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rrpri %Ignaia”gle body havi ng a central aperture ‘and a val ve di sc

- Valves such as butterﬂy valves are used to control the flow of ﬂmds
e.g., hqmds and gases, in a wrde variety of mdustrxal apphcauons such as chemxcal
_power, paper, air condmomng, petroleum and refining mdusmes Moreover, they are
designed to handle clean, viscous and corrosive hqmds clean and corrosive gases; and
- steam. They are also designed for use in hrgh temperann'e applrcatlons These valves
typrcally compnse a valve body havmg a central aperture and a valve disc mounted
‘within the aperture which can be rotated about an axis to shut off the aperture and halt
the ﬂow of fluid therethrough. In further reﬁnements the. vaives additionally comprise
a sealmg gasket or member to make the seal more ﬂmd-ught and leak-proof In certain
applications, ﬂexrble rubber or plastlc gaskets have been used. Under more
equnecondnunm,ﬂnnrnamlﬂmhngnmnnunslmwehemrumui«:nghmmihesaﬂ
_ Nevertheless, particularly under high pressure and ‘high temperature,
leakage contmues to be a considerable problem for such valves. The valves of the
prior art have not provided suﬂicxent sealmg to reduce leakage to desirable levels. One
failing of the prior art has been its use of seatmg nngs whrch effectxvely contact the
valve disc at only one point between the valve disc and seatmg ring. This occurs when
the seating ring contacts the surface of the valve drsc, which surface is typrcally curved,
wrth an end whrch is flat or whxch curves away from the surface of the valve disc.
This leaves only a smgle pomt of contact between the surfaces, whrch is vulnerable to
pressure extremes and is especially apt to leak when fluid flows in an opposrte
direction. Such an arrangement is shown in FIG. 1, which itself comprises figures
from U.S. Patent No. 4,796,857 to Hayes et al., issued January 10, 1989, incorporated
herein by refcrence (numbers are retamed from the ongmal figures, with the addition of
a preﬁx of "1” for clanty) As shown therem, the sealmg end 120 of the seating ring is
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15 wrthrn the aperture V\/nrch can be rotated about an axis to shut off the,
aperturﬁ ?Elg -~ the flow of fluid therethrough. beribiteis -
~refinentR e vaI ves. addltronally conprise~ - . a sealing gasket or
' ._rrrerrber 't o nake 't he 'seal™“hore fluid-=tight and | eak- proof. 1n cértain-

“applications, flexible rubber . or pI ast Bc gaskets have been used Under nor.e o

extrene condrtrons thin metal .'seal er,s ht .
t he seal flatxy curves away from seal ‘ré?gegﬁr[b ﬂ&?tﬂul‘gﬁ q en !

_Brgglsgrne % *%gva VES, ﬁl%he v s/ué'gacg% l’l}ﬁﬁ%meﬁ%%r|or artpﬁavegﬁgwer-able

provi deda} elncuﬁwaneesabmr@ discusselh above cit dagendtprovide malsceeptable lseal, One
‘failing of the prigr art. has beenrtna}use of seating rings which :
'effectrvleiII'Slmlilé"rlrllél\‘il t §itreme Opergimng RONgUOnS.,¢ - on| v one por nt between the

- val d d
'\égnt/ ctssfhgnsuffggggg’f&%ﬁgnv%e ggésic vm%ﬂf ace :1s typr callg'lloy curved

wi ]f h ag iitovéd leak iresiéthmde, even/dm@hextnemesondaaqnsfofduwbnnneupmssare;fanﬂhe
val ve di sc s | eaves onl si ng ol nt - of conta bet ween t he
sur f acesth 3Wchm%seﬁh-l’ﬁm1§r’t?f s&tmg gﬁ@g g"? decially

a ZPE ahgew own in FIG I, a%ldgﬁ{eﬁhsb,%@ofghgn%aﬁys%rg&;f | gﬁl’e‘@%’h'de from - B
U.S. Patgws sisifaced aredbroaght togethery ¢heycform|a banidsofi sealingacongacy widch isofeo, R
e e s o e Sk AP S eSSl AR 17
As s homb&ﬁ%‘i’idgedtehﬁstﬁ%ﬁhh %ﬂlﬁlldw%)a %nnglﬁrp‘éqaadtﬁgof tH%leh!S Thxs is an
aidto sealmg parncularly at lower pressures N _ . _
Another advantage of the present mvennon is the loeatron of this sealmg :
_ _ surface more centrally on the edge of the valve disc. Other seahng mechamsrns have
15  been disposed substantially toward one faee or the other of the valve disc. Such a
. loeatron makes the seal far more vulnerable to slrppage, dtsplacement and leakage. The
| seal of the. present mventton is located substantrally eqmdtstant from the two faces of -
the valve disc. This ensures maxtmum protectton, and in conjunction with the - _
enhanced sealmg surface area of the present rnventron, provxdes a seal whrch is mueh
20 .more impervious to leakage, even under extreme condmons '
.' Another problem whleh has not been resolved by the pnor art is the
mtegnty of the seal when pressure is apphed ina drrectton oppostte that of the intended
- ﬂow of the ﬂmd The sealmg mechamsms of the pnor art do not provrde means to
resist pressure in tlns opposite du'ectlon, and are parttcularly vulnerable to leakage |
25  when fluid generates pressure in this drrectron Nonetheless, under operatmg a
s condmons, pressure is often generated in this drreetron due to vacuum creatron, process L
shut-off, system mamtenanee, etc. Leakage in the reverse direction is parncularly
undesirable ‘because of the nsk of contamination and foulmg by down-stream reaenon g
o 'products whtch may be contamed in such leakage | | L
30 In addmon, the seatmg nng retamer desrgn dlsclosed herem can be
o ,modtﬁed drreetly to change faee to face jomder dnnensrons Such a change is required
o when the valve is used to connect 10 2 vanety of prpes of dlﬁ'enng diameters, for '
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flat or curves avay from seal i ng edge 116 of valve disc 114. Onl y single
radiral point . . ‘contact exists. between thé sealing surfaces. This

~structure permts greater ‘disc and seat - al i gnment_ t ol erances,  but as’

di scussed abov stance,drewhenofedermbor msluaw sefebperautility standards c angqaal‘hqsaa fied

under extrene 0 atl ondi. t | on

i nvention disc E%W%&Fé r‘l’gsghcé’ﬁp% ﬁpg\ﬁr%\ﬂd?rrgoreqoﬁa ‘%ﬁﬂ%ﬂﬁl’/é@“ '
| eak resistancge ;%trhrerwl%h %srseﬁaaeommﬂme ®bdies 10 chatige 'face 1 RBSUT €,
~and. .the liKe. The sealing nenber, or seati ng ring, of the present

i nventi on, hasdmensmw Another lgmtatm«aof vibe @rioz arifis thes reguived maintgnange of tengue

shape of t | ve di h

Coanther ey e By e WHER 1hE B i clost . Tt ey bl Rig . e
resistant to | ankagpidaigrused tn bedérfly Galved Qrd dowble-dffset] 6., €83 din6n shafts Whivh
has a bent or "ridged construction which allows a sprl ng- ttggg | oadi ng

of the seal. Thtesofffset amtwo spauahduew@ngémmrt@e cmrmfcﬂwapwmtoﬂ
Pressures. e shaft is disposed, for example, out ofthe plane of the disc and closer to one side of
the disc than the other. This arrangement theoretxcally provxdes some improvement in
10 the seal generated In use, however, these seals are prone to leaks, and when fluid is
 forced against the valve disc, torque must be maintained on the disc to keep it shut.
This torque is required because the disc is accepting greater force on one side of the
shaft than the other, due to the fact that more disc surface area lies on one side of the
~ shaft than the other. 'l'lus makes a seal difficult to maintain, increases the energy
15 reqmrements of the seal, and also makes opening and closmg the dxsc more dlfﬁeult,
which can consntute a safety hazard under operating conditions. In addition, the useful
life of such a seal is limited by the repeated application of torque t_o the disc required
to make the vale seal. e |
_ The present mvennon rmlves this problem by usmg a smgle-offset
20 valve dxsc mount, together with the sealing mechamsm disclosed. Thus, the valve disc
rotates on a shaft which i is offset from the center point of the valve body aperture in
one direction only. The shaft is dlsposed, for example, out of the plane of but '
equidistant from the sides of the valve disc. Thus, the surface area on one side of the
- shaft is substantially equal to the area on the other side, so the forces and torques
25 created by fluid pressure on each side are the same. This greatly reduces or elunmates
~ the torque which must be maintained on the disc during use to keep it closed, and
contributes to the integrity and durability of the _sea_l. The present invention also
positions the shaft as close as possible to the seating nng This further minimizes the
amount of torque reqmred to operate the valve. _
30 ~ The present mventlon provxdes a umque seahng mechanism which
employs cooperatmg seanng ring, ring retainer, valve body and valve dxsc structures to
create a seal which resists leakage i in _botl1 forward and _reverse flow directions (i.e, a
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- Anot her advantage of the present- invention |s the | ocation of this seaI i ng
sur f ace._nor. ntraIIy on - the edge of the valve disc. Other_sealin
nechan.l_gvr% ?Pﬁgé been di sposed substantially toward c?rg’l"%?g’@‘%? the_ _
Ot her “of the vat ve ‘di sc.’ Such a | ocati.on makes- the Seal far nore . -
vul nerabl e to sllppage d| $pl.acement andl - Ieakage .The- ~~ -'seal of the -
present-invention i s | ocated substantially equidistant fromthe two faces
of . bidirectionatb sesl); c The Iscatmermg rsseuppmtewm it flaid flow, dissetionsby ring-
conjuncti-on. Wi th,t ' urface area; tgﬁt,he pr.esent

- mvenUoﬁ%W%lggﬁﬁb?ggl ?Ignce ; ”’r‘ﬁ‘i“e'eF‘??ﬁ%"r‘x‘?l FingJelainer age,

even Und@hd@élv"e%&%ﬂ'édgﬁﬁ&ﬂte seatmgnng Thxsmoment M%&%&&PP& m whi ch
has not- been resol ved -the prior-art Ts the - .- - Pntegrity o e seal

' when pr esuppastsi the body |0§dh¢ Sﬂaanﬂll‘mﬁnd(xwmaaalmg sme@amemmm

~this direction.. Nonet hel ess, ‘under -operating

3 _];Tleg\r,]\,sgz Otfl]%bﬂl'tg ‘g’&l“?l}ﬁﬁﬁgal | Eg rrecharlgabns tﬁﬁe‘ag artn&%not'@&)row dé .I _
parti cul gedlywithithieovadbe Bist.0 THRrase &v@maﬁ\@&ﬁpﬁﬁ'aWQWre in

pressure is-

often gerb@ﬁl&théﬂngrﬁ WQUE |d|l$9§¢dom @p anpulan recesscdispased aboutensouter

Dot cul SPYRRRRINEIREARNRG, Bids bl fim B bR e R R 2

fouling hudmel\aperhn;almommelv&lwshaﬂ avﬁtv@dﬂfdﬁxtﬂ*ﬂ'&hvél&ﬁrdb@d%ﬁt&%ﬂ din
such | eakage. 30 In addition, the seating ring retalner

desi 3 dmﬁmnm of the valverstiscs theivalve disc Ibplrlg(ﬂxspme:gebdmce to
(206 12" gl AER e VU e ARG e L e gl Bl v©
-_ position w1tlun the aperture an annular seatmg ring having a serpennne conﬁguratmn, _
a first end pornon and a second end portion, the seanng ring bemg parnally dxsposed
within the recess of the valve body, wherein the first end portion has a eoncave-shaped N
15 _smface which is in substannally full contact with an adjacent convex-shaped outer edge
of the valve body when the valve disc is m the closed posmon within the aperture; and
an annular sea‘ang ring retainer compnsmg an annular recess drsposed about the outer '
- circumference of the aperture such that at least a portton thereof adjoms the annular _
recess of the valve body, and a moment arm dtsposed between the annular recess of the -
20 retainer and the aperture wherein the seoond pornon of the seatmg nng is securely :
disposed betweenthe valve body and the retainer. D
| The inventors also disclose a valve wherem the moment arm of the valve
| body is dlrectly ad_;acentto or in contaet w1th a convex surfaee ofa ﬁrst bend ofthe _'
-_seanng rmg, which bend is eonnected to the first end portlon, to stabrhze the seatmg |
25 ring and to allow the first end pomon of the seatmg rmg to flex toward the valve dxsc
~about the morment arm of the valve body when pressure 1s applled to the valve disc ina _. ._
" first direction when the disc is in the closed position and the pressure is transferred by
| .'"thedxsetotheﬁrstendpornonoftheseatmgnng | . |
' ' The mventors further dlsclose a valve of claim wherem the moment arm
| _ 30 ofthe seatmg nng retamer engages with a eoncave surfaee of the ﬁrst bend ofthe |
| seatmg nng to stabxhze the seatxng nng and to allow the ﬁrst end portxon of the seatmg_
B nng to ﬂex toward and about the moment arm of the retamer when pressure is apphed
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utility standards change. This modified seating ring retainer i's nmuch
.l ess costly and provi des nore operational fl-ektbility than the prior -
“art, which uses separate, internediate bodj es to change face to face

" di mensi ons. And® the valvedisain grdirsction substangially oppesite;the firgt flirection whep the, dise ds

oven'a mar g naith S sepifondld e rbfE abliend 5,02 eRp03 Tk b Tl Qofhch

are doubl e- of f 9fithe Seaﬁngﬁdgexncbws&remm&imﬁxbmenhm of the retainer afid o€ the valvevbody
spatial directions fromthe center. gf the aperture of the valve. Thus,

‘the shaft is dith¥soenoperateto @gaif s i opal vahe séalane of the di sc and closer - :
oo TL0%8 S oy o e S ARl St W it 10888y o sy
however, these thefirss end popiomef the seathigring retainbisris tonfotined to and gaﬁmdced
agai nst the val ve_disc, _ torgque nust be nmarntained on the disc to keep it
shut . sufficrenﬂy from the edge of the valve disc to acccpt the first end portion of the seating |
| ' ring and to press the first end pomon of the seatmg ring. agamst the edge of the va.lve
disc. _ _ _
10 | The inventors also dlsclose a valve wherexn the valve dtsc has a spherical
shape such that the shaft is offset in only one direction from the center point of the
aperture of the valve door, thereby requiring applrcatxon of less torque to close said’
valve disc than is requrred by for double-offset valve discs and essentially 1o torque to
keep said valve dxsc in a closed and substantrally non-lcakmg posrtxon Thrs contrasts
15  with the substantial torque that is reqmred to close double-offset valve discs and keep
them closed. _ _
| Another valve i is dxsclosed wherein the valve disc has two disc faces, and
the ﬁrst end portxon of the seanng ring contacts the edge of the valve dtsc substantially
equidistantly from both valve disc faces.,
20 . A further preferred valve is dxsclosed wherem a convex surface of a
 second bend of the seatxng nng, whrch bend is situated between the first bend and the
second end portion, is engaged by exther or both the recess of the valve body or the
- recess of the seating nng retainer, and another i 1s drsclosed wherein the first end portxon
of the seating ring and the edge of the valve disc create a band of sealing contact.
25 | ' Other objects and advantages of the present invention will. be obvmus to
one skilled in the art in light of the drawings and descnptxon which follow:

FIG.lisa sxde cutaway view of a valve seahng mechanism of the pnor

FIG 2isa front perspectrve vrew of a preferred butterﬂy valve of the

30  present invention.

FIG 3is a srde perspectlve view of a preferred butterﬂy valve of the
| present mventxon
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Thr S torque s requr red because the disc is acceptr ng greater force omn one
"side of_the - shaft than the other, -due to the fact I sc-

" surfaceW3H4%es on cne si de of the" - shaft. than thwﬁ’&fgr S rrakes .
. a seal 'difficult to maintain, i ncreases the energy 15 - requrrerrents of the
seal, and:al so makes opening and cl osi-rgg-t he "di'sc nore-di fficul't, -
whi ch can constitute ‘a safety hazard under operati.ng conditions. In

~ addition, the usef FIG. 4tsadrossesediomh(ﬁnlmgsdaaiewefmf‘A€d>fﬂ§IGt Be repeat ed .
applrcatron f tor ue to,the: d re uired . © to nmake the vale seal.

- The presé?f"t" Smbadin %?f BP’é‘?ﬁ"l?? usi.hg.a single-offset 2 0
val ve disc m)unt mgeghgﬁdgbgstge&ﬁ@,apwﬁg W@p&ww’%{lm@eg Thus, the

~.val ve disc | rotates .on a.shaft which is-: of fset. fromthe center poi nt -
of the vatmdmgaqaaqbcrqnbodxmcnt oftheqrresent insentiom onIy The shaft is -

daREe e var e 6% et BRull Mbed Hiew o BHIGLE bikabl W e
shaft i saSuRRérasthboitnEntesfiik ijvédtish, On the ot her side, so the forces

and torques 25 . created by fluid pressure on each side afe ‘the same.. This .
greatly reduces or F&Gi ﬁtlﬁattenpempwﬁwmewquhmvmoﬁamreﬁmbémmw on’

t.he drsc I n et ep it closed, and = contributes to the R
integrity* g?f 'gﬂ’fni ‘legllél?of the seal. The present invention al so S
posi tions the shaf tFig@s8Gs asid Wv@%m%&n@éﬂmw ng. This further.

0

m nim.zes the anount of rque required to oper ate the valve: 30 ' The
pres¥dt invention rﬂ@vpdesqo cenlarged vieshofharea'Bhiof FIG. 8.  enpl oys

+ Sooperat i ng seati g,y dfithe fdol it bbbl 10'FlOKE P 3 00 prtaa 9 °°
= embodxment bntterfly valve l compnses a valve body 13 havzng a central tubular _
_ apermre 15 throughwluch gas or ltqmdﬂmdsmaypass. Valvedxsc 17, wlnehhasa
_ sphencalshape rsmountedonshaﬁl9sothat1tsrtsatleastparttallymaperture15
15 The valve disc 17 is not a sphere the term sphencal” is used in the valve art to
o describe a disc 17 which is a sectxon or shce of a sphere. Thus, its outer edges define
_' aspheremspace TluscanbestbeseenthhrefereneetoFIGS 7-9 Asseenm o
~ FIGS. 7 and 8, the centerline of the sphere is located at the center of the shaft and the -
center of the valve disc from ‘top to bottom and the radtus R ofthe sphere is the radius
20 of the sphere and the radius of the sealmg surface (note that FIGS. 7-9 do not depict
 the valve body). Typically, then, the circumference of one circular face will be greater
.than the ctrcumference of its other clrcular face (when the valve drsc is smgle or
'-' _ double-oﬂ'set) This constmctton provxdes for a nghter seal parhcularly when
combined with the seatmg ring 21 of the present invention. Valve disc 17 rotates about
25  the axis of shaft 19. ‘When aligned with aperture 15, itisin a closed pOSItlon _When .'
R -qar,ttrsopenandﬂmdsarefreetopass . : :
| ; Seatmg ring 21 is formed, in tlus preferred embodunent, of electroless _
-~ picke} plated stamless steel. Seatmg nng 21 1s mounted about the edge of the aperture i
_ 15 and has a ﬁrst, inner end a second outer end, and a serpentme, bent section in
- 30 | proxnmty to the first end The second end is munobrhzed agamst valve body 13 by
o the annu.lar seatmg nng retamer 23 Seatmg nng retamer 23 is removably afﬁxed to -
valve body 13 to secure the seanng nng 21.. ’I'lus arrangement allows seaung nng 21 o B
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_cr/éate a seaLv(y\@,l,;de esists | eakage in both forward and reverspci-m;oeszs

- difrectiions (I WO 97/ 39264 _
/US97/ 06516 . 4- .
ﬁlrectlonal seal ). The . seatlng ring is supgorted in bothflwd flow.
¢li rections by r ai,ner__an e. Db
from recesseg t?r?eg’ﬁﬁlaf‘?q'nﬁ ‘X‘?%?mgm?d% @g¥v6f%§§# ST AN \Mr%%gg%
seating ring. eftechve0dm o the Pieﬁ&ftﬁh{reﬂﬂoh% doe ik part to thesurigue: ccnﬂgmdlmbfthe
the seating ring and |ves its sealing surface greater _elasticity, and,

flexibility wifins end Bdgvéameéa qoncqvemnﬁwammmgwmoms :
conf or mat i onal eal vm th th I d N at A

conprises a vaﬁ“@@a’é‘bﬂfy sﬁhﬁé"’ﬁv% e of the %ﬁ%"?@]ﬁég cgh? ﬁﬁkgl sposed
aperture, an appefeddefineddysthelivaesdist Bpaid tiraditisef the sphere:demwbyﬁ:emeaﬁtig
the aperture, and a nonent arm di sposed between the annul ar recess

and the aper t susface arecsubstaptially, equab  Jfhds proviges sealing fogtact betyegn valve disc 17
Gonex.snanes B feuB B o ORGP S i 9. s,
- ~ spherical geometry makes the seal less position-sensitive because the seat can seal at
any range of points where it is in contact with the sphere defined by the mating p_art.
10  If the upper end of the seating ring had a flat configuration, as disclosed in the prior
axft,' it would effectively contact the valve disc at only one point in each radial direction.
This would provide only a circular seal, which would be much less impervious to
eakage especially under extreme operating conditions.
_ As can be seen with reference to FIG. 4, seatmg nng retaxner 23 has a
.15 " moment arm 25 at its x_nnermost edge. Immediately interior to the moment arm 25 is
recess 27. Recess 27 can be defined by two or three planar surfaces. The valve body
13 has a structure analogous to that of the seating ring retainer 23. Moment arm 29
sits at the innermost edge of valve body 13. Immediately interior to the moment arm
29 is recess 31: B
20 When seating ring retainer 23 is adjoined to valve body 13,
corresponding recesses 2’7. and 31 create an émnular space which accepts part of the
. seating ring 21. In the preferred embbdiments of FIGS. 4 and 5, the second end of the
seating ring 21 is compressed and 1rnmob1hzed between the abutting faces of valve
body 13 and seatmg ring retainer 23 One or more gaskets may also be placed between
25  the seating ring and the valve body or between the scatmg ring and the seating ring
retainer. In the preferred embod:ment of F1g 6, the second end cf the seating ring 21 |
is abutted and immobilized against recess 31. In the preferred embodiments of FIGS. 5.
and 6, this immobilization is performed in cooperation with recess 27, which accepts a
second bend of seating ring 21 to further stabiliie the assembly. The second bend of
30 seating nng 21 may or may not accept an annular gasket or seating nng support 33 into
engagement with its concave surface,
With reference to FIGS 4-6, it can be seen that valve body moment arm
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the shaft such that the val ve. d| sc rotates via the shaft to an open

" positio | osed position within the aperture;_an _an
.seatlngg%?ggsggﬁlng a serpentine- conflguratlon S a1#9@ﬁ$98%5%0rt|0n

ahd a second end portlon the seating ring- bei ng: partially disposed :

~within the recess of the valve body, whiEein the first: end: portion- has a-

concave- shaped 15 - surface which'is‘in substantially full contact withan -

 adj acent 2@ ﬁa%@l! S@Pﬂéﬁmﬁh@m& fanpsionasweelly gtycontacts thee val ve - -
disc is | an nnul.ar .
- seating é‘lgger t@%ﬁ’%ﬁ”gﬁ\gé&#gn 53‘&%&11 P‘S”%‘gﬁé‘w"gﬂ%‘i}!ﬁt he outer
- ¢i recunf erlambnﬁfveﬁhm abmetﬁmesealnigéddadfthé Lring, mctm twhereRfis adj oi.ns B
t he annul 3 rece s .of the ve. baody, a-‘nonent “arm di sposed .
~ between tSHaUe%FrFﬁLfP é@%égeemvﬁw alve, hady; n@ﬂs Prescrve seab integrity whener ei n -
t he sgco sgﬁqﬁ securely - di-sposed between
~the vgl vgﬁbyg %ﬂ]eaﬂri)lgatlal nerWalp&ubﬁ' - The.inventors al so

di scl ose a vaI ve WSeating) rind aretainee hionenmanh Zmovﬁieyﬁstabnl stie i tié T ect | y |
" adj acent. to Qr [.n gontact W|th a_convex surface of a first bend of the -

“seating PPRESICHICHDe £agages therroncavecuriaps {,thetmgermqsg)bend o
"stabiliz g%ng ‘é’wngﬂfd"ﬂﬁ? ‘Ian% _ 0 the -~
seating ?I ng t e‘ﬁegﬂt oﬁn“ar t he ve lwhﬁ\‘i’ é'%"(r) sfﬂgse@b% a?ﬂrﬁ of . -
t he val vﬁrﬂosh,almgendmfesmngemgzap;)bffemvely Wbégeddidmelll moment &rm 25 andf i rst
_ d|rect|on i‘u; sc |s |&5E€\ | os.ed posltlon and the pressure is _
Ctrand W@ﬁ 5{}]“ o PRS (3S B NATE TUBEEStH S HAOMERL AWY ri ng.
The i nve tSwhidh lend! ?eaﬁﬁé 1 &Pl W, gﬁ@%m 30

- of the sggf&? ng ri trtlié]@rﬁres?glﬁﬁgrﬁgengage \‘%EO% a co%lcaves?tyrgwgce 0 he flfinst
- bend of iseasing ring 21 to conform even more perfectly to the contours ofthe valve disc. _

Moment arm 25 prov:des an addmonal beneﬁt, as well When ﬂmd flow is reverwd,

and begins to u'avel ina direction oppos1te xts normal ﬂow, moment arm 25 insures

N 15  that the seal remains txght by mamtammg the lateral posmon ofseaung ring 21. This
 structure, in combination with moment arm 29 discussed above, provides the umque bi-

directional seal of the present mvenuon
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no

‘val've body 1, - thus onniw ﬁ@@?ﬂﬂnﬁreate a-bi-directional valve oss®
Anot her. preferred enbogq oﬁ, B6ViRS Akenkalp disposed a@mm/enm EFW"
“the first end portion ) seati-ng ri

gapped. suf faGineh Lﬂoﬁﬁﬁﬁirblhnfmer:% S POTRE, I‘Sf‘é@&%o accept the
first end poﬂ%% 84% %

.seating ring to stabilize the seating ring and to allow the l‘ﬂ’@ﬁ”‘@fﬁ“
portion of wdensassing rlngtoflextoward and- &beu%—%—herﬂmrem’arm. -

~of the retarnet when pressure is applied

) - WO. 97/3 lced I
PCT/ US97/ 06516 - .~ to the valve disc-Pm a di rectl .
 ;]oppos|te the first direction when the di'sc is : |t|on
and the pressure is transferred by theQ_dLA:_%-s-the fIr

of the seating ring, -and wherein, the noment arns of the retainer and of theh

eal

eseatlng andto press the first end
portion of t betveentsaidgannulag reRFST eesss Aed ﬂ € of the val ve di sc.
' 5 : (b) 2 rotatable valve shaft;

(c) a valve disc thh a convex-shaped outer edge dlsposed about a
" wcumfefenoe of said valve disc, said valve disc being dlsposed ‘about said shaft such
that said valve disc rotates via said shaft to an open position and 2 closed position
10 wnhm = ape(:“:ﬂ annular sea.nng ring having a serpennne conﬁguramn, a first eni
.portion and a second end portion, said seating ring being partially disposed within sai
recess of said valve body, wherein said first end portion hasa concave-shaped surface
which is in substantially full contact, thereby to create a band of sealing contact, with
an adjacent convex-shaped outer edge of said valve body when said valve disc is m
1 thhm said aperture; and |
b st pos(lzx;:n annulat seanng ring retainer comprising an annular recess disposgd
-about said outer cncumfercnce ofsaldaperture suchthatatleastapomonthercof _
adjoms ‘said annular recess of saxd valve body, and a moment arm disposed between
said annular recess of said retamer and said aperture, wherein ‘'said second end portion
- 20 of said seating ring is securely dxsposed between said valve body and said retainer.
| - 2. The valve of claim 1, wherein said moment arm of said valve body is
directly adjacent to or in contact with a convex surface of a first bend of said seaunind
ring, which bend is connected to said first end pomon, to stabxhze said seating ring
to allow said first end portion of said seating ring to flex toward said valve disc about
25  said moment arm of said valve body when pressure is applied to said valve disc in a
| first duectxon when said disc is in said closed position and said pressure is transferred
by said disc to said ﬁrst end portion of said seating ring.
3. The valve of clmm 2, wherein said moment arm of said seatmg nng
retainer engages with a concave .surface of said first ‘bend of said seating ring to |
30 stabilize said seating ring ‘and to allow said first end pornon of said seating ring to flex
" toward and about said moment arm of sald remmer when pressure is applied to said

/___—______
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10 - The i nventors al so disclose a val ve wherein the valve -
. disc has ' i cal - shape such that the shaft-is o |y one
directidh P?’gﬁ‘?{ he. center poi nt of the -~ . aperture of ﬁ&%ﬂ veﬁgoor -

~ - thereby requiring application of |ess torque to‘cl ose said . - valve dISC

than is reqU|red by: for doubl e-of fset vdDwe discs and essentlally no torque
to . . keep said valve disc in a closed and substantlally non-leaking -
posi tion. vweshsmmta disectionssubstantisilyt opposite said firstedirection when tsaid disc i isdgui r ed

oot hor v AR o on Bl bR Rt e BBE SR e e pion

the first oﬁ@ﬁdmaﬁng)ﬂng),faﬂdhﬁheem &did) momivat a8Rs OF bdid rhtainedam of sdilvaMe! Ve
~disc substantially . = equidistantly fromboth val ve disc. faces. 20

A further bpd)éi@r%mm/@ ¢reateiashirdieestiongh valvierseal. convex: surface of a

oo Aot e B i St el Bl Sl it REBA Bty

recess of réthiger By donféraibd 1orand apped sufficRAas Trom sailedgeof | séid vfawegdx.&@t@l ner

and anot her is di.sclosed whereln the first. end portion -+ of the seating - -

" ring and @eeeptsrid first endopartipy of snidseatingring and 40\ press said firstrepdepontion of 25

one Sk 1 %5%%39%9“% iR BT B0 Getier | ot ron v en

~follow 5, The valve ofElhﬁt llwh%roﬁl said arabiet divilyasvd q&ﬂeﬁf:al w&h
seal ing nmechanji sm of the prior : FIG 2is a
front lgerM@ﬂ |léhff§¢t!aw3épepﬂeectmfrewa %nmwtcﬁfmapm of said -

.- valve door, thereby requu'mg apphcatlon of less torque to close said valve disc than is
requxred by for double-offset valve discs and essennally no torque to keep saxd valve
~ discin a closed and substantxally non-leakmg posmon | _
6 The valve of claim 1, wheretn saxd valve disc has two dise faces, and
15  said first end portlon of said seatmg ring contacts saxd edge. of said valve dtsc
substantially equtdxstantly from both valve dxsc faoes. _ :
AR . The vaive of claim 1 wherein a convex surface of a second bend of said
seatmg ring, wlnch bend is sxtuated between satd first bend and said second end,is
engaged by either or ‘both said recess _of said valve body.or satd_recess of s_a_ld seating
.20”_ﬁngrﬂakﬁr | | - i _ h' . _ _ ) _
8. The valve of claxm 1, wherem said ﬁrst end pornon of saxd seatmg nng
' and said edge of saxd valve disc create a band of seahng contact. |

This Sheet Has Been Reﬂlaced o
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30  present i nvent i on. | o FIG 3 is a side r}ﬁ%lz‘g&g}okgﬁg

view of a pneﬁ@iﬂﬂamwbutterfly vaIve of the present i hvent

WD 97/ 39264 R L _ .
_PCT/U897/06516 S Lo ' 1/7 o SRR Y - S
FIG 4 is a cross- sectlonal enlarged VIEM/Of ar ea A‘ of - FIG 3
*accordrng to one enbodi nent” of .thé present |nvent|on

"FIG 5 is a cross-sectional, enlarged view of area "A' of FIG 3
accordlng 't o anot her . enbodlnent of the present ‘invention. . 5

FIG 6 is a cross-sectional, enlarged view of "A" of FIG 3 accordlng to
a further embodi ment of the present invention. FIG 7
is a top perspective view of the valve of a preferred enbodi ment of the
~__present |nvent|on

% om

123 —

FIG. 1
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FIG 8is a side perspective view of the valve of FIG-7..10

"FIG 9 is. a cross- sectional ,
As ‘can- beW

h reference to, FI.GS. -2 and 3,

t he. prefeerQ?"””“mﬂ“G

enbodi ment’ butterfly val ve 1 .conprises a valve body 13 having.a central

- tubul ar _
~"Valve disc 17, which has a
that it sits at

not - a spher e;

“describe a disc 17 mhlch is a section or slice of a sphere.

spheri cal -

Ieast_partrally in aperture 15. 15 E
the term"spherical " is used in the val vé art to

‘aperture 15-through which2y#8 or I|qU|d fluids may pass.
' i's mbunted on shaft 19 soh“

shape,
The vaIve dISC 17 IS

"Thus,

i'ts outer”

- edges define - “a sphere in sp This_can best be seen .with reference ..
‘to.FIGS. . 7-9. As seenin. - . Fl “the centerline of the sphere -
i-s located at the center of the fhak : : center of the valve

- disc fromtop-to bottom a {1 2qifTS T 9f | sphere is_fhe radius 20
- of the sphere and the radi of \{ hglgeal if ¥ R (not¢ that FIGS. 7-9 do.
not depi ct t he val veyYRody \eH-e-aH henj fithe ol rcunference of ‘one’
‘circular-face wil be greager. - than|t he Tx&CuU nce of its other
‘circul ar- face ( ' e c'is_srrgliéi N\ - do —obf set ) .

-Thi's construction prOV| s- for L] gif-e+fsed _\pQrt | ar)y when
‘conbi ned with the seg¥yh 7 ng 7] _setptire eeeQ INaveNtyon. Val ve dISC 17
rotates about 25- %xfs of =t T]19. [ hrgﬁhd rture 15, it .
is in a closedfposi '0@, Wﬁ’ 7 j ar |t\‘ n ulrgs, are free to
pass. / Zting rifg 2§ is f ON t\Ns preferred
‘enbodi ment, of tr ks 9/ nichkel plated sty h é% Seati ng
ring 21 i s nount agouyf‘ﬂe edge of {the aperture \
| [ Wi\
H i (s
17 e g 5
O\ P / /ld
VAN Y
\ \ : “\ ) » /
NSO =
\\\'\\ = = /7
ST i (s 7.
~ _, _. ’ 21 ._
= |-
o | o

enl arged view of area "B" of FIG" 8. S



15 and has a first, inner end, a second, outer end, 'and a serp ,g,gr,,&ggg
section in 30‘“’5“ﬁﬁﬁh1ty to the first end. The second. end is inmobilize
agai nst valve body 13- by the annul ar seating ring retalner 23. _
Seating ring retainer 23 is renovably ‘affixed oA . val ve. body 13 to
secure the seating ring 21 ThIS arrangenent alloms seatlng r|ng 21

WD 97/ 39264

PCT/ US97/ 06516 = - | R 7 to
be repl aced easily when necessary due to wear or. changed seal reqU|renents,
The - effective seal of the present invention is due in part to the
uni que configuration of the first end of ting ring 21. It has a
~curved, concave configuration, whi ch confofns substantially to the
convex shape of the edge of valve disc 17.AFhelyadius of the 5 'sphere
definéd by the valve disc 17 and-the radi us of fhe sphere defined by the
sealing . surface are substantially EQUat— Ty provi des seal i ng contact
bet ween val ve disc 17 ~and seating riing 21 pyer the whole width of the
~upper end of seating ring 21. In fact, gt cal geonetry nmakes the
seal |ess position-sensitive because thejsleat chphjseal at ° any range of
-poi.nts where it is in contact with the syhere dp :eg/by‘fﬁélhat|ng part.
ot
17 -
N
“.
Y

21




.10 ,'If t he upper: end’ of the seatlng ring had a flat conflguratlon ']'L

'dlsclosed“knnhbg“prlor - art, it would effectively CONtyé&rlny gﬁyglve

.- di.sc at only one p0|nt i.n each: radlal direction. - TFhi's" wou *ﬁ rovi de -

“ only a circul ar- seal,” which woul'd be rmuch |ess |nperV|OUS to S Ieakage

- especial ly -under extrene operatlng condluvmns I . As can Tff

- be seen with reference to FIG. 4, seating.ring retainer 23 has a 15 L
~ ‘moment arm 25 at its innernost edge. |nmediately interior.to the. nonent_arm
25 is recess. 27. Recess 27 can be defined by two or three pl anar '

. surfaces: The - val ve. body =~ 13 has a structure- analogous to that of the

seating ring retainer 23: Moment arm29 sits at .the innernost edge of "
"val ve body 13 Innedlately interior to thé moment arm. - 29 is recess

- 31.. 20 - : When seating ring retainer 23 i's adjoined to valve
body 13, correspondlng recesses 27 and 31 create ‘an annul ar space -

;fmhich’accepts ‘part of the - .seating ring 21.- In the preferred-

enbodi nents of FIGS." 4 and 5;. the second-‘end of .the = - seati ng rlng 21.~
is conmpressed and i mmobi i zed between the ‘abutting: faces of valve - . o
-body 13 and seating ring retalner 23. Cne or nore gaskets may. also be-

. placed between 25: the seatin yvalve body or betmeen_the
~seating ring and the seatif i In the preferred

enbodi rent of Fig. 6, t ing 21 IS

abutted and inmmobiliz 5 i of
ooperation with

’ Qg 21 to further
-7

agai nst r
FIGS. 5 and 6/ this immobil
-recess 27, which

stabilize the asgenbly. The secon

FIG. 4



30 seatlng rlngwél nay or may not accept an annul ar- gasket or seat.in
ring support « 30 engagement with its concave surface. PCT/USITR6516
Wth reference to FIGS. 4-6, it canh be seen that valve body_nonent -arm

WO 97/ 39264 ) 5/7 o
PCT/ US97/ 06516 - ' 29 perforns a. stab|I|Z|ng and seal - str-engt heni ng
function as well. It contacts the © convex surface of the innernost
‘bend of seating ring 21 to prevent any substanti al -~ lateral novenent

of the first, sealing end of the seating ring, particularly when it is-
subject to force in the direction of the valve body. This preserves seal
integrity when 5 fluid flows in the normal, anticipated direction.
Seating ring retainer noment.arm 25 provides a stabilizing force in the
opposite direction. Mnent arm 25 engages the concave surface of the
i.nner nost bend of seating ring 21. This insures tight sealing when
val ve disc 17 is cl osed, because t he

17

L)

7
X .

N
—n

SONNA

—— 23

13

FIG. 5



first, searigﬂ)§ d of seating ring 21 is effectively wedged between nonent
arm 25 and 10 7Vt - disc .17. Monent arm 25 al so functions, as its panme
suggests, as’'a nonment -arm ~ about which the first end of tierrs@alboksélg. °
ring 21 can flex.. This allows the upper end of .- .seating ring 21 to .- .
conform even nore perfectly to the contoursbdt the valve disc. ~ Monent = -
arm-25 provi des an .addi-tional benefit, as well. Wen fluid flowis B .
reversed, =~ -and’'begins to travel - in a direction opposite its normal .
flow, nmorent arm 25 insures 15 that the seal -remains tight-by:nmaintaining:
the lateral position of seating ring 21.. This®  structure, in -~
conbiniton with monment arm 29 discussed above, provides the unique bi-
of -t he-preésent invention. A . S

o . CdAM- S

‘di rrectional seal
-9- T
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1. A val ve_conpri si ng: _ - ..~ (a) a valve body havi

centra1|y dw§§9 9’ﬁﬁﬁertur.e, an annul ar recess di sposed - P&& 33?“%%
outer circunference of said aperture, and a nonent - arn1d|sposed betmeen
‘said - annul ar recess and said. apertu7 - 5 (b) a
rotatabl e val ve shaft; (c) a valve dISC wth a
convex-shaped outer edge di sposed "about a circunference of said
val ve disc, said valve disc being disposed about said shaft such that said
val ve di sc rotates via said‘'shaft to an open position and a cl osed
position within said aperture; (d) an annul ar seating ring
havi ng a serpentine configuration, a first end portion, 10 . a first bend
connected to the first end portion, and a second end portion, said seating
ring - being partially disposed within said recess of said valve
~body, wherein said first end .. portion has a first surface which is
~in contact with an adjacent convex-shaped outer edge of said valve
-disc_when said valve disc is in said closed position wthin said aperture;

. and ' (e) an annular_geating ring retainer conprising an
~annul ar recess di sposed about 15 said outer circunference of said
aperture such that at |east a B4 n thereof adjoins said " annul ar
recess of said valve body, anre ent “arm di sposed between said annul ar
recess of said retainer and ¢ apertyure and extending into a concave side
of the first nd iR nnul seating ring such that the first

end portion of the seating ri posi ti oned between said nonent
arm and said outer ge of said valve disa W) said 20 ~ valve disc is
in said closed p05|t n,  wherei sald secohd end portion of said seatlng
ring . ‘ - ]




) T 837/065

i's securely di sposed between sai d val ve body and said, refa

2. The valve of claim1, wherein $aid moment arnlof 'sai d val ve q?d¥~k@qp
directly adjacent to or in contact with a convex surface of the v+
first bend of said seating ring, 25 . ich bend is connected to said -
first end portion, to stabilize said seating ring and to all ow said

first ‘end portion of said seatlng rin fl.ex toward sai d val ve di sc about
'sai d -moment  ar m of sal d val ve en pressure is applied to said

‘valve disc in a first direction when said disc is in sai d cl osed
position &nd sdi valye cemprising:s transferred by sai d - disc to said

f '1 BSt end port ta(}n 0fz\lvséabo(illySﬁ@}n'gnéJ cénu%’ly dsisposed aperture, an annular Tecess disposed
o * about an outer circumference of said aperture, and a moment arm disposed between said

~ annular recess and said aperture;
5 | ) a rotatable valve shaft§ | o
| | (c) a valve disc with a convex-shaped oﬁter edge dispbsed about a circumferencé
of said valve disc, said valve disc being disposed about said shaft such that said valve
disc rotates via said shaft to an open position and a closed position within said aperture; |
, (d) an annular seating ring hath a serpentine configuration, a first end portion,
10 a first bend connected to the first end portion, and a second end portion, sﬁi_d seating.ring
| - being partially disposed within said recess of said valve body, wherein said first end :
portion has a first surface which is in contact with an adjacent convex-shaped outer edge
of said valve disc when said valve disc is in said closed position within said aperture; and |
(¢) an annular seating ring retainer comprising an annular recess disposed about
15 said outer circumference of sa.id aperture such that at least a portion thereof adjoins said
annular recess of said valve body, and a moment arm dlsposed between said anmular
recess of said retainer and said aperture and extending into a concave side of the first
bend in the annular seating nng such that the ﬁrst end portlon of the seating ring is
. positioned between said moment arm and said outer edge of said valve disc when said
- 20 valve disc is in said closed posmon wherein said second end portion of sald seating rmg

is secure_l_y dxsposed between said valve body and said retainer.

2. The valve of claim 1, wherein said momeni arm of said valve body is directly
adjacent to or in c':ontact'with a convex surface of the first bend of said seating ring,
25  which bend is connected to said first end portion, to stabilize said sehting ring ahd_ to
 allow said first end portion of said seating ring to flex toward said valve disc about said
| moinent_' arm of said valve body when pressure is applied to said valve disc in a first
direction when said disc is in said élosgad poéition and_said'pressure is transferred by said
disc to said first end portion of said seating ring. - | '
30
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4. - The valve of claiml1, wherein said first c')‘ c9170f/ @a6d55.¥£| ng

rirng retainer is confornmed to and gapped suffic! Muscg\ sai d edge of
“said valve disc to accept said first wend portio Bg and -
to press said.first end portion of said seating ring against sald e ge of
sai.d val ve di sc. - 5. The val ve f claim1, wherei'n said val ve disc has

a spherical shape such that said § is offset in only one direction

f t f d d th b
hop Foar | OHE SpRR R il Fo H%r%&efabcﬁbfsg%pa%féfqpégf ithscaB0 sig retmdgy ror
doubtenfofrietio st y gaa sefficintly iR Rhidddgy o?@alﬁq{aﬁ}éedlg@td(%i@ptsﬂa(ﬁ fivg! ve disc

in a closed and substantially non-leaking position.. e val ve of
-~ cl ai fRdiporE0f |sa1dss§atemg/ang@n@ ite presssaidvirsiénsicpdrtion of said deatirigdrifig r st end

Db b P B R AR A D0 P Tl e races. 7. he val ve
of claim1, wherein a convex surface of a second bend of said seating
| 5.  The valve of claim 1, wherein said valve disc has a spherical shapé such that said
' shaft is offset in only one direction from a center point of said a'perturé of said valve
door, thereby requiring application of less torque to close said valve than is required by
~ for double-offset valve discs and essentially no torque to keep said valve disc in a closed

‘and substantially non-leaking posmon

. 6. The valve of claim 1, wherein said valve disc has two disc' faces, and said first
‘end portion of said seating ring contacts said edge of said valve disc substantxally
_equidistantly from both valve disc faces. '

2 The valve of clalm 1, wherein a convex surface of a second bend of said seating
ring, which bend is situated between said first bend and said second end, is engaged by

- either or both said recess of saxd valve body or sald recess of said seatmg ring retainer.

8. The valve of claim 1, wherein said first end portion of said séating ring and said
edge of said valve disc create a band of sealing contact.

N O A
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ri ng, V\:hl ch bend is situated between said first bend and said ,..'..g?,’

S engaged by erlgtgi, or both sgnluq recess .of said valve gody or s
-of said seating r r et ai ner. Qm%m&%% OBANFATh 1, wher &

first end &g@&%&ﬁ@%ﬂ%ﬁ%ﬁéﬁﬁﬁﬂwTﬁE%ﬁkﬁ%&éﬁlﬁéTY —

createep-ba-

ce's 1
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(54) Tile: BI-DIRECTIONAL VALVE SEAL MECHANISM
(S7) Abstract ' '

A valve (1) comprising a valve body -
(13) having a2 centrally disposed aper-
ture (15), an annular recess (27) disposed
about an outer circumference of the aper- -
ture, and &8 moment arm (25) disposed be-
tween the annular recessed portion and
the aperture; a rotfatable valve shaft (9);
a valve disc (17) with a convex-shaped
outer edge disposed sbout a circumfer-
ence of the valve disc; an annular seat-
ing ring (21) having a serpentine config-
uration, a first end portion and a second
end portion, wherein the first end por-
tion has 2 concave-shaped surface which
is in substantially full contact with an ad-
jacent convex-shaped onter edge of the
valve body when the valve disc is in the
closed position in the aperture; and an an-
nular seating ring retainer (23) comprising
an annular recess, and a moment arm dis-
posed between the annular recess of the
retainer and the aperture.
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