2199057 - 1- WELL TOOL LOCK MANDRELAND HANDLI NG TOOLS THEREFOR Thi s
invention relates to well tools and nore particularly relates to a | ock
mandrel and running and pulling tools therefor for releasably |locking a
safety valve in the flow conductor of a In the well rart, particularly that
relating to oil and gas wells, it is standard practice to conplete the
wells using wire- |ine equipnment. and nmet hods which provides for substanti al
cost reductions during future well servicing operations. Wreline

conpl eti on nmethods and equi pnent are illustrated and descri ?%?Qgé?
substantial detail in PETROLEUM ENG NEER | NTERNATI ONAL for AlguSt at
pages 83-89. Presently available | ock mandrels for sub- surface safety

val ves are of the extension hanger type, which may present several
opérational problens when used with safety valves. Extension hanger | ocks
arg_set by applying force in the same downward direction required for
driving the safety valve into the |anding nipple in which the valve is to
be | ocked. The friction caused by packi ng between the safety val ve and .
t he | andi ng ni pple may require such excessive drive-down force that the,

| ock mandrel is prematurely set. Further, it is possible to only partly
engage the |lock mandrel in the recess, establish control |ine pressure, and
renove the running tool used to set the | ock mandrel wi thout any indication
of a serious -problem. One renmedy which has bekn enployed is a spring

i sol at or devi ce, . _

WELL TOOL LOCK MANDREL AND HANDLING TOOLS THEREFOR

fhisllnventicn relates to well tools and more particularly
o relates.to a lock mandrel and running and pulling toois therefcr
fo? releésably locking a safety vaive in the f{low conductor of a
well |
In the well art, particularly that relating to oil and gas
weils, it is standard practice to complete the wells using wire-
line equipment and methods which provides for substantial cost
.reduct;ons during future well servicing operations. ~ Wireline
-/ completion methods and equipment are_illusﬁrated and described in
substantial detail in PETROLEUM ENGINEER INTERNATIONAL for August
s 1981 at pages 83-83. Presently-available lock mandrels for_sub—

surface safety valves are of the extension hanger type, which may

o)

present several operational problems when used with safety
valves. Extension hangerllocks are set by applying force in the
same downward direction required for driving the safety valve

into the landing nipple in which the valve 1s 1o be locked.
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whi ch elimnates major problens but still may mal function. The | ocking

sl eeve of the extension hanger type | ock nust nove in the opposite
direction fromflowto |lock a safety valve. It is possible that flow could
lift the | ocking sleeve releasing the lock. Applicant's prior U S. Patent
4,545,434 issued Cctober 8, 1985 solves a substantial nunber of the

probl enms encountered in the prior art devices. Such patent shows a | ock
mandrel and running tool 'simlar to the present devices. A |ock nandrel
set by downward force and rel eased by upward pulling is shown in U S.

Pat ent 4,595, 054 issued June 17, 198%- The present |ock mandrel and
handling tools offer several inproved 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 inportant object of the inventign
to provide a new and inproved | ock mandrel and running and pul ling - 3

t ool s f®hesficlickack manded| bffopacking rbewiden tthe alafazyblvalivecanddeheces
such as safety valves at a | anding nipple along a fl ow conductor of a well.
It is abanfiéngobjippleohayheeguieatswrh texqrssiivee dx inei-idowoc i oragadtbatand
running tools operable with wireline equipnent. It is anather object of the
i nvent i bhet dopkoPpradralr iinPrgmaterekindet 4 odunthedreli twiiscROE§iBee B9 a
force qggiied in a

y 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.
dne remedy which has been employed is a spring isolator device, Q,i
which eliminates major problems but still may malfunction. The

o/

locking sleeve of the extension hanger type lock must move in
the oppééite 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 ;ock'mandrel and
running tool ‘'similar to the pfeseht'devicés. A lock mandrel set \;).
by downward force and released by upward éulling is shown in U.S.
patent 4,595,054 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

provide a new and improved lock mandrel and ruhning and pulling



direction opposite to the direction of force required to drive the device
such as a safety valve connected with the |ock mandrel into the | anding
nipple in which the lock mandrel is set. It is another object of the
invention to provide a running tool with a | ock mandrel which nmay be driven
downwardly with unlimted force without the possiblility of pre-setting the
lock. It is a further object of the invention to provide a running tool

with a |l ock mandrel having a | ocking sleeve which noves to | ock the nandrel
in the direction of flowin the well therely preventing well flow from
rel*easing the lock. It is a still further object of the invention to
provide a running tool and a | ock mandrel which requires that the | ock
mandrel be properly.set and the well tool activated before the running tool
can be released. It is another object of the invention that safety valve
coRtrol line iddad ifter hruestiakki maedreef 0be LBe Hunkelyst 06l réd8abgbly lock
rel eased fromthe | ock mandrel . -4- 1t is another object of the

i nvention to [deowidks asuwwasndaifepyovadvesnaktng taadihgr nippleagbangt aisflow
such as a safety valve. It is another object of the invention to provide a

| ock mandrel wherdiatdhefl aclvedd .sl eeves of the mandrel is releasably held
at an upper end position at which the |ocking keys or dogs are’ expanded by
a snap ring | ocat et alsoenatherkepdectt of sthaot heengbpectooprorédengevel bnlock

to provide a | ock
mandrel and running tools operable with w1re11ne equipment.

It is another object of the invention to provide a running
tool and a lock mandrel which is set by a force applied in a
direc;ion opposite to the direction of force required to drive
the device such as a safety valve connected with the lock mandrel
into the.landing nipple in which the lock méndrel is set.

It is another object of the invention to provide a running
tool with a lock mandrel which may be driven downwardly with
unlimited force without the possiblility of pre-setting the lock.

It is a further object of the invention to provide a running
tool Qith a léck mandrel having a ldéking sleeve which moves to
lock the mandrel in the direction of flow in the well thereby
— preventing well flow from releasing the lock. |

1t is a still further object of the invention to provide a

running tool and-a lock mandrel which requires that the lock

mandrel be properly set and the well tool activated before the
running. tool can'be released. |

It is another object of the invention that safety-valve
control line integrity be established before the runniné_tool

can be released from the lock mandrel.
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mandrel for a well in which the |ocking sleeve is provided with an internal
annul ar groove for engagi ng and noving the | ocking sl eeve both downwardly
and upwardly. It is a further object of the invention to provide a | ock
mandrel which may be rel ocked without the need for a separate tool other
~than the running tool. It is another object of the invention to provide a
runni ng tool which may be installed in the | ock mandrel while the |ock
mandrel is in the unlocked position. It is another object of the invention
to provide a running tool having an a4 ustable core extension to permt use.
wi th nunmerous safety valves without separate hardware. It is another object
of the invention to provide a | ock mandrel which includes el astomer rings
at the upper and |l ower ends of the |ock sleeve to danpen any vibration

bet ween the | ock sleeve and the remaining structure of the | ock nandrel.
Accor di ng t oIbnés agpethenfobfechresethe | ivesnt i ttemrawids @vinged aad| och’/
mandrel and running tool assenbly for setting and |locking a well tool in a

| andi ng HPRPHPEEd| HREN Bt PObof @T cifidl | ARRRF AT § oRICER R % S &kYn ¥ 24 VBody

Drovided WD ot SRSy Sosb g g0, oURPOLL SIS e, Sald body For

Locking dog, oy sal sl decd nriong s &, | SIS e MR PSRy
held at an ﬁpper end position at which the locking keys or dogs
are expanded by a snap ring 1o¢ated 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 engagihg and moving the locking o
sleeve both ddwnwardly and upwaﬁdly.

It is a further object of the invention to provide a lock
mandrel whidh 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 un;ocked position.

It is anothe; object of the invention to provide a running S
tool having an adjustable cbre extension to petmit use with
numerous safety valves without separate hardware.

It is another object of the inventién 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.



novabl e within said dog for expanding and | ocking said dog outwardly and
rel easing said dog for inward novenent, said expander sleeve having an

i nternal annul ar recess for engagenent by a handling tool to nove said ,
sl eeve 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 sl eeve above said | ocking dog f-€8-engagenent with said | atch boss
on said sleeve when said sleeve is at an upper |ocking position to

rel easably hold said sleeve in said upper position; and said running tool
including a head assenbly for connection with an operating tool string; an
upper retainer dodhQeerding $eppeneedspesh safd thexdpresens yinventipn

rel easably coupling said running tool_with the body of said |ock mandrel; a
| ower | ocki nFhexre as’s%rrtﬂ”fP"s‘tﬂﬁigrt%d kodkn mmandrehy %erﬁﬂ‘}"#‘!ﬂ r"eq’%]asabl y

coupk¥ng sai d runnin éc?ol V¥I:th sai d e_g%% er sle aJd | o, ‘.gq%&rfndr
aé"s?&éﬂ@é% 3
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assenbly for Ial up g™ sair d upp her dog assefbly with said

A G r%Féfl £ ﬂQ@iﬁg grel ?d Iock sal 4§§%ﬁpl dég? I n

expand sai d | ocking dog on sal | ock ock man
said landingone 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 éide window; a
U iongitudinally movable expander sleeve in said body
movable within said dog for expanding and locking said
(% dog outwardly and releasing séid 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 1latch
boss along an upper end portion thereof; and a latch ring
in said body aroun& 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.npper_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



ni ppl e including a central |ongitudinally novable core in said running tool
assenbly extending fromsaid upper retai ner dog assenbly to said |ower |ug
assenbly; aninsertion sleeve slidably nounted on said core within said

| ower |ug assenbly for support and novenent of said insertion sleeve

bet ween rel ease and | ock positions in said |lower |lug assenbly to operate
said lug assenbly to couple said_gunning tool with said |ock nmandrel when
said |l ock mandrel locking dog is at a retracted rel ease position; and

SPrinfoPi pe BEsEBAYS dopliity SSafld | PEAALHEN tDIACHALEWY Eh&O0Bblyon for

rel easably | ocking said |ower lug assenbly with said expander sl eeve of
sai d eHcleaimdhdridck marfdrelycCca diloger doekifky alpgct agkeimbdy nvention
there is provided a running tool assenbly for setting and | ocking a |ock .
mandraaipported afitomgsai@phead| asgemblyl foboreleaspblyi coupdihgad assenbly
for connection with an operating tool string; an upper retainer dog oo
assersaid soppoingd tbodnmwidihd dedall expandsy sbeevel efisadig¢ doakl i ng said
running tool with the body of said | ock nmandrel; a | ower | ocking |ug
asserARdrebpbet BOVEr Gaishiarpanden sskenny between clogkingcand i ng said

running tool with_an expander sleeve of said lock nmandrel to nove
saj d ¥élease positions; means interconnecting said upper

retainer dog assembly and said lower lug assembly for

initially coupling said:ﬁpper retainer dog assembly with

said lock mandrel body and thereafter operating said

lower lug éssembly to expand said locking dog on said W
lock mandrel to lock said lock mandrel in said 1landing

nipple including a cen#ral longitudinally movable core in o/
said running tool assembly extending from said upper
retainer dog assembly to said lowes'lug assembly; an
insertion sleeve slidably mounted on said core within
said lower lug assembly for support and movement of said
insertion sleeve between release and iock positions in
said lower lug assembly to operate said lug assembly to
couple said running tool with said lock mandrel when said
lock mandrel locking dog is at a retracted release
" position; and

spring biasing means biasing said insertion sleeve

to a position for freleasably locking said lower lug

assémbly with said expander sleeve of said lock mandrel,



expander sl eeve between | ocking and rel ease positions; neans

I nt ercdnnecti ng said upper retainer dog assenbly and said | ower |ug
assenbly for initially coupling said upper retainer dog assenbly with sai d
| ock mandrel body and thereafter operating said | ower |ug assenbly to
expand a | ocking dog on said | ock mandrel to |lock said | ock mandrel i'n said
I andi ng ni pple including a central | ongbaudi nal |y novable core in said
running tool assenbly extending from said upper retainer dog assenbly to
said | ower |ug a@&&ﬂ@@}nguﬁ¢nééﬁth§n dspect 0f dthel jinvention dthexe d core
within said | ower g@ﬁssenbly for support and novenent of said insertion
sl eeve bet wdén PEPH& dan@ |BeMnERG thads RAssEbdY ofier |eRtbERGENANA f or

operating said Iu ass y to .coypl.e sagﬁa nni n th said | ock
Tondr ol " ahedOCkiRY Gl Hak PeRAFBLE iRy Hotrrding "Sipele aiens; & sl
pos&ﬂion, a d %f ng eans_bi asing said -7- insertion sleeve to a
position fo ]fgkklng said | ower lug assenbly with said expander

ey ot Son b PR ey, G612 Lol e R O

(e o clesstaphugn dakapeh coBatets ol bt comapt i
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
U for releasably coupling said running tool with an
expander sleeve of said lock mandrel to move said
\U expander sleeve between locking and release positions}
means interconnecting said upper retainer dog assembly
and said lower lug assembly for initially coupling said
upper retainer dog assembly with said lock mandrel body
and thereafter operating said lower 1lug assembly to
expand a locking dog on said lock mandrel to lock said
lock mandrel in said landing nipple including a central
longitudinally movable core in said rﬁnning tool assembly
extending from said upper retainer dog assembly to said
lower lug assembiy; an insertion sleeve slideably mounted
on said core within said lower ;ug.assembly for support
and movement of said insertion sleeve between release and
‘lock positions in said lower lug assembly for operating
said lug assembly tO'couple_said running tool with said
lock mandrel when said lock mandrel locking dog is at a

retracted release position; and spring means biasing said



el evation of a |lock mandrel enbodying the features of the invention;

Fi gures 2A and 2B taken together are a |ongitudinal viewin section and

el evation of a running tool for installing the | ock mandrel of Figure 1 in
a well flow conductor |anding nipple; Figures 3A and 3B forma schematic

| ongi tudinal viewin section illustrating a first step in the installation
of the running tool in the lock nmamdrel; Figures 4A and 4B forma schematic
| ongi tudi nal view in section showi ng a second step in the installation of
the running tool in the |ock mandrel; Figures 5A and 5B together forma
schematic view in section showing a third step_in the installation of the
runni fneeRtion =Heqv ktRarfr POsitign: cforArgieag@hlayelpckingrm a
schematic view in section show ng the_ running tool conpletely installed in
t he | GaddretRWer ; lug apeembiy WABh78a4d: AERABERE BLPEVE: 6 PAidect | on o
Il lustyating the running tool fully coupled with the |ock mandrel and
safety{%%HVéhﬁﬁ%ﬂithe pressure rel eased on the safety valve after

installatiqp. FIGS, . 8A and 8B tQ he or ' Ln sectiop,and el evation
of the ru-nﬁf‘h@ tg%taé_#(f I ogg rréﬁ%&teqr{peéii t%ﬁgéhégnggspe edtP%om a
wirel i igvd PP ot Ebather RA € NEELIoBSBREE Und® dGbdntdQusCRill
be evident from the following description taken in
conjunction with the accompanying drawings, wherein -

Figure 1 is a longitudinal view in section ‘and

elévation of a lock mandrel embodying the features of the -;J
invention; _
Figures 2A and 2B taken together are a longitudinal o/

view in section and elevation of a running tool for
installing the lock mandrel of Figure 1 in a well flow
conductor landing nipple;

Figures 3A and 3B form a schematic longitudinal view
in section illustrating a first step in the installation
of the running tool in the lock mandrel; _

Figures 4A and 4B form a schematic longitudinal view
in section showing a second step in the installation of
the running tool in the lock mandrel;

Figures SA and 5B together form a schematic view in
section showing a third step in the installation of the
running tool in the lock mandrel;

. Figures 6A and 6B together form a schematic view in-
section showing the running tool completely installed in

the lock mandrel:;



ductor in which the |ock mandrel is being installed; FIGS. 9A and 9B form a
| ongitudinal viewin section and ele- vation show ng the | ock mandrel on

t he no-.go shoul der of the | anding nipple and the running tool telescoped
toget her prepara- tory to expanding the | ocking dogs of the | ock nmandrel;
FIGS. 10A and 1 0B forma longitudinal viewin section and el evation of the
running tool and | ock mandrel in the landing nipple with the safety val ve
punped open relieving the upward force of the safety valve piston on the
core of the running tool; FIGS. 11A and 11B form a | ongitudi nal schenatic
view in sec- tion of the running tool and t®&tk mandrel as the |ocking | ugs
on the running'tool are releasing fromthe |l ock mandrel; FIGS. 12A and 12B
forma view in section and el evation of the running tool and |ock mandrel
with the | ocking dogs of the | ock mandrel fully expanded and the Iocking
l'ugs, of the running ock mandre

| d f h
and 138 form a scheﬁég 6 Qﬁ zgs %?fd% {§H§$ﬁ§ic %ertﬁﬂnﬁﬁfﬁiﬁﬂ %kﬁ%ﬁ%ﬁﬂfqu
f he | k d
romthe |ock ppp whn@n 08619 d&‘f% Jaqsné»betﬁmdqock Gehgl 'rgau afet,

| ongi tudinal virew In section an 1'6n Sho\

e e es e b ol AUy pﬁ Fafiin
of the inventi pRstNseat ehinto [err]

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 ménarel is being installed;

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

FIGS. 1l0A and 10B form a longitudinal v}ew_in sgction ang
elevation of the running tool and lock.mandrel in the landing
nipple with the safety valve pumped open relieving the upwgrd
‘force of the safety wvalve piston.on the éore of the'rgnning tool;

FIGS. 11A and 11B form a Ibngitudinal schematic view in sec-
tion of the tunning tool and loék mandrel as the locking'lugs on
the running tool are téléaéing from the lock mandrel;

FIGS. 12A and 12B form a view in séction and elevation of the
running tool and lock mandrel with the lockiné dogs of the lock
mandrel fully expanded and ﬁhe locking lugs of the runn;ng tool
fully released from the loék mandrel} |

FIGS. 13A and 13B form a schematic view in section of the



| ock mandrel in the |anding nipple and the | ocking keys of the | ock mandrel
retracted; and FIG 16 is a schematic view in section and el evation of a
nodi fied formof the running tool for installation of a-l1ock mandrel and
safety valve in a staggered or graduated bore. Referring to FIG 1, the

| ock- mandrel 10 of the invention has a tubular body forned by a head 11 and
a packing mandrel and | ocking dog retainer sleeve 12. The sleeve 12 is

t hreaded at the upper end on the head 11 and has a graduated | ower end
portion which is externally threaded afd supports an annul ar packi ng .
assenbly 14 for sealing around the | ock mandrel in a |anding nipple. The
sleeve 12 is provided with longitudinal circunferen tially spaced w ndows
15 in whicch radially expandabl e | ocking dogs 20 are fitted. |In accordance
with standard well tool design, the |ocking dogs 20 have side ears fittieg
behi nd | onghningdiaal feiegeecdafvay the kWpokdomsndBel nand sheiwg et dhad)

t he | ocki ng dogs in the w ndows. Such structure is shown in detail in
U.S. Pateffom the maadrehfticularly in FIGS 3 and 7. A | ocking dog expander
sl eeve 25 is nounted for |ongitudinal nmpve- ment within the bore of the '
sl eeve 12 wi thi® thelfoRkiAGI BYSLDD. { Bie¥xpANERREI P hARD RS YRK ka1 v |

t hrough t he wi ndo 15. The_expander. sl eeve h st epped ouier surface
confo?ninﬁh?%l?%egﬁﬁtg?ﬁﬁlm%ﬁé?ﬁ@egubfyth%sFﬁﬁi?ﬁglﬁog engq “QDﬂﬁﬂé§Qu;

t he dogs aqg Pgldin nthen}ogimarglg én t he wi ndows 15 for |ocking the |ock
mandrel at" aﬁdfﬂg h?%p ?°° The™@XPahder sl eeve 25 has an-

FIGS. 15A and 15B form a longitudinal view in section and
elevatioh'of thé pulling tool of the invention inserted into tﬁ~/
lock'méndrel in the landing nipple and :he_locking keys of the
lock mandrel retracted; and_. ' o - <

FIG. 16 is a schematic view in section and elevation of a

modified form of the running tool for installation of a lock

mandrel and safety valve in a staggered or graduated bore.

Referring to FIG; 1,.the lock mandrel 10 of tﬁe invention has
a tubular body fotmed by a heaanll and a packing mandrel and
locking dog rétainer sleeve_lz. The sleeve 12 is threaded at the
upper end on ihe head il and has a graduated.lower end portion }f
which is externally threaded and supports an annular packing |
assehbly 14 for_sealing a;bund the lpck mandrel in a landing
nipple._ The Sleevé lé.is prbvided with longitudinal circumferen
ti#llj spaéed windows lS.ig which';adially éxpandable locking
dogé.ZO are fitted. 1In éccordance.wi;h standard well tool
design, the locking dogs 20 havg side ears fitting behind.lohgi-

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




I nternal annul ar operating recess 26 for engagenent by operating |ugs on
the running tool to nove the expander sleeve upwardly and downwardly. A.
split snap ring 27 is fitted within the sl eeve 12 above:. the dogs 20 for
engagenent with an external annular |atch 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 | atch boss 28

rel easably holds the expander sleeve 25 at the upper |ocking position at

whi ch the dogs 20 are fully expanded | ocking the lock mandrel in a |anding
ni ppl e. The sleeve 12 has an external annul ar no-go shoul der 29 which seats

on a stop shoulder in the |anding nipple~Mien the 1 ock mandrel is installed
in the landing nipple. Annular seals 30 and 35 are fitted within the head
11 and the sleeve 12, respectively, for sealing with the outer surface of
t he_expander sl eeve 25 The head 11 has an internal annular recess 36 for

instal |l ation and

t by, t dt | L %
engagenen )/ qf]gi &ag’rlr“fiﬁe ?g rg,.x%g gg\?gﬁag%%nﬂi h%h‘?%rﬁnngett(?&l

r enoval

0 d f I f drel -
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T I
portlon 52 aﬁgggg g&?%ﬁn% %ﬁ&kgg1%?3%9255§gu§§9n#$éﬁﬁ%ﬁqﬂ%éiqh lnalswove-
portion 54 amg s wFlrt.(?M'ndQ@neW'bEQeaoW %ﬂﬂakfgebgr £2h@yi Ron afhé’HQﬁgcdn@t EBQ@' by

t hreaded section 55 and an enl arged downwardly opening section
retainer dogfelre@wpanding the dogs radially through the windows 15. The

string,

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 windowé 15 for locking the lock

mandrel at a landing nipple. The expander sleeve 25 has an

L 4

‘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 expénder sleeve 25 when the expander sleeve is at
ah upéér end_position at which the dogs 20 are expanded. The co-
action between the ring 27 and ﬁhe ;atch boss 28 releasably holds
thé 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 l2 has an external &nnular np-gO“shoulder 29
which seats on a stop shoulder in the landing nipple when the
lock ﬁandrel is installed in the landing nipple. Annular seals
30 aﬁd 35 are fitted within the head 1l and 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



61 tel escopes into the fishing neck skirt 54 and is provided with a
downwardly facing internal annular shoulder 62 and circunferen- tially
spaced retainer dog windows 63 for radially expandabl e retainer doigs 64.
The wi ndows 63 each have retaining flanges or ears which hold the dogs in
the wi ndows while permtting themto expand and contract radially, as
Illustrated in detail in FIGS 11-16 or U S. Patent 4,545,434. The retainer
dogs function to rel easably couple the running tool with the head of the

| ock mandrel during installation of the |ock mandrel. An upper setting
sleeve 65 is fitted in concentric space relation within the retai ner sleeve
61. The sl eeve 65 has a reduced thgffged upper end portion 70 which engages

the threads 55 of the fishing neck. " The upper setting sleeve 65 has .
| ongi tudinal slots 71 alrong each side of the sleeve and an enlarged | ower
end portion -12- 72 providing an upwardly facing external annul ar

shoul der 73. The enl arged sl eeve portion 72 has a downwardly openi ng

enl ar ged daglemeR®’ biyORNB! P¥hASHg W b1 2lnd p 1 BHY ol m_ngecess 74.

The | ower énl arged bore portion of the sleeve 72 is also provided with an

i nt er ngln saaNYkak odowRBAEEYvhACHAJL B CoShaM #iiFel75. A |ower setting sleeve
80 is slidably fitted wthin the key retai ner sleeve 61 and has a reduced

upper end pefeiredingltohFEGSt 2hessdpes, | the durmimpearocind tofuselde fboar e of t he
upper setting sl eeve 65. The | ower setting sl eeve upper end portion has
cir- cdnﬁeaéhatﬁbhyofpabedlmthdnmmdfﬁnilﬂ\Mﬁsﬂatﬁ%ahﬁng'deu@sﬁ&Bpane
vided with standard wireline features fbr connection in a wire-
line tool string, not shown. The neck Sl includes A reduced. Q_)
threaded upper end pgrtion 52 and an external annular flange 53.
The fishing neck has a skirt portion 54 and is provided.with a !
graduated bore having an uppet internally threaded section 55 and
an enlar;ed downwardly opening section 60. A reﬁainer dog sleeve
61 teiescopes into the fishing neck skirt 54 and is pfovided with
a downwardly facing internal annular shoulder 62 ar-: circumferen-
tially spaced retainer dog windows 63 for radialiy expandablé
retainer doigs 64. The windows 63 each havé retaining flanges or
ears which hold the dogs in the windoﬁs while permitting them to
expand 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 thé head of thelldck
mandrel during installation of the lock mandrel. An upper .
_setting sleeve 65 is fitted in concentric space relation'within
the retainer sleeve 61. The sleeve 65 has a reduced threadéd
upper end portion 70 which engages the threads 5S of the fishing

neck. The upper setting sleeve 65 has'ldnéitudinal slots 71

along each side of the sleeve and an enlarged lower end portion



fitted for radial novenent for releasing and engagi ng the upper setting

sl eeve latch recess 74. As shown in FIG 2A, the transfer lugs 83 are
expandabl e to positions at .which the outer bosses of the |ugs engage the
recess 74 of the upper setting sleeve. The central portion of the | ower
setting sleeve has a graduated outer surface providing an upper external
annul ar | ocking 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 | ock positions and permtting the
dogs retract inwardly to rel ease positions, as shown in FIG 2A. The | ower
end portion of the |ower setting sleeve 80 has circunferentially spaced

wi ndows 90 in which | ocking lugs 91 are f3@sitioned which coact with the
expander sl eeye 25 of the lock mandrel when setting the |ock nmandrel in a
13¢_4anding nipple. A tubular core 100 is positioned through the |ower
setting sleeve 80 extending upwardly into a portion of the upper setting

sl eeve 65 where the core is secured Qy a pin 101 to the retainer_ sl eeve 61.
The pin 101 pasRESVIHIRIAR (HRYASHY tfaciggngxtersad apnpiaghehgppdersedting

sleove 50 g OAfed Sedft achsSRhL 8 302, R cBORBASRIS et hd Sharore
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rel ease recefﬁe]fgbéé éHEE%B%ﬁ“H%E@ bBrEH%nrQQUQ%Q ggggve 72 is also provided

with an internal annular downwardly facihg 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

U 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 ére
fitted for radial movement for releasing and engaging thé upper

. setting sleeve latch recess 74. As Fhowh in FIG. 2a, thé |
transfer lugs 83 are expandable to positions at which the odtér

. 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 éxternal annular release surface
85. The surfaces 84 and 85 coact with the inner surfaces of the
retainer dogs 64 for holding the dogs ocutwardly in loék'positibns
and permitting the dogs retract inwardly to reiease 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 witﬁ the expandef |

sleeve 25 of the lock mandrel when setting the lock mandrei in a



portion 81 of the |ower setting sleeve 80 during a step in the operation of
,the running tool. The core 100 is reduced along a | ower end portion 104
which is provided with | ongitudinal opposi- tely disposed slots 105. An
external annul ar stop shoulder 110 is provided on the core at the upper end
of the reduced | ower end section 104. An insertion sleeve 111 is slidably
nmounted on the reduced | ower end portion 104 of the core. The insertion

sl eeve as an external annular release recess 112 which coacts with the

| ocking lugs 91 to permt the locking lugs to nove inwardly to rel ease .
positions, as shown in FIG 2B. The insertion sleeve is held on the core by
a pin 113 extending through the slots 105 in. the core. A spring 114 within
the bore of the core is conpressedlﬁﬁtmeen 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 -14- threaded into the | ower end of the core. The spring 114 acti e
t hrough the pin 113 biases the insertion sleeve 104 to the upper end

Pesembrynd5ad Ei88LE: o A T qohel e, 3% P bRy RhEotgh e g "
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a safety valve and is adjustable along the length of the"rod 122 to
acconmpllat fetibnétinslldeid G . t orhe pin QY Passaisetyrsagne tHesSLENGi s
explalgfﬁgl slots 71 in the upper setting sleeve 65, as shown in FIG.
2A. A spring 102 is compressed within the fishing neck bore bet- ;_)
ween the upper end of the bore and the upper end of the core
biasing the core downwardly. The core hag an external annular v
transfer ,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 running tool. .The core 100 is reduced along a
lower end portion 104 which is proviéed with longitudinal opposi-
tely disposed slots 105. An external annular stop shoulder 110
is provided on the core at the upper end of the reduced lower end o
section 104. An insertion sleeve 1lll is slidably mounted on the ~
reduced lower end portion 104 of the core. The insertion sleeve
as an external annular release recess 112 which coacts with the
locking lugs 91 to permit ;he locking lugs to move inwardly to .
release positions, as shown in.PIG. 2B. The insertion sleeve is
held on the core by a pin 113 extending through the slots 105 in.
the core. A spring 114 within the bore of the core is compressed

between 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



in nore detail hereinafter, the spring biased insertion sleeve 111 coacts
with the locking lugs 91 during the installation of the |ock mandrel wth
the running tool and pernmits the running tool to be installed in the |ock
mandrel when | ock mandrel is in the unlocked condition. Referring to FIGS.
| 5A and 15B, a pulling tool 200 for renoving the | ock mandrel and safety
val ve includes a head 201 having fishing neck 202 for connection with a
wireline tool string. A pulling collet 203 is supported fromthe head for
engagenment with the recess 36 in the head 11 of the |ock mandrel. The
col'l et 203 i s .novabl e on an expander mandrel 204 supported fromthe head
for holding the collet 203 expanded and for releasing the collet for
conpression inwardly. An operating prong or core 205 extends downwardly
fromthe head and supports 15- radi akhyg-expandabl e unl ocki ng | ugs 210
which are engageabl e with the upper end edge of the expander sleeve 25 of
the I ock mandrel to drive the expander sleeve downwardly for releasing the
dogs 20. The first step in the installation of the |ock mandrel 10 is the
connection of the |ock mandrel w th a subsurface safetx val ve 300 by

t hreadi ng t Hhgeafad ridhe ddve Hosege@ndnofpshei gere3 ofheheprbeg Fehdradiing
housing irnto the upper end portiaqgn 301 of the safety valve 300. The | ock
mandrel and 'SHWGP FAS @1 & 13h i asest hrednsrrtARN GhAeYe 106 tatheupper

runni ng theéﬁ?‘?&éfﬁ?&#aéJqéiémﬁkge illustfated 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 identicél huts_124. The stop ﬁlate 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-tooi to a variety 6f 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

W, the unlocked conditioh. .

Referring to FIGS. 15A and 15B, a pulling tool 206 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
enéagement 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 cémpression inwardly. An operating

prong or core 205 extends downwardly from the head and supports



fl ow conductor into a |anding nipple 400, as best illustrated in FIGS. 8A
and 8B. The landing nipple 400 is a conventional |anding nipple connected
in the flow conductor, not shown, of a well, in accordance with standard
procedure. The | anding nipple includes an internal |ocking recess profile
401 which is designed to receive the | ocking dogs 20 of the | ock mandrel

10. Bel ow the | ocking dog recess. 401, the | anding nipple has an internal
annu- | ar no-go shoul der 402 which i s engageable by the stop shoul der 29 on
the | ock mandrel body. The |anding nipple has a seal sur- face 403 bel ow,

t he no-go shoul der for engagenent by the seal assenbly 14 on the | ock
mandrel . The I'anding nipple has a side fluid fitting 404 connected with a
control fluid line 405 leading to a ¥3te port 410 in the | anding nipple fer
conducting control fluid fromthe surface end of a well through the line
405 inte 16- the landing nipple to control the operation of an annul ak
- piston 411 of the safety valve 300 in accordance with standard safety valve
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The first step in the installation of the lock'méndrel 10 is

the connection of the 1ock'mandrellwith a'subsurface safety valve;_J
300 by threading the lower reduced threaded end portion 13 of the
lock mandrel housing into the upper end.portion 301 of the safety -/
valve 30?. The lock mandrel and-éafety valve are then installed
on the running tool 50 for rqnning the séfety valve in a well
flow conductor into a landing nipple 400, as best illustrated in
FIGS. 8A and‘gp. The landing nipple 400 is a conventional
landing nipple'éonnected in the flow conductor, not shown, of a
well, in accordance with standard procedure. The landing nippie
includes an internal locking recess pfofile 401 which is designed -
to receive the iocking-dogs 20 of the lock mandrel 10. Below the

- locking dog reéeSS 401, the landing ﬁipple has an iﬁterﬂ#l annu-
lar no-go shoulder 402 which is engageable by the étop shoulder
29 on the lock mandrel bbdy;' The landing nipple has a seal sur- .
face 403 below the no-go shoulder for engagement by the sedl
assembly 14 on the lock mandrel. The l§nding nipple has a side
fluid fitting 404 connected with a control fluid line 405 leading
to a side port 410 in the landing nipple for conddctidg control

fluid from the surface end of a well thfough the line 405 into



inwardly into the insertion sleeve recess 112 to the rel ease positions so
that the lugs nmay be freely introduced into the |lock nmandrel bore. The
spring 102, as shown in FIG  2A, urges the core 100 to a | ower end position
at which the transfer lugs 83 are held outwardly into the recess 74 of the -
upper setting sleeve 65. The rel ease surface 85 on the |ower setting sleeve
80 is within the retainer dogs 64 so that the dogs 64 are at inward rel ease
positions for insertion into the recess 36 of the head 11 of the |ock
mandrel 10. FIGS. 3A and 3B show the running tool inserted into the | ock
mandrel reduced central bore portion to |location at which the | ocking |ugs
91 are entering the central reduced bore portion of the |lock mandrel body
above the seal 30. As the running tool is8Tserted farther downwardly into
the | ock mandrel as shown in FIGS. 4A and 4B, the | ocking lugs 91 enter the
borig, -17- of. the lock mandrel expander sleeve 25 and the retainer dogs
64 enter the head 11 of the | ock mandrel 10 aligned within the internal

| . | dq b | =
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mandrel 10. Wth the sleeve 61 restrained agai nst further novenent 1nto

| ock mandr el vHDey precedirection of the pin 101 between the sleeve 61 and
the gore 100 prevents any further downward novenent of the core into the

| ock mandrel . AdﬁhéiIHEﬂaIE&MEMﬁTbﬁfHHEEr&&ﬁﬁh@dtool 50 in the lock mandrel
10 is illustrated sequentially in FIGS 3A and 3B through FIGS. 8A
Y " and 8B. The running tool 50 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'wi£hin 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 insertion sleeve recess 112 to the release
positions so that the lugs may be freely introduced into the lock
mandrel bore. 'Thé'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 boré
portion of the lock mandrél 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



to the running tool head tel escopes the head downwardly on the sleeve 61
and the core 100 simnultaneously noving the upper setting sleeve 65, which
is screwed into the running tool head, downwardly until the | ower end edge
65a of the upper setting sleeve engages the upwardly.facing stop shoul der
80a on the |l ower setting sleeve 80, as also represented in FIGS. 4A and 4B.
Addi ti onal downward force on the running tool head further conpresses the
spring 102 and the upper and | ower setting sleeves 65 and 80 which are now
t el escoped toget her nove downwardly on the core carrying the insertion .
sl eeve 111 downwardly because the | ocking lugs 91 extend into the insertion
sl eeve recess 112 and are held inwardly by the bore surface of the |ock
mandr el expander sl eeve 25. The |3€% 91 engage the | ower end surface 112a-
of the recess 112 on the insertion sleeve forcing the inser- tion sl eeve
downwardly with the upper and |ower setting sleeves on the core conpressig
the spring 114. This additional dowward novenent of the setting sleeves

ond | 158" LAATASLECHEG| SLERA A 1R 8 WSl she e
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retai ner sleeve
the running tool sleeve 61 is engaged with the internal annular
stop shoulder lla of the head-of the lock mandrel 10. With the
sleeve 61 restrained against further movement into the lock
mandrel body the connection of the pin 101 between the sleeve 61 o/
and the gore 100 prevents any further downward movement of the
core into the lock mandrel. Additional downward force applied
to the running tool head telescopes the head downwardly on the
sleeve 61 and the core 100 simultaneously moving the upper
setting sleeve 65, thch is screwed.into the running tool head,
downwardly until the lower end edge 65a of the upper setting
sleeve engages the upwardly facing stop shoulder g80a on the.lower
setting sleeve 80, as also represented in FIGS. 4A and 4B.
Additional downward force on the running tool head further
compresses the spring 102 and the upper and lower setting sleeves
65 and 80 which are now telescopea together move downwardly on
the core carrying the insertion sleeve 111 downwardly because the
locking lugs 91 extend into the insertion sleeve recess 112 and
are held inwardly by the bore surface of the lock mandrel
expander sleeve 25. The lqgs 91 engage the lower end surface

112a of the recess 112 on the insertion sleeve forcing the inser-



rel ease surface 85 noved bel ow the retainer dogs to position the |ocking
surface 84 within the dogs, the retainer dogs 64 were camed outwardly into
the recess 36 of the |lock mdndrel as shown in FIG 5A.- Thus, in the tool
condition represented in FIGS. 5A and 5B, the running tool is tel escoped to
the condition illustrated with the retai ner dogs 64 expanded and the

| ocking lugs 91 about to reach alignnent with the recess 26 of the expander
sl eeve 25 of the lock mandrel 10. At the instant that the insertion sleeve
111 is carried downwardly with the upper and | ower setting sleeves aligning
the lugs 91 with the recess 26, the upper bias of the spring 114 on the

I nsertion sleeve through the pin 113 cans_ {he |ocking lugs 91 outwardly
into the recess 26 of the |ock mandrel sT&8Ve 25 out of the insertion

sl eeve recess. -19- 112. Wth the lugs 91 no | onger holding the

i ngertion sleeve downwardly agai nst the spring 114, the spring returns the
I nser- tion sleeve back upwardly to the position represented in FIG 6B, at

uhi ch the ouLgeouitate BLuhIEARICL LANCRE! GMOADCLEERR A IRt chligues
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to this point the safety valve has”been he open by pressure applied into
the operatingogenbREebtOthbhgete] 8YsY@evEs dMa t ¥es&ONd iRdwPNasented in

FI GS. 6A and 6B the core of the running tool with the adjustable core
ext ensi on asgepbekyedPddi snaFIGS| OBRrapddsPoshi¢iOshdwelttRSénsertion 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 slee?e 25. The doﬁnward movement of
the upper and lower setting sleeves of the running tool, in addi-
tion to car:ying 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 surfaée QS moved below the retainer dogs to position the
.locking surface 84 within the dogs,.the retainer dogs 64 were
cammed outwardly into thé recess 36 of the lock mandrel as shown
in FIG. 5A. Thus, in the tool.cgndition represented in FIGS. 5A
N and 5B, the running tqpl_is telescoped to the‘conditiopg
iilustrated with ﬁhe_retainer dqgsl64 expanded and the locking
i 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 1ll1 is carried downwafdly with the upper and
iert.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



of the operating pressure in the safety valve permts the spring of the

saf ety valve, not shown, to urge the safety val ve operating piston 411
upwardly engaging the.stop plate 123 of the adjustable core extension. The
upward force of the piston fromthe safety val ve raises the core back '
~upwardly lifting the pin 101 which pulls the retainer dog sleeve 61

upwar dly engagi ng the dogs 64 with the upper end of the recess 36 in the
head 11 of the |ock mandrel 10, as represented in 7A and 7B. The upward
nove- nment of the core which expands the retainer dogs 64 also aligns the .
rel ease recess 102 on the core within the transfer lugs 83 so that the
transfer lugs may nove inwardly di sengaging the lugs fromthe upper setting
sl eeve recess 74 of the running teqle- The head of running tool including .

the skirt 54 and the upper setting -20- sleeve 65 is lifted upwardly due
to the release by the transfer lugs 83 to the position shown in FIGS. 8A\W
and 8B which is the condition of the running tool, |lock mandrel, and safety

val ve as they hang fromthe wireline tool string for lowering in a well

fl ow cbhkdluct®kth thesugh UnhasBosgenw doddingndhei dnsefrtihe sbeevehangi ng
fromthe wireline as they are |owered into the | anding nipple 400. Since

t he uppRYPWARdInPRH dste 8% isPrdingedddgedher 6RriRE Fekurnsethenynseseve 80,

the lower setting sleeve stays at the | ower .end position illustrated in
%ﬁaiir
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holds the lugs 91 in the outward locking positioﬁs engaginé the
lock mandrel sleeve recess 26. During the installation of the o’/
running tool in the lock mandrel to this poiqt the safety valve
" has been held open by pressure applied into the operating /
cylinderrof the safety valve. 1In the'condition.reptesented in
FIGS. 6A and 6B the core of the'running tool with the adjustable
core extension assembly 121 is at a lower end poéition. Release
of the operating pressure in the safgty valve permits the Spring
of the safety valve, not shown, to urge the safety valvé
operating piston 411 ﬁpwardly engaging the stop plate'123 of the
‘adjustable core extension. The upward force of the piston from
the safety valve raises the core back upwardly Iifting the pin
101 which pulls the retainer dog sleeve 61 upwardly engaging the
dogs 64 with the upper end of the recess 36 in the head 1l of the
lock mandrel 10, as represented in 7A and 7B. The upward move-
ment of the core which expands the retainer dogs 64 also aligns
the reléase recess 102 on the core within the transfer lugs 83 so
that the transfer lugs ma} move inwardly disengaging the lugs

from the upper setting sleeve recess 74 of the running tool. The

head of running tool including the skirt 54 and the upper setting



wel | flow conductor into the landing nipple to the position of FIG 8B at
whi ch t'he stop shoul der 29 on the | ock mandrel body engages and rests on
the stop shoulder 402 in the landing nipple. After the safety valve, |ock
mandrel, and running tool arrive in the landing nipple, as illustrated in
FIGS. 8A and 8B, the wireline tool string is jarred downwardly tel escoping
the running tool to the -condition shown in FIGS. 9A and 9B at which the
head of the running tool noves downwardly until the | ower end edge of the
skirt 54 engages the upper end edge of the head 11 of the |ock mandrel 10
and the | ower enlarged end portion 72 of the upper setting sl eeve noves
over ‘the transfer lugs 83 aligning the reggss 74 in the upper setting
sleeve with the transfer lugs. The safety valve is now in the proper
position in the flow con- -21- ductor below the | anding nipple and the
| ogk, mandrel 10 is pro- perly positioned in the | anding nipple for
expandi ng the | ocking dogs 20 of the |ock mandrel. Control, fluid pressure
is applied frsQQeelviee 65UlkaggftBaouplatbtycaier @b théerdlBadid® By ectfft@ianster
valve to punp the safety val ve open noving the piston of the safety val ve
downwar dl y fnaemgst 88 poathelpddspoidbheshownsi AbDFEGSOr €A exi@ 8B Swittofid e
running tool. Wth the safety valve piston noved bel ow the core extension
pl ate 123, tlkenddtdonf cfhéheunnnnigngotdols 3bcktmandyel heasprafethOXalyek as
downwardly until the Iower end edge 6la of the retainer dog retaining

sl eeve 61, r&b8Yadaag: hsomnthendirehbne dteol 1sthringefonlowrinidielimaagell,

as illustrated L
' flow conductor. FIGS. 8A and 8B show such condition of the tools

hanging from £he 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 keepinglthe 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 landihg nipple.
Aftér the safety valve, lock mandrel, and running tool arrive
o 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. 9A 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 1l 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-



in FIGS. 10A and | OB. This downward novenent also shifts the surface of the
core above the recess 102 back behind the transfer lugs 91 as the upper
setting sleeve 65 noves over the transfer lugs, that is, the recess 74 in
the setting sleeve 65 is aligned with the transfer lugs. Sinultaneously,
the retainer dogs 64 are noved slightly bel ow the upper end of the recess
36 in the head of the |Iock mandrel 10. This downward novenent of the core
cans the transfer lugs outwardly into the upper setting sleeve recess 74
and is caused by the force of the spring 102 which was per- mtted to
expand due to the renoval of the upward pressure on the core extension
assenbly by the safety val ve pistcgbfwnch I s now punped open and no | onger
is urged upwardly against the core.”” An upward jarring force is then .
applied to the head of the running -22- tool 50 by the wireline tool
string tel escoping the running tool to the extended condition representéﬁ’
in FIGS. 11A and IIB. Since the transfer lugs 83 are at outward positions,

the uppget8et beDgwStREVEaAPi fY GiSHpie [ then IRk magar-Ryl hongst pear
upwar dl y applying an upward force to the |lower setting sleeve 80 which is

pul | edpephar gbyi t Tosed piver theMaititg ofigple fotcexpanding sheeYeckangi es
the | ocking lugs 91 upwardly due to the engagenent of the lugs in the
recessdagso20tof theklaowkdiaidmipan@untdcdefdudd preessaxpandeapsltede is
noved upwardly within the | ocking keys 20 of the |ock mandrel expanding the
| ocki nfjr&mysh@Osunface hehtough ithe emedsrol0l ioke #i8S tandhrgsafepy evdloe
to pump the safety valve open moving the piston of the saféty.
vglve downwardly from the plate 123 on the'adjustable core exten- ;_)
sion of the running tool. With the safety valve piston:moved
below the core extension plate 123, the csre of the running tool -’
is shifted by the épring 102 back downwardly until the lower end
edge 6la of the retainer dog retaining sleeve 61, reengages the
internal shoulder 1l 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 trénsfer
lugs 91 as the upper setting sleeve 65 moves over the transfer
lugs, that is, the recess 74 in the setting sleeve 65 is aligned
with the transfer lugs. Simultaneously, the retainer dogs 64 are
moved slightly below the upper end of the recess 36 in the heﬁd
of the lock mandrel 10. This downward movement of the core cams
the_ttansfer lugs 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



FIG 1B shows the |ocking dogs 20 of the |ock mandrel 10 fully expanded
into the | ocking recess of the | anding nipple. The | ocking dogs 91 are now
aligned with the recess 112 on the inser- tion sleeve 111. Continued upward
force on.-the running tool head pulling the upper and | ower setting sl eeves
upwar dl y causes the | ocking lugs 91 to be cammed inwardly fromthe recess
26 in the expander sleeve 25 of the |lock mandrel into the insertion sleeve
recess 112 so that the lugs 91 are released fromthe sl eeve 25 | eaving the
expander sl eeve 25 at the upper |ocking position. Simultaneously, the
upward novenent of the |lower setting sleeve 80 of the running tool shifted
the rel ease surface 85 on the setting slere behind the retai ner dogs 64 so
that the dogs are free to caminwardly for release fromthe recess 36 in

t he head -23- of the lock mandrel 10, as shown in FIG 11A. Wth the

| ogkj ng lugs 91 cammed inwardly out of the |ock mandrel expander sl|eeve
recess 26 and the retainer dogs 64 camed i nwardly out of the | ock mandrel
head recess 380lt R8@ bPHnthagwineline fapl} ystming sl gsampinige theckunnidgekood
| eaving the | ock mandrel .in the_ | ocked condition in the |anding ni Eée as

shown in FI G8°15R=afyteoRed FeRRdikt LomVERRF SRRt RShtinoF IGFe Hdd 288y

lifting the rynning tool exiends the parts of the running tool to the
condi tion shé%ﬂc?ngih—?c%?aﬁfi%eﬁ ?L%Bsfeﬁr?/\/rﬂ'i:i?"c%r ReSt§ e85 Fhe upper
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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 iugs in the récess 26 éf 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. llB shows the iocking dogs 20 of the lock mandrel 10 fully
expanded into the locking recess of.ﬁhe laqding nipple. The
locking dogs 91 are now aligned with the recess 112 on the inser-
tion sleeve 1ll. Continued upﬁard force on the running tool head
o pulling the upper and lower settiné 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 poéition.
Simultaneously, the upward movement of the lower setting sleeve
80 of the running tool spifted 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



FIG 14 shows the lock mandrel 10 in the | anding nipple 400 supporting the
zgfety val ve 300 in the tubing string below the | anding ni pple. The | ock
ndrel was left in the |ocked con- dition as described and illustrated as
the running tool was pulled fromthe mandrel, as shown in FIGS. 13A and
13B.. When the | ocking keys 20 of the | ock mandrel were fully expanded to
| ocki ng positions by the upward novenent of the expander sleeve 25, the
expander sl eeve was raised to the upper end position shown in FIG 14 at
whi ch the | ocki ng boss 28 on the exparder sleeve is above the latch ring .
27, thereby, releasably hol ding the expander sl eeve at the upper | ocking
position. The |lock mandrel 10 and safety val ve 300 may be renoved fromthe
| andi ng ni pple by the pulling tool 200 illustrated in FIGS. -24- 15A and
15B. The pulling tool is connected on a wireline tool string and | owered
into tlef taedilagkninppticelelBscapi sigowhein oBIGi ntblAhe Widdk thendroalk izgy
illustrated. The unl ockisng_lugs 210 on the pulling tool engage the upper
end edd&gss Stheamppdndeyasdteyveubsofir the nogkhenan spasiaTvElgieye o the
| ower end position_illustrated in FIG 15B at whjch the | ocking boss 28 on
the sl E&8Fess52psapdyeleperbiinne dedsnss i Frmmed ainrarhly QUG r?gfgdd’@s 20 are
free t cked positjon fromthe |.qckin ss of

the | aABFRGPABEFD. P4AR BEFFFRG GOl T2 DOAMLIE (HROBUAT | H b 1875%505 ¢ he

recess c3nl PnbNPolEaflafhrLC16 ORba RIS Ehe odEm I % e GeleTRNT el
condition in the landing nipple as shown in FIGS 12A and 12B.
Further upward movement of the tool string lifting the running o

tool extends the parts of the running tool to the condition shown\\J

in FIGS. l;A and 13B, at whigh the running tool i§ esentially <

extracted from the lock mandrel and may be lifted to the surface

and removed from the well flow conductor.

FIG. 14 shows the lock mandrel 10 in the landing nipple 400
supporting the safety valve 300 in the tubing string below the
landing nipple. The lock mandrel was left in the locked con-
dition as described and illustrated as the running tool was
pulled from the mandrel, as shown in FIGS. 13A and 13B. When the
locking keys 20 of the lock mandrel were fully expanded to R
locking positions by the upward movement of the expander sleeve
25, the expahder sleeve was raised tb the upper end position
shown in FIG. 14 at which the locking boss 28 on the expander:
sleeve is above the latch ring 27, thereby, releasably holding
the expander sleeve at the upper locking position.

The lock mandrel 10 and safeiy valve 300 may be removed from

the landing nipple by the pulling tool 200 illustrated in FIGS.



rel ease of the | ocking dogs. In the event, when attenpting to install the
safety valve and | ock nmandrel, the safety valve wll 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 |ock
mandrel and safety valvée may be pulled back to the surface. Simlarly, in
the event when an attenpt is nade to set the |lock nmandrel in the | anding

ni ppl e the | ocki ng dogs on the | ock mandrel are not adjacent to the | anding
ni ppl e locking pro- file, upward jarring on the tool string will retrieve
the | ock mandrel and safety valve to the surface. The reason that the | ock
mandrel and safety valve will be retrievedzpack to the sur- face wth the
running tool if the safety valve would not open is -25- that in order

for the running tool to lock the lock mandrel it is necessary for the upper
setiting sleeve to engage the transfer lugs. This cannot occur until the
upward force of the safety valve-on the core has been renoved all ow ng the
core to nove 3BPRghn8ylEBwnwahel puldisgntodlk is arsrdrected)omud wairtelyinenttool
the upper setting sleeve recess 74. Qherwi se, pulling back upwardly on
the running t86F1RA| praulewened| bekontibelr Banding sakrale &8 hasanediadufiher dlopl
W t hout expanding t he iockin%ﬂéu%f 20 of: the 1ock mandrel . Simlarly, .if
the | ocking | 485 chRB ot oek PBARABEL vas dt YL ¥eraththi ngt R AP IRINLINGetiigs 210 on

engaged with the lo .nandrel, as_the parts canno QF'shi tqg to th%
rel ative posif Snguf ing tool engage the upper end edge of the expander sleeve

25 driving'thé sleeve 25 downwardly to the lower end position
illustrated in FIG. 15B at which the locking boss 28 oﬁ_the
sleeve 25 is'movéd below the latch ring 27 and the locking dogs
20 are free to move inwardly to the unlocked position from the
locking_reéess.of the landing.qipple. The pulling collet 203 on
the pulling tool engages-the recess 36 in ﬁhe head of the lock
mandrel 10 for pulliﬁg the lock mandrel back upwardly after the
releése of the locking dogs.

In the event, when attempting éo install the safety'valve and
lock mandrel; the safety'valve will not épen whgn control line
pressﬁre is applied to it in the ianding nipplé, the wireline
'\/, tool string can bé jarred upwardly and the entire tool string

with the lock mandrel and safety vﬁlve may be pulled back to the
. surf#ce. Similarly;'in the event when an attempt is made to set
the lock mandrel in the 1andin§ nipple the.lockinq dogs_on the
lock mahdtel are not adjacenilto Ehe landing nipple ldcking pro-
ffile, upward jarring on the tool string will reﬁrieyé the lock
mandrel and safety valvé to the surface. Thg 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



di sengagenent of the running tool fromthe | ock mandrel. In such event, the
tool condition will be as in FIGS. 8A and 8B, such that an upward pull on

t he head of the runnijng tool will [ift the upper .setting sleeve 65 engagi ng
the shoul der 62 with 'the inter- nal shoul der of the retainer dog sleeve 61
pul ling the dogs 64 upwardly which are engaging the recess 36 in the |ock
mandrel body, thus, pulling the | ock mandrel upwardly. The alternate form
of running tools shown in FIGS. 16A and 16B is useful only when the well
bore is staggered or graduated between the | anding nipple and the bore in;
whi ch the safety valve is set. In such a situation, the pressure necessary
to punp the safety valve open acts on a downwardly facing annul ar area of
the safety valve and | ock mandrel tesding to punp the assenbly back - 26-
upwardly before the | ock mandrel | ocking dogs can be set. The alternate
formof the running tool shown pernits the | ocking dogs 20 to be
ternporarily expanded with sufficient holding force to allow the safety

val ve to be punped open w thout punping the assenbly back up the hole.
After tttatt enmperder doratdieomruohingetbodkitngldoysthadlobke pambiely idpeis of
the safety valve to relieve the upward force on the running tool core, the
r unni nqrecsssaryy fioxl [thessppere spbtkngnAlicerve Ref engaag tbe FEsHeHA and

16B, a nodified formof running tool 50S is illustrated_|anding and | ocking
the | od8%FandTis1G22Rta OFGHTT PREL S aF By LRERYE §8PHSei AL ath®diFi

st aggeredq bore . .
99 valve~on the core has been removed allowing the core to move

slightly downﬁardly to cam the transfer lugs outwardly into the
ubper setting sleeve recéss 74. .Othekwise, pul;ing back upwardly‘uJ
on the running tool will pull the lock mandrel and safety valve |
back upwatdly'withéut expanding £hg lqcking lugs 20 of the lock ~
mandrel~ Similarly, if the locking lugs cannot expand outwardly
the running tool will remain engaged withithe lock mandrel, as
the parfs cannot be shifted to the relative positions for
disengagement of the running tool ffom the lock mandrel. In such
event, the tool condition will be as in FIGS. 8A and 8B, such
that an uéward pull on the head of the running tool will lift the
upper setting sleeve 65 engaging the shpulder 62 with the inter- ;/
nal shoulder of the retainer dog sleeve 61 pulling the dogs 64
upwardly which afe engaging thé recéss 36 in the lock mandrel
body, thds, pﬁliing the lbck ﬁandrel upvatdly.

The alternate form of.runﬂing £0013.shown in FIGS. 16A and
16B is useful'only wheh the Qell bore is sﬁaggeréd or graduated
between'the landing nipple and ﬁhe bore in which the safety valve
is set. Iﬁ such a situation. the preséu:p necessary to pump the
safety valve open Acts on a downwardly facing annular area of the

safety valve and lock mandrel tending to pump the assembly back



| andi ng ni ppl e 400S. The staggered bore |l anding nipple is a gra- duated or
staged bore | andi ng ni ppl e having an upper bore portion 450 sized for the

| ock mandrel 10 and a smaller | ower bore por- tion 451 sized for a safety
val ve 300S whi ch has an outside di amgeer |ess than the dianeter of the |ock
mandrel 10. In such a circunstance, where the | ock mandrel is |larger than
the safety valve, there is an upward force on the | ock mandrel and safety
valve lifting the assenbly out of the Iandlng ni_ ppl € when the safety val ve
is initiall YPYRESRUMREF WS rdte sk imdadredt LoRs 188agR98f CRRePE 0Bkt narthel .
The* effective downwardly facing area over the safety valve and | ock nandre
bet ween t healternaffe fiim Rf she Fansdmngt Fopdl $EOHAIPERBLES nkhefledinnhdays

t he, | ock mm dreI plies the upward faorce lifting _the tools, back war dl
when the sSSP P8 ke TPQEATiLY) Ie9‘96t"§§§ur“é&huﬁ“?81Fé?PEvB°1-‘Eb“% SF 1% ce

of ¢bhe safet valwf an e car.e of the runn

necessary (AT E FAr Se e F&&?enaﬁa?s?gaﬁa" 6 5328 IR EREVDS he
running FOO.{ | a‘-’Hbel}n% ' )é t% Sh%(i t he r @get Qg{np§8§r e%ﬂ%érlz ﬂ%ll rww@

tool to ini tenporari 'y ‘1 ock the nandre
ni ppl e 400§ yy S %h‘éagé 1$'ﬁd BQ BEeﬁﬁ rededPy Pogl ﬂ?—rlyeltlféve

conpl etion of t%e Iocklng proce enoval “of the running tool
tem poraryHatbdiaia Fordee anthen&ﬂ%%ngobi BSEQW{:héhﬁﬁlnﬁlH@gt&bdm)dﬁy ed

structure in the running tool which pernmts sufficient upward force on the
runni ng todully tsRIYPhY illo:ks fandire1l.0cki ng

Referring to FIGS.  16A and 16B, a modified form of running
tool 50S is illustrated landing and locking the lock mandrel 10
énd a modified saféty valve 300S in a modified staggered bore
\w landing nipple 400S. The staggered bore landing nipple i; a gra-
duéted or Etaged bore landing nipple having an upper bore portion
450 sized for the lock mandrel 10 and a smaller lower bore éor—
tion 451 sized for a safety valve 300S which has an outside
diameter leés than the diameter of the lock mandrel 10. In such
a circumstance, where the lock mandrel is larger than the safety
valve, ihere is an upward force on the lock mandrel and_éafety
valve lifting the assembly out of the landing nipple when the
safety_vaive is initially pressured up for the final setting
stage of the lock mandrel. The effective downwardly facing area
over the saféty 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



dogs 20 without lifting the running tool and the | ock mandrel back upwardly
out of the |l anding nipple 400S. The nodifications are in the coupling
drrangenent between the upper and | ower setting sleeves of the running
tool. The transfer lugs 83 are nmounted in the upper end portion of the

-1 ower setting sleeve 80S connectetfymwith cantilever springs 500 which bias
the lugs out- wardly to the I ocking positions shown in FIG 16A. The
nodi fi ed upper setting sleeve 65S has an enl arged bore portion 501 for a
coil spring 502 which bears downwardly agai nst the upper end edge surface
503 of the nodified | ower setting sleeve 80S of the running tool. The

spri nghidl i aeresidagyl @veergettingl gl eayetBOS donnmasditl ralative to the
upper setting sleeve 65S. The spring 102 is sized so that as tool string-

vei ghte igasecrandedeniohe tRhei RINAPHESLHBE. UPPRE MedIlf beseidny talnyli ng the
top sub with the skirt 54 and the upper setting sl eeve 65S upwardly o’
r el atduemn itng o lcG0s pedmitf thagrbhrihgwesobetdi hyisiekre HMpdradiis, | ock -
sleeve 25 to initially lock the | ocking dogs 20 outwardly. Thus, - 28-

t he dicdknghef lokk smandrgll0l pnovheebasdifgcniphlelpd@dd s whorlee tdppl | ed by
the conpressed spring to exceed the wei ght of the head of the running tool
50S skdegywivadvehd scoribbngedreesyhed vp phel uppearyeteirmpletann 65S, t he

| ower setting sleeve 80S, the expander sleeve 25, and the related structure
i ncl &diendockd ngr RESFEAUFAgANE3raReve heof obhe nELRBERI 9890 n tTHe Ffdtati on of

the nodified running too] 50S, to | and : X
porary QatCEQnggof the 90ck mangfel 10 is accomplished due to

modified structure in the running tool which permits sufficient
upward force on the running tool to tempérarily set the'locking
dogs 20 without lifting the running tool amd the lock mandrel
back upwardly out of the landing nipple 400S. The modifications
are in the' coupling arrangement betﬁeen the upper and lower
setting sleeves of the running tooi. The ﬁransfer lugs 83 are
mounted in the upper end portion of the lower setting éleéve 80s
connected with cantilever springs 506;which bias the lugs oﬁt-
wardly to the locking positions shown in FIG. 16A. The modified
upper setting sleeve 65S has an enlarged bore portion 501 for a
coil spring 502 which bears downwardly against the upper end edge g/
surface 503 of the modified lower setting sléevé 805 of the

running tool. The spring 502 biases the lower setting sleeve 80S
downwardly relative to the upper setting sleeve 65S. The spring

102 is sized so that as tool string weight is removed; the spring
moves the upper head assembly including the top sub with the

skirt 54 and the upper setting sleeve 65S upwardly relative to

the core 100 lifting the lower setting slearve 80S in.the lock

sleeve 25 to initially lock the locking dogs 20 outwardly. Thus, .



and lock a lock mandrel 10 with a snaller safety valve 300S in the

st aggered bore | andi ng ni pple 400S, the running tool, |ock mandrel, and
safety valve are |lowered through the tubing string into the | anding nipple
to the positions shown in FIGS. 16A and 16B. \Wen the | ock mandrel comes to
rest in the |anding nlpple sufficien28upward force is applied to the
wireline tool string to renove the weight of the tool string on the
runni ng tool:. When the weight of the tool string is renoved fromthe upper
end of the running tool 50S, the spring 102 Iifts t he head assenbly

including th eupp§{nftln é&? Og Q@%ﬁg EQHEan%O éb?r Of & 290

pul l'ing the [ ower up ermar ue tot oup I ng of the

upper and lQ ilg&‘éﬁ%pwar lcﬁ%(?n\ﬁ ueesg%/ rih feréxc%?ﬁ gﬁe Ig‘f ?{'fj@l{e head

sl eeve 25 iS False € "Ccdup |ng | Ower

slegye by t9e {REkigih rH;gsco%]l sbie a‘i)&‘ﬂg“@s‘i:hs'tﬁ%"‘c’:ohﬁxfué&ség !?‘ﬁEé'of h@nposs

on the expander sleeve engages the rin whi ch position e expander

sl eeve propgppée éé}%ﬁlrﬁp Aees 2@ s5ayt Wakdhywethisel tlingks1bb6e| 964, newedr el 10
in the Iandlng ni ppl e 400S. The safety valve 300S is then pressured up

through |i nexgdddgunglieryd 6 ,sahadt thealredatebl gtopeBure iociedisyettide
upward force of the piston 411 of the saftey valve on the running tool
core. Due tmarsfed dagsnd@3ofandhehleodkckingr dbgisn9the | andi ng ni pple by the
dogs 20, the lock mandrel is not punped upwardly out of the |anding niefle
during the punpimd¢hspepesiatiion off she madvéie®hcusniagi tooheh0§hite ekan
slightly down- wardly behind the transfer | ugs 83 so that upward force on
t'he 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. When 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 1082 lifts the head assembly
including the upper setting sleeve 655 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 position the expander sleeve
props the locking dbgs 20 outwardly, which locks the lock mandral’

10 in the landing nipple 400S. The safety valve 300S is then

prossured up through line 405 pumping the 3atety valve fully open



tool string lifts the |ower setting sleeve 80S pulling the expander sleeve
25 upwardly until latched at the upper end posi- tion by the ring 27 and
“the | ocking keys 20 are fully | ocked out- wardly.. Continued upward force
then rel eases the running tool 50S fromthe | ock mandrel 10 in accordance
with the previous description fof“retrieving the wireline tool string and
running tool fromthe well leaving the |ock mandrel 10 and the safety val ve
300S | ocked in position in the tubing string. |If the setting operation has
to be aborted, a pull upwardly on the tool string in excess of the force
required tao deflect the springs 500 thraugh the cam surfaces of the

t randferrali§yes e 8o%atd £o55earfnghroPiEtePplftLdoby thResabithg e
separates the upper and | ower setting sleeves 65S and 80S with the springs:
502 ©& fh& FYPRE9 SAQL SOrEi-ngDuReEPetPE ARCHAPSCREJEPBSIFHMARTat t he

| wi.th the |qck drel ang saf et be. pul | ed w
ook 10 Eng 1aRging: atenla by Ehe' GogSed0p nERrL PRk daR POt et Y ARE runn g
t ool sh in FIGS. 16A and.16B,per- mts t | ti f th
o PRABES, bue =T £3G DR KPR 1BReing: DiphiGA0RTEs PRE CAAT IS 9P anet or
th he | drgh, .d t | i t while th
han ke phog QRggh e b Lt SUPRRELY shSHEM L SLHER) gl Lhe

ngg},ggg}lgggea%amem keansebli Dggandsl Q6KLRGt 2upRhta t PO cd o drpndi Ng

tool string lifts the lower setting sleeve 80S pulling the

expander sleeve 25 upwardly until latched at the upper end posi-

tion by the ring 27 and the locking keys 20 ‘are fuily locked out- Q_)
wardly. Continued upward force then releases the running tool

508 from the lock mandrel 10 in accordance with the previous o’/
description for retrieving the wireline tool string and running
tool from the well leaving the lock mandrel 10 and the safety
valve 300S locked in position in the 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 force applied by the spring 502 separateé the uppér
and lower setting sleeves 65S and 80S with the spring 502
returning the lower setting sleeve to an unlocked position so
that the running tool with the 1ock'mandrei'and safety valve may
be pulled upwardly back out of the landing nipple. Thus, the .
modified form of the running tool shown in FIGS. 16A and 168 per-

mits the normal operation of the running tool 50S when.used with

a safety valve which is smaller in diametef_than the lock

mandrael, dus to the temporary latching effect while the uatoty

valve is being pumped open.



a well bore comprising: a |ock mandrel having a body provided wth-at—teast
one side wi ndow, a support shoul der on said body for supporting said
mandrel in a no-go landing nipple; a radially novable |o m ﬁ“ﬂﬁl‘“\m mme
side wi ndow, a |longitudinally novabl e expander sl eeve i n(‘ “ 4 '
Wi thin said dog for expanding and | ocki n_gai_ai d dog outwardly ®and reél easi ng
said dog for inward novenent, said expander sleeve having an interna
annul ar recess for engagenent by a handling tool to nove said sl eeve

upwar dly and downwardly and an external annular |atch boss al ong an
upper end pog'vtﬁgg%%hereof; and a latch ring'in said body around said
expander sle ve said | ocking dog for engagenent with said |atch boss

on said sl eeve when sai'd sleeve is at an upper |ocking position to

rel easably hold said sleeve in said upper position; and said running tool

i ncl'wdi ng a head absenbly fotkcammeiddlonand kinndng apelatdissembDpl for
string; and upper retainer dog assenbly supported from said head assenbly
for rel easablsetbing i and shodkingnanyeldotoolt int Aeléandingfnipplie! atkng
mandrel ; a | ower | ocking |lug assenbly supported from said head assenbly
for rel easabldy Wbl bore seP@PridbngGg tool with said expander sleeve of said

| ock mandrel to nove_ said expander sleeve between | ocking and _
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 ﬁnd locking said
dog outwardly and releasing said dog for inward movehent,
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
lockiné 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; and upper
retainer dog assembly supported from said head asseﬁbly
for releasablY'coupling said running tool with the body

of said lock mandrel; a lower locking lug assembly



rel ease positions; said upper retainer dog assenbly including upper and

| oner setting sleeves tel escopically coupled together——salid _|ower

setting sleeve also conprising a conponent of said | ower |ocking |ug
assenbly and including an expandabl e | ocking | ugumu M"t"nﬁﬂﬂl,ﬁ ngagenment
wi th said expander sleeve of said.{pck nandrel; I IEre

*

extendi ng t hrough sai d upper and | ower assenblies from‘sa'd heat assenbl y
coupl ed with said upper retainer dog assenbly and havi ng nmeans al ong the
| ower end thereof for engagenment with the operating piston of a safety

val ve soppested fibh galid heak aeedm®lyl Forheedicagaraid coiffling/al ve open’
during installation, a transfer lug carried by said | ower. "setting sl eeve

and opsdid| eubningerodd dviflpesaisktéxpandéreyteand 68i Gaddr Adox rel easably
coupling said upper and | ower setting sleeves together; an insertion sleeve
on sainkmdrel pbei moreedsdind caxpander cskéévebbetweent lockliagwemd sai d cores
and said. |lower setting sleeve, said insertion sleeve having an external
annul areleasascpesitionser sadd vupgesnn rekainepor dogn é@sssmbdyt ocking | ug,

and bej ng. novabl e between |ug | ocking and |ug rel ease positions on said
core wWRGlRALRG JUPEREr and t1oHPE| $RYEINGNELECYRFi $§LASCPPICRdily core and

o 1 OSSedn TRl 25 Bi8Y Yower *ZaekBISE! S ELEE eGSR ! O0KI NG
comprising a component of said lower locking lug assembly
and including an. expandable locking lug for releasable
erigagement with said expander sleeve of said lock
mandrel; a longitudinal core extending through said upper
and lower assemblies from said head asSeﬁbly 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 opeh during installation, a
transfer lug carried by said lower setting sleeve and
operable between said upper setting sleeve and said core
for réleasably coupling said 'upper and lower setting
sleeves together; an insertion sleeve on said core \~)
positioned in concentric _slidable relation between said
core and said lower setting sleeve, said insertion sleeve
having an external annular release recess for receiving
an inward portion of said locking lug, and being movable.
between lug.loéking and lug release positions on said
core within said lower setting sleeve, and a spring

within said core and said insertion sleeve biasing said



within said locking lug. 2. - A lock mandrel and runni | _assenbly for

setting and locking a well tgol in a |anding nipple along a well bore

conprising: a lock mandrel having a body provided with i{ '
wi ndow, a support shoul der on said body for supporting gﬂmmmﬂm’m‘ g
no-go landing nipple; a radially anabngLocking dog in safd 'si de w ndow;
a longitudinally novable expander sleéve in said body novable within

said dog for expanding and | ocking said dog outwardly and rel easi ng said
dog, for inward novenent, said expander sleeve having an internal annular

recess for engagesaln byiaehandtbndat ok ihd ¥R s12ii8nS! 8RYEsaPYRT e and
downwardly and an external annular |atch boss along an upper end portion

t her eof ; andwathdanclaiinddakisri didgpdy around said expander sl eeve above
said | ocking dog for engagenent with said | atch boss on said sl eeve when
sai\d” sl eeve is at 2an upperléoackkmagdpedi tandn runnisigasadl yabsketbiy ot eeve
I n said upper position; and said running tool including a-head assenbly for
connect i on wselttingogadatliogkingla selilhdodn upperlanstisigheviptde aslongl vy
supported from said head assenbly -3 3- for releasably coupling said
runni ng tool anwell penso@pmprising: .

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
longitudinélly movable expander sleeve in  said body
movable within said dog for ekpanding)and iocking said
dog outwardly aﬁd releasing said'dog for inward movemént,
said expander sleeve having an internal annular recess

- for engagement by a handling tool to move said sleeve
‘upwardly and dowhwardly and aﬁ ) exteinal annular latch
boss along_an’upper énd portion théreof; and é latch ring
in said body around said expander sleeve above said
locking doé for engagement witﬁ said latch boés bn said
\— sleeve when said sleéve is at ah upper locking position
to.releasably hold éaid 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 sﬁpported from said head assembly



of said lock mandrel; a lower locking lug assenbly supported from
sai d head assenbly for releasably coupling said running tool with said
expander sleeve of said |ock nmandrel to nove said expander sTeeve between
| ocki ng and rel ease positions; means interconnecti ai ner
dog assenbly and said | ower |lug assenbly for |n|tlgmﬂﬂ ﬂmﬁﬂﬂ[’ ﬂld upper
retainer dog assenbly with said | ockgmandrel body ahd ¢ hereafter operating
said | ower lug assenbly to expand said | ocking dog on said |lock mandrel to

| ock said | ock mandrel in said |anding nipple including a central
I ongi tudinally novable core in said running tool assenbly extending from

sai d upgpsF &euaaeablydczgnqssﬁ@l ¥aidoraandngoWRId1UGy st edRkY bodyn i nsertion

sl eeve slidably nounted on said core within said | ower |ug assenbly for .
suppor tofindsadd enbotk ofmaadxlel nsex t i Yowest edockimigiedngr elasasmbayd | ock
positions in said |ower lug assenbly to operate said |ug assenbly to couple
sai d runnﬂggrtedlfmbmhss&ddheedkasaaubéy fhenrediedshbily compdiely | ocking
dog is at a retracted .release position; and spring biasing neans

bi asi ngs&id drunséngi 9o st 15 popander $leeve| ohsapid Lecki ng said

| ower |ug assenbly with sald expander s]eeve of said | ock mandrel.
C | mangdrel %o mowe gaid ex ander sleeve between locking and

release pos;tions,' means interconnecting said upper
retainer dog assembly and said lower lug assembly for
initially coﬁplihg said upper retainer dog assembly with
said lock mandtel' body' and thereafter operating said Q_;
lower lug assembly to exband'said looking-dog on said
lock mandrel to lock said lock mandrel in said landing o/
nipple including a central longitudinally movable core in
said rﬁnning tool assembly extending from said upper
retainer dog assembly to said lowvvlog assembly; an .
insertion sleeve slidably mounted on said core within
said lower lug assembly for support and movement of said
insertion sleeve between release_and lock positions in
said lower lug assembly to operate said lug assembly to
couple said running tool with said look mandrel when said
lock mandrel locking dog is at a. retracted release
position; and | |

spring biasing means biasing said insertion sleeve .
to a poSLtion for releasably locking said lower lug |

assembly with said ‘expander sleeve of said lock mandrel.



3. A |l ock mandrel and running tool assenbly in accordance with Ca
i ncl udi ng an adj ustabl e core extension assenbly connected with the Iower
end of said core for coupling said core with an operati

i
t ool supported fromsaid | ock mandrel whereby said sai dllulmE mlmg.l

adjustable to fit a plurality of well tool designs.

im 2

and running tool assenbly in accordanc€3ﬁ1r1(]ajn12 wherein said ins
sl eeve has a rel ease recess alignable with a locking lug of said |ower |ug
assenmbly and an external |locking surface alignable with said |oc

hertion o LZS’S%LE%?@?%’% HERFRY O BB ”Fa[‘ftgs iy

engage and

said | ock man

expan aJmk Rdye! | 28X4RE: an%e%e gpq ab3fa8sr {e

er sl eeve. mandr runnlng

assenbly in M%ea%b{abgga'daﬁé@w&'ﬁa@ ghé'p%ﬁe&ete?idwé degi g

assenbl y includes an upper

ting sleeve and a | ower setting sleeve

rel easably caweeCﬁ@dal@oﬁ;]sgﬁ@eéamrc@ﬁsraitngaa%ﬁeﬁatﬂnglm&&béet 8gne

assenbly and said | ower

ug assenbly, and said | ower setting sleeve

mandr

ertion
ki ng
to

rom
ool

r dog

conpri ses awadripotenl shppairtedoviron ugabdsaobky mandriedc kilaradbiy satdi ed by
a lower end portion of said |ower setting sleeve is operable by relative
novenent of s&didl running tool is adjustable to fit a. plurality -of

well tool designs.

4. A lock mandrel and running tool assembly:in
accordance with Claim 2 wherein said insertion sleeve has
a release recess alignable with a locking lug of said
lower 1lug assembly and an external llocking surface

alignable with said ldcking lug of said lower lug

assembly whereby longitudinal movement of said insertion.

sleeve operates said locking lug of said lower lug
assembly to engage and operate said lock mandrel expander
sleeve and to release from said lock mandrel expander
sleeve.

5. A lock mandrel and running tool assembly in
accordance with Claim 4 wherein said upper retainer dog
assembly includes an upper setting sleeve and a lower
setting sleeve releasably  connectable together for
operating both said upper retainer dog assembly and said
lower lug assembly, and said lower setting sleeve

comprises a component of said lower lug assembly and

locking lug carried by a lower end portion of said lower -

setting sleeve is operable by relative movement of said



| ower setting sleeve and said insertion sleeve for noving said | ocking |ug
between | ocking and rel ease positions relative to said expander—steeve of
| ock mandrel. 6. A l'ock mandrel and running tool assenbly in accordance

with Claimb5 including pin neans coupling said upp mlmm ul)musserrbl y
with said core and permtting relative IongltudlnaT“HI n said
core. and said upper and | ower settt®? sl eeves. 7. * Al okk Mandrel and
runni ng tool assenbly in accordance with Clain16 i ncl udi ng spring neans

between said core and said operating tool head assenbly for biasing sai d

t d ' bl way f d h nmbl y . A’
ock a?r%rs%'ﬁﬁtfﬁﬁﬁ%aset Bor "k Senel FR=ricsy RAReTSutaE B | ncl udi ng

q I f '
el casabiy c RSP ot oo HatbE T ACHERFT o 781 8A=E SR qlmianar el “and
runni ngré?ﬂl@és‘égbgléfh”ei?&?&%@ngﬁe%ho@' 3ol nafiadd ng an adj ustabl e -

core extension assenbly. se to the | ower end of sald core for adaptlng

sai d runningstool f@o poakumha&)élofanafiahﬁmh Weldo ! oagssﬁsngn& 10.
| ock mandrel and running tool assenbly in accordance wth daiml mhereln

sai d ruetogdanee wiehudeaimednintondiakepiabhpadspaipldngpisdildocki ng dog
of said lock mandrel to hold said |ock nmandrel in said
upper retainer dog assembly with said core and permlttlng
relative longltud;nal movement between said core and said
upper and lower setting sleeves. |
7. A lock ﬁahdrel and running tool assembly in
accordance with Claim 6 including spring means between
said core and sa?d operating tool haad assembly for W/
biasing said core toward said lower lug assembly away
from said head assembly. |

8. A lock mandrel and running tool assembly in
accordance with Claim 7 including a transfer lug operable
between said upper and lower setting sleeves for
releasably coupling and setting sleeves together.

9. A lock mandrel and running tool assembly in
accordance with Claim 1 including an adjustable core
extension assembly secured to the lower end of said core
for adapting said running tool to a plurality of
different well tool designs.

- 10. A lock mandrel and running tool assembly in
accordance with Claim 1 wherein said .running tool -

includes means for releasably expanding said locking dog

of said lock mandrel to hold said lock mandrel in said



-36- landing nipple while a well tool connected with said | ock mandrel is
operated prelimnary to final setting of said | ock mandrel in said |anding
ni pple for locking said | ock mandrel in a |anding nipple |arger than a well

cupport ed, 11 A running ool asserbiy et set i no at (GG I EAE
mandrel at a |anding nipple along a well” bore conprisi*ng® shi d" rdnhni*ng t ool

i ncluding a head assenbly for connection wth an operating tooI
string; an upper retainer dog assenbly supported from said head assenbly

for rel easablahLoup! n ¥p 5@ wWhiv@nh Ngei Potodi t BohhEcedYwPtn Sahdal @5kx

mandrel ; a lower locking lug assenbly support from said head assenbly for

rel easably c@ipitey sei dperanedg predliminbkvace amiersedwiowe of said | ock
mandrel to nove said expander sleeve between |ocking and rel ease -~ -

positions; Ismk mampgheszl imtsaidrlandingasippbéyfonclockimgupped adoadkl ower
setting sleeves telescopically coupled together, said lower setting
sl eeve al sanarsingl simgaalsofpogemipplesdiadgeanwdthanockiwall ubereséhbvy and
I ncl udi ng an expandabl e | ocking lug for rel easabl e engagenent wth__said
expander Chpr Eﬁﬂewlﬁﬁﬂ@ ARAENg 21PPAG tiRi WRECBos@igkt ¥Rliing

;ch[ ﬁugh sai d ucplpelfs aggpégﬁgrdassenbl I es from sai d head assenbly coupl ed

11. A running tool assembly for setting and
locking a lock mandrel at a landing nipple along a well
bore compfising: | |
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 releésably coupling said running tool with the body
of said 1lock mandrel; a lower locking lug assembly
support 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
— inqludiﬁg upper.and lower setting_sleeves telescopically
coupled togéther, said lower setting _51eeve élso
. comprising a coﬁpoﬁent of said lower locking lug assembly
and including an expandable locking lug for releasable
engagement with said expander sleeve of said lock
mand:el; a longitudinal core extending through said upper
and lower assemblies from said head assembly coupled with

said upper retainer dog assembly and having means along



sai d upper retainer dog assenbly and having neans al ong -3 7- the | ower
end thereof for engagenent with the operating piston of a safety val ve

cbnnected with said | ock nandrel for hol ding said safety vatve open—during

installation, a transfer lug carried by said | ower s '

oper abl e between sai d upper setting sleeve and said E‘ﬂ"ﬂmﬁ@g“ﬁaﬂﬂgl y
coupling said upper and | ower settipg-sleeves togethel, L NRErS| sl eeve
in said core positioned in concentric slidable relation between said core
and said | ower setting sleeve, said insertion sleeve having an external
annul ar rel ease recess for receiving an inward portion of said |ocking | ug’
and bei bhendwatee ¢nd webereod |fookiengagaménty wetkatbhepapeanaisaaigpon sai d
core within said |lower setting sleeve and a spring in said core and said «

i nsert i BhSEPBePE Bi SSLRFYs Hied Viensonmesites) sl 1918 Ilagk manssit i on on
G ai m LEOFNEPUBLAG. S LSUPRLETEN SHMRG OPRTE RGN A AT Feshradh (o0 the
| over e daof s%i core fon'%q ting.sai runnin% tool to-a plurality of
di f f er ehF2REEF t(cjsd'fgdé’éfﬁﬁ?. i}gy R%l"ﬁln NE% o5 _§§'§€nb?£e?}5$ éé’ﬂl ng and
ocki ngoBe ek eMBARer batd APPLY JLOPL S LPLG S URY' B9 LYW ST nY:
for releasably coupling said upper and. lower setting
sleeves ﬁdgether; an insertion sleeve in said core
positioned in conéentric slidable relation between. said
core and said lower setting sleeve, said insertion sleeve \_)
having an externai annular release recess for receiving
an inward portion of said locking lug, and beihg movable -’/
between lug locking and lug release positions on said
core within said lower settirig' sleeve and a spring .in
said core and said insertion sieeve biasing said
insertion sleeve to a locking .position on said core
within said locking lug. |
| 12. A running tool in accordance with Claim 11
including an adjusﬁable core extension assembly secured
td the lower end of said éore for adapting said runnihg
tool to a plurality of different well tool designs.
13{ A running tool assembly for setting and locking'
a lock mandrel in a lan_dincj nipple along a well bore :
comprising: |
a head assembly for connection with an operating
tool string; an upper fetainer dog aSsembiy supported

from said head assembly for releasably coupling said



a head assenbly for connection with an operating tool string: er
retai ner dog assenbly supported from said head assenbly ;zgyijleasably :

coupling said -38- running tool with the body of said M"WM‘HQ‘,
y
L

| ower | ocking |lug assenbly supported from said head asse
coupling said running tool with an expander sleeve of said | ock mafldrél to
nove sai d expander sl eeve between | ocki rg8and rel ease positions; neans

i nterconnecting said upper retainer dog assenbly and said | ower |ug
assenbly for initially coupling said upper retainer dog assenbly with said
| ock mandrel body and thereafter operating said |lower lug assenbly to
expand a | ockiurgligey wekaviithotkenhadyelft aligdedosk dansidemnalr bPwen sai d
| andi ng ni ppl.e including a central |ongitudinally novable core in said

runni ng tool 12&kdMg yledt ARAMPLF oFHBERPEEEPp ST Tt 3 HEr DESY aasedmPlYto
sai 81 ower | assenpl y; jnsertion sleeva sl i deably nounted on said core
within said | r q%ﬁ%%é%ﬁﬁ%lyc?ﬁp BpoffLand THERERENt WPk ai' - Fhse?Ri on

I bet | d [ td ' ' mbl y.
oper at ng. sarFESsars do butatdatdde hand R o PBRE o Hig”

mandr ol when cstlahddickTRAGECIndALA010841 05 dnd' FELEASLCGSELERSHs

position; and spring neans biasing said insertion sleeve to osrtioh for
rel easably | Q@eind) interconnecting said upper retainer dog assembly

and said lower lug assembly for initially coupling said
upper retainer dog assembly with said lock mandrel body
U and thereafter operating said lower lug assembly to
expand a locking dog on said lock man@rel-to lock said
— lock mandrel in said landing nipple including a central
| longitudinallf movable cére'in saia running tool assembiy
extending from said upper retainer dog assembly-tb said
lower lug assembly; an insertion sleeve slideably mounted
on said core within said lower iug assembly for support
and movement of said insertion sleeve between release and
 lock positions in said lower lug assembly for operating
'said lug assembly to couple said running tool with said.
lock mandrel when said lock mandrel locking dog is at a
retracted release position; and spring means biasing said
insertion sleeve to a position for releasably locking
i séid lower lug assembly with said expander sleeve of said
lock mandrel.
14. A running tool assembly in accordance with
Claim 13 including an adjustable core extension assembly

connected with the lower end of said core for coupling



said | ower lug assenbly with said expander sleeve of said | ock mandrel. 14.
A running tool assenbly in accordance with Caim 13 including an adjustable
core extension assenbly connected with the | ower end of said core for

coupl i ng said core with an operating member - B upported
fromsaid | ock mandrel whereby said runm ng tonIﬂunﬁmH’[@” to fit a
plurality of well tool designs. 13g. runni ng*t tas¥en®dl y*1 n accor dance
with Claim1l4 wherein said insertion sI eeve has a rel ease recess alignable
with a locking lug of said |ower |ug assenbly and an external | ocking
surface alignable with said | ocking lug of said |ower |lug assenbly whereby
| ongi taalidial comey eneeinith ofars aiapersssimg noesibeay e cdperat eeldai dobdcki ng | ug of
said | ower lug assenbly between | ock mandrel expander sl eeve operating v
posi t isupparted facmseapdsilodn mapdredi dvherebyasdriel expaddgr sl eeve.

16. A running tool assenmbly in accordance with Claim 15 wherein saidd/
upper taak alﬁeﬁdj%ﬁab&%s'éﬁb¥-}ftiﬂcph%éliiﬁYugﬁeWe;},bt tPRAd sl eeve and a | ower
setti Q:?%';l eeve rel easably connectabl e together for operating both said
upper PGHer dog assenbly and said |ower |ug assenbly and said | ower

setting slegye cogprles: & YR MLaghitg Ll Ul AerRly, and 1 ocki ng

Claim 14 wherein said insertion sleeve has a release

recess alignable with a2 locking lug of said lower lug

assembly and an external locking surface alignable with

said locking lug of said lower lug assembly whereby u
longitudinal movement of said inserting‘ sleeve operates

said locking lug of said lower lug assembly between lock V
mandrel expander sleeve operating positions and a release
position from said lock mandrel expander sleeve.

16. A running tool assembly in accordance with
Claim 15 wherein .s_aid " upper .'retainer dog assembly
includes an 'upper setting s.leeve and a lower setting
sleeve releasably connectable together for operating both
said upper retainer dog. aésembly and said lower lug
assembly' and  said lower setting sleeve comprises a
component of said lower lug assembly and 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 .
ldcking lug Dbetween locking and release positions

relative to said expander sleeve of said lock mandrel.



carried by a lower end portion of said |ower setting ste Ls operabl e by
rel atige novenent of said |ower setting sleeve and said insertion sleeve

for noving said | ocking |ug between | ocking and rel easjm i j ve
to sai d expander sleeve of said | ock mandrel. -40- 1™ m””m"ml”"mmﬁml
assenbly in accordance within Caim16 including pin means “cobiplf ng sai d
upper retainer. dog assenbly with said cet¢@-and permitting relative

| ongi t udi nal - novenent between said core and said upper and | ower setting

sl eeves. 18. A running tool assenbly in accordance with Caim17

i nél udi ng spring neans between said core and_sai d operating tool head
assenbly for biastAg saftd BN HOvEPH &s58mPLynem REEOEIABABI Wikl from -

icd head mbl y, .19, .runni.ng t ool ly in. da ith Clain
181 ncl udi noCLRASHEr PG)UBABEABE. MEse CURd R S e AP S g

sl seves for sgleasablussQuili pg 28> SASLE0 SO HUSIET » Ay o | 00K

mandrel and rufni ng asse acctordance w n said

T s 3 s ASERBARTocKilpoliobpighy s RAERS ol WU 0 S09
setting sl eeypg #8det 8BEting sleeves. . : '

18. A running tool assembly in accordance with
Claim 17 including séring means between said core and
said operating tool head assembly for biasing said core
toward said lower iug assembly away' from said head
assembly. ‘
U 19. A running tool assembly in accordance with
Claim 18 including transfer lug operable between said
upper and lower setting sleeves for releasably coupling -
said setting sleeves togeﬁher.

| 20. A lock mandrel and rﬁnning tool assembly in
accordance 'with Claim 10 wherein said means in said
running tool for preliminary 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 tb latching positions bétween said upper and

lower setting sleeves.

[N ]

21. A running tool assembly in accordance with
Claim 11 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



springs engaging said transfer lugs biasing said |ugs outwardly to | atching
positions between said upper and |ower setting sleeves. 21. A runni ng
tool assenbly in accordance with Claim 11l including neans for initially
| at chi ng sai d | ocking dogs on said | ock mandrel i TR i ppl e
prelimnary to final |ocking of said |ocking dodsl,"llimﬂ “mrmlamrmeans
conprising spring means between sai“d@Ipper and | owerc settrngs sl*eeves
bi asing said setting sleeves in opposite directions, and spring neans .
associated with said transfer lug biasing said lug outwardly to a
| at chin Qsition be n Ld upper..and.l ower setting sleeves. 22. A :
ock mlaher  SREPFERNREG SPEGh P HEari) peRNEEr Ra Lo BPRFE, wnd ,
subst ant | y i j b A r e . n Ll rated in .
t he accgdér)rg%%yi%égtgﬁ% n%gls 23. ﬁ%a%%ﬁﬁi nsggﬁo%(éggé'glﬁgl glgé‘é%%dﬁ% to Caim
13 subsiapbbatby @sré€tebAsdesfid Padringh nehRECWSsELLaREdaSyi Y UStrat ed/
in the acconpanyi ng draw ngs. _

said transfer 1lug biasing said 1lug outwardly to a

4

latchiﬁg position between said upper and lower setting
sleeves.

22. A lock mandrel and running tool assembly
according to Claim 2 substantially as herein described
with reference to and as illuétrated in the accompanying
drawings. |

23. A running tool assembly accoiding to Claim.13 w
substantially as herein described with reference to and

as illustrated in the accompanying drawings.
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