrel and safety valve will be retrieved back to the sur-

face with the running tool if the safety valve would not open is
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‘that in order for the running tool to lock the lock mandrel it is
necessary for.the upper setting sleeve to engage the transfer
lugs{ This cannot occur until the upward force of the safety
valve on the core has been removed allowing the core to move
éligﬁtly'dcwnwérdly'to cam the transfer lugs outwérdly into the
ﬁpper'settiﬁg_sleeve recess 74. Otherwise, pullihg back upwardly
on the runningrtobl will pull the lock mandrel and safety valve
back upwardly without expanding'the locking lugs 20 of the lock
mandrel . Similarly, if the locking lugs cannot expand outwardly
the running fébl will remain engaged with the lock mandrel, as
'therparts cannot be shiftedvtorthe relative positions for
disengagement of the running tool from the lock mandrel. In such
event, the tool condition will be as in FIGS. 8A and 8B, such
that an upwararpull onrthe ﬁead of the running tool will lift the
upper setting sleéve 65 engaging the shoulder 62 with the inter-
nal shoulder of the retainer dog sieeve 61 pulling the dogs 64
upwardly which are edgaging,the reéess 36 in the lock mandrel
body, thus, pulling the loék mandrel upwardly.

The altérnate form of runhiné tools shown in FIGS. l6A and
16B isrdsefﬁl only when the well bore is staggered or graduated
'between thé landing nipple andrthe bore in which the safety valve
is set. " In such a situéfién, the pressure necessary to pump the
safety valve open acté on a downwardiy facing annular area of the

safety vélve and lock mandrel tending to pump the assembly back
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upwardly before the lock mandrel locking dogs can be set. The
alternate form of the running tool shown permits the locking dogs
20 to be termporarily expanded with sufficient holding force to
allow the safety valve to be pumped open without pumping the
assembly back up the hole. After the temporary expansion of the
locking dogs and the pumping open of the safety valve to relieve
the upward force on the running tool core, the running tool may
fully set the lock mandrel.

Referring to FIGS. 16A and 16B, a modified form of running
tool 50S is illustrated landing and locking the lock mandrel 10
and a modified safety valve 300S in a modified staggered bore
landing nipple 400S. The staggered bore landing nipple is a gra-
duated or %taged bore landing nipple having an upper bore portion
450 sized for the lock mandrel 10 and a smaller lower bore por-
tion 451 sized for a safety valve 300S which has an outside
diameter less than the diameter of the lock mandrel 10. In such
a circumstance, where the lock mandrel is larger than the safety
valve, there is an upward force on the lock mandrel and safety
valve lifting the assembly out of the landing nipple when the
safety valve is initially pressured up for the final setting
stage of the lock mandrel. The effective downwardly facing area
over the safety valve and lock mandrel between the line of
sealing of the safety valve and the line of sealing of the lock
mandrel applies the upward force lifting the tools back upwardly
when the safety valve is initially pressured up to relieve the

upward force of the safety valve on the core of the running tool
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which is necessary to effectively set the lock mandrel and
release and remove therrunning tool. The modifications to the
running tool 50S permit the running tool to initially temporarily
lock éhe lock mandrel 10 in the ianding nipple 400S while the
safety valve is.beiné pressuréd up preliminary to completion of
the locking procedure ana removal of the running tool. The tem-
porary latchihg ofrthe'lock handrel 10 is accomplished dﬁe to'
modified structure in the running tool which permits sufficient
,upwérd force on the running tool to tempérarily set the'locking
dogs ZQ withoutrlifting thé running tool and the lock mandrel
back upwardly out of the lahding nippie 4008s. The.modifications
are in:the'coﬁpliné arrangemenﬁrbetween the upper and lowér
setting slee&es of the running tool; The transfer lugs 83 are
mounted. in the upper end poition of the lower setting sleeve 80S
connéétedrwith:cantilever'springs 500 which bias the lugs out-
wardlyrto the locking positions shown in FIG. 16A. The modified_
upper setting sleeve 65S has an enlarged boré portion 501 for a
coil spring 502 which bears downwardly against the upper end edge
surfa;e 503 of the modified iower setting sleeve 80S of the
running tool. VThé spring.502 biases the lowér setting sleevg 80s
downwardly felaﬁive to the upper setting sleeve 65S. The spring
102 is sized so that as tool stfing weight is removed, the spring
movesrthé upper head assembly including the top sub with the
"skirt 54 and the upper setting sleeve 65S upwardly relative to
the core lCO lifting the lower sefting slecve B80S in the lock

sleeve 25 to initially lock the locking dogs 20 outwardly. Thus,
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the sizing of the spring 102 provides sufficient upward force

applied by the compressed spring to exceed the weight of the head
of the running tool 50S along with the combined weights of the
upper setting sleeve 65S, the lower setting sleeve 80S, the
expander sleeve 25, and the related structure including the
transfer lugs 83 and the locking dogs 91.

In the operation of the modified running tool 50S, to land
and lock a lock mandrel 10 with a smaller safety valve 300S in
the staggered bore landing nipple 400S, the running tool, lock
mandrel, and safety valve are lowered through the tubing string
into the landing nipple to the positions shown in FIGS. 16A and
16B. Wher the lock mandrel comes to rest in the landing nipple,
sufficient upward force is applied to the wireline tool string to
remove the weight of the tool string on the running tool. When
the weight of the tool string is removed from the upper end of
the running tool 50S, the spring 102 iifts the head assembly
including the upper setting sleeve 65S upwardly relative to the
core 100 pulling the lower setting sleeve 80S upperwardly due to
the coupling of the upper and lower setting sleeves by the
transfer lugs 83. The expander sleeve 25 is raised upwardly due
to the coupling of the lower setting sleeve by the locking lugs
91. The expander sleeve is raised until the boss on the expander
sleeve engages the ring 27 at which positicon the expander sleeve
props the locking dogs 20 outwardly, which locks thre lock mandrel
10 1n the landing nipple 400S. The safety valve 3008 15 then

[

pressured up through line 405 pumping the Falety o valee folly open
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to relig?e,the upwafdrfor¢e of the piston 411 of the saftey valve
on the running tool core. Due to the locking of the lock mandrel
\ :
in the landing nipple by the dogs 20, the lock mandrel is not
puﬁpea upwardly out of the ianding nipple during the pumping open
of the safety valve. The core is then shifted slightly down-
wardly behind the transfer ldgs 83 so that upward force on the
téol string liftsrthe lower éettiné sleeve 80S @ulling'the
expander sleeve 25 upwardly until latched at the upper end ppsi—
t;on by the ring 27 and the locking keys 20 are fully locked out-
wardly. Continued upwardrforce then releases the running tool
S0S from the lo;k mandrel 10 in accordance with the previous
description for retrieving the wireline tool string and running
tool from the well leaving the lock mandrel 10 énd the safety
valve 300S locked in position in thé tubing string. If the

setting operation has to be aborted, a pull upwardly on the tool

string in excess of the force requirea to deflect the springs 500

“through the cam surfaces of the transfer lugs 83 less the

separating forcé applied by the spring 502 separates the upper

and lower setting sleeves 655 and 80S with the spring 502

retufning therlower setting sleeve to an unlocked position so
that the running tool with the lock mandrel and safety valve may
be pulled upwardly back out of the landlng nipple. Thus, the
modified form of the running tool shown in FIGS. 16A and 16B per-
mits the normai oberation of the running tool 50S when used withr
a safety valve whicﬁ Is sma]lcf in diameter than the lock
mandrel, dus to Lhe temporary latching effect while the ﬁatéty

valve is being pumped open.
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CLAIMS

1. A lock mandrel and running tool assembly for setting and
locking a well tool in a landing nipple along a well bore ‘
comprising:

a lock mandrel having a body provided with at least one side
window; a support shoulder on said body for supporting said
mandrel in a no-go landing nipple; a radially movable locking dog
in said side window; a longitudinally movable expander sleeve in
said body movable within said dog for expanding and locking said
dog out;ardly and releasing said dog for inward movement, said
expander sleeve having an internal annular recess for engagement
by a handling tool to move said sleeve upwardly and downwardly
and an external annular latch boss along an upper end portion
thereof; and a latch ring in said body around said expander
sleeve above said locking dog for engagement with said latch boss
on said sleeve when said sleeve is at an upper locking position
to releasably hold said sleeve in said upper position: and

said running tool including a head assembly for connection
with an operating tool string; an upper retainer dog assembly
supported from said head assembly for releasably coupling said
running tool with the body of said lock mandrel; a lower locking
lug assembly supported from said head assembly for releasably
coupling said running tool with said expander sleeve of said lock

mandrel to move said expander sleeve between locking and release
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poSitions; said upper retainer dog assembly including upper and
lower'setting sleeves telescopically coupled together, said‘lower
éeﬁting'sleeve also comprising a component of said lowerrlocking
lug assembly,andrincluding an expandable loéking lug for
rreleasable engagement Qith'said expgnder sleeve of said lqck

7 mandrei: a loﬁgifudinal core extending through said upper and
lower assemblies from said head assembly coupled with said upper
retainer dog assembly and,haviﬁg means along the lower end
thereof for engagément with fhe operéting piston of a safety
valve connected with said lock mandrel for holding said safety
val&e open during installatibn, a transfer lug carried by said
lower setting sleeve and opérable bétween said upper setting
sleeve and séidléore for releasably coupling said upper and lower
seﬁting sleéves togethef; an insertion sleeve onrsaid core posi-
tioned in concentric slidabie relation between said core and said
lower setting sleeve,rsaid insertion sleeve héving an external
annular release recess for receiving an inward portion ofrsaid
locking lug, and being movable between lug locking and lug
reléase pdsitions on said core within saidrlower setting sleeve,
and a spring between.said core and said insertion sleeve biasing
said inéertion sleeve to a'lockiﬁé position on said core within
~said locking lug.

2. A léck mandrel and running tool assembly for setting and

locking a well'ﬁool in a landing nipple along a well bore
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comprising:

a lock mandrel having a body provided with at least one side
window; a support shoulder on said body for supporting said
mandrel in a no-go landing nipple; a radially movable locking dog
in said side window; a longitudinally movable expander sleeve in
said body movable within said dog for expanding and locking said
dog outwardly and releasing said dog for inward movement, said
expander sleeve having an internal annular recess for engagement
by a handling tool to move said sleeve upwardly and downwardly
and an external annular latch boss along an upper end portion
thereof; and a latch ring in said body around said expander
sleeve above said locking dog for engagement with said latch boss
on said sleeve when said sleeve is At an upper locking position
to releasably hold said sleeve in said upper position; and

said running tool including a head assembly for connection
with an operating tool string; an upper retainer dog assembly
supported from said head assembly for releasably coupling said
running tool with the body of said lock mandrel; a lower locking
lug assembly supported from said head assembly for releasably
coupling said running tool with said expander sleeve of said lock
mandrel to move said expander sleeve between locking and release
positions; means innerconnecting said upper retainer dog assembly
and said lower lug assembly for initially coupling said upper

retainter dog assembly with said lock mandrel body and thereafter
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onerating said lowerrlug assembly to expand said locking dog on
said lock mandrel to lock said lock mandrel in said landing
nipple; and lpngitudinally movable means associated with said
lower lug assembly for onerating'said lug assembly to couple said
running tool with said lockrmandrel when said lock mandiel
'lockingrdog is ntra retracted release position.

3. A lock mandrel and running tool assembly in accordance

rhith claim 2 wherein said means associated with said lower lug
assemblybfor coupling said running tool in said lock mandrel when
said lockrmandrel locking dog is at a release position comprises
anrinsertion sleeve witnin said lower lug assembly and spring
menns biasing said insertion sleeve-to a position for releasably
locking,naid lower lug assembly with said expander sleeve of

said lock mandrel.

4. A lock mandrel and runniné tool assembly in accordance
with claim 3 including arcentral,,longitudinally movable core in
said running tool assembiy between said upper retainer dog
assémbly-and said lower 1lug assembly, said insertion sleeve
being:slidably mounted on-naid core within said lower lug
agsembly'for support énd movement of said insertion sleeve bet-
ween releasé and lock positions in said lower lug assembly.

5. | A lock mandrel and running tool assembly in accordance

with claim 4 including an adjustable core extension assembly con-

nected with the lower end of said core for coupling said core
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with an operating member of a well tool supported from said lock
mandrel whereby said running tool is adjustable to fit a plura-
lity of well tool designs.

6. A lock mandrel and running tool assembly in accordance
with claim 4 wherein said insertion sleeve has a release recess
alignable with a locking lug of said lower lug assembly and an
external locking surface alignable with said locking lug of said
lower lug assembly whereby longitudinal movement of said inser-
tion sleeve operates said locking lug of said lower lug assembly
between lock mandrel expander sleeve operating positions and a
release position from said lock mandrel expander sleeve.

7. A lock mandrel and running tool assembly in accordance
with claim 6 wherein said upper retéiner dog assembly includes an
upper setting sleeve and a lower setting sleeve releasably con-
nectable together for operating both said upper retainer dog
asgembly and said lower lug assembly, and said lower setting
sleeve comprises a component of said lower lug assembly and a
locking lug carried by a lower end portion of said lower setting
sleeve is operable by relative movement of said lower setting
sleeve and said insertion sleeve for moving said locking lug bet-
ween locking and release position relative to said expander
sleeve of lock mandrel.

8. A lock mandrel and running tool assembly in accordance

with claim 7 including pin means coupling said upper retainer dog
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assembly with said core and permitting relative longitudinal
movement between said core and said upper and lower setting
_sieeQes. |

9. A.lOEk mandrel and running tool assembly in accordance
with claim 8 including spring means between said core and said
ope?atingrteol head assembiy for biasing said core toward said
lower lug aseembly away from said head éSsembly.

10. A lock mandrel and running tool assembly in accordance
with claim 97including a.transfer lug operable between said upper
~and lower éetting sleeves:for releasably coupling said setting
sleeves together. |

11. A lock mandrel aﬁ& running tool assembly in accordance
with claim 1 including'anradjustable‘core extension assembly
secured to the lower end of said core for adapting said running
tool to a plurality of dlfferent well tool designs.

12. A lock mandrel and running tool assembly in accordence
with-claim;l wherein said runningrtool includes means for
releasably expanding said locking dog of said lock mandrel to
holdrsaid lock maﬁdrel in said landing nipple while a well tool
connected with said lock mandrel is operated preliminary to final
setting of said lock mandrel in said landing nipple for locking
said leock mandrel in a landing nlpple larger than the well bore
flow conductor below said landlng nipple in which said well tool

is supported.
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13. A running tool assembly for setting and locking a lock
mandrel at a landing nipple along a well bore comprising:

said running tool including a head assembly for connection
with an operating tool string; an upper retainer dog assembly
supported from said head assembly for releasably coupling said
running tool with the body of said lock mandrel; a lower locking
lug assembly supported from said head assembly for releasably
coupling said running tool with an expander sleeve of said lock
mandrel to move said expander sleeve between locking and release
positions; said upper retainer dog assembly including upper and
lower setting sleeves telescopically coupled together, said lower
setting sleeve also comprising a component of said lower locking
lug assembly and including an expandable locking 1lug for
releasable engagement with said expander sleeve of said lock
mandrel; a longitudinal core extending through said upper and
lower assemblies from saigd head assembly coupled with said upper
retainer dog assembly and having means along the lower end
thereof for engagement with the operating piston of a safety
valve connected with said lock mandrel for holding said safety
valve open during installation, a transfer lug carried by said
lower setting sleeve and operable between said upper setting
sleeve and said core for releasably coupling said upper and lower
setting sleeves together; an insertion sleeve on said core posi-

tioned in concentric slidable relation between said core and said
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lower setting sleeve, said'inéertion sleeve having én external
annular :eiease recess fbr febeiving an inward portion of said
locking lug; and being movable between lug locking and lug
release positions on said core within said lower setting sleeve,
~and a spfing betﬁeen'said cbre and said insertion sleeve biasing
said insertion sleeve tb a locking position on said core within
said locking lug;

14. A running tool in accordance with claim 13 including an
adjustablke core extension assembly secured to the lower eqd of
said core for adapting Said'running tool to a plurality -of dif—
fereht well-to§1 designs.

15. A running tool aésembiy for.setting and locking a lock
mandrel in a landing-nipple along a wellrborercomprising:

a head assembly for connection with an operating tool string;
an uppef retainer dog assembly supported from said head assembly
for releasablyrcoupling'said ruﬁning tool with the body of said
lock méndrel; a 10wef locking lug assembly supported from said
head assembly for releasably coupling said running tool with said
expanderrsleeve.of said léck mandrel to move said expander sleeve
between locking and reléase positions: means innerconnec;ing said
uppefrretainer dog assembly and said lower lug assembly for_ini-
tially éoupling said upper retainer dog assembly with said lock
mandrel Body énd thereafter operating said lower lug assembly to

expand said locking dog on said lock mandrel to lock said lock
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mandrel in said landing nipple; and longitudinally movable means
associated with said lower lug ascembly for operating said lug
assembly to couble salid running tool with said lock mandrel said
means being adapted to couple said running tool to said mandrel
when said lock mandrel locking dog is at a retracted release
position.

16. A running tool in accordance with claim 15 wherein said
means associated with said lower lug assembly for coupling said
running tool in said lock mandrel when said lock mandrel locking
dog is at a release position comprises an insertion sleeve within
said lower lug assembly and spring means biasing said insertion
sleeve to a position for releasably locking said lower lug
assembly with said expander sleeve of said lock mandrel.

17. A running tool assembly in accordance with claim 16
including a central, longitudinally movable core in said running
tool assembly between said upper retainer dog assembly and said
lower lug assembly, said insertion sleeve being slidably mounted
on said core within said lower lug assembly for support and move-
ment of said insertion sleeve between release and lock positions
in said lower lug assembly.

18. A running tool assembly in accordance with claim 17
including an adjustable core extension assembly connected with
the lower end of said core for coupling said core with an

operating member of a well tool supported from said lock mandre)
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whéreby s;id running tool is adjﬁstable to fit a plurality of
well tool designs. |

| 19; A running tqol assembly in accordance with claim 18
wherein said insertion sleeve has a release recess alignable with
a locking lug of said lower lug assembly and an external locking
surf;ce alignablé_with saia locking lug of said lower lug
assembly Qheréby-longitudinal movement of said insertion sleeve
operates said locking lug of said lower lug assembly between lock
mandrel éxpander éleeve:operating positions and a release posi-
rtion frém saidrloék mandrel e#pander sleeve. '

20. A running,tool assembly in accordance with claim 19
wherein said upper retainer‘dog assembly includes an upper
setting sleeve and a lowér setting sleeve releasably connectable
'tdgether for operatidg both said uéper retainer dog assembly and
éaid lower lug assembly, and said lower setting sleeve comprises
a cbmponent of said lower lug assembly and a locking lug carried
. by a lower end portion of said lowef,setting sleeve is operable
by relatiye movement of said lower setting sleeve and saidwinsef—
tion sleeve for moving said locking lug between locking and
release position relative to said expande; sleéve of lock
mandrel. |

21. A running tool assembly in accordance with claim 20
including pin means coupling said'dpper retainer dog assembly

with said core and permitting relative longitudinal movement bet-
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ween said core and said upper and lower setting sleeves.

22. A running tool assembly in accordance with claim 21
including spring means between said core and said operating tool
head assembly for biasing said core toward said lower lug
assembly away from said head assembly.

23. A running tool assembly in accordance with claim 22
including a transfer lug operable between said upper and lower
setting sleeves for releasably coupling said setting sleeves
together.

24. A lock mandrel and running tool assembly in accordance
with claimv12 wherein said means in said running tocl for preli-
minary expanding of said locking dog includes a spring between
said upper and lower setting sleeves biasing said setting sleeves
apart and springs engaging said transfer lugs biasing said lugs
outwardly to latching positions betweén said upper and lower
setting sleeves.

25. A running tool assembly in accordance with claim 13
including means for initially latching said locking dogs on said
lock mandrel in said landing nipple preliminary to final locking
of said locking dogs, said means comprising spring means between
said upper and lower setting sleeves biasing said setting sleeves
in opposite directions, and spring means associated with said

transfer lug blasing said lug outwardly to a latching position

between said upper and lower setting sleeves.
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