1 Novenber 2006 WO 03/093705 PCT/ US03{12067 BALL VALVENASSENMBROG6FI el d of
the I nvention The present invention relates to ball valves and, nore

parti cul ar ball 5 valve for use in an oil and gas production
systen1andh§5§%$?@%ally within a tubing hanger of a pro 10842067 ee.
Background- of the Invention The oil and gas production industry has
historically relied upon gate valves.410 - for controlling fluid fl ow. Bal
val ves are, of course, widely used in other industries, e.g., in piping
systens for handling vari ousBiiLki VALVEABSSEMBEISS have occasionally been
used in the oil and gas production industry, but a ball valve is generally
not consiFitdd efithesinvertioabl e as a gate val ve due to concerns regarding
reliable sealing between the seats and one or nore of the valve body, the
val ve act uat or Thepeésent inkenticn rekités toledlievaledsvasi, atcee phdicelady, togelvadl al | y

qui te bul ky and expensive conpared to ball valves. In oil and gas
producki ORalslFoElHSe int éwoishrz@ggé ﬁtdmw@h ¥gstem dricesperitichly withiaizgiiblngcant
concern since the area around the production tree is limted, and the
product i ofghgdfislod@@mnitEer ous pi eces of equi pment, such as bulky gate
val ves, whicth nust be reliably maintained and, if necessary, replaced. 20
Rel evant prior art patents include Beazley, 5,313,979; Kenp, 4,911, 408;
Kenp, 4,899,980; Hal pine, 4,113,231; Moran, 4,147,327; Scaranucci,

4, 254, 793; )| £ 00; Codfrey et al., 5,338,001; MI berger, et
al ., 4 31??%%?@‘5@@?4’1%9%@& 2006 WO 03/ 093705 PCT/ US03112067 -1 et

al .. 5. 551, 6650y MG 03l o pAilcbt el ALERRNricdy¥ed Bfon i vaRkent No.

10 . for controlling fiuid flow. Ball valves are, of course, widely used in other industries,

" e.g., in piping systems for handling various fluids. Ball valves have occasionally

- been used in the oil and gas production industry, but a ball valve is generally not

considered as reliable as a gate valve due to concemns regarding reliable sealing

between the seats and one or more of the valve body, the valve actuator, and/or the

15 ball. Gate valves are, however, generally quite bulky and expensive compared to

ball valves. In oil and gas production systems, the size of the valve is frequently a

significant concem since the area around the production tree is limited, and the

production trée includes numerous pieces of equipment, such as butky gate valves,
which must be reliably maintained and, if necessary, replaced.

20 Relevant prior art patents include Beazley, 5,313,979; Kemp, 4.911,408;

Kemp, 4,899,980; Halpine, 4,113,231; Moran, 4,147,327, Scaramucci, 4,254,793;

Mohrfeld, 4,815,700; Godfrey et al., 5,338,001; Milberger, et al., 4,317,490; Noack,




6, 293, 513 di scloses a ball valve having a convex seat. 1N&GenBatz06 No.
6,176,316 discloses a subsea well head assenbly with ball val ves disposed

Wi t hin thea‘?’(?@& %ﬁé bores of the in-line tree assenbly. U S. Patent No.
5,575, 363 Ql8¢18 a safety 5 valve for use in a hori zoREHIS®BAYET The

assenbly includes a cylindrical spool supported for rotation about its
| ongitudinal axis in the valve body. 1£S. Patent No. 4,415,037 discloses a

bal | val ve %isgrggﬂ% % igned to elimnate tearing. of the annular

el ast oner i & Be RO gaten57ha3gicarndMochows 4,888,756/ IU.SnPaeapMase t o
excessi veaédgggb%, U K. Patent Application No. 2,358,207 discloses a subsea
10 wel | he Ehfisgloges apall value having swabversedts 1.5, Retent NG, 60178318  val ves,
a cross-ovger . valve, and an annul ar naster val ve and anot her swab val ve.

Appl i cat i SFOlRSesSEIUbsea elihear assembily with ballvaives disseed edthirtheeich] 0aded
froma valve seat during rotation. Application W 01/53654 di scl oses a

sl eeve valbPEes@ithe injide debiasabmply. 445UPERME Bl b,5781368 disdesesamdyt he
annul us bore of a tubing hanger body. 15 The di sadvantages of the prior art

ar e "ovBr cAleLpr Use ipraderitontavees.i Ofhe aSRFnBy Tholtd VSWH%iJaﬁlsg%lvel y
ich. ha

conpact ball valve assenbly is hereinafter disclose parti cul ar

utility i supporkdfoamndatimeboubliiehdiRidiny akigh \Hﬂ?é r -3, SUMMARY OF
THE | NVENTION | n accordance with % first 'arénpg%t 0 fb;{ﬁg b"r?g'ggaﬁ?mﬁ?/enti on,

there is $Ad5j032disclosed b e Vet de&gﬁ%iﬁ cfidhinafls YRUHE Gy havi.ng

an inlet port, an outlet port, a passdgewa er e-be smtting
fluid, anshraflad elastormfie sakl #hic %ﬁ i ort. and a cl.osed val ve
hydraulic port; a ball wthin ﬁﬁasgéve R e@ﬂ’%@"’%'&'ﬂfﬁ%@@ﬁéﬁ?t t herein
and a spheXcessive ®ddhd Oy RU : | 4, bgi tatgble wthin the
val ve body for rotat i%n l'l,)et \?ffggeﬁl?a{\r?tpggaetﬁ)%p'ggi ?1%%’@203389_?%@& 887tion; a
seal 10l navelhelt Bsefblsig <1 Uior sWab Y80, Abai 1 SHRIGT valves, aierosacover o ¢@!
valve, and an annular master valve and another swab valve. Application WO
- 00/15943 discloses a ball valve intended to be offloaded from é valve seat during
rotation. Application WO 01/53654 discloses a sleeve valve and a hydraulically
actuated ball valve disposed in the annulus bore of a tubing hanger body.
15 The disadvantages of the prior art are overcome by the present invention,

- and animproved and relatively compact ball vaive assembly is hereinafter disclosed

which has particular utility in an oil and gas production system.




surface of the ball when the ball is in the cl osed positNermaadodéuid
pressure is upstreamor downstream of the ball; a support ring for

engagi ng the exterior surface of theg ball when the ball is in the closed
position and supporting the ball when fluid pressure is upstream of the
ball; an actuator sleeve surrounding the ball and axially noveable within
the valve body for rotating the ball between the open position and the

cl osed pasiNMMARY OF FHEUNVENTIGRSUre in the at | east one hydraulic port
noving the actuator sleeve axially within the valve body; a first seal

bet ween the se@hcddrdidhcdWth 4 fiet Aplebpdiahe Sle8OMveALiSE INRIE iSHdlidbghveen t he
support ring and the actuator sleeve; a third seal between the actuator

sl eeve andilvhiRe “asarRoipsbriprRingOH Whie $88Y halifd ¥R filetl fRt, SRt gogt, and the
val ve body; a fifth seal between the support ring and the valve body; and

t he four tpassRplval dvdroBetvdbndBELSisntfifg faK, Ahpat Ikhe d‘nbro?tansc%éh vagch that
fluid pressure wthin the seat ring exerts a force on the first seal and

‘the foutybrasRaporrBheh ddsel Vans Mybitait bét; tdsalSAtin tHe@iVebod) ravihg!

direction toward the ball. In accordance with a second aspect of the
present ianihedlighOport tHEREIA drfd a pRYHEke ExteriBalslirdd, \ee 398 HEHgY rotA8HBr i Sing: a
val ve body having an inlet port, an outlet port, a passageway there

bet ween fathintth@RaIvE bbiyrrdtaiich Bét@Ben b 8péMp&ditiddOarld 4 Blobdtepssitidnes port, and
at | east one of an open valve hydraulic port and a closed valve hydraulic

port; a lgahd ring Within tihd@alva@lbsgy RRdalidy bthgdmehh ik @ Betidrichin®tidtion and a

spherical exterior surface, the ball being rotated 1 venber 2006 3a

Wi thi n tkerfacd yetheoshll hen ted ahil @ i HarB1B8eR Po e aRQ Fiuld ﬁl!‘ésﬁﬂé ig@ closed
position; a seat ring having a concave radius surface within the val ve body

- for seal upsireingantimtredintdT thid1salls B REpHSHRINERSF 8fidingSHE breRoniurabe bal | when

the ball is in the closed position and fluid pressure is upstream or
-~ downst r eafmnefbalfwhebahé balisSiHROEbsdd pakition’ arRNGpgbAblg tRebAaKkREH Miid sur f ace of

pressure is upstream of the ball; an actuator sleeve surrounding the ball and axially
. moveable within _the valve body for rotating the ball between the open position and
- the closed position, hydraulic pressure in the at least one Hydraulic port moving the
actuator sleeve axially within the valve body; a first seal between the seat ring and
the actuator sleeve; a second seal betweeh the support ring and the actuator
sleeve; a third seal between the actuator sleeve and the vétve body; a fourth seal
between the seat ring and the valve body; a fifth seal between the support ring and
the valve body; and the fourth seal having a diameter greater than the first seal
such that fluid pressure within the seat ring exerts a force on the first seal and the
fourth seal which is transmitted to the seat ring in an axial direction toward the ball.

In accordance with a second aspect of the present invention, there is
provided a ball valve assembly, comprising: a valve body having an inlet
port, an outlet port, a passageway there between for transmitting fluid from
the inlet port to the outlet port, and at least one of an open valve hydraulic
port and a closed valve hydraulic port; a ball within the valve body having a

‘through port therein and a spherical exterior surface, the ball being rotated




the ball when the ball is in the closed position and supR&ehbadobbe bal l

when fluid pressure is upstreamof the ball, one of the support ring and
the ball including a fluid passageway for preventing seal ed engagenent of
the ball and the support ring; an agt uat or sl eeve surrounding the ball and
axially noveable within to the val v8%body for rotating the ball between

the open position and the closed position, hydraulic pressure in the at

| east  onewitRiditu Ve AYdy B \robdichNSetdelehdhR o n?ScYﬁticﬁi‘%ﬁHlé/ s n the

val ve body; and the actuating sﬁeeve bei ng continuous between an upper end

<l ceve. i Prarind WELnG 7 e8foa tetfus Boltrod YRl YR U8B 1Y

t he open jposition, wherein t act yator sl eeve s or urality of
e al Ty dBaSeTE padGeTiEa: Wi The SPREIEA SMIEROR STARERT oAl WNBB iven ¢ he
sl eeve and the valve body. In accordance with a third aspect of the present

L y o ! .
i nvent i orthet hall eisi &0 theoviased RoplPN aady Buigs psassuye cisnplosteag of val ve
body having an inlet port, an outlet port, a passageway there between for
t ransmi t tdownsitieain of tloenbialiea suplpett g fort engdping dihé extepior tsurfand oft | east
one of an open valve hydraulic port and a closed valve hydraulic port; a

bal I wi t hhée biallaviver tee baklis mathiengosed poSiAE ANBOSUppoRfiEing BaPwhesPheri cal
exterior surface, the ball being positioned within the valve body for

rotati on et YRARRS (ORBLIBAY b B2 BAMl dhe 6f ARELuBASH irBNand REFaI' | N9

wi thin the val ve body tTor sealing engagenent 1 enbe with the

ot 1 on b7 fupt bedie ey’ OF sffuaniorSeatel hleoetRol BN ting 1 or
engagi ngai?ﬂe exterior surface of the ball when the ball is in the closed

~ posi ti on 28HdtheuBHRRATE A% 1D Bsiuatelhgreye (ruirgunaing the ball gt p&avof t he

:bal a moveable within to the valve body for rotating the ball between the open
position and the closed position, Hydraulic pressure in the at least one
- hydraulic port moving the actuator sleeve axially within the valve bgdy; and
the actuating sleeve being continuous between an upper end above the ball
and a lower end below the ball, such that the actuating sleeve maintains fluid
pressure within the valve body when the ball is in the open position, wherein
:the actuator sleeve supports a plurality of axially spaced guide rings to
minimize metal-to-metal contact between the sleeve and the valvé body.
In accordance with a third aspect of the present invention, there is
provided a ball valve assembly comprising: a valve body having an inlet port,
 an outlet port, a passageway there between for transmitting fluid from the
inlet port to the outlet port, and at least one of an open valve hydraulic port
and a closed valve hydraulic port; a ball within the valve body having a
thrqugh port therein and a spherical exterior surface, the ball being
- positioned within the valve body for rotation between an open position and a

closed position; a seat ring within the valve body for sealing engagement




an actuator sleeve surrounding the ball and axially noverdlesiby dobs r espect
to the valve body for rotating the ball between the open position and the
closed position; the ball being forned froma high strength material; a
ball engaging ring of the support ring being forned froma high strength
material; and the seat ring being T%E?Fred froma low strength material. In
accordance with a fourth aspect of the present invention, there is

provi ded \@tHPHd sMadrical @RERiEP sVirfaB8 B ths | B wRerY e/ Ball ®I¥h By bidgedn i nl et
port, an outlet port, a passageway there between for transmtting fluid

from the, t r &, 0 t.Le t,. Jyeast of. .an. apen val ve
hydr aul i ?Osgigrﬁt aﬁﬁdﬁ%ﬁcptéséga%é% v%pﬁgé’cﬁr%u(?ﬁ]gq%obrdt": aaZ Sé‘@l?’ﬁrthhognfé)?a t hr ough
port therein .and a spherical exterior surface, the hall bein sitioned
within tﬁgg\?al%ﬂ“% rpérswﬁcgt Pgﬂh% %ile&v eQnthﬁpBﬁ" ﬂ%s‘ﬂt‘i?'@ndgﬁgga cl osed
position; a_seat ring wthin the valve body for sealing engagenent wth

t he spheosHionsgndpuRRorting theyball yyhemBuigpressurers wpstream of &ei balt he cl osed
position and fluid pressure is upstreamor downstream of the ball; a
support @nnactéiator slegagi sugrouhdingxther ball and axiblly enmieableewithirespéwtiot he bal |
Is in the closed position and supporting the ball when fluid pressure is

upst r eamtiod valve Horlylfor Anaie) thel odll BERRIER theWpedUsutitth 4@ thbbseéad axial |y
noveabl e with respect to the valve body for rotating the ball between the

open posipbkRiBnathé IBéTPb&h??!@r‘?néH)ﬁbH Qmi%lggﬁ?lg@hlmaﬂéﬁéi; '&%él?@ﬁ%g}iﬁ@p%i ng

flats for cooperation wth correspondi S on the actuatihg sl eeve;

sy L S T A b bl

positioning wthin slot.in one of the ball, and the sleeve and a hole in
the ot hé‘?g'b‘fmq H@’”Sszm%‘iHOFhﬁl%Wég@Qg Alird-e the ball between the open

~position )
In accordance with a fourth aspect of the present invention, there is

provided a ball valve assembly, comprising: a valve body having an inlet
'port, an outlet port, a passageway there between for transmitting fiuid from
the inlet port to the outlet port, and at least one of an open valve hydraulic
port and a closed valve hydraulic port; a ball having a through port therein
and a spherical exterior surface, the ball being positioned within the valve
body for rotation between an open position and a closed position; a seat ring
within the valve body for sealing engagement with the spherical exterior
surface of the ball when the bali is in the closed position and fluid pressure is
upstream or downstream of the ball; a support ring for engaging the exterior
surface of the ball when the ball is in the closed position and supporting the
ball when fluid pressure is upsfream of the ball; an actuator sleeve
surrounding the ball and axially moveable with respect to the valve body for
rotating the ball between the open position and the closed position; the ball
having rédial opposing flats for cooperation with corresponding flats on the

“actuating sleeve; and a pair of opposing pin members each extending




and the closed position in response to axi al novenent afNdéebesbamyve.
According to a preferred enbodi nent, the present invention nay provide the
ball valve assenbly with a first seal between the seat ring and the
actuator sleeve, a second seal between the support ring and the actuator
sleeve, a third sleeve seal betweerP%he actuator sleeve and the val ve
body, a fourth seal between the seat ring and the valve body, and a fifth
seal between the support ring and val ve body. The first seal and the

fourth sealwed® SifaebrsYed bARlanknNg BHRSSIHRIING it "ol tReSQBEVE ifBp  exerts
an axially directed force on the seat ring whicth is transmtted to the

bal I . Aﬁ%@ﬁﬁinﬁf\ﬁi“u‘ﬁh raeglo?ff#%%g'@f'ﬂueoé I 5% Bﬁ{%’é"\le'é}ﬁo‘a@tﬂ 04 i{ye Pr ovi de
that each o tHe seat” ring an suppor% Fing has a subs ar?tlally spheri cal
bal | engagin ncaye rfagce for ihg e enent, Wi th the exterior
surface 8&%@&%@1&)@“ a@éics:'ﬁ‘eosﬁe‘?‘f?e% Ecg%{e ﬂ%ﬁqgﬁ%v@?ﬁp@ﬁoqqnnﬁo%ﬁ‘% erably

al so includes 1 Novenber 2006 -4 an inner convex surface spaced between
the bal | 2B 4By rleged peskion innesnanseitaxial mpvameriof dhe sleevei ng, and an out er
convex radius surface spaced between the ball engaging surface and the
out er di anet efcedrdingéo 2 prajerrethembedivante thegaesent swehtiremanprovide tiseat rj ng
provi des | ow pressure sealing wwth the ball and the inner convex radius
surface ball vyaee asgmbly wigh pifisstisgakbdivegn theesstirirg srditheraptudtensiedve, seat ring
di aneter increases. A further preferred enbodi nent of the present

i nvent i of seegndpreaVbetweemithe suppad tiog aptl dwactsaior desvds atthied Pedve seatl i s
axially noveable within the valve body for rotating the ball between the
open posbetwgan trechatuptorsiepyedinddie valembody afiourthorealibétoeepthesssaténg n at | east
one hydraulic port noving the actuator sleeve within the valve body. The
support aihihewalverbasiigaree Tifth seakbaiween thewaupacet riog aadbvalvie bedgnThene bal |l is

in the closed position and supports the ball when the fluid pressure is
upst r eanfirst seal and the fourth seal are sized such that the pressure within the seat ring

exerts an axially directed force on the seat ring which is transmitted to the ball.
- Another preferred embodiment of the present invention may provide that each of
the seat ring and support ring has a substantially spherical ball engaging concave
surface for mating engagement with the exterior surface of the ball. Each of the

seat ring and support ring preferably also includes




fromthe ball is prevented from seal i ng engagenent of thevbabdroasgl t he
support ring. The fluid passageway for preventing sealing engagenent of
the ball and the support ring may be provided in either the ball or the
support ring. The actuating sleeve hs conti nuous between an upper end
above the ball and a |l ower end below™ the ball, such that the actuator
sleeve maintains fluid pressure within the valve body when the ball is in
the open position. A yet further enbodiment of the present invention may

provi de. Ut b8 hal B0 pLOR AL pEM9RGLAR PGS L SIREaD!Y

formed froma hig eforrred

from a '%Xg@%g,e&gﬁwe @gogﬁa%%@e%ﬂv SRR %Qﬁéceg%(?ﬂ?éénqﬁ i ded on

surfaces venber seat rin rovi des Ssea

engagen‘eréhgg\%’(LQ %lj?ﬁ'ce%ldlthe éJt?F’@lEmeiel?%f i gihé 8&{5%% H tﬁ%@% St ai nl ess

st eel ase naterra ani unt materi a &r yl1ium

copper miﬁee r|n Iidesidie Q@.L,uref?sgghr[ghﬁﬂp lbaﬁ’ﬁﬂ@?”e’]ﬂnérceﬂve(?(fra%hge support

ring may be From a Beram ¢ erla ungsten carbi mat eri al .

A yet fur thée @eg?m%@%yngfgigpg?égﬁre' s@éﬁﬁ}; {gﬁ@n H@yseg{ B &&mb ?t the bal |

i ncl udes rad| al'ly opposi r-cooper at W corresponding flats
on the q&?#& sl eeve. A pair of opposing pin nenbers each extending
bet ween a t on the ball and a corresponding flat on the actuator sleeve

~are positioni ﬁgfdﬂhépg%fé”rreﬂ ﬁltnb% ||[Fl H]Efe l[!)re@%lﬂ iffvendbh ?ﬁ‘a&oﬁghag gl e in the

actuator sleeve to rotate t ween e open ion and the

Furt her " Cnbed) mesle SFERRS Te farids nfgﬁl‘f@“}ﬁ%b'gt”ﬁt@@ttﬁ@ ilhe POETHF A}KSE f
seal bot hbaren gr%ﬁl b e%%gﬁmgiuﬁn lf-ltﬁ'e Bk@é@ﬂ&ﬁtldrﬂ%ﬁ dPauR#Ufa ity o

axially spaced ter sea eneénts near fluid
pressurepald e in at least one hydraulic port moving the actuator sleeve within the valve

body. The support ring which engages the exterior surface of a ball when the ball is
in the closed position and supports the ball when the fluid pressure is upstream
. from the ball is prevented from sealing engagement of the ball and the support ring.
The fluid passageway for preventing sealing engagement of the ball and the
support ring may be provided in either the ball or the support ring. The actuating
sleeve is continuous between an upper end above the ball and a lower end below
the ball, such that the actuator sleeve maintains fluid pressure within the valve body
when the ball is in the open position.
A yet further embodiment of the present invention may provide that both the
ball and the bali engaging ring are preferably formed from a high strength material,
while the seat ring may be formed from a low strength material. A high strength

coating may be provided on surfaces




harder seal elenents downstreamfromfluid pressure. An nexwbasdrzerd of the
I nvention is that each of these seals may be bi-directional seals. The
seal s which engage the seat ring cause the seat ring to nove toward the
ball in response to hydraulic fluid pressure within the interior of seat
ring, while the seals which engage-Hhe support ring do not result in
significant force pressing the support ring toward the ball when fluid
pressure is interior of the support ring. ‘A yet further enbodiment of the

present LayRNd Pt -d%g%{gags %eﬁhg%ﬂﬁg%%éeqttw% RERL. rA@gatarﬂﬂg qypport ring

has a mal he ra us bot e t hrough

the ii b@b%ﬁﬂ&? rfrc%? Q@eel Qtafn?e%Be&Eét"ea |c{0<%| l%é%ef e eggr uag gpﬁ&rﬂ%gge of the

i nvention nmay provide energlzer Spring urging the

seat ri n%r%é}%l BPQ b%lg}@ﬂﬂt&oﬂpep%atérﬁ Rﬁ% tl\{g l)é{ll aﬁd)t'l\%rb%ll erﬁgagglnglnhg of yet

anot her vent eeve

S“ppo”stlﬂeeQu;gj; ?ﬂ ;.,ﬁ%n%glﬁémh'ex caeeer%m.éigqoar iotu;ﬁpgepﬂ}ﬁb.aé’m act

bet ween t t uat eeve an e val've enbodi nent
of the |H%$Q jon may be that the valve body is prOV|ded with both an open
val ve hydrauli’c port and a closed valve hydraulic port for axially noving

the actuat or ?\H%?Yiﬁ'theﬁgﬂlbbgﬁﬁ\ eREGH e g?&ggf n@%rﬁtlﬁgsmn%y ﬁr’o@fﬂla tﬁ%ﬁg&ﬁél?” e

exterior of e seat ring an talns r au

pressur e; eitiek i Qkiaff ob@mgswae%{ cobH&atléAh mh éowetc, &{d.r@gﬁgﬁ g Of the

i nvent i on may provi-de the “suppor engaglng ring

for engagifigiol B LepAiPEt &dbﬁ&ﬂ&%lf%ﬁ%%r@éééh e&%ﬁm@ between a flat on

the ball and a corresponding flat on the actuator sleeve are positioning within a slot
in the ball and a corresponding hole in_the actuator sleeve to rotate the ball
between the open position and the closed position in response {o axial movement
of actuator sleeve.

A yet further embodiment of the present invention may provide that seals
that seal both bore pressure and hydraulic fluid pressure include a plurality of
axially spaced sealing elements, with softer seal elements near fluid pressure and
harder seal elements downstream from fluid pressure. An embodiment of the
invention is that each of these seals may be bi-directional seals.

| The seals which engage the seat ring cause the seat ring to move toward
the ball in response to hydraulic fluid pressure within the interior of seat ring, while
the seals which engage the support ring do not result in significant force pressing

- the support ring toward the ball when fluid pressure is interior of the support ring.

A yet further embodiment of the present invention may provide that each of
the seat ring and support ring has a wall thickness from 0.3 to 0.6 times the radius

of the bore through the




dissimlar material seal ring spaced opposite the ball wdbmp&dpest to the
ball engaging ring. A juncture of the ball engaging ring and the seal ring
need not provide sealing integrity since the seal between the actuator

sl eeve and the seal ring is spaced_ggposite the ball with respect to the
juncture between the dissimlar matérials of the support ring. A further
enbodi nent of the present invention may provide a vent hole in the ball
may be provided for venting pressure fromthe exterior cylindrical surface
of the P@ép’ecﬁ\féﬁn@e through port in the ball. A vent hole may also be

provi ded in each Of the pin nenbers which interconnect the actuator sleeve

to the bal | | NAKETIREANIA of hoAGRBRAAERLVBD daRldERhEOfaTEY Provi de

the pin nenbers wh I nterconnect t toth eve are

const r UChif Pudeddbr un‘taFr@tthQ'%tef ri thB'sﬂH&ﬁ;’Eﬁé, 6)3%#&%@?,98\9&&@& he ball

is restricted, so th the pin ers an rotate as an
assenbl ypugth respect to the actuator sleeve during novenent of the
actuator sleeve. Another embodinment of the invention nmay provide that the

val ve body toaby aaoth&bérngom@aeaf tfwé’frbvéh't%%éy BﬂavﬁlettHP gegjiaockle@%' na well.

In alternate enbodi nents, the valve body is a manifo or a downhol e

safety valprtsA Blgﬁa%tybefea)@éil\}%ta@&?gﬁ’iﬁe tnPSs W gﬁﬁﬂﬂi)zle' (Q)Y] e e'eﬁ tfn@at the

conponent s of the valve are readily av ere owi ng for

t he econg@ﬂjgﬁkmg%g%grvgwe peg@, and repair of the baII vaI ve which has
inproved life and high reliability conpared to prior art valves. Another

possi bl e aﬂmnﬂﬁa@r@ﬁbameﬂrcﬁsﬁ@ﬁwémﬁ%a ﬂhéme%wteib%dg %SV.BQ@V for the

bal | val ve assenbly nay take on various configurations as the body of

a tubi ngwhﬁ“ﬁgﬁ‘ar an B;I%?\ P hfraQRVBICAR 8 fo8Ly vXiad Vbdralfic batErR APt 2

mani f ol
- moving the actuator sleeve, and the seat ring maintains hydraulic pressure exterior

of the seat ring and the support ring maintains hydraulic pressure exterior of the
support ring.

A yet further embodiment of the invention may provide the support ring may
comprise a ball engaging ring for engaging the exterior surface of the ball, and a
dissimilar material seal ring spaced opposite the ball with respect to the ball
engaging ring. A juncture of the ball engaging ring and the seal ring need not

-- provide sealing integrity since the seal between the actuator sleeve and the seal

- ring is' spaced opposite the ball with respect to the juncture between the dissimilar
‘materials of the support ring.

A further embodiment of the present invention may provide a vent hole in

- the ball may be provided for venting press'ure from the exterior cylindrical surface of

the ball to the through port in the ball. A vent hole may also be provided in each of

the pin members which interconnect the actuator sleeve to the ball.




These and further objects, features, and advantages of {M®eRbr&3008
invention will becone apparent fromthe follow ng detailed description,
wherein reference is made to the figures in the acconpanyi ng draw ngs. ---
------------- - - - -------- 1 Novenber 2006 WO 03/093705 PCT/ US03/ 12067
-8- Brief Description of the Drawings Figure 1 is a cross-sectional view of
a ball valve assenbly with the depictfed conponents positioned within a

val ve body. Figure 2 is an enlarged view of the seals between the val ve
body and an 5 upper nut, and between t he upper nut and seat ring. Figure 3
is an enlar gegﬁlw e\gﬁﬁf the S bet ween the actuator sleeve and the valve

body. Figure MRt Gf 8 PYRNOB T MAKPTeVde e (RiR JRePRSathight or sl eeve

d the . N f th | bet
The R B P e 2 SR TEh Ul 287
t Fi shows t he
PnerconfifoePBeEeinEERPe Balhl i irrkbn T lRgnisispeai eth?gure s
d t t igure 1.
Seb St 50k PSSO, oo U6 i B ke e &

i I r
%éogep[ ctn%sovgm%q f]tﬁe‘agt[:attops eg\?el | generally shown in Figure 1 Novenbe

Another embodiment of the invention may provide that the valve body to be
a tubing hanger for supporting a tubing string in a well. In alternate embodiments,
the vah)e body is a manifold block or a downhole safety valve.

A possible advantage of the present invention is that the components of the
ball valve are readily available; thereby ailowing for the economical manufacture,
use, and repair of the ball valve which has improved life and high reliability
compared to prior art valves.

Another possible advantage of the present invention is that the valve body
for the ball valve assembly may take on various configurations, such as the body of
a tubing hanger, the body of downhole safety valve, or the body of a manifold.

These and further objects, features, and advantages of the present
invention will become apparent from the following detailed description, wherein

reference is made to the figures in the accompanying drawings.




WO 03/ 093705 PCT/ US03/ 12067 -9 Detail ed Description of1Rsebkeereds

Enbodi nents Figure 1 depicts one enbodi nent of the ball valve assenbly 10
according to the present invention, including the valve body 12 and a ball
14 within YRXIFY2 body for rotation between an open pBEWESBM20§Hhd a

cl osed position to control- fluid flow 5 through the val ve body. The val ve
body 12 includes an inlet port 16, angutlet port 18, and a passageway 20
therebetween for transmtting fluid between the inlet port to the outlet
port. TheBnaf Pegcrivtior of thedsawingshi n t he passageway 20 has a through port
22 therein and a spherical exterior surface 24. The actuator sleeve 50
nmoves to rot aFigutehbistaatrpss-gectional viewrof ajati vaiye wageraily with ikedenitied open
position and the 10 dosed position. The operation of the valve, and val ve
oper at i ngcomppoerds positiomst] withiheevalembody conponents are di scussed bel ow.
Those skilled in the art will appreciate that, in a preferred enbodi nent,
al |- the conpoFigotes2 temh ehiegedvieiwgof the lsealschetwatmtiedhlve bodyhandanval ve
body, which preferably would be the case if the conponents were installed

Wi thins a uphereubGihd Bétwabn efe WSiserat bl 3eatyigger for suspending tubing

string in a well. The configuration of the valve body itself may differ

dependi ng on t#guREik aR@hiRged ViBR of #he/SoAbbetivdBn tY KAGAtOr IEMRIUridARe | S
particul arly deSigned, however, for operation within a fluid stream

wher ei n WQ?@BO(?X.”Q seals with the closed ball when fluid pressure is
either upstream or downstreamof the ball. 20 The seat ring 30 as shown in

Figure 1 is a ﬁb,{ﬁg\ﬁg? geigggggﬁv@ﬁrofmet&@%bn t%&é}?rgég\)‘eaé}ﬁ thd. The

support ring. rengagl ng exterior 1 Novenber 2006 WO
03/ 093705&%%‘5/&,1% 3/ 12067

10 Figure 5 is an enlarged view of the seal between the support ring and the
valve.body.

Figure 6 shows the ball in the closed position.

Figure 7 shows the ball in the open position.

Figure 8 shows the innerconnection between the ball and the actuating
15 sleeve. | .

Figure 9 depicts a lower end of.the seat ring for sealing with the ball.

~ Figure 10 depicts an upper end of the support ring for supporting the ball.

Figure 11 depicts a portion of the ball generally shown in Figure 1.




-10 surface 24 of the ball when the ball is in the cl osedoRrasetidonsn and
supporting the ball when fluid pressure is upstreamof the ball. Valve
operation is controlled by axial novenent of actuator sleeve 50, which as
shown surr BT ball 14 and is noveable al ong axi s BCI/EHANE val ve
body 12 for rotating the ball 14 between the 5 open position and the

cl osed position. The ball valve asseaply 10 as shown in Figure 1 includes a
first seal 60 between the seat ring 30 and the actuator sleeve 50, second
seal 62, WelalledRescrption ofMieferred Embadimentsr st seal , for sealing between the
support ring 40 and the actuator sleeve 50 (see Figure 4), and a third
seal 64 for sebiguregl drpicte one embodimaentofthe bekbealee agsdhtblphd actwdingitee body 12
(see Figure 3). The fourth seal, which may be a conbination of seals 98
and 99, i thedpresersideentiohoncluGingehe valvedodyti? arid a el ddsweithin thestaive | n
Figure 1 include a fifth seal 66 as better shown in Figure 5 between the
support rbody fBrotatibntbetweesrl areofathositiheandsaidsedpasitioh fucontobiidfiowet ween a

| ower spacer ring 68 surrounding the support ring 15 40 and a | ower nut 70,
whi ch sraythpeughthe #8rd bbay.! TRe valvy o8P 4 inclddes thailetport 1B dmbutie? fort hus
conpresses the seal 66, since spacer ring 68 is trapped against the end

sur f ace - 778 Ghldacéahi 0Herddihiosh foPGRiARg M Bekhesh 16 (B8 gard seal 66

may be positioned wthi'n the passageway 20 in"the val ve body, then the

wave  spri@ahd dudtbort TheHHRP dositiongd Qﬁﬁitntthggﬁgsdﬂéﬁﬁy@dﬁ% PERSagIEWay in

t he val ve body. The wave 20 spring 74 acts tween fl'ange 42 on Support

17940 30k Bl WOl acS AT A HOEalp Bl e o
PCTI US03/ t&-%%?%b'gb]béarﬂﬂﬁs@ﬁg%?% padshféwd 20 bbiiechfie 558 pbiiign 3d e 2

sl eeve- shape
10  closed position. The operation of the valve, and valve operating components, and

valve sealing components are discussed below.

Those skilled in the art will appreciate that, in a preferred embodiment, all the
components depicted in Figure 1 are contained within the valve body, which
preferably would be the case if the components were installed within a valve body

: 1:": which was a tubing hanger for suspending tubing string in a well. The configuration -
of the valve body iiself may difier depending on the application. The valve of the
present invention is particularly designed, however, for oberation within a fluid
stream wherein a seat ring seals with the closed ball when fluid pressure is either
upstream or downstream of the bali.

20 ' The seat ring 30 as shown in Figure 1 is a sleeve-shaped member with a ball

- seating surface 32. The support ring 40 is provided for engaging the exterior




40 as shown in Figure 1 contains both a ball engagi ng ri Revefthetttdsa

sl eeve-shaped seal ring 46. The interconnection between the high strength
ring 44 and the conparatively |ow strength seal ring 46 nmay be nade by
various coMAYHPHPT ons, 5 including a threaded connecti RECIESOPIWEE fit, or
wel ding. Since a fluid tight connection between parts 44 and 46 i s not
required, a slip connection may existi0between these parts. Referring again
to Figure 1, a I@yyyeﬁ Bi ston nut 75 is threaded to a |ower end of the

act uat or Syriace24y the hall whgp hakaliis in the clased pastienendssunpertingdhe Babul der 78
10 on the actuating sleeve and the | ower \))i ston nut 75. An ugper_ nut 84

si i | ar | ywhemBuidquassuge isvpsteaam of tha balls Vialys operation dscentrolied by axiahe
actuator sleeve. A pair of pins 80 and 82 interconnect the ball 14 and the
sl eeve 50mo¥gmeniseligeluator plagver5Qavhich as showpsurronads the haflhtt anddsl annul ar
body 90 and a seal retainer ring 94 conplete the assenbly, with the ring 94
havi ng exmevéahe alongaakis 96 of the watgmbadyeh? foribiating thentetli 1gbetiveendise on t he
val ve body and conpressing the seal 98 against the upper nut 90. Wave

spri ng 10@pencpasitivet avebihet dlesanpostdnand the flange 34 on the seat ring 30
to bias the seat ring toward the ball in a manner simlar to the wave
spring 74 actiThg bghvalee dsbemblypioasd shdvag in Bale 9%hchritissa st weslr6d he nut 90
and the seat ring 30, so that the conbination of seals 98 and 99, which

may--be cdsween the stiat fing 30 and the aohddtor S6dle S5 b¥aMA skBSWARY nsetie i ng 30
and the val ve body 12. Use of two seals 98, 99 and nut 90 thus allow for

ease of fiadrticePlo' tAB firéteal I8 Balin®betvd@n thdlySiHvEingdlPand e L&d188705
PCT/ 1JS03/ 12067 -12 conponents wthin the valve body. .According to a

Do o SRR SE0 o5 PR 8 0ale SaE b Racategptst ant )

“10 50 and the valve body 12 (see Figure 3). The fourth seal, which may be a
combination of seals 98 and 99, is discussed below.

Other components of the assembly shown in Figure 1 include a fifth seal 66

- as better shown in Figure 5 between the support ring 40 and the valve body. The

seal 66 is thus trapped between a lower spacer ring 68 surrounding the support ring

15 40 and alower nut 70, which may be threéded to the valve body. Rotation of the nut

70 thus compresses the seai 66, since spacer ring 68 is trapped against the end

surface 72 on the valve body. During installation, the ring 68 and seal 66 may be

positioned within the passageway 20 in the valve body, then the wave spring 74 and

the support ring positioned within the passageway in the valve body. The wave

20 spring 74 acts between flange 42 on support ring 40 and the lower nut 70, which is

“secured to the valve body, thereby biasing the support ring toward the ball.




ring 30, respectively, toward the ball. The axially genenNaieatheb2086i Ng force
of each of 5 these springs is sufficient to overcone the friction of seals
62, 60, respectively, between the respective ring and the actuator sl eeve.
As shown i AYEIHPF®SO, the seat ring 30 includes a substarCrabdg2spheri cal
ball engagi ng concave radi us surface 32 for sealing engagenent with the
exterior surface 24 of the ball 14._ The support ring 40 as shown in Figure
10 has a simlar 1o concave radius surface 48 for mating engagenent wth
the exterior sUdsuppciring 40, like tHeaddat rifiy @0y is agtee86-shafedmembepiRing cal
concave surfaces 32,48 contoured to provide a large |ow pressure sealing
surface 040 as algowo irf Biguenbegrtams both 4 ball Beydyirg ringaddind@ slevveishiaped
concentrated stresses atthe interface between the support ring 40 and the

bal | . Eacsealiring 36. ank #lekbifedtion y@tw&ncmawggéh cRehdth ringrdsend g, 106

spaced 15 between the concave radius surface 48 and an inner dianeter

of each rédifiparhtively zm-%iréﬁ?tﬁ%e%rrmgimby b%%ﬁéué?ﬂﬂ,v&iburs%h@réﬁﬁrfs@ce ,
104, 106 has a radius less than one half a wall thickness ot the respective

(N9 o n RoBEREeA HFeABAG Rion! Boores8 MY WRAing SihiGenddtigne the

support ring 40 has significantly [|arger lus, and preferably at |east

50% | ar ISkonnbsh bOGEANAS JRhH 36T TOREIBE £ BpBin Fb0SstO The

concave radi us surfa i ng' provi _ sure seal for
ot ovi dos eRRe esedr 206" Wp 031003705 PCT) USO3] 12087 13 prassur e
Pecl 9 enanmmghtlophil DT, Mol DEpR T Mo Red B Man il o T
Seal 11 " Bt ek obi g Fase Sk e Ao Mot Shbuity 50 "
cone q!\ée %%rthcia ggtu%?nqg (s)fé%vg ar':lnd alewg{wgr Sngo‘éeﬁ‘ut 9g'r /t\il'l 8Sgér nut 84 similarly traps ‘
seal 60 and seal ring 86 against shoulder 88 on the actuator sleeve. A pair of pins
- 80 and 82 interconnect the ball 14 and the sleeve 50, as discussed further below.
- An upper nut or other metal annular body 90 and a seal retainer ring 94
complete the assembly, with the ring 94 having exterior threads 96 for engagement
15 with mating threads on the vglve body and compressing the seal 98 against the
-upper nut 0. Wav:a spring 102 acts between the nut 80 and the flange 34 on the
seat ring 30 to bias the seat ring toward the ball in a manner similar to the wave
“spring 74 acting against the support ring. Seal 99 seals between the nut 80 and the
| seat ring 30, so that the combination of seals 98 and 99, which may be considered

20  the fourth seal, seal between the upper seat ring 30 and the valve body 12. Use of

two seals 98, 99 and nut 90 thus allow for ease of fabrication and assembly of the




The wal | thickness of each ring 30,40 shoul d be under st pQeietdel®os hi ckness
108 for the seat ring 30 and the thickness 110 for the support ring 40.
Each of the seat ring and the support ring preferably have a wall

t hi ckness W@I30%G% from 0.3 to 0.6 times the radius 116pCTIUB3/%6T he bore
t hrough the respective ring. Each ring 30, Id 40 further includes a second
convex radius surface 112, 114 spacedjsbetween the concave radius surface
and the outer dianeter of each ring, with this surface again having a
radi us | essmpdnentowdhindbevialvelimdyal | t hi ckness of the respective ring. As
briefly discussed above, ball novenent is controlled by axial novenent of
t he actuator HAceeuiing@o awretdredserabadimeht, the énbygizinge springsdduartd 902 of f 1 ui d
pressure in 15 opening port 120 or closing port 122. Those skilled in the

art Wl hgeresitatantid) afualdiasing foped for biashig thegapport angéy ambthessedt f or
providing fluid pressure to the sleeve, which will shift the sleeve

axially ey 3mradpRctitély btaMard the bdﬁ: STHeakialRyeREatbd Blasingdorcs bieich of N one

direction, e.g., in the valve closed direction, may be acconplished by a

bi-asi ng Sﬂ%s@gpnﬁgﬁbtshﬁifr&bmﬁ dVeRsomt ﬁaé)ﬂ%fusﬁ@se%em@@ BDa®kspectiveryce to open
the 20 valve venber 2006 WO 03/ 093705 PCTI US03/ 12067 -14 As shown

in Fi gurq)e}weg,gg.% RhpbaR sndfPe a@%at&%e% and 99 include a plurality
e

~of axially spac sealln enent s ccording to the present invention, t he

sof ter seal elyarmpls | ﬁrp?ql% VSRa0R 36 1oy b BEBRRASpha bip har der

seal elements are axial bwnstre rom ure Assum ng the

ol 5n%%?ﬁ@é’%ﬁ%%rg{f%@w%ﬁ@%ﬁ%ﬁ%@ﬁﬁn@!@%ﬂ%@w. o [
o | b I bl B 0 o PGSR AT C2L,
of t h%s © c%(ralgrl\vse r%ld ﬁl% S?J?él 4H¥grrn?a Jnlg%nz]ééjénqelﬁ)tr'uﬁt?ﬁﬁe exterior surface 24 of the :
ball. The rings 30, 40 have spherical concave surfaces 32, 48 contoured to provide
a large low pressure sealing surface on ring 30 for engagement with the ball, and to
- minimize concentrated stresses atthe interface between the support ring 40 and the
ball. Each ring 30 and 40 also include a éonvex radius surface 104, 106 spaced
15  between the concave radius surface 32, 48 and an inner diameter of eachring. Ina
preferred embodiment, each convex radius surface 104, 106 has a radius less than
- one half a wall thickness of the respective ring. In a preferred embodiment, the
convex radius surface 106 on the support ring 40 has significantly larger radius, and
preferably at least 50% larger, than the convex radius surface 104 on the seat ring.
| 20 The concave radius surface 32 on the seat ring provides a low pressure seal for

sealing engagement with the bali, and the convex radius surface 104 provides high




provided in one of the ports 120, 122. As shown in Fi guf Rsvedberdzo08nd 5,
each of 10 these seals is also a bi-directional seal, i.e., each seal
includes fluid energized seal elenents, with one of these seal elenents
bei ng ener §IZBE*HY f1uid pressure (either bore pressur ePSFUSASTI ic
pressure) regardl ess of whether that pressure is upstream or downstream of
the seal. Each of these seals also inelidides stacked or axially spaces seal
el enent s, h eal elenents for each seal preferably being 15 in a
conmon cav te3t?g?'tr? Sﬁ%"%ﬁ%@g%%{ﬁé"@o,thes@aﬂr@eébg‘w sediping: 3@ "gews” espect i ve
shoul der of the _actuating sl eeve when fluid pressure is applied, whether

t hat be s%’&‘tﬂ“&'ér'" 9@,m%tﬁgﬁll‘?j@rh'QJBP*@ﬁS‘%fﬁé‘“!ﬂf@[ﬂeé@ndff@'ﬂmmawiﬁwonhe 75 or
84. Each of tth.e als 66, 98, and 99 are al so supported on a shoul der of
the ring 7&atfng 3%8'50%&116 bll, Thesealing susfages ofthe seaf riag 30ivbich chrtabidhe
pressure is applied, each shoul der being fixed 20 to the val ve body. The
seal s may Bk HE eve popmpeund cuetuse, woasistiig AE:oRcave porionlat ong oNovenber
2006 WD 031093705 PCTI US03/ 12067 -15 As shown in Figures 1 and 3, the
seal 64 priBoiegeanvexiboatitns. seal i ng bet ween the actuator sleeve 50 and the

- valve body 12. Preferably the seal 64 conprises a plurality of axially

- spaced gui de riTihgsvallibjckb@ss ofxmdh ting 3040 Bhaad Be QhdébRSE 16 bBfokneddret her
manuf actured froma plastic, netal or other material, mnimzing the netal

5 t o- et al108dat thetsaat ting 80 driddhs thasknesS 91016} thé Supithing%0, Bh3Rale 64 moves
with the actuator sleeve during operation of the valvée, and accordingly is

-subj ect t sestring ayditreduppoftling PraTeRBELH eV Wil RidkABSST OJB?Q%Oe ﬂ'ﬁv(\)mé;%dn nor

anount of | eakage past the seal 64 i's permtted, since t ream si de

of the sedl fiies theealich 161916 oftHlbak thoulhiis HispebfiedhB! EGEh ity 5°

upstream si de of the seal. 10 The first a ourth seal § seal,
60 andgseadsuifor ildudesalseBSitl EilveR Tadius surface 112, 114 spaced between the

, - seal

concave radius surface and the outer diameter of each ring, with this surface again
having a radius less than one-fourth the wall thickness of the respective ring.

As briefly discussed above, ball movement is controlled by axial movement of

the actustor sleeve 50, which is accomplished by the introduction of fluid pressurs in '

15 opening port 120 or closing port 122. Those skilled in the art will appreciate that
various porting arrangements may be used for providing fluid pressure fo the sleeve,
which will shift the sleeve axially and rotate the ball. If desired, movement of the
sleeve in one direction, e.g., in the valve closed direction, may be accomplished by
- a biasing spring, so that fluid pressure overcomes this biasing force to open the

20 vaive.




outer dianmeter of the seat ring. The outer dianeter of {Kk&chdai2008 is
greater than the inner dianeter of the seat 60, so that bore pressure from

-above exer%'ﬁm&p]gsce on the first and fourth seals which is transmtted to
the seat ring I'n an axial direction toward the ball. ThBCEUHIM7 ring
simlarly has at |least two seals 62. 66 sealing with the 15 supportring.

The ID of the seal 62 is substantiall-yldequal to the ID of the seal 66, so
.al force is transmtted to the ball by the

t hat substanti %I no axt:,

downst r eam f | ui Q{}W@s% urerpeearh abiheripaly VAR, 516, 98 anddshintiudews sol i d
sl eeve betﬁ/}ae‘i‘:t tPe Jleft side of the ball as shown in Figure 1 sealing wth
seal 60 amd'TEi¥ Of 2YRkY Shaged sealingelpaents. Agcardinigito thaprebentinvestion, tHe2, such

that the actuating sleeve maintains fluid pressure within the val ve body.
The hol es SPHe% peal Rlemants: aksl providedi nran dbe duldepresstrbyand thonenfeese@006 WO
03/ 093705 PCT/ US03/12067 -16 termnate prior to the exterior surface of
the act uatifimentsape axinly downstreamofretetbe diuidpreshure. r&ssinfing tHeubsl @r essur e
within its interior, and is responsive to hydraulic pressure from outside
the baPl vlesedand prasislie is dannsiréaradf therbal Gleabeis f@fexbMPIPPELSes Haly 122. 5
The ball 14 is preferably fornmed fromthe high strength material. “The

f unct i onabpgradtseal elegers BRPOGLB Mitich 46 forhbd Roirsa Fstia) éoﬁeé?&f”iﬁr!n@ﬂ ring
a hig

portion 44 as shown in Figure 10, is simlarly forned from strength

mat eri al . afthenseators senl eRher62ICE2N hﬂhﬁﬁ%% a hérdfﬁ?éé@giefrr'i_éﬁ@s%ch
|

conparatively |ow strength material, alt ough as shown in ure 9, the

9 :
~ upst r eam seaplastiogr SRRt ¢Rich dfﬂiéb!s\éﬁis%léd‘éé%f%%:ﬁ%@{% fiild 478 e €081 NG

130 thereon, with a high strength coating having nes ess than

Tho i ng 4 ey & hog ohavs BES FPoA% oAe SR BF PRk M Al Re or a0 ™
V\A'/ th 10 theseseals is also a bi-directional seal, i.e., each seal includes fluid energized seal ‘
elements, with one of these seal elements being energized by fluid pressure (either
bore pressure or hydraulic pressure) regardless of whether that pressure is
upstream or downstream of the seal. Each of these seals also includes stacked or
axially spacec seal elemsnts, with the sez! elements for szch seal preferably being
15 ina common cavity in the valve. Seals 60, 62 are each supported on a respective
shoulder of the actuatingl sleeve when fluid pressure is applied, whether that be
shoulder 78, shoulder 88 or the shoulder formed by the nut 75 or 84. Each of the
seals 66, 98, and 99 are also supported on a shoulder of the ring 72, nut 70, nut 90,
orthe retainer ring 94 when the bore pressure is applied, each shoulder being fixed

20 tothe valve body. The seals may perform at elevated temperatures of 250° F or

higher.




a conpressive strength greater than 300,000 psi, a tensiNéwhibeemgsh greater
than 200,000 psi. and a nodul us of elasticity greater than 50 E 6 psi. The
seat ring 30 15 may be manufactured froma nmaterial softer than the
preferred WP of the ball, with a yield strength |REUSIHERS7150, 000
psi and a nodulus of elasticity |less than about 30 E 6 psi. The seat ring
30 and the seal ring 46 may be fornedq4gr.om one or nore of steel, stainless
steel, a nickel-based material, a titanium-based material, or a beryllium
cooper nat eri afs Shawndu pigvres 1 angd 3i thetseat6 pefvidesbblaiosesidg betwadnwo 20

pi eces 44 and 46 of dissimlar materials, with the harder materi al

cont act i nde adusar sleewe 80wind thevalee body 62 Rreforabiy esgaldessgides a
containment. In a preferred enbodi nent 1 Novenber 2006 WD 03/093705

PCT/ US03/ prudity of axtallysspeivediguide figsui7e, 102, nd UNK Witireaeh of resb Wagsmt eri al s
i s displaced between the ball and the seal 62, so that sealing Integrity

bet ween t Waetheormanetictired fropi #plastic, néiaior ofiRG widtshl, MARRIzinBehdRkia)l s dosed
and the valve is flooded downstream bore pressure, the absence of a seal

at t hes j utmetahchietberisstwiebR tha\tleaV 60 Bhdl He BEHYETS. alife séal b3 ntiveb With
significant consequence. As discussed below, é€ach of the seal ring 30 and

e P el g domatsisgteduriglspRtdHir (E Valve Undla BEAIE IS BIRIct B tne | NOT €0

providing the possibility for the upstreamseat ri roviding any one of

¢ B o B e a2 ACRRPARplA AR b T L

ball. 10 igure 6 depicts ball assenb AT osition.
The: 1ot o e i@ERRED, CAcAA dbipelBlioaud BF LR o IGRIEAl L01S ¢
Gounvir o DETATS PIAUSSrEIsees i o BPsam vie e ke “shown i n Figure s,
the .%l 14 i %E ‘ﬁ%’s"i%n&%j& | :lsé{also Q&ﬂs ii.er.].gsefax &5 gn& ggé!s %g,zgg, seal against an
outer diameter of the seat ring. The outer diameter of the seal 99 is greaterthan the
inner diameter of the seal 60, so that bore pressure from above exeris a force onthe
first and fourth seals which is transmitted fo the seat ring in an axial direction toward
the ball. The support ring similarly has at least two seals 62. 66 sealing with the
15 supportring. The ID of the seal 62 is substantially equal to the ID of the seal 66, so
that substantially no axial force is transmitted tb the ball by the downstream fluid
pressure.
The actuating sleeve 50 is a continuous solid sleeve between the left side of
the ball as shown in Figure 1 sealing with seal 60 and the right side of the ball

20 -sealing with the seal 62, such that the actuating sleeve maintains fluid pressure

within the valve body. The holes in the actuator sleeve discussed below thus




15 which cooperate with simlar flats 141, 143 on the acfislaibadosseeve 50
during operation of the valve. A pin nenber 144, 146 extends from each
flat into a slot 148 in the ball and hole 150 in the actuating sl eeve.
Those ski | W399 he art will appreciate that the sl otECHwsosmebal | and
holes in the actuating sleeve are configured such that the ball is rotated
between the open position and the cl-aged position as 20 the actuating

sl eeve noves_ axi al I){ W th respect to the val ve body. Mre Partlcul arly,
each pi n 'RERRate prigsite deexterpr aurfage efdhe eglupind slegws. Em pelvatngplesygagi ng a
simlar flat 1 Novenber 2006 WO 03/093705 PCTI US03/12067 -18 or

non- cyl i ritf} trwisl redeins duid prassune wathin itsdnteirior,tandoisaresponsive &abldisiufic nenber
with respect to the ball. Each pin nmenber also includes a cylindrical

~ portion vitessure fvtreoudside thedall valvecd ssefdily fransniittechthtowghi one ofiteeperts wi t h t he
cylindrical portion of the pin nenber and the slot in the actuating sl eeve
cooper at i¥2), fIB2. al |l owi ng rotation of 5 the pin nmenber with respect to the
actuating sl eeve during axial. novenent of the sleeve, so that the ball
and tbe pin namgebsl ¢f ficptdfvebly forhridefrb@OBENEgh 3trehfih ntéi@l i Tige sl eeve
noves fromthe closed to the open position. By providing flats and

‘prohi bi tiftgctioha! pirhoftREBES o M 1a0 ¢ Cwiﬂ&th I’!théﬂbb"' hGSJIRS Find Poftitm 4pkd duri ng

operation of the valve, coupled with allowi ng rotation between the

cylindri %ﬁbwﬁ'WF@Dré ’ﬂ?ls%':rﬂalé‘rﬂf §'fr§rr?é‘ﬁltgﬁ@ﬁe tﬁ‘ﬁYéﬁeﬁ'&W ITRE skat

operation, a high torque is av able to near the end o t he

stroke ofgt bg et m‘ﬁ!ﬁén‘ fllﬂl?o‘;':?%ﬁned ffom adﬂéﬂnp%aﬁ% fidW Breright nitdle initial

opening of the b S arrangenent rovides a conpact “ball va ve

e T L T
S oy SRl WP 0 ST el Ao A
less than about 0.10 inches, and preferably less than about .008 inches. The ball
and the ring 44 may thus be made from a ceramic or tungsten carbide material with
a compressive strength greater than 300,000 psi, a tensile strength greatgr than
200,000 psi. and 2 modulus of elasticity greater than 50 E 6 psi. The seat ring 30
15  may be manuifactured from a material softér than the preferred material of the bali,
‘with a yield strength less than 150,000 psi and a modulus of elasticity less than
about 30 E 6 psi. The seat ring 30 and the seal ring 46 may be formed from one or
- more of steel, stainless steel, a nickel-based material, a titanium -based material, or
a beryllium cooper material. The support ring is thus preferably formed from two
20  pieces 44 and 46 of dissimilar materials, with the harder material contacting the ball

and the softer material providing pressure containment. In a preferred embodiment




ball, and an interior cylindrical surface closely adj aceRiveiidg: ué er

di aneter of the ball. The pins 144, 146 each rotate in a hole 150 machi ned
in the sl eﬁ’!’eﬂ-"a’,? opposite each flat face on the ball, so that the ball
closely ma (T t he sl eeve. 20 The bal |l 14 preferabl POFASHIN f or m

di ameter symmetrically positioned bore 22. The ball 14 preferably includes
a vent bore 152 as shown in Figure 81fer venting 1 Novenber 2006 WO

03/ 093705 PCT/ US03/ 12067 -19 between the through port 22 and the exterior
surface 83sBewpinFigHre 10, aduralioa of thedwednatgaal Alrediqeteeenitye badlcond seal s
and between the rings 30,40 and the ball. The vent bore 152 preferably has
an axis 3udihaserldd yodmwtsealing mearitybetwaentthe buydisgioler pizges 6 B9fe bal |,
and preferably has a dianmeter |ess than approximately 20% of the 5 dianeter
of the tragirgd. pbheni thetbad isatiosedrand rthe vabrds Jonted dovsireameb@® end of
the ball as shown in Figure 11 fromthe bore 22 to the exterior spherical

- surface pressoie, thealisehte pieedeal abthg juratioa betweeathe aoidissidnéasnatesals10% of t he
radi us of through bore in the ball. The pair of pin nenber 144, 146 have a
comun  absics nof sigrificdnt conskggends.ch 10 is preferably perpendicular to an
axi's 11 of the actuator sleeve 50. In a preferred enbodinent, an axial
travel of theAsdiscassed IR \EichDf Hiassedling 30RmUke bRl ¢4 ynal/ ki piadet he

t hrough port diameter through the ball to achieve 90 rotation of the ball.

The coupbrnngithiel MatBINgles Serfrile niAABrials tFONYpioVidinigIHE HotsilBP franl i ncl ude a
small vent hole 164 to prevent pressure dactuation due to pressure |ock at

el ther aubiRbnis@attinkproRaRg any Cife 604 RAdIAQo IS, Abtal-td48raine! 8F abl y are

made frommaterial wth a yi eai strength greater than 200, 000 psi. During
assenbl ycé?ém?%—é@ﬁ%ﬁ:sc%hﬁritﬂitﬁbs?ép 82 are each positioned within a
I in i

corresponding slot in the actuator sleeve 50 and the ball 14 is then

- posifi oned Wighi & g RCHUATRIe SBRLR iR 1 bali Bked PSeith. FridhyBtdligeroers are
pressure in port 122 forces the actuator sleeve 50 toward the seat ring. Figure 7
depicts the ball valve assembly in the closed position, with fluid pressure in port 120
forcing the actuator sleeve downward toward the support ring to open the ball.
As shown in Figure 8, the ball 14 includes radiaily opposing flats 140, 142
15 which cooperate with similar flats 141, i43 on the actuating sleeve 50 during
operation of the valve. A pin member 144, 146 extends from each flat into a slot
148 in the ball and hole 150 in the actuating sleeve. Those skilled.in the art will
appreciate that the slots in the ball and holes in the actuating sleeve are configured
such that the ball is rotated between the open position and the closed position as
20 the actuating sleeve moves axially with respect tothe valve body. More pariicularly,

each pin member includes a flat or non-cylindrical surface for engaging a similar flat




positioned within the slots in the ball. 20 Wen the bal NoJefbed 08€d and
fluid pressure is upstream there is nore contact pressure on the ball

t han .when %ggﬁgl fluid pressure is frombel ow, since the seat | Novenber
2006 WD 0 85 PCT/ US03/ 12067 -20 ring acts as a pi REWUSOBA08td axi al
force to the ball in response to upstream pressure. Wen the ball is

cl osed and test pressure is exerted £ném above, the upper seat is tested,
which is the samg seat that is sealing with the ball when fluid pressure is
above or 98IMOR-evHadmgR! Isurpee fory el Balk fedirit ptatian of Aach ANy Me@bapWEh axi al
load at the 5 ball to support ring interface than does the seat ring, since
the seat resRpchiehabel Fachgpipimeershercalsainchgesma ayindtica martioaavaichf or ce on
the ball which is transmtted to the support ring, while the support ring
does not &xtands intedieiheleckbltinéhebadtuating sledve, wile theviindrinabpastiorool thecl osed
ball exerts force on the seat ring. By providing anent hole in the ball or

by provi dipirgmembet ahd the slbidn sheppadnating shepve soapéemtingiog alpvientotationtdie bal |
to and the support ring may be easily and intentionally prevented. Various

modi f i gat tEngintreember With respabite tine btiubtingglpevediniriganddl avesient dfadbei n. t he
art fromthe foregoing description. For exanple, the ball valve assenbly

- may be  pglevéesh Wdtithe Blrambiber pit Membéisasifartvely idtate fogetherebanecal |y
bi asing the sleeve in one axial position. This biasing force alone or in

conj unct i gauptindlslBY s Aelves frdm tRE ER8EY B tHBYpdiFpokitsh. BY é}?&}i@ih%ﬂé@aiﬂl@' ve in
one position, wth hydraulic pressure then being uséd to shift the valve

one P : hydr a . . =
in the opgg}lﬁ;m&gqﬁé:pm ﬂ@mb@@@%@?&g@\{vm&%ﬁ? 18 MRl dafigGHerationlogeve so

that the IS normal Iy ¢ IS opened only in response

0 P SRS T BAPET NS iy Sy g 2 ol

in the ba perates "W pinand a h sl eeve for

recel Yj NOnRAhsURPRRE theiebvd duriig vIVE opliatln, L HigH Brdu i€ ik BB tnb Bah he bal |

near the end of the stroke of the actuating sleeve, i.e., during the final closing and
initial opening of the ball. This arrangement provides a compact ball valve assembly
designed with a minimal axial travel of the sleeve to rotate the ball between the open
and the closed position.

15 = A preferred actuator sleeve 50 thué includes an elongated middle section 166
which includes surfaces 141, 143 for closely mating with the flats 140. 142 on the
ball, and an interior cylindrical surface closely adjacent the outer diameter of the
ball. The pins 144, 146 éach rotate in a hole 150 machined in the sleeve 50
opposite each flat face on the ball, so that the ball closely mates with the sleeve.

2 The ball 14 preferably has a uniform diameter symmetrically positioned bore

22. The bali 14 preferably includes a vent bore 152 as shown in Figure 8 for venting




near the end of the stroke of the actuating sleeve, as fgyseHpseogbove,
while still 1 Novenber 2006 WD 03/093705 PCT/ US03/12067 -21 maintaining a
conpact design for the ball valve. In another enbodinment, a pair of slots
may be proVCB@#?7PF t he actuator sleeve and the hol es pr RETHSE31296% he bal | .
In this enbodi nent, the pin nenbers would still be rotatably secured to
the ball and would nove along the leqgth of the slots in the sleeve during
actuation. Slots are 5 thus preferably provided in the ball and holes in

t he sl eevbetixmentiosthrotighpari? apitheextterion derfade 24mof theiball presbuliediaghed he sl ot s
could be provided in the actuator sleeve and the holes provided in the

bal I . Thebgtween thofist asd sbcondseeald amddhatwien thetrings 30, 4tangtthelbalily Thiesi gned t o
support a tubing string in a well. As indicated, the present®invention has

utility tgentibdrei SeprefdrhblfRbs 8AaxRIsSUBERINLAN, F04é anaks of the throdghngortiownhol e
safety val ves and surface val ves, each having a val ve body, and to nultiple

val Ve SyShoiineiifiiaRs prdBiablyhdlsa dilihotl: [BRY t3eadbriiafily 20%andiousi ng

mul tiple , and nmani ereln one or r € val ve bodies are

| Dt et GO NGERRSL A MO R ok B A curida LRRLLHIR B85k BRbAGh ofS 2

mani f 6l d. ) ar ve > a oYe periodically references fLu}?

it hi e 20 . 14
géeEZFLS %éah%aﬁbg&agiﬁ_ﬁlareflﬁﬁw&ﬁ%géﬁﬁ%ﬂoﬁﬂﬁégﬁ‘eﬁsaé%feh@isﬁ@%% 14 bei ng
i scussed N R Breepii hascs e faes B, 126 of el rmbil§ ot il
Figure 1 beiqgﬂ%ﬂgwupper end of the assenbly, while the right 20 side

conponentRorg ussed as being | ower conponents. The terns "upstreant,

"downstreant, "upper", and "lower" are not intended in g, li rg ti.ng sense,
since the 1 NOWemsiof pigpember 144, 146 have a common axis of rotation 1 4 whi

10 is preferably perpendicular to an axis 11 of the actuator sleeve 50. In a preferred
embodiment, an axial travel of the actuator sleeve is less than approximately 1/3 of
the through port dizmeter through the ball to achieve 90° rotation of the ball. The
couplihg pin members 144, 146 as shown in Figure 8 also each include a smali vent
kiole 164 to prevent pressure actuation due to pressure lock &t gither end of a pin

15 member. The' coupling pins 144, 146 preferably are mac;lé from material with a yield

~ strength greater than 200,000 psi. During assembly of the valve. the pins 80, 82 are

each positionéd withina corfeSpon‘ding slot in the actuator sleeve 50 and the ball 14

is then positioned within the actuator sleeve such that the pair of pin members are
positioned within the slots in the ball. |

20 When the ball is closed and fiuid pressure is upstream, there is more contact

pressure on the ball than when an equal fluid pressure is from below, since the seat




WO 03/ 093705 PCTI US03/ 12067 -22 arrangenent of the valvgownb&idao® system
wll determ ne the position of the conponents relative to each other. |
Simlarly, the valve as discussed herein for use wthin the body of a

t ubi ng hanJ&B3{0&8M%st ed by upstream pressure, i.e., fluiRCT/YHO¥EW6T e from

above the ball is applied to check for sealing integrity between the 5 seat
ring and the ball. In normal tubing-lghger operations, the installed valve
will contain fluid pressure fromthe well which wi|]l be fromthe right

si.de or t¥g agisapapisemiceardt adal faree kstbediallin respeismtn upFhean prasstnepst r eant'
I s broadl i ntended to nean the end of the assenbly whi ch houses the seat
ring, whi Kl@:eﬂibe bald iseloskedharst teebpriesture iéxerteednen abeves titk wipet beatdssenbl y
housi ng the support 1o ring, regardless of which direction the bore

pressur e testedpwhichds the sivae\sebiihat Ehealing edhitheg bdil atlkaFuidpragstirdéscri ption
of the Invention is illustrative and explanatory of preferred enbodi nents.

I't woul d dimvappbekivatheddiy Hréi@ﬁébi)ﬁfﬁe'éL?FoftfﬂinchEﬁie%ﬁﬁQﬁe@da! b Agse changes
in the size, shape of materials, as we in the details of the illustrated

const rsuctiafiiio SlipgRtitigiatdrzde Manl Rk Wese Al inng Lin@thBeL A ﬁﬁﬁm@@e 15
w t hout departing fromthe spirit of the invention, which is defined by the

1ol | owi gy preloh ¢FBatirly R'RIEBRaIRB08 orod bV RlbdIy bR Blnd ited to il | val ve

assenbly, conprising: a valve body having an 1nlet port, an outlet port, a

passagevaypbhietifg mte"iﬁg%ugﬁ@-t ﬁg@g?é@ ﬁ%(l Vaﬁl‘;}é—é’%ﬂxm 8Rthébal m’%\ﬂ%; of an

open val ve hydratlic port ose ydraulic port; | within

the val vefde DA% Woidsdd B SO le S0H LM ARS By SRUREAG AN ent hole

in the ball or by providing a notch in the support ring, sealing engagement of the ball
10  and the support ring may be easily and intentionally prevented.

Various modifications to the ball valve will be apparent to those skilled in the
art from the foregoing description. For example, the ball valve assembly may be
provided with a spring or other biasing member for mechanically biasing the sleeve
in one axial position. This biasing force alone or in conjunction with hydraulic

15  pressure may be used to shift the valve in 6ne position, with hydraulic pressure then
‘being used to shift the valve in the opposing position. A spring may thus bias the
actuator sleeve so that the ball is normally closed, and the ball is opened only in
response to hydraulic pressure in the open valve hydraulic port.

By providing a slot in the ball which cooperates with the pin and a hole in the

20 - sleeve for receiving an opposed end of the pin, high torque is available to the ball

near the end of the stroke of the actuating sleeve, as discussed above, while still




exterior surface, the ball being rotatable within the vakNwembedeobor
rotati on between an open position and a closed position; a seat ring

wi thin the val ve body for sealing engagenent with the spherical exterior
surface of O8O3 when the ball is in the closed posi thaaUSaHodn i d

pressure is upstream or downstream of the ball; a support ring for engagi ng
the exterior surface of the ball mh§?1[he ball is in the closed position
and supporting the ball when fluid pfessure is upstreamof the ball; an

act uat or shig@ifing BIdophit BEsigA for Bt balARdva@ X IndrothdFeyRainteritid puinof he  val ve
body for rotating the ball between the open position and the cl osed

Dot uat o T e b e R R P B B en the
t ori ; t ori

and t he SR ERHcRAnBAL YT O Re RS waliF SR By SeLRaT, BB and the
lve b : f t | . ' | ; fifth

seal ber wtiT kISR ehal b HE 3R bRt Bt 4R SRR

havi ' reater,t t first. I h that. '

wihi ¢ AT PRI b vl el B e S TG kB T s

which is t i tted t ' ' ial di ti { d the-

bl . 2. SHeoRpIPaplEouatbRsRe crulths ProdeRp fledtef5 Jaate 8fdfieach or ¢ ne

seat ring and the support ring has a substantially spherical ball engaging

concave Npleginavided e B3k nating engagenment with the spherical exterior

surface of the ball. 1 Novenber 2006 -24 .
: - The valve body as discussed above is a tubing hanger body designed to

" support a tubing string in a well. As indicated, the present invention has utility to
10 other oil and gas production equipment, including downhole safety valves and
surface valves, each having a valve body, and to multiple valve systems, such as
manifolds, which mé'y use a unitary block housing muttiple balls, and manifolds
wherein one or more of the valve bodies are interconnected structurally and fluidly

$0 that the system acts as a manifold.
15 - The valve as discussed above periodically references fluid pressure within
‘the bore 20 and the valve hody to the left of the ball 14 as being upstream pressure,
and pressure to the right of the ball 14 being downstream pressure. Similarly,
various components of the valve are discussed within respect to the left-side of the
assembly as shown in Figure 1 being the upper end of the assembly, while the right-
20 -side components are discussed as being lower components. The terms "upstream’”,

“downstream”, “upper”, and “lower” are not intended in a limiting sense, since the




3. The ball valve assenbly as defined in claim1 or 2, wWekRibsr dobe seat
ring and the support ring each has an inner convex radius surface spaced
between the_ball engaging surface and an inner dianeter of the ring, each
i nner convéXP P83 “surface having a radius | ess than oREI/BSIBH2087 wal |

t hi ckness of the respective ring. 4. The ball valve assenbly as defined in
claim 3, wherein the inner convex ra2tus surface on the support ring is at
| east 50@6Preater than the inner convex radius surface on the seat ring to
di st ri but 8TARgAMenehéte valveewithip isyatert ovill determing thet sositien &fidbdrt ring.

5. The ball valve assenbly as defined in any of the preceding clains,

wher ei n  GABPORANS eRletive tagashatheneSisigpiithe valngandisciased heein 5 Hee r adi us
surface spaced between the ball engaging surface and an outer dianeter of
t he ri ng, withishthedpadyx of matibing Bandesde tested iy upstedinu prassuee, tilganfiuithe- f ourt h
a wall thickness of the respective ring. 6. The ball valve assenbly as

def i ned i preasyredfort labope duebialhig apphedrio, chdokfar sealindimtegidty befwegnibs an i nner
convex radius surface spaced between the concave radius surface and an

i nner gli aget eingaindtthe battatn homeal tibiey hanger\operatidhsighes Instalied valve wilhe seat
ring providing | ow pressure sealing and the inner convex radius surface on

the seat ¢dnitginPAuldisteselrbi fibim the SH&l WhHidAWINBeWhan thbeighealidd onghe di anet er
increases in response to high fluid pressure. 7. The ball valve assenbly as

defined idbvaitire@i Ehe dfrtﬁ@eaaseew as @nowmem RernPaggatrehnt e beeafly ri ng and
t he support ring has a wall thickness from0.3 to 0.6 tines a radius of a

- bore thrqughdbdto h?e%?nel%'éfﬁi 6f'tn<9a §emg g%zma{ hovsak e %ﬁ% whits tietef i ned in

any of the preceding clains, onprising: the valve body including

‘both the temﬂdaﬁﬁefﬁeawoisraabry%ms thaféﬁi‘qté}%& 285G Hbly YRLYiRg WEsabE POT L

10 ring, {egardless of which direction the bore pressure is applied to the valve.

The foregoing disclosure and description of the invention is illustrative and
explanatory of preferred embodiments. It would be appreciated by those skilled in
the art that various changes in the size, shape of materials, as well in the details of
the fllustrated construction or combination of features discussed herein maybe made

15  without departing from the spirit of the inQention, which is defined by the following

_claims.




the first seal and the fourth seal each conprises a pl urRbdeinyperfoog@nnul ar
seal nenbers. 1 Novenber 2006 -25 9. The ball val ve assenbly as defined
inclaiml or 8 wherein the second sgad and the fifth seal each conprises
a plurality of seal menbers, a dianeter of an second seal being

substantWaH% C(Fiﬂﬁ%d Lo a di anmeter of the fourth seal, such that fluid
pressur he support ring exerts substantlally no axial force
on the |ower seat nenber. 10. The ball valve assenbly as defined in claim

1, 8, or 9, wherein each of the first, second, fourth and fifth seals
i ncl ude Tnl ur &) bal, vajve assambly, $pE¥BWINGal i ng el ements, with softer seal

I t d d: t
{1 ra pressuce e PERETENTR SHioR A8, BF Bul UL peRURAL Lo
10, - whebetweenatdr tefnsmittingf fiuid,t andsaicleast, orfeouﬁ & oped vaiviet tiydsaalicspart and

bi -directi,onal seals which seals fluid pressure within the valve body
passage\ﬁa?} SR valys nydraylic pﬂoé'gsure to a respective hydraulic port. 12. The

bal I .val ve a%sﬁﬂwwhﬁﬁt@@éloé%ddg ﬁé\ﬁf‘ld’rb]ihr&g[l"fagoﬂt(%he%ﬁn bhd dd"rgsﬁél‘l |each

of the first and second seals aré each on a shoul on t
- act uat oexterias sudaa,.chedall heigg rotatabig mdbu’uime waheen bady Fer retdtive bﬁﬁﬂgen

passage 3, TIhe bal al ve assenbly as defined in claiml, 8, 9, 10,
%‘yo‘?/ﬁ%b‘?% tr'mon aﬁ%ﬁ%?sqcﬁgoﬁ'ﬁ?ﬂth and fifth seals are each supported

on a shoul derg smmgbwnmnfthé@dlﬁeObddyefov@bym@@ﬁg%%ém@nﬁwﬂh it sphetichl

pressure within the val ve body passagewa bal | val ve assenbly as

defi ned exterigr ssuface of the hal when ¢he ball tﬁhtn dhey clesed mosition ged| fluid
CONPri S@Sassure is upstream or downstream of the ball:

a support ring for engaging the exterior surface of the ball when the ball is
in the closed position and supporting the ball when fluid pressure is upstream of
the ball;

an actuator sleeve surrounding the ball and axially moveable within the

- valve body for rotating the ball between the open position and the closed position,
hydraulic pressure in the at least one hydraulic port moving the actuator sleeve
axially within the valve body;

a first seal between the seat ring and the actuator sleeve;

- a second seal between the support ring and the actuator sleeve;

a third seal between the actuator sleeve and the valve body;

a fourth seal between the seat ring and the valve body;

a fifth seal between the support ring and the valve body; and

the fourth seal having a diameter greater than the first seal such that fluid
pressure within the seat ring exerts a force on the first seal and the fourth seal
which is transmitted to the seat ring in an axial direction foward the ball.

2. The ball valve assembly as defined in claim 1, wherein each of the seat
ring and the support ring has a substantially spherical ball engaging concave
radius surface for mating engagement with the spherical exterior surface of the
ball.




a radially inner seal for sealing with the seat ring anfngerBEaoognnul ar
menber structurally separate fromthe seat ring and the val ve body; and a
radially outer seal for sealing with phe netal annul ar nenber and the

val ve body. 1 Novenber 2006 -26 15. The ball valve assenbly as defined in

ft l_ai to 7 4, i th t ri i ded. o f
ot al -t & et e Fal apbiecasserably e delinec By Hae ot 2onlirdh dieiot fRS: he
bal | . 1@ndthe fppbrititg/SadsreTEn Ynrits dé%ﬁ/éi@@é’cgl:@ s@ic®Ephd PERA tAE

clains, further "conprising: first and second energizer springs for urging
t he seatballiengaging swéaciapden innemdjametenpeicthewirigy eachvmner comvekaadiust he

For ce t SUBToR SBMLE TEYFSIos3Then Bher Rl 4l talkisStr UubPreShiEip il et
17. The ball valve assenbly as defined in claiml1, 8, 11, 12, 13, or 14,

wherein the_valve body is a tubi ng hr%gger for supporting a tubing string
in a weh. 1dherhall yalve gesameblyasqdelinadiin glaimad.nwherein the inngg coryexor 14,

wher ei n \ ' i f.ol 0 I efined
Tnecrar e giibe e Sl TRL G 18840 el i Mo YR SfekT) ¢
saf ety vadiue swridiwe @Othelbeatorihd to alistdbwie highicoethdt fodesiappliedVifemehe t he
t hrough, pqgrt .in the ball is positioned such that the ball is rotated 90
bet ween b@ﬂ O v f"8n and the closed position. 21. A ball valve
assenbly, conprising: a valve body having an inlet port, an outlet port, a
passageway there

- 5. The ball valve assembly as defined in any of the preceding claims, wherein

-each of seat ring and the support ring has an outer convex radius surface spaced
between the ball engaging surface and an outer diameter of the ring, each convex
~ radius surface having a radius less than one-fourth a wall thickness of the

respective ring.

6. The ball valve assembly as defined in any of the preceding claims, wherein
the seat ring has an inner convex radius surface spaced between the concave
radius surface and an inner diameter of the seat ring, the concave radius surface
on the seat ring providing low pressulre sealing and the inner convex radius
surface on the seat ring providing high pressure sealing when the seat ring

diameter increases in response to high fluid pressure.

7. The ball valve assembly as defined in any of the preceding claims, wherein
each of the seat ring and the support ring has a wall thickness from 0.3 to 0.6

.. times a radius of a bore through the respective ring.

8. The ball valve assembly as defined in any of the preceding claims, further
comprising:
the valve body including both the open valve hydraulic port and the closed
valve hydraulic port; and |
the first seal and the fourth seal each comprises a plurality of annular seal

members.




between for transmtting fluid fromthe inlet port to tiwowewbéeoport, and
at least one of an open valve hydraulic port and a closed val ve hydraulic
port; a ball within the valve body hagsng a through port therein and a

spherical exterior surface, the ball being rotated within the val ve body

for rotation.bhet n, an_open position .and .a ¢losed position, a seat ring
havi ng. 3 condRe VS SRRy BR 4R Pitiei0uf oBBLHABRR IS Sechd g
engagengil et fiftt BealseRNS tomprisss & pRiralfylof ael flerbhsrsbal djiaweser dhanbal | is
in the closed position and fluid pressure is upstream or downstream of the
bal | ; 1sReréiser! beipg substardialymsmel te iandiamsitereaigihei iogrihnseadxsegh Batsur f ace
of the t - i I NS ' t he

pa | andai PrRStks: ufltin e slbdrt G eR3HH sBSahtial A6 Sy RROE bR "7, g
and t he|d®edd seateherdbeg a fluid passageway for preventing seal ed engagenent
of the ball and the support ring; an actuator sleeve surrounding the ball
and axially noveable within to the valve body for rotating the ball

bet ween qghe %%ﬂﬂ?l@é ?Es@rﬂﬂp}&ed%ﬁé@ﬁha@ﬁﬁ%', @or QPMb%lh'eCacﬂr RRerE 1N
the at | east one hydraulic port noving the actuator sleeve axially wthin
't he. val Viesthsegondntburtie aadt fithh | segpls lieelude baluralityc ofitaxiallyu spbeedvesmaliagn upper
~end above the batkl ?‘gd a Lolwer ?nd beho, t he bal | ﬁucc{;%t h%i he act uating
sl eeve RHMEAENYINSAMET spRLelsManeAl HUCHeFSieAHbAAR &S REMBIY is in
t he opegoRgstrebffromTRIi®pbredshife.act uator sl eeve supports a plurality of
axially spaced guide rings to mnimze netal-to-nmetal contact between the

sl eeve and the valve body. 22. The ball valve assenbly as defined in claim
21, wherein v.al Lncl u val xe r ' nd the
ol bsed it ve TS Ve Be¥emblres Bfindd B 08FF 1, 8 ¥ ol 1P @Ha{rn B3Fh oF
pressur ¢heXikst! sacored, folahsawt fifth i dré Me-dirbdtliohidl seals which seals fluid

pressure within the valve body passageway and hydraulic pressure to a

respective hydraulic port.

- 12.  The ball valve assembly as defined in claim 1, 8, 9, 10, or 11, wherein each
. of the first and second seals are each supported on a shoulder on the actuator
‘sleeve when sealing fluid pressure within the valve body passageway.

13.  The ball valve assembly as defined in claim 1, 8, 9, 10, 11, or 12, wherein
each of the fourth and fifth seals are each supported on a shoulder removably
fixed to the valve body when sealing fluid pressure within the valve body

passageway.

14.  The ball valve assembly as defined in claim 1, 8, 9, 10, 11, or 13, wherein
the fourth seal comprises:

a radially inner seal for sealing with the seat ring and a metal annular'
member structurally separate from the seat ring and the valve body; and

a radially outer seal for sealing with the metal annular member and the
valve body. |




ring maintains hydraulic pressure exterior of the suppoffovehB&2088- The
bal |l val ve assenbly as defined in claim?21 or 22, wherein the support ring
conprises: a ball engaging ring for epgaging the exterior surface of the
ball when the ball is in the closed position, the ball engaging ring being

formed froma., high strength paterial; seal ring spaced oppgsite the ball
with redfect arﬂ? gﬂ'é V@(ii‘lq AaPfREIngS ﬁ‘?ﬁ'@'?g mh%”bzﬂfltﬂ@réﬁ'@i‘%d & gOhnidh t he
seal ri 4 iad tAr £; S ort
ing an e, SPaeRhE SR YR of BB AR, R e SR o
t he j uncetarsic-R4ceramic beadlwithathedbalssenbl y as defined in any of the clains

21 to 23, wherein the seat ring and the support ring each has an inner
convex radius surface spaced between the ball engaging surface and an

i nner  dif@ret gheobalt Ralvel @Qaerﬁlﬂ?*‘asi g8fed W%M?@f iRl ik e8ing fhfims haihee a
radius | ess than one-half a wall thickness of the respective ring. 1
NovenbeCODUPIEING- 28 25. The ball val ve assenbly as defined in claim?21, 22

or 24, whereign .t L Qg ' r I I ced

et ween t he. (L SRnd EhEieF SofRgs o e sha Sy e REnBREC T,
t he concinge respaictigelg,utoinvatd the biallcthestret and Bgcorid endigiger springs émvingea seal i ng
and the ipner convex radius surface on the seat ring. providing high
pressur é“gﬁfém'ﬁ'ge Piagieg dyge tpiqygrenmaendicion @h&%ﬁ‘%&@”ﬁrﬁ%@@%@ﬁ@%-t o high
fluid p&ﬁ%ﬁﬂﬁﬁel?G- The ball val ve assenbly as defined in claim?2l, 22, 24,
or 25, rein gach of the seat ring and the support ring has a wall
thickness fromO0.3 to 0.6 tinmes a radius of a bore through the respective
"IN 47, The ball valve assembly as defined in claim 1, 8, 11, 12, 13, or 14, wherein

the valve body is a tubing hanger for supporting a tubing string in a well.

18. The ball valve as defined in claim 1, 8, 11, 12, 13, or 14, wherein the valve

body is a manifold block.

'19.  The ball valve as defined in claim 1, 8, 11, 12, 13, or 14, wherein the valve

body is a downhole safety valve body.

20. = The ball valve as defined in claim 1, wherein the through port in the ball is
-positioned such that the ball is rotated 90° between the open position and the

closed position.

21. A ball valve assembly, comprising:

a valve body having an inlet port, an outlet port, a passageway there
between for transmitting fluid from the inlet port to the outlet port, and at least one
of an open valve hydraulic port and a closed valve hydraulic port;

a ball within the valve body having a through port therein and a spherical
exterior surface, the ball being rotated within the valve body for rotation between
an open position and a closed position;

a seat ring having a concave radius surface within the valve body for
sealing engagement with the spherical exterior surface of the ball when the ball is

in the closed position and fluid pressure is upstream or downstream of the ball;




27. The ball valve assenbly as defined in claim2l or 28nowheeiddseach of a
first seal for sealing between the seat ring and the rotator sleeve and a
second seal for sealing between the gppport ring and the actuator sleeve
include plurality of axially spaced sealing elenents, with softer seal

el ement s near, fl ui and harder. seal,. el epent ownstteam,f.rom
fluid pr essurae.gu%gﬂ-[ %@?‘Eﬁé'ﬁg%rﬂgléh%géé%’lrfugéc%ﬁ?ﬁegafW\‘\%Hyt?]gfabqnﬂé cl ai ns
21 to 27 thelcldyed pesian bRt Rappartingtihel ball WhBA|URE pledsOfe &Lapstheaidih t he
seat ring and a netal annular menber structurally separated fromthe seat

ri ng andhe fall angeob iy, suppert dindaandithe kalt dicluding & Bridspassaggwant fort he

met al ar&pégl, -n@E%H%}q! v al . : |l val ve assenbly as
defined™in %ﬁ'y 0 %deéﬂg%éé]nﬁe'}tlﬁttﬁg%ﬁ%&rtﬁﬁesrl;ﬁt]gggﬁpr sing: first and
second ener gianeactsptor reisevieosurisigidigg the balt aindr axigilamdvehbleswitimiartd thei ng,
respectively, oward the ball 6 the first and second enerqgi zer, springs
havi ng yalighnd irfaﬁathea&g? b betvieen Bieepen PasilioR aie theiciasedPdiftiahe fi r st
and secppdraifidl RSkl bi radi - i si ng:
1 Noverniir BB dressuRTROT Hetkst b piradicort GG e SRl SRRRE P "2
passagewxially wgthin theevalee bofigrand ansnmitting fluid fromthe inlet port to the
.outlet port, tﬁnd gt tj eas!t on?ﬁ. of an,.open }éaé\\’/e hydr aul i c rﬁ?rh ang a cl osed
val ve hydraul i%a}?tﬁ NG, SIESYE _'Q%Pﬂm("ﬁléo% TRVBELFHERAH Y ERPYR hepo_rt _
therei npandnd & rvesn &l belit il 14ll, SUEH ABS: thehfotbairg S8 nitastalisomad Wi thin
t he val ve body for rotation

pressure within the valve body when the ball is in the open position,

wherein the actuator sleeve supports a plurality of axially spaced guide

- rings to minimize metal-to-metal contact between the sleeve and the valve body.

22. The ball valve assembly as defined in claim 21, wherein the valve body
includes the open valve hydraulic port and the closed valve hydraulic port, and the
seat ring maintains hydraulic pressure exterior of the seat ring and the support

ring maintains hydraulic pressure exterior of the support ring.

23. The ball valve assembly as defined in claim 21 or 22, wherein the support
ring comprises:

a ball engaging ring for engaging the exterior surface of the ball when the
ball is in the closed position, the ball engaging ring being formed from a high
strength material;

a seal ring spaced opposite the ball with respect to the ball engaging ring,
the ball engaging ring and the seal ring being connected at a juncture; and

a seal between the support ring and the actuator sleeve is spaced opposite

the ball with respect to the juncture.

24.  The ball valve assembly as defined in ahy of the claims 21 to 23, wherein
the seat ring and the support ring each has an inner convex radius surface spaced
between the ball engaging surface and an inner diameter of the ring, each inner
- convex radius surface having a radius less than one-half a wall thickness of the -

respective ring.




bet ween an open position and a closed position; a seat Tas@mbbddabe the
val ve body for sealing engagenent wth the spherical exterior surface of

the ball when the ball is in the closggl position and fluid pressure is
upstream of the ball; a support ring for engaging the exterior surface of
the ball when the ball is in the closed position and supporting the ball
when fluid pressure is upstreamof the ball; an actuator sl eeve

surroundisng tripe il Valdd dsseindly ds ABAREP e clgirh @1r229ﬂ024 witerbitetheadage body
for rotatlng t he ball between the open position and the cl osed posi tion;

t he bal Fingehag avinngd ¢anyexarasivm sstfeee praced: l@etmen thepgpncaveysgflivg ri ng

Ceat 11 MBS pbidPinnE PRMPEPREL BN, e BohEATE Pyl S pr e, |o”

assenbl peas ridgfproddingnionl prevstife sebiirigcbnd tthe imeat cdriveg radisl sitesceaomi gh
strength material coatjng on surfaces of the seat ring for seali g
engagendt $hat hﬂ@%eorsandnng Jugh TRreseure spgling wharntbey saat dig H@m ®rcl ai m

30 merﬁﬁéﬁ??é?ééhtnqgsﬁ&?seb@ﬂlgf}@ﬂld Hé%sgﬂl engagi ng ring of the support ring

is forme rom one or a ceramc material and a tungsten carbide
material. 33. The ball valve assenbly as defined in cl ai m30 or 31, wherein
the seat, .rin I,s,fornmed from one nnre Q sta S steel, a

i okel - BBseq THEHBINAVE asoarblan eineddn St 2. 24nt” 25pERGTam SR opper
mat er i abf tfsediind ahd tH@'s\(lﬁPaﬁfrﬁfé)hHs éﬁmﬂﬁfhlél@%sbrfr&h'i) g‘t@@) ®times a Wher ei n
the support ring 1s formed fromtwo pieces of dissimlar materials, the
har der redigs oha borethrougl trereapertios ring.

27. - The ball valve assembly as defined in claim 21 or 23, wherein each of a
first seal for sealing between the seat ring and the rotator sleeve and a second
seal for sealing between the support ring and the actuator sleeve include plurality
of axially spaced sealing elements, with softer seal elements near fluid pressure

and harder seal elements downstream from fluid pressure.

28. The ball valve assembly as defined in any of the claims 21 to 27, further
comprising: |

a radially inner seal for sealing with the seat ring and a metal annular
member structurally separated from the seat ring and the valve body; and

a radially outer seal ‘for sealing with the metal annular member and the
valve body.

29. The ball valve assembly as defined in any of the claims 21 to 28, further
comprising:

first and second energizer springs for urging the seat ring and the support
ring, respectively, toward the ball, the first and second energizer springs having a
substantial equal biasing force to overcome friction by the first and second seals,
respective_ly. |

30. A ball valve assembly comprising:




-30 contacting the ball and the softer material ring seaNbhghbatidosa seal
between the support ring and the actuator sleeve for fluid containnent.
35. The ball valve assenbly as definegdgin claim34, wherein a juncture of
the two materials is spaced between the ball and the seal. 36. The ball

val ve assenbly as defi,ned i.n clai 4 qr 35 erein each of the .ball and

nar dor - mmt er iVaNe GoUY d T 1TRhPRE: & aLURGBPiy 2 PRsHREY, JiFTe

st rengt hegweah e6r trinisimidiiy MAQ fmh theifensdrt & ﬁferﬁﬁtﬂﬁgboﬁf aad it Iddxrend00, 000
psi, and nodulus of elasticity greater than about 50 E 6 psi. 37. The bal

val ve as¥@mapemnyalve hiydelic por] anicha skhsedh@iva hydraeliepert ring is forned

frommateri al LA Vi rlgggx | I..an | us of
el asticity ofa glls @ h'%lrtlﬁéag%u%} EH%Vlﬁélsa f@@g%ﬁ@ﬁ%ﬁ%r@@gn@egggggﬁ y as
def i ned dxteridrasonfa€s, Meeballnbaingi pbsitibred withih Whenvalvepbedy ded rotatien
surface of the ball and a through port in the ball includes a curved end

sur f ace DSAYERIY 3R PG RRSIiII and Glosashpesitionyi aneter of the through port in
the ball. 39.5 Jhg Withil 118 vaRrepbly f&%ﬁﬁﬁ%%@ﬁgggn@wmﬂﬁ tﬁégpﬁéﬁézﬂs 30 to

38, further conprising: first and secon I springs urging the
seat ri rexteriot strfacubothe ball vhen dhgduali iseliy  theoslased tpositial landt fhaidf i r st
and secaond ener. ' ﬁving a substantial equal biasing force to

' h
’ overcon@r??ﬁ%?i'%hsg{geﬁsrﬁrégfgﬁégﬁ ‘and second seals, respectively. 40. A ball

val ve assenblgysusirofihg fdi%engaging Yite BREAYiIoRAVASE 3P thebah wWhRhitheadhllayt | et
port, a passaggwgy there between for transmtting fluid fromthe inlet
eetp

port toifnike € qsdtian and suapoitingsthedrall wben dlvicd pegssusg ieeupstizamidafc port
and a cltﬁégg“;val ve hydraulic port; |
an actuator sleeve surrounding the ball and axially moveable with respect
. to the valve body for rotating the ball between the open position and the closed
position;
the ball being formed from a high strength material;
a ball engaging ring of the support ring being formed from a high strength
-~ material; and

the seat ring being formed from a low strength material.

31. The ball valve assembly as defined in claim 30, wherein the seat ring
includes a high strength material coating on surfaces of the seat ring for sealing

engagement with the ball.

32. The ball valve assembly as defined in claim 30 wherein each of the ball and
the ball engaging ring of the support ring is formed from one or more of a ceramic

~material and a tungsten carbide material.

33.  The ball valve assembly as defined in claim 30 or 31, wherein the seat ring |
is formed from one or more of steel, stainless steel, a nickel-based material, a

titanium-based ‘material, and a beryllium copper material.

34. The ball valve assembly as defined in claim 30 or 32, wherein the support
ring is fofme_d from two pieces of dissimilar materials, the harder material ring




a ball having a through port therein and a spherical extRsembesionsace, the
bal |l being positioned within the valve body for rotation between an open
position and a closed position; 1 Naggnber 2006 -31 a seat ring within
t he val ve body for sealing engagenent with the spherical exterior surface

f the bal t 1l .is in the closed i t] d fluyi i
opst 1 satoBtaBanLE Sl An the soher 1FaEl Fhareaing b A st detngBhigs 'S
ext eri OlsuppbftaRg aHd theadigatbr Bleeve ideflaldontsinmest. t he cl osed position and

supporting the ball when fluid pressure is upstreamof the ball; an
actuator sleeve surrounding the ball and axially noveable with respect to

cllosed Boor e a LAVEAsONr alUetindl iNGiRal 31 ARBIIAP LR ML
wi t h cotwespatedhlsds spated betwddrethedidliedndithesdezve;, and a pair of opposing

pi n menbers each extending between a flat on the ball and a correspondi ng
flat on the sleeve for positioning within a slot-in one of the ball and

- the sl egge aﬁ?\ﬁabeglpbﬁlvé %s%@fﬁbﬁ? gﬁ{g%‘ﬁheﬁgﬁ ctPé}ﬁJ %@’6? FBGheretF ﬁ%fretﬂ% b

bal | between e open positio e ose ositron n resgons o axi al
movenenbabfanddastercwateddl. rifgarbafdrmed| frema ssatetidlyhasng ef icoatpressied ai m 40,

.~ wherein the actuator, sl i ncludes .an interior cylindrical. surface
2 acensireRalEspRlataps SR Hoos < feisig Rrenoftardaust thah 200in Bt 68 ve

- assenbl ynciudeb] agdily GloalaPuith aboddso Bhepei n the bal | - includes a vent
hole fromthe exterior spherical surface of the ball to the through
- 37. The ball valve assembly as defined in claim 36, wherein the seat ring is
formed from material having yield strength less than 150,000 psi and a modulus of
elasticity of less than about 30'E 6 psi.

38. The ball valve assembly as defined in claim 30, wherein an interface
between a spherical outer surface of the ball and a through port in the ball
includes a curved end surface having a radius less than 10% the diameter of the
through port in the ball.

-39. The ball valve assembly as defined in any of the claims 30 to 38, further
comprising: _

first and second energizer springs for urging the seat ring and the support

ring, respectively, toward the ball, the first and second energizer springs having a

substantial equal biasing force to overcome friction by the first and second seals,

respectively.

40. A ball valve assembly, comprising:
a valve body having an inlet port, an outlet port, a passageway there
~ between for transmitting fluid from the inlet port to the outlet port, and at least one
of an open valve hydraulic port and a closed valve hydraulic port;
a ball having a through port therein and a spherical exterior surface, the
ball being positioned within the valve body for rotation between an open position
and a closed position; | | | ' |




port in the ball for venting trapped pressure between f{kslemdactosgcond
seals. 43. The ball valve assenbly as defined in claim42, wherein the vent
hol e has  an axis substantially 90 ta3an axis of the through port in the
ball. 44. The ball valve assen‘oly as defined in claim42 or 43, wherei n the

{ir ough port 4 #eatiHbd Bifip &g BEUZRF'SANGE BedasniyPuef abe BRBHCA any of

- the claigxterit} $ufdeb oMiBeeball avhahitNethaiNg sHirthacsio®dd thusita bnlefivigen t he
bore and the exterior spherical surface 1 Novenber 200 -32 of the ball

has a cdWGSUre iRiupireans ordexmsiressnef thel@lli us of the through bore in the
bal | . ~46. Th%&?p}dqrﬁéﬂ#%?ﬁéﬁ@@@é@%eg@%%ﬂ @e%ﬂ’he&f)gﬁ Bhe 'tﬂbrﬂsalﬁg to 45,

wherein the un s en car e an ceramc
mat er i alin tH& cloBed pumitiorvahd supperinyl tyueaﬁaildwhenéhilid pradsaresnsdf(ipstvdfmn@f n the
pai r of menbers has a common axis of rotation substantially
perpendlﬂg%BQIrI to an axis of the actuator sleeve. 48. The ball valve

assenbly as dgf écﬁﬁéto'r Bl&d\R %ﬂ&ntﬂﬂ? e béﬁanWrﬁﬁWp%ﬁble \Fvﬁﬁ‘fﬁépé?;ft the

actuator sleeve | ess than approxi nma one-thir he t hrou

di ‘anmet eito the vatyle body ol notatmth&sbafhbeﬂveamﬁte openfposhienbard the49|osé"¢i|e ‘bal |
val ve as%%ﬁgly as defined in claimd40, 41, 47, or 48, wherein holes are
provi dedf The actuator sleeve and terninate prior to an exterior surface

of the actuatigs ball Bavifg rafial dpsodiag lﬂatsafoveo@ﬁé@ﬂahmﬁtﬁccﬁ?ésp@ﬂamgrﬂaqé ai m 40

.'or 47, wherein the palr of pin nenbers each includes a vent hole t
pr event oprthe aghuatingtsleaves@ndue to pressure |ock at either end of the pi n

-member . a pair.of opposing pin members each extending between a flat on the ball
and a corresponding flat on the sleeve for positioning within a slot in one of the
ball and the sleeve and a hole in the other of the ball and the sleeve to rotate the
ball between the open position and the closed position in response fo axial

movement of the sleeve.

41.  The ball valve assembly as defined in claim 40, wherein the actuator sleeve
includes an interior-cylindrical surface adjacent the exterior spherical surface of
the ball.

42. A ball valve assembly as defined in claim 40 or 41, wherein the ball
includes a vent hole from the exterior: spherical surface of the ball to the through
port in the ball for venting trapped pressure between first and second seals.

‘43.  The ball valve assembly as defined in claim 42, wherein the vent hole has

an axis substantially 90° to an axis of the through port in the ball.

44.  The ball valve assembly as defined in claim 42 or 43, wherein the vent hole
has a diameter less than approximately 20% of a diameter of through port in the
ball.

45.  The ball valve assembly as defined in any of the claims 40 to 44, wherein a
curved end surface of the ball between the bore and the exterior spherical surface




51. The ball valve assenbly as defined in claim40, 47,1 RéverBer 20b€rei n each
of the pair of pin nenbers includes an anti-rotation surface for
engagenment with a corresponding surfgge on the ball to limt rotation of
each pin with respect to the ball. 52. The ball valve assenbly as defined
in claim 47, 50, or 51, erei n each . of the,pair of pin nber.s

i ncl ude?fjﬁ%ﬁ%ﬁr{zﬂﬁ B HONVEX radisASss e Pmobe el Squﬁﬁeﬁﬁ%@mrﬂfnrespect
to the gheews. during axial novenent of the sleeve. 53. The ball valve
assenbly as defined in claim40, 47, 50, 51, or 52, wherein each of the
pair -of pin nmenbers is positioned within a corresponding hole in the 1

: _ e L e H
hot uat or'Gs) edts Bl P Hsenig BY efdln B e GBI AR Moo, "
-t he 'bal Ithe ball isTfeermaal fromanecfaangstbh adsidd ehdreceramic hitenisl0, wherein the

val ve body includes the open valve hydraulic port and the cl osed val ve
hydraulic port, and the seat ring maintains hydraulic pressure exterior of

the, ﬁgatsz% LQ?}@?EE &I BBSrhbly" 44 UefRLAtA! Q5int YUY WHrEinP RS BHi Sorepiher | of
- . members has a common axis of rotation substantially perpendicular to an axis of

the actuator sleeve.

48. The ball valve assembly as defined in claim 40, 41, or 47, wherein axial
travel of the actuator sleeve less than approximately one-third of the through port
diameter through the ball resuits in 80° rotation of the ball.

49. The ball valve assembly as defined in claim 40, 41, 47, or 48, wherein
holes are provided in the actuator sleeve and terminate prior to an exterior surface

of the actuator sleeve.

50. The ball valve assembly as defined in claim 40 or 47, wherein the pair of
pin members each includes a vent hole to prevent pressure actuation due to

pressure [ock at either end of the pin member.

51. The ball valve assembly as defined in claim 40, 47, or 50, wherein each of

-+ the pair of pin members includes an anti-rotation surface for engagement with a
corresponding surface on the ball to limit rotation of each pin with respect to the
ball.

52. The ball valve assembly as defined in claim 40, 47, 50, or 51, wherein each
of the pair of pin members includes a cylindrical surface for rotation of the pin
member with respect to the sleeve during axial movement of the sleeve.

53. - The ball valve assembly as defined in claim 40, 47, 50, 51, or 52, wherein
‘each of the pair of pin members is positioned within a corresponding,hple in the
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actuator sleeve, then the ball is positioned within the actuator sleeve and the pair

of pin members positioned within a slot in the ball.

54. The ball valve assembly as defined in claim 40, wherein the valve body
includes the open valve hydraulic port and the closed valve hydraulic port, and the
seat ring maintains hydraulic pressure exterior of the seat ring and the support

ring maintains hydraulic pressure exterior of the support ring.




