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* SURFACE CONTROLLED SUBSURFACE SAFETY VALVE This invention relates to
surface controll ed subsurface safety valves used in the oil and.gas

i ndustry and particularly including a nechanismfor t oragi’ yI%ﬁLgﬁ*ggg S
t he val ves open and for renedial cycling of the valvﬁgi?ltigé 0 >
y st

practice to conplete oil and gas producing wells wt is including a
subsurface 10 safety valve controlled fromthe well surface to shut off
fluid flowin the well tubing string. Generally such a valve is controlled
in resjonse to control fluid pressure conducted to the valve froma renote
| ocation at the well surface via a small dianeter conduit permtting the
wel | - 2 - to be selectively shut in as well conditions require.
However, the present invention is not limted to use with safety val ves
that respond only to fluid pressure signals. The surface controller is
typically equipped 5 to respond to enmergency conditions such as fire,
broken flow lines, oil spills, etc. Frequently it is necessary to conduct
wel | servicing operations through a sub- surface safety valve. Wen a
safety valve nmal functions, it may be necessary to install a second safety
valve. 10 In any event, it may be desirable either permanently or
tenporarily to lock the safety val ve open. For exanpl e,

SURFACE CONTROLLED SUBSURFACE SAFETY VALVE

This invention relates to surface controlled
subsurface safety vglves used in the oil and gas industry
" and particularly including a mechanism for temporarily
5 locking the valves open and for remedial cycling of

the valves.

It is comiacon practice to complete o0il and gas
producing wells with.systeMS including a subsurface
10 safety valve controlled from the well surface to shut off
fluid flow in the well tubing string. Genesrally such a
valve is controlled in resgonse to control fluid pressure

conducted to the vaazve from a remote location at the well

surface via a small diameter conduit permitting the well
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If the well servicing operation requires a wireline tool string to extend
t hrough the subsyrface safety valve, it is preferable to use a | ock open
system which is not 15 dependent upon control fluid pressure fromthe well
sur\,jace Wien operations are being carried out through an open subsurface
sqg y valve such as pressure and tenperature testing, it can be extrenely
expehsi ve and tinme-consum ng for a valve to accidentally close on the 20
supporting w reline causing damage to the wireline and sensing apparat us
supported therefrom Additional well se‘r\ﬁc‘rng procedures are required to
retrieve the damaged equi pnent. Subsurface safety valves includi-ng both
per manent and tenporary | ock open mechani sm are disclosed 25 in United

935; 4,364, 602: 4,6 356,867, and

S P 6, 865; 8
4, 449,567, THE FPossHectively sl 3 bt L e { g s ir S

b f { U Patents No
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fl apper type Qfnval QIR e al ves.
These |i st edwgrl o%a\%tgnt S a%eé @cor por% by r %‘?éﬁ:e cfoélaé?e%ﬁ/pé/ur poses
in this applig§at q_@ Ay Al Y ofg t m\/\éfﬂ V on,
there is provi a safety val ve for downho usggﬁ, a e%ﬁ}ﬁﬁgd

conprising: to respond to emergency condltlons such as fire, broken
flow lines, oil spills, etc. Frequently it is necessary
U to conduct well servicing operations through a sub-
surface safety valve. When a safety valve malfunctions,
it may be necessary to install a second safety valve.

10 In any event, it may be desirable either permanently or
temporarily to lock the safety valve open. For example,
if the well servicing operation requires a wireline tool
string to extend through the subsurface safety valve; it
is preferable to use a lock open system which is not

15 dependent upon control fluid pressure from the well sur-

L face. Wﬁen operations are being carried out through an
open subsurface safety valve such as bressure and
temperature testing, it can be extremely exéensive and
time-consuming for a valve to accidentally close on the

20 supporting wireline causing damage to the wireline and
sensing apparatus supported therefrom. Additional well
servicing procedures are required to retrieve the damaged
egquipment. Subsurface safety valves including both
permanent and tempérary lock oben mechanism are disclosed

25 in United States Patents Nos. 3,786,865; 3,882,935; |
4,544,602; 4,356,867; an& 4,449,587. The present



a. housi ng nmeans havi ng a | ongi tudi nal bore extending therethrough; b.
val ve cl osure neans nounted in the housing neans to control fluie flow

t hrough the 15 | ongi t udi nal bore; c. the val ve clpsure
neans having a first position which allows fluid flow through the’ \‘j
| ongi tudi nal bore and a second position which blocks fluid flow -
}herethrough 20 d. an ope+aBo+ tube in the housing neans to
shift the valve closure means fromits second position to its first
" position; e. means for moving the operator tube in response to a control
signal fromthe well 25 surface; and f. nmeans for

“rel easabl y engag#m@#@%eP@5§¥§F6§r%ﬂbﬁeﬁPFﬁSat§hPfFPh@uﬁéépaM%aﬁﬁﬁﬂtﬂﬁive
4- shifting tool can cle the val ve closure neans between its first and

second p03|tﬂﬁﬁstthEY RVEARFBRNPE| dPeUnhEPHRPERFeso PREERTS M9t ri evabl e
(L opper {Pe 3348 adel AEA RoNb9OsEy  BHEL 190N A°RLABLE ALY HRuRlY 010
tubing string, 2 {laReSE ¥8¥V€h€‘)¥ﬂ£§8ek”t§(88 B2USh1¢e’ ¥1osure included
5 in the subsurface safety valves. These listed prior
patents are incorporated by reference for all purposes in
this application.

According to one aspect of the present invention, ;)

there is provided a safety valve for doﬁnhole_use in a well

10 comprising:

a. hdusing means having a lbngitudinal bore
extending therethrough;

b. valve closure means mounted in the housing
means to.control fluid flow through the

15 _ _ longitudinal bore;

C. the valve closure means having a first
position which allows fluid flow through the
longitudinal bore and a second position
which blocks fluid flow therethrough;

20 4. an operator tube in the housing means to
shift the valve closure means from its
second position to its first position;

e. means for moving the operator tube in
response to a control signal from the well

25 - surface; and |

f. means for releasably engaging the opérator

tube with a shifting tool whereby the



"movenent between a first open position and a second closed 10 position, -
and an operater fube in the housing to shift the flapper valve between its
second position and its first position. The operator tube normally noves
{in\response to a control signal fromthe well surface but a shifting tool
can rel easably engage the operator tube_fgr_novenent 15 | ndependent of
the control signal. A |ockout sleeve nay be nounted in the housing in
tandem wi th the operator tubrifeingovesentahetyeed @hbi kallvieoFlldsiite
engagi ng and holding the flapper val ve open, eg. during well servicing
operations, K) and a smeand petweepnitk fiizetgagdneetondom t he fl apper
20 valve. A shifting tool can also be provided having selective |ocating
keys and | atch dogs for rel R@Sabi9ngeupling with the operator tube and the
| ockout sl eeve, respectively. An alternative enbodinent of the present

i nvention can be used WehiBWgnrtipe serlatefapEimgrilyl fedtebingsypsurface
safety val ve tg cgcle thg val ve %Iosure ngchan#snlib it is stuck .or the
control 3i grEFtTEEYABLR S1APRET ALXRGSTPFEEE YAL¥RS 0AVIBIEbCHS IS o t he
5 invention | se I f L ator n n,alternative
shifting todﬁg%%ggﬁyé%§ ggtﬁggdw%ggnggglﬁhesg%§?§t%Pgt%bgggﬁ the valve to

free the opetgdpsthHBGgR" o dtyfinGh2eHEEngtRBE1 VRN 152 FIRY Wi t32hePT Ot her

well 5 debris. _
tubing string, a flapper valve mounted in the housing for

movement between a first open position and a secohd closed

10 position, and an operator tube in the housing to shift the
flapper valve between its second pesition and its.first
position. The operator tube normally moves in response to
a control signal from the well surface but a shifting tool
can releasably engage the operator tube for movement

15 independent of the control signal. A lockout sleeve may be
mounfed in the housing in tandem with the operator tube for
movement between a first position engagiqg and holding the
flapper valve open, eg. during well servicing operations,

\_/ and a second position of disengagement from the flapper

20 valve. A shifting tool can also be ﬁrovided having
selective. locating keys and latch dogs for releasably
coupling with the operator tube and the lockout sleeve,
respectively. An_alternative embodiment of the present
invention can be used with any type of surface controlled

25 subsurface safety valve to cycle the valve closure
mechanism if it is stuck or the control signal is.
inoperative.

A subsurface safety valve according to the
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It is to be noted that the term "operator tube" Was used in this
specification and clains refers to a fixed | ength tubular nmenber*that can
‘be acted on both by the shifting tool and the nobvenent neans responsive to .
control 10 signals. The invention will now be described in nore’ detail \/
purely by way of exanple, with reference to the acconpanyi ng draw ngs which
al so appear in our co-pending applicatia 89.04601 relating to anot her

i nvention of which 15 they illustrate a nunber of enbodi ments. 1In the
drawings: Fig. 1 is a schematic sectional elevation illustrating a typical
wel | conpletion including a tubing retrievable subsurface safety valve with
a fl apper tpgentiangmay,caRRyiss e nadikiediqprerayor dpibo@rfhda2D t aken
together forma | ongitudinal part-secti.ona §¥ation illustrating a

|
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L akon t ogeDRBF SEmF Rt o 1 ALvED 4o SR R Uastikol e or POt O
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5 debris. o
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It is to be noted that the term "operator tube"

as used in this specification and ciéims refers to a fixed

length tubular member that can be acted on both by the g;

shifting tool and the movement means responsive to control

10 signals.
| The ihveﬁtion will now be described in more

detéil, purely by way of example, with reference to the

accompanying drawings which also appear in our co-pending

application 89.04601 relating to another invention of.which
15 they illustrate a number of embodiments. In the dréWings:

Fig. 1 is a schematic sectional elevation

illustrating a typical well completion including a tubing

. U

retrievable subsurface safety'valve with a flapper type

"-._/_

x .



Figs. B5A, 5B and 5C taken together forma |ong- itudinal part-sectional
el evation showe*ng.the safety ve -e of Figs. 2Ato 2D with the valve closure
- means open,: the | ockout sleeve of the safety valve in its inoperative
position, and’‘the shifting tool of Fig. 3 engaged there- with; Figs. 6A 6B
and 6C taken together forma viewsimlar to Figs. 5A, 5B and 5C show ng
the shifting tool and the safety valve after shifting of the | ockout sleeve
to hold open the valve closure neans; Figs. 7A, 7B and 7C t aken toget her
forma viewsimlar to Figs.?6A to 6C showing the shifting tool rel eased
fromthe operator tube in the safety valve after -7- shifting the
Iockout sl eeve to hold open the valve closure neans; Fig. 8 is a view
leaEIE%uEEQ %@ and C showi ng the val ve closure neans tenporarily

V8cKed opeéen the shifting tool renoved; Figs. 9A and 9B taken
together forma Iongltudln- al part- sectlonal el evation illustrating an
al t er natgy 143.° erﬂ?sOd'z'ﬁantZ@far{d‘ez§méléérﬂg:éé@iheﬁnﬂoﬁhgﬁ 10A and 10B taken
t oget her form ongltud- 10 inal part-sectional elevation illustrating

QBﬁtgfi%daHaqr @%Iftw%é%ﬁiqﬂiﬂeréwfaﬁf&z sfifustwntDag.aReferring fi rstly to
1, a well conpletion 20.

subsurface safety valve and lockout sleeve incorporating

the present invention showing the safety valve in its

open position;

/
Figs. 3A and 3B taken together form a longitudinal

part-sectional elevation illustrating one embodiment of

the shifting tool fo the present invention;

Fig.'4 is a section taken along the line 4-4 of

Fig. 3;

Figs. 54, 5B and 5C taken together form a long-
1tud1nal part-sectional elevation showing the safety
ve e of Figs. 2A to 2D w1th the valve closure means open,
the lockout sleeve of the safety valve in its inoperative
position, and the shifting tool-of Fig. 3 engaged theref

with;

Figs. 6A, 6B and 6C taken together form a view
similar to Figs..SA, SB and 5C showing the shifting tool
"and the safety valve after shifting of the lockout sleeve

to hold open the valve closure means;

Figs. 7A, 7B and 7C taken together form a view
similar to Figs. 6A to 6C showing the shifting tool

released from the operator tube in the safety valve after



I ncludes a casing string 28 extending fromthe well surface to a

hydr ocar bon producing formation (not shown), Q 15 a tubing striang 21 is
concentrically disposed within the casing string 28 and extends from .
iwel | head 23 through a production packer 22 which seals between the tubing_)
string 21 and the casing 28. The packer 22 directs formation fluids, such™
as oil, gas, water or the like, 20 into the tubing string 21 from
perforations (not shown) in the casing 28 wmhich perforations admt
formation fluids into the well bore. Flow control valves 24a and 24b at the
wel | surface control fluid flow fromthe tubing -8- string 21. A
wel | head cap 27 is provided on.the well- head 23 to permt servicing of the
wel |l 20 via shéftabgnghet liovkadt lsleswveeltionddlet lopepueshevwabvencl ude t he
installation and renoval of various flow control 5 devices such as val ves"
(not shown) ftlosuwet Weansite tubing string 21. G her well servicing _
operations which may be carried out through the tubing string 21 are bottom
hol e tenperature and pressure surveys. A surface controlled subsurface
safety valve 30 10 E#BedPi #§ @h&imshisimddast thFigientd andsCinstalled in
the well 20 as a,part_ of the tuhing string 21 to control fluid flowto the
wel | surfacesapgl fe “8oVAg V&t S i RS, tRARAEL 1o RFee aPRRsaf ety

val ve 39 és 89%£akﬁg g%i%%q%%p%ggfuééﬁg¥g&?ted froma hydraulic

Figs. 9A and 9B taken together form a longitudin- Q)

al part-sectional elevation illustrating an alternative

embodiment of the shifting tool; and

Figs. 10A and 10B taken together form a longitud-
10 inal part-sectional elevation illustrating another

alternative embodiment of the shifting tool.

Reférring firstly to Fig;-1, a well completion 20
includes a casing string 28 extending from the well
surface tb a hydrocarbon producing_formation (not shown), - k;)-

15 a tubing string 21 is concentrically disposed within the
casing string 28 and extends from wellhead 23 through a
production packer 22 which seals between the tubing
string 21 and the casing 28. The packer 22 directs

formation fluids, such as oil, gas, water or the liké,

20 into the tubiﬁé string 21 from perforations (not shown)
in the casing 28, which perforations admit formation
fluids into the well bore. Flow control Qalves 242 and

24b at the well surface control fluid flow from the tubing



15 manifold 25 at the well surface via a control |line eon- duit 26 which
directs contrd fJduid signals to the safety valve 30. The hydraulic
manifol d 25 generally includes punps, a fluid reservoir, accunulators, and
jcontrol valves (not shown in detail) for the purpose of providing 20
control fluid pressure signals for holding the safety val ve 30 open or
allowing this valve 30 to cl ose when desired. The manifold 25 al so i ncl udes
apparatus which functions in response Lpiiqpperature, surface |ine |eaks,
and ot her energency conditions under which the well 20 25 should be shut

i n. -9 The safety valve 30 includes flaper type valve closure neans 31
nount ed- by hinge 34 (see Fig. 2C) for swi nging ebtween a closed position

schemat i cal | gtirepgesant ed wvelliheadl il 2N QPYPrPARIdd Bh WHEWPEI DI tS 5
fluid flowin tubing string 21. Wen a predeterm ned pressure signal is

applied to theagdabat tovaleraid0 sdinduidng lbF o rd1l 12 26 femen t he
mani fold 25, the valve closure neans 31 is maintained in its first or open

posi tion.. Weebihbe steingol21pbys wirelsinghdedihiiensntichl Gindiudal ve 30 is
all owed to nove ot its second or closed position.

A | ockout sl ébeeifStadlptdivndand renvyalalofe vak ifours Mwenerdntmdveen a
first.position which holds the valve closure neans or flapper 31 open and a
second poSit demiceswsuch aise vadives (not shown) from within the

tubing string 21. Other well servicing operations which

may be carried out through the tubing string 21 are

bottom hole temperature and pressure surveys.

A surface controlled subsurface safety valve 30
10 embodying the features of the invention is installed in
| the well 20 as a part of the tubing string 21 to control
fluid flow to the well surface via the tubing string 21
from a downhole location. The safety va;ve 30 is
operated by control fluid conducted from a hydraulic
15 manifold 25 at the well surface via a control line con-
duit 26 which directs control fluid signals to the safety
valve 30. The hydraulic manifold 25 generally includes
pumps, a fluid :eservoir, accumulators, and control |
valves (not shown in detail) for the purpose of providing
20 control fluid pressure signals for holding the safety
valve 30 open or allowing this valve 30 to close when
desired. The manifold 25 also includes apparatus which
functions in response to temperature, surface line leaks,
and other emergency conditions under which the well 20

25 should be shut in.
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15 closure neans or flapper 31 is free to open or close. Wth the flapper
31 restrai ned open by the | ockout sleeve 50, various well servicing
operations may be conducted wi thout fear of inadvertent closure of t.he .
val ve 30 which can be damaging to the servicing equi pnment. 20 3 W
Details of the construction of a preferred formof the safety valve 30 and
~the | ockout sleeve 50 are shown in Figs. 2A to 2D. A shifting tool 70 for

operating the | ock- out sleeve 50 is illustrated in Figs. 3A and 3B and
will also be described in detail. The subsBrface safety valve 25 30 has
housi ng nmeans 60 forned by a top sub 61a, a~bottom - 10 - sub 61b, and

I nt erconnect ed housi ng subassenblies 62, 63, 64, 65 and 66 which are
itably int t d | oL pt ted. The h
means 60 can be. gener 1Py YAESEY, Babvhe Ber AGTASPBnD P RPEK . FAPReRSETE
i nd th I t I t h h d
C e 0 81800 RS 3POREBEeB T ARG B! Eapk ERUS AT pgkeP and

means on OPPOS§%§n§9ﬁ§p%t&@€nh9”él§9e8‘9§8§1?903%&8!89‘8?%5%9%“th the

tubi ng string resented i ncl udes

| ocki ng grOove§e§§e§aﬁhéaeﬂn031§tS1Iaﬁadsndbaaﬁtsasliﬁsnleﬁkbﬂgpa&qezgs 68
provi de neans Installing a Secondary or retrievable safety valve (not

shown) within tfhﬁlhomwughnehbbﬁges@Zm& bhe SﬁﬁéhYaVﬁkéSeEQrﬁﬁﬁth become
i noperative. The secondary val ve
pressure 51gnal is applied to the safety valve 30 through
the control line 26 from the manifold 25, the valve \_)
closure means 31 is maintained in its first or open
position. When the control pressure signal is released,
10 the valve 30 is allowed to move ot ité second or closed

position. A lockout
sleeve 50 is provided in the valve 30 for movement between
a first position which holds the valve closure means or
flapper 31 open ahd a seconé position in which the valve

15 closure means or flapper 31 is free to open or close. With
the flapper 31 restrained open by the lockout sleeve 50, \;i

various well servicing operations may be conducted without

fear of inadvertent closure of the valve 30 which can be

damaging to the servicing eguipment.

20 Details.of the constfuction of a preferred form of
the safety valve 30 and the lockout sleeve 50 are shown in
" Figs. 2A to 2D. A shifting tool 70 for operating the lock-
out sleeve 50 is illustrated in Figs. 3A and 3B and will
also be descfibed in detail. The subsurface safety valve

25 30 has housing means 60 formed by a top sub 61a, a‘*bottom



15 may be designed to operate in response to the sane control signal as
the safety vakve.30 or. may be designed to respond directly to changi ng wel |
condi tions. The housi ng subassenbly 62 has a threaded connection 29 to

al h\ow connecfion of the control line 26 20 to the safety valve 30.
Control fluid pressure signals are conmunicated fromthe well surface via
the control line 26, the threaded connection 29, a passageway 81, and an

opening 82 to the longitudinal bore 67. A cylinder 83 is positioned within
t he | ongitudi nal bore 67 adjacent 25 to theoopening 82. During nornal '
operation of the safety - 11 - valve 30, control fluid pressure signals
are directed to an operator tube 40 via an annul ar passageway 84 forned

bet ween the inside dianmeter of the housing subassenbly 62 and the outside
di aneter of sk &l@i mrd Bstesconnected howspegnanbasseoblkées §Rgeve 80 is
slidably disposed within the | ongitudinal bore 67. This permanent | ockout
sl eeve 80 i %iZ%ﬁrt%5f?@dc@ﬁc@hg¢hcé¥¢ysuithththétéyppnaéﬁt?93bYDuring
~normal operation of the safety valve 30, a knockout plug 85 holds the
permanent | dekeRAdead JQinks 8ol hustsatedet i Thephareing BRARA PA Fig. 2A

If the safety val ve 30 shoul d_becope i noperative, profile 86 on the
i nsi de di arrg‘%/aer}%ﬁ Q?fée’b%]r#én%ﬁcﬁr%? uds shetng %OfEHﬁ Eglghggﬁgaleﬂy. a
Surabl e SN 0%k {00 RURNRd n D" 865 M7 SLEREa 105! TR, 20T O

through. The top and bottom subs 61a and 61b may be
— internally or extérnally threaded to provide means on
| opposite ends of the housing means 60 for connection
with the tubing string 21 as represented in Fig. 1. The
10 top sub 61a includes locking grooves 68 machined on its
inside diameter. The locking grooves 68 provide means
for installing a secondary or retrievable safety valve
(not shown) within the longitudinal bore 67 if the safety
valve 30 should become inoperative. The secondary valve
15 may be designed to operate in response to the same
ky/ control signal a§ thé safety valve 30 or may be designed

to respond directly to changing well conditions.

The housing sﬁbaésemhly 62 has a threaded
connection 29 to allow connecfion of the control line 26
20 to the safety vaLVe 30. Control fluid pressure signals
are communiééted from the well surface via the control
line 26, the threaded connection 29, a passageway 81, and
an opening 82 to the longitudinal bore 67. A cylinder 83
is positioned within the longitudinal bore 67 édjacent

25 to the opening 82. During normal operation of the safety



|

15 operator tube 40 and to open the safety valve 30. Myve- nment of the.

sl eeve 80 causes the knockout plug 85 to shear, allow ng comruni ¢ation fo
control fluid pressure signals therethrough, A snap ring 87 is carried by
t he housing subassenbly 62 within the |ongitudinal bore 67 to |ock the 20,
sl eeve 80 in place after it has noved. Matching teeth 88 are carried on
the outside dianeter of the sleeve 80 and the .inside dianeter of the snap:
ring 87. The use of | ocking grooves or recesses 68, the permanent | ocking

sl eeve 80, and associ ated conponents to instal a secondary 25 safety val ve

within a bore,

such as the |ongitudinal bore 67, is well known in the art.

- 12 - Qperator tube 40 is slidably disposed mﬁthin t he | ongi tudi nal bore

67 to shift theyplyes) EHESEH IR JJéBdeTeS SERNG Ao\ Ragdd ion to
its first, open position as shown in Fig. 2C. For ease of manufacture 5 and

assenbly, the oRerat Wpdrdiord Gutse Skl Gre Gy \Wa RiRRRalyY B ol | ow
cylindrical subassenblies design- ated 40a and 40b. These subassenblies 40a
and 40b are | oi fehddgsdthiserD\thie tinsiATied icaEteat ich the Hduahie piston
seal neans 42 is carried-on the exterior of the 10 operator tube 40 to
forma sliding duhaskdasYy 662 vdridh Hee dutsiidie diiameiterr off tthe hopdsimipr 83.
subassenbly 63 adjacent thereto. Stationary seal neans 43 is carried by
the cylinder 83 to forma fluid barrier with the

5

10

15

- 20

25

A permanent lockoutlsleeve 80 is slidably
disposed within the longitudinal bore 67. This permanent Q_J
lockout sleeve 80 is sized to fit concentrically within
the cylinder .83. During normal operation of the safety
valve 30, a knockout plug 85 holds the permanent lockout
sleeve 80 in its inactive position shown in Fig. 2a. If
the safety valve 30 should become inoperative, a profile
86 on the inside diameter of the permanent lockout sleeve
80 can be engaged by a suitable shifting tool (not shown)
to force the sleeve 80 into abutting contact with the
operator tube 40 and to open the safety valve 30.' Move- o
ment of the.sleeve 80 causes the knockout plug 85 té shear,-)
allowing communication fo control fluid pressure éignals
therethrough, A snap ring 87 is carried by the housing
subassembly 62 within the longiﬁudinal bore 67 to lock the
sleeve 80 in place after it has moved. Matching teeth 88
are carried on the outside diameter of the sleeve 80 and
the inside diameter of the snap ring 87. The.use df
locking grooves or recesses 68, the pe:manent locking

sleeve 80, and associated components_to instal a secondary

safety valve within a bore, such as the longitudinal bore

67, is well known in the art.



exterior of the operator tube 40. The stationary seal 15 neans 43, the
movabl e piston®seal means 42, and the exterior of the operator tube 40

t her ebetween define in part a variable volunme control fluid chanber 48.
Chntxed fluid pressure fromthe annul ar passageway 84 is received wthin
the chanber 48 to act upon the piston seal neans 20 42 and to slide the
operator tube 40 longitudinally towards the valve closure neans 31 in
response thereto. Biasing neans in the form-oft2a-spring 44 is carried on
the exterior of the operator tube 40 between a shoul der 64a on the inside
di aneter of the housing subassenbly 64 25 . and a shoul der 45 on the
exterior of the oper Thi s biasing means 44 applies a force to

t be 40.
shift the operator t§8§;3 gFgﬁﬁgﬁuélnéﬁlﬁlé it dispasegomtitdiin the 13 -
fluid t h WA trol f| d th
chanber 45 1 heBebBgainal B’ et G ahddte dhealALvS I OB  BReRsTOVes
th t t | d d t w t.h | |
mans’ 5 31 1o FheEAT %99' b4EpHE, ¥1 58 rP§ﬁ1 Aogp%%dﬁ%vfgavaeteﬁ SR&Rnd t he
hi 34 al | t t d ] :
cel Sct ive key BosERdndsTRUBDE, LACELSZPREL Phokosalp Bife w%ﬁ%be 40
internedi atg tQﬁde£§§eﬁﬁf§eo£he19FlEh§28r@Lb 466 Br%EEQQ? @ﬁﬂ&ﬁ

ube Wit 00

rel easably engagi ng the operator I fting y t he
shifting two generally hollow cylindrical subassemblles design-

ated 40a and 40b. These subassemblieé 40a and 40b are
~ joined together by a threaded connection'41. Movable
piston s=sal means 42 is carried on the exterior of the
10 operator tube 40 to form a sliding fluid barrier with
the inside diameter of the housing subassembly 63
adjacent thereto. Stationary seal means 43 is carried
. by the cylinder 83 to form a fluid barrier with the
exterior of the operator tube 40. The stationary seal
15 means 43, the movable piston seal means 42, and the
exterior of the operator tube 40 therebetween define in
part a variable volume control fluid chamber 48. Control
fluid pressure from the annular passageway 84 is received
within ﬁhe chamber 48 to act upon the piston seal means
20 42 and to slide the operator tube 40 longitudinally
towards the valve closure means 31 in response tﬁereto;
Biasing means in the form of a spriﬁg 44 is carried on
the exterior of the operator tube 40 between a shoulder
64a on the inside diameter of the housing subassembly 64
25 and a shoulder 45 on the exterior of the operator tube

40. This biasing means 44 applieg a force to shift the

operator tube 40 longitudinally opposite from control
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tool can nove the operator tube 40 independently of the control signal. The
use of shifting tools 70, 170, and 270 with respect to the profile 46 and
the operator tube 15 40 will be described later in detail. The
?onfiguration and di nensions of the profile 46 are selected to be-different;

tomthe | ocking recess 68 and the profile 86. Therefore, the operator tubé’
40 can be engaged-only by a shifting tool having selective keys which the
mat ch 20 profile 46, The | ockout sleeve 50 which is a second | ockout
sl eeve, is slidably disposed in the housimd3mans 60 in tandemwith the
operator tube 40. In conparison to first |ockout sleeve 80, the second
sl eeve 50 can be classified 25 as a tenporary | ockout device. This | ockout

I 50 = f Ltion, wh | d h
T oo S TRl BB B D Sl
h [ Fi f I

o T By 8,80 e S, IR Gy el ore

8, the |00k0§é1é&§8§fv§ 9,B2S tRe' & g&hﬁeuﬁ accldéﬁég%y to engageter

Therefore, it i C t 'for a i ne tool t he

'09k0Ut 5'e?ﬂ@n%@tﬁ&@nﬁml?tuﬁhakasa%ouQT%&#“%id“¥Hﬂﬁé“blegﬁié”HEHﬁh 10
uni form i nsi de di anet er | ockout sl eeve 50 is an
5 31 to return to its closed _position. A spring 35 coiled
around the hinge 34 also aesists in moving the flepper 31

to its cloeed position. | ' QJ

A selectiee key érofile 46 is fofmed on the interior
of the-operator tube 40 intermediate the ends thereof.

10 This profile 46 provides ﬁeens for releasably engaging the
| operator tube 40 with a shifting tool whereby the shifting
tool can move the operator tube 40 independently of the
control signal. .The use of shifting tools 70, 170, and

270 with respect to the profile 46 and the operator tube
15 40 will be described lateriin detail. The configuration
- and dimensions of_the profile 46 are selected to be
different from the locking recess 68 and the profile 86.
Therefore, the operatof tube 40 can be engaged only by a
shifting tool haviﬁg selective keys which the match
20 profile 46.

The lockout sieeve 50 thch is a secoﬁd’lockout
sleeve,_is slidably disposed in the housing'means 60 in
tandem_with the operator tube 40. 1In comparisbn to first
lockout sleeve 80, Ehe secoﬁd sleeve'so.can be classified

25 as a temborary'loekout device. This lockout sleeve 50
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|nportant preferred feature of the present invention. A plurality of

| ongi t udi nal
ends t her eof .

co

sl of s'51 are machi ned through the sleeve 50 internediate the

These slots 51 are circunferentially spaced to provide 15 a

P qrglity of * col | et fingers 52. An external boss 53 is provided on each
| et finger 52

I nternal grooves 54 and 55 are provided on the interior

of the housing subassenbly 66 to receive theHQOSses 53 therein. The grooves

55 and 54 are spaced longitudinally from eac

“20 other to correspond

respectively with the first position and second position for the | ockout
sl eeve 50. The collet fingers 52, the bosses 53, and the grooves 54 and 55

cooperate to praui de (Tpans fa 1tashea§ﬂ§w el 199 hhehogkonbiakeeke 5O in

its first or

second 25 p05|t|on

I nal novenent o

| ockout sl eeve (30 v&i ioduirkenkang mdaﬂaLtQOEerﬁz b8shitThbhedahy & ShOU' der
66a on the interior of the housing subassenbly 66 contactlng a shoul der 57

on the exteriokegbndh®osliegsa,5shBwandnbyifhe2sl equechOcbest h8g on a spacer
ring 69. As best shown in Fig. 2D, the inside diameter of the spacer ring
69 is |arger thesteiildtcmoeheaktee¥ethe orltvBechothom aghn61B10beti@en

housi ng. The spacer ring 69 is used to define a recess 58 in the housing
nmeans 60 10 sbelidw tfHesitoakdusesbadvpoS@tionht.w RE bhoerpliai Aégdsl akbr

10

15

20

25

and 8, the lockout sleeve 50 has a relatively saooth
uniform inside diameter. Therefoge, it'is difficult for
a wireline tool accidentally to engage the lockout sleeve
50 and shift it to an undesired position. The smooth,
uniform inside diameter of the lockout sleeve 50 is an

important preferre& feature of the present invention.

A plurality of longitudinal slots 51 are machined
through the sleeve 50 intermediate the ends thereof.
These slots 51 are circumferentially spaced to provide
a plurality of collet fingers 52. An exterﬁal Soss 53
is provided on each collet fingexr 52. Internél §rooves
54 and 55 are proviéed_oﬂ the interior of the housing
subassembly 66 to recaive the bosses 53 therein. The
grooves 55 and 54 are séaced longitudinally £f£rom each
other to correspond respectively with the first position

and second posiﬁion for the lockout sleeve 50. The

. collet fingers 52, the bosses 53, and the grooveé 54

and 55 cooperate to provide means for releasably
holding the lockout sleeve 50 in its first or second

position.



how the recess 58 is used to shift the | ockout sleeve 50 to its first
position. The shifting tool 70, shown in figs. 3A and B, is usedesto shift
the | ockout sleeve 50 fromits second to 15 its first position. This,
ghifting tool 70 is adapted for insertion into the |ongitudinal blre 67 bq;)
use of conventional wreline techniques. The shifting tool 70 has an inner
mandrel or core means 71 slidably disposed. wthin cylindrical housing means
72. For ease of 20 manufacture and assenbly, the core neans 71 conpri ses
several subsections 7l1la; 71b and 71c. The subébctlons 71la and 71b are two
general ly solid cylindrical rods connected to each other by threads 73. A
fishing neck 74 is provided on the upper end of the subsection 7l1a 25 which

extends from housing zf@@&@naﬁhllx%&éxxﬁﬂm%m% Lockokfk s b 034 des

means for attaching the shifting tool 70 to a conventional wreline tool

string (not shQbhin Nend) MG UBEANSL bMWY 1199 SeMe@ byenesdd dadw! | ow
cylindrical subsections designated 72a, 72b, and 5 72c which are attached

to each other hyezap Oftid atretddiande (N NRAidIIRS . subddddigblyigd al
insertion of the shifting tool 70 into the |ongitudinal bore 67, a first

rel easabl e nmeansgntidctimy farshaflders chromnithel Bx taxt isnd o f hrtmjgdfllémtél t he
core neans .71~-and the housing neans 72, 10 as shown in fig. 3A to prevent
undesired rd at3vend by the sleeve 50 resting on a spacer ring 69.

As best shown in Fig. 2D, the inside diameter of the

spacer ring 69 is larger than either the sleevé 50 or

the bottom sub 61b of.the housing. The spacer ring 69

is used to define a recess 58 in the housing means 60

10 below the lockout sleeve 50. It will be explained later -

how the recess 58 is used to shift the lockout sleeve S0

to its first position.

The shifting tool 70, shown in figs. 3A and B, is

used to shift the lockdut sleeve 50 from its second to

15 its first position. This shifting tool 70 is adapted
for insertion into the longitudinal bore 67 by use of
convénti§na1 wireline techniques. The shifting tool 70
has an inner mandrel or'cofe means 71 slidably disposed
within cylindrical housihg means 72. For ease of

20 wmanufacture and assembly, the core means 71 comprises
several subsectioné 71a, 71b and 71c. The subsections
71a and 71p are two generally solid cylindrical rods
connécted to each other by threads 73. A fishing neck
74 is provided on the upper end of the subsection 71a

25 which extends from housing means 72. This fishing neck
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| ongi tudi nal novenment therebetween. A plurality of selective keys 76 are

di sposed withi'm wi ndows 77 extending through the housi ng subsection 72a.
Leaf--springs 78 are carried on the inside dianeter 15 of the subsection
72a\gdj acent to these selective keys 76. The springs 78 are designed to
project the keys 76 radially outward through the wi ndows 77. The core neans
71 has a reduced dianeter portion 91 which allows the keys 76 to be
conpressed radially inward by restrictions_in 20 either the tubing string
21 or the safety valve 30. The shear pih 78 s used to hold the reduced

di aneter portion 91 radially adjacent to the keys 76 during insertion of
the tool 70. A plurality of bosses 92 are provided on the reduced di aneter

portion 91 afy 1405 RGN K YofOatrachidd EndNEnI0RIRS 28ANGAI NS

interiors of the keys 76 are designe oW i nwar npressi

keys 76 wherg tésnwipeioRh 1 J?ré?iﬁﬁsﬁaﬁinggIﬂg E?X% &fiokagh have an

exterior profile which 5 natches the pro the operator tube 40.
Engage- nment of the keys 76 with the profile 46 prevents further downward
novenent of the shifting tool 70 relative to the safety valve 30 due to the

presence of squar erlsdchbEeing Ivednd 97 €68FrELaS. sdbe2Bd gBheralfdice can

then be 10 applied to the core neans 71 to shear the pin 75 and slide the

core means Hollowid¢ylimdtigal esabseetionsh@esignated 72a, 72b, and

5 72¢ which are attached to each other by appropriate
W, threaded connections. During initial insertion of the

shifting tool 70 into the longitudinal bore 67, a first
releasable means, in the form of a shear pin 75, extends
through both the core means 71 and-the housing means 72,

10 as shown in fig. 3A, to prevent undesired relative

longitudinal movement therebetween.

A plurality of selective keys 76 are disposed
within windows 77 extending through the housing subsection
72a. Leaf springs 78 are carried on the inside diameter

15 of the subsection 72a adjacent to these selective keys
76. ' The springs 78 are designed to project the keys 76
radially outwérd through the windows 77. Thé core means
71 has a reduced diameter portion 91 which allows the keys
76 to be compressed radially inward by restrictions in
20 e;ther the tubing string 21 or the safety valve 30. The
.shear pin 75 is used to hold the reduced diameter portion
91 radiélly adjacent tb the keys 76 during insertion of
the tool 70. A plurality of boéses 92 are provided on

the reduced diametef portion 91 adjacent to each key 76.
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housi ng means 72. This |ongitudinal novenent positions the bosses 92
radi al |y adjacent to and contacting a portion of their respectjve keys 76
to |l ock the keys 76 15 radially projected as shown in Fig. 5A. A second
shear pin 95 is carried by the housing subsection 72a and is-biased W
radiall'y inwards by a-leaf spring 96. The exterior of the core neans 71 i
has an annul ar groove 97 fornmed on its exterior. The | ocation 20 of this
annul ar groove 97 is selected so that the shear pin 75 will normally hold
t he groove 97 spaced longit- udinally frqnhghg second shear pin 95. Wen
the core neans 71 noves relative to the housing neans 72, the groove 97 is
desi gned to be engaged by the second shear pin 95. The groove 97 and the
shear pin 95 cooperate to provide second rel easabl e neans for preventing

undesired rel@id VEodBYEBPt aRQ! PRENiKREr30KE BRARN! ke Hh@WUSI Ng neans
72 to hold the keys 76 radially 5 expanded. The shifting tool 70 has a

plurality of dedihed €092116¥sRanaddl ebabiedisaahl vl REE Ky seieciiae keys
76. These |l atching dogs 100 are slidably disposed within second wi ndows 101

of -the housi rthes udisegt i pin 726. 1$0iAskeadflledpring 102 is provided to project
each dog 100 radially outward. The inner core neans section 71c has a
reduced di anmeter portion 103 which allows the dogs 100 to be conpressed
radially inward by restricting in.the
The keys 76 each have an exterior profile which
5 matches the profile 46 of the operator'tube 40. 'Engage-
ment of the keéys 76 with the profiie 46 prevents further s
downward movement of the shifting tool 70 relative to the
safety valve 30 due to the presence of'square shoulders
93 and 94 (see Figs;.3A and 2B). Force can then be
10 applied to the core means 71 to shear the pin 75 and
slide the core means 71 longitudinally relative to the
housing means 72. This longitudinal movement positions
the bosses 92 radially adjacent to and contacting a
portion of their respective keys 76 to lock the keys 76

15 radially projected as shown in Fig. SA. ' _ g)

A second shear pin 95 is carried by the housing
subsection 72a and is biased radialiy inwards by a leaf
spring 96. The extefibr of the core meéns 71 has an
annular groove 97 formed on its exterior. The location

20 of this annular groove 97 is selected so that the shear
pin 75 will.normally hoid the groove 97 spaced longit-
udinaliy from the second shear p;hlgs; When the core
means 71 ﬁoves relétive to the hoﬁ#ihg means 72, the

groove 97 is designed to be éngaged by the second shear
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“tubing string 21 including portions of the safety valve 15 30. The dogs 100
are specifically sized to fit within the recess 58 bel ow the | ockout sl eeve

oot

di amet er

50. . The shear pin 75 normally holds the reduced dianmeter portion 103

| 'y adjpacent to the cogs 100. Wien the pin 75 is sheared, the core
71 can nove longitud- 20 inally to position an enl arged outside

portion 104 of subsection 71c radially adjacent to the dogs 100.

The enl arged portion 104 prevents the dogs 100 fromflexing radially
i nwards. The second shear pin 95 and the _apgul_ar groove 97 cooperate to

| ock the dogs 100 radially 25 expanded. - 19 - Operating sequence For
pur poses of describing the operation of this enbodinent, it will be assuned
that the safety valve 30 is installed in a well conpleted as shown in Fig.
1. Contro

contr ol

flgiird 99 £SStHe dro@Mmamiatdd ethel 0@alrhg imaRisl ebdpard®evi a the

line 26 to the housing neans, 0 of the safety valve 30. Using

standard wel |t @rnavdidy deesdnd qudeamableldeats \forelpreseadungment ( not

shown) ,

the shifting tool 70 is introduced into the tubing string 21 via

t he wel | head welesixedi(relative mpvement HatweBn e SOret heassf §tly val ve 30
is shown inits first position with control fluid pressure in the chanber
48 acting on ante Gehaurinuiieass 1@ ol dold the keys 76 radially

5 expanded.

10

15

20

- 25

The shifting tool 70 has a plurality of latching
dogs 100spaced longitudinally from the selective keys
76. These latching dogs 100 are slidably disposed
within second windows 101 of the housing subsection 72c.
A leaf spring 102 is provided to project each dog 100
radially outward. The inner core means section 71¢ has
a reduced diameter portion 103 which allows the dogs.100
to be compressed radially inward by restricting in the
tubing string 21 including portions of the safety valve
30. The dogs 100 agé specifically sized to fit within

the recess 58 below the lockout sleeve 50.

The shear pin 75 normally holds the reduced diameter
portion 103 radially adjacent to the dogs 100. When the
pin 75 is sheared, the core means 71 can move longitud-
inally to position an enlaréed outside diameter_portion
104 of subséction 71¢c radially adjaceﬂt to the dogs 100.
The enlarged portion-1b4 prevents the dogs 100 from
flexing radially inwards. The second shear pin 95 and the
annular groové 97 éooperate to lock the dogs 100 radially

expanded.



the flapper 31 open. Awreline tool string (not shown) would be attached

to the fishing neck 74 to enable the 15 shifting tool 70 to be, nmani pul at ed

within the longitudinal bore 67. The selective keys 76 are engaged with the «

proflle 46 in the operator tube 40 to prevent further downward novenent oﬂ_)

the shifting tool 70 relative to the safety valve 30. This engagenent

allows force to be 20 applied to the fishing neck 74 by the wireline tool

string to shear the pin 75 into two pieces 75a and 75b as shown in fig. SA

The force applied to the fishing neck 74 causls 4+ he inner core nmeans 71 to

slide longitudinally downward until the fishing neck 74 rests on the top of

25 the housing neans 72. This downward novenent of the - 20 - core

means 71 will position the bosses 92 behind their respective keys 76 and

t he enl ar ged o§8§£§§i&Ea§§S&£E§5%tion 104 behind the dogs 100. Leaf spring:

96 will force the shear pin 95 into the annul ar recess 97 which 5 | ocks the

keys 76 and the | atching dogs 100 eir. radl anded copdjtions.

Wth the safety val Vg‘ogopéxﬁ'gots}eg sqrﬁqé rgn'::gf:'tboltﬂg % %'%'ﬁ’e%lnagg #\%b\ﬂ in

figs. 5A, 5B, - e thep Y, n t he
g&lﬁgg?meh@ 5 g‘t’:xbﬁl e %t@olﬂfeﬁ‘ e‘tfﬁ(}ﬂf Yhd Yed A& }k;y ‘

safety valve 1 ecréase con pressure | anber 48

Dt Presel 86154 Yalg1I8aa% WGdid/ S iRd ok ethdd o1 hfiarofi le 46

and the | atchi ng dogs
Control fluid pressure is communlcated from the manifold

5 25 via the control line 26 to the housing means 60 of
the sefety valve 30. Using standard well servicing
techniques and surface wireline equipment (not -shown),
the shiftiné tool 70 is introduced into the tubing string
21 via the wellhead cap 27.

10 In Figs. 5A, 5B, and'SC, the safety valve 30 is
shown in ite first position with control fluid pressure
in the chamber 48 actlng on the operator tube 40 to hold
the flapper 31 open. A wireline tool string (not shown)
would be attached to the fishing neck 74 to enable the o’

15 shifting tool 70 to be manipulated within the iongitudinal
bore 67. Thelselective keys 76 are engaged with the
profile 46 in the operator tube 40 to prevent further
downward movemeht of the shifting tool 70 relative to the
safety valve 30. This engagement allows force to Se

20..applied to the_fishing neck 74 by.the wireline tool sﬁring
to shear the pin 75 into two pieces 75a and 75b as shown
in fig. SA. The force applied to the'fishing neck 74
causes.the'inner core means 71 to slide Iongitudinally
downward until the fishing neck 74 rests on the top of

35  the housing means 72. This downward movement of the

- A
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‘l ocked outward into the recess 58, the operator tube 40 and the | ockout

sl eeve 50 nust npve in unison. Force 15 can be applied to the shifting tool
70 via the wireline attached to the fishing neck 74 to assist the spring 44
ingébifting the operator tube 40 to its second position and the | ockout
"sleéve 50 to its first position as shown in Figs. 6A, 6B, and 6C. 20

Wth the | ockout sleeve 50 inits first position, additional upward force
can be applied to the fishing neck 74 to shear the pin 95 into two pieces
as indicated at 95a and 95b. The inner coré%mwans 71 is then free to nove
toits initial longitudinal position with respect to 25 the housi ng neans

72 which allows the keys 76 -and the - 21 - latch dogs 100 to be
conpressed ralgld %né Hdl wFilg.LS %sﬁ@ﬂﬂﬂ %%V&st.%eé)‘ etH 70 in
this configura- t|o le 1t elng wt Tdr awn omt ong uJ.naI bore

67. 5 :Qsé;éwﬁ}e r]@@a t763far{d"'% @ﬁraatgéw%dt%ﬁ@oman&t%xg 8. The
| ockout sl ee Oisinits first position holding the flapper 31 open. The

operat or tubepchit itrs TRLbalEnd ke dodd S ACOMRAFOTddio 9Beighi fting
tool 70 has been renoved fromthe | ongitudinal bore 67. As 10 previously
not ed, the snimtde whd csheampice b aindicerthef anm llaoc keudte sH v evha@hgr eat | y
reduces the possibility-. of a wireline service tool or tools accidentally
shift- 5 locks the keys 76 and the latching dogs 100 in their

radially expanded conditions.

With the safety wvalve 30 and the shifting tool 70
positioned as shown in figs. 5A, 5B, and 5C, the next
step towards temporarily locking open the safety Valve

10 30 is to decrease control fiuid pressure in the chamber
43 below a preselected value. Since the keys 76 are
locked into the profilé 46 and the latching dogs 100 are
locked outwara into the recess 58, the operator tube 40
and the lockout sleeve 50 must move in unison. Force

15 can be applied to the shifting tool 70 via the wiréiine

(7 attached to the fishing neck 74 to assist the spring 44

in shifting the operator.tube'40 to its second position
and the lockout sleeve 50 to its first position as shown

in Figs. 63, 6B, and 6C.

20 With the lockout sleeve 50 in its first position,
additional upward force can be applied to the fishing
neck 74 to shear the pin 95 into twolpieces as indicated
at 95a and 95b. The inner core means 71 is then free to
move to its initial longitudinal position with respect to

25 -the housing means 72 which allows the keys 76 and the
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ing the sleeve 50 and returning it to its second position. Wen the desired
wel | mai nt enance has been 15 conpleted, the safety valve 30 can-be
returned to nornal operation by sinply applying control fluid pressure to
the chanber 48. This pressure causes the operator tube 40 to nove®to its ,
‘first position. During this novenent' the operator tube 40 abuts the secoﬁfH
| ockout sl eeve 50 20 and returns such sleeve 50 to its second position.
During the initial installation of the tubing string 21 withing the casing
28, the | ockout sleeve 50 can be used to ghgfk the integrity of the control
line 26 and the proper functioning of the safety valve 30. 25 Duri ng
installation, the safety valve 30 is preferably - 22 - attached to the
tubing string 21 with the valve closure neans 31 and the | ockout sleeve 50

both in thei rlafe&rﬁtdawlﬁwnto@é é&h#?és&é&gfﬁaﬁ ah@abessehé% and the
groove 55 are designed to allow a substantial anount of 5 control 1 ui d

pressure to b@iﬂﬁdI?ﬁiénbﬁfﬁhéhﬁwatlﬂ§ Pebor 2ot IR eReBatehfligheadl can

shift the | ockout sleeve 50 to its second position. By applying |ess than
t his amount afigu edfilie 10 idcbemd rwithdnawdbftonnthbelongitaddnad, the
integrity of the control line 26 can be 10 nonitored. A drop in the
control |linebpms$ie or a decrease in control fluid |evel at the manifold
25 indicates a possible leak in the control line 26 which
5 The final result of these operations is shown in
Fig. 8. The lockout sleeve 50 is in its first position \o/
holding the flapper 31 open. The operator tube 46 has
been returned to its second positlon. The shifting tool
70 has been removed from the longitudinal bore 67. As
10 previously noted, the smooth uniform 1nsxde diameter of
the lockout sleeve 50 greatly reduces the possibility.
of a wireline service tool or tools accidentally shift-
ing the sleeve 50 and returning it to its second
position. When the desired well maintenance has been
15 completed, the safety valve 30 can be returned to normal )
operation by simply applying control fluid pressure to
the chamber 48. This pressure causes the operator tube
40 to move to its first position. During this mowement’

the operator tube 40 abuts the second lockout sleeve 50

20 and returns such sleeve 50 to its second position.

During the initial installation of the tubing
string 21 withing the casing 28, ﬁhe lockout sleeve 50
can be used to check the integrity of the control line
_26 and the proéer functioning of the safety vaive 30.

25 During installation, the safety valve 30 is preferably
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shoul d be investigated before conpleting the well 20. After the tubing
string 21 is properly disposed within 15 the casing 28, sufficient pressure

ean -be appiled to the control line 26 to shift the | ockout sleeve 50 to its
secbnd positi‘on. Proper operation of the safety valve 30 can be verified by
nDnltorlng the control line pressure and volune required for this shifting.

20 Alternative Enbodi nents The above description has been directed towards
an operator tube which opens a flapper type aIve cl osure neans. U. S

Pat ent 3,860,066 to Joseph L. Pearce el al 5ennnstrates t hat the operator
tube 40 could be nodified 25 to open and close ball type and poppet type
val ve - 23 - closure neans as alternatives to the flapper 31. Therefore,

the present itygshé@ntdbSthet thbihgedtkenk! 2RPGH thalthes valke Hiddres t ool
170 shown in Figs. 9A and 9B may be used to cycle any type of valve 5

cl osure neansedesvBtnanhdsthpelozhdut! siedvposot bethain ah@ias fifkgtval ve
operator tube has been nodified for rel easabl e engagenent with the t ool
170. Cener apdgitiom. shThei aglietl £ifigews| 52he thecthossesp &3 tand \theve

cl osure neans, However, it could be used to nove the 10 operator tube 40
to close thegvedve 55osuecdasignedf tpeqasflpuda Sabstem:pcdemua!rtd dfeat ur es

of the shifting
5 control fluid pressure to be applied to the chamber 48

before the operator tube 40 can shift the lockout sleeve
50 to its second position. By applying less than this
amount of pressure to the éontrol line 26 from the
manifold 25, the integrity of the control line 26 can be

10 monitored. A drop in the control line pressure or a
decrease in control fluid level at the manifold 25
indicates a possible leak in the control line 26 which
should be inQestigated before completing the well 20.
Aftér the tubing string 21 is properly disposed within

15 the casing 28, sufficient pressure can bé applied to the
control line 26 to shift the lockout sleeve 50 to its
second position. :Rroper operation of the safety valve
30 can be verified by monitoring the control line

pressure and volume regquired for this shifting.

20 Alternative Embodiments

The above description has been directed tow;rds an
operator tube which opens_a'flapper type valve closure
means. U.S. Patent 3,860,066 to Joseph L. Pearce el al
demonstrates that the operator tube 40 could be modified

25 to open and close ball type and poppet type valve



tool 170 are identical to those of the shifting tool 70 and have_gf;en t he
sane (eference nunerals). The 15 principal structural differences between
the shifting tool 170 and the above-described shifting tool 70 are the
replacenent of the fishing neck 74 by an equalis- ing valve and pdcki ng
assenbly 180 and renoval of the core neans subsections 71b and 71c and the
housi ng nmeans 20 subsections 72b and 72c. The princi pal operating
differences are that the equalising valve and packing assenbly.180 al |l ows
fluid pressure in the tubing string 21 to be applied to the operator tube
40, and | atching dogs 100 are not provided to2%htft the |ockout sleeve 50.
- 24 - The equalising valve and packing assenbly 180 as shown in Fig. 9A

i ncludes a fishing neck 174 for attachnent to a standard wireline tool

SHTing. This, Coling Bedh il coneed ods b hogrsbgen ggonet 8 valve
T2, A val ve SOSERRRS IS BARA nTERHES o B AMREE A& o o
cngageent v il aifer At indts 1 el oo, FBOEHLIA SATELE 100 13
the seal moand 1BA e dafr, be, (P AKI SETEAFTipe of MeatvEENSI NS O
5 closure means between its open and closed position as

long as the valve operator tube has been modified fér

releasable engagement with the tool 170. Generally,

the shifting tool 170 will be used to open the valve

closure means, However, it could.be used to move the

10 operator tube 40 to close the valve closure means if

"required.

Some components and features of the shifting
tool 170 are identical to those of the shifting tool 70
and have given the same {reference numerals). The
15 principal structural differences between the shifting o/
tool 170 and the above-described shifting tool 70 are
the replacement of the fishing neck 74 by an equalis-
ing valve and packing assembly 180 and removal of fhe
core means subsections 71b and 71¢ and ths hopsing means
20 subseétionsi72§ and 72¢. The princibal 6perating
differences are that the equalising valve and'packing
assembly 180 allows fluid pressure in the tubing string
21 to be applied to the operator tube 40, and latching

dogs 100 afe not provided to shift the lockout sleeve 50,
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forma fluid barrier with the inside dianeter of the 15 housing top sub
6la when the shifiting tool 170 is engaged with the operator tube 40. A

kol l:ow l'ongi tud- inal spacer 188 is used to attach the packing carrier 185
to the core neans section 7la by suitable threaded connections. A

| ongi tudi nal flow passageway 189 20 extends through the val ve housing 182,

t he packing carrier 185 and the spacer 188. A prot 190 comruni - cates

bet ween the exterior of the spacer 188 and the |ongitudi nal flow passageway
189. During installation of the shifting4+d® 470, the 25 pl unger 181 is
spaced | ongitudinally above the valve - --------- - 25 - seat 184 to all ow
fluid in the tubing string 21 to bypass the seal neans 186. \Wen the keys
76 engage the profile 46, the plunger 181 is lowered to contact the valve
seat 184 to bl ock fINA EFUMSARY tHelvaRNd wRACKing msepRbughbiRy 189. The

| ength of the spacer 188 is preferabk%qselected so that the seal neans 186
forma fluid35ashosn dint Fige At ddesa SFishingResly bt tH% sub 61a

i medi atel y bel ow,t he | qcking recesses 68.. Hydrauljc fluid pressure can
then be appl F’g&aﬁh&‘ﬁ“foq&%@ an JF_A ?h@?itjb?‘l‘f@l%?'ri ng 21 to act on

the seal nea . | nC e effective pi.s re f the seal, neans 186
is much | arggﬁ'sgﬁgﬁ tn%éﬁpﬁsitf;nlsseca%%ecteé) b)} YhAads %o Hd pgp et "7
5 valve plunger 181 which is slidably disposed in a
valve housing 182, Ports 183 communicate fluid
N\ between the interior and exterior of the valve housing

182. A valve seat 184 is disposed within the valve

housing 182 for engagement with the valve plunger 181.

10 A packing carrier 185 is attached to the valve
housing 182 by threads 187. Packing or seal means 186
is carried on the exterfior of the packing carrier 185.
The dimensions of the seal means 186 are selected to
form a fluid barrier with the inside diameter of the

15 housing top sub 61a when fhe shifting tool 170 is
engaged with the operator tube 40. A hollow longitudr
inal spacef 188 is used to attach the packing carrier
185 to the core means section 71a by suitable threaded
connections. A longitudinal flow passageway 18¢

20 extends through the valve housing 182, the packing
carrier 185 and the spacer 188. A prot 190 communi-
cates between the exterior of the spacer'188 and the

longitudinal flow passageway 189.

During installation of the shifting tool 170, the

25 plunger 181 is spaced longitudinally above the valve



-means 42 carried by the operator tube 40, the shifting tool 170 caﬁ’apply
considerably nore force to the 15 operator tube 40 to cycle the val ve
closure neans 31. This feature may be particularly desirable for ball, type
val ve cl osure means.” Al so, the spacer .188 could be renoved if the *operator
tube 40 is nodified to allow the seal nmeans 186 to forma fluid barrier
therewith. 20 ~ The shifting tool 170 is rel eased from engagenent with
the operator tube 40 in the sane manner as previously described for the
shifting tool 70. Wien sufficient upward foreg Ls applied to the fishing
neck 174 to shear the pin 95, the core neans subsection 7la 25 wll nove
upwards to allow the keys to be conpressed - 26 - radially inwards. The
above descri bed has al so been directed towards a safety valve which is
opened and cl asest i 184 espablow of rubfdiauthe thbidgcemtiay Sigral from 5
the well surface. The present invention can be used v> w th any type
of safety val \xymasd rtlie ssephblmeans uti86i ngWheactheckelyy 0peengadev ahees
such as shown in U S. Patent 3,731,742 to Phillip S. Sizer et al or US.

Pat ent 4, 002, 2Bofiicla olh s Bre Rplbngert 181 . isO0lowered Apotbatasitt dtheat i ve
enbodi ment of the present invention involves shifting tool 270 shown in
Figs. 10A and VEdyeirgkat | i tpothleak Shuikdnflow uisatbeylongitud-

5 inal passageway 189. The length 6f the spacer 188

-

is preferably selected so that the seal means 186 form
a fluid barrier with the inside diameter of housing \.)
bottom sub 61a immediately below the locking recesses
68. Hydraulic fluid pressure can then be applied from
10 the well surface via the tubing string 21 to act on
the seal means 186. Since the effective piston area of
the seal means 186.is much larger than the piston seal
means 42 carried by the operator tube 40, the shifting
tool 170 can apply considerably more force to the
15 operator tube 40 to cycle the valve closure means 31.
This feature may be particularly desirable for ball : &;J
type valve closure means. Also, the spacer 188 could
be removed if the opérator tube 40 is modified to allow.

the seal means 186 to form a fluid barrier therewith.

20 The shifting tool 170 is released from engaéement
‘with the operator tube 40 in the same manner as
'previouély described for the shifting tool 70. When

sufficient upward force is applied to the fishing neck
174 to shear the pin 95, the core means subsection 71a

25 will move upwards'to allow the keys to be compressed
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val ve and | ocking the valve open, if desired, without regard to the
presence of the valve's normal control 15 signal. This enbodinent is

par ti-cul ar:l y |nportant as-a backup feature for safety valve control systens
whigl¥ use el éctrical, electronic, sound, electro- hydraulic, hydraulic
"pilot or simlarly sophisticated cont rol systens. During periods when the
sophi sticated 20 control systens are being repaired, the shifting tool 270
allows a safety val ve having an operator tube with the profile 46 and the
| ockout sleeve 50 to be tenp- orarily | ockeR6open without regard to the
presence of the normal control signal. A direct-acting safety 25 valve
woul d preferably be installed until repair of the I 4 - 27 -
control systen1had been ¢ | eted. Therefore, the present invention is not
limted to h I%%Wéég%fotled safety valves and may in fact provide
sufficient rellablllty to make nore conplicated control 5 systens
commercially acceptable for downhol e safety valves. In the event of a

' trol d bje t t
ockout 5l ceve 8 0 e e 1S DoRe Bt el i ahentalBSrted 6 1T St
ook e or il TS U aE Uh 1" £°68R8 2nbnE1688R™ ! 1 e

| eak. The sh
in rasponse to a hydraulic fluid control signal from

5 the well surface. The present invention can be used

o/ with any type of safety valve control signal includ-
ing electrically operated valves such as shown in
U.S. Patent 3,731,742 to Phillip S. Sizer et al or

-‘U.S. Patent 4,002,202 to Louis B. Paulos et al.

10 Another alternative embodiment of the present
| invention. involves shifting tool 270 shown_in Figs.

10A and 10B and allows both the opening of a safety
valve and locking the valve open, if desired, without
regard to the presence of the valvefs normal control

15 signal. This embodimgnt is particularly important as
a backup feature for safety valve control systems
which use electrical, electronic, sound, electro-
hydraulic, hydraulic pilot or similarly sophisticated
. control systems. During periods when the sophisticated

20 control systems are being repaired, the shifting tool
270 allows a safety valve having an operator tube with
the profile 46 and the lockout sleeve 50 to be temp-
orarily locked open without regard to the presence '
of the normal control signal. A direct-acting safety

25 wvalve would preferably be instailed until repair of the
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allows the valve closure neans 31 to be | ocked open w thout the use of -
control fluid pressure and w thout disturbing the permanent | ogkout sleeve
80. A direct 15 acting safety valve or STORM CHOKE™Rggi stered Trade MarKk) .
safety val ve which does not require hydraulic control fluid can tHen be | y
itnstal l ed within the longitudinal bore 67 to maintain well safety. Prior to
the present invention, the only solution to a serious control line 20 |eak
was to renove the tubing string 21 fromthe well bore, which is a very
expensi ve procedure. The shifting tool 27Q iy substantially identical wth
the shifting tool 70, except that the fishing neck 74 has been repl aced by
t he equal i sing val ve and packing 25 assenbly 180 of the shifting tool 170.
The shifting.tool - 28 - 270 can use fluid pressure in the tubing string
21 to open theonbtok systemchadabeeflcampiededousMhedefariehedtHeor the
shifting tool 170.. The shifting tool 270 can be mani pul ated by a wreline
tool string cpresert invéntioheisi phkndinmdtledlté hydshaiflticaidy ockout
sleeve 50 to its first position as previously described for the shifting
t ool 70. controlled safety valves and may in fact provide

sufficient reliability to make more complicated control

5 systems commercially acceptable for downhole safety

valves.

In the event of a serious contfol line leak, it
may not be desirable to use the permanent lockout:
sleeve 80 to shift the valve closure means 31 to its

10 first position because formation fluids can then escape
via the control line leak. The shifting tool 270
allows the valve closure means 31 to be locked open
without the use of control fluid pressure and without
distufbing the permanent lockout sleeve 80. A direct

15 acting safety valve or STORM CHOKE (Registered Trade Mark) w
safety valve which does nét'require hydraulic control
fluid can then be installed within the longitudinal
bore 67 to maintain well safety. Prior to the present
invention, the only solution to a serious éontrol line

20 leak was to remove the tubing string 21'fr6m-the well

bore, which is a very expensive procedure.

The shifting’toél 270 is subStahtially identical
with the'shifting tool 70, except that the fishing neck
74 has béen replaced.by the equalising valve and packing
25 aésembl_y 180 of the shifting tool 170.  The shifting tool



- 29 - CLAIMS 1. - ~ A safety valve for downhole use in a well
conprising: a. ., housing neans having a |ongitudinal bore 5
.extendi ng therethrough;ef#® val ve closure means nounted in the housing
me@ns to cortrol fluid flgw through the |ongitudinal bore; c. t he val ve
* closure neans having a first 10 - position which allows
fluid flow through the | ongitudinal bore 28nd a second position whi ch bl ocks
fluid flow t herethrough; d. an operator tube in the housing neans to
shift the val ve closure neans fromits 15 second position

f
o a Sontr o 2RI Ve el iBResl ihe (B! O DenfRET BLAGLDR, LB [ COPPTSE
engagi ng the, r@ﬂgrvgﬂv sure mean 3} ubg é@lﬁg%&%f&éggra gh Wwher eby

the shifting can cyc e t val ve closure ans en i1ts |rst and

second posi tf&nstné shifting Até@i €iy0.Y al ¥Re aSh££RLAZIrbH1 CLAONEAnVBES € N
the 25 rel easabl e engagi ng neans further conprises a profile provided on

the interi ormﬁlpmewrwoa witb@nﬂerec@lvetsﬁzgcétvmkeaswn the shifting
tool. * C L
5 the fishzng neck 174 to shift the lockout sleeve 50
to its first position as previously described for the

shifting tool 70.
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| 1111121 1)111 11110 111110 1111 : .- 30 - 3. A
safety valve as clainmed in claim?2 further conpr|5|ng a. a J ockout

sl eeve in the housing nmeans in tandemwith the operatos tube; 5 _

b. the | ockout sleeve having a first position which holds the valve (L
¢l osure neans in its first position and a second position which does not
restrict novenent of the valve closure mea2® between its first and second

10 positions; c. the | ockout sleeve having a relatively
uni form i nsi deLIMBet er to prevent accidental shifting of the | ockout

sl eeve by a well tool or toals nDV|ng t hrough the 15

| ongi t udi nal bore; and 8. Saferga¥apM PfBP-'dldﬁgmﬁ‘Q&ﬁs“ﬁ?r in@yeddty hol ding

the | ockout sleeve.in either its. first position or its second position. 4.
A safety val VEOBRTEPAPEAD in claim 3 wherein the 20  rel easabl e hol di ng

extornal bosses and tneanousiayo4adhBeRhs RaYne Y 4‘%4“%9 o
g means 1nc pace ernal ‘grooves for
engageneng with the bosses OaxEQﬁdﬁﬁbl%heEbQﬂ&6%gh,
" b. valve closure means mounted in the housing
means to control fluid f£low through the
longitudinal bore;
c. the valve closuie means having a.first (_)
10 position which allows fluid flow through the
longitudinal bore and a second position
which blocks fluid flow therethrough:;
d. ~ an operator tubé in the housing means to
shift the valve closure means from its
15 second position to its first position;
e. means for moving the operator tube in
response to a control signal from the well
.surface; and
f. means for releasably engaging the operator
20 tube with a shifting tool wﬁereby the
shifting tool can cycle the valve closure

means between its first and second

positions.

2. A safety wvalve as claimed in claim 1 wherein the
25 releasable engaging means further cbmprises a profile
provided on the interior of the operator tube to receive

selective keys on the shifting tool.

_ﬁTT—T‘T‘
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5. A safety valve as clainmed in claim3 or claim4 25 I n

conbi nation wth,a shifting tool: * ¢ L | S * . .-11.1 111111 1111
J1]1.11 1}111 31~~~~z~~~~~~ - 31 - a. the shifting tool adapted for
insgption info the Iongitudinal bore; b. sel ective keys on the shifting
tool to releasably engage the profile-of the 5 oper at or

t ube; c. | at ch dogs carried by the shBti-ng tool and spaced

|l ongitudinally fromthe sel ective keys; d. the |l atch dogs. sized to abut
the | ower end 10 of the | ockout sleeve when the selective
keys are located in the profile of the operator tube; and e. the shifting

tool provi @dng neans & cF2RW nieltR 23ckiRtined ety cClAlNNZsEHTHRER the 15

operator tube when the selective keys are in the profile and the latch dogs
abut the | SFPEHEI the | ockout sl eeve. 6. A conbi nation as

eLa e L0 o 8 S WIET €1 DSl B LA O 3G SRARRELEROLL
' tandem with the operator tube;

5 _ b. the lockout sleeve having a first position
which holds the valve closure means in its
first position and a second position which

U does not restrict movement of the valve
closure means between }ts first and second
10 positions; ‘

Cc. the lockout sleeve having a relatively
uniform inside diameter to prevent
accidental shifting of the lockout sleeve by
a well tool or tools moving through the

15 _ longitudinal bore; and

d. releasable holding means for releasably

holding the lockout sleeve in either its

first position or its second position.

4. A safety valve as claimed in claim 3.wherein the

20 releasable holding means comprises circumferentially spaced
longitudinal collet fingers having external bosses and the
housing means includes spaced internal grooves for

engagement with the bosses on the collet fingers.

5. ‘A safety valve as claimed in claim 3 or claim 4

25 in combination with a shifting tool:

* [4 L ] s *

A A
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7. A conbi nation as clalned in claim6 wherein the shifting tool
further conprises seals carried on the exterior of the shiftigg tool to
forma fluid barrier within the safety valve whereby the fluid pressure can .
be 25 . applied to the shifting tool fromthe well surface to shitt ! CL_J

1 D 11%1111 11111 1111 11111111 Ve - 32 t he

val ve cl osure neans fromits second posﬁ?ﬁon toits first position. 8.

A safety valve as clained jn an n.conbinatign with a
S fting Lool s io whian tnbhe S PRing +ool' Flaguaf: 205 sromsann Rt o

t he Iongitudinal bore and e r rQV|ded on the shifting too
rel easably to engage the p?%% f3h§?t§§§38§e 8 of tube, and further

including force appl y,ng nggys-£2ye2RBLY B %BécgthtEQS it gy tool to

nove the 10 operating tube 1 n response t ereto A conbi nati on
as claimed in claim8 whergsleh88bigr e8gagB! ¥hBJpkBdileC P thees seal s
carried on the exterior of the shifting tool to Forn1a fluid barrier with
the intgrior of the safetyopératovheuapy fluid pressure can 15 be applied
to the shifting tool fromthe well surface to shift the valve closure neans
fromits second positecon tbatth fogst cposiedoby the shifting tool and

. spaced longitudinally from the selective

keys;
d. the latch dogs sized to abut the lower end ' Q_J
10 : - of the lockout sleeve when the selective

keys are located in the profile of the
operator tube; and _ |
e. the shifting tool providing means‘for
moving the lockout sleeve in unison with thé
-15 _ operator tube when the selective keys are in
the profile and the latch dogs abut the

lower end of the lockout sleeve.

6. A combination as claimed in claim 5 wherein the
housing means includes a recess below the lockout sleeve to

20 allow the latch dogs to abut the lower end théreof.

T. A combination as claimed in claim 6 wherein the
-shifting tooi further compiises seals carried on the.
exterior of the shifting tool to form a fluid bafrier
within the safety valve whereby the fluid pressure can be

25 applied to the shifting tool from the well surface to shift

[N
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10. A surface control | ed subsurface tubing supported well safety
val ve conpri sing:, 20 a. t ubul ar housi ng neans having a
l,ongi t udi nal bore therethrougyh and neans at opposite ends for connecting
t he(hpusing neans in a well tubing string to forma portion thereof; b.

val ve closure neans nounted in the housing 25 means to
control fluid flow through the * C -32 - N $ * - 33 -

| ongi t udi nal bore; c. t he val ve cl-osure nmeans having a first position

whi ch al | onsthe uvalve celesnsegheane £fuagi Lt8i aecohdr poahtiiansteoadspositi on
5 . whi ch bl ocks fluid flow therethrough; d. an oper ator
tube in the FXSFRPFEEH Nt o shift the valve closure neans fromits second
position to its first position; e. an annul ar pi ston neans on said
operator 10 tube for noving the operator tube and val ve

closure meang o thel raf {45l pOski {8 caaihls IRUSHOTGNEAS Lioing 2

conbination wth the pis ans parti ni ng cont rol

chanber arougd 4 hen RESHBINABEIS with a shifting fool, ! IR Gﬁk!éh_nghgeans
havi ng passage nmeans to the chanber for conducting control fluid to
5 shifting tool is adapted for insertion into the
longitudinal bore and selective keys are provided on the
shifting tool releasably to engage the profile of the
< operator tube, and further including force applying means

for applying force to the shifting tool to move the

10 operating tube in response thereto.

. 9. A combination as claimed in claim 8 wherein the
force applying means comprises seals carried on the
exterior of the shifting tool to form a fluid barrier with
the interior of the safety wvalve wherebf fluid pressure can

15 be applied to the shifting tool from the well surface to
shift the valve closure means from its Second position to

its first position.

10. . A surface controlled subsurface tubing supported
well safety valve comprising:

20 a. tubular housing means having a longitudinal
bore therethrough and means at opposite ends
for connecting the housing means iﬁ a well
tubing string to form a portion thereof;

b. valve closure means mounted in the housing

25 o . means to control fluid flow through the

* C L H S *
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t he chanber to nove the operator tube; h. means for biasing the operator
‘tube in a direction to shift the val ve cl osure neans 20 ’ to
its second position; i. neans for releasably engdging.the operator tube
with a shifting tool whereby the shifting tool can nove the operédtor tuqu)
I ndependent of the control fluid; 25 J - t he rel easabl e
*engagi ng neans i ncluding a selectlve key pgofile provided on the interior
of the operator tube for rel easabl e engagenent by the shifting tool. *

C L M - S * lotgituliinal boreA safety valve as clained in
claim 10 further conprising: a. a | ockout sleeve in the housing neans in
tandem wi th the operat e tulthe Yalve closure Imeand lheaviogkaitfitseve havi ng
a first position which holds the valve closure neans in its first position
and a second position whi chposdsimn which jadilaws ditanitd dflawnethvedugh ctheure

means between its first and_second 10 position; c. t he
| ockout sl eeve having a rel Aongdrspdimnedohatenand alisarand BesHEEQRNt
-5 which blocks fluid flow therethrough:

d. an operator tube in the housing means to
shift the valve closure means from its

'second position to its first position;

e. an annular piston means on said operator (U

10 tube for moving the onerator tube and valve
closure means to their firsf position;

f. the housing means in combination with the
piston means partially defining a control
£fluid chamber around the piston means:;

15 g. the housing means'having passage means to
the chamber for condueting control fluid to
the chamber to move the operator tube:;

h. means for biasing the operator tube in e
direction to shift the valve closure means

20 to its second position:

i. means for releasably engaging the operator
tube with a shifting tool whereby the
shifting tool can move the operator tube
independent of the control fluid;

25 J. the releasable engaging means including a
selective key profile provided on the
interior of the operator tube for releasable

- engagement by the shifting tool.

* ¢ [ N [3 *
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accidental shifting of the | ockout sleeve by well tools noving through the
| ongi tudi nal %5 _ bore; and d. neans for rel easably hol di ng
t he _I ockout sl eeve in either*its first position or its second position. 12.
A saf ety val ve as defined in claim1l in 20 conmbi nation with a shifting
ft ool wherein the shifting tool conprises: a. | at ch dogs and spaced
| ongitudinally from sel ective keys provird@d en the shifting tool for
" rel easably engaging the key profile on 25 t he operator
t ube; b. the | at ch dogs being sized to abut the | ower * C L
M - S - 35 - end of the | ockout sleeve when the sel ective keys
are | ocated |1ﬂ‘ ‘t he proﬁ ISP LS Yoo ag Saifnd in claip %l#‘{‘?’f@e’fool
provi di ng negg& Egr ving 5 t he | ockout sleeve in unison
with the opera t Ub€ "when t he selectlve keys are in the profile and the

| at ch dogs abut the | ower end 1%14&1& |l 1§ %hcﬁl%r% & eggss
the 1 at ¢

bel ow t he | ockout sleeve to allow 10 dogs to
abut the | ower end tandem with the operator tube;

5 b. the lockout sleeve having a first position
which holds the valve closure means in its
first position and a second position which

does not restrict movement of the valve

~ closure means between its first and second
10 position;

c. the lockouf sleeve having a relatively
uniform inside diameter to prevent
accidental shifting of the lockout sleeve by
well tools moving through the longitudinal

15 ' bore; and

d. means for releasably holding the lockout

sleeve in either its first position or its
\%J second position.

12. A safety valve as defined iﬂ claim 11 in
20 _comhination with a shifting tool wherein the shifting tool
comprises:

a. latch dogs and spaced longitudinally from
selective keys provided on the shifting tool
for releasably engaging the key profile on

25 the operator tube;
b. the latch dogs being sized to abut the lower
L

*
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t hereof . 13. A conbination as claimed in claim12 wherein means for
.applying force to the shifting tool for novenent of the opergtor tube in

response thereto conprises seals 15 carried on the exterior of the
shifting tool to forma fluid barrier with the interior of the safety valve
{ Whereby fluid pressure can be applied to the shifting tool fromthe well
surface to shift the valve closure means g Qmits second position to its
~first position. 20 14, A surface controlled subsurface
-~ tubing-supported wel | saf et gngab¥etRe@NPHERLHY: sBeevel WREBhALhBOBE1REHIRANS
havi ng a | ongi tudi nal bore therethrough and neans at opposite ends for
connecting the housi ng neankeys areelbc@bed in the profile bubithg string to

forma portion thereof; b. val ve cl osure nmeans nounted in the housing *
C L MS * - 36 - neaoperatountube;fluid flow through the o
| ongi tudi nal bore; c. the val ve cl osure nmeans having a first position

which allows fluid fl o thrthghshhéting tool providing mgagst ferhaoane
and a second position which bl ocks fluid_flow therethrough; d. an _
operatordtube in the housi nfPfedRSkPBtsALPEVENLNVUPIECE Hd(Pe Wians from
'ts operator tube when the selective keys are in

the profile and the latch dogs abut the

lower end of the lockout sleeve; and

d. a recess below the lockout sleeve to allow *LJ'
10 the latch dogs to abut the lower end
thereof.
13. A combination as claimed in claim 12 wherein

means for applying force to the shifting tool for movement
of the operator tube in response thereto comprises seals

15 carried on the exterior of the shifting tool to form a
fluid barrier with the interior of the.safety valve whereby
fluid pressure can be apélied to the shifting tool from the
well surface to shift the valve closure means from its

second position to its first position.

20 14. A surface controlled subsurface tubing-supported
well safety valve comprising:

a. - tubular housing means having a longitudinal
bore therethrough and means at opposite ends
for connecting the houéing means in a weil

25 ‘tubing string to form a portion thereof;

b. valve closure means mounted in the housing

R
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‘second position to its first position; 10 e. an annul ar piston
nmeans on sai dsopgrator tube for noving the operator tube and val ve closure
means to its first position;*f. the housing neans in conbination with the
pi ston neans‘*partially defining a control 15 fluid chamber
‘around the piston neans; g. t he housi ng nmeans havi ng passage neans to
sai d chanber for conducting control flulidzgo-~-the chanber to nove the
operat or tube; h. means for biasing the operator tube in a 20
direction to shift the valveeansswoe conanoll Fluisd Faomndhresidh athie i .
means for rel easably engaging the operator tube with a shifting tool
wher eby the shifting tool cdengdradimaloberator tube 25
i ndependent of the control fluid; j. - a |lockout sleeve in the housing
nmeans in tandem wi th t Fe opd&hg §Rlvgbelogure meansodeyinglEedidstavi ng a
first position - * - C , N s | 1111111 11110 11111 111011 |
| - 37 - which hol ds th@"\?&ﬁ%‘é’%ﬁ&&&%#&&ﬂ? Fruids fiows (thisugh dheind

a secondgposi tion which doeg ot 1 a3hhhChold' aMe"s Ledohd Hisi%ion
which blocké fluid flow therethrough;
d. an operator tube in.the hbusing means to
shift the valve cldsure means from its
W | second position to its first position;

10 e. an annular piston means on said operator
"tube for moving the operator tube and valve
closure means to its first position;

f. the housing méans in combination with the
piston means partially defining a control

15 ' fluid chamber around the.piston means;

g. the housing means having passage means to
said chamber for conducting control fluid to
the chamber to move the operator tube;

h. means for biasing the operator tube in a

20 direction to shift the valve closure means
to its second position:

i. means for releasably engaging the operator
tube with a shifting tool whereby the
shiftihg t0o0l can move the operator tube

25 ' independent of the control fluid;

j. a lockout sleeve in the housing means in
tandem with the operator tube;

k. the lockout sleeve having a first position
—s— T T W _§ *

A A T
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cl osure neans between its first and second 5 positions; 1
“the | ockout sleeve having a relatively uniforminside dianeter t'o prevent

acci dental shifting of the |ockout sleeve by well tool,s noving through the. =

L/

1 ongi tudinal 10 . bore; and m nmeans for rel easdbly A
t hol ding the | ockout sleeve in either its first position or its second )
posi tion. 15. A safety valve as cl &’med in claim14 in 15

conbination with the shifting toaql rther copprisjng: a. t he shifting

t ool adapted for inserticn1#ﬁ%??§#ﬁi$%wl € N heT %$9%?:%.mea§§IéBtF$§ keys
on the shifting tool to relga I nga rf I o] . .
operator tube; c. | at ch ojgrzgigaé?%é%l% %Jﬁ]‘g é;h%)%%%)ﬁ% {;8%$§5§§ glb%gléld

longi tudinally fromthe selggid %%fy?%%ﬁf(:t :ﬁ&?exh?ﬂ{fhogagﬁeslréiget o abut

the | ower end 25 _ _ ockout sl eeve en the selective
keys 3re | ocated in the WWﬁldéhﬁé_ﬁé&héﬁﬁééﬂé@ntQEQifﬁfét*and Geconk M

S - 38 -
5 positions;
1. the lockout éleeve having a relatively
| uniform inside diameter to prevent
accidental shifting of the lockout sleeve by
well tools moving through the longitudinal U
10 bore; and
m. means for releasably hdlding the lockout

sleeve in either its first position or its

second position.

15. A éafety valve as claimed in claim 14 in
15 combination with the shifting tool further comprising:
a.  the shifting tool adapted for insertion into
the longitudinal bore;

b. selective keys on the shifting tool to

‘releasably engage the profile of the _
20 operator tube;

c. latch dogs carried by the shifting tool and
spaced longitudinally from the selective
keys:

da. the latch dogs sized to abut the lower end

25 of the lockout sleeve when the selective
. keys are 1ocated in the profile of the

operator tube; and
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“e. the shifting tool providing neans for noving the | ockout sleeve in

uni son with t ke operator tube when the selective keys are in the profile
and the | atch dogs abut .the"5 ' | oner end of the | ockout

sl geve. 16. * A safety valve as clained in claim215 wherein the housing
mea I ncludes a recess below the | ockout sleeve to allow the latch dogs to
abut the |lower end thereof. 17. A.meg hod of operating a surface
controlled sub- 10 . surface safety val ve having an operator tube
and a val ve cl osure neens withe shd ftdhet toodl peopdsiinigo meadnisn foxt waivighg
string to control fluid flow at a downhole location in a well conprising:

a. inserting a shifting t&be ileckoutesdgevet dn uhison with the t ube
fromthe well surface via the tubing string; b. rel easably engaging the
shifting tool with a sel ect PPETREPIpAYPE ¥her the selectdveokemte aggerdat or

tube; 20 C. formn fluid . bagrier within the interior of
the safety val ve; d. appl& gp%P%F&epFEQEGﬁE iP&#bt%@gﬁeﬁgqﬁﬂ e to act
upon thegfluid barrier to -ghif erator tube and to open the 25
val ve clgsure nmeans; e. e%%?&%n%ug oc%gét&?Fggyg %ﬂeﬁﬁg'safety *

M S * ' - :

C L

16. A safety valve as claimed in claim 15 wherein the
housing means includes a recess below the lockout sleeve to

allow the latch dogs to abut the lower end thereof.

17. A method of operating a surface controlled sub-
10 surface safety valve having an operator tube and

a valve closure means with the safety valve

positioned in a tubing string to control fluid

flow at a downhole location in a well comprising:

a. inserting a shifting tool into the operator

15 tube from the well surface via the tubing
string:;

b. releasably engaging the shifting'tool with a
selective key profile in the interior of the
operator tube;

20 c. forming a fluid barrier within the interior
of the safety valve:;

d. applying fluid pressure from the well
surface to act upon the fluid barfier to
shift the'operator tube and to open the

25 _ valve closure means;

e. engaging a lockout sleeve in the safety
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- 39 - valve with the shifting tool; and f. noving the |ockout sleeve and
operator tube in unison to a position whereby the | ockout slegve holds the
val ve cl osure neans open. 5 18. The method of claim 17 further
conpri sing engage- nent of selective keys on the shifting tool w%h the

| sel ective profile and | atch dogs on the shifting tool abutting the | ower ™~
end of the | ockout sleeve. 19. The 32thod of claim 18 further _
conprising using a 10 wireline attached to the shifting tool fromthe well
surface to nmove the operatoVaPHSewéﬁH FB@k&Hﬁf§P8€V§Q41HMﬁQQN1to hol d ope
t he val ve cl osure nean ai m

f
conprising:. a. rem)v?hg tﬁ‘@v%ﬁpf tﬁﬁglfjgi)‘f" r |t”he\ﬁ Vthi ]qgﬁ(?% ‘o tube
e et a0 D e okl Lbiod o 5°hodiicith, Hleitby NG Aloifoys
of safeéety

downhol e | ocation in the tubing stri conbi nat1 on
val ve and shifting tool forsdewoaoh@;w%etha Fatold clu&@fn@ahsv% .

conprising: 20 housi ng means having a | ongitudina bor e
ext endi ng therethrough, b.  valve cl osure neans nounted in the housing
means to control fluid flow through the |ongitudinal bore; * . C - L
S * 5 18. The method of claim 17 further comprising engage-

ment of selective'keys on the shifting tool with the
selective profile and latch dogs on the shifting tool

abutting the lower end of the lockout sleeve.

19. The method of claim 18 further comprising using a
10 wireline attached to the shifting tool from the well
surface to move the operator tube and lockout sleeve in

unison to hold open the valve closure means.

20. The method of claim 19 further'comprising:
a. removing the shifting tool from within the
15 _ operator tube; and
b. installing a direcﬁ'acting safety valve at a

downhole location in the tubing string.

21. A combination of safety valve and shifting tool
for downhole use in a well, the safety valve comprising:
20 . a. hdusing means having a longitudinal bore
extending therethrough;
b. valve closure means mounted in the housing
means to control fluid flow through the

longitudinal bore;
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T 40 - c. the val ve closure neans having a first position which allows
fluid flow through the | ongitudinal bore and a second position which blocks

Lluid flow therethrough; 5 =~ d. an operator tube in the housing
neaQ?/to shift the valve closure neans fromits second position to its

first position; e. means for noving the operator tube in _

response to a control signal fromthe wedd 40 surface; f.

a |l ockout sleeve in tandemw th the operator tube for holding the valve
closure neans in its fi.rst thésveilye;, clbsuge meang hewlingompifiigisty: 15

g. inner core neans slidably disposed within a housing neans; h. means
for attaching one end of tResikien UBF@hné&A9W§of&u%@ré&PWéﬁhﬁﬂughrﬁhﬁy i

~first means for rel easably engagégg t he 20 Jinner core
means to the housing means-P89% Rel; beze fedndy eReRPd: ReSdtdReen;

housi ng means: k. 1atoh HBGEPRPRPERY AAUAAIEAPR, CPRERIRR O |
second yénggy;‘; I n theghousLpg ERAATC2"¢uBRAGR] ch" Ablidd b2 ety 418 the
shift the valve closure means from its
second position to its first position;
e. means for moving the operator tube in
K.J ' response to a control signal from the well
10 surface;

f. ~a lockout sleeve in taﬂdem with the operator
tube for holding the valve closure means in
its first position:

the shifting tool comprising:

15 _ g. inner core means slidably disposed within a
housing means:;

h. means for attaching one end of the inner
core means to a wireline tool string:;

i. first means for releasably engaging the

20 inner core means to the housing means to
prevent relative movement therebétween;

j. selective profile keys pfojecting fadially
through first windows in the housing means;

k. latch dogs projecting radially through

25 second windows in the housing means and
spaced longitudinally from fhe selective
keys:; |

1. the first releasable ehgagement means

* [4 L ] H *
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1. the first rel easabl e engagenent neans * C L M S * - 41 -
hol ding the inner core nmeans in its first position which all.gns sconpression
of the selective keys and |latch dogs radially inwlrd; ,5 ' .m S

second neans for rel easably engaging the inner core neans to the*housingk/j
means &nd hol ding both the selecti've keys and the latch dogs radially
expanded: the shifting tool providingméns for noving the | ockout Q
10 sleeve in unison with the operator tube when the selective keys are
engaged with a profile of ?ﬂ%dbﬁgrEPﬁrlPﬂﬁE gAuet meapst iR 4&§s fABSE t he
| ower end of the | ockout sleevg. 22'h' 1%rhe met hod of .0 er%tigg a
surface control | ed subsurfRREEXPR YPGB HQUPnGORR* 658+ 2PoPEt BF and a
val ve 15 cl osure neans t h I C e n its open
Qefggl_cfg; Rey8! ¥fiaC102UhCalEY! gaagggﬁgﬁ

and cl osed positions conpriSing: nserting a s nto the
operator tube fromthe well,gifr§ace via the tubing string; 20
b. rel easabl y engaging the shifting tool with a selective key profile in

the intgrior of the operatsécéh@cmeans for rapeh¥ablyf engagliagt Rheshi fting
tool to cycle
inner core means to the housing means and
holding both the selective keys and the
latch dogs radially expanded:
the shifting tool providing means for moving the lockout k;}
10 sleeve in unison with the operator tube when the selective

keys are engaged with a profile of the operator tube and

the latch dogs abut the lower end of the lockout sleeve.

22. The method of operating a surface controlled
subsurface safety valve having an operator tube and a valve

15 closure means to cycle the valve closure means between its
open and'closed'positions comprising:

a. inserting a shifting tool into the operator

tube from the well surface via the tubing o/
string:
20 b. releasably engaging the shifting tool with a

selective key profile in the interior of the
operator tube; and

C. applying force to the shifting tool to cyclé
the valve closure means between its opeh and

25 closed positions.

23. . A safety valve substantially as hereinbefore

L.
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The val ve closure nmeans between its open and 25 cl osed.
‘positions. 23~ A safety val ve substantially as hereinbefore * C L
M S * , - 42 descrihed with reference to and as illustrated in Figs. 1

tog,,in Figss 9A and 9B, or in Figs. 10A and 10B of the acconpanying
{drawm ngs. * C L M S * g :
- 42 -

described with reference to and as illustrated in Figs. 1
to 8, in Figs. 9A and 9B, or in Figs. 10A and 10B of the

accompanying drawings.
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