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-.1- 2119426 WELL TOOLS This invention relates to well tools and nore
particu- larky relates to a | ock mandrel and running tool for rel eas- ablsy

- locking a flow control device such as d- “safety valve in a flow Cgfﬁ,uﬁbaa%;

a wll.*5 In the well art, particularly that relating to
wells, it is standard practice to conBEBLeTODbSwel | s using wireline

equi pnent and net hods whi ch provides for sub- stantial_ cost reductions
\iring future well s@hiscinyenpien- relakes toV vell ntoebaphed | BarecPabYicUNd

equi pnment are illus- 10 traded and described_in substantial detail in
PETROLEUM ENGINEEhYlN?ERHﬁ$|€Rme leork pandrel ognd srupaing Baokofop,geleas-

sently avallabl ndrel for sub-s %ace safet val ves gre of i
ext ensi on hang@ g@cgﬁPgha °§r€§ﬂﬁf°g BYiF€opht ?8nﬁ|s%? BY W2 ¥fien
used with saf ety ﬁa e &9 gﬁégggb No45a hagger locks are set by applying

force in the sane domnmar rec I on reqU|réd for driving the safety val ve

cinto the landing nipghechd YBLENakbe ¥ar¥scifatPybenheckefariiie £61 611t hAa

caused by packi ng between t ety val ve an andi ng ni ppl e may

require such eyggswel@s(riveigowBah@age pPatbitet b8 CORAPLEBEIERE Wélls
prematurely set. Further, it is possible to only partly engage the | ock
mandrel in theuséngswireitingl eghipmantoandi methodsswhichapriovidesefohesub-
running tool used to set the | ock mandrel without any indication of a
serious probl estaotdalesesy wadvathanshdeningpfupuene|well 2gexyichugi cpenor
devi ce which elininates ma probl ens but still may_mal function.  The

| ocki ng sl eevetdPnBie @%FS#&PBnCﬁGHQGFl?Qp@eFBQQSnﬁ%@ ﬁBVéPmﬁthérﬁpbb§P§E

d rection from
? 10 tradeé and described in substantial detail in PETROLEUM

ENGINEER INTERNATIONAL for August 1981 at pages 83-89., Pre-
sently available lock mandrels for sub-surface safety valves
are of the extension hanger type which may present several
; operationa; problems whén used with safety valves. Extension
i 15 hanger iocks are set by'applyinj 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 fric- |
tion caused by packing between the safety valve and the
landing nipple may reéuire_such excessive drive-down force
20 that the lock mandrel is prematurely set. Further, it is
- . possible to only partly engage the lock mandrel in the recess,
egtablish control line pressuré, and remove the running tool
used to set the lock mandrel without any indication of a
serious problem. One remedy which has been employed is a
25 spr;ng.isolator device which eliminates major problems but
still may malfunction. The locking sleeve of the extension

hanger type lock must move in the opposite direction from



fleay to lock a safety valve. It is possible that flow could lift the

Iﬂaﬁ'ng sl eeve releasing the lock. It is, therefore, a particularly

[ (PpF t ant obj ect of the invention to provide a new and inproved well tool.

5 It is another particularly inportant object of the invention to .
provide a new and inproved | ogk nmandrel for use in wells to releasably |ock
devi ces such as safety valves®at a |l anding nipple along the flow conductor =
of thefilem tol lock ansaffetyowpdve.of Ithdsi pessibde tbafr8kpwecauid | ock
mandrel operable with wireline equipnent. It _is_another object of the

i nvent ldftt $her deickdng Bdervean@lerskAPckhes196k-by a force applied in a

di rection opposite t ggg di rection e required.to he devi ce

Qf ﬁor gri e
such as a saft ySval RR&et By PRFEASH grﬁgckm FERBE 9B Fﬁ¥o° he | andi ng
i ppl el ich,.t.he | I ' l.ect of th
201 S VTl (e Uil slyect ot The T

ligited f A\ h S ' i t k. 1t i
{1 Bt o OB 8 pRBthel  paBStS LAl ol egnirbbyRy B AR G L °

fUrt_er obj ect of tion to provi | nman “having a
| ocki ng nifeR@@dn Vol proRi@e GOnkqChnihempraded lotk! handireacitoenuek flow in
the well thereby preventing well flow fromreleasing the lock. It is a ‘.

still fim wWedlsolicedleleasabdyi dvekt devicespsachdasa safeltynwadwrels whi ch
requires that the running tool be released 25 fromthe | ock mandrel and the
saf et y atalavd.andimge ndgpplet along thek fiawd condugtoropdr ltheseelily the | anding *
ni ppl e - before the running tool can be released. It is another object of the

i nvention t h&t daf anpthex eblestt odl thendnvensden FonPreyilsl fshed before

t he_runni ng toal - 3- n be rel eas fromthe | ock nandrel .
_ 10 QQckgmandrel operﬁgie:Jith'Jireiqne equipmeﬂ%.

It is another object of the invention to provide a
lock mandrel which is set by a force applied in a direction
opposite to the direction of force required to drive the
device such as a safety valve connected with the lock mandrel

15 into the landing nipple in which the lock mandrel is set.

It is another object of the invention to provide 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 -

20 1lock mandrel having a locking sleeve which moves to lock the
mandrel in the direction of flow in the well thereby preventing
well flow from releasing the lock.

It is.a still further object of the invention to provide
a lock mandrel which requires that the running tool be released

25 from the lock mandrel and the safety valvé connected with the
lock mandrel be properly set in the landing nipple before the
running tool can be'releASed.

.It is another object of the invention that safety -valve.

control line integrity be established before the running tool



. The invention provides a |ock mandrel for releasably |ocking a well
tool-iin a landing ni pple along a well bore, conprising a body having si def:

~ W ndovvs,' an internal annular recess, insaid body for engagement of l|atch
keys.on a running tool to support said 'ock mandrel from a runni ng tool, .
support shoul der nmeans on said body for sepporting said nmandrel in a no-go

= andl ng ni ppl By agéﬁégeﬂ\#g{ﬂléhé %)Iégn]g rgcﬁ:%o' n each of said side
sai

ndows, an. annur} ar ar oun ody for sealing between sai d
body and a seal suMh8celnvensairy IHmHld?—‘ﬂg ani pptle, mapdesbhakesr EHleasably

sai d body sl i dpdcitigt i fwelal kdd1CKinth dPAKI NG ShiPpleChileAg ORPRBLLE bee'; he
direction of nove- nment of the | ock mandrel inpto the Iandltﬁ% nippl e

expandi ng t he $EWHELI3PB0ds, P PAVERS ride oRHAWS g alyj P t GO arwel I
*tool to supportecsssd inekhidobddy rion eagdgémeaic refndaeth Héys idn/mtnmmag S0

) provi des a run‘gw)]g tg)ogh b0k ss%t]hl Qgcﬁr}%{{&%lil Bfof 4 % d{gA | gg)pg?@dl ng

ni ppl e along a conprisin assenb onnec sai d
runni ng t ool vmqulalerop@aam ag sabd h@chf nkpr eﬁﬂP@ppé#ng eﬂ%lli andaskei®| § for

CETL, 2 e e manee s anchilociormeroa o devesc
expander sl eev%a’rdg g‘é{ed WiDdRWHan AR cAND e@g‘og 8 %1'??}'}'@ gfaéﬂdbo
connected wit hfmalséaunpgrbémeelm haydalsadyﬂsny! bosesngagmaeat imi g$didanand-

oper ating ne”bagxﬁg l&e lé e%%n&g asfi%eYre ufx Q cfﬁ% Lwag] ?,O#l&eili?ﬁl Olsatlg

sai d- upper | at sai
relation with %%ﬁ@moéRQMMr%IGIE@Qym%&?RP@éFé Havﬁl??g déﬁ?F‘é’éoﬂ & meKE-r e-

| ease nmeans nmoyedd @f thet 1¥6x farted LAVETtHeO1bA8iAP MiRPlat €ob ddkbadnadhg
collet in resp nse t ment of _said head assenbly for ai d Igck
mandr el expandei ShskiBYa 000 el BB TRANS, (49T, GRARREC IS foRodd; F01 Gk
mandrel . The r\mhll repollotd supporncsante welli sdbhgﬁrmckaid)rlomkpmmdreig t he
- tool in awell, a ngLayRes tﬁ% §§§8 &(uh@éeé ‘i‘x‘inb“&d&ll *% f L& f1RF Kina
od et PI ng

i ncl udi ng dogs for releasa y eng nan-
*sleeve col | et beddng y tlépﬁs%@WFh rmOat Aending nipple along a Well bore,

comprising a head assembly for connection of said running tool
with an operating tool 'string, an upper latch.key assembly for'
couplmg said running tool with the body of said lock mandrel,
a lower- collet assembly supported from said head assembly for
. coupling with an expander sleeve in said lock mandrel, and a
core having a prong end connected with said upper latch key
assembiy for engagement with an operating member of a well tool
to apply a force from said well tool to said upper latch key
assembly for holding said key assembly in locked relation with
said lock mandrel body, said core having collet lock ‘and re-
lease means movable relative to said lower collet to operate
said lower collet in response to movement of said head assembly
for moving said lock mandrel expander sleeve and releasing said
running tool from said lock mandrel.

The running tool may include a flsh1ng neck for supporting
the tool in a well, a retainer dog assembly telescoped into the
fish neck including dogs for releasably engaging the lock man-
drel body, a setting sleeve ‘collet assembly telescoped into the
retainer dog assembly for releasably engaging the ekpanded



,retainer dog assenbly for rel easably engagi ng the expanded -3a- sleeve

oe | ock mandrel, and an operating prong tel escoped into the setting
cO

Wi the lock mandrel to hold the safety valve open while running the’lock
mandrel and valve. 5 The prong assegQly may be coupled with the retainer

dogs to apply a hol di ng force to the dogs when the running tool is coupled
with the $ifE¥em@fidite deeksBmrpdselmiand ARcPPeiAtindgPraRg stelesgovedve. For

r unmb ng airekes etiie ngaﬁﬂﬁglhczfdglgan&l’seémmﬁ £ eéx)gagajn\ge,tﬂeo dﬂefealtmgl Ing tool:l
may be s nge t he -bo n safe al ve an
| ock rranlc}‘rqg alrfegdrgiaggFVdvo%fY ‘f/tﬁ%nf"g&}t'(h% ‘1 kma % guh¥l¥ a no-go
ring on t%he |SgERtYVavRikws mgaglesl% ryhoingdhej hoqlh@alndnql nepchivepre.

Furthgr deyn r heal h g | ¢@nd 15
t he | ock \g@f&gd a’!é'llé’hé(gﬂ’rlgnnl ?S b %&bﬂe@%fﬁﬁ%ﬁé&ﬁrﬂé&&glﬁgl dbgi’pgﬁdl ng the

| ocki ng Yonatmzl D) of %‘?993%; &94 doggc jwihy n(}lhsl ruppiRg  £eo} s1%hen
appl i ed tdoupield ®i€WnéHe0llokk Rardrellneénd afafeyyVved M@ . wheh Neurlriindi 8ge ni ppl e

relievin {éh rd force fromthe safety valve. on the.running. tool prong
to rel eagseé %é’u%ﬁ\r'\?hg tool. The running tool is releasable 5 fromthe

| ock nmandrel d@okyrafining @hd settindethe|lmskemandrel and safety valve,

10. the running tool may be shear pinned to the body of the lock

mandrel. The safety valve and lock mandrel are driven -down-

‘wardly into the landing nipple until a nd-—go ring on the lock

mandrel engages a shoulder in the la'ndincj -"nipple. Further

downward driving shears the pin between the running tool and

15 the lock mandrel. The running tool is then pulled upwardly
expanding the locking keys on the

20
25
30

35

#t' assenbly for engaging the operating tube of a safety valve conpect ed

e



the up position and the control line to the safety val ve has been o
pressurized.- The details of a preferred enmbodinent of the invention e
together ‘with its objects and advantages w'l | be evident from 10 t he @
fol | ow Ag description taken in conjunctlon with the accom panying draw
wher ei n: Figure 1 is a longitudinal viaw in section and el evation of the
kock ‘mandrel of the invention; Figure 2 is a longitudinal viewin section
kﬁ the key 15iock aiamdredl. sleeeesutetﬂs itheh appdnea thArgugh 8 cen&reilew in
section along the line 3-3 of. Figure 2; Figure 4 is a | ongi t udi nal side
view in secti ddnef tonshef safetyovailng Rey§h§flﬂnéinecnlﬂﬁﬁér gelépvipguicher;
20 Figure 5 is an outside view in elevation of the key of Figure
4; Figure 6 i 3P¥RKGFogse, famm ﬁhéléﬁéﬁFﬁnVGﬂvﬁhénkEFeoFuPPéBHet@° FP§8P€

is a bottomend view of the retainer seen in aure . Fi i
8A and 8B togéFh yﬁﬁ%ﬁ:§hﬁoﬁ§PP&&9n§P r ﬁ §§BPPBH ER3LeiEvEs; Sﬁsﬁg Fhe

. | | |
00" of “Fiur o ke tHelicax, Bindz uB?*&?rg'r‘*?&am ¢, EBpRRae) ByRePR0 b T
| .ocking dog rq&@ W ?dgfgidy}ﬂﬁal n@bﬂQrB Ohing'ggrghelshie@y vElve haf

longi tudi nal view Fn tion o eeve 0 rgure 1

is a viewin ] YredsufiGedl ceve as seen along the line 12-12 of Flgure
11; Figure 13 is an outside view in elevation of one of

- The details of a preferred embodiment of the invention
together with its objects and advantages will be evident from
10 the following description taken in conjunction with the accom-
panfing drawings wherein:
Figure 1 is a longitudinal view in section and elevation
. of the lock mandrel of the invention;
Figure 2 is a longitudinal view in section of the key
15 retainer sleeve of the lock mandrel, |
Figure 3 is a view in section along the line 3-3 of
Pigure 2;
Figure 4 is a longitudinal side -. view in section-
of one of the locking keys of the lock mandrel of Figure 1;
20 Figure S5 is an outside view in elevation of the key of
Figqure 4; |
Figure 6 is an inside view.in elevation of the key of
Figure 4; | |
“Figure.7 is a bottom end view of the retainer key as
25 seen in Figure 6;
Figuree 8A and 8B together form a longitudinal view
in section and elevation ef the running tool of the invention;
Figure 9 is a view in section along the line 9-9 of

Figure 83-



the retainer dogs of the running tool; Figure 14 is a | ongitudinal

vigmii.n section of 10 the dog of Figure 13; Figure 15 is an inside view in
eIt'-=i on of the retainer dog-f Figure 13; Figure 16 is a bottomend view.
of\#he retainer dog as seen in Figure'14; 15 Fi gures 17A and 17B .
together are a longitudinal view in section and el evation of the running

t ool coupl ed_ i t C : he:LaveRnt | ciLed into the AP
upper»end_offgbnglagakgté.ggpgg%gggéﬁ% gé 2L$va?§gagga§uéginto a well Ef':
bore; 2He Jocking & esféﬁﬁiaaﬂ 18Bet,808ENEhe! PuthankoREbLYdi Nal view in
section and el evation of the running tool and | ock mandrel of the invention
coupl ed’int opjgarePper 18Nd 2bngivallinaafl oipgw 1al ¥ecthon 8g the val ve and

| ock mandrel and a fragnment of a | anding nipple in section i-n which the

saf et y sieleve afdrligake230; mandrel are | anded; and Figures 19A and 19B .
taken together forma |ongitudinal, viewin section and el evation of the

runfi ng tool Figure dd@ndseh, view dppsectionpoft tbe sfeeve asf eepnvalve in a

| andi ng ni ppl e shown in fragnentary section in which.the | ock mandr el

| ocki n@ledgs thee 1dnsardecd2i pEoFdEETRodRirecess of the | anding nipple.

-6- Referring . to Figure 1, a |lock mandrel Mincludes a tubul ar body forned *
by a | ocki ng%‘éag‘rﬁe L3 ASr 2y é’wéliés Hﬁ&waiﬁaéaﬁﬁagﬁ&ﬁdf’_ | °8% °fadi gu ly -
novabl ¢.l ocki.n 00 32, l.ocki nder sleeve 33, and a packing .

assenb%&eBEgtggféé oG8 ?% 5&% g Pgsgy%éggébLe.in wi.ndows 35 provided in %

the retainer g§lgewe 13015 ENeoRYARAATHAL! COVE F3oWDUBS ¥bELLSNt-hesl OCKing
dogs between an upper |ocking position shown in. :

10 the dog of Figure 13;

<

Figufe 15 is an inside view in elevation of the retainer

dog of Figure 13;

LS

Figure 16 is a bcttom.end vieﬁ of the retaiﬁer doé as
seen in Figure 14; .
15 Figures 17A and 17B together are a longitudinél view in
| section and elevation of the funning tool coupled with the
lock mandrel of the invention connected into the upper end
.of'a well safety valve as the safety valve is run inﬁo a
we#l bore; | |
20 Figures 18A and 18B together form.a longitudinal view in
section and elevation of the running tool and lock mandrel of 3
the invention coupled into the ﬁpper end of a well safety.
valve shbwing.the valve and lock mandrel and a fragment of a
landing nipple in seétion.in which the safety valve and lock
»25 mandrel are landed; and'.

Figures 19A and 19B taken together form a_lqngitudinal
viéw in segtion and elev#%ion of the running tool,_lock mandrel,
ahd uppei end poftion of thelsafety valve in a landing nipple
shbwn in fragmentaiy sedtion in which the lock mandrel locking

dogs are expanded into the lock recess of the landing nipple.



JFigure 1 and a |lower dog release position. Referring to Figures 2 and 3 .

the locking dog retainer 10 sleeve 30 has an internal annul ar | ocking

. recess 40 having an upper end | ock surface 41 to receive upper |ocking-ke )
on the running tool of the invention used to set the |ock mandrel and

'safety valve in a | anding nipple. The sfeeve 30 has a plurality of
,fégcunferentially spaced shear pin holes 41 for 15 securing the | ock

mmEndrel to a runningekgpkindneoWiGoME BS 4 MASK RARENEL I Bh€ludes a
:circunferentially sggce ,é%%h aﬁndOM/be- i ng sized and shaped to receive

:and retain OneuBﬁlhiiebb@fkfﬂﬁn&QQE*% VbéRindedsy erata mhépvsheevéc3tiognd o
‘move radially between an inward rel ease position and an outward expanded 20

-1 ocki ng posit aopackiingbmandpélt 8k, | padiabby thovabiet hackingv@o@d 23X eadi ng
within the windows 35 is graduated and shgged to acconmpdate the | ocking
idog expander #beking3dog/expprder slepvehdd) dend4a prekinghassembly fdre

4dimts the_upward _nove- nent of _the expander sleeve 33. Ag evidené %n
“Figures 2 andTBe2doggadR aret FadiphlyRo¥abhesinowindans dP PRA¥IAeE ot°

- i 43 i ch ' ' fl I - | f
The | Ocki ng GBHE SSCADRE| BLERES(Hs | AT HE¥RPARGRe DY ST Hc | BAVES SBL Lifn
I d- | f | 0] -] d 4
connct i on of PRa18PksE BR6F Berietd an gpet LELRE L pbRLEROR oBhuA 1"

ekt ernal annuka%uee- §0ahiNgd #8wks £85"BE188sENBokoWeEneNd portion of the
sleeve 30 to 1 mt the downward noveirent of the mandrel M5 in a | anding

“ni ppl e. The | ocki ngredegrengatderigheese23anas3i,| thet Latkiingndéggnetaines a
‘tubul ar nmenber havi ng upper and | ower gui de or bearing end portions 50 and
51. The ippesleesepddt has B8 dhtennall eapnulag ibckéngwreneast A0 bhavdngf
}he sleeve 30an upper énd lodk surface 41 to receive upper locking keys on
the running tool of the invention used to set the lock mandrel
and saféty valve in a landing nipple. The sleeve 30 has a
plurality of circumferentially spaced shear pin holes 41 for
15 éeéuring the lock mandrel to a'running tool. The windows 35
in the sleeve 30 are circumferentially spaced,each window be-
ing sized and shaped to receive and retain one of the locking
dogs 32 with the sleeve ailoWing the dog to move radially
between an inward release position and an outward expanded
20 locking position. The bore of the lower portion of the sleeve
30 extending within the windowq 35 is graduated and'shaped to
. ' accommodate the locking dog expander sleeve 33. A tapered
Stoé shoulder 42 along the sleeve bore limits the ﬁpwafd move~
'ment of the expander sleeve 33, Asfevident in Figures 2 and 3
25 each of the windows 35 has longitudinal inner side retainer
recesses 43 which reteive retainer flanges along the side

edges of the locking dogs 32 to hold the dogs in the windows

of the sleeve 30, The lower end portion of the sleeve 30 is



10=%, above the stop shoul der 42 while the | ower guide portion 51 of the
oMe slides within the bore of the packing mandrel 31. The bore of the
dider sl eeve 33 is graduated having an enlarged | ower end portion,
iding a t apered operating shagder 52 ‘for engagement by an operatlng
key on the running 15 tool to lift the expander sleeve in noving the

| ocki ng dogs 32 outwardly to | ock positions. The outside dianeter of the {:
cent r al ipternahlyf thheadsdaatictd sfereonaestion sof grhelusteeveroni ding an <«
upper central portion 53 and a |arger |lower cen- tral portion 54. A tapered

can1surFBBe“BBe¥se§¢09fdEEeoha?hﬁmidm”“h@%ba%Her B % %ha¥hénﬁﬁb%¥ end of

LZ&E@?%%&oﬁ%nqtﬁéaﬁ aﬁag‘s“réﬁciﬁ%%} ﬁ%éa?sfwﬁéﬂﬁev%'ciil:ef?’.s
3
Cpandch LEP28, 35 Xﬁ%ﬂ%ﬁpsﬁée BERA Ry fen § 5 €8S Mariar @l o ' T

|°§k'nglﬁe?sl§3d§ﬁ?'hkggiéated I n Flgures 4-7 is a circul ar arcuate segnent

shaped to Tit wt w ndows 35 of the sleeve 30 and having an outer
| ocki ng profifRead8cring 8kPhhdEr cHDEGERLES By iDPugsKPaRE@r 18! eeve 33

for expanding and | ocking the keys. The side edges of the | ocki ng dogs _'

32 eachFhgsrenli bsegr ahbhbagi hembenl haeind neppét cand Bewehi ghidét st he
retai ner recesses 43 along the windows 35 of the sleeve 30 to hold the

| ocki ngotogeasinygnend epm:hiouaméo aand h2l expiinecdppesi endnportiono®d in
Figure 1 of the 5 gs. _Each of the dogs 32 has an outer |ocking boss
sur f ace@83tBAapheeye $$ts%ﬁ@ﬁPnWbFF%Eth3 Feresafothe she@yRg3fi pple for

bl Sgaéé‘*rﬁaﬁﬁ?cgﬁég | Shenbarri A2 vBkfeotne Fiwer gdlde ontion coFf aces.

def necely o8, yRBEke! DTLAEs BSENIR. te Bl LONDARELI pRISRDS T
surface3;64 #Ad pore of the expander sleeve 33 is graduated having
an enlarged lower end portion providing a tapéred operating
- shoulder 52 for engagement by an operating key on the running

15 tool to lift the expander sleeye in moving the locking dogs
32 outwardly to iock'poéitions. The outside diameter of the
lcentral portion of the expander sleeve 33 is also~gradhated |
providing an upper central portion 53 and a larger lowe:_cen- .
t:al portion 54. A tapered cam surface 55 is provided on the

20 exp;nder sleevé_on the upper end of the portion 53. A tapered
cam sprface 60 is provided dn the sleeve 33 bétween the por-
tions 53 and 54. An external annular lafch recess 61 is pro-
_vided on the expande: sleeve portion 53 to releasably latch
the expander sleeve in the upper locked position.

25 Each of the locking keys 32 as illustrated in Flgures -
4-7 is a circular arcuate segment shaped to fit within the
windows ;5 of the sleeve 30 and having an outer locking profile:
an@ an inner profile engageable by the expander sleeve 33 |

for expanding and locking the keys. The side edges of the

<



* lip or ridge 72 which is engageable in the latch recess 61 of the sl eev)
so that when the sleeve is in the - - upper |ocked position of Figure\l,

* the expander sleeve is releasably |ocked at the upper position at which the
dogs 32 are expanded. The cam surfaces 70 and 71 on the inside faces of

ﬁége dogs 32 cooperate with cam surfaces on the expander sl eeve 33 for

" \apving the dogs r 199 e fitdg®dl 30ngitadind retaines
sl'eeve 33 is %ﬁ%ﬁgﬁa‘#@dl% ;érgl%rtr{ a Iigg\%en?q'r el éase posigtion to the upper end
| ock posi tion @fa e @R hidddiftsenm lpetaindmetiessesd 3 adeng Iheawindows
upper end posi--tion the sleeve 33 has an external annular |latch flange 73
provi ded ar ourgh tde drwvaslemnte B0 tioothcddl dfhet HocKingydogs 132 iR the win-

. packing mandrel bore has an internal annular latch flange or shqul der 74.
At the upper |dmkedatposie ienparidadheasiddonas [whawa dn Fligwye A3 afn

. sl eeve noves above the latch flange 74 wifhin the bor%§ff Iheéggckin
mandrel t® furdems. Each of the, degsiddy hafe ak PHRRS Qg Pesg §

upper |ocking position, Referring.to Figures. 8A _and 8B, e i

ambodyi ng t he $3a80ARRA JfO tﬁ’et i*ﬁ&ém éh e ir:er#ensgs rf’eizztkL g& égi é%lﬁd
with standard wreli I Clyf Itheéd MrdEidd G igile St mHY
i.'ncluding a r‘e#fﬁ_giao‘?‘ﬁjrﬂeigée%g 3%%%? h portyllgir?& and an eiteré% annul ar
fdange - 82.  Thenfi sbi fledie G Nafe albdgd)| 3 G8sl pMEI eIk BKi sHowordn @idlires 4
whi ch has a bo%éé 4 provided wth agfepéduced iénternal 'y threaded upper 10

end portion 85and /e APPesr&Bidtdl sleticed Ve sinel W cam| uppernireside nkddy

t hr eaded upper end portion into the threaded bore portion 85 of the fishing.
neck. Theofishg@gan@ck Biwet fHifspdel fame vpher Tl bower cendfof hehe|face 69

are in concen- _
* has an inside cam surface 70, Between the surfaces 64 and

65 each dog has a sloping camsurface 71. The face 64 also has a Iatchi.;E

face

. 65 each dog has a sloping cam surface 71. The face 64 also
has a latching lip or ridge 72 which is engageable in the latch
recess 61 of the sleeve 33 so that when the sleeve is in the _f
: 15 = upper locked position of Pigure 1, the expander'sleéve is
releasably locked at the upper position at which the dogs 32
are expanded., The cam surfaces 70 and 71 on the inside faces

of the dogs 32 cooperate with cam surfaces on the expander
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sleeve 33 for moving the dogs outwardly to the locked positions
20 as the retainer sleeve 33 is lifted upwardly from a lower
release position to the upper end lock position of Figure 1.
f. Additionally for.latching the sleeve 33 at the upper end posi-
 tion the sleeve 33 has an external annular latch flange 73
provided around the lower end portion 51 of the sleeve while
25 = the packing mandrel bore has an internal annular latch flange
or shoulder 74. At the upper locked position of the sleeve

33 the latch flange 73 on the sleeve moves above the latch

L U P

flange 74 within the bore of the packing mandrel to further



tri
91

t he &

hol €79
has an

external annular | atcysel ease recess 95. A latch key retainer

paced relation. The sleeve 90 has a pair of |ongitudinal 15 slots
J&\ ti oned al ong opposite sides of the sleeve. The |ower end portion of
ting sleeve 90 is counterbored at 92 and provided with a shear pin
3 and a set screw hole 94. Abové the set screw hole 94, the sl e®ve.90

20

sl eeve 100 is telescoped in sliding relation over the |ower end portion of =

t he sl

adde ia0hodtddnghehekexpafdebenleenet B3 aktethe 9pperdlobkingirt.

The

sl eeve 100 has circunferentially spaced wi ndows 101 shaped to receive and

r et ai npasii&tioh.key 102. As shown in Figure 12 each of the wi ndows 101 of the

sl eeve
fl ange
| ongi t
keys 1
igner

25 100 has | ongi tudi nal opposite side key retainei | ips or
s 103 Beferriggatenfigusrs| 8AgrrddPRal tBRJEUBREBIOFOPheRW ndows

di nal 04, As ill ted in,Fi 13- 16.each of the latch
SMPRYARG: FBRatEoERFREI 9F EDB IR RAIPRODAR BuEAFPAABNS0S and an

a

e GR0E kiaea IS AULRRRLAEE iredOil38aRubaek ERY BRReCELbPT OVi ded

. cam su

defi ne
bet wee
in Fig
with a

rse sprin ecess

y the outer bosses 11T have inn bosses 11 .ext endi ng

ure
ReckS ha® ael @nlargedangwetr22ndhisklirkti powitibinn 88hwhiichdhasedge

exten etween an upper

g%g%ewi¥éliﬂg %obawg&raaglEueiaa%négé-reaheehoghgeaaaaaqﬁpe& the keys

_nd %b&&&&& @2AMaplr hACext2@nandaanthapi #laage 8211 avael2ishdngshown-
6, the longitudinal side edges of the keys 102 are each provided

recesses 104, Figure 12, and are engageable with the retainer flanges 10
103 al andoriec 84i plowidedewith theelugedetiateenailyetbreadedouppexi n t he

keys i
d& war

_spring
garter

15

20

25

n the windows while permtting the keys to nove radially inwardly and
%Wﬂshﬁﬂeﬁms\ﬁoné6w§e§HGeﬁePd°Bﬁ a garter

@nd. porrdoite\BS .10 Ang upper: sed

123 whi ch _conmpl etely encircles the keys and th%e§%%?ve 100. The

an externally threaded upper end portion into t readed

bore portion 85 of the fishing neck. The fishing neck skirt

83 and the upper end portidn of the sleeve 90 are in concen-
tric spaced relation. The sleeve 90 has a pair of longitudinal
slots 91 positioned along opposite sides of the sleeve. The
lower end portion of the setting sleeve 90 is counterbored

at 92 and provided with a.shgar pin hole 93 and a set screw
hole 94. Above the set screw hole 94, the sleeve 90 -has an
external annular latch release recess 95. A latch key retainer
sleeve 100 is telescoped in sliding relation over the lower
end portion of the sleeve 90 into the skirt 83 between the
sleeve 90 and the skirt. The sleeve 100 has circumferentially
spaced windows 101 shaped to receive and retain a latch key.
102.As shown in Figure 12 each of the windows 101 of the sleeve
100 has longitudinal opposite side key retainer lips or flanges
103 defining along each longitudinal side edge of the windows

a longitudinal recess 104, As illustrated in Figures 13-16

each of the latch keys 102 is an arcuate circular segment

having an outer face 105 and an inner face 110. The outer face

v/
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.15 spring passes through the outer recess 112 in the |atching heads af~.
"the keys and between the keys through a segment of the external annul ar
_recéés 124 fornmed in the outer surface of the sleeve 100 intersecting
"l ower, enlls of the windows 101. The s+ ng binds the keys within the

w ndows while allow 20 |ng the latch head ends of the keys to nove
,radlally bet ween ex ed | positions and retracted rel ease
posi ti ons. ThEa§e9s glﬁge gf% PBﬂ&??ﬁ%i wffﬁn?ﬂgri?e %%tiﬁo

?ﬁé“?i?cﬁfﬁg”%éaahséigf%§=E£§§téﬁés %ﬁé@”én?ﬁ*ﬁgeﬁe FPpaf o Oga=1dO8T
s eeve 90 the1g3r kg spiwerlzémpu&éaeaelmtchma fiSeKEng! nédds kgrSthe

inwardly to release positions. Continuing with reference fo Figures 8A and
8B, a | ower sgkingeglifiedeby3thesotitbpsbepsdsal bbghave upparerecbdspest L
into the counterbore 92 of the upper setting sleeve 90. A set screw 131
-t hrough She | eweendtdgpbetiveenod shepihgevam98usfaceeci2fhandoaeslepingng
isl eeve with the upper setting sleeve. - The lower portion of the |ower:
-settlng s| eeveamasuxfpker 3Rty 38 shewnninr Bhgnue| §6sphhedlengatnddnsgl
xtendi ng 5 | ongi tudi nal collet fingers 132 each having a | atch heag
133. Each of sddecedges pEngbe F§Y§hlﬂ adtehaachnPrppéfed vath; apeigidem

iﬁéﬂﬁcfhi?iai%éﬁiibkitﬁﬁﬁp 1Az which Re @figin Fhér 4 38'?8%§2§§ges=e=
Fingers 132 | 308+ FASHARn 186a9n FRcepadiablsohsfh §§u%§§%ihg 3phGhe
fingers ghi | eyighe, 1&?9 ?o? P&hﬁﬂhngdggg B@tﬁﬂehEQQSfléﬁlﬁéﬁ &ssv501éarhag

|nmardly and out-war atching operation o mandrel M
tubular core }a%alin theckegaedn Bhel wihaewselhildSpermiteasl khenkeysheo

Upper setting sleeve 90 thiough the lower setting sleeve 130. The core has
an external amowedraddaddyeinwardly and outwardly. The keys 102 are fitted
: within the windows and held by a garter spring 123 which

completely encireles the keys and the sleeve 100, _The garter
15 spring passes through the outer recess 112 in the latching

heads of the keys and between the keys through a segment of

L ’

the external annular recess 124 formed in the outer surface

~ of the sleeve 100 intersecting the lower ends of the windows
E . 101._ The sprlng bznds the keys within the windows while allow-
: - 20; ing the latch head ends of the keys to move radially bétween
| expanded latehing positions and retracted release positions.
The keys 102 are movable longitudinally with the sleeve 100
between_expanded latching positions and contracted release
_ poe;tions. When the latching neads of the keys are aligned with
25 the release 95 of the sleeve 90:the garter spring 123 pulls
- the latching heads of the keys inwardiy to release positions.
Continuing with reference to Figures 8A and 8B, a lower
setting sleeve 130 is telescoped along an upper end portion

into the counterbore 92 of the upper setting sleeve 90.
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recess 136 which allows the |atch heads 133 on the collet fin- gers 132 to .
praynwardly to rel ease positions when the latch heads are aligned with
bcess 136. When the | atch heads 20 are msaligned fromthe recess
and thus are along the larger diameter of the core above the recess,

the outer surface of the core hblds the latch heads 133 outwardly at
operating posi- tions. The upper end portions of the |atch key retainer _
sl eeve sE3D sarew 381l dhwoigh dhe Jowere endoporttdorhpfa the sdleeyien 141 25 ~
whi ch extends from opposite sides of the sleeve 100 through the _

| ongi t (A} macunes £he lowemh sefiine fdeevfg witde Fheogrpesr @EtdR%osite sides

of the gore 135. Th I n 141 secure he _key retainer sleeve 100 with the
core s ciﬁﬁﬂgtIu?qﬁ&§4%ﬁﬁm§Q§€;Q? 9 idaey15%%ﬂ%@?%ﬁgpgbéﬁﬁ@?eaﬁﬁstﬁus :
nmovabl X nj -12- .Simlarl v the fishi.ng neck .and the upper -~ *
setti n}ls @%‘&%é@’@ﬁ&’& r%:é,&é.[ eFP%E\??éng%{’é’"&rE'r%Y?e E:Ieéxtdia’\?g to the key

ref ai ney, 0 , L shi clk .S halssed or

I ?Wer e?.otrﬁei%ﬁ%fggea q'se""f[%ti\" ﬁ'netgs41 313%{?3%3%25%?& té{syvlg‘gs% g%r?%?lng‘efar e{'?ls%d or

| over el He Whd @d1NRKBhndelri13Rchs Heaue HAY ad uppe St el3 tagdpeent
of the fishing neck 80 noves 'the upper setting sleeve 90 relative to the
key r etcainhedurfary Q30 Forhistii frdlnds thee 1diking Aoy dipandly? savéviehus the -
| at ch key rel ease recess 95 is noved relative to the keys 102. Sim - 10
| ar |y ridvdrertheofmandrel shiang rthelfemfitesr tfor cannding ithge latkh? hdadeh
depend fromthe sleeve 130 so that the collet heads 133 are noved -al ong the
core 1383% dnarddyt ¢a relegissaposiddens.13Gt wild hepebvigush dtey heads 111
and the lower |atch heads 133 on the collet fingers 132 function to connect
thfe rufdigwress 8A and,|8ER thath thee qaddiethdiidaarsvl 3Ppdaine thee madak nandr el

M and.re] ease the running tool fromthe |lock mandrel at the different
rel ati A9 ﬁ%e'ifé’r?s Heavfe fhat Fhe varsr &0ds /f the fingers while

the fingers including the latch heads 133 are free to spfing

QO

inwardly and outwardly for latching and operation of ihe lock
mandrel M. A tubular core 135 is telescoped in sliding rela-

15 tionship into the uppér'setting sleeve 90 thrbugh the lower

| setting sleeve 130. The core has an external annular reléase

recess 13§ which allows the latch heads 133 on the cdllet.fin-
gers 132 to move inwardly to release positions when the latch .
heads are alignéd with the recess 136. When the latch heads

20 are misaligned from the recess 136 and thué are along the largéé
diameter of the core above the recess, the outer surface of
the core holds the latch heads 133 outwardly at operating posi— a
tions. The upper end portions of the latch key retainer sleeve
100 and the core 135 are secured together by a spiral pin 141

25 which extends from opposite sides of the sleeve 100 through thé”
longitudinal slots 91 of Fhe upper setting sleeve 90 and the - .
opposite sides of the coré 135. The pin 141 secures the. key
retainer sleeve 100 with the core so that the two members are

rigidly connected together and thus movable as a common unit.
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sl eeve,

. sl eeve.

20

t he upper latch keys, and the collet fingers on the |ower setting“~

The | ock mandrel M and the running tool R are useful

fror funning and setting standard renote controlled wireline tubing safety
* valvesrﬁﬁ no-go type nipples. A typi cal ~32féety valve with which the |ock

rrandr el

t ool

Is operable is an Ois type DK tubing safety val ve
Jdllustrated at
“satalog of O

ﬁf %i 3998 of the 1974-75 25 edition of the Conposite
igid-axdiyi Gﬁ@h@léﬁéDSeP@F&eénﬂuﬁhﬁsHEHeBysﬁﬁF#HQCF eeps, 0on,

he sane. cat al A5 ISR 088 Saf?me%rénéﬁ“aée%h Jecepighiyg «Bnifecipy ©

mandr el

randr el :V:FLs"E p‘?ﬁ I}%%%n%&&%%gég oPn u b(s;tglf%%ggﬁ-orgpgga%gxﬁ % P&?;Ck'n'&%k
-gperating the lqck mandsel. NMandd Ph@héy gg gggkiﬁloglggge'@beﬁé QBrrk Q

Iock man

dr el

|s secure wtha Sa N@ S®&s T PustiTat ed gure
-By threadigig 5 gdhm S o f hqolw% lea"291:¢li JRACE ReeTRRY Et%J.L ot %l e
tthe internally thre upggfa g port%en of ?hev%ousrnge15090? thensa etf ve
vial ve. The opere i@ ft!lié EorEs 18, 0f Movementeby ‘taleV#4ishhgSAQWR 8i0Smoves
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connected to a suitable source of control fluid pressure which is used to
punp the saf et ythealuppero dett ingeslbevep 9D redatdiventioc fthiehkegpeetaingrt sleeve
151 of the safety valve is at a |ower end position as illustrated in Figure
197 B. The operldQ npitaihdolsis ithec uppest datwht key sf [L02d ands sbusi taepilateh

-and a spring,
surface after

eId ope
pressure

not shown, pernrttrn%drennte control of the valve fromthe
|kreyr Faleass regess 95ddwinmeved sedakiven tos the keygalPR.i s Simi-

rhgy ui ressure appl ied fromthe sur- face and when the
rel F Ehesdd

shHag, HeFs. moyRs, tﬁ"ﬁecxﬁ’&llx‘?& |fs'-nﬂ§rﬁ§ed

open the sprr ng 45 eassed dari,%l&/n 09,627 1Ruar q_ force Q% OReHY! tn%eads

tube

15

20

25

'133_are moved along the core 135 relative to the release recess

136.  The upper latch key heads 111 and the lower latch heads
133 on the collet fingers 132 function to cbnnect the running
tool R with the leck ﬁandrel M, opefate ﬁhé logk mandrel M,
and release the running tool from the lock mandrel at the
different relative positions of the upper and lower setting

sleé?e, the upper latch keys, and the collet fingers on the

lower setting sleeve.

The lock mandrel M and the running tocol R are useful for
running and setting standard remote controlled wireline tubing
safety valves in no-go tyée niéples. A typical safety valve
with which the lock mandrel-tool is operable is an Otis type
DKItubing safety valve illustrated at Page 3998 of the 1974-75

edition of the Composite Catalog of 0Oilfield Equipment and

Services published by World 0il, Houston, Texas and an Otis
type RQL no-go safety-vdl&e nipple shown at page 4004 of the
sSame catalog;_ In operation with the DK Otis safety valve, the

Lock}mandrel M of the present invention is substituted for



W '\the safety val ve punped open, the running tool Ris 20 extended to
é%ﬁ'n1length by sliding the fishing neck 80 away fromthe sleeve 100.
eAunning tool is then inserted rnto-the connected | ock mandrel M and

safety valve S As the running tool is inserted the collet fingers 432,

nove along the | ock mandrel until the fingers pass into the expander sl eeve

33 25 past the internal camsurface 52 with the collet heads 33 springing

outwardly into the larger bore of tlig.sleeve 33 bel ow .the:camsurface 52. -

The heads 1]l .oan the |atch.keys 102 engage t upper end of the retainer

sl eeve gsenin‘?ﬁ]ﬂé‘g FAR %lhé'158¥gr%"fe RE gg%ee\;gsﬁeggﬁ‘ﬂi‘ec?ﬁ?ﬁ%l t aper ed

shoul der 41 Imtpredarabion £del-opdmathngether Lockh Méhddelt he aldeaar® The core

135 ext ; V\%@r Yof N O 1bREK | daBkRei Nes URPGI-Nd Of the

safety 32ﬁ§£gf e g#u?dh%reggbre%ﬁ%ﬁdi%g??ﬁ%ﬁggkét *Val Ve opéﬁ Is then .

rel ease¥ish 2 reRfetievalre fyasnybinarrated imdigure b%/ﬁerbéﬁ thseading 151 of the

saf?ﬁy taéveow:gﬁéhdhﬁ Qharabblagnzinmd 1Upaakh ﬂlkg/ mairait 3%h&aﬁ¢1mfeed enﬂ edge .

surface ;138 on .t ro 137 secure n_the wer end o e.cqre. The

ipwas o ABEEEILY, FaPeRieh JPpeF ehd SPrRioR Tk S PREe AN dSBoRt 9 an upnar d

force teatety pvalvesl @ hecopenagdagt Rtuid\system obttliensafekpevalved0 upwardly. =

The upnged LAGGE, AL [RAnSEEEY Sed W) dH188818 NSodiRRCLe! BRBASPYELIQR Upwar dl Y

along the outer surface o eeve above the release recess 95 in the
sl eeve PBeBHHe HiRed®s UPEE JP° (RVEPKEPS SAECEY aPpBie oFC cHift AR&R within the @
gn tnm us pbﬁiﬂ\_ﬁﬁﬂ atthalnbeﬁ etklﬂao o@térébﬁné ltagu el 9P °4f.1 tﬁgtﬁéﬁt?dvéi‘i@e sﬂsee\ég 90OI
et ween intern noul.ar _taper surface 4 thin sl egve an
the | owdl BagahBl GR dapitanh: BBed 1HF BB MR W HRe 101 | rithe key
r et ai nepperating tube 151 is connected with a fluid responsive piston
and a spring, not shown, permitting remote éqntrol of the valve
from the surface after it is installed. In down-hole operation
15 the valve is held open by fluid pressure applied. from the sur-

face and when the pressure is released the spring closes the
valve. When the valve is pumped open the spring is compressed
app]_.Ying an upward force on the operating tube. _
With the safety valve pumped open, the running tool R is
20 extended to maximum length By sliding the fishing neck 80 away
from the sleeve 100. The running tool is then inserted into | .
the connected lock mandrel M and safety valve S. As the
running tool is inserted the collet fingers 132 move alohg'the
lock mandrel until the fingers pass into the expander sleeve 33
25 past the internal cam surface 52 with the collet heads 33
springing outwardly into the larger bore of the sleeve 33 below
.the cam surface 52. The heads-lll on the latch keys 102 engége
the upper end of the retainer sleeve 30 moving, into the bore of ' 2

the sleeve below the internal tapered shoulder 41 into
30 '

35



100. The upward force on the sleeve 100 is applied fromthe w ndow surfacem
“10la to the inside end surfaces 121 of the 20 | atch key heads 111 urgﬂﬁi'

the Tatch keys upward and outwardly so ‘that the upper outer surfaces 113 on -
“the lLatch key heads are urged against the internal annular tapered surface

41 within the | ock mandrel sleeve 30 |ocking the running tool with the
.sleeve 30. At the lower end of tid4unning tool the collet 25 heads 133

ave hel d at nqnupl,gos i als % d B WEesIBUEACeThG chile 135° eheleitt he

‘core recess 1 the surfaces: 4 on the co eads 133 are

engageabl e W by AP tHricdigh TheMldek mMah@riedCH nFandhel uppeandan sireeve
'33.  The running tool i's mani pul ated by pulling the fishing neck 80 away

fromthe . thib-sd ety nandfesl Theg Fluiduniressulre fodding theolsafety ivalve
sthe |l ock mandrel sleeve 30 line up with the shear pinholes 93 in the

runni ng tool sipeEgvdstheéshamleaased @moe thiadn tihes eprdag engaged: Wi tholtde 41
-of the lock mandrel into the holes 93 5 ! of the running tool pinning the
lock mandrel ®@penatingiiuhe 183 of pihgusadetyAvaiael pRIes ther speratdng
safety valve and | ock mandrel connected on the running tool for running and

‘setting the sdihe upnardly ragginstydheedrpered ene §4oe suafaceod 38 ome

_ ' t ool in th | 0 f 10 t he | Qck drel .M th
-'%é{‘g'e{‘ ?fiﬁggr%e&% : :ﬁﬂlﬁﬁme S;e%ﬁ%?e i SE5P8 S9TG- ¢ M2 QCEe
ntindrel, and the e er. s e e i 1] _whi c
the 1 ocking dog swa\'?%io%“ﬁnee qfﬁ?}(ﬁeﬂ,&%ﬁe&y@&a&@% s%\r%rgd rj'(r?te 3.31 e t|1(glor‘]'is ?’h%wns.

The | ock d - | 05 it i '
e o el T Py 3 paid] Yorkie o thd BAAIUL Wil cihlurbes crie KHY0

into a well bo g ni The running tool RIS

- connect exh at  theedirfdy Nl 8K 1D Wgwardly " elthee dRRirdSifdit@e ditthe @leeve
ysed to lower the . -
100 urges the upper latch keys 102 upwardly along the outer
surface of the sleeve 90-ébove the release recess 95 in the
sleeve so that the heads 11l of the keys are trapped or
captured within the annulus between the bore 40 of the éleeve
é - 15 30 around the sleeQe 90 betweeri the internal annular tapered
surface 41 within the sleeve 30 and the lower tapered end edge
surfaces 101& of the windows 101 in the key retainer. sleéve
100. The uéward force on:the sleeve 100 is applied from the
- window surfaces 10la to the inside end surfaces 121 of the
20 latch key heads 111 urging thellatch keys upward and outwardly
so that the upper outer surfaces 113 on the latch key hea@s
 & are.urged against the intgfnal'annular tapered surface-41.within
the lock mandrel sleeve 30 locking the running tool with the
_sieéve 30. At the lowér end of the running tool the collet
25 heads 133 are held at normal positions by the outer surface of
;% : the core below the core recess 136 so that the surfaces 134

. on the collet heads 133 are engageable with the cam surface 52

P G

within the lock mandrel expander sleeve 33.. The running tool

is manipulated by pulling the fishing neck 80 away from the
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running tool, lock mandrel, and safety valve through a flow conductor in a -
e ‘ bore, not shown, into a | anding nipple 160 20 as represented in

kiZgMre 18B. The landing nipple is provided with an internal annular,

I'otking recess 161 and a no-ga.jgg.op shoul der 162. The safety val ve and l-ock

mandrel are driven dowmmwardly using jars in the wireline tool string until

t he i nt dgelkl mandygelr shgghtlynunhdl| ther shear opinhboles k4 hakdirthe 25 R

sl eeve 30 engages the_no-go_shoul der 62 in the | andi ng, ni ppl e. The seal e

assenbl yoSk MadzedofARBYEI $0a14RE ¥ReWiER thq shear 1BEnholes Panding

B T e it
L5 o AR e e 8 1L Bl T P e caatey s o
(U8 10c£08hatin hE VAR BLoALhE!ink! SHERmhidea 7| Lughighe |1

no-go shgyhder papdrbBeryANhA01 Y8051 1BREPHES! Bt 82 POER! vhDFePhAg 155
connecting betweén the running tool and the | ock mandrel sleeve 30. The
runni ng1beR! mangRrelScenHateddi BhothberhAfkngupgot! by Feansngf ahie upper
keys 102 and the collet fingers 132. The spring in 10 the safety val ve
conti nusettdngxeheé safaty talve.onIthwiplobe &&8&nathatotke l@ppabich is '
applied through the pin 141 to the upper setting sleeve 100 applying the
upwar d Eﬁﬁsoﬁgz ofir theorunaningntond srecengagedotnectihessleruet §0ke€p t he
Lghainer keys 102 tightl exganded in Locking relation in 15 the | ock

dr el tBeedoekamangsrhst,t hRespelilatr finger haads| bdJearepngraedorce is

&

l'ied, he |i t . show to_* t W relj t ool _stri
A bina 87 thE PRRBSPEQBLPPRATLAE bR gheckimendrebo i thRcexpandgE 0
| ndi cat 61009k 55180 ¥ndLGed bia' PoB2RLLhORe' UnllR LADULAGLEAGPI ¢ The

dogs 32 on the lock mandrel are at inward release positions.
The lock mandrel and safety valve are then in condition for
15 running into a well bore and setting in a landing nipple.
The running tool R is connected at the fishing neck
80 with a wireline tool string, not shown, used to lower the
running todl, lock mandrel, and safety valve through a flow
conductor in a well bore, not shown, into a landing nipple 160
20 as represented in Figure 18B. The landing nipple is provided
- with an internal annular locking recess 161 and a no~go Stop s
shoulder 162, The'séfety valve and lock mandrel are driven
downwardly using jars in the wireline tool string until the
integral no-go ring 45 on the'lower end of the lock mandrel
25 sleeve 30 engages the no-go shoulder 62 in the landing nipple.
The seal assembly 34 moves downwardly along the seal surface
163 of the landing nipple below the shoulder 162. further
downward jarring applying downward forces to the fishing heck.BO'

drives the fishing neck downwardly until the lower end edge



the |ower setting sleeve 130 upwardly raising the collet fingers 132
between the core 135 and the key retaiper ‘sl eeve 100 which renain held
agahnst upward novenment due to the-+b&k|ng action of the upper retainer
keys 102. As the 25 collet fingers 132 are lifted the upper edge

he fock mandert th%ipéﬁ' 'er o} 0 k] BaHERRE el RALRES MY fifep i (11
Locking 0005 ae dP dif IR 3 RS oA hq tneﬂplﬁ;wls:@rb&mé@ces

55 and 60 on eeve engage the I nternal cam surfaces 70 and

respectively 'ddﬂw 4 Nehd QAR AR ICANEN G He e id% I &gl Bd Y %Bq@f@é Y140

fully expanded positions as 1llustrated in Figures 19A and 19 nd in

* Figure 1. Theard 188 GaKiAaGs the MR WUtEARE Yaditidck htarif€l hassas on
t he dogs engage the | anding nipple |ocking recess 161 | ocking the |ock

- mandrel M al adirg the R drdd repfratppalore theagaigd dhondlideriaral thw ementing
within the landing nipple. The |ock nandrel expander sleeve 33 nobves to an
upper end podiadlomatipmiiatied e cheat0 the QUnfsidd Hxrannadiing desefweasn the
“‘engages the stop shoulder 42 with- in the sleeve 30 of_the mandrel M At
the upper posi4fg dicaherngd dédire IFkinandrehes Ry 330 ¢ hel BRE R+ Tirm y

“held in the rad|aII expanded positions .illustrated ures 19 and 19B
Gnd i n Figuré %ﬂwﬁe GRIREE T e (AT SRR} da TTEARS OF (Fe | e
supporting th ne ) r|n a f [ [ p. o; I he
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* tube which has been urging the- tube agai nst the running tool
to the upper setting sleeve 100 applying the upward and out-

"' 20 neck 80 is jarred upwardly pulling the upper setting sleeve 90 ano!-b—

1 4

ward force from the sleeve window edges 10la to keep the
retaiher keys 102 tightly expanded in locking relation in

15 the lock mandrel sleeve 30 against the shoulder 41 of the
sleeve. Upward force is applied on the llne, not shown, to

. the wireline tool string. A bind on the line greater than

- the'weight of the tools in the string indicate that the safety
valve-s is in position in the landing nipéle. The fishing

20 'heck 80 is jarred upwardly pulling the upper setting sleeve
90 and the lower setting eleeve 130 upwardly-raising the
collet flngers 132 between the core 135 and the key retainer
sleeve 100 which remain held against upward movement due to
the locking action of the upper retainer keys-lOZ. As the

25 coliet'fingets 132 are.lifted the upper edge surfaces 134 on

| the collet heads 133 engage the tapered shoulder 52 within .

the lock mandrel expander sleeve 33 llftlng the sleeve 33

within the locking dogs 32. As the sleeve 33 moves upwardly



_up retai ner keys 102. The upward bind on the wireline then lifts the
fish¥ng neck 80 pulling the upper 25  'setting sleeve 90 and the | ower
settihg sl eeve 130 upwardly relative to the key retainer sleeve 100 and the
core 135 of the running tool. _ 9§ upward novenent of -the sl eeves 90 and
130 raises the rel ease recess 95°of the sleeve 90 into alignnent behind the
retai ner key heads 111 a rai,s t he coll et finger 18- ds. 133
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mandr el 4 1A% dtha tedNAnN @ 1hAek s 39RULhEd 19pVahd! ¥Mnt Pegaze shoulrtler 52 within
the I ock mandrel sleeve 33 acts on the upwardly novi ng cam edges 134 on

t hg col l1RfcKiinddogse3ds mb¥e. chkwardleuatlillethi ngeerhbadses3dnathesqueezed
inwardly into the recess 136 of the core releasing the collet finger heads
fr om t heéldgec lengagetr €heclpaddeg sipple. lotkdngr recessall 6dndaghkdngt the t he
packi ng assenbly 34 on the |lock mandrel Min.the seal surface of the:

| andi ng keigky mandatedwM adong- yidthhshedepfety valve Sy agaipsts lepgitydinal

drel f 1 .out of _the | andi, i ppl ile the | ogk drel i
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properly applied to the safety valve, the upward force on the probe surface
138 wi | limahd @ lieRdviec\38d oF0 the mandrel M, At the upper position. of the

coI di ng the runni n'g tool locked in the | ock mandrel by neans of the
&

sleeve 33 within the dogs 32 the dogs are firmly held in the
radially expanded positions illustrated in FigureélIQA and 193
and in Figure 1. ' An upwardgférce-or bind is then aéplied'to

15 thé line.supporting the wireline tool string and fiﬁ;d pressure
is applied to the control line leading to the éafety valve S.
The control line preésﬁre in the safety valve chamber against
the pistén on théﬂéafety valve operator tube 151 moves the
safety valve operator tube slightly downwardly relieving the

20 upward force of the spring in the safety valve on the operator
tube which has been urging the'.tube against the running tool
core holding the running.tool_locked in the iock mandrel by
means of the upper retainer'keys 102, The upward bihd on the
wireline then lifts'the fishing neck 80 pﬁlling the upper

25  setting sleeve 90 and the lower setting sleeve 130 upwardly
relative to fhe key retainer sleeve 100 and the core 135 of the - *
running tool. The upward movement of.the sleevés 90 and 130
raises the release recess 95 of the sleeve 90 into alignment

behind the retainer key heads 111 and raises the'collet.finger

)
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that the upper latch keys 102 will not release fromthe | ock mandrel sleeve
'surface 41.. Simlarly if the |ocking dogs 32 25 are not expanded inta-
1ocKing relation in the | anding nipple-locking recess 161 the expander |
Eleeve 33 cannot be pulled up- wardly thereby restraining the collet flnfjgs
heads 133 which cannot be pulled upwardly along the core to align with t
release recess 136 and therefore the'lﬁnnlng tool - will be -19-
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5uch mal f uncti ons occur e runni ng. with the | ock mandrel and
he safety val ggr&0 brRheh! thé wwé@léyréémtm {i€ngli gned ppith tiee retudmsr
ool, loeck.5 « mandrel, and safety valve are forced back downwardly into
he Iandlng nlkeyeheaﬂaallhg the garter espsimgsl2drsgeeeieny the retiiner
«randrel in the | anding nipple and rel easing the runn t ool After proper
}el ease of thekeysnipd iouarﬂlbnrehea¢e%mgnhh%rhﬂy h%%3$obk1nﬁﬁ@ﬁe¢99%9¢Q§§t

.teleasably I ocked in th andi ng ni ppl e and the_safety valve js under
E:e cont Pol of WikB EBﬁtFBP“%?%%sﬁ}eaBpEP%I%RP?¥dﬁ?¢H%fsﬁﬁ? cﬁ°€ﬁi§ﬁ gg
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annul ar latch f ge 74 wthin the packing mandrel 31 of the |ock mandrel.
20 Fhawhy ﬂéviﬁﬁAOGszéégéQ al 34 hén apRer 66 Ube ©f £1hget veads 0D33,
conprising the [ock mandrel and the running tool R provides well tool
Structule adapThe bollaﬁnfmggeﬂdheedslng3|are squgezé@pﬂnwandlmglmtpptheby
appllcatlon of a downward force

_ recess 136 of the core releasxng the collet finger heads from

-E the lock mandrel expande: sleeve. The frictional engagement

é of the packing assembly 34 on the lock mandrel M in the seal

1 | surface of the landing hipple'below the no-go shoulder 162
15 restrains.the lock ménd:el'from puiling out of the landing

nippie while the lock mandrel is manipulated'bf the funning

tool fo? locking the mendrellin the landing nipple. If the

lock mandrel does not properly release from the running tpol,__

% | the mandrel and safety valve will be pulled back upwardly

.i 20 when the running tool ie lifted. For example if the control

pressure is not proéeriy aéplied to the safety valve, the

e upwafd force'oh'the'probe surface 138 will not be relieved so
 that:£he upper latch keys 102 will nof release f#om the lock
mandrel sleeve surface 41. Similarly if the locking dogs 32

25 are not expanded into locking ;elatien in the landing nipple

locking recess 161 the expahder sleeve 33 cannot be pulled up-
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i wardly thereby restraining'the collet finger heads 133 which
cannot be pulled upwardly along the core to align with the

release recess 136 and therefore the running tool will be
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and rel easably | ocking of the |lock mandrel Mto hold the safety 25 val ve

in ce in a well bore by application of a reverse upward direction force.
Ac ntal rel ease and possi bl e inadvertent |ocking or other mal function .
durthg the driving of the Iock mandrel downwardly into position in a’

lFandi ng ni pple i s avoi ded. =2®~ The | ock mandrel Mwith the safety val ve
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equpped wWith a prong connecte th the pulling tool core for. engaging and

rel easitisbl hei t10 heTaIBHIE Imaidaild @inds [tARY Ga¥e tly WIS N e fllare
downwardly and for engaging the operating tube 151 .of the safety valve Sto

hol d 1Cupwamdisal fasonopehe Vitairidei nighen dpgpriar el thendruna ingy dromlheiloglpul [ ed. A ’
fail -safe feature of the running teol- will permt release of the mandrel

doys 3MmEndredu |and) safetyuvalve o fonoed dagk dewnwaxddty ivdio/dhsack out -
of a well._The set screw or screws 131 are selected to shear for. rel easing

the 15 13ndiRg aing %%ﬁ%%@’ﬁﬁﬁ%% [ﬁe RefenFalitddd W (f there
[ t t r.ol ( th f et i
a1 ve I it R ey S e pres%i’qﬁenéaran%ﬁ% 1 shear
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behi nd the dogs 32 releasing the gs to nove I n The head 80 is
then pudetispweigide dHd EHd Gty visie S8 tmﬁlee/%&%}&la%ﬂoeen

rel eased 25 fromthe upper sleeve 90, the collet fingers 132 are not
pul | ed tipe |¢oﬁ&mb>mmirélo;ﬁmtﬁi ﬁntdz tdhes édﬁ&e)amieropenmg and
closing the safety valve as requlred by operatlng condltlona
of the well. The expander sleeve 33 of the lock mandrel M.is
restrained aga1nst-acc1denta1 release by engagement of the
15 latch flanges 72 within the dogs 32 in the latch recess 61
‘of the sleeve and by the latch boss 71 along the lower end por=-
tion of the sleeve belng pOSLtloned above the znternal annular . .
latch flange 74 within the packing mandrel 31 of the lock .
mandrel. | | | .
20 | It will be recognized that the apparatus of the
invention comprisihg'the look mandrel M and_the running tool R L)
provides'well tool structure.adapted to.running.and.setting in
a no-go type landing nipple by appllcatlon of a downward force
and releasably locklng of the lock mandrel M to hold the safety
25 valve in place in a well bore by application of a reverse upward
direction force. Acczdental release and poss;ble 1nadvertent

locking or other malfunctlon durzng the driving of the lock.

mandrel downwardly into pos;tion in a landing nipple is avoided.
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sl eeve is not noved behind the dogs 32 which remain rel eased as the pull jmg
, mandrel, and safety valve are pulled. The nmandrel can therefore bﬂg’é’
“pullfed without resetting the 30 | ocki ng dogs. -21- CLAIMS I|. A | &gk
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A fail-safe feature of the running tool will permit
release of the mandiei dogs 32 for pulling the running toeol,
m;pdrel_M, and safety valve back out éf a well. The set
screw or screws 131 are selected to shear for releasing the
lqwer setting.sleeve‘l30 from the upper settihg sleeve 90.
If:there is a malfunqtion; for example, ih control fluid
pressure to the safety valve after the mandrel is locked,
an upward pull on the headlso will shear the screws 131..
The head is then driven downwardly which forces the upper
setting sleeve downwardly against the lower setting sleeve
and against the expander sleeve 33 which is forced down to
a iower end positioﬁ ffom.behiqd ﬁhe dogs 32 releasing the
dogs to move inwardly. ‘The head 80 is then pulled upwardly,
but since the lower setting sleeve 130 has.been released
from the upper sleeve 90, the collet fingers 135 are no£

pulled up in the expander sleeve 33, and thus the expander

.sleeve is not moved behind the dogs 32 which remain released

as the pulling tool, mandrel, and safety valve are pulled.

The mandrel can therefore be pulled without resetting the

~locking dogs.



5';";"_ ‘A lock mandrel according to any preceding claim wherein said | ocking
do@re each provided with internal cam surfaces for expanding said dogs
|

an id expander sleeve is provided W|th exter

en ng said | ocking dog cam surfaces. 6. ' rmmmmummmw‘[ el easabl y

| ocking a well tool in a |anding nipple aI ong a viel I° bbre™ stibstantially as
described with reference to, or assadkown in, the draw ngs. 7. “An assenbl y";
for se '?H and locking a well tool in a -22- landing nipple along a 5&
wel | bi onprising a lock mandrel as defined in any of Claims | to 6,

and a runni Aglodk| marddelg Sorhaed easaklh| Joqkinge gnriedidi diwoki iR #h operati ng
tool sty "xagn? arﬁﬂ]!ﬂgeél&ﬁ& & wetY @&%en%mpfpéhr}@cale%ay tH&vS.ﬂd;dsi'ﬂéad assenbl y

for 5 caQu sai d runni ng_t ool sai d a % bod wer col | et
havi ng Wé:nfiPﬂﬁera‘hslé’éﬁBP@lf Bﬁp‘F‘?‘?‘?&sséPdS?’dﬂ%P ] ?}ble ﬁm%ré d | ock
hﬁangrelofemitadekeyé eevea pathihge aoelhawi sgpport sejderidckomphdckeini t h sai d

ead a y ng LRbLEY a force
from s?@ﬂg;?efa%%ﬁ%s%]lo S%p\ggu"t %H(g%‘i(%qspprahg gggﬁglgeyﬁg%gg?é)l y to | ock
sai d kE@UPROEEHIY Saiic mandral ninde eROHRILaNGARg REBRLCxs SeBAYabhl core being
nov-  ablorablle 216¢KAE id0y GRPRIChecEOshi® ideohinddwel, aat t-mngmal d assenbly

-,

in said | andin pl e to, ex ock ndr.el. | ockin and rel ease

sai d r Fff nGng’BPiIPr?ﬁﬁ% chpgch’%g %°ﬁaﬁ8? g etverh 532% g‘]g@accordl ng

to Cl aiand & sehérsunfaceaiith sladadelamdiﬂgamlpplemvablecgdrﬂag sdeeveore and &

sai d cqre X[, ' a .ece relfsl aid collet

from said 455 %gdﬁd {J%Axlﬁa%%ﬁél éé%v‘ﬁal\?\%g%ﬁg é%gr gg:ness dlalgég ?‘g’g‘?\ed wth

sai d 2@pposdte eto fihegdizection ofnmgyewens; \ofakher deelky mandrel ai nts,

includigyy 1BMaiHEPRipple for expanding the locking dogs, and means o
for connecting said body to said well tool to support said well »

tool from said lock mandrel.

2. A lock mandrel according to Claim 1, including latch means
for releasably latching said expander sleeve at a position at
which said locking dogs are expanded.

3. A lock mandrel according to Claim 2, whareln sald latch
means comprises a latch recess around said expander sleeve and
latch lips within said locking dogs for engagement with said
latch recess, a latch flange around said expanded sleeve, and a
latch flange within said mandrel body.

4, A lock mandrel according to aﬁy-preceding claim, wherein
said support shoulder on said mandrel body comprises an annular
no-go ring between said locking dogs and said seal assembly.

5. A lock mandrel'according to any preceding claim, wherein

R 2

said locking dogs are each provided with internal cam surfaces

for expanding said dogs and said expander sleeve is provided _ -
with external cam surfaces for engaging said locking dog cam

surfaces. : . |

6. A lock mandrel for releasably loéking'a well tool in a

landing nipple along a well bore, substantially as described

with reference to, or as shown in, the drawings. . -

7. An assembly for setting and locking a well tool in a



setting sl eeve connected between said head assenbl and col | e
= for noving said | ower .collet along said core, sal u I%ﬂ\m Ieeve. o
. having an external annular release recess 25 upper

* latch Rey assenbly for releasing said upper Iatch ey asserrbly

simul taneously with release of said lower coblet. 10. An assenbly
~according to any of Clains 7 to 9, wherein said |latch key assenbly and said

\eore are pinneghiHoRt lﬁ@f)pfé‘daﬁﬂxg a”QL‘i‘P'S‘oz%S égﬁlﬁfi i at wsktrgarrﬁ% 4 hgad

assenbly for operating said ck _mandr el er sleeve and easl ng said
runni ng tool f{YMNES 4N GER ﬁ&n&ﬁlé}ms 14 . t°A r G RIGENRARDr BONg RAY1RAy2of
Claims 7 to 10hea1m@rs@emb$yl forti dihebBidh Witk anSEPEratingCusESstringy an

etainer sl eoviod 1980 LOSAY SORG AN AL LELP ISk Sbeguny aLudes
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locking dogs and release said running tool from said lock
15 mandrel.
8. An assembly accord:.ng to Claim 7, wherein said lower
_coilet is movable along said core and said core has an external
-annular release recess for releasing said collet from said lock
- mandrel expander sleeve when said recess is aligned with said
20 collet fingers.
9. An assembly accordmg to Claim 8, 'including an upper
* setting sleeve connected between said head assembly and said
lower"collet for moving said lower collet along said core, said
upper setting sleeve having an external annular release recess
25  alignable with said upper latch key assembly for releasing said
upper latch key a_tssembly simultaneously with release of said
lower collet. | |
10. An assembly according to any of Claims 7 to 9, wherein

wi(f-

said latch key assembly and said core are pinned together and

oF-..

30 Movable as a unit relative to said head assembly for operating
said lock mandrel expander -sleeve and releasing said running
tool from said lock mandrel.

1l. An assembly according to any of Claims 7 to 10, wherein
said upper latch key assembly includes a key retainer sleeve

35 pinned to said core and said retainer sleeve includes a tapered
cam surface engageable with cam surfaces on said latch key

assembly for urging said latch key assembly into locking rel-



1@ body, said core having collet lock and re rel ative
t a

id lower collet to operate said |ower collet . novenment °
of -sai d head assenbly for noving said | ock mandrE Il“ ﬂﬁll& e and .
rel easing said running tool from sai d2I ock “mandr unni ng - ‘

tool according to Caim12, *wherein sai d upper latch key assenbl y i ncl udes

a key ret al ner sl eevs ha d- h ural i adially 7
movabl e | &R f{éjgps h salga L ]\'% ma‘?x‘ﬁ-ei %E’Sg Eeg%enlmseal%l atezf%feq[e; ner y. p
sl eeve anéppaied cor safidr cors cf-irng éa.WQilr &pa} reauriedevithfdidaleckdi®e to- 25

gether as_ a upii when said head assenbly is noved to shlft sal d expander
sleeve in"sard ock mandre] for expandin ki n | ock mandr el
and t her edrer Af I EPe 5P h f X FEEFiRth R {l' cg‘f nggnigglf § nkhdtel . 14.
Ar upﬂr)r_;l ng,ltagggré%fﬁWﬂthmﬁgdaalwnz botre ] 3 compeissing saaﬂréadBésserhbMerfcol | et k4
?Z?F-sa?e Sgﬁ% r&%g;‘:géuﬁhﬁfﬁﬁg&f \gdgithmag‘é P@?Q%m a well bg;e.' .
15. A runmtmgnGOOanfoppﬁetlaW ey hesembly £oroSRURLING @aifn TR ng
ni ppl e al qgiawieh! tb@rsodystﬁﬁtéemd aldck @andesry iderbwdr coleei assv t h
reference t%lyogusgogieaMkéom saf% %E% aggembly for coupling with an
10 expander sleeve in said lock mandrel, and a core having a prong . & :
end connected with said upper latch key assembly for engagement
with an operating member of a well tool to apply a force from
said well tool to said upper latch key assembly for holding
said key assembly in locked relation with said lock mandrel
15 body, said core having collet lock and release means movable
relative to said lower collet to operate said lower collet in .
response to movement of said head assembly for moving said lock
mandrel expander sleeve and releasing said running.tool from
said lock mandrel. _ : |
20 13. A running tool according to Claim 12, wherein said upper
latch key assembly includes a key retainer sleeve having wind-
ows.therein and a plurality of radially movable'lqtch keys in
said windows, pin means between said key retainer sleeve and
said core for holding said retainer sleeve and séid core to- b
25 géther as a unit when said head assembiy is moved to shift said
expander sleeve in said lock mandrel for expanding locking dogs
of said lock mandrel and thereafter for relea51ng said running
tool from said lock mandrel.

‘14. A running tool according to Claim 12 or 13, wherein said.
30 lower cOliet_assembly is secured through shear pin means with
said head assembly for fail-safe removal of said running tool

and lock mandrel from a well bore.
15. A running tool for setting and locking a lock mandrel in a
landing nipple along a well bore, substantially as described

35 herein with reference to, or as shown in, the drawings. e




