-1- LOCK MANDREL AND RUNNI NG TOOL ASSEMBLY FOR VELL This invention rel ates

to | tools and nore part- icularly relates to a |ock nandrel and runni ng
t ool \|ffér--rel easably | ocking a flow control device sucﬁ_gs P ﬁdf ty valve Ln
a fl ow conductor of a well. 5 In the well art, partlcular y that [’~

relating to oil and gas wells, it is standard practlce to conplete the
wel I's using wireline equi pnent and-het hods which provides for substanti al
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for sub-surface safety valves are of the extension hanger -
type which may present several operational problems when

15 used with safety valves. Extension hanger locks are set
by applying force in the same downward direction required
for driving the safety valve into the landing nipple in
which the valve is to be locked. The friction caused by
packing between the safety valve and the landing nipple

20 may require such excessive drive~down force that the lock
mandrel is . prematurely set. Fﬁrther, it is possible to
only partly engage the lock mandrel in the recess, estab-
lish control line pressure, and remove the running tool
used to set the lock mandrel without any indication of a.

25 serious problem. One remedy which has been employed is a
spring isolator device which eliminates major problems
but still may malfunction. The locking sleeve of the
extension hanger type lock must move in the opposite di-
rection from flow to lock a safety valve. It is possible

30 that flow could 1lift the locking sleeve releasing the
lock.
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the invention to provide a new and inproved well tool. 5 It is .
anot her particularly inportant object of the invention to provide a new and
i mproved | ock mandrel and running tool assenbly for use in wells to

Feleasaply i ock devices such as safety valves at a | anding nipple al t he
flow conductor of the well. 10 : It is another object of the

i nvention to provide a | ock mandrel and running tool operable with wireline
equipnent. It is another object of the invention to provide a running tool
and a | ock mandrel which is set by a forge applied in a direction opposite

to the direction of force required to drive 15 t he device such as a

safety val ve connecItdisijt bhekreflorey maphrtidutarlheimpodtagtnopgeeti of
which the lock nmandrel is set. It is another object of the invention to
provi de a runrthg imvention %0 prrvikdedrdeinevhiand niyprevedi vedldsemdar dl y
wth 20 _ unlimted force without .the possibiljty of pre-setting the |ock.

It is a further obj¥EEtisf appEheryPATEFHATIDIRROBEARRNPRGCESOPEWtNE a

| ock mandrel having a | ocking sl eeve which npves to | ock the nandrel in the
direction of f%QMFgﬁl?ﬂetﬁePF°Fﬁ€Fbﬁ REW AR MTREPVRE | LPFRWRRRERELe RBAS KRR ing
the | ock. 25 ' It Js a_still fyrther, object of the inventjion tq

provi de a rwﬂﬁ?ﬁ}tBﬁﬁeﬂhiyafpﬁbPsﬁa&ﬁwﬁe%&ﬁ(ﬁPr%ﬁg??§§b%ﬂa opkedpgeges such

- mandrel be properly_.set and the Il .to actiyvated before the_tunning.to
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val ve control‘aélgﬁ igiggrity be established before the running tool can

be released fro 2 Y *mandrel. It is another object of the invention to

gri‘f’ﬁi de 13 5 new a.“dﬂ:”P%OXﬁthBQ“E%gfetcﬁ;ﬁ'of %hé(‘eiﬂvéx?@%{i‘t 3 éygt}%g%% lock
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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
direction opposite to the direcgion of force required to drive
15 the device such as a safety valve connected with.the lock
mandrel into thellan&ing nipple in which the lock mandrel
is set.
It is another object of the invention to prévide a running
tool with a lock mandrel which may be driven downwardly with
20 unlimited force without the'poésibility of pre-setting the lock.
It is a fﬁ:ther object of the invention to provide a runnin
tool with a lock mandrel having a locking sleeve which moves
. to lock the mandrel in the direction of flow in the well ﬁhefe-
by preventing well flow from releasing the lock.
25 ' It.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.
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. According to one aspect of the present invention there is provided a | ock
mandrel and running tool assenbly for setting and locking a.well tool in a
| an nipple along a well bore conprising: a lock mandrel 15 >
havi a body provided with side w ndows, a support shoul der ggssaid
body for supporting said nmandrel in a no-go landing nipple, a radially
novabl e | ocking dog in each of -3said side wndows, a longitudinally
novabl e expander sleeve in said body novable within said dogs for 20

expandi ng and* Po@igiShi °d6GS Ut wadl y* ARARFEPBasT RS s&Pd =Fdys for
i NwWavc lIvey esent roandl ieand ritarg wiotnedki ngssab Ui saadr ede hocly tehiesai d wel |

t ool ; runni n 0Q 1.0Q. enpl y f gnnection wth an
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connect ed Wi ths sandthead asherthl 9if drhe ef eusabliyncdupl pngvsded ar unni ng t ool

W N Rl Sl ROPLE! Aot dOWET bt 612 FeuQPELaR! g DY said
head assenbly or releasabl’y coupling said rurining tool wth and raising
sai dal safathdtalvexpander sl eeve, said lower |latch 30 assembly conprising

a |ower sefitifng gheewe ransh ek abky dHwabhgeheebhngd Ugsogapsi gd by said
| ower setting, sleeve to enggg& and, nove said expander ~sleeve of said |ock

mand¥&ll 48y §CRedd D nST AR g CARAAePe s it RSt e EFOM el easabl y
connedid b1y tdewidd |UmEr sehld Nnged2cel eeve, psepdlrl pyedesetalndng sl eeve
|nclud|n% transfer Iugg -4 - only for rel easabl e engagenent with said
IpePcLetid L e"Ehlt BPAfrhe rel easabl e connection between the upper

and | ower aiddding| eevespea aspecthavf ngire ppeegend ¢avphedon th said ~..J
fromEBtE optd atrSHERER: 7o $30F sl orend) REBBERe, BBt sai d key
asserislsembiiyt Eosaseit ti ngkandaidicdli nghalywellantdookaid ahédaddasgenbl y and
COLEAERIL UL ) Say CBbE RORRSIAAA 11° dohe! dRgblscel no ool d
lSockhayingoge hedy provided with side windows, a support
' shoulder on said body for supporting said mandrel in a
no-go landing nipple, a radially movable locking dog in
each of said side windows, a longitudinally movable
expander sleeve in said body movable within said dogs for
20 expanding and -locking said dogs outwardly and releasing
said dogs for inward movement, and means for connecting
said mandrel body to said well tool; and a running tool
having a head assembly for connection with an operating _
tool string, an upper latch key assembly slidably -/
25 connected with Said head assembly for releasably coupling
said running tool with said lock mandrel body, a lower
latch assembly operable by said head assembly for
releasably coupling said running tool with and raising
said lock ~mandrel expander sleeve, said léﬁer latch
30 assembly comprising a lower setting sleeve and radially
movable locking lugs carried by said lower setting sleeve
to engage and move said expander sleeve of said lock
mandrel, said head assembly including an upper setting
sleeve releasably connectible with said lower setting
"35. sleeve, said lower setting sleeve including transfer lugs
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.release sajid-running tool fromsaid |ock nmandrel. According to another _'
aspect: of the invention there is provided a running tool for setting and )
Il ocking a loek mandrel in a landing nipple along a well bore conprising: 15

a head_assenbly for connection of said running tool with an operating tool
string; an upper latch key assenbly slidably connected with said head

assenbly for rel easabl y coupling said rumgi-ng tool with the body of said

| ock mandrel ; | at ch assembly operabl e fromsaid head 20 _assenbly
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havi ng neans frar thel edssddyiengedi Qéttlﬂﬁge&ﬁdm@ssﬂn&ﬂ}ﬁﬁ in smaawnh@ﬁ&
mandr el ald .he d a serrblﬁa i.,ncl udi

1,Nng,an, uppe sett
r el easabl y conn l&?t bl ndai aal&me}“k Ff’ﬂﬁ 81 iBEéﬁén \fli°98nean8‘f
- a. plurality refleasegisaidi mainpbsgttond Gfrosmaisdidorimciamibadck bl |y novabl e

5 \Aocking |ugs %rcﬁaﬂi éy |ng lugéégQSfo%r th&93 v%rn Lcoar[r{:ﬁgr.

said lower setting sleeve €i ng rel éasa Iy engagea
with said expadsd@rosisiac mfrmxjnqomoamrﬁerrasm ngniahd rkeckengl agiobki ng

rel easably engaggaddie W th F@ﬁ&lxb@pﬁipﬁgét h'i%n%l QeNR 1110 J&HF Qrﬁp}@s;ng-
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an operating tool string; an upper latch key assembly

i sl‘idably connected with said head assembly for relea.%bly

coupling said running tool with the body of said 1lock

mandrel; a lower latch assembly opérable from said head

20 assembly for éoupling with and lifting an expander sleeve

in said lock mandrel; a core secured with said upper

latch key assembly and slidable in said lower latch

assembly said core having a lower end prong for

\ engagement with an operating member of said well tool
25 below said lock mandrel to apply a force from said well

tool to said upper  latch key assembly for holding said

upper latch key assembly in locked relation with said

lock mandrel body, and said core having latch assembly

lock and release means movable .rela'tive to said lower -

30 lat'c':h 'éssembly to operate said lower latch assembly in
response to movement of said head assembly for moving

said lock mandrel expandér . sleeve and releasing said "

rubning tool from said lock mandrel, and wherein said

lower latch assembly includes a lower setting slseve

35 having means for.releasably engaging the expander sleeve



- .According to another aspect of the invention there is provided & running
“fo for setting and | ocking a lock mandrel in a landing nipple along a
we bore, said Lock 15 mandrel having an expander sleeve novabl.e upwardl y*
for locking said mandrel at said |anding nipple, said running tool .27
conprising: a head assenbly havi ng neans at an. upper end thereof for
connection with a wireline tool _gtring, said head assenbly including a
tubul ar outer skirt and an 20 wupper setting sleeve disposed in

‘concéft rieidsgackl pandtiedn wEehin Bedd aA§TaUbkai d nedtud imp sk@eve having .
an igbgenal sapayha! gpekadki ngeoflbarae 13t thRankewarnend. fifker eghjgnd an
I nternal annul ar  recess, above said operating flange, and dianetrically
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w ndoexrakedsayl setdi Nneywest esgetiay rellemsabl galidcKiowk sed d Lagrni ng t ool
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UPPCEagBkhle dLERCsaida! ©sehBUi0 51880kt UGB epeb- spaced
external "annul'ar release recesses; a roll” pin connected transversely

Ithr otighegsadlee PRt PR betyars t8eajupRer sindvkowendsessiag core
passigfgevblarouah said longitudinal slots Ln ‘said, upper setting Q}
sleeve for 5 nopvenent of said retainer s|eeve and said core as a unit; a
spring wi PRCRESLRE heQd 2RSEHRA vAERGEEI R aFPeppavedtfd WgEn8Fesai d core
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13or t mandek lsahalv ipgerasetkpagdelreeykeedai dhdwmiele sabwargily for

- locking said mandrel at said landing nipple, said running

; tool comprising: a head assembly having means_at an, upper
end- thereof for connection witﬁ a wireline tool string,
said head assembly including a tubular outer skirt and an

20 upper setting sleeve disposed in concentric spaced
relation within said skirt, said setting sleeve having an
internal annular operating flange at the lower end
thereof and an internal annular recess above said
operating flange, and diametrically opposed Iongitudinal

25 slots above said recess; a tubular retainer sleeve
slidable within said skirt around said upper setting
sleeve, said retainer sleeve ‘having circumferentially
spaced windows opening through said sleeve below said
skirt; a radially removable latch key in each of said

30 windows of said retainer sleeve for releasably locking
said running tool with the body of said lock mandrel; a
spring coupled with each of said latch kéys biasing each

of said keys radially inwardly; an 2longated tubular core
slidably disposed along an upper =nd thereof within said

35 upper setting sleeve, said core having longitudinally
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sl eeve having an external annul ar rel ease recess alignable within é@?
said l-atch keys at a rel ease p05|t|on of said |lower setting sleeve >
permtting said | atch keys to 15 ‘nove inwardly around said |ower

setti Rge sl éeve for release of said running tool fromsaid |ock mandrel

body, 'said | ower setting sleeve having cigcunferentially spaced w ndows

al ong an upper end portion t her eof and circunferentially _spaced

wi ndows al ongP3ged| oREE2LBAY 2APNPLAF| oFet RRFROfFCFRBPEFFY FoVEDIE P12

transfer |ugscéhapesed It@asa%vté:tme; YHhPEOys Qbpéai dnbiover tieidd nf si£rye
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sleeve and gghd ¥ {LA8SLRIe Uihding NURLA r&dfé‘38ope§a&aggs ﬁ@leﬂ:ﬁ?éd

core is at a St upper p03|t ol'ding saird trans
out war dl y andt@aisdiibckead lagpemhkivar 8l yLonen 96@6&(5‘91 oﬁk‘?eﬁBsﬁtlﬂd?ﬁ%]FY

sai d core andgaghbkali hPMRNPAHild Word $oLHihO¥REdSebithiGieY AR wheiRDy
sai d upper 35 setting sleeve is coupled with said |over ettlfg sl eeve

for movi AY sahavisdk %n&r?@e‘exﬁéﬁdeﬁmél‘é‘é(}e RNRRHey 1F9 ofk L1S¥RE $dk

mandrel at @orh&Bﬂlmi 81| gppahdsesdidgl alldaia:, | s@sd ab&eﬁﬂSQﬁExhg
W th one said release recesses around said gore at g%second <£

‘position of sﬁ%‘ﬂef’SV\erha‘é’e?‘Fl nd? s| E&FET PBPBa8E of "R E Lo
| ugs fron1saldlhgnhb&andn@hunqnamﬂﬂlatewveegsdaSaadreébaa&eguaxtxpnuqﬁnd
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sai d running t8 rel érence ‘i’'s now
made to tife amouapanwmagddwawanpnndr1smldh lOWeguréstLAHSndTM?QWQ«HfOf

together are 2.h20gbt U¢ NAid running tool from said lock mandrel body,
said lower setting sleeve having circumferentially spaced

' windows along an dpper end portion thereof and
circumferentially spaced windows along a lower end

20 portion thereof; radially movable transfer lugs disposed
' in said upper windows of said lower setting sleeve for
releasably coupling said lower setting sleeve with said
upper setting sleeve; locking lugs in said lower windows

of said lower setting'sléeve for releasably coupling said

25 lower setting sleeve with said expander sleeve of said
lock mandrel; said release recesses alonq said core and
along said lower setting sleeve being positioned for said
core holding said locking lugs in expanded lock :elation
within said 1lock mandrel expander 'sleeve and said

30 transfer lugs at inward release positions when said core
is at a first upper position and for holding said
transfer lugs outwérdly and said locking lugs outwardly

at a second lower position of said core and a first lower
position of said lower setting sleeve whereby.said'upper

35 settiné sleeve is coupled with said lower setting sleeve



L
nd sectional view of an enbodi ment of the running tool onf the”invention;
: _ Figure.2 is a longitudinal viewin section of the retainer sleeve
of the running tool of Figures 1A and IB; Figure 3 is a view in secti-on
along the line 22-22 of Figure 2; Figure 4 is a fragnentary view in -
el evation of a 20 | owner end portion of the retainer sleeve of Figure
2 showing a latch key wi ndow as _\wi ewed along the line 23-23 of Figure 2;
Figure 5is a viewin elevation of the outside surfaces of one of the latch
keys fofr e rngnsagdt ookk 2Bndrel =fpgoder6 slsedve empwarelyi moel evati on of
t he | h keyazof 1 ELgure, 5 Ehgu 751 i nsSi | i I don of the
Iatcr]igrl?gy_ g’?xﬂi-gh&ég 5ﬁ%ﬁﬁrg? Fisguraé_ éa?{?laﬁogﬁlpﬁulyngl%d\?i é%\}/évq?]n section
and 30ciagat ilolwof 2P | akednsdt t (ighs| e o3f t heatdnnkag=asel of Figures
1A aRdcbBsdd WFSuRd] SaldViRyrd Nased | Qc@h@ng glaer '%5@@185399@‘ Figure 8;
Figure 10 is a view in section alang the_line 5 -29 35 of Figure 8; :
Fi guSdifll FQwarf rsRfrehtdr SLANR i F98 eFatrafeofof héadshetoekd "Forti on of
the howey Sebini Ngabdeelsciof maridrye &xgaridre B deradn agid akged i nside view
of the transfer 5 lugs of .the running tool of Ficrure |A and 1B; Figure
13 | £e3eAs8y iTPRRT i o rﬁHBdeI§9égio4 Sng $He 1 %e §§?3?eofLFhe transfer’
| ug afligingudr ewiltyy &apr datéh keyd ofoendeleanei el €vbd i eanalnghe | ug of

Fi gur, 2;. .10 . Lgures . 5A and 15B taken t oget her form a

Iongfgﬁéiﬁﬁ%ﬂnﬁﬂﬁqr%ééﬁfmgggfﬁin°8p%énlock mandrel and the running tool of

1Ri gures 1RefetreliRg ni s heowumaidey hodehef aceomoaoising drawings, -

in which:- | o/
Figures 1A and 1B taken together are a longitudinal

and sectional view of an embodiment of the running tool
onf the invention;
15 Figure 2 is a longitudinal view in section of the
retainer sleeve of the running tool of Figures 1A and 1B;
i Figure 3 is a view in section along the line 22-22
of Figure 2; _
Figure 4 is a fragmentary view in elevation of a

20 lower end portion of the retainer sleeve of Figure 2

showing a latch key window as viewed alcong the line 23-23

of Figure 2; _ .
Figure 5 is a view in elevation of the outside

surfaces of one of the latch keys of the running tdol;

25 Figure 6 is an f§ighf§y end view in elevation of the

latch key of Figure 5;

Figure 7 is an inside view in elevation of the latch
key of Figurés 5 and 6;

‘Figure 8 1is a longitudinal view in section and

30 elevation of the lower setting sleeve of the running tool

of Figures lA and 1B;

Figure 9 is a view in section along the line 28-28
of Figure 38; _ '

Figure 10 is a view in section along the line 29-29

35 of Figure 3;



Figures . 16A and 16B taken together .form a 15 | ongi t udi nal ég%
hal f section of the running tool and |ock mandrel in the drive-in node
for inserting the lock mandrel into a landing nipple in a well; Figures
17A  apd 17B taken together form a longitudinal half section of he
running tool and lock 20 * nmandrel after the lock mandrel is inserted into

a landing ni pple and pressure has been apﬁlled to a safety val ve supported
fromthe | ock rrandralgxm‘@pma&ersa tir appendi g ¢ bewl (mkla'lgaxkﬂyﬁomnot hehleock

mandrel ; and Fi gures 18A i h 2
| ongi t udi nal ARRFS ne ﬂ%l?°§§é?lon afE%? expansid%9§¥ ?h@lk€%% 6H?th2gf06k
mandrel and réase of the running tool fromthe |ock rrandrel A running .

tool of the inventi de EgmpglgnFEg?gr InglqdeQB}{g@ugb Eé wbgghster

illustrate a runnin odT to Figures_ 1A an
runni ng t ol - F&J%s@%\ the tepnbpghseel2od ﬁrm%dlm‘%m\daﬂﬁt‘external I y

threaded pin 201 f%é&iﬂme‘fkl NG they{sgniing d00tidht Bnd IORdvSE{dRJaibelg as
operated on a wireline fo Iomerlng the running tool and the_ |l ock nandrel

secured to a W&1e Ling %%‘ 2spEnthe &ﬁéﬂﬁﬁ%F\kHQMPﬁrr%HVEFI Bore

I ncluded in the mg%rerymml@,gatamp sappovied fihomlidvadionm sob she dmg
upper latch ass nbl 202 % rel easably coupling the tool- with a | ock

mandr el body El94R®rifht ch assenbly 203 for rel easably connecting the
running ti@el with td’lﬁ;xﬂ!@ﬁndﬂblﬁ slamelve 6Bt hetdkek narmiyethedhe figpper and

| ower latch a Senb]lqabﬁﬁf ggorron1%%9nggg%l%$p b aI Qngpﬁfefoénd

whi ch transfer ce i e operator uba o

colpected wit I"tl'teher\lmknqrandobl ofufhgages daf aand viB vJentbheheunppeg meden
assenbly so 10 L gggu +Q £ 1pper | at ch assenbly remains coupled with'the

| ock mandr el body tht T7°a%Control 1ine pressure opens the safety val ve
supported from the Figkreandrida Thadcor 868 sotaienst riRIW L f ediUi®s For

operationsof tfgnd OMedinal half section of the running tool and lock
mandrel in the drive-in mode for inserting- the lock
mandrel into a landing nipple in a well;
Figures 17A and 17B taken together form a
longitudinal half section of he running tool and lock
20 mandrel after the lock mandrel is inserted into a landing
nipple and pressure has been applied to a safety valve
supported from the lock mandrel preparatory to expanding
. the locking keys on the lock ‘mandrel; and
_ Figures 18A and 18B - taken tcge;her form a
25 longitudinal view in half section after expansion of the
~ keys -on the lock mandrel and release of the running tool
from the lock mandrel. '
| A running tool of the invention is shown in Figures
1A and 1B through 14 which illustrate a running tool R2.
30 Referring to Pigures 1A and 1B, the running tool R2 has a
top sub or head 200 provided with an externally threaded
pin 201 for connecting the running tool with a tool
string such as operated on a wireline for lowering the
running tool and the lock mandrel secured to a well tool
35 such as a safety valve in a well bore. Included in the
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ease the running tool from the lock mandrel. As shown in Figures

@ch assenbly to -set the Ilock mandrel in a |landing 15 ni ppl e and

and 1B the top sub 200 has a tubular skirt 205 defining a bore 210" .
having a reduced internally threaded upper end portion 211. A plurdtfty_
20 of bypass ports 212 are fornmed in the top sub opening into the upper
and of the bore 210 for fluid flow through the running tool as the tool is
| owered and raised in a well bor2?~An upper setting sleeve 213 i s secured
i N CORERALhC tgricedupploattsen Widdm n ghe tep Sebbcaechad ZSperby an .
exterpal | t hr eaded ef__end, section into the threaded portion 211 of
the top E%baSSP@P ?héﬂﬁgpé?rsé?%?ﬁ@agﬂééﬁﬁmﬂ%gr%% éﬁ?arﬁéﬂ-lﬁ end
secti®onldtk praxnvdred ool aand nherlmdemnbaken |Osdkemglyecess 24b. The upper
end e i | eeve, enl ar orti.on 214 defipes 30 _an externa
annul g?%?%%@ﬁo%f’&é‘re%qqar%ﬁ%dgf‘lﬁglﬁ’ﬁpgtrp%]gt f’f‘gg §I§’ eVE PN Lpper
settisbesveewd i $her cvdaked maindretlnwo Thagidpmkmnalamsd olew@21 dtgmed al ong
Oppos] | of e or L di | ongi i n vene f aroll
pin 2 %g?ﬁgﬁgéPpégﬁpoﬁﬁéﬁﬁgﬁeﬁé %é%grfggd ﬁ%?e%ﬁg?t%$9H§5% %gupper | at ch
assendP§ 20vidmcrrgasfeaset annatpwardyvdorce 16ropp3the g satel escoped

bet weelpd e Sk R 2{2{1'1anq;|_05!1e dbReEceell g 15! epve Pddx TgndLpi ner sleeve
has a head portion 224 provided with an internal annul ar shoul der 225 which

i s enfégRadiSe dy SAFETIholiRdBe, YDOtHR t¥RPEHprREFh SREFPRGLYI eRe 213. The
tgprerciene pokel i @Ppof 10T £s20AbILY tRARSTAPEGJuPied haikRPe¢hset ting _
sl eeve ggd | neg gp t he retainer s eegelbé the roll pin 222 so that the ~
core, 19 |m5f’ rel 3o8% A0t & SRRV el iBeaPERSSUre RPAHWS n Fi gure »
the reifebgr valleeyestppodiadetframl kel Olpoki mamdk ol ehe2Hbif®r the roll
pirn 222. The | ower end rtiaon of the retainer .sleev 3 is . provided with
four %f?%ulrghagr e??ﬁ%??‘&‘%ﬁa?é&ﬁﬁec% 'K%f/ \?Apﬁ(f&ﬁsl%loﬁhi%%’ﬁ c]t) | cat e at

t he | baechermissembhy| onyi taedi nahes| dbsk23Bandrel in a landing

15 nipple and release the running tool £from the lock

mandrel.

C As shown in Figures lA and 1B the top sub 200 has a.
tubular skirt 205 defirding a bore 210 having a reduced
internally threaded upper end portion 211. A plurality

20 of bypass ports 212 are formed in the top sub opening
into the upper end of the bore 210 for £luid flow through
the running tool as the tool is lowered and raised in a
well bore. An upper setting sleeve 213 is secured in ' ;)
concentric spaced relation within the top sub connected

25 by an externally threaded upper end section into the
threaded portion 211 of the top sub bore. The upper
setting sleeve has an enlarged lower end section 214
provided with an internal_énnular locking recess 215. The
upper end edge of the sleeve enlarged portion 214 defines

30 an external annular stop shoulder 220 around the upper
setting sleeve. The upper setting sleeve is provided with
two longitudinal slots 221 aligned along opposite sides
of the sleeve for sliding longitudinal movement of a roll
oin 222 the purpose of which is described hereinafter.

35 The upper latch assembly 202 includes a retainer sleeve



extend| ng al ong the surface of the retainer sleeve below 15 each of the
wi ndows 231 opening at the upper end into the w ndow and having a o
| ongi t udi nal . axi S coi ncident with the |ongitudinal axis of the w ndow. The
bottoaLef the | ower end portion of each of the slots 232 is provided with a
circul ar recess 233. An external annul ar_ { gcess 234 is 20 formed ar ound
the retainer sleeve intersecting the ongltudlnal slots 232 between the
circul ar rece222s A3ably t e lessapad poetiveenof thte SHiots 292, ands Hrown

in Figure 1B %$@£C9e§F¥n§3§le§v%05%ﬂj oneghd nrte@St‘an: Eﬁ!@e%”‘#t%‘és 23%kad

bai sed radi al I nwar eaf 25  spring 240. A retainer_ band
241 in the anmrétoﬂec?e’és pgavhadeds Yheh| @& sREPRPALI Al En shawdder

configurationy9§ gRERLOR st hendeysa@BO b SR@WHHOU IfdOUT B30 5on6th§nd1:ﬂ>en°~3
evident in Figures 5 and 6 the outer |ocking, endagortl on, qbd4

portion oPf FigRkeing, sipe¥scitic F0'& RPREYSSH 5t7?‘88d°\§/| t
laterally alli QQedeléﬁKb@@deSﬂ:ﬁbS %75 Wﬁds@ﬂtbptposiléevel des @fumaqorumg

243. The | t udi th 3
b ovi ded i t NEAPAEBHATEEH MEaDEBAPGrTRhl nBTE CRE KBy ST (HE WOkRbs
231. The insi delSupfmcesami cathifér cleadwe keywe 2385 as unlltu-stratsecﬁrtcrwn
Figures 6 and aE,egPredef ne&é)y %!&:h@qgrcalsl%?@vehﬁgrfﬁ%‘ﬁk lq_t'hf
t ey

around the por i on the 1 ower I'ng sfeeve 203 w t S. As seen
in Fi guréoLB shewtmgnadsh@éel_a)rajot (hathedgel bf péhe 28R -t h&heprliatpr 2nd

each of the Sg&%egggl %fs é'g[eh ?é@é‘gné‘rC@,ﬁ!EE% ZfﬂﬁtLQ%ﬁbGQdeBnmﬁtﬂ 050\2132

bel ow t he wi ntdow 3 ) retal ner | eeve an upper
pocti on of theisgumigreasdiaddyin Stﬂ?@%césast%S ’iﬁY t H%”R‘R’" 3523% t

wi ndow 231 V"h!.:%ﬁmamg‘é{%re gnd b@@tl&iépfeﬁ&@ apenngoa@mrtuatmaqo gm:ashem at
body portion o

P LI AR LT ST S R
hol d_s thgsspreaea off the shqidm%samtdspenﬁn@oati ehe abpehre eyt | NG ectvd
;ﬁzts_' 2]9 {Reonvengt:iot'heangl %tas 12nAc'33 Oflérbg?l uhfﬁgft a§?¥ %%?.nl%'l%%'&gv}%l%r
' longitudinal axis of the window. The bottom of the lower
end portion of each of the slots 232 is provided with a
circular recess 233. An external annular recess 234 is
20 formed around the retainer sleeve intersecting the
'longitudinal slots 232 between the circular recesses 233
and the central portion of the slots 232. As shown in
Figure 1B a latch key 235 is positioned in each of the
 windows 231 baised radially inwardly by a flat leaf
25 spring 240. A retainer band 241 in the annular recess
234 holds the leaf springs in positon. The configuration

of each of the keys 235 is shown in Figures 5, 6, and 7.

As evideht in Figures 5 and 6 the outer locking end
portion, the lower and portion of Flgure lB, of each of
.30 the keys is provided with two laterally allgned locking
' bosses 242 spaced on opposite sides of a spring recess
243. The longitudinal side edges of the keys 235 are
each provided with spaced retainer lips 244 which hold
the keys in the windows 231, The inside surfaces of each

35 of the keys 235 as illustrated in Figures 6 and 7 are



ve within the keys. The keys 235 function to ; couple the running tool
Wi th_the body of the |lock mandrel M2 as shown in. Figures 15A’- 15B." The
keys 235 as shown in Figure 1B are in the outward | ock positions 20 At
whi ch the mandrel M2 is |ocked on the running tool. Referring to Figures
1B, and 8 - 10, the |lower settjng sleeve 203 tel escopes in sliding
relation into the upper |atch assenbly 202 perform ng a duel function in
the cisfinednovfcyhgrfangiady cooravacisudifagael wabehofizs araumnsd | at ch keys
235 amdebbragonPedAt big thewd PCltrNdie! sMave THE 'weglaetidé'g sl eeve
has a reduced upper end portion 250 mhlch s[ides ‘on a reduced upper end
por t iKY ©51A8f S9R1 céfle Eg’ﬁll-“?fbo 8 SheiRg nd PRI densismdisiul der 252 on
the Gaige JhecHBPer ek Postings23@10f «3&n dihechovepriabii ng «sd eeve 203
has C|rcunferent|allx S€€§Ed w ndows 253 ea&g15|z%3 and shaped to receive a
& an¥Q9 1§ 2BAHRRLH Ve BOHERR 4fd Roii9thg Pdnche bRy bél%en the -
| ovxerwdzseddlsw ngzasﬂ ee\fe z26a aadthhaeuppsn.efeeét : Rycrl eene gl r Aleddadi al ljy
inward rel e e tramns ugs .254 mpye alo | nwar
por { EREIFE oBgh ¥He [ 9821 89, ragkind \RF) Fne 'Be83E "TAL. 3¢ For med
ar ourkey t B25nimne tzw ahadow t231 whollkedex 1Qﬁerorend hgocotien ddurt her
det ai o] he Wi, 53 gen e p d ti f_ the.l setting
sl eevée O%pggggt he raérllgf %r IuééI Egg ?laeéa:rgggg (m:toi[ifl‘ ggffegt and 11 -
14, springgengiRgms | fhei goepend irecess 123 3arepegibgt ahwtal Islotenl arged in
i ze goppar Qﬂewa{uméc@a%dofz&bea%%htdamtﬁée%\i%@s SpepBnl bl gures 8 ¢

11. Ea S IS circular segnent havin ching bosses
254a iR %P.alman %4%’\%ssmmg§ho\m the Sliio@.?r 232 4wifhr edbi ding the

| ugs papdidals éhet%n@aﬁnié%acﬂheesds%hupfon@a@h cfk dikgslugs is
substantbﬁé é@g 5 ter than the wall thjckness of the sleeve portion 250 at
t

the v 3aFﬁthcf?é’esz%ﬁl‘?ﬁ“ﬁle"q‘%gsc’ﬁﬁf &reén@Lofiar di y beyond
1she &gy sSuvhaly against the outer surface of the lower

setting sleeve within the keys. The Xkeys 235 function to

%z .keys inwardly against the outer surface of the |ower setting

; couple the running' tool R2 with the body of the lock
mandrel M2 as shown in Figures 15A - 15B. The keys 235
as shown in Figure 1B are in the outward lock positions

20 at which the mandrel M2 is locked on the running tool.
Referring to Figﬁres 1B, and 8 - 10, the lower
setting sleéve 203 telescopes in sliding relation 1into
the upper latch assembly 202 performing a duel function
in the operation of the running tool including release of
25 the latch keys 235 as well as operating the lock mandrel
M2. The lower setting sleeve has a reduced upper end
portion 250 which slides on a reduced upper end portion
251 of the core 204 above an extefnal annular stop
shoulder 252 on the core. The upper end portion 250 of
30 the lower setﬁinq sleeve 203 has circumferentially spaced
windows 253 each sized and shaped to receive a transfer
lug 254 which serve release and coupling functions
between the lower setting sleeve 203 and the wupper
setting sleeve 213. At radially inward release positions
35 the transfer lugs 254 move along inward portions into an



Positi.ons.” At inward positions of the lugs as shown in Figure 1B the
surfaces of the bosses 254a are in alignment with the outer surface of
sleev ortifon 250 and thus are at rel ease positions. 20 "As seen

in Flgures 1B and 8, the |lower setting sleeve 203 has an external
annul ar upper latch key rel ease recess 2832which permts inward novenent of
t he upper | at 23 th S n ke

The | ower endgggéﬁ%%% o% ﬁgfgf 9e{§§§§ %?I%% Qﬂ gegd\w%ﬁg Qrgu%90v¥ &
with C|rcunfspsﬁtl&Dﬂya@pa&edtWendehsuzaereaaﬁZOﬂNWhm@h r99€3vesF®rtbek|ng
lug 261 for r%‘i‘:%ii‘i‘%‘ y%é OFK%/EQ' (W OVEE 35I| @Qe3|.1%%‘éer WehE fo'&%'x%%' 88

sl eeve of the en supported on runni ng _t 6ol
| ocki ng | ugs 26¢ hkreex hée§-§ﬁfé‘9305'le%ﬁ§p@°a35 @ﬂ% Iv&"@s prangfigfin h%q:l gotes

11 - 14 incl udirag s@ﬂﬂvr{lmgﬁgﬁ%shosi dipg tihe Luggy w tiha ub?swd_lﬂsw 280
whi | e pern1t expand . O mardl i cientl to

tin
rel easabl y ﬁd&@gesthéz Iock 4naﬁHPeIS§§Fﬁqﬂ}%ﬁ FI92 skfting?e
sl eeve is di saampdr@ﬁomcttﬁa;he tdealOWeE skt |sagtalnqevsaé&£h od s t fiwownnbhng

I h - I
\tMO'?h c;rr gum eFéSHrﬁls\yAEg spaig‘dt Il'g%:/\%r §F§Q\‘b%<t %ﬁggnds i hit %d?r% ggrlr F%?g‘ﬁ?ﬂﬁer s
2&2 }/\glefg gggua&dmgl Iqultfr?lreﬂdﬂ@:)m?iapossededswa Iameb(ta-}rd]aﬁlamjmkzﬁ?_n as
0
flpg or éﬂbulaﬂg@n 6én %Fhﬂ@% P@ Eégg n898§ﬂ§ @ﬁ I lﬂg &REK fhe

ers 2 e collets 2 are engagea e end edge .
of the | ocki nyimdowsel 293ki nGFhsl ecdeprthr of ocﬂaﬂg t o maht!?el ygsh t ke
ruqpi ng t ool 'sﬁofs%:fc\i 1 ¢ ﬁtre'atte'rs REGESSRhE t Qalet rtﬁY@k‘bQ@s”‘iB@rethéﬂ th
t he 10 running too ternal bosses 264 on the collets 262 are
" engageabl e mnﬁﬂﬂﬂ%?(ﬂﬁﬁﬁlqnuziQea6ftbﬁewééﬁéwﬁhﬁﬂ1Hﬂﬂﬁn%ﬂ% RosER %8l 2B4dkKup
to securely the eeld aty /g‘si W&%M@rgh!waﬁrdﬂ.f}e oYK ik AStd k Ofsrface

Referring to Fi ures 1 he core_ 204 is
%5 of g he sleeve portlon 250 when the lugs are at fully

IS of the sleeve portion 250 when the lugs are at fully expanded <§%§§91

expanded Positiocns. At inward positions of the lugs as

: shown in Figure 1B the outer surfaces of the bosses 254a
are in alignment with the outer surface of the sleeve
portion 250 and thus are at release positions,

20 : As seen in Figures 1B and 8, the 1lower setting
sleeve 203 has an external annular upper latch key
release recess 255 which permits inward movement of the
upper latch keys 235 when the recess 255 is aligned

o within the keys. The lower end partion of the lower

25 setting sleeve 203 is provided with:- circumferentially
spaced windows 260 each of which receives a locking lug
261 for releasably locking the lower setting sleeve with
the locking sleeve of the lock mandrel M2 when supported

" on the running tool. The locking lugs 261 have the same

%30 shape as the'lugs 254 shown in Figures 11 - 14 including
and flangés for hqlding-the lugs within the windows 260

while permitting the  lugs to expand outwardly
sufficiently to releasably engage the lock mandrel
setting sleeve when the setting sleeve is disposed around

35. the lower ‘setting sleeve 203 of the running toocl. The
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i ng sleeve 213. The core is secured at the upper end with the uppet end

he retainer sleeve 223 by the roll pin 222 which 'passes :
t hr ough the dianetrically opposed slots 221 in the upper setting 207
sl eeve so that the core and the retainer sleeve nove together as a unit.
A coil spring 265 is confined befyeen the upper end edge of the core within
the bore of the upper setting sleeve and a downwardly facing surface at the
end dfovele hewd-tdsidnbIStassi® biddsi ngiehe dbfe 2P rogbimdar dHith The core
i s piovkERte rdhtha1h@ngidpuba@l | psRaeay exégedaliagnuliafedpt£Rse recesses
270 and 271 positioned _to receive the internal bosseS 264 on the collet
fingetdlledpotingfgs @fe WHah nre| ugRdiassy, fderddlieldpdat the
rzgge@ﬁoA‘pmé&! owigh thacztgez)maﬁohunaakzgttiinge thaultuhﬂdé@ge(rj 26|f3OCErnﬂ sl ceve

. runnin r.ong is thr ed on,the | ower .en t he core bel ow

the Ib%ﬁr%?“nﬂ 6%4)%“?’6%19%5&%5 ng%gl'eevgbﬁmfln ﬁ&l&’rﬁlﬁerféﬂﬁ &fge 273 of
t he Eongldegages3t ba |theercebhlledgRb274red dhpagesblagwiltdevethe203 in the
rel atj positio 5 e runpi ol rt.s shq i.n Figures 1A and
1B. éﬁ\gcg eé&_é 14&s Ioéok\l/\%r ]éonéd'pl%‘? %ggr%?onéggiké’%gpré\?‘%&g? v’\%"lr; an
i nwardhlockibeg ethenmangiredurdiitle 2R§ runndmgaskanmht iof thiee gyeiy with an
oper t uhe | Rel uny g L. oguch; fety val ve.
5 %rpc{t _Rg?erff)% ng’e\@taeloésgl%urtg L.i(A'IS\éBl";hfmée %Htjénnpﬁgartegolbhgﬁ ?:shsegper abl e
It h tyrnigg ktaahdr Shevi i raat « PA§SeRe 26dc lothahle eFoilhes s &6 ng ni ppl e
10 SUDROTEndayBhb1LOG HICHNES oAt CSYrFAEYC JfN thaekbrBONMiRE] OW the. )
| andi ng nj ppl €. Mandrel M, ure 15B, is functionally identical 10 to

Fi g
th? |RFY r8 MRl FRGERUP 189 SRRYUES Y BREerfo Bheti GlNBSTGh 2119426A
di ffeyitvgaedly &8 ghBOUnIockildy Podpeieies. The |ock mandrel M2 has a

bul drel _body includi i i 0, i ded
wth oi r o EFEREPAl 5P SBAGMTSA ndBur 281 T £MoukPeportitnis PO

15 slidably disposed within the lower setting sleeve 203 and

'%ggg.slidably di sposed within the |ower setting sleeve 203 and the upper

the upper setting sleeve 213. The core is secured at the
upper end with the upper end of the retainer sleeve 223
by  the roll pin 222 which passes through the
diametrically opposed slots 221 in the upper setting
20 sleeve so that the core and the retainer sleeve move
'together-as_a unit. A coil spring 265 is confined between
the upper end edge of the core within the bore of the
upper setting sleeve and a downwardly facing surface at
the end of the head assembly bore biasing the core
25 downwardly. The core 1is provided with 1longitudinally
spaced external annular release recesses 270 and 271
positioned to receive the internal bosses 264 on the
collet fingers 262 and the locking lugs 261,
respectively, at the release position of the core.
30 relative to the lower locking sleeve 203. A running
prong 272 is threaded on the lower end of the core below
the lower end of the lower setting sleeve 203. The upper
end edge 273 of the prong engages the lower end edge 274
of the setting sleeve 203 in the relative positions of
35 the running tool parts shown in Figures lA and 1B. The



15 282 threaded into the lower end .of the section 280. The section 280 £§§9
has an ext'ernal annul ar stop shoul der 283 i which stops at and seats on a“

seat surface.in a landing nipple, not shown, simlar to the |anding of the
mandrgl--M i n the | andi ng nipple 160 at the.shoulder 162 as shown 20 in

Fi gure 18B of our U K. Patent Specification 2119426A. A radially expandible

I ocking dog 284 is disposed in each of thF 4Wi ndows 281 of the nmandrel body
section 280. An expander sleeve 285 is slidably disposed within the

nmandrel body sewerongndi t?f bt PEGAdgiGogBroBidegr ¥ith nafenera Hélvieen

a lower end pegpbirad HnaMli£H therdeas 2/ Egtr aaieddte Shovh |t"th°F|!9ﬂ5ﬁ3q15B

and an upper end position i.ch he are anded
illustrated i K1EPg@® ‘i%%rato‘l"héut?@dyo’%raﬁdr‘é?](‘)éQﬁOBﬁ Pt §'?‘$al %nnhﬁ?
shown, is seepbédsueh hheatguﬁgtpndaBee thereof into the | ower end of
t he body sectlon 2§2 of t.he npndr

ortln the_safe val ve:
from the’nandrel. 5r1§x§f et'§7 65?958 h éa' eopé’ra lr‘Pgg ttﬁgg Eél 18
havi ng a downopedhpleani th neaedl yock omaadgeit mbpénnﬂnhEMQBQZQZQMﬂaokis

engageabl e W hlghiey) QUETs eDhaipb R ctne BI0sABRkhE 4 U0BLEY coIONGuch

the running n|ng rong and core o
the running tasl at safefgpervadnte pddit 8n ¥Reh thereunPehewpriehg okradkngore

engages the Saispievah\a%&@qr a3 %1 Fed!ESBng1Eh?urn‘<':'%r1'or}&ll%ﬁdxdé¥wié'ﬂlOf
t he mandr el lor to pu he safety valve fully open with

oper at i n§of | uk@ f‘?hﬁn Ltpe sﬂ#%&@lv%noﬁsﬁh‘g?‘%% LocRE mtih eP - KR, Batent

gnnU|?r S?al E@El@ic%tg%ﬂ 24 Hwgw dﬂffésuhg bnQ QW’did@rfﬁﬂﬁﬂ&tural
pegi fication

et 1 cat o1 LIOLERR e TCBLECaghablt 300 %e V2 Hhaid, eiRler 09"
i nternal annullaelluaqlﬁk;ng r@ces&‘zna'&ﬁii f orsddwE aret ai 12810 doggrornaeach kwei/sh 235
oD e U 1SS 40, gl LR 12ndt o2 Lot oL ESh e
15 282 threaded into the lower end of the section 280. The
section 280 has an external annular stop shoulder 283
i which' stops at and seats on a seat surface in a landing
nipple, not shown, similar to the larnding of the mandrel
M in the landing nipple 160 at the shoulder 162 as shown
20 in Figure 18B of our U.K. Patent Specification 2119426A.
A radially expandible locking dog 284 is disposed in each
of the windows 281 of the mandrel body section 280. An
expander sleeve 285 is slidably disposed within the
- mandrel body sections within the locking dogs 284 for
25 movement between a lower. end position at which the dogs
are retracted as shown in'Figure 15B and an upper end
position at which the dogs 284 are expanded as
~illustrated in Figure 18B. The body mandrel 290 of a
safety valve, not shown, is secured at the upper end
30 thereof into the lower end of the body section 282 of the
mandrel M2 for supporting the safety valve from the
mandrel. The safety valve has an operating tube 291
having a downwardly and inwardly convergent upper end
edqé 292.which is engageable with the lower end surface
'35 275 oﬁ the running prong of the running tool R2 for
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., -mandrel, the mandrel and running tool R2 are assenbled at the surface
inserting the running tool prong 272 and icore 204 and the retainer
geve 223 with the retainer dogs 235 into the mandrel body and | oc¢kjing -
sl eeve as shown in Fi gures 15A and 15B. The running tool may be 20 =
coupled with the lock nmandrel wusing the follow ng procedure. The
| ock mandrel is made up to the Sﬁﬁﬁty valve and the entire assenbly is
placed in a vice with the |ock drel in a |ocked condltlon at whi ch
the lroxldimg kelys 284nang fpuldng ewnhnﬂmﬂe ahe*hanmunglh@okddi t hen

Iverypdtib Lha Lok Sk, 200 0UD AN, Lheogr a1 272 £XLENd g upvar dly.

The. prong S pulTed upwardly and ower Foul d dr op
freelangagadhat thde BatehYkeW§LXE5rnaerimxagt andethddnuﬂgrupﬂe@s 261 are.

free :t\ﬂ'xraf'ﬁcf aCEnd E@?\ﬁqe'[é’f V@h\ée’ma[}?& shows, drsu%r.hego?’ urr{cﬁ}ﬂq)ock open

W t h runni ng IS |rser mandr el
tnti |tftehesafee%3h keygezéslélye qmetmmttmeomeékthggréé@sd Zg®mfthehe | ock

rendrlr S, SRREhOUsIRY CHiE LbRCKARErEY! hats 292 lQuer setting

sleeve snap into place wth the unlock |ng aHHH ?ders 263 engagi ng
t he e'?’rH”bd@ﬁ &f %WIéékman Figuge expaﬁdérursl Hebe P@tedid the

| ockigtgad isc26{oar elalggzm wg hla&dtemashngtwe ﬁwervasﬂ@ve
operg§%gg shoul der . 295 i'n Re rau reI tlon%ﬂgg g gmm in F| ures 16A and
16B ht FRRBE L 8T G nghE| 5 1997 ock dPREYEestiqly ot the
lwosi t28dn of Filgpir aandt@A amz hhd8. anA ﬂettenﬁaw rainulat Ypogkdmy and a short

secti s£§§1$£§ygﬁgnr%E%§?Ffd he tg%gggege§gﬁ%%%1 of - he top sub \J

200. he” sa val ve st fbo 95 jarred
towamﬁunwn9cmmphemarel M2 until the expander 10 sleeve 285 of the
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of Figures 1 A an I's al so s ower Ssl'éeve 203 to
t he Posiveildn OPrE gWi&d 18A safet3B Hal¥ki csucpentscch fkf@]ns X% are hel d

18Ut WaaHdrd 1, | 95K RAnQPSLT LRRAS A¥dMidYy tool R2 are assembled at
the surface by inserting the running tool prong 272 and
core 204 and the retainer sleeve 223 with'the retainer
dogs 235 into the mandrel body and locking sleeve as

shown in Figures 15A and 15B. The running tool may be
20 coupled with ‘the lock mandrel using the  following
procedure. The lock mandrel is made up to the safety
valve and the entire assembly is placed in a vice with
the lock mandrel in a locked condition at which the
locking keys 284 are fully expanded. The runhing tool is.
25 then inverted with the top sub 200 down and the prong 272
extending upwardly. The prong is pulled upwardly and the
lower setting sleeve 203 should drop freely so that the
latch keys 235 may retract and the locking lugs 261 are
free to retract.. The safety valve, not shown, is then
30 pumped open with a hand pump. The running tool is
inserted into the lock mandrel until the latch keys 235
are within the locking recess 293 of the lock mandrel
body section 280. The unlocking collets 262 on the lower
setting sleeve snap into place with the unlocking
35 shoulders 263 engaging the end edge of the lock mandrel



15 the recess 293 of the | ock mandrel body section 280. The pressure %éé?;
‘then rel eased on the safety valve permitting the spring in the safety
valve .not shown, to urge the operating tube 291 of the safety valve

agar ;the end edge 275 of the running prong 272. The force-of the 20
safety ‘val ve operating tube against the ' running prong hol ds t he runni ng
prong at an upper position as shown in F-g8res 15A and 15B at which the
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mandrel M2 and %éﬁ ve are n.a wfreline_toal ﬁgrrng gnd
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safety 10 valve are omere as represente ures A and 15B. During
the |owering ¢het lposidolonsséntfligurrs t §5As AN ﬂ-ﬁ t sRNFhZG@SanHaFﬁB

upper settingghaeva 2134 eneia ba'&%mqﬂ i9 wekuaeerpoealctmtwpanm
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pressure is then released on the safety valve permitting
the spring in the safety wvalve, not shown, to urge the
operating .tube 291 of the safety wvalve againét the end
edge 275 of the running prong 272. The force of the
20 safety valve operating tube against the running prong
holds the running prong at an upéer pdsition as shown in
Figures 15A and.l5B at which the recess 255 is aligned
with the ttansfer lugs 254 so that the lugs are free to
_ : move inwardly into the recess and cannot be engaged by
25 the upper setting sleeve 213, The running tool is then
checked by first pulling the top sub 200 of the running
tool outwardlyl away  from the lock mendrel M2 to a
position of full extension as essentially shown in
Figures 15A and 15B and pushing the top sub toward the
30 lock mandrel to essentially the position of Figures 16A
and 16B to insure that the top sub w111 move through the
full length of ravel without engaging the transfer lugs.
At this stage the running tool, lock mandrel, and safety

valve assembly are ready to run into a well bore.
35 The running tool R2 with the lock mandrel M2 and
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ndrel enters the landing nipple and is jarred dowwardl'y the top
@E? s tel escoped downwardly over the retainer sleeve and upper end poftion
0 he core to the position shown in Figures 16A and 16B at which the 1ower-
20 end edge of the top sub skirt 205 engages the upper end edge of gﬁk
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the rehicabderesash as-ffe ahparldied hp62udsn itHe Lhadiagesnipile of the '
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incre%é;‘glg%%g%ﬁ%hcc}n rfg)#%f‘l?%e 1pé sgﬁegbgénipﬁag%'{]% s?i’fe&l&n]\ﬁﬁ Hust be done
at theli9426Ahat Thee twpniod dafoclheatid mandmedg wioh kthestsdfiewy the | woer
d jtio n r | 1l | t op sub so
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the corkesoemed tonehe: NOPSFHRD 'sré?ﬂﬁbonsiéé%trasre@ﬁtemmrd| y to the
posi tixw ehonl@eres 238A @.fld g3 tr*é&.atilrrfé]'c?fgﬂ.ebb{@? Wahb'sﬂ é“? gcess 215 of
199 ESEd0r S 109 ol OG¥Ber™ Sertl i P h1dNS! "hs HRe BB SeUUINO

mandrel enters the landing nipple and is - jarred

A1)

, downwardly the tbp sub is telescoped downwardly over the
retainer sleeve and upper end portion of the core to the
position shown in Figures 16A and 16B at which the lower
20 end edge of the top sub skirt 205 engages the upper end
edge of the lock mandrel bbdy section 280 for driving the
lock mandrel into the landing nipple against the no-go
shoulder. After the lock mandrel is against the no-go
shoulder the relative positions of the parts of the o/
25 running tool and lock mandrel as seen in Figures 16A and
16B. The control line pressure to the safety valve is
then increased to the level requiréd to fully open the
valve which moves the operating tube 291 of the safety
valve downwardly to the position shown in Figures 17A and
30 178 thereby removing the upward Eorée from the running
tool core 204, With the core no longer forced upwardly
by the safety valve operating tube, the spring 265 in the
top sub expands shifting the core 204 iownwardly moving
the release recess 255 below the transfer lugs 254 so
35 that the surface of the core above the release recess



sl eeve 203 for expandi ng the | ocking keys 284 of the lock i mandrel M arf
rel easing the latch keys 235 of the running tool fromthe | ock mandrel body
section 280..This sequence of operation w |l be better understood by 20
refemgg?e to both sets of Figures 17A and 17B and 18A and 18B. As the
~upwaf & Torce is applied to the |lower setting sleeve the lugs 261 are
pull ed upwardly against the shoulder 20%-within the | ock mandrel | ocking
sl eeve 285 forcing.the sleeve upwardl nvvitth the | gcki keys 284 25
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aligns the release recess 255 of the |ower settjng sleeve, wwth the.latch
keyg 235 whi cﬁo‘dPé’aé'Ggé!ez%’éo’i’ﬂ&/ar & Bﬁapﬁ§e§prir‘h‘g§ ?EOV}Ew‘éﬁgFﬁgefihe ARy s
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M2. The rel eas osi tians .of.the |l.ugs. unlocki ng._C e
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control iéne pressure from 'y opening the safety val ve and t

setting sleeve are lifted raising the lower setting
sleeve 203 for expanding the locking keys 284 of the lock
i mandrel M2 and releasing the latch keys 235 of the
. running tool from the lock mandrel body section 280. This
sequence of operation will be better understood by
20 reference to .both sets of Figures 17A and 17B and 18A and
188. As the upward force is applied to the lower setting
sleeve the 1lugs 261 are pulled upwardly against the
. shoulder 295 within the lock mandrel locking sleeve 285
( | forcing the sleeve upwardly within the locking keys 284
25 expanding the keys to the positions shown in Figures 18A
and 18B which lock the mandrel M2 in the landing nipple.
By the time that the locking sleeve 285 is lifted to the
locking position, the 1lugs 261 are aligned with the
release recess 271 in the running tool core 204 so that
30 the lugs 261 are cammed -ihwardly to release positions
into the recess 271 theréby releasing the lugs from the
locking ‘shoulder of the locking sleeve. Simultaneously
.the unlocking collets 262 on the lower setting sleeve are
cammed inwardly into the release recess 270 of the core
35 204. Also simultaneously the upward movement of the



core of the running tool, it will De apparent that the core will ‘remain

he positions of Figures 15A and 15B and will not be shifted upwardly t o
20 the position of Figures 17A and 17B. Thus if the control |ine pueéure
does not fully open the safety valve, upward jarring on the running tool
will not lock the |ock mandrel MAag+ the | anding nipple but rather wll
extract the |ock mandrel nd t safet | ve from.,the |.andi g 25
nlppﬁé‘ﬁ%gaﬂ%% “th? ?g tlg% ¥E3?mf? a%%b mf?ﬁsbégés %howh in Figures
15A amvell5Bsehtipgr tslédevag V\E-ttl'pOEhEI dns:cztt hﬁvsh :Bhe tvhauaf exrd ugs 254
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:oct ar@gili‘il.u%ﬁéaéfﬂ ;mn@xltgmgieylsﬂaoaad IBBZO-WMEEhéHQMGﬁhQﬁJtth?t theb
ock mandrel . and safety val ve shou r er ool may be
used %89 ’b%*??ﬁﬁat 55I°¥" hethgt P‘&qtﬂ %‘gwl"-ib %\ﬁh‘éﬁ a :‘lggﬂwe runni ng
t ool dd&ﬂtﬁ@elsek&hg\ﬁmeey@eoﬁp&mﬁlboak hanﬂﬁﬁiﬁ hhéheumﬁﬁmgy val ve
st pupp ope e safety
Ivetoae1 the fg‘gw?rscﬁosﬂ "g% ar’%%é’gset"{{ 0‘9 |gures %8 ﬁ%g' edand 18A and
18B. pulllredsubhcbvdm thiee Sunﬁmmgblyodthel UlrIEd\ﬁmeedleamdngeIté@coped backu
into th%I dr e he 1 gan | Qadi tion
repr elsen eg gu‘rﬂezs %Xh gh%8Bséggté a?vat\ g{&hi J‘%B% may enter the
bOdyhﬁﬁRlQﬁlQEEPb¢ t hethecweddndrateand t he Iugs 261 as wel | as the

Un|OCk'ngIf“%ﬁe%ﬁer%@x%nd%*bré%lemnp@é@ed@§“éﬂ@néon£961€mwﬂéng the
| ock mandr el he unl ocki ng co heads approach.the | ocking

I eeRFSBPIY fFeMnAR4AY qpening "the safety valve and thereby

removing the upward force of the safety valve operating

'}%Eﬁiving the upward force of the safety valve operating tube fromithe prong

tube from the prong and core of the running tool, it will
be apparent that the core will remain in the positions of
Figures 15A and 15B and will not be shifted upwardly to
20 the position of Figures 17A and 17B. Thus if the control
line presure does not fully open the safety valve, upward
jarring on the running tool will not 1lock the 1lock
mandrel M2 in the landing nipple but rather will extract .
the lock mandrel M2 and the safety valve from the landing ' v/
25 nipple because the relationship of the top sub will be as
shown in Figures 15A ans 15B the parts being at positions
at which the transfer lugs 254 cannot be engaged by the
upper setting sleeve and thus the lock mandrel M2 cannot
be locked in the landing nipple but rather will be pulled
30 from the nipple by the running tocl. This of course is
one of the principle procedures of the invention which
precludes leaving the lock mandrel and safety valve in
the well bore if the safety valve is manfunctioning.
If after the tool operator has extracted the running
35 tool R2 from the lock mandrel M2 some condition develops



i'n essential ly the position of Figures 18A and 18B, the unlocking collets
expand outwardly until the shoulders 263 on the collet heads engage the end '
edge of the |ocking sleeve 285 so that further downward force on the 20
runniyng:tool top sub drives the |lower setting sleeve 203 with the unl ocki ng
col | et'S" downwardl y nmoving the |ocking sleeve 285 downwardly to the rel ease
position represented in Figures 17A and 126- The downward novenent of the
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runni ng teol ahd | saketgndvalveai t'imst\e af glynpesd véubd(yk opear dWwytbut thé
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mandr el and r§§§#§§°§boF“§$se%§?y ? ?tl%%f%% filng a meﬁ?é f? |n a
| andi ng n|pplpoah@ngmam&pte$ﬂm@edompr@mqqre%.labkaﬂﬂuﬁeﬁ Aadi Ads aody
provi ded w thy gd O%cha éUQHQrttﬁQOLﬂLﬁﬁhW %@oq bedy i@w‘ke5ed and

supporting sal In a no-g andi ng , a radial npvabl e
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sl eeve iRpgsai ﬁ.alaa@élrma/@bhﬁewctdﬁdltslasrﬂ dagsebentewarnli pggares! qcsm ngngai d
dogs out war dl and rel easing said dogs for _inward 10 nt ans
for connecting88ais® ik &NHAREED ReyE &éplmﬁgoﬁngﬁﬁje§%ﬁhﬁﬁmgs?%
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upper latch key.as enbly slidably nected with said Rhead assenbly f

rel easably colt %ﬂ 108 4 SUF gg@ wakle - at PRudrd po¥ititnd 'For
' ~entering the lock mandrel. When the  unlocking collet

15 heads approach'the locking sleeve 285 of the mandrel M2
in essentially the position of Figures 18A and 18B, the

; unlocking collets expand outwardly until the shoulders

263 on the collet heads engage the end edge of the
locking sleeve 285 so that further downward force on the

20 running tool top sub drives the lower setting sleeve 203
with the unlocking collets downwardly moving the lockihg
sleeve 285 downwardly to the release position represented

in Figures 17A and 17B. The downward movement of the

(L lower setting sleeve aléo moves the release recess 255
25 around the sleeve below the latch keys 235 shifting the
- full diameter surface of the lower setting sleeve behind

the dogs which are expended back into the recess 293 of

the lock mandrel body section 280. After the control line

_ pressure on the valve has ‘been decreased and the
30 .operating member 291 of the safety valve moves up, an
upward force on the top sub will pull the running tool

and lock mandrel with the safety valve back upwardly out

of the landing nipble.

35



body, a lower latch assenbly operable by 'sai d head

for rel easably coupling said running tool with and.raising said _

ock”lm Hu j’ﬂ sl eeve, said |ower latch assenbly conprisi'ng a7ower *
- sett dially nmovabl e | ocking lugs carried 20 by sai debwer
setting sleeve to engage and nove sai d expander sleeve of said | ock .
mandrel, said head assenbly incluging an upper setting sleeve rel easably
conn%gt ble with said | ower setting sleeve, said | ower setting sleeve
i ncl S8y ansfer llugs only. for rel easable engagenent 25 with said upper
settihg slgeyeckoz:ﬁaﬁmeuharrcblﬁas@bh@ coobeaksemblst viean ddet ipper and
| ower Ieeves a cor havi_n rong end, coupled with I d head
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C L sai d | ock An assenbl’y acocrding _to Clalm
1, VHRERWS, t delepgisndd naldy drevable| eveandssi sleene iet3d¥d sl eeve so
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latch key assembly slidably connected with said head

D 12

assembly for reieasably coupling said running tool with
15 said lock mandrel body, a lower latch assembly operabie
;i by said head assembly for releasably coupling said
running tool with and raising said lock'mandrel expander
sleeve, said 1lower latch assembly comprising a lower
setting sleeve and radially movable locking lugs car;ied
20 by said lower setting sleeve to engage and move said
expander sleeve of said lock mandrel, said head assembly
including an upper setting sleeve releasably connectible
with said lower setting sleeve, said lower setting sleeve
including transfer lugs oaly. for releasable engagement
25 with said uppér setting' sleeve to form Ehe releasable
connection between the upper and lower setting sleeves, a
core having a prong end coupled with said head assembly
.for engaging a well tool operator member to apply a force
from said ‘operator member to said upper latch Kkey
20 assembly to lock said key asseﬁbly with said lock mandrel
body, and said head assembly and core being movable in a
direction opposite to the direction of setting said
assembly in said landing nipple to expand said lock
mandrel locking dogs and release said running tool from
35



15  recess for engagenent of said upper latch assenbly and said expander ég?
sl eeve has an internal annular recess for engagenent by said |ower [atch -
gssenbly. 6.. An assenbly according to daimb5, including |atch neans for
rel ea:s_aply at chi ng sai d expander sleeve at a 20 posi ti mm n
| ocki Mg” dogs are expanded. 7. An assenbly accor di ng to ﬁlmm" I um” , _
said | atch neans conprises a |atch flangé_2 round sai d expahdet < edve’ ahd

a latch flangea\dlidth.ida:'ﬁatiahdﬂwfe| body. 8.  An asserrbly according to
Claim 7, mhareln said 25! ort shoul der ¢ sa| Hﬂﬁgrel body
a
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lower lajgh asgedllsy #dr engagement of said upper latch assembly and
said expander sleeve has an internal annular recess for

, engagement by said lower latch assembly.
6. An assembly according to Claim 5, including latch
means for'releasably latching said expander sleeve at a
20 position at which said locking dogs are expanded.
7. An assembly according to Claim 6, wherein said latch
means comprises a latch flange around said expander
sleeve, and a latch flange within said mandrel body.
8. An assembly according to Claim 7, wherein said
.25 support shoulder on said mandrel body comprises an
annular no-go ring.
9. A lock mandrel and running tool assembly according
to Claim 8, wherein said locking .dogs are each provided
- with internal cam surfaces for expanding said dogs and
30 'said expander sleeve 1is fprovided' with external cam
surfaces for engaging said locking dog cam surfaces.
10. A running tool for setting and locking a lock
mandrel in a landing nipple along a well tore comprising:
a head assembly for connection of said running tool with
35 an operatihg tool string; an upper latch key assembly
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latch assembly to operate said lower latch assembly in

15 response to movement of said head assembly for moving -
said lock mandrel expander sleeve and releasing said
i running tool from said lock mandrel, and -wherein said
lower latch assembly includes a lower setting sleeve_
having means for releasably engaging the expander sleeve
20 in said lock mandrel, said head assembly including an
upper setting sleeve releasably connectible with said
lower setting sleeve at one of a plurality of
longitudinal positiohs of said core, and radially movable
locking 1lugs and radially movable transfer 1lugs are
25 carried by said lower setting sleeve, said locking lugs
being releasably engageable with said expander sleeve of
said lock mandrel and said transfer lugs being releasably
engageable with said upper setting sleeve to form the
releasable connection between the upper and lower setting
30 sleeves, ' '
11. A running tool according to Claim 10, wherein said
upper latch Kkey assembly includes a key retainer sleeve
having windows therein and a plurality of radiaily
movable latch keys in said windows, pin means between
35 said key retainer sleeve and said core for holding said
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» first release recess in said core is aligned within said

transfer lugs at a first upper end position of said core
and second and third release recesses on said core are
aligned with said locking lugs and said release collet

finger and said first release recess is misaligned from

said transfer lugs at a second lower position of said
core.

15. A running tool according to Claim 14, including a

spring between said head assembly and said core biasing
said core toward said second lower position.

16. A running "tool for setting and locking a lock:

mandrel in a landing nipple along a well bore, said lock
mandrel having an expander sleeve movable upwardly for
locking said mandrel at said landing nipple, said running
tool comprising: a head assembly having means at an upper
end thereof for connection with a wireline tool string,
said head assembly including a tubular outer skirt and an
upper setting sleeve disposed in concentric spaced
relation within said skirt,.said setting sleeve having an
internal annular operating flange at the 1lower end
thereof- and an internal annular recess above said
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15 retalner sleeve and said core passing through said

‘longitudinal slots in said upper setting sleeve for
;movement of said retainer sleeve and said core as a unit;
a spring within said head assembly engaging an upper end
edge of said core biasing said core downwardly relative
20 to said head assembly; a lower setting sleeve slidably
disposed around said core within said retainer sleeve and
having an upper end portion movable into a lower end
portion of said upper setting sleeve, said lower setting
sleeve having an external annular release recess -
25 alignable within said latch keys at a release position of
said lower setting sleeve permitting said latch keys to
move inwardly around said lower setting sleeve for
release of sajd running tool from said lock mandrel body,
said lower setting sleeve having circumferentially spaced
30 windows along. an upper end portion thereof and
circumferentially spaced windows along a lower end
portion thereof: radially'movable transfer lugs disposed
in said upper windows of said lower setting sleeve for
releasably coupling said lower setting sleeve with said
35 upper setting sleeve; locking lugs in said lower windows
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transfer lugs at inward release positions when said core
is at a first upper position and for holding said
transfer lugs outwardly and said locking lugs outwardly
10 at a second lower position of said core and a first lower
position of said lower setting sleeve whereby said upper
w - setting sleeve is coupled with said lower setting sleeve
for moving said lock mandrel expander sleeve upwardly to
lock said lock mandrel at a 1landing nipple and said
15 lccking 1lugs are aligned with one of saié release
recesses around said core at a second upper position of
said lower setting sleeve for release of said locking
lugs .from said lock mandrel expander sleeve and said
release recess around said 1lower setting sleeve 1is
20 aligned with said latch keys for release of said running
tool from said lock mandrel body.
17. A running tool according to Claim 16, including
_ integral release collet fingers in said lower setting
W, sleeve for engaging said expander sleeve of said lock
25 mandrel to return said expander sleeve downwardly to a
release position, said unlocking collet fingers being
movable into one of said release recesses of said core
when said running tool 1is released from said 1lock
‘mandrel.
30 18. A . lock - mandrel and running tool assembly
substantially as described with reference to, or as shown
in Figures 1 to 18 of the drawings.
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