1 VALVE AND METHOD OF OPERATING A VALVE This invention relates to a
val ve, typically a ball valve, and especially to a ball valve used in
an oil or gas well, typically in an intervention or well control
string. 5 1In downhol e wel | bores t he fllow paths through the nmain bores
of the well and other flow conduits are typically controlled by

val ves. The valves typically close and open agai nst a seat which
provi des WAEBEANIDMEZHOD OF OPFRAT INGtAVALVIBvabl e nenber in the val ve
and prevent fluid flow Typically the seat is faced with a resilient
material that 10conforns to the sealing face of the valve to create

t he seal . Th&@®le@b®naElate whcAlVeNE piaRY analltvEﬁeVﬁ{d/épbﬁal%ﬁfBa;QSQl Py he
novenment of the mpveabl e nmenber between its open and cl osed

conf i gur at§edrB an -y} 9r gas well, typicallygnap intgryeation e wiel cortrabpieing.bet ween
its open and closed configurations by rotation of the 15 ball, to
rotate a bore in the ball in and out of alignment wth the bore of
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face of that seat 20 This is Eartlcul arly problematic when the ball

val ve neetfdve ndpieventfjuidfigy. dypigallycthe ﬁg%ttléfaﬁ@drweth argeitientsmptgsis] that
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configurations, because e i nner edge ore through the bal
typically becones danaged by shearing of the wire, and the damaged

edge then,rakes across 25 the np del.i cat eatl urface on e
cea, Ly preRleRs BHERRSH ok et i VK Bufgeseo By e mutemienhat &%
used on thavesbbipender b¥heentitteofal dndvabsea &ﬁﬁgﬂa%ﬁﬂ ’P;ﬁﬂca‘lllj}elnb@!iﬁl of
the valve i s qut of alignment with the bore of the tubular,

seal i ng s(Alfeate GivaRevesderweqndgy enan apdadesed ﬁ@@ﬁ%lé&qm%d%/q'géﬁt&ﬂwfthe
agai st the dapRged she fnfa% 1001 15350 988 be alRAthen Ath hOBBrASf RE HGR:

the stroke has been co
in which the ball Valve is located. As the bore of the ball rotates out of alignment

with the bore of the tubular, the edge of the bore can sometimes tear or otherwise
damage the seat against which the ball seals, possibly tearing the resilient material
on the face of that seat.

20
This is particularly problematic when the ball valve needs to cut a wire or other
elongate member that is passing through the bore as it moves between the open and
closed configurations, because the inner edge of the bore through the ball typically
becomes damaged by shearing of the wire, and the damaged edge then rakes across

25 the more delicate seating surface on the seal, typically causing tears and other
damage to the softer material used on that component. When the ball valve has
closed and the bore of the valve is out of alignment with the bore of the tubular, the
sealing surface of the ball frequently does not seal adequately against the damaged
surface of the seat, and leaks then arise when the stroke has been completed.

30
In accordance with the invention there is provided a valve for use in an oil or gas

well, the valve comprising a moveable member configured to move between open



2 and cl osed configurations of the valve to allow and resist flow of
fluid through the valve in respective open and cl osed configurations,
t he noveabl e nenber having a cuttingn%urface adapted to shear agai nst
an anvil menber when the noveabl e nenber is noving between the open
and cl osed configurations; the valve having a 5 sealing nenber

providing a seat for seating of the noveable menmber when the aneabIe
nmenber | sMdnclesed nfgwatienn ol tgrvalveds; aligmeand WStSHEOWanf\ﬁhuwgoagh the
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surface qgran%ﬁg to she J al nst qu|I menber when the novabl e
menber eBB?ﬁ@% hfﬁ 5858H15W535V55ed configurations; wherein

t he ﬂEthOd i ncl udes varying the spacing 20 between the sealing
menber and the novabl e nenber during the stroke of the noveahle
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anvil nmenber is located in a fixed posjtion. , in certain
embodi menteat for seatinaefithemayable agmbe %%%mwa@i@am?méelf i5 1a the dagpd
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i s noveabl e an axial direction, parafl to"the axis o
t hr oughbosrgelmt an lavi aengher ‘Bhérymeaabmblet membsirve moying hediveery Hievepend
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bore of the conduit in which the valve is |ocated.
moveable member between the open configuration and the closed configuration.

Typically the sealing member moves away from the moveable member during the
stroke of the moveable member between the open and closed configurations,
25 typically moving so that the sealing member is displaced away from the cutting
surface (typically the inner surface of the bore) of the movable member when the
cuiting surface engages the anvil member. Typically the sealing member is
moveable and the anvil member is located in a fixed position. However, in certain
embodiments, the anvil member can be moveable relative to a fixed sealing
30 member. Typically one of the sealing member and the anvil is moveable in an axial

direction, parallel to the axis of the throughbore of the valve.



5 Typically the sealing nenber displacenment nmechani sm conprises a cam
device having a non-circular profile that pushes the seal away from
t he noveabl e nenber. Typically the cam nenber is arranged to push the
seal ing nenber to a maxi mum separati on fromthe novabl e nenber at the
point on the stroke of the nobveable 1Omenber when the cutting surface
of the noyveabl e menber is noving past the anvil npenber. Typically the
cam nenbefyRigallyghgvatye dha fall gelxe apd thimovementf thevalae b?‘WﬂeBéM 9PYh
the ball gfg Elb@ed%lnh%ly ‘aki¥ s 15-5yrfa'tafi%laym50&ngﬁltb rb&tPP etﬁ?du fl%ﬂéjbﬁlhe
cam nmenber 1s non- circular. Typically the cam ne I s "l ocat

on a par tvaive bﬁwemaeabg@dmdwumbghed ¢ca1flgutaelooamthrmsbe]t tetigawps of
with the sealin er .but doe ot, engage with the anvil nenber.
Typicallyékﬁgn%%6} ”Qm t@%%‘?% ﬁﬁ% ers are concentrically arranged,
typically with 20t he anV| | menber |ocated radially inwards of the

seal ing nenmber, and the sealing nenber surroundi ng the anvil nenber.
Typi cal | ylyirallye henseghBe membainbieplacaipeiemprhanisge gOmPpREeT A fP e Apse

can opti opalihya RenfREMBApARRATAL BlidheR ThE &l %Fsﬁﬁloﬁyﬁa% Qsﬂexné the

noveabl e 25nenber, or can conprise an integral” part o he novea
menber i nTIm@Hﬁ/dﬂhmcelfn laembﬂn ISI aroa.ngad tprpuﬁledta gealifg mnntbve to@treaximum

surface of th tio of ., cam,nenber can

be provi ded ot 10tnh m%’ %’ef ﬁgﬁbaﬁ?m ngh?n%h% CHRY

par at el m@mﬁﬁv@BQEMEuttlﬁQdu@@de diyid gabeablhmemblen & rBavRg PAt-the anvil
member.

Typically the cam member is located on a rotating part of the valve, typically on the
ball of the ball valve. Typically the ball is spherical, and the cam member is non-
15 circular. Typically the cam member is located on a part of the moveable member
such that the cam member engages with the sealing member but does not engage

with the anvil member.

Typically the anvil and sealing members are concentrically arranged, typically with
20 the anvil member located radially inwards of the sealing member, and the sealing

member surrounding the anvil member.

Typically more than one cam member can be provided. The cam member can
optionally be formed separately and attached subsequently to the moveable
25 member, or can comprise an integral part of the moveable member in the form of a

non-circular projection from the outer surface of the moveable member.

Optionally, a pair of cam members can be provided on the ball. Typically the pair of
cam members can be parallel to one another, and can typically have the same non-
30 circular arrangement, so that movement of the moveable member moves each of the
cam members against the seal member at the same time. The cam members are

typically arranged as chords on the ball, on the outer surface of the ball and spaced



30 circular arrangenent, so that novenent of the noveabl e nenber
noves each of the cam nenbers agai nst the seal nenber at the sane
time. The cam nenbers are typically arranged as chords on the ball
on the outer surface of the ball and épaced 4 radially between the
centre of the ball and its outer surface. Typically the chordal cam
menbers can be di sposed at any | ocation between the centre of the
bal | and tadéallydietween theureherearicke balhdndlits waterrsaefdce. oTpdcdllyahe eblordal
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outer bearing surface that, slides against the sealing nenber, to push
the seal i ARtiRAIE&Re 3N AMbeIR SN be SfrmeadesriaRasabpblonmatiens euthernll ol

stroke of . fhhe rpNgalkhSedi®iabgisidgt ween the open 10 and closed
configurations. The bearing surface is typically snmooth and typically

has a relatively Iow co-efficient of friction, and so typically

slides agajnst the seat of the seal.ing menber wthout supstanti all

def or mi nay 1 e BB € byrl 5y RESUOER G et braitis SRS Hisfar

t he noveaddaghserhbdeealbig mefdst, toepiish the J¥RANS menyibirCadidlly @vSp frioh tisuch
as a coil spring, although gas sprin?s, and other resilient devices
can be enPPHRARE FEhes ringehe sHIOKR §T ARsrBOVeable ananyberdhatyyeen hpsopen
moveghl e LRid i ; t ; i in
suc hﬁg way as&{eg C-éﬁg%&i%ggﬂsf h@ﬁr%gﬁp?gﬁ%évi%e%llgﬁgtﬁ | aidgﬁggigg i ng
menber agargistivelihevwhensefficentreifsistion, andi sodlbigaltihdides pgainstishe seas\wé thoome

the force_of. the rings .2 tC. .t ve the seal ing nenbers

i ai 1y tsaiRg BErEr YD AP Eapy BetRtai eSS (ha Tubutar in
which the valve is | ocated, noving the sealing faces on the seat of
the sealing ,mfnber away fromthe hard faced cutting surface as |t
passes acrai@lyibe sealing mapbdris binsed againgt|the moyedda memperdusdiesilignt
movegk outp, i i i t

N U L A v S G AL TR OV A
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way as to energise the resilient devices that bias the sealing member against the
movable member. Typically the cam members overcome the force of the springs

20 etc. to move the sealing members radially back axially with respect to the bore of
the tubular in which the valve is located, moving the sealing faces on the seat of the
sealing member away from the hard faced cutting surface as it passes across the

anvil member.

25 Typically the sealing member is moved out of contact with the moveable member by
the cam when the cutting surface engages the anvil member, and moves back into
contact with the moveable member when the cutting surface has passed the sealing
member and the sealing surface of the moveable member (e.g. the outer surface of
the ball) is aligned with the sealing member.

30
The resilient devices biasing the sealing member against the moveable member then

typically push the sealing member against the sealing face of the moveable member



S to seal against passage of fluid through the val ve when the cutting
face has passed the anvil nmenber and seal nenber. Typically the anvil
menber has a close fit wth the cutting surface of the noveable 5
menber and provides a shearing functi to shear any wires or other

| ongi tudi nal nenbers passing through the bore of the valve. Typically
t he opposing faces of the anvil nmenber and the cutting surface and

t he novabtoesaabagrnstassage of daidthnwough tharvdlveavliem dilesustirghfaas htupagstdn

car bi de, iam)ﬁd el%c. glosaﬁaci nlg the cam nenbers radially outside the
anvi | menBSP BUCSR 289 ST aci ng that is | ess than the outer

di aneter of the sealing nenber nmeans that the rotation of the ball to
rotate the cam nmenbers can engage the cam nenbers with the sealin
nmenber bulYRiglyah8i2avi axanbeydias Reeless fitvaibh Bescuilng mryfacepd thgpyoyeable
menbes. T f ' :

the bai | TEEhand PEARIESEn FRARTI R ORpEHCI W REL B Phe VR HB
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Typi cal | yhiraensefmBBaiesssud gstop tardnipagianiong, «20r esi | i ent seal during
the stroke of the novabl e nenber between the open and cl osed

configurations. Typically the sealing nenber renmains axially spaced

fromghe gy g‘ne“&{m%%d‘iﬂéﬂsl ra}i%g%ﬂt&ﬁ?gcha? WnlAGRefbed BE: WRYAR! Gaial
menber has noved past the resilient seal on

spacing that is less than the outer diameter of the sealing member means that the

rotation of the ball to rotate the cam members can engage the cam members with

the sealing member but can avoid reacting the cam members against the anvil

member. Therefore, the seal member can be pushed axially away from the ball

15 without engaging the anvil members and reducing the force available from the cam

members as a result of the rotation of the ball.

Typically the cam members engage the sealing sleeve at a position radially outside a
resilient seal on the sealing sleeve. Typically the cam members do not engage the
20 resilient seal during the stroke of the movable member between the open and

closed configurations.

Typically the sealing member remains axially spaced from the movable member
until the cutting surface of the movable member has moved past the resilient seal on
25 the sealing member, at which point the sealing member can be moved back into
contact with the movable member to compress the resilient seal against the

movable member once more,

The various aspects of the present invention can be practiced alone or in
30 combination with one or more of the other aspects, as will be appreciated by those
skilled in the relevant arts. The various aspects of the invention can optionally be

provided in combination with one or more of the optional features of the other



25 the sealing nmenber, at which point the sealing nenber can be noved
back into contact with the novabl e nmenber to conpress the resilient
seal against the novabl e nenber once go The various aspects of the
present invention can be practiced al Gne or in 30 conbination with
one or nore of the other aspects, as will be appreciated by those
skilled in the relevant arts. The various aspects of the invention
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di fferent enbodi nents of the invention. 5Various enbodi nents and
aspects of the invention will now be described in detail with

r ef erenc ey shen GAERAMHNEpEddBf 8% inRiritldn \anh[%w %@%Eérﬁ)edflﬁafe%glﬁs
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purposes.

Any discussion of documents, acts, materials, devices, articles and the like is
included in the specification solely for the purpose of providing a context for the
25 present invention. It is not suggested or represented that any or all of these matters
formed part of the prior art base or were common general knowledge in the field

relevant to the present invention.

In this disclosure, whenever a composition, an element or a group of elements is
30 preceded with the transitional phrase "comprising”, it is understood that we also
contemplate the same composition, element or group of elements with transitional

phrases "consisting essentially of”, "consisting”, "selected from the group of



30 preceded with the transitional phrase "conprising”, it is
understood that we also contenplate the sane conposition, elenment or
group of elenents with transitional phrases "consisting essentially

of ", "consisting", "selected fromthe 7group of 7 consisting of",
"including", or "is" preceding the recitation of the conposition,
el ement or group of elements and vice versa. Al'l nunerical val ues

in this digwistiagre” afincludide’, sarotid’ asededinggtheniditheian mof tha baut positod) |
si ngul ar rne, of ele ts, or _any other conponents described herein
are under%ggﬁat?EEW%BgEQSmBPHﬁQﬁV%:Wﬁgmthereof and vice versa. An
enbodi nent of the invention will now be described by way of exanple
and with reference to the acconpanying drawings in which: 10Figs 1, 2
and 3 ar efpramerigaldaliieg i g disrlaqesrre yndersipedion bamespedified by "about”.
conf i gur ahji At Ifrthsa8idelemdh®, SR A I5 ey RiniE! ]
respegtivel ; %ﬁgs é gnd % gﬂegb?an gnd grég%®Pedé 6?§?ﬁﬁﬁgﬁa%f‘3§fve
in a tran@lﬁt%/arma te inehidggtural fonmel thrdreef amdwéneartsaof t he val ve bet ween
open and closed configurations; Figs 8 and 9 are enlarged views of
Figs 6 and 7 respectively; 15Figs 10 and 11 are plan and side views

of the Fignkmbatingeritf thelhoSRibnCoillf i batibfhibef by valdf aRehm 2 addSvith
enl arged views of Figs 10 and 11 respectively; Figs 14 and 15 are

per spect i (REETENERNS LB A¢RE MRV INESrawings avhihor Fig 1 in different
rot aj g onakigP S 4l P greYlad, BRa BAE Lide 318%s of a valve in an open configuration;

Figs 4 and 5 are enlarged views of Figs 1 and 3 respectively;
Figs 6 and 7 are plan and side views of the Fig 1 valve in a transitional configuration
during movement of the valve between open and closed configurations;
Figs 8 and 9 are enlarged views of Figs 6 and 7 respectively;
15 Figs 10 and 11 are plan and side views of the Fig 1 valve in a closed configuration;
Figs 12 and 13 are enlarged views of Figs 10 and 11 respectively;
Figs 14 and 15 are perspective views of the ball of the valve of Fig 1 in different
rotational positions of the ball; and
Fig 16 is a plan view of a second valve.
20
Referring now to the drawings, and referring particularly to Figs 1 to 5, in an open
configuration a valve V has a through bore T that is open and closed by first and
second moveable members in the form of ball members B1 and B2 arranged in
series in the valve V, and arranged to provide backup in the event of failure of one of
25 the ball members. Each ball member B comprises a generally spherical ball 5
mounted on a transverse axle 2. The axles 2 are parallel to one another in the valve
V and extend perpendicular to the axis of the through bore T, allowing rotation of
the balls 5 around the axles 2. Each ball 5 has a through bore 6, which can be
brought in an out of register with the through bore T. Rotation of the balls 5 around
30 the axles 2 rotates the through bore 6 in and out of alignment with the through bore
of the valve T, thereby moving the valve V from an open configuration, in which the

through bore of 6 of each ball 5 is aligned with the through bore T of the valve, to a



Fig 16 is a plan view of a second valve. 20 Referring now to the
drawi ngs, and referring particularly to Figs 1 to 5, in an open
configuration a valve V has a throughsbore T that is open and cl osed
by first and second noveabl e nenbers i"n the formof ball nenbers Bl
and 82 arranged in series in the valve V, and arranged to provide
backup in the event of failure of one of 25 the ball nmenbers. Each
bal | membdesed pasi dewhichgdpdhegugl bepherof each ball b isnemaligned with ghe

transvers T, d her in the

val ve V aﬁﬁ e}?%%5Tgﬁ?ggﬁgﬁiﬁﬁg%ﬁﬁgﬁﬁﬁgﬁ%@%g&%¥ﬂPﬂgégﬁiough bore T,
allowing rotation of the balls 5 around the axles 2. Each ball 5 has
a through_bore whi ch .can be brought in_.an. out of register wwth the
Fhr ough b BRI Hetel FETR SAURGRDeS i fad ofg erinasree . The
rotates thalihpeeeeh ®eofschlyiihs alEnaurte MithGN§EREn Wiel frhhe atthwenah
bore of the valve T, thereby noving the valve V from an open

conf i gur anehsunfaregesent chlethallouyheppitengnges with daehalbal [Ths heyelled

al i gned wi ! C

ot 1 on, TEr SihTace e et Solfleeh 46 AL e biite SCOOREDA 55 o,
with the traatewgieabdenying fofid phesagapyse thahall bs Typipalbaihk pepetedannérdutar
thereto). Each baL+ sqats agai nst. a sqalin menber.in the formof a
seal i ng s{2EEGR2 {riliep g4l Sk g &Ting 871 18taiNRs: 10 16! FEooven The seal is
surfage Wdniprasse@detivBert i b@eNedfacd opaweiibad 10aed theWhAse et 0F asd
to the ball 5 where it engages with the ball 5. The bevelled inner
surface dfalkwhenthg vialvedsplppefliridy sealingtledyetlfds auially mgvekie &n aflirpgéon
ball 5s t [ '

Typi cal | YR e i PEGE IR pbl T BRSNS BaRl: IS tabe s of
an O-ri nghsdmll i by aispadgild. &hsealmppesses ¢he Tésdieeakalion the icmeireeskead
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i s biased against the sealing face Ss of the ball 5 by a spring 11.
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e axis 0 e thr ore. Typically the flat end face acts as a
beari ng ssl?fa]f' 5%%?&5$‘§%g'aﬂwﬁeﬁ?)’?58‘fﬁé‘ with a friction reducing
coa¢%mg.tThe Fnd bearhng Zyrr?ce is t¥p|caLLy Ioc?tegoo$LS|de fhe
resilient_seal , spaced radially away fromthe seal . e sealin
sl eeve 10MHasealingglseyalO bas & camiralbare wadeiisgoaial withrae throyaly Roboie
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a cutting surface in the formof a hard faced ring 15h forned of a
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t he diamond or tungsten carbide etc. Typically the ring 15h is provided on the inner
surface of the anvil sleeve 15. Typjcally the anvil sleeve 15 is fixed within the
30 through bore T so that it is not axially moveable and is adapted to resist axial forces

tending to move it. It can be connected within the bore T by screw threads, or by



30t hrough bore T so that it is not axially noveable and is adapted to
resist axial forces tending to nove it. It can be connected within
the bore T by screw threads, or by 9 collets or dogs etc. Typically
the anvil sleeve 15 remains fixed in position when the sealing sleeve
10 noves axially with respect to the through bore T. The outer
surface of the ball 5 typically has at |east one cam nenber 20. The
cam 5 neodikts ¢rygogsaitd. yTygdadpdise anvikcdedve riSnteiralinsyfixadtih possipe ethehahd he

ball 5, at r adi al acing.fromthe centre of the ball that is in
o gnrent Ssaftpk et CRBRe R SRrEaa Pttt fue of ¢ ho
sealing sleeve 10, but is radially spaced outward fromthe anvil

sl eeve 15, and out of alighnent with it Tﬁ)i cally two cam nenbers 20
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t he sealing sleeve 10 at eac 0 e sealifng sleeve
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than the puter dianeter t he. anyi | eve 15, whi ch passes between
ha” cam nisElacs T REL othe it ve S0 ARE R Gl PpS R rom 1Re
paral l el &yl fleevent UGl J2@HE abigithertth@ith @ ETyipidaAy dioeash mdaiterP20 a0e
that as the ball 5 rotates around 15 the axle 2, the cam nenmbers 20

are rot at Bpvidedtachepdal or jtapgentigblosaiionsedfoiresouter swrfacgcH the dall &f atthe
bal | ar i i i i i
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non-circular .side.prqofiles as best en i.n, Fi 3,.5 7, 9 11, 13,
o 120U iR e Rl Yhe oS R h e e R s ith pdseR e it
on the flaimensmbace2f ThBease alaniers 20eme tPicaly skdagtdpahapld ek
inner face with the resilient seal, and hence the cam surfaces
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t he cam nemisech 2idetdighe dratjagese tyhyecAlly atymanetrioalami igirscant acefilefsot thet

seal ing sl eeve 10.changes with the rotational sition of the ball| 5.
Then ¢ he UTUD ¢t Rl S Reeit Lyt FigB i 2o 2R b PRl ghiees i
and 16, t{he itsteondr Dhé kemoheinbersCpicRY heRS ndflcirduldL ke ProfRs ta@ Hebe
nom nal outer circunference of the ball 5, and has little or

(typi cal 159FnAB Figstecr 7ot tlnd3akt and Abv erfepicaldt therans msmbses engage gheyo,
30 whj ch Emg%rﬁeg%ﬁqﬂe%!& dnag2NSt ﬁhualsgalﬁgggg}eg%gf%m % vehdlf

ball 5, conpressing the resilient sea t he throughbore.
However , iager fage pathlthéresiliant seal,anddieacecthe camstihfacespepicalty ddhweotebotsed
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Rotation of the balls 5 by the axles 2 rotates each cam member 20 so that the cam
25 profile of the part of the cam member 20 that engages the flat end bearing surface of
the sealing sleeve 10 changes with the rotational position of the ball 5. When the
valve V is in the open configuration shown in Figs 1 to 5 and 16, the side profile of
the cam devices 20 is very close to the nominal outer circumference of the ball 5,
and has little or (typically) no effect on the axial movement of the sealing sleeve 10,
30 which remains pressed hard against the sealing surface 5s of the ball 5, compressing
the resilient seal and sealing the throughbore. However, as the ball 5 starts to rotate

from the open to the closed position, and the alignment of the cutting surface 6h of



the ball 5 starts to change relative to the sealing sleeve 10, the
profile of the cam nenbers 20 that is pressed against the flat end
bearing surface of the sealing sleeve 10 also starts to change, and
the camprofile of the cam nenbers 201@tarts to increase beyond the
nom nal outer dianmeter of the ball, thereby pushing the sealing 5
sleeve 10 axially away fromthe baII in the direction of arrow A
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sealing sleeve 10 spaced axially away from the movable member at least until the



Stroking of the valve V back to its open configuration automatically
noves the cam nenbers 20 in reverse urging the sealing sleeve 10
axially away fromthe ball 5 so that the delicate resilient sealing
surface of the sealing sleeve 10 is nbt raked by the hard facing 6h
on the ball 5 during the rotation. 25 The cam nenbers 20 can be fully
circunferential, extending around the entire circunference, or can
ext end arautidg eniface opattie bdll Shkas rotated§ pastnibe sehline slaeee.100bat daiis

menber can suffice, but a nore even force i.s applied t nor.e. .
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as it is hygifecdng §h pHrsr il dungthe Fetalight act poi nt bet ween t he
cuttidg surface and the anvil menber remains as close to possible to
pure shear, and free of 30 bending and snearing effects. This is
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between the cutting surface op_the ball and tE shear i surface gn
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the ball 048 cam member can suffice, but a more even force is applied by the more
symmetrical arrangement of two cam members, and a more even movement of the

30 sealing sleeve 10 is thereby achieved.



increases the predictability of the relative positions of the ball
and the anvil, especially under fluid pressure in an axial direction
tending to urge the ball in a particular axial direction. The

di fference need not be noticeable to lhe naked eye, and a very small
asymmetric difference can be sufficient in certain enbodinents to 5

i ntroduce the required bias, and inprove the predictability of the
novenent bif certain balvés thedeovapicemsmber e Ei the bl shohs asyramstridalle xamphed
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on the anvil member. It has been found that introducing the asymmetry in the ball



Clainms 1A valve for use in an oil or gas well, the valve conprising a
noveabl e nenber (5) configured to nove between open and cl osed
configurations of the 5 valve to allgﬁland resist flow of fluid

t hrough the valve in respective open d closed configurations, the
val ve having a sealing nenber (10) providing a seat for seating of

t he noveabl e nenber (5) when the noveabl e nenber (5) is in the closed
conf i gur ainicraases e posdicbbiditnefiitbe reBivhapdsittpna efuthtel hall sudf the earfvilh)

d iy NSt i . wh h bl.e.
randel e AR ABPRIR pBPBE Y op BB TrkAoR cHERe BN g
wher ei n t partivaly exiabgiractimal THegdifferdnes nekds phtalsensiideababand aakdd28)e,

configured o var e spaci ng hetween the sealing nmenber (10) and
t he novab? %W{Xeﬁymaﬁ%symmﬂf%ﬁ%@@fanierﬁé%&m@syen@n SBPCAGIHES Heen

the open gpddubRe) Re6TeE Bl I Al 8RS the @A MBIUSG o8 thinBhdREht I the
claim1l1, wherein the sealing nmenber (10) noves away fromthe noveabl e

menber (5Shaldundargpresmiret r dle 16fshewe onesuelb Examplab Refqrsing fetfiggen 16.lee

d ¢l fi ' iy I imed i.n claimil
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remai ns aixidadted iagaed 18 mwem thb eame rafelen comhdierd, bt matdaked Be 100t Thag

surface (6h) gof. the novabl nber. (5) has npved past the seat of the
seal i ng rféaﬁ’b%v }cafoz)t,leeﬂttogrs%faﬂ? which s f%@tagkedmi%@r%&%@m(mﬂ pes

pressgd agi fhichidre sEVAM €1 ARIELNn bRler kO roEADRrbhE: PBNARsGH TRODST
(5) on the seat of the sealing nenber (10). 25 4A valve as clained in

any one ol0%ingnggout-oBregitier with thhéirough/eortds te open endiilose e vakied, irand
or ati ve 16 ERE el R BEEiowd) odPHBE BN B kUL MBe PRKE L s e
of cl ai nesehlidg sldees ail0, tigedvisy ¥ering a1l haind sabuel BRevag18, Halof wHidh
and ol oseHREOR PFERERIORCTENBo] Bradbe SFRROROABIRER |06 JIGTEEe e W
throygh the figure 18 valve V’ and the valve V disclosed in the previous figures is that in the
valve V', the ball 105 is asymmetrically arranged within the through bore T'. In
particular, the OD of the axles 105 is typically asymmetric in the valve V', creating a
differential sealed area between o-ring or other seals at S1 and S2. In this example,
the OD of the axle on the left side of the valve, at S2 is very slightly greater than the
20 corresponding OD on the axle on the right side of the valve at S1. Therefore, the
diameter of the sealed area at S2 on the left is larger than the diameter of the sealed
area at 51 on the right. Also, on the left side, radially outwardly displaced from S2,
the end face of the axle 102 is engaged with a stop member in the form of a bearing
101. The bearing 101 is typically a ball bearing, but other kinds of bearing can be
25 used, e.g. a thrust bearing etc. The tolerance between the bearing 101 and the end
face of the axle 102 has a very precise tolerance, so that when the end face of the
axle 102 is engaged with the bearing 101, the displacement of the ball 105 in
relation to the central axis of the throughbore T’ is very precisely known, as a result
of the precise tolerance between the bearing 101 and the end face of the axle 102.
30 Because the orientation of the ball 105 relative to the axis of the through bore T’ is
dependent on the precise tolerance of the stop member 101 and axle 102, the

tolerance of the overall system is significantly improved without necessarily



16 the ball (S) between an aligned and an unaligned configuration
with respect to the through bore of the valve. 6A valve as clainmed in
any one of clains 1-5, wherein the sealing nenber 5 displacenent
mechani sm conpri ses one or nore cam dé¥i ces (20) having a cam surface
with a non-circular profile, and wherein the novenent of the novable
menber (5) fromthe open configuration to the closed configuration

rotates thgp@biragk ©RFLARYHICR e AfcPRhtiiRY &F thOSaNoDsCivithi fle SR,
surface over the sealing nenberg§ég) t hereby increasing the

di spl acen®¥hichirapkipallyrke ensinges afFcprediog 1granpes, WiGowbearipomising
menber (5 i r - ] .

cam sur 1£ a?:hg %# @;ﬁg@&%@g d EEFQ”'S dwél%g)é]?é;?%ﬁgo Sallvﬁ?uer %%gﬁfe%g&égm eg gp\l/l?é(’:dé
(20) is curefdifareatial gealed ahieapbaiveeenttd sehf2 npveedirebal( 10§ prefegentially

maxi mum separati on .from.t he ngvabl e 15nmenber (5)  at the point on the
St r oke of TERE VAT ST RL 2 B DN THESEERS Pl L rratai By H
passi ng thiacanlé stoperReibet LD afth k@ fa% 6 HeBde i10230M8 REcise
clainms 6-7 wherein the or each cam surface conprises a non

ci rcul ar Plopees refArredt eneienipusiyo farpes gignificagily fraeke efrtaingy as to the
20noveabl g mRADE th6 Phil lsbbg‘l L}ﬁe Vagl.s ﬁ'efblrlé‘a?e tolerdfide Hifie giopcllngllnggr Bof:

wherein the valve 1s a va
and the end face of the axle 102 can be manipulated relatively easily, and the rest of

10 the socket for housing the ball in the body of the valve V' can be made up to a less
precise tolerance, without compromising the overall function of the valve. In the
present embodiment, the stop member is provided by the bearing 101, which is
typically a ball bearing, but other spacers can be used, and other asymmetric
characteristics can be adopted (with or without spacers) in alternative examples of

15 the invention,

Modifications and improvements can be incorporated without departing from the
scope of the invention. For example, the sealing member can be moved by devices

other than cam devices, for example a hydraulic cylinder.



having a ball (5), and wherein the camdevice (20) is arranged as a
chord on the ball (5), on the outer sWrface of the ball (5) and
spaced radially between the centre of the 25ball (5) and its outer
surface. 10A valve as clainmed in any one of clainms 6-9, wherein the
or each camdevice (20) is arranged on the novabl e nmenber (5) out of
alignment with the anvil nenber (15) whereby the novenment of the cam
devi ce (20pintso engage the or each 30cam device (20) with the sealing
menber (10) does not engage the or each cam device (20) with the
anvil nmenber (15). 17 11A valve as clained in any one of clains

6-10, wher ei n A RalveoforCiseCll & oflas ?!alf fwagle td vhRe @mmaty aafbeeplce
(20) conprises an outer bearing surface that slides against the
seal i ng negBeer (Joyonfigyres ihmaye bebwpeth gpe ABé clqsed)copligyrtigny ghjhe

(5 Shotwan (ha o e eset o b A o (e R R R TR B
i n cl ai mddsedwosfigumtivhe theivare bedng agesling membef (1eproviding a seat for
seating of the moveable member (5) when the moveable member (5) is in the closed
configuration; the moveable member (5) having a cutting surface (6h) arranged to
shear against an anvil member (15) when the moveable member (5) is moving
10 between the open and closed configurations; wherein the valve has a sealing
member displacement mechanism (20) configured to vary the spacing between the
sealing member (10) and the movable member (5) when the moveable member (5)

is moving between the open and the closed configurations.

15 2 A valve as claimed in claim 1, wherein the sealing member (10) moves away
from the moveable member (5) during the stroke of the moveable member (5)

between the open and closed configurations.

3 A valve as claimed in claim 1 or claim 2, wherein the sealing member (10)
20 the sealing member (10) remains axially spaced from the movable member (5) until
the cutting surface (6h) of the movable member (5) has moved past the seat of the
sealing member (10), after which point the sealing member (10) is pressed against
the movable member (5) to engage the movable member (5) on the seat of the

sealing member (10).

25
4 A valve as claimed in any one of claims 1-3, wherein the valve has a bore
with an axis, and wherein the sealing member (10) moves axially within the bore
relative to the movable member (5).

30 5 A valve as claimed in any one of claims 1-4, wherein the valve is a ball valve

having a ball (5) with a through bore and the movement of the valve between the

open and closed configurations is a rotational movement to rotate a bore through



each cam device (20) is arranged on the novabl e nenber out of
alignment with the seat on the sealin@ nenber (10), whereby the or
each cam devi ce (20) does not 10engage the seat of the sealing nenber
(10) during the stroke of the novabl e nenber between the open and

cl osed configurations. 13A valve as clained in any one of clains
1-12, wherein the anvil nenber (15) and the sealing nenber (10) are
concent ri gl bayl (@) batvgeed, annaligned hed anwinkligrentenfigihialidh Wwidc sdseect to the

radially jnwards of .the sealing nmenber (10), and the sealing nenber
(10) sur rgﬁﬂﬁg}ﬁlﬂorfeﬁéhb?n‘@? ® menber (15). 14A valve as clainmed in any
one of clainms 1-13, wherein the sealing nmenber (10) is biased

axially toward the noveabl e nenber (5%1 by a resilient device (1&,
20and whebPei n fHalepirefaimedn oM RBRENRID&IrE) the sARliNgememoaT t o

the ck oseéisgﬁeéﬁl&wmmms?magﬁ@& Sfiof GRIrt 1AL a8 9901 Iing hocahs
met hod of operating an oil or gas well valve, the valve ctonprrsing a
noveabl e sefaverwith)a comftirgure greofie nave wWieteis ethe opevensand of| ths edovable

configurations 5 of the valve.to allow,flow of fluid. through the
Tal ve wholreriber ¢ trim b Sned it ighaon, A g e spt o FRESE 46 BT ow
of fluid é&dehotgh debRe V@ROVE AR RBe idh\@rclilridAnt BErfsdeOSRE the sealing
configuration, the valve having a _sealing nmenber (10)&; ovi ding a seat

for seatiW§MEEr hQ) Hsrap icieasi thesgisplaesmeniebatwoamitee seatiarmemper s

or | . P & | ; .

int ggec ( @}W%ggggg gg%vetagre%embge(aﬁoa&aﬁae%em@ﬁ{en{b%} (06 nd9eLalbHE thd'd
non-circular cam surface.

7 A valve as claimed in claim 6, wherein the cam device (20) is configured to
displace the sealing member (10) to a maximum separation from the movable
15 member (5) at the point on the stroke of the moveable member (5) when the cutting

surface (6h) is passing the anvil member (15).

8 A valve as claimed in any one of claims 6-7 wherein the or each cam surface
comprises a non circular projection extending from the outer surface of the

20 moveable member (5).

9 A valve as claimed in any one of claims 6-8, wherein the valve is a ball valve

having a ball (5), and wherein the cam device (20) is arranged as a chord on the ball

(5), on the outer surface of the ball (5) and spaced radially between the centre of the
25 ball (5) and its outer surface.

10 A valve as claimed in any one of claims 6-9, wherein the or each cam device
(20) is arranged on the movable member (5) out of alignment with the anvil
member {15) whereby the movement of the cam device {20) to engage the or each
30 cam device {20) with the sealing member (10) does not engage the or each cam

device (20) with the anvil member (15).



30shear agai nst an anvil nenber (15) when the novabl e nenber (5) is
novi ng between the open and cl osed corfigurations; 18 wherein the
nmet hod i ncludes varying the spaci ng between the seal i ng nenber

(10) and the novabl e nenber (15) during the stroke of the noveable
menber (5) between the open configuration and the cl osed
configuration. 516. The net hod of claim 15, wherein the val ve includes
a seal i nglmenbgrvalde 3plchoneg M aneohasi dainisos-10pwhagid e wmeaditoathrreanber
(10 conpri sing cam devj ce (20), having a cam surface with a

non- ci r ouEACReb1? @rrﬁaakwca@dg%cet F20) GRSt P CT, beaiing Rfags that
member  (Sdides _%Eﬁn!”@ﬁ{eeéeﬂliﬁ?%éw&"(‘iﬁj, 8 pushahARK AR LmMERFRE 1 6)PAxiAIom
the open configuration to the closed configuration noves the

non- ci r cudvaay fremntheimoyeabla owimbier {Bahwring the strpke efdhé moayeadabember@y),
-and ereLn. Lh t [ : [ng the non-circular cam surface
reIat?Ce f%W? %ﬁgﬁ)e?%gdﬁgg %gﬁ?fggégnghat t he sealing nmenber (10)
transl ates along the non-circular cam surface, thereby varying the

di spl acenent between the seali nber (10) and the noveabl e nber
(5) as the se i"\é\@e ﬁéﬁ&@ﬁ 1‘?))’{;%5535""3?{?&1‘&‘%%%“% ﬂari%ﬁ«f%mf f theath
surface difchRImIAGicE (P OKS aBfanbtBoMNEGAB B 1ARERSEr b ofRBENRER: W1 RPen
configuration and the closed configuration. 17. The nethod of claim

16, wher ejeat phdhe sealing membee§1Q4, wherdbyethe o eaicle samhdvides(28) daesyeet t o
urge, s he sealin ggﬂp Xi.ahl ' h | |1 I in he
passg%e j%*%?éfﬁﬁi tﬁigﬁbﬁé¥ﬂélﬁgﬁbéng§ §H§&%f?§$ﬁ§ﬁﬁé?%ggI?%%*%ﬁes
ener gi si ngeiber bergickn et op@vindelByd catfguraronef the ball during the
stroke of the ball between the open and cl osed configurations.
13 A valve as claimed in any one of claims 1-12, wherein the anvil member (15)
and the sealing member (10) are concentrically arranged, with the anvil member

15 (15) located radially inwards of the sealing member {10), and the sealing member

(10) surrounding the anvil member (15).

14 A valve as claimed in any one of claims 1-13, wherein the sealing member
(10) is biased axially toward the moveable member (5) by a resilient device (11),
20 and wherein the movement of the movable member (5) from the open to the closed

configuration energises the resilient device (11).

15. A method of operating an oil or gas well valve, the valve comprising a
moveable member (5] configured to move between open and closed configurations
25 of the valve to allow flow of fluid through the valve when the valve is in the open
configuration, and to resist flow of fluid through the valve when the valve is in the
closed configuration, the valve having a sealing member {10)providing a seat for
seating of the movable member (5) when the movable member (5) is in the closed
configuration; the movable member {5) having a cutting surface {6h) arranged to
30 shear against an anvil member (15) when the movable member (5) is moving

between the open and closed configurations;
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wherein the method includes varying the spacing between the sealing member
(10)and the movable member (15) during the stroke of the moveable member (5)

between the open configuration and the closed configuration.

16. The method of claim 15, wherein the valve includes a sealing member
displacement mechanism for moving the sealing member (10 comprising a cam device
(20) having a cam surface with a non-circular profile provided on the outer surface of
the movable member (5) , and wherein the movement of the movable member (5) from
the open configuration to the closed configuration moves the non-circular cam surface
with respect to the sealing member (10);

-and wherein the method includes moving the non-circular cam surface relative
to the sealing member (10 so that the sealing member (10) translates along the non-
circular cam surface, thereby varying the displacement between the sealing member
(10) and the moveable member (5) as the sealing member (10) moves along the non-
circular cam surface during the stroke of the moveable member (5) between the open

configuration and the closed configuration.

17. The method of claim 16, wherein the valve includes a resilient device that is
arranged to urge the sealing member axially against the ball to seal against the passage
of fluid through the valve and wherein the method includes energising the resilient
device by rotation of the ball during the stroke of the ball between the open and closed

configurations.



