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APPLI CATI ONS [ 0001] This application is a continuation
in part of US Application Serial No. 11/595,596 filed
on Novenber 9, 2006 and having the title Downhol e
Lubricator Valve. FIELD OF THE | NVENTI ON [ 0002] The
field of the invention relates to downhol e barrier
val ves such as, anong ot her applications, a valve for
form ng a downhol ARRIBCATAODIFORPATHENDW a string to
be made up in a live well by isolation of a | ower

TitRorti on DbwhholeBhri&@ alp@rticularly to features
regardi ng such valves relating to | ocking them

R e, B SRR Y A 1 0, S50
are val ves USE Swahol e to all ow | ong assenblies to

i the well above the closed
REEWE%%@E@&?@% th well pressure further below the
cl osed | ubricator valve. These valves are frequently
u98eli n Thiseplication isuybcentinuatien inpat wia$ v’amhp@ixm»a%mal No.
| . | .. pressur es. bel ow.
11/ A Y Ny BB DGR NV b P ROFO PR TE L PG At valve
pur poses. [0004] Lubricator assenblies are used at the
FIELDy OFCEHBINYENMINONand conpri se a conpartnent above the
wel | head t hrough which a bottom hole assenbly is put
tjogesiher Tié GRId BE tROIdvRMiMAkM8tes 116 oenBlel bk} valves such as,
pressure. These surface lubricators have |imted
amongrefhersapglieasions. el vy for lemingh dowhhalh dubwicator tiak allow g string to

' o | e lLubricators sinpl t _around ..
be {4 RS INEBVRDRY Togpdte 08 e iRen of S A ytigutary to
featutd3rregatiap suel valveboehkial & toekilg thvn Afsséiiblihgdem and component
t housands of feet of length in the wellbore to
fabreationfiecnigueht t om hol e assenbl y. [0005] In the past
bal | val ves have been used as |ubricator valves. They

BABRRSGUND 6??[‘%9@‘\/{%1\1@1@{)5\1 of control lines to opposed

sides of a piston ose novenent back and

[0003]  Lubricator valves are valves used downhole to allow long assemblies to be

put together in the well above the closed lubricator valve with well pressure further below
the closed lubricator valve. These valves are frequently used in tandem with sub-surface
safety valves to have redundancy of closures against well pressures below. Valves are

also used downhole for other isolation purposes.

[0004]  Lubricator assemblies are used at the surface of a well and comprise a
compartment above the wellhead through which a bottom hole assembly is put together
with the bottom valve closing off well pressure. These surface lubricators have limited
lengths determined by the scale of the available rig equipment. Downhole lubricators
simply get around length limitations of surface lubricators by using a lubricator valve
downhole to allow as much as thousands of feet of length in the wellbore to assemble a

bottom hole assembly.
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forth registered with a ball to rotate it 90 between
an open and a cl osed position. Collets could be used

waQ 200has4844 he ball in both positions and woul d PEI/ES89/037622
in response to control pressure in one of the contro
i nes. An exanple of such a design can be seen in USP
4,368,871; 4,197,879 and 4,130, 166. In these patents,
the ball turns on its own axis on trunnions. O her

JEes bLdRoad e Bedheviren erd Sbder 1ies iy sonerally

fea®¥GTR Ip8ir O cbhirs] lifesth @ppied BaaFedhil@AdEe %ﬁd’a}'eﬂﬁnt b?]ck and
Assenbly offered by the Expro Goup that 1 ncludes suc

forth regibterasavish a\ballte rot@eiep0 Hetwiegmsn opam amba closat paositian Collets

| at t.he .bal l. with | ocki I
couid B Srd o ne 85 iR oty Porkor? P GRRRd FideE it Rt g contro
pres¥uet fihbid b theSdRBYELihés. Arb@ldmpié 05 86cHPH Fedib® Raf e SBAHMH USP

in USP 4,522 370. Sone val ves are of a tubing

4,30%871 b HHL &/ Sand £13Qd60.dn thesel patants, dhe ball pEeY ey its\wwn axis on
. ERLR Y s R B 1) 98V 8 e

anddes¢lgig, pSditdn. aOné)SRamplO8f Ibid 1St 1 FK SBiteMded MRASIng String

have a rack and pinion drive for_ a ball and use a
AsseEbbt figredoby dhe ExpehiGmEP (tRedvnchidey suglr 3t riogipy aalve. Other

s VRSO OB, S0 ) B o s
hyds4ulicelly Heivert toeloslarte BMusiingbyd skifergsdeevdiin adalloosddosition

W By 59 AT 5o 58 Sl el s

HallBh€or$ PR 13 BhihRtdrovavEoMIOb SenPabdvel YRR go fhrm;;;h a ball
One of It

| ubricator val ve. the features is the a

have been profoaedint HEPLAH49,58F. Qther desigiss suabf asl SRiGP%IFRnused in

a ball .that normall.y. rofat bet ween open and, cl osed .
subig s ine SRR i 4  Pall PB4 45 BPRBRclyropersied vehicl
(RO GSiet thd FaRrBebwédhtbpeiiliid Q16sddanBitions ichiming @B bither end

so that they retain the original bore dinmension
positiospd isea laskeduapsitionwhaning e i btatechiatihe samg RQI isimply yeverses
dire3Rbd bd A VERE RRIdversXBlrcAflgL her feature i's the ability

to assenbl e components oA gi ven overall dinension so
as to accurately set preload on biased seats that
¢oRege tWhathallhckifairdddressahby drdbmdione idventibreisanmokaelegant

j ston that cbg@tes e valve is _replace

soltigndp HARVRRe ball igre Whacate valyscBneeddhe piripiscing bifity to
oG o, oLy A G 1 58 Y AL v
opefi apdrclosed on its own axis. Another feature is a method of manufacturing parts that
must be longitudinally split so that they retain the original bore dimension despite the
wall removal occasioned by longitudinally splitting the part. Yet another feature is the
ability to assemble components to a given overall dimension so as to accurately set

preload on biased seats that engage the ball.

[0007]  In one embodiment, the annular piston that actuates the valve is replaced
with at least one rod piston and the space made available with this change allows the
addition of a seal to prevent leakage under high differential pressure conditions from the

uphole to the downhole direction.
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uphol e to the downhol e direction.[0008] These and
ot her features of the present invention will be nore
WO edits4p4epparent to those skilled in the art PCDIS209/037622
review of the preferred enbodi nent and associ at ed
draw ngs that are described bel ow while recogni zi ng
that the full scope of the invention is determ ned by
the cl ai nms. SUMVARY O: THE I NVENTI ON [ 0009] A ball
do a |re t ona
ea |]ng%‘§% ﬁarngs&gé hatl o?f ?h %pg’%%eﬁ“ ??Ve%gm Sl b¢ gigge readily

apparent t@Skosei dkilleiofii € adt i feem [ 884eW &ftthe E}iﬂefaﬁ'tadl&tﬂb?oﬁlment and
rod pi.ston assenbly. The ball js also shiftable to a
assw%tﬁ‘g dragpiags thatare .dswnbAd below while rrepanizing dhai dhe fidlnggope of the
invERiodliD et Hé(?ﬂ% fso it. The cage is made from one

pl ece an ang tra o] es are drilled and tapped

before the piece is longitudinally split with a wire
SUMDHABY OF A31E BYVMBENJUEN Fasteners to rejoin the cut

hal ves properly space themto the original one piece

i[00@9]1nal Adbalenspe Mowdtislel bat¥r tvableS calabRiVof bidirectional sealing

determ nation of spacing of internal conmponents so
featurpsta Hall aetating ogpits §§ispioepRRBdOL AlosH @lgea@@rcédmmwsm to an

SR SR e L T TR L o

surr@tnds tgé bali dddreriis eppopedsaty wsit.VileNcdghds witkde Gfrdrﬁ one plece and

I d. BRI EF SCRI PTI ON OF THE DRAW NGS [ 0010] FI G
tangenfig plescee ogH Dﬂl?aréwa@w% Prforsnthe pisce %PPB’&‘E‘{}WI%#PJ’& with a wire
=Dy fighe ol Pl th Y Bl bl BRpERY sl B o e

origimal dne pxfce umtenmhﬂmmmnAﬁkﬂiarﬂmth\mllmgv ﬂétmﬂriahﬂioro@fespacmg of
| ew t

1 | t t FIG 3 s
interad oippnedlsyibelit £ Gesten Rk hecloa'on fherssels agpidal U B gan be
achicQ¥ES@NdoRfthd @%e\/@' Hﬁt @t bE sbats [W%]'ev%hﬁeaﬁa esdﬁe to ball

perspective view of the section views Shown in
dlstalﬁ@n@t higb@liffgremtiabprepsuraowhen the vabjs ieeldsasf t he val ve i n
FIG 1 during assenbly to get proper spacing of

BRIZH SESERIFATR? m@f‘iﬁ b(#’%ur NG5 scenbly (o get proper
0 9
EE gectﬁ{? ﬁgﬁt‘g%‘\q’ 0’855’ ‘i’ ?teétﬂff@.[l@%ml lortvﬁ]é(ebal : Saﬁd is

[0011] FIG. 2 is a larger view of the top end of the valve of FIG. 1;

[06012] FIG. 3 is a larger view of the middle of the valve from FIG.
1showing the ball open;

[0013]  FIG. 4 is an alternate view to FIG. 3 showing the ball closed;
[0014] FIG. 5 is a larger view of the lower end of the valve of FIG. 1;
[0015]  FIG. 6 is a perspective view of the section views shown in FIGS. 4 and 5;

[0016] FIG. 7 shows the top end of the valve in FIG. 1 during assembly to get

proper spacing of internal components;



longitudinally split. [0019] FIG 10 is a section view

of the enbodi nent show ng the use of rod pistons and
wW@po0adsliss4 onal | ower seal to deal with issues BET/B83009/037622

di stortion under high differential pressures; [0020]

FIG 11 is an enlarged view of an upper seal around a

sl eeve that support the upper ball seat; [0021] FIG

12 is a force diagramof the FIG 1 design show ng a

N B e ——

properdiph$ifg emﬂtahalf@n?anéms;a downhol e direction and
| eakage fromball distortion under high differential

I ures; [0023] FIG 14 shows a differential in the ]
ﬁﬂﬁffﬁe dFK’é[:?i@na RETTRGClaves Of) the cagpethal sugeungsote balk and is

lonP@ldinall #] FIG 15 is the viewof FIG 14 with a
Ongl:&fk aré%??al in a downhol e direction showi ng how
| eakage is reduced or elimnated under high
d001%Yr enfiGl B inasecomn Wisive oflithee embodinent skdwing e ase of rod

. addi tional,.seal,on the f .the |ower ve ta .
pisiBEX g S 39RERs) Fiheer SR fesh “BlisRro ChA i gugion under igh
diffeRaftApredRufedBODI MENT [0025] FIG 1 illustrates the

| ayout of the main conponents to show their position
relative to each other with the ball 10 in the center
dA0201n (INE. dil ds e eplasgedivaew ofan aipperiseal arounsby sleped thati gupport
I .14 is below ball 10. These sl eeves
the?@@%é%ﬁ?é§1y formseats 16 and 18 that are held
agai nst ball 10 by a cage 20. Cage 20 is shown in
d88ZijectFiE 12ns kiftice Hiagham|df dke PIG.elx desighssHolving gltotdigen of a

.20 and. registers wi.th ball 10 to rotate it between the
dlffzﬁﬁgﬂﬂgﬂﬁ’eg’i‘ BLUPhYle direstioOR: on trunnions 24. A piston 26

is responsive to control |inepressure to reciprocate

gwml | dgRA3t R e of BAG! 13 Gvitfal BEKreRRANARSRND WY¥wnhole

. 28 is disposed near the top of the tool while the
diregtien anblealtjgg Sromehall distontion wndesbighdlifferentiab grassmes;t he
opposite end. Using this basic |ocating of the major
ne f val;: he. o F AN w he
TOUBATC S, s s Dl reptidf bR lanll SHpechioh ey Rt on e
slecbaabeveahebait;i on.

[0024]) FIG. 15 is the view of FIG. 14 with a differential in a downhole direction
showing how leakage is reduced or eliminated under high differentials in a downhole
direction and showing an additional seal on the OD of the lower sleeve to assist with

sealing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0025] FIG. 1 illustrates the layout of the main components to show their position
relative to each other with the ball 10 in the center and in the closed position. Sleeve 12 is
above ball 10 and sleeve 14 is below ball 10. These sleeves respectively form seats 16
and 18 that are held against ball 10 by a cage 20. Cage 20 is shown in perspective in FIG.
9. A slide 22 extends through cage 20 and registers with ball 10 to rotate it between the

open and closed position on trunnions 24. A piston 26 is responsive to control line



[0026] FIG 6 can be used to appreciate how t he bal

10 is rotated 90 degrees between the cl osed position
wehwons4sm FI G 6 and the open position shown i PCHESI00U0B7622

in FIG 3. Piston 26 operates |like many pistons known

in the art and used in downhol e val ves. A pair of

control lines (not shown) are run fromthe surface to

opposing pi ston face areas on piston 26 to urge it to

prefH¢ 1 tPREREJf SHEF 2R oBnonelE AR 16.50 ik SpRRiipbly 28 o
dlsptﬁ;ﬁ@ Iheﬁﬂ the tGR o i@ 8ol WWRE thel pigload a6RBMamt atbchihiah B8 is located

one of which is visible in FIG 6. Looking at FIG
neag thet oppasitemds Psimgithisbasin docatipg ofiths majergromneineris of thervglve, the

ot RS, i P RIRER o g b adlifle IR, £ oxgighe bsic

ope2didns at the end of its uphole stroke as it has
contacted the nandrel 42. Ball 10 has opposed angled

ABERTG " ERe % Fot B Baoic apatpapediow dhecbidh 18 ingeriish 00 degrees
bet@@éipﬁl%%léseétp%sﬁ‘lgn Qﬁ(t)\kﬁrm F@G N6 iafld HMeSpeh: pdsl t@es hSshd@naR section in

0 abut arnms 48 and 50 of cage 20 as t seen In
FI("FBGS’lstan diﬁdop}ratebhlgs Mymstosﬂkmepm the anrindnse@4n downhole

i Aot SF ot 3598 ot SRt ) B ol &l o SBpqsis piston
fac@ﬁk‘é@ﬁo@imsﬂinsﬁﬂlﬁ uf it & nmlove h bpposed Bfrédtiofs e s"tbﬁ 28 s secured

onits own axis. This ha ens because arns 36 have

to theslided?? for sandem woremerio @m%hf)s arhapper siggSReand\g lower ring 34

confhLn At 16 3t of Uyt SEMER R, SARAEIFRID e son
thamﬂmec@ethasl:llo@mcﬁnarmoté Jeand 4o et ﬁéﬂ'épﬁltl&:damlfd G6 of slide 22.
ws the ball in,a closed position and% ring

Ref3ingi e EGB ol ARth lcfan 3 soin DROHIEe 2205 At e end PR uphple Stroke as
it th Qm&ed QR [RAake! Yl% Bafi nﬂ)oléz;.sl oggq Fﬁ@g&t&{e}c’lo}msfol& 34 one of

on sleeve 12 to hol inaclo
whlpbss partmllju m viewemoFigh 6piThs slote 44 arepanliddo @acipbthenon 2fposed

faty 6 Befsrsoi I 1o s B O b ap e s S0 S0 om0 a best
see®fin FiGS. @mcf‘gaHBIes'SQ ﬁd@nt Gocdptr ﬂrlﬁgu&ﬁrﬁa{hape}ﬁ@ﬁd‘ﬁxtélﬂgll 10 to

cl osing of the ball the only noving part except
allowatt to fKdats vovits dwn matcayeaz doss gbi mevebutwhdn slida@256 moved by

plstcr)n ?g tlg%rerslglg-i Eoézﬁ ioR gofJ Qépﬁﬂ) orbgg éwtg@gpssﬂﬁg\aggensq)ecause arms 36

haveayWailyo fieldgypia® thaCshoGay ﬁm@@eé&teﬁ With S16t8%44 inlKall $0 off center
al so shows piston 26 attached to slide 22 with an

from fupniens &4 fomdpearogpionofbalbdlt he control |ine
connectlons 65 to operate piston 26 is also shown in
5‘)@7 3. &tt?b? LSy Hl%‘@@n&xt{,afql(%.ese?{rﬁlstl ngemdbelgompared. FIG. 4
espectiv orm flanges
shows the ball 10 in a closed p051ti0n and upper ring 32 close to mandrel 42 but not in

!-P

contact. This is because, optionally, a snap ring 56 registers with slot 58 on sleeve 12 to
hold the ball 10 in a closed position until enough pressure is exerted on piston 26 to pop
the snap ring 56 out of groove 58 until it registers with groove 60 to define the open
position of FIG. 3. Again, in FIG. 4 during normal opening and closing of the ball 10, the
only moving part except ball 10 shown in that FIG. is slide 22 with ring 56. FIG. 3 shows
the fully open position of ball 10 with ring 56 registering with groove 60. Slide 22 may

L



64 and 66 and how the cage 20 retains those fl anges

toget her against ball 10. Seals 16 and 18 respectively
wae@dssspbsed in flanges 64 and 66 for circunfRBCENS1089/037622

sealing contact with ball 10 as it rotates between the

open and the closed positions of FIGS. 3 and 4. [0028]

Looking now at FIG 5, the |ower end of the sleeve 14

can be seen as well as another control |ine connection

om0 Bk 3520 b2 BB ERE L8 e BRP kB, 2
withan Ehﬁirotatlorﬁpiﬂm O 98 the /ddntiablire AAELLIIAE 65 Zo Hperi |p€§?on 26 is
rted. Spring 74 pushes on ri n%

)

a spring 74 1s_suppo
alsq Hhevn 8 BiG: Ac R 3tagwsah@w dhat slogyeshl Zpandheregperg velx Torm flanges
64 S @betha Qe Tobe S AT (0% Bingel Medr A EE AT, Scpls 16 and
18 msi)éctxbelyex@ﬂmpmd nbﬁbmgus 64rang %dhﬂﬁgc@ﬁbﬂeﬁﬁal%ﬁalhﬁg c&)ntact with
el oad spr on_an assenbly that begins with rip
balblffsif rosribsbaNesive eaﬁe?mgﬁa Closed pestiaspd FiGiSvihan
FIG 2. [0029] Referring to FIG 2 a spring 114 is
9628]1 O Doty Ohow LBIGS, ﬁﬂadlo%f %@@f thB 1BV cdtd Sen as well
escrlbed before downwardly on sleeve 12 to Insure
as gmglaagesnatrol dine swanectionybs Ithat és psed to dirgh @isher R6winean opposite
re above t

airi G RS Connl i " pmmseeian s SRRIRG RIS SISl sy 70 has

shofilded Wﬁfoxﬁ%ﬂmeﬂ%ﬁﬁng)ﬁﬂ@ esubﬁéﬂteda ring 4 @s Bheﬁiﬁy 1§ that is
bel ow the ball is applied. As th ose ski | in the art

attaghqd toglpsve d# aith a théeads@e Abtoyes 80 ;mlqséhq‘ msmqnmfmrme% aﬁ:‘er that
posfl O SRR BT RS ARlr=NE Tl BEERRRYEL pER, e

sprihgr74tihe ppelsad sprhmgdn 4ri Melﬁﬁlthﬂaﬁl’ngﬁﬁdmﬁthg %&hﬂ'e)(tends to the
a result, the total dinension of the parts

upp%?f\fé&?@%ﬁ%&?ﬁ&»@l@f IGnd- 118 can be deternined and the

position of ring 76 necessary to give the right

ad -
I Kk HeIDL gt SR SIS v
other partd (%Scsﬁml/btemrs dowoaidyon J@E8AR tbristsiradngdgement of seat 16

b 82 ' 4 to,. | 4
witf BB 0 B8 1l e rSueBiabe e BN A s biFS " Coesssety e 14
is bidleeapiade 69, sgﬂnQ hub @ﬁguré 44iRi1krSerighfGndP of @h@ﬁaﬁr laﬂ/d 5§38 when

exact spot that shoul der 84 fromtop sub 82 woul
presswierhelqwy therglige appliedAds thase skilled in the aattwﬂlr@prmm tl@raasembly
o fs B g3 50, L P 3Bt 1R 5 Ry Bl i ve

theimawd ltelerahde ahduRradjintigent b24ildbds for theposidn &f g 1@ Onakdad 78

128 that respectively have shoulders 130 and 132 that
is fairly &1191‘5113&9(%& @|r9sult the total dimension of the parts between shoulders 84 and

118 can be determined and the position of ring 76 necessary to give the right preload to
the assembled parts also determined before final assembly of top sub 82 and bottom sub
70. FIGS. 7 and 8 show this technique.

[0030] Instead of assembling top sub 82 and spring 114 to mandrel 42 an upper
gauge 122 is assembled to mandrel 42. When fully threaded on, a shoulder 124 hits ring
86 in nearly the exact spot that shoulder 84 from top sub 82 would normally engage it. At

the same time at the lower end in FIG. 8 instead of putting on bottom sub 70, spring 74 or



wher e shoul der 118 woul d be when bottom sub 70 is

screwed on. Because of the open gaps between arns 126
w@e12844 here is access to adjustnent ring 76PERTUSI009/037622

can be noved up or down on thread 78 as |ong as screw

80 is not assenbled. Ring 76 is turned to bottom on

shoul ders 130 and 132 and then the rotation is

reversed to allow installation of screw 80 in recess

13 see FIG 5). so.th ring 76.h its positi .
serdy 80t 5t efues 124 direitsr B0 mRGRST 32 Lo b P s a pair of
arnROL 3O MG UP8 ikt |r§s:F% heek WduldePP N30 And 4323080 Wild ¥p exactly

t he upper gauge G 7) is first renoved and

22 (FI
wheresheelder W& Wouldpbeswéeis bottom sub7Prig sarewed pnGBecause Whthe open

tQ 70 @ ring. r4 get_screwed .on,. . Sprin
gop et HoS he o BREL ackls I s SRR iE g SRl #%an be
mof&L byt 86w on tlirebd 78 b lop@SasGhred! 80 it aseaiBME RiRATE S turned
the actual surface of ring 76 is determ ned as it

to hogipay ershoyldepy 1 Hpandsl Randithen the sotation ismeyaerg topow ipstallation

c "9 Ny
of P B0 RIBELYP Bp F10° 5| SE R 8 b s ot Bose
possible tblshogider BB wheh 6 bokb suB)70iit assestéed with eprirpdBs. Similarly,
EERE N TN T S
114 (F16VD). Rsahc boudiR A5 96 lrm«{l: E;%xr%‘d’r‘gf gééggre%ﬁg)gi ﬁgﬁ%ﬁg‘i will have

is to make a I ongitudi na ore ,
the aeédet ipeclomtsine dagpishthwaceumBhtidoof toledoees ofvdl theliassgmbled parts

the GEREF 0 BRI Taming 208 LI PR 73 foF the Gesred
prelo@gi t udi nal cut 140 will be made. Again, before the

cut is made, the bores 142 and 144 are tapped.

Thereafter the cut 140 is made by a wire EDM
t{88HA; quRkeferrinigsnomn duF1Ge dhfieqgeagerdhisy Bhistated as ffly taszembled.

: i € af\t. .
Sinie B SHRNE bbiTT0 3 Rt Gng beE1GE} P hedddFy B hpace nco
twovpiédes DEhesteetinisre foharakirig th'aSpieh;gfooJ for tl{]ae ntatttr, r?ﬁkw\/pibﬁés thzt need

the pitch of the tapped thread and the matching thread .
to b nadgan PO BLECEn P DRPSABRICd RS Yot PEIRE BICPFS, isfoppaksgeopggidinal
cut $40. BetGreWolide thRe qR Qéhntnhg AW afrR §9§1d(§1%9ﬁ‘519&iﬁ bBRs 142

hal ves at Clﬁ 140 just enou ﬁ to conpensate for t %
anddd wntonefsidesind smeilanbedesdmrthe gthehside (ot yittlé)ahatvgoethough where

ongifighr B T8 vl e AR PRAoRORIE R BB Porefp and 144
are thped TRefobr SIROMRS140NsymAdd BY § RAHS BN ﬂ%c]ﬁfi%lfén THAE Rnown
out of the wall to nmake the |ongitudinal cut the

technggig| remioyess g ipart ef thhavabaway where the cut is made. Thus, after the cut
halves are pushed together, their inside diameter 146 will be smaller than it was before

the cut. However, the pitch of the tapped thread and the matching thread on the studs 148
and 150 when screwed in to bridge the cut 140 will, because of the thread pitch separate
the halves at cut 140 just enough to compensate for the amount of wall removed during
the cut so that when fully assembled the original one piece diameter 146 that was there
before the cut is again present. While the wire EDM removes only a few thousandths of
an inch out of the wall to make the longitudinal cut the result is still a change in the

internal bore dimension. This technique of drilling and tapping before a longitudinal cut

3,



i nternal bore dinension. This technique of drilling

and tapping before a |l ongitudinal cutwith wire EDM
W@bdodmstsshe ori gi nal bore di mension to be regakCEUS2009/037622

whil e hol ding the cut hal ves together. [0032]

Referring to FIG 2 the lock open feature will be

described. Sleeve 12 is ultimately selectively

retai ned by top sub 82. Shoul der 84 contains fixed

.Jat.c [ 86 to. preyent .upward venment .of .fhe. ..
with i DM v the Rl B ERaRon BY ccnsd uile ldige the cut
hal¥edRBget®?. Ring 92 initially sits in undercut 88. It

has ratchet teeth 94 that, in the position of FIG 2

are offset fromratchet teeth 96 on ri nﬁb86. Ring 92

H883H onReferrimngnferFIG. Agthe docknensn, feathre wilhbe degstribedSleeve 12 is
A AN Rt PS8, Sho OB YT Byt s o

to phedent iPwaddna@aiens bf theeatdhdtaing 860 Rige 86 had feweietcht B8 @efining
spring 74 (see Locki ng collar 104 has one or

G )
tapciie Ripg 47 Fanaly sioviaahdersat B Tomgdgishefecthisphbat, i position
Jeginis _
of Iglgﬁtgl agg Q)%g}t froiAtratthdd teél%g%in% tﬁ%lgls?;kln td'hebé;a?% hf?rret}?x T ting 98

) shear screw sgcures € CO
whithdnthant teptisbespls rihg . 108le groevd 202 aBsleevgridoDae 1d Grgimpéf spring

eventual lL.y. regjsters . with tangential pins 112
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pinssiEetide groakedl Oniuithl Hitting ithgtopSMMhatolhich Hmlelthé coliuy 103 Anoves
. push ring 92 beyond taper 90 so that ratchet teeth 94

in taadean i Sl@ﬁbeaégné‘ht‘hm%mﬁfﬁ?sc%%”t’é)ét moyes yrhalefrqraring 92
o B (34T GTNETERLy A SAALDR, PRS0 VA Sop o
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groove 60. The ball IO comes up with cage 20 because .
uphelgepoggmaerd obpsergheddabavet gomtiniesnuntil4slecMeel H At al Gavdegop. This

v 1848 P BERILF s AShE kSR Bl VAo PR it
up. H2hebalP30 is open, as shown in FIG. 3, flange 64 pulls up cage 20 as well as slide
22 which was registered with sleeve 12 at groove 60. The ball 10 comes up with cage 20
because they are connected at trunnions 24. The ball 10 does not rotate because there is
no relative movement between the slide 22 and the cage 20. Motion of sleeve 12 stops
when ring 32 hits mandrel 42 and that position is held locked by the ratchet teeth
engagement of teeth 94 and 96. On the other hand, if ball 10 is in the closed position of
FIG. 4, the sleeve 12 will bring up the cage 20 and move it relatively to slide 22. This

happens because at the onset of movement of sleeve 12 the upper ring 32 of slide 22 is



when ring 32 hits mandrel 42 and that position is held

| ocked by the ratchet teeth engagenent of teeth 94 and
wWQ@209Deusehe ot her hand, if ball 10 is in the cP@BESR009/037622

position of FIG 4, the sleeve 12 will bring up the

cage 20 and nove it relatively to slide 22. This

happens because at the onset of novenent of sleeve 12

t he upper ring 32 of slide 22 isalready close to

n 42 and, f i ck a sl eeve 1
alrdfR S5 10 a7 oY el gp Y ey g5t Further
upHolemeagiferd OfsRERAS 1 Bulldtht I&@%esio fifatAe tWihdlide 2SO ch Biuses the

pins in slide 22 to rotate ball 10 to open as they

ping Byfligede toratptedalitld ta apermasithey regipter\withnslet d4 dmball m When the
cos§ SRR D100 ol PRRE 2 drif 35 L B oms and
the ipositiyn Bngagi 1ockdddr bl chdagimtitebth. 94 £d36] Those skilled

in the art mrll recogni ze that the ball type
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ball B IF e Bl e it AL ik o 8 IR By while @

ratchét IGEIhﬁEf xllﬁﬁtmwdib@ﬁf ldﬂtﬁﬁigfd%%c%ﬁ Such M@M&B@'vﬁh@&vs Idollets or
shoul d be noted that trans| ati on of ball is onl

otherpgbbpleat dptasesare alsp copigmplateds éq@hptﬂddqyerwted thagﬁwla@ws@f ball
10 i3 %}1@% ﬂ@gl%cpﬁp&i%t?&gnt@g tf» r}t b gpglgadgtrﬁ)rt&aﬁlhyﬂr% can be

recanfigaredat ialternafr GO dllow e lﬁ:ﬂdt(l’te rbeflmﬂded chsed ad diealteatativer
val ve is the prel oadi ng of the |nternal conmponent s and

biljty t e, di h t .
I8 nent & ahs? d6tEhs G BRI 1l et Bee G, o he interna
conpohénts RA IR bBlitP o ?ﬂigenﬂﬁ difaahsity 8y 'ﬂ?ﬁeuﬁaﬁalm\?%ﬁbﬁgn@ Before

t he proper anount of preload can be applied
momgﬁ topeand radtons subsvwith tie sprikg g spmrggrthatdrrwam: the preload so

art h t ot + hei.y o i nal
the Rinct afBUnC of Rrel iR coace i Dot idsherfentlid'Rig wapof making
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ener |
the joined halves relying on the pitch of the tapped thread and the fastener inserted in the

bore and spanning the longitudinal cut. In this particular tool the cage 20 and slide 22 can
be made with this technique. The technique has many other applications for
longitudinally split parts with internal bores that must be maintained despite wall removal

from a cutting process like wire EDM.



bore and spanning the longitudinal cut. In this

particul ar tool the cage 20 and slide 22 can be nade
WQRaob/1345#46 t echni que. The techni que has many oR¢CEDS2009/037622

applications for longitudinally split parts with

i nternal bores that nust be naintained despite wal

renmoval froma cutting process |like wire EDM [ 0035]

FIGS. 12 and 13 iI'lustrate what happens under high

' ren (0] in the ol,e d . .
cIo0RFIor oFIS o R, 19 ARGl 1O nArPens s fiFential loading
corditfons 56 ehe aphole aad Aowrnhok! digdctigng Ebsﬁéc@ﬁelylmaﬂh@ desighMiscussed
FIG 12 the ball 10 is in the closed position and

aboryg japd Hiyspnted suFIGS. rlowndde I RIG Ugpbe bbléllﬂ isiaghe gls¢dspasition and
SIS 0SS 555 0L 6T 680 PP 78 e
seal Zilemwiisavlatp ﬂm@&laﬁi B¥aco 202 hdiidhak hoflédaled s thetieript pBEdge 204

4 are not sealed. Pressure from downhole can cone to
of tﬁﬁ balh 1 begayse ﬂredug‘hts 2herapeftealed shrssreoiiamedowpbple ¢y come to
the bl 60 oyt € ahARh oo 964 SAN poBL 198inb Erc' bButer seal on
tubd &4 bwisvlate thahhmllﬁ” spscai2n Lpwar skat 18 dmals teedove dal ba]l61(] is mainly
t he seal th Is. in ded to hpol d sure
a dytipdl; anoralil6, i Ty Pl Miains dtendee to BB Diefre fiftecntial in cither

diretibh. SWREH 1h@ lprésSure i AEePN N B A Jphbld BfecAén i ﬂlﬂ%&t@d 8OFIG. 12
in FIG 12 the gﬁessure reaches "annul ar space 2

the [peassure aeaches ennudar spacs@03rhesausedhére ghne mgtenmseairhm tube 14. The

oottfREk Syl GGl bERSHETL L Bhnd S0MY o o LORBLrL ggnre
prefafSanes 2pdssageM04a lthe bl wmﬁ%mﬂ;ylda@@% bzmenb &b #Pinterior

fromits interior as illustrated by arrows 208. This

as ilipstragadnby ezeivn 308 lavs vmiformlopdiag feam withimdehelli¥chalpg the ball
t
10 o 1 e ph3 cBNABSORUAGAN Al B934 TS hls APl
d1ffmeﬂaalq1r@zsagagmtt Higlg i fkrdnitialsexfoved 10,000 B8ier 10, 000
PSI . [0036] In a high downhole oriented differenti al

situation.as shown in Fl G sonet hi.n
D Evils Srewad dgtyeniisl BResa ey ERHon as shown in
FIGp rl e SM&hlﬁg QRSB B pédsO Mesieidal 260 jB1ALenRR ‘Ey%s@ﬁre SR Gphole

so that the entire differential |oading on
from gmtmgmo the dnnuoker wpacki22 sa dhwd e antige difToranigl hvadmgadn th6ball 10

s hal.din at thi t ssure i.n
s i Ut Phiselt 38 086 el b6 ¥ rpliind ST att s fime the
preRURSHHEE theballAEPRADV433 @uﬁs&@xilﬁﬁﬁ [Hs@% Enat ﬁ{dﬁ%ul?e]i% pasdige 210
distort ball 10 to an obl on ape as illustrated

represghgada by crows Al2dsah ehlstmit n'@allz 18. tonganoblneg shappeassillustrated
sch%{g"ttgéﬁg h& S8 S tllig ey AL ngﬂ%ng B%I ﬁ%&ﬂ{ft&%n%? hgﬁ] 96and its

pr eéssure ge
seataltnid dongsphalds 20@ pressure get beyond the ball 10 into the annular space 202

and beyond seat 18 that is meant only to serve as a dust seal as well as down the outside
of sleeve 14 because in this embodiment it has no external seal. While the assembly in
FIG. 13 has been shown to be perfectly serviceable at lower pressure differentials, testing
has indicated the potential for leakage in the manner described above at differentials in

the downhole direction in excess of 10, 00 PSL

10



and beyond seat 18 that is neant only to serve as a

dust seal as well as down the outside of sleeve 14
whewands4d n this enbodi nent it has no exter nal PEGEES2009/037622

VWil e the assenbly in FIG 13 has been shown to be

perfectly serviceable at |ower pressure differentials,

testing has indicated the potential for |eakage in the

manner descri bed above at differentials in the

oIe tlon S 1 00 ,P 037] In
PSS, ek i Fdafi BT AR nakchosBant JHSSR prefbure from
domﬁoﬁrw &ofuidiibd QWHE liftofdnaiad §idck 202.38AHDO0 (s there
14 and into annul ar space 202. Seal 200 is still there

on B¢ euEde af Sitgel iAname2 i®refiket irsinitipgloadingeen balhd0 that until a
pre%&%et%ﬂlﬁéd Jg%?énﬁg r@s&?el J:mthQ ‘Jixpﬁ‘(gld lt'lget o)JflJass?iF]eD %%a L %@ g{j seal 18.

eren sure eXIS S can res ure

Aftpreths aijffereical @étsslﬁ@'ier 1% préésued wilhgetchyf deal H!lby aithcgﬁilﬁortmg ball

hi gher the pressure wl| seal 18 ei t her
10 o5, dsplaging, glegig 14 awpyolromy |b§ﬁllﬁcf‘ that img e q(zwﬁw&*ypww will get

e S 92 0 AR APIGE ML

schahati’(&llly H')hlaﬂrowfsfm Atsthde rlmrrﬁt geal ad lﬁﬂdlneﬂm highl iphddy oriented

22Q. At this t 16_h St e high .
pregifH Beinekib e Bt dPRrRd PeoBnir BIC: 17 (YA temporary
dls@ﬁﬁﬁr &84l kiﬁf&'é@rsftgrlet’: bfessuté 1ntﬁgﬁinﬁlar lé?& 202 HRMBGbAhton is

di stortion of ball 10 occurs to let pressure into
elastignrather @tpaqdasawzamdwéh@eﬂmnmt jobnof sedirgs againstagptmie oriented

ti d .t b of I
it RRREP RS, BB dbreal sl PRRE she ulinal Shage 1 400 BaSha 10 s
equilbzed g theSretsite bRl doviRtore, 28hrdibsst dfanb Al dchdfisrh by which that
equal i zed with the pressure from downhole, regardless

ocey, theebalblhinprifornyly paded agpiast snat dﬁsamdtasea maplt eyen wgth high
| t
ot o RS 308 Bk oot Bu RS 01 | v

| eakage uphol e past seal 16. [0038] FIG. 15 IS now
doens] astidd. iiStik nbhvecadmsted iwltlﬁt}iemamsmﬁxhwmwi. Eild%hﬁn FIG 13.
13.. Onl thlstl there is_a,se Sld

Only fhis fape thare is grerl 2 16qutside pEfbe 46 &vé sl 20 mstﬁh erc sbove bal

10 5}&& &htelﬁe sleRey 92 J@m@hgmqs hot Shdwn M FIGHPI ibRilE: ot §8wnhole

dup of downhole oriented differential pressure
onens:dshffwnnml prgsswess sipen Biharsowls 22k This differeptigd gsensare force at a

f, a deter | evel, gets  past ,seal .
preqiiSadh e EeRcpar gl i iramear U SE4 T ST e Faand into the
ballbi in shBcd 2045 PR the AhnuliP¥pAch @ fdanid! with SRRQE6 kS pABflr8th space

with seal 216 so Eressure in space 204 represented b

204geprsaentod by eaioaNsi 2% cqualines wethﬁhésmsrs@remn bail 10 11@presgnted by
h 4l
ol 83 Ty i3 LA oo 39 dpg NG AR AR 8 B

oriented differential pressure from getting in passage 206. In essence the performance of

the assembly under a differential pressure from downhole in FIG. 14 is the same as when
the differential is in the opposite direction as shown in FIG. 15. The only difference is
which seal holds the differential. In both cases the ball 10 elastically deforms to equalize
ball pressure through the annular space 202 and the ball goes right back to its spherical
shape once equalization of pressure takes place. This is to be contrasted with the

downbhole oriented pressure differential situation of FIG. 13 where leakage continued as

11



oriented differential pressure fromgetting in passage

206. In essence the performance of the assenbly under
wa2ebfsesuent i al pressure from downhol e i n FlI G PABUSR09/037622

the sane as when the differential is in the opposite

direction as shown in FIG 15. The only difference is

whi ch seal holds the differential. In both cases the

ball 10 elastlcally deforns to equalize ball pressure

annul ar 2.a ri.ght
caHii0f i 08 {2BRA Al RERREATSIAREY il PO uyTelR & hcared by
lineBn2es aud &ak@é@&ﬁmﬂh@é@ﬁs 104 & thé dif&r&ﬁapmggua@bﬁsalmo Bxisted.
the downhol e oriented pressure differential situation
of FIG 13 where | eakage continued as | |equalization

dPeRH ot aﬂ@ﬁ@ﬁr asngct ¢idhe aresentanyentippit ¥@s npeed thatdn very deep

f e [
sl Bl sREbIV UL P, 107 BB SRIE Ry it
SucﬂOhlghl &ffethntibb@’&@]as [thataitot shape ahﬂeﬂéd ah lhbeamfuk&epﬁssage that

I nvention, iced that in very deep setti.ngs
surgfiiqegiot, i, el sﬂ*ﬂtfé ‘gﬁame%rn loeptégns n ghe urmgpgipg wall that
deféh'te?f @8 séfls Wa sxﬁﬁhin@@& aﬁrﬁllacr 1li‘ hé IBr?H Efrinfnddséd c&.ﬁ& Sfsfort the

that its shape distorted | e annul ar passage t
pistow shapgrid edufficient ¢xtehtito ms&uittt@ seiveineitsleae ahd be¢anomsnmavable.

t he .surroundi Il .that def eated th S t.hat,
To Sl EaReBH St Soticsa opiite B8 TG Rossmibid Gepiisng iooyary decp
appHEdHoas thdt HBvdlve tvery BipRNSdketaicSprbisubdsedt af dhfflhr Pﬁton 26, the
cause it to seize in its bore and becone i mobvab To

desigpuwese chenged hios ues r@tmlaﬁ@m 224! Wi it e miedoy cands somtzoged 10
cong&%'oﬁ% %g ahﬁ 6'3 \é?ﬁx%f %Btéglg}gll}ée n%¥ (pwn)t 1% atoprléenc egi! é{eeg?{ably the

rod 3t‘stoxislaee meg rsymmml@gaedutttbe uaﬁral @ﬁs Bt tHeOnabveZidembly so that
which is in pieces and is exposed to connections 68

any AReMEN 1t fRAT éHCIhr% Ristas) creqled eRdre emsaiRY bysanother rod piston
dispoS& £ %rf(f rﬁ% out hulModr OF r {?d gfs%‘?‘, ?ﬁ%ﬁq{séfﬁl‘ﬁ%ugh an even

synmetri he central axis o e valve
palragfen’sj'rymn'yuhpteﬂamﬂ Fhermsd of todtpistoss diminates thepdistoetion issues

cre d n be cancel l ed h her [ dj sposed
at Wi BB PP S0k oo Sl @iGhrs 26t aleg Arapes room
to ali$ 8@ s@:iltlti@l’bﬂtbsé‘ Bu@%@é‘w@@ﬂﬁéd%ge(f Hove IR, first for downhole ball
preferred. The usé of rod pistons elimnates th

valvgh ghap arel astuates Wil agod pisten @hscmblwanﬂumakep rtlas@sr&!szssﬁﬂ: tor very
st on

nigh oA Tpbreblbt SRt B Aae pstordicB8 (BT Ef0er B ensias

thatlcan @RIsKSt difftlentidls bBEvATOMGOPST. bmdoui«éaltr{@ﬁ)dt;hﬁbn Aefign can also
actuated with a rod pi ston assenbl y and makes the

be ugedsatdowersdiffgrentials instgad of theranaplar dessgn with gped sesulte

instal [ ations where annul ar pistons can fail under
%(ﬁi)fr ERVhA fre preferred embodiment has been set forth above, those skilled in

art will appreciate that the scope of the invention is significantly broader and as outlined

in the claims which appear below.
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that can exist at differentials above 10,000 PSI. O
course the rod piston design can also be used at | ower
walGopesesmt i al s i nstead of the annul ar desi gn Wa&HUseo037622

results. [0040] Wile the preferred enbodi nent has

been set forth above, those skilled in art wll

appreci ate that the scope of the invention is

significantly broader and as outlined in the clains
Wmﬁil.ch appear below W claim 1. A downhol e val ve,

c i sing: a housing having a passage therethrough: a
1. bal A doanviho vahRoE@npriddget hr ough rotatably nounted to

rotate, without translation, onits axis to align and

m saheusingshavingopassagettherethrangbassage; and at | east one

rod, pi ' | ' d i .

2% DRt §o58 AL AR Bl A58 g Hohtion,
on iteSoOnGliga and niibdlighi sa@or® Withfsaidglabsage;yandf a

differential pressure to_ said rod gi ston. 2, The valve

of #|lgasone @O in 58id dousing epew lyneonnggteds tas said ball for said
rotf&?%rf iSiHS ﬁ@sﬁ\fﬁ'&cm@gp Alive AR aR b of%e%iﬁ}g ¥ 3 dferential

0 cla|mf, ereln: salgplstons are Ssynmetr | aﬂly
presoredpadidand pistbrsai d passage. 4. The valve of claim1,

wherein: said .ba]l is.disposed in said housing
Z. deﬁhﬁ\‘?&vea" ?‘F’oLﬁ’H}eﬁ?jn'annul ar space further defined
by @ MRERS o ﬁﬁgﬁst&{@otﬂpﬂié&!\ﬁﬁ ePdrERNfodr Bf RRIFiLOSS.

contact with said ball; 'said annular space i's seal ed
3. agallstaleg ofl ddaist 1,ovlereif: sai d sl eeves. 5. The val ve of

claim,4, wherein: said,annul ar space ., s sealed with a
fi rgﬁldgggqnsgﬁeﬁwetgg%' %%3 agqu@@g@_d P85538%ie val ve of
4. cl arke mlveTilfint, vdkidn:upper sl eeve conpri ses,

adj acent a | ower end, a seat with an upper resilient
seafaid padt ischiypasessinsaidhayging defininpresuredupdingfangplal ppage further

crfBESE T RE P BHPLEEE
said annular space is sealed against at least one of said sleeves.
5. The valve of claim 4, wherein:
said annular space is sealed with a first seal against said upper sleeve.
6. The valve of claim 5, wherein:
said upper sleeve comprises, adjacent a lower end, a seat with an upper resilient
seal that engages said ball.
7. The valve of claim 6, wherein:
said bore in said ball equalizes with pressure from downhole against said ball
when said ball closes said passage as said first seal and said upper resilient seal contain
pressure from downbhole.
8. The valve of claim 4, wherein:
said annular space is sealed against both sleeves.

9. The valve of claim 8, wherein:

said annular space is sealed with a second seal against said lower sleeve.



when said ball closes said passage as said first seal

and said upper resilient seal contain pressure from
waelzoaphdis¢d 8. The val ve of claim4, wherein : BEIE/TS2009/037622

annul ar space is seal ed agai nst both sleeves. 9. The

val ve of claim8, wherein: said annul ar space is

sealed with a second seal against said | ower

sl eeve. 10. The valve of claim9, wherein: said | ower

s eave SeSe di acent an upper end, a seat with a

Iovve evag en%’)f%?ﬁlfn sed r?lﬂat engages said baII 11. The

val ssed Wwek |shdee E0mpHbR] &d BJGenﬁaah dpp@tiendi B seaiwitballdwer resilient

equal i zes with pressure rom uphol e agai nst said ball
Seamémgf@%’éﬁalcl oses said passage as said second seal

%E [ seal contain pressure from

upﬁn?‘%aq‘ié lg{gtgl“%/ﬂe&% claim?7, wherein: said

annssidbore(incsidi tallse@blicts agth peisubofbmSiphekesgainkd said bell when
said annul ar space_is

e. of cl a| m 12, wherein:
Salfi E%MY &lpsey £3id paswags g sgélaﬁeca&é%tanéaﬁaeﬂ loyvee rresijignd aeal contain

presstire 018 o X’%l\ée of claim 13, wherein: said |ower sleeve
conpri se adj acent an upper end, a seat with a | ower

12.r esThe elve cfeddint hatheesigages said ball. 15. The val ve
of claim 14, wherein: said bore in said ball equalizes

wi tSFpnmelag space iy shelfgaspiosthpth sleevesai d bal | when said
13. bal ThedaPRESF dahtiNIdeage as sai d second seal and said

| ower resilient séal contain pressure from uphol e.
said annular space is sealed with a second seal against said lower sleeve.
14, The valve of claim 13, wherein:
said lower sleeve comprises, adjacent an upper end, a seat with a lower resilient
seal that engages said ball.
15. The valve of claim 14, wherein:
said bore in said ball equalizes with pressure from uphole against said ball when
said ball closes said passage as said second seal and said lower resilient seal contain

pressure from uphole.
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