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2114716 BALL VALVE This inventicn relates to ball valves. The invention is
particul arly applicable to ball 5 val ves of the typeg&gving a so-called
"floating bal-1" and will be described with particular r rence thereto.
However, it will becone readily apparent to those skilled in the art that
the invention is capable of broader appkications and could be ada;£1c14d716
use in 10 ot her types and styles of ball valves. Ball valve
constructions in comerical, use typically enploy annular seats or seat
rings formed of a resilienti“and deformable plastics'material for sealing
engagenent with the ball nenber. BAwpAIvaIOfg 15 such seat rings is
positioned adjacent inlet and outl€él open s. The ball nenber itself i
nounted for a slight anount of free novenent or shifting axially of the fﬁ

seat when the ball nEfberihdehbiadnVakiat@0seA RS typnydpder fluid
pressure conditions. 20 Such shifting causes the ball nenber to act

agai nst and flex therglewnsvégamaeats bl it 1HMAN Gt ScSERL T B9 ball.
enagageneet with the ball nmenber. The anount of such flexing varies in
accordagce wivalvhe blfuitth=Drggsurieay gl ¥ego-2511ed "floatlihg flatt ng bal
concept, has been successfully used in many arrangenents and designs for
smal!l bal | apd valvedse aedcfirarbddweitipr psstiieubabl redevesce Andridbd.

'However, it will beccme readily apparent to those

skilled in the art that the invention is capable of

o .
broader applicatiocans and could be adapted for use in
10 other tvypes and styles of ball valves.
Bali valve gonétruptions in commerical use
typically employ annulér éegis cr seat rings formed
of a resilient and deformable plaétids material for
sealing_engagemept with the bzall member. 4 pair of
15 such seat rings is poéitioned adjacent inlet and
cutiet openings. The bzll member itself is mounted
for a s;ight amount of free movement or shiftiag
— axially of the seat when the bhll memter is in a '
. * N\

valve-closed pcsition under fiuid pressure conditicns.
20 Such shifting causes the tall membter to act against and

flex the dcwnsiream séat ring to enhance its sealing
member. The amount of such

he bal
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flexing varizz in accordance with the fluid pressure
invoilvad.
25 The floating tall :cncept tas been successfuily

uszd in many Aarracgaments and desighs for small ball




pressure increases and causes downstream shifting of the ball nenber,‘th*q_
bal | menber is nnvedramay fromthe upstream seat and all the force is
‘applied 5 to the downstream seat. Since the seat conprises an annul us
of a smaller area, seat stress is always greater than the fluid pressure.
In additi.on, as the valve size itself irncreases, the ball force. increases
as a function of the square of the seal dianeter. 10 However, typically
it is inpractical to increase the annubar seat area at the sane rate.
Therefore, in a large valve or at high pressure, the seat stress can reach
| evel s that mayvaiveb, oadinfioy pbastigreéeypersebsdl #8lves. As Adudderal
obj eCtisve of ball valve seat designs is to obtain a valve which will seal
:at bolh | ow prepsepaunfdintppapeessndecangdeaniiewnaireanoshiEfiinge an

unr easonabl e anount of operating torque for rotating the ball menber. The
floating ball t9Ppethbe BdatepemperaothephpiicBrBPPy A8VAAYEHedH3Yin that it
facilitates eligination of the nore expensive trunnion-nmpunted type of bai
menber as wel | 58°FoFBecBRPFBR2Pr 888Hr “gc?xgtEaeng€8esé§t§P?IV§ i ous
forms and types of.galh vaIve_seatAZE gesigng haye  heretofore been
“suggested %and ehPl EHBACPHPERESFRATSEFy, AFFCR FRSVEFSFNGO REYPREs of

- guccess. |t has,pegp,[o4gd, Fhat &?El??fﬁPég-pE@ﬁ%”EtrLQs”?§ta1wa§s prior
bal | valve seat designs are stich at the dévices ~° :
' greater than the fluid pressure. In addition, as
the valve size itself increases, the ball force increases
as a function of the sqﬁare of the seal diameter.

10 However, typically.it is impractical to increase the
annular seat area at the.same rate. Therefore, in a
largé valve or at high'pfeésure,.the'seat stress can
reach levels that may crush ordinary plastic type

- seats. _ ) | . - __ ~
15 - An o%érali objective of ball.valve seat designs
| is to obtain a valve which will seal aﬁ both low
pressure and high\pressure and which will not reguire
EE unreasonable amount of opergting torque for rotating

the ball member. The floating ball type of ccncept is

¥ &

20 particularly advantageous in that it facilitates

e¢limination of the more expensive trunnion-mcunted

v

type of ball member as well as more complex pressure
actuated valve seats.
Various forms and types of'béll valve.seat
25 designs have heretdfore béen suggested and employed
in the industry, all with varyiné degrzes o cuccess.

. - It nas been found that thes defects present in most



“.addi tion

~thenselves are of limted -economc and practical valve. Prior ball valves
enpl oying an el enentary seat have included a seat desidg§ typically.
conprised of 5 annul ar resilient plastic seats nerely conpacted bet-
ween the ball nmenber and opposed end fittings. The ball-engagi ng surface of
each seat includes a contour which, in mating fashion, engages the

peri phery of the ball nenber upon conpacting assenbly. 10

"El ementary seat designs suffer frdma nunber of inherent problens. In a

val ve-cl osed position., the upstream pressure on the ball menber forces the-
bal | nenpetornbalinygayeeencati dhsiBBsSdaMAsEreAntBeat the Sedlcele valvein a
virtual check valve type action. 15 Si nce the ressure on the ball \
menber |ShsubsiaﬁﬁlarPyOFeéth§P5IECPBPméFIaPHep§é&FFﬁ@ f 8fd&e-at | ow
_pressure or vacuun1cond|t|ons alo sealln f rce is present and results

in a leaking vdlRi@mitaty e"aﬁ< "pﬁft H® PR NG B Y nenber and

~between the outer surfaces t he seats.a upReLtiing4f l,gnges or shoul ders
of the oBE&EeanéﬁhdFFtﬁlﬁﬁg dEFéﬁ%n?ﬁPﬁ‘ggég g %gnsggrOV|de no

conpensatlon for a Ll L LRNGE JBLLAM G el h l.ar t.s and thus
as®oci at 84" Péﬁﬁaﬁggﬁﬁégpeng gfglgon%%u%dg§°g&gr%gﬁgggt%dpgsﬁod of tinme: At
conditl og Vi’h%?x% EQQlUﬁéh'&%fflma%%aTop%%leg ?@ai Tk thifgshal lrpeenber, the

a

surtace area : € upstream seat recel Vi ng | oad pressure

i's ball-engaging surface of each seat includes a contour -

'7wh1ch; in mating fashion, eﬁgages tnhe periphery of =
T :the.ba1l member upon compacting assembly. e
10 Elementary seat designs suffer from a numter
of inherent problems. In a valve-closed position,
the upstream pressure on the'ball member forces: the
ball member into engagement with the downstream seat
to seal the valve in a virtual check va;vé type action.
15'2 Since the pressure on the.ball member is substantiali'
responsible for all the sealing force, at low bréssure
or vacudm conditions, a low sealing force is present
and results in a leaking valve*with leak péths g‘;
— _ :
between the seats and ball member and between the
203' outer surfa;és of the seats and supporting flanges or
‘shoulders of'thélbppoSéd.end fitti@gs, Elementary -
seat designs provide no gompénsation for wear or
tolerance errors in the annular seats and thus
associated leakage problems are ccmpounded over a

period of time.
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At conditions where the upstre2am seat

agzinsht the ball member, the additicnal surface area
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oppoéed to the downstream seat thereby increasing the | oad upon the Aq '

downstream seat resulting in increased downstream seat stress and
distortion. The 5 force on the upstreamseat to its outer diameter :
‘surface is translated through the ball menber to the downstream seat. Such
increased load area results in increased seat stress and thus causes an
undersirable wear rate for the downstream seat. The probl ens of increased
10 seat stress and wear.” are particul grly noticeable on the |arger bal

val ve-si zes. Also at conditions including upstream seat sealing agai nst tHhe
bal | nmenber at a Ive-clq§gg£position emoccurs with a

a. probl .

" bl ovﬁ;r}g-'i n" bulge RS TR (it Sari SR &l 93 BTG heit ng of the
val ve:™As the v d el RENGL &3(a g?{ .rFH%I nmentarily

" span the openi ng’lpﬁ’% ﬁ%uibcd' ;%Eés?age exttrteér}ag?' ;%%%r oug'rs1 he' aﬁgsglnmfﬁ hot d back
fluid pressure. ¢ JUrNidi tWich S tafBId QL f ddd® Al e e MpStream seat
seal 20 is relievéd_by‘gtrther openi ng of the valve}i?ﬁggﬁgftion of the
seat spanni ng t hendrdd sk darsats Cadh GRIY Bdrdsy thel RESsage: igler ffdlid
pressure. Wth a small opening in the ball nmenber, the seat is quite.rigid
when | oaded; as & dressndm tsndipa reseh o teasd |t LDut dy idigmdter garradd
‘the valve size and ball opening increase, the section nodulus of the seat

does not 5. prsogoran sledtea \thmorgiasthd daldt aiembdre sanmhetddWmetsseanhus,

the seat may deflect and deform-further into the
o seat. Such increased load area results in increased

' - seat stress and thus causes an undérsirable wear
-.\gw hate for the downstream seat. The problehs of increased
10 séat stress and wear. are particularly noticeable

on @he larger ball valve sizes.

Also at conditions including upstream.séat
sealing againsf the ball member_at-a valve-closed
p§sitidn, a problem occﬁrs with a "blowing-in" bulge .

15 on the uﬁstream seat at thé first opening of the valve.
As the valve is being_opened; the upstream seat must
momentarily span the opeﬁing or fluid passage'exténding

.

.:\J3:-. through the %all and hold back fluid pressure. During

this short period of time until the upstream seat seal

r

p ﬁ 20 is relieved by further opening of Qhe”valve,'the

portion of the seat spanning the fluid passage can

g

deform intc the passage under fluid pressure. With
a smali opening in the. tall member, the seat is quite

rigid when loaded as a beam in bending and can easily

n
[#1]

bridgs tnhe gap. As the valve size and ball cpening

increase, the section modulus ¢f the seat d¢=2s not

A ey s



ball opening to forma bulge in that sector of the seat ring. As repetitive
ughout the life of the valve, the ﬁ@lge in--the upstream-

cyceling occurs thro
seat becones nore p
bal | nenber agai nst
‘t he val ve- open posi
stresses, even cutt
di stort--and wear .t

‘the i nPEPPEEAEOCZHE
t il l -
e e theaa iy el

. seat aggqul.éﬁgﬂé

prevent val v

arly not ewor

ronounced and actual |y operates to cama floating---
t he downstream seat as the ball nenber as rotated to
tion. The -- 10 resulting canm ng--action further
ing, the do@nstreanmseat, and may ultimately
e seat into.a non-qperati\ o.th'_ '« The bul ge on
hé“ﬁé'lelabr?er?t‘)’ermgfaf‘-n ég’r?t rs%m%ng lf‘l%ss'

tlﬁatyh%%‘i‘%ie’lg, SSRt d&%lﬁrﬂﬁe.‘dr&htehe s adposition. It

y-that the industry focussed on the downstrea

RY RQTES 0T 1gleerin Y QEdtd hald oAl ve operation~to .

ures and probl ens caused by blow ng-in bulges.--1n 20

ol'd 1t ‘away from both

act ual isleyt RQwgver, the upstream s-eat design was the cause of the problem

The upstream seat permitted the bl ow ng-in bulge and the resultant canm ng

agti on whi ch pg@srépétecied tgclbrgdonastseanrsughdut\Wbeels6et plastic
S

ats are enpl oyed,

such 25 as those made of pol ytetrafl uoroethyl ene

" (PTFE) o fpamie onallare ,prioid dnel genclourither expsfindamcciehf [lkgg@te®ep - 6. in the
- seat at non-contained portions. aggravate wear and undesirabl e seat
* def or matdren pramiquncedhand facdmaliy MRAAIKRS td e, @ floating ~

tall member against the downstream seat as-bhe'ball

1membér is rotated to the valve-open position. The -

10 . resulting camming..action further stresses, even cutting,

the downstream seat, and may ultimately distort-and

wear the seat into a non-operative condition. The

bulge on the

inlet seat cams the ball member off- -

centre and hold it avay from both seats while closed

15 causing seat

particularly

ieakgge in the closed position. It is . -

noteworthy-thét the industry focussed

on the downstream seat assqmbly-ﬁor purposes of later..

improving ball valve operation to prevent valve fail- B,

. ures and problems caused by blawihg-in_bulges.‘“In

20 actuality, however, the upstream seat design was the

-cause of the

problem. - - The upstream seat permitted -

the blowing-in bulge and the resultant camming action

which was reflected to the downstream seat.

Where

scft plastic seats are employed, such

25 . as those made of polytetraflucrcethylene (PTFE),

“particular problems encountered with cold flow creep

-



seal i ng upstream seat has a generally unsupported annul ar front face that 5(
can creep in towards the centre of the valve when the valve is closed and
subjected for a long duration to static fluid pressure drop across the
upstreamseat. In the elenmentary seat design, the outside dianeter of -the
seat ring i.s normally supported only by a' shoul der in the valve body. The
area-of the seat and, therefore, the force acting on-it, increases as the
square of the dianmeter. Since the supporting shoulder .is usually quite

narrow and its area ti&% rg%_ragt %'to%l%i;!l_cro?llt%ti%%dt B o8 038t EraidBe fRIgNCe,

t he supporting shoul“der “widt i on Increases in a linear tfashion. This

resul t3:in a nar LW SMRRAMIARA &SR cdere rehinGft idd.ows the seat to shear past
it. UMhately, as the seat creeps forward, it can cave-in entirely or

before that point it typacetly sartsrismothbebbswingeinfbubgebakl such
that, when the valve is operated, the seat is torn. This problemalso

becones nore prozealded adstheamlseatsies ian@easesl 1 yTha sdppesttregam seat
can also creep in towards 25 '~ the centre of the valve by its generally
urisuppart ed sgannulaamulront £ f awe . adeert dte ozdl \erdep iim thawadldSsddidosi ti on,
the seat may be di splaced upstream by the 7. ball nmenber pushing into it
under pressure | shtnsherfe Ghe ga g (Whithiddrs vale enpt d&k"cﬁ‘ﬁ‘ﬁ 3nd ge val ves,

t he bal |. menber wei ght additionally contri-, , .
O subjected for a long duration to static fluid pressure

drop across tﬁe upstream -seat. In the elementary
_ &J  ' seat dgsigﬁ, the outside diameter »>f the seat ring is
10 normally supported only by a.shbulder in the valve body.
The area of the seat and; therefdre; the force gcting
on it, increases as ﬁhe_square-of_the diamete;f  Since
the supporting shouldér-is.usually quite.narrow-and-
'ité afea is more closeli’related to the seat circum-
15 ferénce, the supporting shoﬁlder width only increases
in é linear fashion.' This results in a narrow
suppofting'shoulder which allows the seat to shear
past it. Ultimaﬁely, as thé sgat creeps forward, it
'E;n cave-in entirely or before that point it typically
20 curlé into the orifice of the ball such that, when
the vaive is operated, the seat is torn. This problem
e .also becémes more pronounced.as the valve size
increases.
The downstréam'éeat can also creep in towards
25 the centre SF the valve by its generally unsupported
. S aanular front face. When the vaive i35 ia the closed

position, the seat may be displaced upstiream by the

- . S e
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butes to the deformation and cold flow problens. 5 As the seats deform
after a period of use, the ball nenber may sag to theb?otton1of t he val ve,

t hereby providing a clearance at the top of the valve“tor a |l eak path. An
evol utionary step beyond the foregoing 10 el ementary seat design is the
contoured seat in which the ball-engaging surface of the seat includes a
contour different fromthat of the outer periphery of the ball nenber. The
obj ective of this contoured degi.gn is to obtain a narrow band or |ine
contact 15 between the seat and the ball nenber which flexes slightly under
| oads amd lilem@imbe rc @uishdn gMint o He balder nemssurat loawt .pr essure situations
to give a sealing stress at |ow pressure, whereby to mnimze IeakageC;.

bet ween t he bdihemenberzanta bbatembedseyee, enplayddt ionl20get o ret ai nittig
the other problens associated with the el enentary seat design, the

cont our @ lyest, Sbef dad If membere weddhti @i © immadilens coft rdxt rene cont act
line distortion in high pressure conditions and rapid wear due to high seat
stress SUeE tie taet ided TR ting PO ERS Y ANPRIARS-al |y borne by the =
contact i ne -band. xtreme distortion anq"qrqgjpi d wear further )

aggPavattdd “ife s&?ﬁ&.%&m%%teel”n_aorp&é'ﬁqao vt ot dPdrti cul ar wear )
ot BB S s U o o IR iy desion, e T
o .. providing a clearance at the top of the valve fgr
a ieak path;
| An evolutionary step beybﬁd the fdregding
16- eleméntary seat design is thé contoured seat in whiéh'
the ball-engaging surface of the seat includes a
contour different from that of the outer periphery
of the ball member. The objecﬁive of this contoﬁred
design is to obtain a narrow band or line contact
15 between the seat and the ball member which flexes
slightly under loads and retains contact'witﬁ the ball
member at low pressure situations to give a sealing
stress at low pressuré, wheréby to.minimize leakage- _ C;
.';;tween the ball membef and seaﬁ! However, in addiﬁion
59 to bétaining the other problems associatéd with thé_ ' | -
elementary seat design, thé'connéuréd seat sufféré
from the additional problems of extréme contact line
distortion in high pressure conditions and rapid wear

due to high seat stress since the entire sealing force

25 was substantiaily torne by the contact line band. The



~evolved. The spring action of the flexible seat provided | ow pressure 53
contact, wear conpensation, tol erance conpensation and ball sag
conpensation. However, this design suffers fromthe particular 10 problem
of providing inproved operation for only a short period of tine. The seat
is typically constructed of a plastics fraterial which | acks an elastic
mermory and whi ch deflects under |oad but d®es not return to its 15
ori ginal shape when thé-logdfis renoved. _In addition, the flexible seat
desi gn enpl oys $85ReB@15EPRFIAD 2pdt RRPLINFERY THARMGI t 2EEPRVBREE menber.
After short perjods of exposure to high pressure, the flexible seat wll
di stdrdé to the YHAPRUBFT AP RPERBAtary seat 20 which is severely worn. The

_probTﬁhB-Of creep at non.con a% e%veg%%%%n%h%fnggqe%giyr%%gka%QSQOwnstream

seats, high downstreamseat |oad du n upstreamseat sea

seat -'t o- shoul dgtFlérﬁé‘koPaég'ﬁto@PQd e84 + bhOvd 25 i N byl Eﬁéxf‘ﬂ:ierQQELrRe""i th 25

both ‘the flexible seat design and the contolred seat design.

industry next deyeigredag ballivabveaceatifessgnpsospti g6d of9as5685 having
a seat ring with a netal frusto-conical disc spring disposed In operative

_engagernent ‘W t hevbevegat ThagsprahgfaceionToe thecrdbexibsprsegtal l ows for
~fnproved conpensation for seat ring wear, distortion and creep as well as
seat .tol erance prnovbdaéd 3ag, pmbssergrovntiaoy, aneatastnpessppdot,
.. tolerabcé ﬁompensation and ball sag compenSation.
o However, this design suffers from the particular
¥J'. 10 pgoblem'of'pEOQiding'improved operation for only a
.short period of time.
The seat is typical%y;constructed of a plastics
' matefial which lacks an elastic memory and which
deflecfs under load 5ut dhes not return to its
15 origiral shape when the load is-neﬁovea. In addition,
the flexible'seat desién emplqjs les$ seat-material
at the contact line with the ball member; After short
peridds of exposure to high'pressﬁre, the flexible
. e
 §J? seat will distort to the shape of an elementary seat
| | | 20 .which is severely wdrn.
The problems of creep at noﬁ-céntained portions
"of both upstream énd downstream seats,_high déwnstream
seat load due-to.an upétréam-seat seal, seﬁt-to-shoulder'
leak paths, and seat blowing-in bulges all remain with
- 25 both the flexible seat design.and the.contoured'seat-

design.



which effects a | ow pressure force bias. The disc spring provides seat

el asticity not dependent on 10 the elastic nenory of- e plastic seat
material. However, while this is an inprovenent over thHe befare- nentioned
fl exi bl e seat design, the disc spring nmust., neverthel ess, provide its
elastic force while .overcomng the el astic resistance of the plastic seat
material. 15 . - A particul gri problemwi th this design is that the
action of the spring ensures that”the upstream seat seals agai nst the bal
menber. - Thus, the praobl em of the el t.ar t Welg W ng an
effective | oad a'Ir.%% 'r?%tk)’hs‘g"doﬁlﬁsxtr{r é%r‘ﬁ%g%%te sébgb?%nlt ?’glslf'% esrc%%‘a"l to the 20

surface ol i IRYEABLr (a5 alle Halvial &l seath® difymaising, unsol ved /-

probl ems include a Bl ow ng-in bulge, a weak seal at- the seat-to-supporti
shoul der GRIRLACT YR RN iTACR ¥ e N -BYPAEd Pyddransiwf both the

upstream and downstream seat rings. In 25 ‘addition, a problemw th such
desi gn i s enhalgeea tdivad S RM NG 2Lt ioNerearte ftadve ol aild ciffse of the seat
ring to effect the | ow pressure force bias. 10. In order to neet the

~ probkens cauded ki lawsupstr darprarvedn|com el tigp s datr, sewe imicigst ry
devel oped an upstream seat bypass arrangenent, .such as is typic- ally
i1l ustrat eeam US/A tRettdmn NMoid Z P, 56 Weldr isgus Rt Wpdsnanar seat bypass
et hods and desi gns are enpl oyed i ncl udi ng seat notches, grooves, holes,
body ori fiades b Afoc WA & 7oV I afarq @S toits RPN for the
T which effects a low pressure force biaé} The disc
;pring provides seat elasticity not dependent on
10 the elastic memory of the:plgstic.seét.maﬁerial.
However, while this is an improvement cver ihe before-

" mentioned flexible seat design, the disc spring must,
nevertheless,'provide its elastic force ﬁhile overcoming
the elastic resistance of the plastic séat material.

15 A particular prdlem with this design is that
the action of the spring ensures that the upstréém seat
seals against the Ball member. Thus, the problem of
the elementary seat design having  an éffective loéd area
'g; the downstream seat substantially equal to.the

20 surface of the upstream seat is not mitigatéd. The
remaihing'unsolveﬁ'probléms inciude a bicwingFiq
bulge, a weak seal at fhe seat-to-support shoulder

_'contact area and creep on the nbn-contained pbrtions
of both the upstream and downstream seét rings. In

25 . addition, a problem with such design is that the
disc spring n=sed overcome the e;asticity of the seat

ring to effect the low pressure force bias. .

)



pur pose of comunicating |ine pressure around the upstream seat at the [5;‘
val ve-cl osed position:for relieving 10 the upstream seat. ring, for
reducing the | oad area’ by which the ball mepber inparts a |oad on the
downstream seat, and thus for reducing seat stress, creep and wear at the
downstream seat ring. Al so upstream seat blowin and creep under static
pressure is circum 15 vented. In anLtian t he necessary operating
torque for opening and closing the valve is l'essened. Particul ar probl ens

encountered with the ppsiream egaheBYPERS PRSHOORs| BLhyde fpeanneed to
provide dynam c seals. due to bi-directional sealing of a ball-to-seat 20

seal’"apd a sealpls@rRady c3edinle tA RRAAHFAME aGGNIHFU MR sAfr yS el QY4 Ccat ed
bi -dicecti.onal sealing is reduced reliability of such el aborate sealing.

Probl ens of | ownpupssureanmn aatatl ¢dipags, areangemesitqulsien lasakageypic-
-conpensation for tol erance, sag and wear. are not addressed. 25 '

Pl uggi ng of thelBypddd usdurtads dniitnh USdntPartiemdntNo .i 12,1938 ,6d16ve SAzstiemsd | ui d
frequently occurs, especiaily where the valve is required to operate in a
‘dirty - envir gpddmean sgedy dypasisgmeakihodssiang degiignss aneplempd@ ved .
transient delay is often necessary before pressures equalize about the
inlet seat thert®5yWiNEiSEG 1t ME Y Spadd Adfides HOd SSpe Py O6ifédasy. In
both cases 5 _this seat design fhen assumes all the probl ens of an

el ement ary sea?“&eﬁh&ﬁi iR Edi g eﬁleo%%dgﬁﬁﬁ%ﬁ @é'ear?ﬁlcé‘:%f 48w creep

at therhon'con$igy%1émygié%ﬁ%d%ﬁé&?%n%?%&dg %Ssure around the
.\uf y | upstream seat;at the valve-clpsed position fqr relieving .
io the upstream seat ring,'for reducing the load area by
which the ball.ﬁember;imparté a loéd'on the.downStream.
seat, énd thus for reducing seat stress, creep é&d
-wear at thé dpwnstream seat ring.. Also upstream seat
" blow-in and creep under static pressure is circum-
15 vented. In-addition, the.neceséary operaﬁing.torque'
| for oﬁening and closing the valve is ieséened.

Particular probiems.encouhtered with the upstream
seat bypass designs include the, need to provide dynanmic
§eals. due to bi-directiohai sealing of a ball-to-seat

20 seal and a seat-to-body éeal. A necessary consequénce
of such complicated.bi-directional sealing is_reduced.
- B ) reliability of.such_elabofate sealing. .Problems of
low pressure'seat leakage, éeat-to-shoulqer leakage;
compensation for tolerance, sag ;nd wear are not addressed.
25 _ Plugging of the bypass routes with contaminants
. in the valve system fluid frequently occurs, especiaily

where the valve is required to operate in a dirty

R T
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A recent step in the evolution of ball valve 10 desi gns conprises the
provision of a support ring opposite the disc spring tg§contain the plastic
seat ring, as described in UK Patent specification No 065276A. The
‘'support ring operates to provide .addit- ional seat ring support for
bridging the ball passage 15 at valve opening to m.nimze the bl ow ng-in
bul ge and the associated reflected distortion on the down- stream seat.

Addi tionally, the support ring confines the seat to ninimze cold flow
creep distortion. However, those seat designs which include disc springs 20
and suppasdvirowgsersr & ndfhevd Moutigh obl snes it Bpeluid cis stmylowsdwith the
bef ore-nmenti oned di sc spring and plastic. seat design, the spring reserve of
t he seat -sprtians conbidekdonls SOG‘EQ@rﬁﬁWWYtW%WlmgeWW%l ch actually
nust overcone the plastic resist- of the seat in order to nove

- agai nst teaudkl e et EhY h%h%%n%%ﬁ% ?%ﬁrﬁﬁéral%%W%Q%nE%eaﬁﬂ‘baII 12.

'sag.. The support rin fron1caV|ng in al so hinders

the seat 333 MM §% ?N%ﬁﬁ%ggggg%%ggkﬁgbe?ftn%%% r¢®9%%s, the seat is :
aorgally ﬁ}i&{%{tggcb%%f%% TPHLN% 2002 a1 00 b8! b g;ggfx ¥ 2y the support

ring prOV|des su seat creep and ]

bl ow- i n 041 dfentd V@Oé&'ét Lighe §ﬁ@iu§f§%syrw&wmgmﬁrasapgefrom |

_conpensat i ng erance and sag he valve is cycled and
'the seat Sa i Cc ¥Pé nf‘l&hecndééﬁ SaPﬁ'E‘Se non-contalned porrlons

of the seat rings.
. A recent step in fhe eVoiution-of ball valve
10 designs comprises.the provision of a support ring
opposite the disc spring to contain the plastic seat.
. ring, as described in UK Patent spec1f1catlon No.
”2065276A. The support ring operates to p"ov1de addit-
ional seat ring support for bridging the ball passage
15  at vaive oééning_to.minimize the blowiﬁg-in bulge:
| and the associated neflected distortion on the down-
stream seat. Additionally, the support ring confines

the seat tc minimize cold'flow’creep distortion.
— )

@

However, those seat designs which ihclude disc springé
20 ” and support rings are not without.grgblems,' Specific~ | | i
ally, as with the before-mentioned disc spring and
plastic seat design, the spring reserve of the
seat-spring combination is detebmined by thé spring
oniy which éctually must overccme'the plastic resist-
25 ance of the seat in prdar to move against the-ball

‘member and compensate Tor wear, tolerance and ball



10 . forces nust overcone both the elasticity of the seat ring and the 5}.
rigid support of the support ring to effect seat to ball engagenent. It

has, therefore, been desired to develop ball, valve, e.g., of the floating
ball type; which 15 coul d be enployed with higher fluid system pressures
whil e producing a longer life span than has heretofore been possible. ~
Preferably, such a design would elinmnate the necessity for utilizing a-

~ trunni on-nmounted ball menber as is gené?ally conventional for ball 20

val ves enployed in el gvate m pressure congitions.'grunnion

d fluid t .
muntjings are n%?gponé?ae?%apﬁgécff§§rebﬂ|8§§V?Hélvﬁ| @< 3°3hi f8°Mar ge
becaug -S“Ch'”DHQ$ngSi§“Qf£8”£iﬁbLN«!98§e§§§FtP§oﬁ‘éggiﬁgnkoppﬁﬁhty and
cost of the valves. 25 An~obj éct o he rnvention IS e provision

of and i baj beh. al i '
of a new and inproyed, hélggkyem beh, al kRus, tggege?r_oié_ aE’EEgﬁt'Ere-

ratings and greater cycle e to be obtained froma ating ball type of
bal | - val ve. Anofbet,Qbies! rPbnt REvPRESERL1hBYEPhEORaL S hBRLRFOYSiON of
~such a ball. valve which will effect valve 5 sealing even at very |ow
fluid system preseuseppoBti Finghot BRilebiret seppbhe PLRBEPFobDYEBtiON iS
~the provision of a new and inproved ball valve which permts the seat rings
t0 seal i ngly engaggotheabpai hstheabet oveepaasdrbace-oOh subgeanttahbydequal
stress”10 di stribution. - S

' . back the seat and spring combinatican from compensating

for wear, tolerance, and ball éag. As the valve

'f&Jl  o is cycled and the seats are worn, the disc spring
10 forces must overcome both the elasticity-of the seat

ring and the rigid subport of the support ring to
efféct Seat to ball eﬂgagemént.
| It has, therefore, been desired to develop
ball valveé'etg.,'of th;.floatiﬁg ball type, which
15 couid'be eﬁployed'with:highe}.fluid systeh pfessures
while producing a longer life span than has héreﬁofore
been possible. Preferably, such a design would
_ &J; T eliminate the necessity fop utilizing a trunnion-mounted
S : ’;;ll'meﬁber as is generaliy conventioral for ball
;'_ | 20 valves employed in elevated fluid system pressure
| conditicns. Trunnion mountings are not considered
practical unless the valvg is guite iarge because
such mountingé substan:iéiiy.increase £he size, com-
plexity and cost of the valves.
25 "~ An object of the inQentibn is the provision

" of a new and improved ball valve which allows higher



The present invention contenplates a new and inproved construction which

overcones all of the above referred to problens and ot s and provides a

- new and i nproved ball valve which facilitates increased 15 pressure

“capabilities and extends the effective valve life and wherein the seats may
be formed froma wde variety of. materials to suit a w de range of

operating conditions or paraneters. e invention resides in a ball valve

i'ncluding a 20 val ve: body having a generally cylindrical fluid flow

passagevay jpradidide Fa¥2AGsIbaR0§8dat8r S&yEl PABEAY MR b b rERwalged f or
sel ective rotation betweén val vé-open and cl.osed positions with said ball

menber bei Egdahisf tFablat ingnBaAL! ¥yp¥i 6F| yaiD efivk passageway under 25 &
fluid pressure conditions at |east when said valve is in said closed i
position; a paianctheaxnpbljectseéit thengsesentdinversipioged s rtheai d passageway
on opposite sides of said ball nenber between said ball menber and
- associ at ed pravnisilopdpfssughdarbald palye ofhighmuridkl dfifectpvadye i nt er posed
. between each seat ring and the associated 5 shoul der for continuously
urgi-Rg sai #eadding: eVeR ASWHPEY 3eH| FRYld EpRkeR RrefSUTeSai d bal | nmenber;
and. a pair of rigid annular bearing_surfaces positioned in,said passageway |,
on opposite si & a?&FgeSaP Jﬁﬁﬁbg# 5&?a?f?séﬁﬁw%Qﬂ%PHiPntéﬁd seat rings -
“to provide support .1Q  for the assogi. Q? t.ing,.. each of said seat
[ ngs. havi 04 FESYARAGBuS EaRnOr A 254 PRBESYed HH L Jihuel pich |
" . permits the seat rings.to sealingly engage the ball

member 6véfié_surface-of"substantially equal stress o

10 distribution.
The present invention éontemglates a new and

improved.constfuction which overcomes all of the above

referred to problems and others and provides a new and

'improved ball valve which facilitates increased

15 . pressure capabilities and extends the effective valve

life and whérein tpe“seats may be formed ffom'a.Wide-

variety of materials to suit a wide range of operating

conditions or parameters. . o~

The invention resides in a ball valve including a

20 valve body having a generally cylindrical fluid flow

4

passagewéy: a ball member-dispose& in said passageway
and mounted £or seigctive rotation between valve-open
and closed positions with said ball member being
shiftable generally axially in said passageway under
25 .fluid pressure conditions at least when said valve is

" in said closed position; a pair of annular seat rings :

~



menber, which surface has an arcuate contour in a relaxed condition define
by a radlus greater thar the radius of said.. ball nmenber, such that, upon
assenbl-y 15 of said ball valve, said seat ring i.s rotatably flexed about
its .outer periphery generally away fromits associ ated bearing surface to
direct said continuous'annular surface of sgjd seat ring into continuous
seal i ng engagenent with said ball nenber, sHid 20 . continuous surface

h ' tlexed b
Pt o o0 2reual eafapbus, 18 b SREIRLAG T HoBiatillhages ot gpi (o
-said ball menmber pagug ﬁmﬂ@? BOVENd A ?&T% b rleﬁg‘ri\?%g: %Pgu:agg%cxawﬂ 25

i ncl'ygei ng a val ve body having a genera | ow

' passageway; a bal bameabgsagi swaseserd: Sa. Cba:.r bx m&a&&emﬁcmgaasgsfor
sel ective rotation between val ve-opened and cl osed positions with said bal

"~ menber - bei ng shif inbkepgsadrivétwesni sddly seatsaihgpandagheansspdtatbqui d

" pressure conditions at |least 5 when said valve is in said closed

posi tion; asdpairsbébuldennfbrrcoetinudunly dirgdogedaid saad pdsgageway on
opposite sides of said ball nenber between said ball nenber and associ at ed
“val ve body shoul dep¥arda. pealing engagemenst st thysaigs brddemgabes s beanden
gach seat ring 10 - and the, associ ated shoul der for continugusly urging

sai d seat rings t%mﬁ?ﬂg QEFighs anprjetel eiﬁﬁﬂQf%%Q§a°E&IP°ﬁéﬁﬁePed 3Rd a

 pa|r of.annular bearéngagégéguay on 099051te sides of said ball member

- axially inwardly of said seat rings to provide-support
&3 | 10 _for the_aséociated sea£ :ing, each of'said seat rings
h§Ving'a continuoﬁs annuiarzsurface:faéing_said ball
member, which surface has an.arcuate;cbntour in a
ré;axed condition.defineﬁ bj a radius greater than the
radius of said ball membef, such that, upoh_assembly
15 of said ball valve, §aid seat ring-ié rotatably flexed
aboﬁt its ;uter periphery generally away from iﬁs
asscciated beariné-su:face'to direcﬁ said continuous
annular surface of séid seat ring into continuous
 _&_£- o sealing engagement w1th said ball member, éaid
| 20 continuous surface hav1ng an.arcuate contour in the
< ~assembled and flexed butlfluld-pressure-free condition
defined by a radius generally eéuivalént to said ball.
member radius. | |
The invention also resides in a ball valve
_ 25 including a valve body having ? generally cylindrical

fluid flow péssageway: a ball member disposed in said



posifionéd in sai d passageway .on opposite sides of said ball nenber axially
I nwardly of said.seat rings 15 to provide support f t he associ ated
seat ring, each seat ring having an outer periphery in abutting engagenent

- with a side wall of said fluid flow passageway, a first surface facing an

associ.ated one of said pair of annular disc springs, .a second surface 20
facing an associ ated one of said paifsof annular. bearlng surfaces, and a
"third surface facing said ball menber and having, at a pre- assenbly

reference rya%stag@a,ayambaawa ebrCHEYatti P Gfevd ETor Mwtdem radi us of

curvature of sai'd ball nenber and being 25 spaced by a radial gap at-a
radi al l'y i RQvEsdpenied ahdseilesedcpodisioisoei th csaishikhldal | nenber, afdy
- having,” 16. upon assenbly and under fluid-pressure-free condltlons a

radi us of iembtniteingbshdftableygeherabhy axiablyl ¥mdtaid of curvature of
said ball nmenber and engaging said ball menber in mating fashion over 5
the extent pHssagevayhiundesyflade prasgusegontiyionsabonfasdl face furt her

bei ng spaced, upon assenbly, froma _p ort|Q€ of sajd annul ar, (églng surface -
- to provide when @aide viadyer y8gip FaidsGrased ROFHtPRrh & PR ring wth

 hbaootS on AR, 4 ga%g%étm%'e% e Fr AERE AU BR3S0 e o
menber wi th, &, SIS Al Iof WRihObTh e hEmSe ! BLLIOM | A P\RI1A COoNti nuous
| " member and associated'valvéfbédyjéhoulders: -a.pair'of
. annular disc.épringSfinterposéd betwéén each seat ring “)
10 . and the associafed shoulder for:continuoqsly urging
said seat rings toﬁa;ds.sealing éngagément with.séiq_
ball member; ‘and a pair.of annular bearing surfaces
pdsitioned iA said passageway on oﬁposite-Sidés of
said ball member axiaily inwardly of said seat rings
15 .to provide support for ihe'associated.seat ring, éach
seat ring having an outer periphery in ;butting-
engagement with a side wall of said fiuid £low
passageway, a first surface.facing an associaéed one -~
of said pair of annuiar'disc springs, a sedqnd surface
20  facing an associated one_df said pair of annular
bearing surfaces, and a third surface facing said ball
member and having, at a pre-assembly reference
position, a-radius-of curvature greater than the
radius of curvature of said balllmembef and beiﬁg
25 . spaced by a radial gap at a radially innermost end of

said second surface from said ball member, and having, -



bal | - engagi ng surface which faces the ball nenber. 15 Two such seat 6t
rings are di sposed on-eopposite sides of the ball nenber and are

conti nuously urged toward the ball menber for naintaining it properly

posi tioned in the val ve body and for providing valve sealing regardl ess of

the fluid system pressure. The even 20 ~ distribution of stress over the

~seat ring substantially inproves wear resiaggnce in either high or |ow

fluid system pressure conditions to prolong the val ve life The present

~invention incl udespan bedsemtdlly @nzb underofluig-pgeasbodyfheei ng a central
passagemay, a ball nmenber in the passageway and nounted for selective

‘rotation between sRditignsy andadlivse@fpewrvaguset subshantiallyithed | ow

‘throudgh said valve; a pair of radially inward extendi ng_continuous
shoul ders in sai B3R as E%’é’a@'é\ﬁdyusdpépé’é‘é’éfaéweuﬁfe?éh@l%#& ReRRYOE on
- opposite sides of I d bal

‘ext endi ng count er%‘?e%nqaﬂ’s"& (fadgs?&(}é‘\/\/ﬁ‘?mﬁﬁﬁg&gﬂagﬁn‘épﬁal l %‘_llngaoe;éjl gf
said bal |l me K&k nS U s%?.ﬁmt%r%gar gﬁrggéépa[ ?P%}Q%%nposﬂwal | and

“béing.circu ereh?lal y cont 1 naous e seat

-menber assenbl i esg %qy¥g n e sides
o0f sai d ball nenbe or U|é§§§%F#§§Eeﬁ§§8 ﬁééé@ gag || nber,

- eafch oI sai d pai refsWY igdetdon? oteisaliar ahaqlatneeaangs@rf@éﬁ r@d. openi ng,

afirs

provide a flexure reserve gap for said seat ring.

.'\;" Thus, a seat- ring with its own mechanical
10 elasticity is cb—ope;atively disposed with an.

~associated disc spring and reinforcing ring to

sealingly engage the.bail member with a substantially
uniform stress distribution over a continuous
ball-engaging surface which faces thé'ball member.

15 .Two such seat r1ngs are disposed on opposite sides of
. the ball member and. are continuously urged toward the
ball member for malntalnlng it properly positioned in
the valve body and for providing valve éealing
regardless of the fluid system pressure. The even
Ay 20 distribution of stress over the seat ring '
substantially improves wear resistance in either high
or low fluid system pressure conditions to prolong the
valve life _ .
- The present inventioh includes a ball valve
25 comprising a body having a central passégeway, a ball
member in the passageway: and mounted for selective
rotation between valve-open and closed positions to
control fluid flow through said valve; a pair of
radially inward extending continuous shoulders in said
- o 30  passageway disposed circumferentially thereof on .
) ' opposite sides of said ball member; '



10 surface facing an associ at ed one’ of sai d shoul ders, a second surface
abutting an associ ated one of said counterbore end malés and a third
"surface generally facing said ball, nenber in a spaced relationship -
~therefrom a seat ring adapted for elastic flexure 15 general |y towards
~and away fromsaid reinforcing ring ahd including a central opening, a
first surface generally facing sajf, associ ated one of said shoulders, a
second surface abutting said reinforcing ring first surface, and a third

surface fAGNG S b hpid) PPNy o fUnSaRE | AL ANGAISAEAt )i th said bal |
menber,; ‘said seat ring third surface being contoured and having a radius

of Curvatsu:rﬁlﬂhﬁd@d@@emwﬂ@%mtétsmgr@ﬁtﬁla han the radi u,g-
of sai'd bail nmenber; and a disc spring having a central opening and a

gener al | yo 251 memtfézu,stehmrbcaéamrﬁmgutawmi rhani ag sin esseelr condi tion
~interposed between said seat ring and said associ at ed 18. one of said
~ shoul der sndaiall badhd neerbeg  @hck wal erodt toahhwst ert feeeusended assenbl i es
~being sized so that, when assenbl ed axially between said shoul ders, each
seap ring igr¥r e9<%dcmmsx%n$%mt awemRentdYserphled opeshylonad and stressed

to have a radjus of curvature at said seat ring third surface general |y
~equi val erﬁx’c%“c)hei‘? ath ts RASEHUDEI O° RARRT RS 4e%i Sho%rbdi n sealing

e it h d th t-ent. of d t third
Surface gt um%t?"mﬁ?ra oElR i Fie %%%%%%r?%%"mié‘tﬁas%a "5 spring

%peiﬁg_strg é&@@{d5e£5£|g}t§§fg ngr comprising: a

relnforcing ring hav1ng'a central opening, a first' | _Q)
10 surface facihg an associated one of said shoulders, a
second surface abu;ting'an associated one ofﬁsaid
- counterbore end walls and a-third'surface-génerally
facing said ball member in a Spﬁcedfreiatibnship
therefrom; a seat ring adapted for elastic flexure
' 15 ' generally towards and éway from said ré&nforc*ng ring
and lncluq1ng a central ooenlng, a ;1rst surface

generally facing said associated one of said shoulders,

a second surface abutting said reinforcing ring first

(;

—"
surface, and a third surface facing said ball member

20 'ffor sealing 2ngagement with said ball member, said
seat ring third surface being contoured and having a
radius of curvature in a rélaxed unassémbled cond-
ition greater than the radius of said ball member; and
a disc spring having a centradal cpening and a generally
25 frusto-conical ;onfigura%ioﬁ in an unstressed condition

interposed beitween said seat ring and szid associated



dition for continuously urging the third surface of the associ ated seat ﬁ;
.ring towards engagenment- with said ball menber. The spring seat ring is
preferably adapted for rotational-type flexyre generally towards and away
‘fromthe-reinforcing ring. In accordance with a preferred aspect of the
i.-nvention, the bail nenber and pair of conposite seat nenbers are sized.so

t hat, mhen assenbl ed axially 20 bet ween the shoul ders from a preassenbly
reference position, the seat rings and di'Sc springs are flexed and stressed
to have an axi al dis | ace t he centra%ﬁﬂgeniggs t hereof equal to an

.axi al_ spaci ng of" Faﬂ Fﬁﬁ ﬁh@?ﬁﬂsten5§18f Fi A§9s@adfRd 25
Soriaages Trom LiRpi%ike E’Q%F.BLM% SB35kl 2°Bed0E TE0U 3 bhgsd o

_ Spl’l n at an equl position e aXl a

Fnventilon i fughber des mﬁmbeda*;exame%%t%aqptsmwshg W19LELENGg o the

acconpanyi ng draw ngs, erein I's a longi tudinal Sdctional view 5
through a bal | yahyeringagsordaned Wikl 2rBnehar bgdogiRedeal nof the
fnvention; Figure 2 is an enlarged cross-sectional view of the upstream
seat assegbl y ] #8bcBhigOFihg aahvetm&eeuptanda%t B rhaibsl brmenber omtted
f or ease of 10 illustration;, -

o ) curvature at sa1d seat ring third surface generally

Le

-

equlvalent »outhe-radius-of sald ball-member and is

disposed in seallng engagement with said ball. member
o ¢ W wadan Jud -prstuns -Jre condidions
o over the extent 0: said seat ring third surfac;& each

[3

10 disc spring being stressed towards a.flettened con-
| dition for-continueusly urging: the third eurface of
the associated seat ring te#ards engagement with said-
‘ball member. |
The spriﬁg'seat ring is preferaQ}y adapted for
15 rotational-type flexure generally towards and away

from the reinforcing ring.

J

In ac¢cordance with a preferred aspect of
o - the invention, the bail member and pair of composite'seat
- : T members are sized so that, when assembled axially
. . . 20 between the shoulders from a preassembly reference
| position,'the seat'ringS'and disc springs are flexed
and stressed to have an axial_displacemeht at the
central openings_thereof equal £ 0 an axial spacing .
of'radially innermost ehds of the seat ring second
25 - surfaces‘from the'bail member plus an.axiai displace-
ment of the disc epring.at an equiradial peczition to

. o -the axial spacing.



Figure.3 is an enlarged cross-sectional view of the downstream seat
assenbly shown Just prior to valve nmake-up and with thgyball nmenber omtted
~for ease of illustration; 15 o Figure 4 is a sorewhat schematic view
of .the preferred seat assenbly constructiaon shown just prior to valve

_make-up for showi ng various co-operative relationships between the val ve

conponents; Figure 5 is a slightly enlarged: view of a 20 : portion of the

valve of Figure 1 showing the bal'P.-nember in the val ve-open position under

a no-load condition; Figure 6 is an enlarged cross-sectional view of a

portion of the & ridWifiidRn dskedBiryngr

REcribed, by ¥agh&fn in Figure 5;

SRR U R S TR T L S

cross;secthohaL view simlar to Figure 5 but with the valve in a cl osed

T, W
position U

Ger *Phe influence of elevated fluid system pressures 5 and at

such tine that the, §8at asSefl d 651 NayEndNied e ONL) ORIy derabl e wear

Figure 9 is a enlarged cross-sectional view show ng a portion of the

upstr eam ggabyuassanBhy 10k atke YAl e coPaWR cien wiitdURE pBie a0

Figdre 10 is an enlarged cross-sectional view

L4

10

15

”- 20

25

embodiment of the invention;
Figure 2 is an enlarged cross-sectional view .

of the upstream seat assembly just prior to valve

make-dp and with the bail member omitted for ease of -\/

illustration;

Figure 3 is an enlarged cross-sectional view
of the downstream seat assembly shown just prior to
valve make-up and with the ball_member omitted for.
ease of illustragioﬁ; _

Figure 4 is a somewhat schematic vieﬁ of“the'g
'preferred seat assembly construction shown just
prior to valve make-up for showing various co-operative

‘relationships between the valve components;

— v

Figure 5 is a slightly enlarged view of a

“pértion of the valve of Figure 1 showing the ball

member in the valve-opeh'pbsition'uﬁdeb'a no-load
condition;

Figure 6 is an enlarged'cross—sectional view
of a portion of the upstreaﬁ seat assembly of the
valve shown in Figﬁre 53

Figure 7 is an enlarged cross-sectional view

of a portion of the downstream seat assembly of the

© me ecriae e s A EAC s g A am o sl T

'



of .a portion of the downstream seat assenbly of the valve shown in Figure @g
8. Referring now to the drawi ngs wherein the show ngs are for purposes of
illustrating the preferred 15 enbodi ment of the invention only and not
for purposes of limting sane, Figure 1 shows a-ball valve A having a pair
‘of opposed seat assenblies B di sposed ori opposite sides of a floating type
spherical ball nenber C. 20 More particularly, and with reference
to Figures-1 and 5, ball valve A includ a body.or housing 10 having a
main or central body section 12 and opposed end fittings 14, 15. Seat
_assenblies B aMf#ﬁﬁIsm%ﬁbém(f%ﬁ%?%ﬁﬁhted.mﬁthin the main body section 25
12 and- the ball nenber . is ar anged for selective rotation by a stem and
act ua¥i ng handl e azseﬁbﬁ?ria. 1S 31°rRRE~8E8CAIPERSF VARPH FOPELBAS *8f the .
valve illus- trated in Eigures 1, 5 and 8 except, for . the ball and seat
ring assenblies,&Hy tr)%e i e dveag]i‘?éedlnanadlcolrosneedceps%%lr%/‘?% accommodat e
di.-f ferent -type iy | valve fyuctions, - al ,

yp %modrer5 the S:.ﬁ'tlﬁgarpc]fe. el@x}ayefofﬂﬂd"e%#)%o le prl@s NEL

‘however, and for purposes of describing a preferre ment of the

present inventigny Fdhesydl e d0Whd 0ol pdlese £ aensddl | Ye SHA T sdlrcent ral

. passageway” or axially extending fluid flow opening 20 which is 10 only
slightly | argergdde dd et ®drdded wdp; menber C. Each of end fittings 14, 16
~ is reltasably connected _ o . ' -
o ; ' " Figure 9 is a enlarged cross-sectional view
showing a portion_of the upstream seat assembly of
o ) ~ the valve shown in Figure 8; and
| 10 Figure 10 is én'enlarged gross~sec£idnél view
.of a portion of the downstream seat.aSSembly'of the
valve shown in Figure 8. ' '
-Referring no# to the drawings-wherein_ﬁhei
 showings are for-pﬁrposes of illustrating the preferred
.15 embodimgnt'of the invention.énly and not for purposes
'g'_ -': ' of liﬁiting'same, 'Figure-1'shOWS'a-ball valve A
| having a pair of opposed seat assemblies B disposed
22 opposit; sides of a floating type spherical.ball
member C.
. 20 More particularly, and with reference to
Figures 1 and 5, ball valve A includes a body or
housing 10 having a-méin or central Eody section 12
and.opposed end fittings 14, 15. Seat assemblies B and
ball membér C are mounted within the main body section

25 12 and the ball member is arranged for selective

rotation by = stem and actuating handle assembly 18.




to gentrai body section 12 by a pIUraIity of longit- udinally extending tie
bolts 22 (Figure 1). The end fittings are also provi with internal
- screw threads 24, 26 or any other convenient neans to a€commodat e
connecting the valve to an.associated fluid systemor piping. The stem and
- ‘actuating handl e assenbly 18 includes a stem nenber 30 having a | ower end
32 20 configured as. shown for¢sliding receipt in a slot or groove 34 in
t he upper end of ball nmenber C. "This arrangenent allows the ball nenber to
- be rotated betmeﬁpiv Ver ppedr anth cl OSefo ROSsEI PRS Wi e sane tine
permtting the bal %%H%%r'to have éohe 2% f?ged%%}og ﬁ%%%%en; for
Shi FLINg B¥eally 1N FYBLYRsDATY sPaRRAESAY o3l WheN e pedlve [ 11 a clgged

~position and fluid préessure i's acting on the ball nenber. 22. Stem

menber 30,84t gede eqh\garaélsxémtbhri@%ghmag QReRiod 3R d A LR POdy section
12. Suitable packing rings 38, 40 and 42 are positioned in opening 36 and

seal i ngl y agagage nleh@ sepeni n@ ard oximddafe diTadiemt3Gypeis ahown, |ower _
. packing ring 42 rests upon an inwardly extending flange 44 fornmed within -
~opengng. 36tyAesploift biallituvtaiwas kem s46 ucs ipos .t i dregemdrad f | ange 44 and is
cl anped thereto by.an outwardly extendi ng shoul der.or flange 48 formed at 3
- . the base bbweger,seawh ferbourd@sesTied siegnnidiive 3 eredladriad position by a -
.Jpacki ng.gland 50 and a packing nut 52. As shown. '
_ - embodiment of the present invention, the valve body
includes a generally cylindrical central passageway
or axially extending fluid flow_opening;éb-which is N\
10 only slightly larger in diameter. than ball member C.
Each of end fittings 14, 16 is releasably connected
to central body section 12 By a plurality of longit-
udinally extending tie bolts 22 (Figure 1). The
end fittings are also provided with internal scraw
15 threads 24, 26 or'any other convenient means to
| accommodate connecting the valve to an associated
- fluid system or piping.

The stem and actuating handle assembly 18 -~

"fﬁcludes a stem member 30 having a lower end 3z

20 configured as shown for sliding receipt in a2 slot

or_grooV¢ 34 in the upper end of ball member C.

)

. This arrangement allows the ball member to be rotated
between valve-dpen-and closed positions while at the
same time permiéting the ball mémbef to have some

25“' freedom ¢f movement for shifting axially in valve

body passageway 20 when the valve is in a closed

position ana fluid pressure is acting on the tall member.



in Figure 1, tightening of- packing nut 52 applies pressure to packing é-?'
rings 38, 40, 42 to ensure a fluid-tight seal about the stem 15

Al though it is possibl'e to actuate the valve stem by many different types

of actuators, including both manual and automatic,. a handle 54 has been
~shown. This handle is releasably secured to stem nenber 30 by a:nut 56 :
whi ch clanps the handle to the top of packing 20 nut '52. A co-operating
flat 58 is advantageously formed on the terior of the stem menber for: '

"association with a fl (not _shown), i n,the handl e opening for properly .
“positioning the handlgttsgﬂ' t'"ﬁg%?f'\é\%bnﬁﬁﬁgf’ss%é@V@fﬁqtyhébgBé'igpi gﬁ‘ 8f t%e
handl e and, in N .th jfi f_ b menber are J]imted b
depemdi ng st op &riérﬁglenr%a‘ziﬁz,1'&348%'21?%1{%&8@?@%%1{%0%4@' Th%%let%%io?l - 23. Y
nmenbers engage i e, S t£ Al i to provide
fixed st opg ?or%ﬁeﬁ%ﬁ/@%{\aﬁ’e %Iﬁ%pﬁ% %ﬁ%d%ﬁjfeg%rgé;de posi Itoi ons. Wth

continued refergegid® Wtdndi MU ESnd1 Péh Page tiPe ShenPRETaRE SE€&h ring

assenbl i es B di sposed on opposite sides of ball nmenber C are clanpingly
Tetai ned isn posidndr O30 OPPNSi 0w JeSowdr thcibohd FERDES 2 adg agent opposite

~ends of the main body section passage- way or opening 20. In the preferred
énbodi ment. her ezpdi0 an inwterd I sexissading t Nbasgat44 i Nogrmssenbthes. are
.-located substantially equidistantly fromand on dianet- rically opposite
‘sicdes of 'the a@eniigridfatibrspiithenrust washer 46 is positioned
e ﬁelow flange_## and is clamped thereto by .an outwardly
" \¢’“_ extending shoulder or flaﬁge 48 formed at the base of
| 10 siem member 30. The stem member is held in position
| by a paéking gland 50 and é packing nut-52.- As shown
in‘Figure 1, tightening oftpécking nut 52 applies
- pressure to packing rings 38, 40, 42 .to ensure a
fluid-tight seal abogﬁ the stem. _
.15 ' Althéugh_it is‘_possible to_actuate the valve
.stem.by many different types of adtuators, including
both manual and automatic, a handle 54 has been showa.
This handle is releasably secured to stem member 30 by a
;Gt.56 which clamps the handle to the top of packing
20 nut 52. A co-operating flat 58 is advantagequsly
formed on tﬁe'exterior of thé stem member for association
LR with a flat (not shown) in the haﬁdle opening for
properly_posiiioning the handle on the stem member.

However, the position of the handle and, in turn,

25 the position of ball.member C are limited by depending

{

stép members 062, 64 carrvied by handle 54. Thes

o
stag



‘bal | -menmber and include radially innernost- central openings 66, 68. Wile
the seat ring assenblies could be maintained in positggn by many different
- or alternative arrangenents, they are shown in the preferred enbodi nent as
~being located by shoulders 70, 72 defined by end faces 74, 76 of end
fittings 14, 16, respectively (Flgure 5). The inward I|n1t of nmovement 20
-of the seat ring assenblies is. defined by a.pair of shoul ders or steps
:78,80 which are: formed by the inger end wall's of counterbores extendihg

i nwardly of val ve body passageway or opening 20. Still further, a seal is
provi ded hehveea eepagal shotdgbiecsuofiatBs2bn ceamdaénuoﬂwttlngs 14, 16 hy
means of O-rings 82, 84 which are received i second counterbores 86. {ﬁ&

24. respesecviby. 12 Eachrovipagfigedi spesedfabohet Nelggt dr circunf erence
or outer Egrlpheral surface of a portion of the associated seat ring
assenbl y BhreThulirppenupar ééﬂérF °§fdpBPPLFAPRE A described 5 hereinabove

are with reference to the ({err d val ve cq$st ﬁ;t on. i w1l be readily
~apparent to thoé”é‘tgquqrbtd' e“qﬁ)v&e‘?/ 2t &M f caa‘f‘?ons may

“readily bﬁfs g%uéaggﬁég gga?ccggnggg%FggL%gcgl §§%e tlonal needs and/or

reqﬁlrene €7 N0 €ene °C'he -overal | intent

SCope QEpBQ?FBrQ%Q bBVEY 'lOQembI%\?;[g é?feercﬁﬁﬁl‘gfx%g;elgt Qkeg2q 3 and 4, -

;descrlptlo be nmade of the spec etail assenblles
in position on opposite sides of the ball mefiber

adjécent opposite ends of the main body section passage-
way or opening 20. In the preferred embodiment here-
10 under discussion, the seat ring asseﬁblies are
" located substantially equidistahtly from and on diamef-

rically opposite SideS'of'tﬁe axis of rotation of the
ball member and include radially innermost central
openings 66, 68. While the seat ring assemblies

95 could be maintained in bosition by many different
or alternative arrangements,”they are shown in the
preferred embodiment as being located by shouldérs 70, 72

defined by end faces 74, 76 of ‘end fittings 14, 16, 7

-

—"

respectively (Figure 5). The inward limit of movement
20 of the seat ring assemblies is defined by a pair
of shoulders or steps f8,80 which are formed by the
inner end walls of counterbores extending inwardly of
valve body passageway or opening 20. Still further,
a seal is provided between central body seétion i2
25 and end fittings 14, 16 by means of 0~riﬁgs 82, 84

which are receivaed ia secoad counterbores 86, 88,



B. - Figure 2 shows the upstream seat assenbly disposed 15 adjacent end éq
fitting 14 prior to valve make-up. Figure 3 shows the downstream seat
assenbly di sposed adjacent end fitting 16 and is identical to the upstream
-seat assenbly. The ball nenber C has been onitted fcr: ease of
;under st andi ng and appreciating the seat assenbly 20 : construction.

iFi gure 4 shows a sonmewhat schematic view2bt a seat assenbly just prior to
make-up where the ball menber C has been |ncIuded The seat assenblies are

- each preferablyrg%g§5£§eg f thﬁg§8 gngggggkg F E Seﬁegg gchgg or support

;rlngs 25 100 sea rings 3%conreal drsc springs
108, 110, resp@&FeyeLyrcuﬁ@bnigee'89 bLEER Egpapherg§ saQ%ag@vsfan annul ar
-confxﬁﬁratl

on includ Ing a central opent ng and are constructed froma rlgld

~material, such gasp§b€ebnObrother asybtahkedmebak. riAg aB9¥RALLY Bi,gures 2 and
3, re|nforC|ng rings 100, 102 include first 5 circunferentially

conti nuous surfaces orrmena drarasirkll?,deltld Mhich Haane wssaci atask shigddler s
70, 72 of end fittings 14, 16. Second continuous surface 116, 118 face and
abut  counser borkepatinabbve areswips F8feBOnok mmi hhbodyefeerednvpassageway
20 to positively 10 establish a forwardnost or home position for the
-xeinforcing ringgnstpuchipd.cohti nibdsbsureaddlrzepparendf teathoBaces
‘generatly toward the ball nenber (not shown), but . is dinensioned to be
spaced therefroﬁ*%hleﬁdEF theprBhenhonAyeRbUL ARkt modifAtations may

readlly be made thereto to accommodate partlcular
3&45 ' operatlonal need5'and/or requirementsf Such changes
10 are not deemed to affect the overall intent or scope
of the present invention.
With reference to Figures 2. 3:and 4, description
will be made of the specific details of seat assembiies
B. Figure 2 shcws the upstream seat assembly disposed
15 adjacent end fittiag 14 prior to valve~make-up. '
Figure 3 shows the downstﬁeam seat assembly disposed
adjacent end fitting 16 and is identical to the upstream
seat assembly. The bail'membec C has been omitted fcr
’Ease of.understanding-and appreciating the seat assembly
20 construction. Figure 4 shows a somewhat schematic view
of a seat assembly just prior to make-up wheﬁe the ball
-:4»:' member C has been included.
The seat assemblies are each preferably comprised
of three components, i.e., reinforcing or support rings
25 100, 102, eeat.rinés 104;-106 and frusto-conical- -dise

springs 102, 110, respectively. Reinforcing rings 100,

P e



215 ference therewith and to inhibit distortion and dis- placenent of the

associ ated seat ring between the reinforcing ring thr%ﬂ surfaces 120; 122
and the ball nenber. The outer circunferences or peripheral surfaces 124,
126 of rings 100, 102 are closely disposed 20 agai nst the sidewal | " of
passageway 20. Quter surfaces 124, 126 and second surfaces 116, 118 may
alternatively include a flange or, gtep conflgured and di nensioned to engage
shoul ders 78, 80 to further extent”portions of support rlngs 100, 102

a1y, TEga P 2RSIRACIEK 2o EDeMPE] SofiehEl LaYREYE SRNERLONS I S0

require. r suc an- addi ange 1 ST avol 26.

pref err ed, gabogls neRg §99\A@059w@&@aefa{éﬂlglPﬂglkdnﬁﬁ%mgg sLgRR: Ref engang

still to Figures 2 and 3, seat rings 104 so conpirsé annul ar or

ring-likead steelBsPes ShAVEAYLEEDE T @bt OPENI BYSsEEwN 68n G BIdY OUgh whi ch
are small'er in size than the central openings of the reinforcing rings 100,

- 102. The zeatdripgsenntoncapserifgs fdexure2generabbyripwgrds and away from
the reinforcing rings 100, 102. Seat rings 10 104, 106 are configured

- to exert wimgumferénkbahbrhoonthhuelassucféyeagarnehdt hacbal | nenber. -

- First surfaces 128, 130 generally face the associ ated shoul ders 70, 72 of 2
end fittihb%slh!41%h%ﬁ@ aperasavsbated shoulders 70, 72, 08re inclined or

Japered amey from15. end faces 74, 76 in an unstressed and unf| exed
- en flttlngs 14, 16. “Second continuous surface 11§, 118 '

face and abut_coUnterbore-end walls or steps 78, 80
of main body section paesageway 20 tO"posifively
100 establish a'forwardmost.orjhome'pdsiﬁion fer the
reinforcing rings; A third'continueus surface
120, 122 of each faces generally toward the ball
member (not_shown), but 'is dimensioned to be spaced
therefrom in order to preveht any abutment or inter-
15 ference therewith and to inhibit distoe;ion-and dis-

. placement of the associated seat ring between the
.relnforc1ng .rlng third surfaces 120, 122 and the
ball-member. The outer circumferences or peripherel
surfaces 124, 126 of rings 100, 102 are closely disposed

20 against the sidewall of passageway 20. Outer surfaces =
124, 126 and second surfaces 116, 118'may'alterﬁatiéely
inclu@e a flange or step configured and dimensioned.to : =
engege shoulders 78, 80 to further'extent portions of

.support rings 100, 102 axially inward of passaéeway

25 20 where overall valve dimensions may so require.

i
However, such an additiconal flange is avoided in the



condition. Seat ring second surfaces 132, 134 face reinforcing rings 100;?
- 102 for bearing engagenent and support against reinforcing ring first '
surfaces 112, 114. Seat ring third surfaces or ball engaging 20 surfaces
136, 138 generally face the ball nember for fluid seal i ng engagenent
therewith. Flanges.or lips 140, 142 extend axially outward of.seat ring
first surfaces 128,.. 130 at outer peripgeral surfaces 144, 146. These lips
or flanges are preferably continuous 25 about the seat rings and | ocated
so that their radially inner surfaces enerall correspond to the outside
27. dianeter ofpﬁ%ﬁ é?dd?§5°§b?Fﬂ§ssﬁ8§“ Eio° VEREAgRIdeFIPPRE 140, 142
are bevel |l ed atﬂth radlall Quter- nost areas thereof and are slightly

rol | €% over the" ac ﬁpﬁ %gr edges of the disc springs in the 5. manner

shown. VWhile not nec§§%y' i I a quﬂ{ Lagepu intains the
Yine SHidT ana su assen%l eﬁ%%m

~seat rings and disc springs t gether as I’'n"the preferred

arrangement of ghesinyenti 99s s€3b Ebagﬁlé&@%nagﬁaarsrcprﬂﬁgwe&ed froma
fesilient 10 pl astic material such as pol ytetrafl uoroet hyl ene or

pol yethyl gne. |he®bonkdnbeingadehyrabpopehahgs, 669VE¥eEhebBhraliBRr types
of material, such-as acetyl resins, could al so be advantageously utilized.

The particul ar mmiehlabechnskneMAih silpesonenexhententibalbepdapagdent upon .

the operatlng conditions to which the valve will be subj ect ed.

: of the reinforcing rings 100, 102. The seat rings

are adapted for flexure generally towards and,away

A . from the-reinfpraing ﬁihgs 100, 102. Seat rings

10 | 104, i06 are configured to exert a.sﬁriné-like
mechanical.eLasticity against ﬁhe ball member. Fifst
surfaces-128, 130.ganerally7face the associated shoulders
70, 72 of;end-flttlngs 14, 16.and; in relation to
shoulders 76, 72, are lncllned or tapered away from

15 end faces T4, 76 1n.anlunstressed and unflexed
condition. Séat_ring second surfaces 132, 134-face
reinforcing rings 100, 102 for bearing engagement
and support against reiafo}cing,ring first surfaces-
'?;2, 114. Seat ring third surfaces or ball engaging

20 surfaces 1386, 138 generally face the ball member for
-fluid sealing ensagement therew1th. Flanges or 1ips 140,
142 extend ax1a11y outward of seat ring first surfaces
128, 130lat cuter peripheral surfaces 144, 146.
These lips or flahges a"e-preferably continuous

'25 about fhe seat rlngs and located so that their radially

inner surfaces generally cor Mspcrd to the cutside



- The dfahéter at the outer ends 152, 154 of- the disc springs is such that a
di sc spring'nay be received within the cylindrical c ng defined by the

inner 20

128, 130.

wal | of the
The i nner di

is substantially equal

associ at ed seat

seat ‘ring axial flanges 140, 142 and first surfaces
ameter of the springs at their inner ends 156, 158
to the dianeter. of 'the opening 66, 68 through the

ring 104, 106. 25 The disc springs are selected so

that their force is sufficient ggder partial deflection to con-"tinuously
seat rings towards. the“ball nenber. 28.. The springs nust al so

'a|'0“’Str8§§h89e9ro?0895§§§hOBLLEGESPEnEQW@bQS 31bl.at Feagdecondition to.
accommodate shifting of the ball nenber "and engagenent W th seat ring tt&#d

surfaces 486311338140l n1theapeebeveedeanpediaentalene:y outépder di scussron,
seat ring first surfaces 128, 130 are configured so as to substantially
fully stresstdapeaspehbgsot08ndliPeaklyghtdynrb@ie, ove®., to nmove the disc
springs froma frusto-conical shape towards a substantlally flattened
~configurathenrad@ally outeW edgeef efenbe tddsEi gpréngs tihetparti cul ar

di mensi onal rel ationsh
wi | I5be spashercahpyndi shhisednot segesgssanbithds Brwehigeendi scussed with

urge the

particul ar

- d4. 15
dlsposed

10

15

ps between each seat assenbly B and ball nenber C

reference to the upstream seat” assenbly disposed at end fitting

?dgﬂﬁﬁﬁaeBéséﬁppéépéﬁéésttH&tsFﬁé géREst PedmIdEat assenbly

at end fittin
Spring

s togetger as a su
'In the preferred.arrangemeht of the invention,

'seat rings 104,

16 i s |degggggl Ehereto unl ess

106 are constructed from a resilient

plastic material such as polytetrafluoroethylene or

polyethylene.
however, that

resins, could

It should be readily aopreciated,
other typés'offmatérial, such as acetyl

also be'advantageously utiliged.

The particular material chosen will, to some extent,

be dependeﬁt upon the-operatingréonditions to which

the valve will

20 -

25

be subjected.

The'diameté" at'the outer ends 152, B4 of the

disc springs is such +hat a disc spring may be received k,i

-

within the cylindrical cavity defined by the inner

wall of the seat ring axial flanges 140, 142 and.first'

surfaces 128,

130. The inner diameter of the springs

at their inner ends 156, 158 is substantially equal to

the diameter of the opening 66, 68 through the

-associated seat ring 104, 106.

The disc springs are selected so that their

Force is suffi

tinuously urge

cient uander partial deflection to con-

the seat rings towards the ball member.

-

9



‘otherwi se specifically noted. Figure 4 is a schematic representation of -43
seat assenbly B and bal}. member C just prior to make-up at a preassenbl y
reference position. In 20 this reference position, disc spring 108 and
seat ring 104 are rel axed and contact is_nmade between seat ring 104 and
‘ball nmenber C at an annul ar contact |ine2860 di sposed at the radial

i nner nost end third, or baII-engig g surf ace, 1§6 ofrseag re g 104.
Seat ring 104 e SgRRTHAEP Rfbe? ﬁ°5s§éﬁ%f§ Y8Rt hATPEeR bgPantlaIIy

uni form st ess gy gii Pueo%rggsgrhgteg 4NEORELESneEbolLcOhablig L 1

surface 136 of Seat fin nce seat ri con ure exert a

29. gpring-likeg ﬂ??@?@ ?FdﬁﬂésﬁéfitMeﬂggknéﬂdtQE%EEbheﬂP”Q§En sHQQ”rl?g

asseﬁﬁ1y i ndependent Isc springs 1 € arcuate contour

bal.l -engagi ng sy {pgesdBPa st 19, cOB8L gurgdehe grer@rteliNeavbierbatakkee
and controlled 5 manner. for acconpllshlng the uni form stress

~ distributien objgeérveisttsbasnbessatonndst harsti supradeest 026bt aBo &hes

- ®bjective, the radius of curvature of surface 136 in an unstressed,
Unassenbl ed condotfbgunedt sbeagr tat subsbhantihdlyafilidyosteessatiise sprihgs
outer surface of the 10 ball menber C. In addition, the seat ring 104
and disc springid®g aie stzeadlve maker-unheh-assehbl Bdvaxthr| §ibet aechngsl ve
body shkoul der 70 and bal | mnmenber C, _the seat ring is flexed outwardly

t owar ds aSSOC|af%@msﬁoﬁrH§F°7e°aﬁGaétFéégédtPUaﬁg§eaasPaéFé§téﬁléMrvature

at surface 15 136 generaLI¥ equi val ent to the radi us of the ball nenber,
' S . -~ flattened configuration.
%*; ,_ 10 o With reference to Figure 4,'the'particular

_dimensionél'relationshipé betweéen each seat assehbly B and
ball member C will be specifically diScussed, Seat
-assembliés B will be discussed with particular reference to
the upstrean seat_&Ssembly disposed ét end fitting 14.

15 It shouId-bé'appreciated bhét the'down§;reaﬁ seaﬁ.assembly
disposed at end fitting 16 is identicallthereﬁo ﬁnless

otherwise speéecifically noted. Figure 4 is a schematic

EY

representétién ofnseat assembly B and ball member C just
prior to make-up at.a'preassembly reference position. In
20 zgis réference pdéition, disc spring 108 and seat riné
104 are relaxed and contact is ﬁade between seat ring 104
and ball membef;C at aﬁ anndlar contact line_160 disvosed
" at the radial innermost eﬁd_of fhird or ball-engaging
surface 136 of seat ring'104. - |
25 . Seat ring 104 engages ball member C upon assembly
suéh that a substantiallyluhiform stress distributicn occurs
R a;ong the entire extent o” the third surface 136 of seat

ring 104. Since seat ring 104 is configured to exert a




‘thus sealingly engagi ng the ball nenber over. the entire extent of the
surface 136. The disc spring 108 is.sinultaneously sg{ ssed towards a _
flattened condition and, therefore, additionally acts'to continuously urge
third 20 surface 136 of seat ring 104 .towards engagenent with the ball -
menber. Such a uniformy stressed, full surface engagenent wll occur when
- the ball menber C and conposite sédt nenbers B are sized so. that, at valve
- assenbly fromthe preassenbly reference position of Figure 4, the seat 25
. ring 104spningrbikepreabandg2dr elapbiedtinasiipassehst Hapdyv BN A i al
di spl acenent at the area of central opening . - 30. 66 of theg seat assenbly
equal toca%PaRiaﬁsgﬁaéVnQHSFpanpﬁaFéVl9fiHgéFnﬁgf}éﬁa dPSSegdﬁd surfacgﬁ&32
of .seat ring 104 fromthe ball gegber C plus an axial ,di.spl acenent of the
di sc-sprFhg ﬁﬁgu?FSnfgﬁﬁﬂFBePfeﬁgg?5885?515§ gnr5ace éé&i%ﬁ%ﬁaggposition to
" the said.axial spacing..lLn gther ; it onti,Aued ;.af erence to
tégFﬁ gsh? dlstfgg ?B pogggdgggng% Qn% QVHQ?%Q

Fi gure 4%°8 face contor 0 match the spherical surface of

the bal 'mgfggyggf%eg@cgm@émg&m SAY R rki0 stthe ssu:af HdigiRNYron | pl us

- di frensi on ~ Dimension K represents the axial displacement at central
- openi ng ?@3@9%2_%5.' NgtandisSBledneMBRhdOk hditSC igPbird@ri RREov&RAn156 towards = .

the-end.face 74 of shoulder 70. Dinension J represents the axial spacing of -
" the radi-ghk¥ bBRecHBTk,endeoiragaals bifnguseatndesorf aue rh32 fiddém t he ball 15
- menbér C. Dinension | represents the axial ~disptacement of disc spring 108
LLfronyendiﬁaaﬁ G4 sabesbed|,dana’éeat lad conditipn_must be greater:
: | than the rgdius of curvafure-on the-outer'éurface of the ;;
10. Eall member C. In addition, the seat ring 104 and disc
spring 108 are sized so thét, when assembled axially
between vaive body shéulder 70 and ba11 member c, the
~seat ring is flexed outwardly towards associated shoulder
70 and-stressed to have a radius of curvature at surface
15 136 genera{ly equivalenﬁ to the radius'bf.the ball member,
thus sealinély engaging thé-ball member over. the entire
extent of.the surface 136. The disc épring 108 is
simultaneously streséed towards a flatteqed condition and,
therefore, additioﬁally #cts td'continuously-urge'third A
20 surface 136 of seat ring 104 towards engagement with the
| -ball member. Such a uniformly stressed, full'surface-
engagement will.oécur when the ball member C and éompésite S
seat members B are sized so that, at valve assembly'ffom
the preassembly'reference poéition of Figure 4, the seat

25 ring 104 and disc spring 108 are flexed and stressed to

have an axial displacement at the area of central opening



equiradi al position'to the radially innernost end of seat ring second j;’
surface 132. Recogni zing this axial spacing or relationship, 20 t he

di ameter [err] of the spherical surface of the seat ring, when rel axed, and

t he radi al .gap, dinension g, between ball nenber C and the seat ring at the
JFadially inner- nost. end of second surface 132 may be cal cul ated, given
certain readily deterninable dinensions 3-the ball-25 - valve A Mre
specifically, the radial gap g and the diameter D of the spherical surface
of the seat rin@6 of Fhe FRaAt ratssakly @tk et Ml BRI/ Mhdh Yeo-
~.metrical nethods, given the inside dianeter d of the seat ring 104, the

di anrfer D of t HE D 1L e e st i bR SiREM D2 3¢ of 33 (Rf seat ring

bal | - engagi ng surface 136 of the seat. ring or radially jnpernost end of .its
acond Sodt 09> W Eael it it i " Sfud et L B F e
‘conposite seat taper,. di nension. Kdn : S e i i i cal

dé'[ne)rn‘: ned fr om tHe q'leﬁc:axsaqri'ion o&)% hfég%ga{ﬂﬁ(ﬁ%‘ 1%% fﬁ(\églgbndégigs%plspri né

108 necessary tQ LOMMENSA &S 0f L 1418 EXPEEL Bk SR LRI s pa RS e di Mensi ons

are typically given paraneters determned by the size of the valve which is

desired and are det er njegk Re€ 0fsh a9, tHn & ORVERT & OREL nh IUSE £ ¥r E0Sé 0o
standards. There is a 15 uni que spherical dianeter [err] and a uni que

seat-t0- ball ratigdrgap, gséDtimAcCiusenier13g dddtod0d tormespnthag to
each .set of given valve paraneters, : ‘ :
spherical suriace of the ball member where dimension K

o s ..'_ o is equal.to thg sum Qf dimengion”I plus dimeqsion Je

 10 Dimension K beprésents the axial displacement at central
opening 66 comprising a displacement of disc spring ipner
end 156 towards the end:faqe_Th bf_shoulder.70. Dimension
J represents the axiél'spécing of'the radiélly innermost
end of seat ring Secdnd surface 132 from the ball

15 member C}’ Dimension I Eepresents the"axial displacement

of disc spring 108 from end face 74 of shoulder 70 at an

Y

equiradial'position.to the radialiy innermos£ end of
seat ring second surface 132.
Nt _ —_— Recognizing this axial spacing or relationship,
20 the diameter DS of the spherical surface of the seat ring,
when reiaxed, and the radial gap,'dimeqsion g, between
- T : ball member C and the seat riné at the radiélly iﬁner-
| most end of second surface f32 may be calculated, given

certain readily determinable dimensions of the ball

N
(%]

valve A. More specificaily, the radial gap g and the

diameter Ds of the spherical surface of the seat ring,



D, d, N, E, and K, such that, when the seat ring 104, 106 is deforned upon
assenbly the ring-engaging 20 surface 136, 138.coeagrns to the spherical
surface of.the ball menber C. In the preferred enbodifient of the invention
as shown in Figures .2 and 3, 'seat assenblies B are configured so that, at
the preassenbly reference 25  position, frusto-conical disc springs 108,
110 and seat rings 104, 106 have their smaller diameter ends nore closely
spaced towards the ball member. 3132, Wth reference to the upstream seat

assenbly of Figure 2, the extent of the taﬁgr at the disc spring inner end
156- i s preveerifhddcto HRN a8 ARRErBHAFIaBUAE KBPFBsBBAding to the .-

expected wear on the _downstream seat .Li 10 Fi,gutre, 3) over the\é?
cycle Iifemeb?l?ﬁL 95?989°’$ﬁ%e?iﬁg? %ﬁ?f%ﬁeggigeg?psgaggrfﬁé 104 tapers
for mating_assoclati Wi t ' SRr] 8 h ring second
surface 1%39? brss gggédL 8r9g?g§gggbgt%?%éﬁgnggégngﬁ?gakth t%e first or

10 bear kng rface;4d240hmbbe,rrgi BFOLRENGA 1 0gn 2004 Begkckl l ustrated
in Figure %f gﬁg %ﬁ thé;p?eégsen£I§ referencg pos?%igﬁ?éfﬁe thfrd_or

ball cengaghRg sertaeesda€ pingeat rhAgal@d Lanarmuatekydcoeptoured to have a

sphéﬁical-surface diameter slightly greater 15 than the ball nenber :
di amet.er. apgsaseabhy shtsetet heref thm olibeinadidabhg tern@r osthend of the )
bal |l - engagi ng surface 136 contacts the ball. nmember C at '

~ disc spring 108, and the composite seat taper,
.dimension.ﬁ in thé relaxéd state, which is typically.
determined from the_relaxation.of:the seat  ring
10 104 and diéc spring 108:necessary to compensate for
the expected seat wear. These”dimensioné are typically
given parameters'determined by the size of the valve
which is desired and afe determined accordihg to
conventional industry desigﬁ standardi. There is a
15 unique sphericél diameter Ds and a unique ;eat-to-
.ball radial gap g for each seat ring 104, 106
corresponding to each set of gi&en valve parameters,
b, d, N, E, and K, such that,'ﬁhen the seat ring _ i_)
104, 106 is deformed upon assembly the ring-engaging
'20 : surface 136, 138 conforms to the sphepical surface

of the ball member C.

o

In the preferred embodiment of the invention
as shown in Figures 2 and 3. seat assemblies B are
configured so that, at the preassembly reference

25 .position, frusto-conical ﬁisc-springs 108, 110 and
seat rings 164, 106 have their émaller diameter

ends more ciosely spaced t{owards the ball member.



an annul ar contact line 160 with a ball clearance gap thus being included }?_
~at- the radially outernost 20 end of ball-engagi ng surface 136.

Qperation Referring to*Figures 5 to 10, description will hereinafter be

‘made with reference to operation-of the ball valve and seat assenbly.

Figure 5 shows 25 the valve in a fully assenbl ed, val ve-open position
(no-load fluid pressure condition). H this p05|t|on the two seat

.assenblies B have been shifted fromt & unstressed conditi on shown .

0 Figures 2 10 gy ig BebukbcstE8opEd ﬁgggpsgan apaS &b QungL,(hg Dall merber

.C, seat assenblies and’s I-S sucC this

relallonship al pakhrd 2, th¥ab¥EeRESEEDLYe ObaliBlicatiPenIOREBALELEH,AT YV,

and wth partlcu ar reference to |gures e seat asse

~di'sposed in an a§§espleﬂdC@9élisoapaaebepmeheepeased §€8inkh898ndP4, 106
-are conpacted between 10 t he associated reinforcing rings 100, 102 and

disc springs 108amddRtt @ospERpEns8ihBetocBher RPSctdBEWELRt ohi DBHE 104, 106
~are further rotatably flexed, upon val ve nmake-up, away from each ot her and

‘towards ass- oci abedssheahdeest 70ing2106néFaklyeaboudbvehethelbycleout er
peri pheries and against disc springs 108, 110 in response to engagenent
- Detween bal | - enghgfeg eﬂrtheesalﬁé, 138eaﬂdratbahbfaeabéESbeTheatact|on

conpreSses
rlng 104 tapers for mating association with the disc
spring 108, The seat ring second surface 132 is dis-
"4 . posed for close abutting engagement with the first or
10 | bearing surface 112 of the reinforcing ring 100.
As best illustrated in Figure 4, and in the preassembly
referenee'position, the Ehind or ball-engaging
surface 136 cf seat ring 104 is arcuately contoured
to have a spherical surface diameter slightly greater

15 than the ball member diameter and axially offset

- ~ therefrom. The radially innermost end of the ball-

LI

engaging surface 136 contaqts the ball member C at
s an annular contact line 160 with a ball clearance
(I — | .
o ' ~ gap thus being included at the radially outermost
20 end of ball-engaging surface 136.
| Ogeration
Referring.to-FigUres 5 to 10, description will
hereinafter be méde'with reference to operation of
the ball valve and seat assembly. Figure 5 shows
25 the valve.in a fully assembled, valve-open position

{no-lcad fluid pressure condition). 1In this position,

the two seat assemblies B have been shifted from the .



the associated disc springs 108, 110 towards a substantially flattened

condition. In the position 20 of Figures 6 and 7, e di'sc springs 108,

110 are preferably deflected through a travel distan (dimension Kin

Figure 4) predeternined by the reasonabl e .expectancy of wear on the

downstream seat ring 106 over the,cycle life of the valve A 25

The conbi ned fl exure .of the seat rings 104, 106 and the disc springs 108,

110 provides a conposite 34.38pring seat assenbly which has four

princi pal advantages. The first is to provide a controlled preload of the

seating surfpcese 9ged ncéndheidbal snownbes. Figinee sope hoeding is necessary

to maintain a seal, nost prior art ball valves. acconplish the preload by

‘crushing the sehlyrstgss bed weendt biobal | Strebbgrofinthéhsailange or shoul der,

upon assenbly, which, in effect, clanps the ball nenber agai nst novenent.

Wth seat rmemgsecofstsext cisoémhdielerBlgnd phasidersmni@si aks, this resulted

in an unacceptably high operating torque. The controlled preload of the

"ball valve b% ghehprestatpravidei bhishoakgbionphbni dbstalseat surface %

. applied to the ball nmenber in-response to a flexing action rather than a 15

cruslsi ng act?bhe ab#S ¢het Eb9T oFRERSUR" r easonabl e operating torque. Second,

the seat ring and%disc %ﬁrln inations operate to maintain a fluid seal -
S

~at | ow seat pressufEs.P fhﬁg%gg ¥rngnfoktF RgPaFERRtar

: ' referenée to Fighres 5 to T, the.seat aséemblies
_are'disposed in an assembled conditioﬁ such ihat
opposed seat rings 104, 106 are compacted bétween

10 " the associated reinforcing rings 100, 102 and disc
sprihgs 108, i10 £o compress the seat riﬁgs. The seat.
rings 104, 106 are furtﬁer rotatably flexed, upon
valve make-up, away from each cher and'towérds ass-~
ociated shoulders 70, 72 generally about their

15 outer peripheries and against disc springs 108, 110 in
response to engaggment'between Ball-engaging sﬁrfaces
-136, 138 and a ball member C. This action compresses

.’/the aSsociated disc springs 108, 110 towards a ;&;
substantially flattened ccndition. In the position
 26 .'of Figures 6 and 7; the disc springs fOB, 110 o ;

are preferably deflected through a travel distance

"

(dimension K in Figure &) predetermined by the
reasonable expectancy of wear on the downstream seat
ring 106 over the cycle life of the valve A.

 25' The combined flexure of the seat ringS‘fOQ,

11N A P PR B . (IR N 4 - - HE
106 and the #isc springs 108, 110 grovides & compusite



seat rings against the ball nmenber, the seats are nore 20 likely to | eak
at. l.ow pressures, i.e., when pressure |oading against the ball menber is 4@
tess. Thirdly, a seal which conpensates for seat wear and manufact- uring
tolerante is provided. As the seats wear during valve operation, the
conpasite seat ring 25 ,assenblies relax against the ball nmenber, thereby
extending the leak-tight:cycle Iife. F3&rthly, the 35.. conbi ned fl exure
resists the problemof ball nenber sag which may deformthe seats by the

forces of ball we t S n t provi ded by
‘the disc sprlnggggf?ﬁgnoéggd?f%%ﬂgwysgﬁéﬁg gé%lg%aFnggngﬁgglded in the

seat\L;ngs the QB$Sn§9?éBgS ?ﬁH'@1h§¥elE0t9VgF89HﬁetBecSBQSBRQEBy of the
seat rings in order to flex them agai nst the menber for wear

--conpensation purppeesadlof the seatikbgoBunsaecsbl ygaihetdiae spLINg and seat
. ring conposite assenblies are largely flattened and fl exed away fromthe
support rings, imempeseatSinng semendicauihgcés h82esi8dyate hhéxediaway
“from portions of the reinforcing ring first surface 112, 114. 15 Such
action’ prow des #| ezale mesér vmgapsrL?Oal172aﬂaeacegmdénehseae ring and
dISC spring relaxation while sinultaneously maintaining a prel oad agai nst
<bal | nenber C. Freéoﬁﬂlh&lsaPsbavanFage§eaﬁePbP5§|Hé&“B?n the ball

- member and the flange or shoulder, upon assembly,
which, in effect, clamps. the ball member against
w¥¥é '.'_ -movement. .With'seat rings constructed of.harder
| | 10 plastic materials, this resulted in an unacceptably
" high operating torque. The controlled preload of
thg ball valve of the presént invention,_howéver,
prpvides a seat surface applied to the ball mémber
in response to a flexiné action rather thén a |

15 crushing action and thereby offers a reasonable

operating torque. Second, the seat ring and disc“

~

-spring combinétions'operate to maintain a fluid seal at
_ ) low seat pressures. ‘Without spring loading of the
xfi 'téeat rings against the ball member, thé seats are more
20 likely to leak at 10w'pbéssUres, i.e., when pressure
loading ‘against the ball member is less. Thirdly,
a seal wﬁich compeﬁsates'for'séat wear and manufacf-
uring toleranqe is provided. As the seats wear
during valve operation, the composite seat ring
25 assembliés relax againsﬁ ﬁhe ball member, théreby

exteading the lsak-tight cycle life. Fourthly, the

- . . o T LT T T it LI HIEPENS RO R Y aton s~ I



20  reinforci ng rings 100, 102 in conbi nation vvith t he di sc springs and

seat rings of the ball valve illustrated. The first that they operate to
reduce the seat stress on the downstream seat ring 10 O Wt hout 25 t he
rings 100, 102, pressure behind the upstream seat ring 104 over an

effective pressure area out to 36. *counterbore step 78 inparts a | oad on

the downstream seat -ring 106 and disc spring 110.. Wth the inclusion of an
upstreamreinforcing ring 100, t3ge effective, pressure area of | oad
translated to the dovvnstream seat. ri ng i s reduced by the addi ti onal

surface-ar ea.g{irnrggi %régjrrng 1ﬂrersn% f| S surfbalcg1 12 \ghL s%eqprts and

rei nforces BB rlng agaln pressures e reduced

on the dowgaly SATIERL Y el dhib 3 &P GRS 107 1) des redied

10 seating aréa stréss an consequentl , reduced seat wear to extend
the | eak-tiQhl 7Y Gled dritf.e of the valve. Secondary, the support ring 100
. operat es to support the upstream seat 104 agai nst caving in under pressure.

In prior systenms Jracfe®riie skring WRHIRAMER) frava gl iy Hd0, the
upstream seat ring 104 can cave in under a long duration static |oad.

Thirdly, ddiiseg spycngsg wastt e additeingedi rprsitrd acer 136 pairg al | y. spans

the all opening while maintaining ball-sealing engagenent, t he upstream 20

1ei nf or ci n@rawigletD0rs uForsentt el mgsad tHiengl {04 springs WOUld

| have to cvercome the: elast1c1ty of the seat rlngs 1n

'.order to flex them against the ball member for wear

compepsation purposes. |

10 ﬁpon assembly, the disc spring end seaﬁ ripg
composipe assemblies are largely flattened_and
flexed away from the support rings,li.e.; seat.ring_
second surfaces 132, 134 are flexed away from portions
of the reinforcing ring first surfacé‘tt?,_ltA;

15 ' Such action provides flexure reserve gaps 170, 172 to
accommodate seat ring and disc spring relaxation

while simultaneously maintaining a preload against

~—ball member C. ’ ' - ' &Q

- Five principal advantages are provided_b&

20 reinforcing rings 100, 102 in combination with ;he'
disc springs and seat rings of the ball valve
illustrated.

The first is.that they operate to reduce the
- seat stress on the downstream seat ring 106. Without

z5 the rings 100, 102, pressure behind the upstrean

=

L

seat ring 104 over an affective pressure area out U«

>
*
-

[



to prevent a blow ng-in bulge. An upstreamcavé- in or blowin bul ge of m
the seat ring 104.i medi ately upsets the sealability of the downstream seat
‘assenbly. Because of t hese af orenentioned advant ages, the 25 upstream
reinforcing ring 100 retains the seat ring 104 such that the allowabl e
pressure on the seat ring can be increased over that allowable pressure
37. which is pernissible when a relnf§gC|ng ring is not present. Fourthly,

‘t he downstream support ring 102 al so prOV|des a positive .stop agai nst which
t he second .5 surface 134 of seat ring 106 can forma fl ange-seat
posterior seal. dwstatmmentsteml?&ckpanty amiead ads trleadi dwn st tsdm upon
asseﬁQLy bet ween the disc sgging and the counterbore step or flange 80.

"W thout the suppdteal iming 006 tanrd stlac 196 kel t bb. r ittt yt o inslipidryond
‘this thin flange in the bady of the valve. Particularly with hard. plastics,
such as polyet hyl¥neé®? d‘%tr’ée%s”%ﬂ/@%‘i’dtﬁl"sl%c&%argb% P efeeeive

‘posterior seai. An additional, fth advant i reinforcin rings
100, 102 resides RFEYRISS AR b%ékl??r e‘b’ad'f a]?%tee ] & %g%o"i'g?lt"ﬂ% and |
particularly, the r S

-val ve-cl osell p05| e?agt\r,\w}‘v&rf% JJEStsalmoeaae ag%uanqs‘{]]"e%)ﬁc’enaulpsst'“}rfga}ﬁese%ﬁ aassenbl y

‘and without a dowstieaR el ing erlxxé.@gs\}rogacémfﬁ "Rl Vs Sl pE @ges the

dommstTean1 _
‘and reinforces upstream seat ring 104 against load

S pressures. The reduced load on the downstream seat
:ﬁdf ring 106 in a valve-closed bbsition_provides reduced
io seating area stress and, consequéntly,.pedUCed seat
wear to extend the.Ieak-tight cycie-life-of.the_valve,
Secondany,.the supéort ring 100 operates to
support the upsﬁream seat 104 against caving in
~under pressuré. .In prior sy#fems lacking the
15 _upstream ;einforcing ring 100, the upstream seat

ring 104 can cave in'under_a-long duration static

. ERY

loéd. Thirdly, during cycling as the ball-engaging
_L; __surface 136 pgrtialiy spans the -ball opening while
' maintaining bali-sealing-engagement, the upstream
_9_.” ._ 20  reinforcing ring 100 supports the seat ring 104_
| to prevent a blowing-in bulge. An upstream-cave-
in or blow-in bulge of the seat ring 104 immediately
upsets the sealability of the downstream seat"éssembly.
Because of these aforementioned advantages, the
25 upstream reinforcing ring 100 retains the seat ring
104 such that the aliugable pressure on the seat

ring can be increased over that alleowable pressure

e m et e = . A —————— ot T e SO TS AT S S e gt e



éeat ring 106 towards the centre of .the val ve body, especially if the seat -

.material is polytetrafluoro- ethylene or the Iike. Sugh displacenent of
creep acts to relieve the seating surface prel oad necé}sary'ZS_ to
mai ntain an effective seal. It should be noted that, even though the
present, 38. invention enconpasses a floating ball design, ball nenber C
~does not necessarily axially shift or float towards the downstream seat
assenbly to. effect a downst ream?deat seal in a valve-closed and | oaded
~condition. Since the downstreamdisc spring 110 is substantially flattened
agai nst shBBiL&8r 132 P&rmassdisiey WheRe 2dSRAS PESHNSe AL "8 dF 106 i s substant -
ially contained on all four sides and the force against the baII-engagi(EE
surface 138°FsPEFSRPY distributed 10 - over the entirety of that surfac&:
The | oadi ng force _do not .di stoort seat ring 106 tq all xial shift of
bal | -menber C doaﬁ§f$§é¥ft5 SfFEEPsgrSFFnéﬁggf Seglﬁgéﬂ%ﬁh%ﬂﬁghnstreanmseat

- fing. RAtNgLo,34383% LbRd«3%Al k3aGaqvRd dh RA Rrldhe dMRsly eam and

. downst ream seaf assenblies 't hroughout” the |

-even.af t er (6Xeeasi § 4R skatl Ren W@%t@@wﬂﬁﬂﬁﬂ a i@ g deame caused a
breakK in the upstreamseal, the ball valve will not fail as the downstream

. seat da'ssemab)é tWirlilo rStsielali .20 Mo s tefclopGlent ivall SWalth rigfgemRitea-itad & gures 8,
<9 and 10, a - _ ' _
S readily crush upon ‘assembly between the disc spring

_ and the counterbore step or flange 80. Without

e ball val ve. However,.

“the-support ring 102, the seat_106-can too readily - o/

10 slip beyond this thin flange in the body of the
'valve; Particularly with hard plastics, such as
polyethylene, a more positive stop is neéessary to
- effect a posterior seal. |
An additional, fifth advantage of reinforcing
15 rings 100; 102 resides in retarding back cfeep of
the seat rings 104, 106 and particularly, tﬁe @dwn-
stream seat ring 106. The ball member C, at a

valve-closed position with a lcad acting against the

- -

upstream seat assembly and without a downstream
20 support ring 102, more readily qisplacqs_the dbwnstregm
" seat ring 106 towards the céntre-of ﬁhe valvé body,
especiaily if the seat material is bolytetrafluoro-
ethylene or the like.  Such displacement éf creeg
acts to relieve the.seating surface preload necessary
25 to maintain an effective seal.

It shouid be noted that, even thnoush the présent

ot

1)



bal | valve A which has undergone consi derabl e wear at the domnstrean1seate3
assenbly associated with end fitting 15 is illustrated in a val ve-cl osed

position 25

~inlet. As.is there shown, bal

under elevated fluid pressure conditions with the direction
of fluid flow being designated by the arrow  39. adjacent the valve

menber:C -is forced in response to fluid

. pressure to-shift axially towards éhodb%er 72' and agai hst the downstream
.seat ring assenbly such that disc 5 )

flattened,.

expanded accordingly. Bal
seat .ring 106

nenber 10

with end fitting 14

C

Spring 110" remmins substantially

Due j1hQ ethil§ opURSL3Mpadls AN rfat388! WaliNg ¢bQG gn 921472 i's

) al | -engaging or thi.rd surface 138" of downstream
I QRRbRS ICN doRadl nRE @RGSR YWaldl 1N Swifraceof the ball

to provide a fluid-tight. seal with equal stress distribution
across the extentlehtsgowacdsliBe dbuastpiameamateatssamdayblty aFFeaitat ed

is flexed towards the direction of nmovenents of the

bal | menber and ks dpamtsitarlelay seladx @@als inf romailtve —icliotsieall lay dassemizided
eondition to accomobdate the wear of downstream seat ring 106" while '

* frai-nt ai ni ngsa f| gogdilitdien .se i ngiet v hieh & osmsitaeamofd iisise spaiiingndrier C . Di sc
is relaxed froma substantially flattened condition to the '
r equitBe §UP§ tedtdeddat £1rdtered d&RdnSte Shosdderr iTeg akear

Upst redm seat

~spring 108
‘extent. 20

10

15

20

25

rin

i1s substant

104'.- has al so relaxed to a sim|lar. extent .to parti al
close flexure reégﬁf@bdgp f7§ downstream seat rlng_%OG - ’

ially contained on all four sides and the force against

the ball-engaging surface 138 is evenly diStfibuted

over the entifety of that surface. ‘The loading

force does not distert seat ring 106 to allow an

axial shift of ball

a principal seal at

a seat ring seal is

and downstream seat

of the ball valve.

member C downstream to effect

the downstream'seat ring. Rather, -

achieved at both the upstream

assemblies throughout the life

Hcwever, even after excessive

wear to the downstream seat ring may have caused

a break in the upstream seal, the ball valve will

-—

not fail as the downstream seat assembly will still

-effect a seal.

With reference to Figures 8, 9 and 10, a

ball valve A' which has'undergoné considerable wear

-at the downstream'seat assembly associated with end

fitting 15' is illustrated in a valve-closed position

under elevated fluid'pre35ure'conditions with the

direction of fluid

flow bteing dezignated by the arrow

AP T SR —



'against the first surface 112° of the upstreamrein- forcing ring 100'.

Because of the rotational flexing 25 of seat ring 104', the seat ring
second surface 132" is noved towards a contacting rel afionship with the
first surface of reinforcing ring ICC . The 40. bal | -engagi ng surface

136' of upstreamseat ring 104' remains in substantial sealing engagenment
with the surface of the ball nmenlagr, C. The ball deforns a radially
i.nnernost portion of surface 136' so that at least 5 that portion has a
spherical gapheef®t itae iva1RRt iiAge@NgagenaRt twelrk tdhwlgl lbamamber. When the
valve A' of Figure 8 is placed in the valve-open position, ball nenmber C
W Il shiftmanbakl ¢ baekfbmwaﬁd&nem@sbbmbengol4lusucbr@h&mrequal pr essunE
will be exerted 10 on the ball nenber by the disc springs 108", 1101. e
bal | val vetA whilftseaxtiaddyeioviaes sB shosddietred 2 'n adelt aiga imetei nabove is
deened to provide a substant- ial inprovenent over those arrangements

" previ ousl y theodRwWRE trike MaSEa TG ngr ESSRMbAsiSe ipdmatt sisfe 15 seat
assenblies to be flexible and deflect in_a pre- dictable and controlled .
manners at SRPEPE ’é§seﬁi§l‘“3?1t“§ Fé‘(?lslwat“é'tlélcldnﬁéﬁé‘é’tei“(?ﬁ f oP$eat wear, .
~ manufactur- in tolgranc nd bal | %fégnd to rOV|de a %pntrolled

prel oad foFC fPfoFsds 8ﬁéféﬁloﬁ "%%%j ’pﬂ@§%ur@ sealing. The

ball-engaglng surfaces | assenblles ar gportioned and
conflguredlfo 8I§?§Ftl%§or ﬁgblengaleﬂfﬁﬁ%"§b°r Tl |

.surface 138' of downstream seat ring 106' remains in

r
T
.

' sealing engagément with the surface of the ball member L)

10 Q' to provide a fluid-tight seal with equal stress

distribution across the extent of surface 138'.

The'upstream'seat'assembly aséociated with

end fitting 14' is flexed towards the direction of

moveménts of the ball member and is partially relaxed
15 from its initially assembled conditio; to accommodate

the wear of downstream seat ring 106” while maintaining.

a fluid-tight seal with the surface of the ball

member C'. Disc spring 108' is relaxed from a o

~“substantially flattened condition to the extent

20 required to compensate for the downstreaméeatrﬁngvﬁar.

»

Uhstream seat ring 104' has also relaxéd'to a similar

[T

. ;)

extent.to partially close flexure.resenVe gap 170"

against the first surface i12' of the upstream rein-

forcing ring 100'. Because of the rotational flexing
25 of seat ring 104", the seat ring second'surface'

132' is moved tewards a contacting relationéhip

with the first surface of reinforcing ring 100'. The



ment with-the ball surface at assenbly for .providing equal stress _ ﬁt
distribution across the entire extent 25  of surfaces 136, 138. The

i ncl usi qQn.of support rings 100, 102 in conbination with the inproved seat
rings ~ 41. 104, 106 and disc springs 108, 110 prevents the problens of

bl owi ng-i n bul:ge, seat cave-in, high downstream seat ‘stress and back creep
and posterior :seat-to-shoul der | eakag®. and si mul t aneousl y, does 5 not
inhibit the operatlonal advant age of the seat ring and ‘disc spring
conbination. O hi2lpmenerEEes B ARt SHetiofi erpdtiryam lvean ringt ' dremiings may
be readily incorporated into seat ring assenblies B w thout in any

way
departing 10 - iRt I mkAt i DRl ine ?&@ag?%ﬁnﬁxﬁhﬁ@eth%esﬂﬁg??%ble to

- slightl dify the rel di | ghar, t bet th t
7ings, Feinioroi it 1 bahh SUER Br| noth PabE REERE patiTat -

operatlonal requiy éferredfeﬁ%pdpf stF%%?V?QélOQOh@%F$E§Q Pg§§£|bed

with reference to a pr ment vi ousl I cattons and

al terations i |l QERINS O L3NG Ss WOk ek 221 N f@rdx‘é‘ﬂ%ﬁt dhpg; pf this

'speC|f|cat|5% I's our 1ntension to Include all suc |cat|o s and
20 alteratlor&lga@&ﬁ@dt aslﬁm%@%@lw:ﬁéwe& he wroper o wf-vélxmms or

the eqU|vaIents t her eof .
[...;.:..;...»;..of .Figure. 8 is.placed.in.the. valve~open position,
ball member C' w1ll shift axially back towards end
ﬂ_g{z' _ | 1 ,fitting_T4' such that equal pressure will be exerted
ll 10 on the Eall member by the disc springs 108',110"'.

-~ The ball valve A with seat assemblies B déscribed
in detail hereinabove is deemed to prqvidé a substant-.
ial'improvement_over tﬁose arrangements previously
known-ih thelart. The present design permits the

15 ' seat'assgmblies to be flexible and deflect ih a pre-

dictable and controlled manner at initial assembly

Y

to facilitate compensation for seat wear, manufactur-
ing tolerances and ball sag; and to provide a |
\ef o —controlled preload for improved ease of operation
“ | 20 __and low_pres§ure'seaiing. The ball-engaging surfaces

of the seat ring assemblies are proportioned and

R

e configured for distorting to matable sealing enzage-
mént with the ball surface.af assembly for providihg
equal stress distribution across the entirelextent

25 of surfaces 136, 138. Thé incluéion of support riags

e - 100, 102 in combination with the improved seat rings



cylindrical fluid fl ow passageway; . a ball nenber disp din said
passageway and nmounted for selective rotation between ve- open and
closed. 5 positions with said ball nenber being shiftable generally
axially in said passageway under fluid pressure.conditions at |east when
said valve is inisajd closed posifjon; . a pair of annular seat rings

42. CLAIMS 1. A bal[_vaIVe i ncluding a val ve body'havégg a generally
al

': di sposed in said:passageway on oppoSite sides of said 10 bal | nenber

betvieen saij g, bal § npghey s 0ds greReL at6d, vahyep bogunglophders; a pair of
annul ar dISC Springs interposed bétween each seat ring and the associ atgd

‘shoul der for fP@ﬁkn&PU§iMWHﬁ%LDH saigesesbati bgoet owar dsgaeal i ng engageyent
with said. ? menber a pair of rigid annular bearing surfaces
DOSItIOneddbﬁn§@bda@a§§ageﬂeye95 apposhtk srdep ahdsgbdtbalibrnmenber axially
inwardly of said seat rings to provide support for the associ ated seat
_ring, eachsedtsebdssealdernysakagengaadconnivhtensoantul dresurface facing
sai d ball 20 menber, which surface has an arcuate contour in a rel axed
congi tion detlnedibytathadpgsrgtéane# eHEAntAser adfi 45eoFed4&i d bal | menber,
such that, upon assenbly of said ball valve, said seat ring is rotatably
"flexed abobningtanduséBcpePrpRer §OBEABRAELPY away fromits 25 . associ at ed

earing surface to direct said continu us
fb g -Other modlflfatgons no pe01f¢cally shown

in the.draWLngs may be readily incorporated into
seat ring assemblies B without in aﬁy way depértiﬁg-. _ \J
'-10 from the invention. It may, for example, be desirable
to slightly modify the relative dimensional char-
acteristiés between the seat'rings,-reinfording
rings and disc springs to accommodate particular
operational requirements.
15 .The.invention has been desqribe; with reference_
to a_pfefefred émbodimeht. Obviousiy, modificétions
.'and alterations will occur to others upon a reading
and understanding of this specification. It is our
—intension to include all such modificatiQns and.
20 ' jalterations insofaf as they come within the scope
of the claims or the equivalents thereof.
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43. annul ar surface of said seat ring into continugus‘SQQLLDQ_Eﬂgggﬁggnt @%
w tth said ball nenber, said continuous surface having an arcuatée ur in
the assenbl ed and fl exed but fl uid-pressure-free Cgﬂ"u" fined by a
radi us generally equivalent to said ball nenber radi ”m,m”"ﬁm!’/al ve as
ckainmed in clairm1, wherein a flexure reserve gap of* s&i diseat s
formed between -a portion of said rigid beardwg surface and 10° " said seat
ri'ng. 3. A ball valve as claimed in claim1 or 2, wherein,in use, said

bal | menber is axially shifted in said padddgMiy t owards one of said valve

body shoulders in response to. fluid pressure acting.theregn 15 . in said
' valzg;%lgsed-po;ition,'sagdb§§gtg$*vékaﬁi§ﬂﬁ3%(ﬁj 1vie PREYPRELNGf 3sai d
-val ve™bod houl d ' .t S, i.d.one shoul der for
ol ntarning cont adpRarEARY Lol SN dOHOEUn S RGP IRINET  Qbatheg i
claim1l1, 2 or 3, | C I ' Q) t an
’assgcjated one ofﬁggPaﬁgggf#ﬁﬁggdp¥2%%%1§%§ﬂ§%ﬁ3§QOC|gtg u@ﬁ%&ﬁ?agaid di sc

-springs, said di Sge$BELDGE PELIEL &P BYEASAS VA va-Dpast anki dib¥ed! at t ened
~.configuration, at least at initial valve assenbly. 25 5. A bal

val ve includidng apwaittohedyi fievéaia daENaickidet Beingdishigkabliai d flow
Pgassageway; a ball - _ : .

_ ' generally axially in-said:passageway under f£luid
pressu;e.éonditions-ét ieastfwhen said valve is in
.said closed pqsition: ‘a pair of annular seat rings
: dispoéed in said passagewéy_on'opposite?sides of saiqd
10 ball member betweenisaid ball member and associatéd |

valve body shouldéré: aipair'of annular disc springs
'interpésed between eéch seat'ring and £he-associated
shoulder for continuously urging said seat rings
_'towards.séaling'engagement with saidfb#il'member} and
15 a.pair of rigid—annulér bearing surfaces positioned in
said passageway on;opposiﬁe.sides of said“béll”member
axially inwardly of said se;t rings. to provide support
) gaé - . for'the associated seat'riﬁg; each of.said.seat rings
| | having a continuous anhuiar surface facing said ball

T - -, 20 member, which surface has an arcuate contour in a

../') 0

relaxed condition defined by a-radius greater than the
.radius of said ball member) such that, upon'assémbiy

of said ball valve, said seat ring is rotatably flexed -
about its outer periphery generally away from its

25 - .associated bearing surface to direct said continuous



44. menber disposed in Sai d passageway—otnted for sel ective rotation

bet ween val ve- opened an ositions with said | 1 menber being
.shiftable generally axi Ilﬂ ii ! ﬁl, ﬂm geway under®¥ | uid pressure
s conditions at |east whe c wHdMh said closed position; a pair of

~annul ar. seat ri-ngs disposed in said passageway on opposite sides of. said
_.bal I menber between said ball menber4dnd associ ated val ve body shoul ders; a
pair of annular disc springs interposed between each seat ring and the

b
associ at ed anmwlatesydaceo Rt §3ddsPahr HIRG LAFY SRRATIMMT towards seal i ng
- engagenent with said ball nber: and.a | r_of nu beari ng surfaces,
posi ti oned $9RLHAH FFISI5 Wﬁﬁhoﬁﬁbginf%iﬁ%%bgf's%?%?balI menber axigFly
inwardly of said seat rings t LOVI : Sagd ated seat .
ring, each 1939ﬂfiﬁ%ﬁgifeaﬁagﬁggrggeéggﬁgéé_%ﬁﬁgﬁeffﬁﬁg engagerent with
a side wall,ofopdigh d Gildxl RRTS2GRYANprasbesleses (@smaleniag an
- associ ated one -of said.palir of' annular disc-springs, a second surface
- faci ngsan agsOGidd s A eadfi ugdigénedal19f egidvhBénbets i swidwdrres, and a
third surface facing said ball 'nenber and having, at a pre-assenbly -

ref erence ppshbé®xadusadi us of curvature greater than the radius of ¥

curvature of said ball nmenber and being spaced by a radial gap at : y

~a.radially i nne2ot baid ofalyvel @ssededseduinagtainok s¥ReEeER |2 nenber, and
“havi ng, upon assenbly and under fluid- pressure-free conditions, a radius
of curvat urélexues Kasenvey gare ofasaidsseardringi 48 EPrRetvature of said
ball e e SN G H GP Y1 71550 bOalThS "l B0 Ougver e
10 said seat ring. . '
3. A ball valve as claimed in cla%m 1l or 2,
wherein,in use, said ball member is axially-Shifted
in said passageway towaras one of said valve body
shoulders in response to fluid pressure acting thereon
15 in said valve-closed position, said seat ring
associated with-the'other of said valve body shoulders
being'relaxed towards said one shoulder for : . .
_maintaining-contaét with said ball member.
_ 4. A pall valve as claimed in claim' 1, 2 or 3, o'
20 wherein each seat ring is compacted between an
associated.one.of_said bearing surfaces ahd an
associated one of said disc springs, said disc springs
being coﬁpressed to a substantially flattened
configuration, at least at initial valve-assembl&.
25 5. A ball valve including a valve body having a

generally cylindrical fluid flow passageway; a ball

wt w v



45.. extent of said third surface, said seat ri ngm her W
bei ng spaced, upon assemply, froma portion. of- sim
surface to provide a flexXure reserve gap for sai "m”mm Q MC

I ng from

A ball valve as claimed in claim5, wherein said Seaf rkngy
sai:d pre-assenbly reference position towar ?fs sai d assenbly position,:is
fl exed about said outer periphery -and urged’into. sealing engagerrent with

sai d bal | menberemberdispased irD saids passegevay mpunted for veekesmpivei ng;
a body having ars€fi{ch PEBRAREWAIvetdpn 'ed”‘iﬁﬁ%l%!&“ﬁoﬁiésiéﬂéi W @

openi ng therethro al | nmenber 'hejn osition | passageway
and n\t;gnt ed fors%g‘?gﬁfﬁénq ef; ihgings sh liﬂ&ég\’oé gepers }5 A®sed
posi t¥ns to cosumlpédsug:bvidyowﬂdwolﬂjmﬁapdeﬁahre can@:ﬁtiowé dtﬁdllédéﬁ’ |
Lmar g oxtendl BT DD SR 38 SGHGR SRIRELEY, AR of 1, o
radially inwar om}mekvemﬂatg 2Angs dd@@lmldbdnesaﬂ-d passagewangeway di sposed
an opposite si sl Sid lo ﬁqq,cﬁeﬁf:eiabgtﬁéé'ﬁ'tﬁéi@rt?éllhav' ng an

. fnner end wal | ﬁ belng C|rcu eren I a cont i huous a pair of
conposi t e -seat %eﬁﬂ:ﬂqcésa%vﬁlb'ﬁeé°§§h gheyldersy; oaiiha.ﬁs”agbﬁvay on
25  opposite samishawidied dpiddgsrdmterpbeed butdesnabadly supngeimmnt Wwith
sl baI ! merrbegnd e@t@ é)JsoS 'aq:e%a'sﬁmulder for continuously urging said
S seat rings towards sealing engagement with said ball
| member; and a pair of annular bearing surfaces
_ Kg’ I positioned in said-passégeway on opposite sides of said
' ' ball member axially'inwardiy of said seat.rings to
- provide support for the associated seat ring, each seat
ring having an outer periphery in abutting engagement
with a side wall of said fluid flow passageway, a first
surface facing an associated one of said pair of annular -
" disc springs, a second surface facing an associated one
of said pair of annular bearing surfaces, and a third
surface facing said ball member and having, at a
pre-assembly reference position, a radius of curvature
greater than the radius of curvature of said ball member
and being spaced by a radial gap at a radially innermost
o ‘end of said second surface from said ball member, and
'3&~¥_ - having, upon assembly and under fluid- pressure-free
o o conditions, a radius of curvature substantially the same
‘. as said radius of curvature of said ball member and
| | engaging said ball member in mating fashion over the

Qo



46.. conprising: a reinfererng—Tingy hdving a central opening, a first
surface facing an associ ated one of said shoul ders, second surface
abutting an associ at etﬂﬂlﬂtuwmmumﬂmﬁterbore end s and a third

- surface 5 gener al menber in a spaced relationship
‘therefrom a seat ring adapted for elastic fl exure general 'y towards and
away fromsaid reinforci'ng ring and including a central opening, a first
surface generally facing said a¥$oci ated one of said shoulders, 10 a
second suré¢wtentbaft Bad shhHP?eFHFS?EngsﬁrﬁgSFPPSFiQarFaéendand athird

surface faC|ng said ball nenber for sealin g g_ nt wi.th said bal
menber, safWrEaae fPRRGNERi PEIREr PRRCEIMcHREPCBARHAPLY »ahd%Rafi ng a radggs

- .of t I -
?adfﬂévf;‘f “b&riled) {,s 2 J%ﬁ%ﬁ%’%“ﬁ SRRETEEecRp, 2FoYRER n"and
|1 d di
a genera ¥b£§§§én ggbecgaglggpagg a@nrggggresse condi tion

nt er posed ra°Sest reng an assocl ated one of said .
' Shoukders sai d Ba"A”ﬁHQ@rva@depagrcqaiagapeﬁlE@a&ﬁas 2QnereiRENDEr 3
asseftbl i es being Sized so thai, when assermbled axially "bet ween said 5
shoul ders, sgaghsegdt rihpy L% hooxag awey Gaem preaaseemated reinforcing 7
ring .and stressed to have a radius of curvature at said seat ring third :
.eurface gepgrakkiiceqposakenh towhhasr adiidsaskemdilg Bbsitiohgl lisnenber and
-I's disposed in sealing engagenent with said ball nmenber over the extent of
__Sald seat flageuhabdut said outer perlphery and urged . into
| sealing engagement with said ball member at said third - . -C;
"'10: ' surface.
7. A ball valve comprising; a body having a
central passagewéy;.a ball member hafing a fluid flow’
opening therethrough, said ball member being positioned
in said passageway and mounted for selective rotation
©15  between valve-open and closed positions fo control
fluid flow through said valve; a pair of radially inward
. extending continuous shoulders in said passageway
disposed'circumferehtially thereof on opposite sides of —
—3said ball,member;'a pair of radially inwardly extending _&-d
20 counterbores in said passageway disposed on oppbsite _
sides of said ball member, each of said counterbores -

having an inner end wall and being circumferentially

.

continuous; and a pair of composite seat member
assemblies positioned axially in said passageway on
25 ' opposite sides of said h211l member for fluid-sealing

engagement with sa2id ball member, each of said pair



surface even under fluid-pressure-free conditions, each disc spri ng bei n {
‘stressed towards a flattened condition: for contln th|rd
surface -of the associated seat ri ng towards engag ' lﬂ"gmjﬂm

menber. 5 8. A ball valve as clainmed in Clealin n said

bal | menber and pair of conposite seat rre'grg)er assenblies are sized so that,
when assenbl ed from a preassenbly reference position, the seat ring and

disc spring of e Jﬂqenrﬁgy A% 1 €40 A b g ARPrhd NN rf]j)LSpam ng bf

.di spl.acenent at sai tral openings thereof equal to an axi

a radial l'y innermpsti iy afrreaddl eding i 410 Sas6urh el fare dF g spi d bal |
‘menber plus an axial displacenment of said disc spring at an equiradi al

positTon to said shdldappCiaigeckdnd surface Qbuthfred lanvalsodatddidms i n
claim8, wherein said disc spring axial displacenent at the central opening
t her eof conpri sesfa sighlaoerentbarfe sendl whislks sgird g tholwed dsurste ale

associ ated one of said shoulders. 10. A ball valve as clainmed in claim38
ar 9,-20 5 wher@ananed loerflacing sakd dhakle membest din 16 repagad face in the
rel axed state is offset fromthe centre of said ball nenber., 11. A ball
‘val ve as- cl ai med netadignaie KHRNSSINPRnid 198 Y F N8 fatap kdhtfier gflastic
curvatqre IS aX|3l of fset 25 fromsaid centre of said ball menber.

48. 127 A ball VHSKITE ESGTRIEY FAURF Gt LAY, trPT |salthdihn Qnfing

- central’ openlngszln e%gh ch éié r g%..ce-ntr'a'l open1ng, a_first-surface

 { o generally facing said associated one of said shouldens,'
.&M/ i0 .- a second surface abutting-said-feinfqrcing ring first
surface, and é-third surface facihg said ball member for'
‘sealing engagement with said ball member, said seat ring
third_surface'being.confoured and having a radius of
curvature in a relaxed unassembled condition greater
15 than the rédius §f said ball member; and a disﬁ'spring
having a céntral_opening and a generally frusto-conical
' configuration in an unstressed condition interposed
between said Seat ring and said associated one of said
.iﬁ/ N . ~—shoulders; said bal;.member and pair of composite seat
20 member assemblies being sized so that, when assembled
| axially betweeﬁ said shoulders, each seat fing is
flexed away from an associated reinforéing'ring and -
stressed to have a radius of curvature at said seat ring
third surface generally equi#alent to the radius of said .
25 ball member and is disposed in sealing engﬁgement with

sai‘ ball member over the extent of said seat ring third



?Ed ass?ci'?t ed seat ring are substantiall y equal .i n size and smaller than
“the central opening in talm ﬂﬂ\mﬁlnforci ng rggg. 13. A ball valve

as clainmed. in any of cl ﬁfmﬂlm ein said ba menber is axially
~nmovable in said passageway Vthelt s8id®valve is in said closed position to
accomodat e shifting of the.ball mnemrber towards one of said shoulders:in

response t%w d.DEESSULA, Hﬁ%e‘*'&eat&nms% ed with the other of-said

shoul der s

—f‘he—dw-e'crrvrr—or—gm, d ball
rre(rjrbert hntsd’?'dﬁé%] |ed’rﬁ/\n¥’hs°t HPTHIE R o ?%S%Sso%vf@g{'%sdo%l :gl Spl‘al ng in
order-tha t'hj t
cont act V\Aft]‘r"fl aﬁ'}f‘{)aﬁS"uJ @‘chr? %,t egé%wb']“}?‘pva ve %ﬁgrgﬁzﬁﬂfﬁagrg?ﬁlé}
wherein flGue Ofo SaMl SEilod] 106 COMRE | Shi%g % 6P AAL OBika¥itént! oxur e. 15.

A ball val¥e as ¢l @i in any o c alms T to 14, wherein said reinforcing
ring fi rst"iéprgaalcoesbﬁe woddgured to provide a rigid bearing surface for
- said seat rings. A ball valve as clained in claim15, wherein each
“rei niorCI ng ri n%J S ISP@&BI' ¥4 Dve S@s Jc bat hedaretbhec 14 bm ah, exbeneinhi ch

precl udes abutnent with said ball- 49. nmenber and which inhibits
di stortionsaudl sk sp| mertent o pdnbr-asf;ocomesiimaseatngetbeeween t he

~reinforcing ring third surface and said ball menber.
S assemb‘les are sized so that, when assembled from a

PrL IS N

preassembly reference position, the seat_ring and disc
'spfing of each assembly are-flexed and’seressed'to-have ;_}
10.' an axial diSplaeemeht°at said centrai openings:thereof
'equal to an axial spacing of a radialij innermost end
of said seat ring second_Surface from saie ball member
plus an axial displacement ofesaid.diec spring at an
' equiradiel position to said axial spacing.

- 15 - 9. A bali-valve as claimed in claim 8, wherein
said disc spring axial dispiacement_at the centrel
opening thereof comprises a displacement of said disc
spring towards said associated one of eaid.shoulders.

- 10. A ball valve as claimed“in claim 8 or 9,

- 20 ~ wherein the centre of‘curvature_of said third surface in

° )

the relaxed state is offset from the centre of said

,¢j <

ball member.
11.- A ball valve as claimed in claim 10, wherein -
said third surface centre of curvature is axizlly offset

25 from said centre of said ball member. -



17. A ball valve as clained in any of clainms 1to 6, wherein.each seat

ring is conpacted betmeen the associated rigid b d dISC
spring-to conpress .said seat ring 18. A ball aﬂwlﬁg'lgig @ﬁaw any of
claims - 1 to 17, wherein said body includes ° sfi+ting which

.defines one of said shoulders. 19. A baHa\éﬁve as.claimed in any of clains
1 to 18, wherein said seat rings each include-an axially extending

‘circunferential flanggpat Ahsai1r6£1§é1r5@0@1m€eraeqfn fadly lo¥caast heeo
‘associated disc spring relative thereto. 20. A ball valve as clained In any

of clainms 1 to 19]11yhehetaifatle S€ddtrdNspeiiihgOis ldachedikcogp@ingsi | i ent
material . 21. A ball valve constructed and adapted to operate
subsbﬁﬁtlally as hedeassdeiatedeseat tiingfarembatanidlly iequeitdated in
t he acconpanying draw ngs.

size and smaller than the central opening in the

associated-reinforclng,ring,

$1.

13. A ball valve as claimed in any of claims 7 to

S A

12, wherein said ball member is aiially movable in
said,fassageway when said valve is in said closed
position.tO'accommodate:shifting qf the ball member
towards one of’said.sh¢ulders in.response to fluid
pressure, tﬁe~seat ring associated with the other of
said shoulders being flexed torards-the direction of
movement of said ball member in coopérétiou'ﬁith the
.influeﬁce'of its associatedtdisé.spring_in order that
the third surface thereof will be urged towards
continuous contact with said ball member.

14. A ball valve as claimed in claim 13, wherein -
flexure of said seat rings comprises a rotational type
flexuré.

15. A balllvalve'as claimed in any.of claims 7 to |
14, wherein said reinforcing ring'firstisurfaces are _-

configured to provide a rigid bearing surface for said

ST A

seat rings.
16. A ball valve as claimed in claim 15, wherein
each reinforcing ring is spaced from said ball member

to an extent which precludes abutment with said ball



"

.member and which inhibits distortion and displacement
of the associated seat ring between the reinforcing
ring third surface and said ball member. |
17. " A ball valve as claimed in.any of claims 1 to
6, wherein each seat ring is cdmpa¢ted;between the
associated rigid:bearing_surfaée.and.dis¢ spfing to
. compress séiééseat.ringf. | |
18. A ball valve as claimed;in any-oﬁrclaims 1l to
‘17, wherein said body includes a removable end fitting
"which defines one of said shoulders.
19._-A Ball_valve.asiiiaimed in.aﬁyﬁof claims‘l.to
18, wherein said seat: rings: each includef#n axially a
_extendiﬂg circumferential~f1ange_at-the-first surface
thereof for locating the associated disc spring
relative thereto. |
" 20. A ball valve as.c;aimed-in any of claims 1l to
19, wherein said:seat.rings'aré.constructed from a
resilient material. o
21. A ball #alve_constructed and adapte&:to
-operaté‘substantially as'héreih described with
- reference to and as iilugtréﬁed.in the aqc@mpgnying

drawings.
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