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- The present 1nventton relates to a seahng meehamsm used for valves,
pnmanly butterﬂy valves, whlch provrdes ttght seals under extreme coudlttons and
which resists leakage when pressure is applted to the valve disc either in the dtrectton
of tntended fluid flow or in the opposxte direction, This sealtng mechanism comprises
an annular seatmg ring havxng a umque concave surface desxgned to engage with the
convex outer surface of a valve disc, thereby provxdmg a umquely ttght and bi-
chreetxonal seal. B

, Valves such as butterﬂy valves are used to control the flow of ﬂutds

e.g., hqmds and gases, in a w1de variety of tndustnal apphcatlons such as chermcal
_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 hxgh temperann'e appltcatlons These valves
typtcally 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. valves additionally comprise
a sealmg gasket or member to make the seal more flutd-ttght and leak-proof In certain
applications, ﬂextble rubber or plastrc gaskets have been used. Under more
extreme conditions, thin metal sealing members have been used to tighten the seal

_ Nevertheless, particularly under lngh pressure and ‘high temperature,

leakage conttnues to be a considerable problem for such valves. The valves of the
prior art have not provxded suﬂict_ent sealing to reduce leakage to desirable levels. One
failing of tlte'prlor art has been its use of seatmg nngs which effeetively 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 typteally curvecl,_
wnh an end whtch is flat or whrch eurves away from the surface of the valve disc.
This leaves only a smgle pomt of contaet between the surfaces, whrch is vulnerable to
pressure extremes and is especially apt to leak when fluid flows in an opposite
direction. Such an arrangement is sltown in FIG. 1, which itself comprises figures
from U.S. Patent No. 4 ,796,857 to Hayes et al., issued January 10, 1989 mcorporated
herein by refcrenee (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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flat or curves away from seahng edge 116 of valve dlsc 114 Only smgle radral pornt
contact exrsts between the sealmg surfaces Tlus structure penmts greater d1sc and seat -

' ahgnment tolerances, but as drscussed above, 1t does’ not provrde an acceptable seal

parncularly under extreme operatmg condmons | _
The present invention dxscloses a umque seal mechamsm whrch provrdes |

'1mproved leak resrstance, even under extreme condrtrons of temperature pressure, and

-  the llke The seahng member or seatmg nng, of the present mventron, has an inner
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~ surface which conforms substantrally to the shape of the valve dxsc Thus, when the
_ twosurfacesarebroughttogether theyformabandofseahng contactwhrchrsfar

moreresxstantto leakagethantheseals ofthe pnorart. 'I‘heseatxng ring alsohasa
bent or ridged constructron whrch allows a sprmg-type loadmg of the sea.l Thrs is an

aidto seahng parncularly at lower pressures '

Another advantage of the present mvennon is the locanon of this sealmg :

_ surface more centrally on the edge of the valve disc. Other seahng mechamsms have
been disposed substantially toward one face or the other of the valve disc. Sucha

loeatron makes the seal far more vulnerable to shppage, dlsplacement and leakage. The

| seal of the. present mventron is located substantrally eqmdtstant from the two faces of -
the valve disc. This ensures maxrmum protectton, and in conjunction with the - _
enhanced sealmg surface area of the present rnventron, provxdes a seal whrch is mueh

more unpervrous to leakage, even under extreme condmons _
Another problem whlch has not been resolved by the pnor art is the
mtegnty of the seal when pressure is apphed ina drrecnon oppostte that of the intended

- ﬂow of the ﬂmd The seahng mechamsms of the pnor art do not provrde means to

25

resist pressure in thrs opposite drrectlon, and are partrcularly vulnerable to leakage |

when fluid generates pressure in this drrectron Nonetheless, under operatmg

s condmons, pressure is often generated in this dlrectron due to vacuum creatron, process L

shut-off, system mamtenance, etc. Leakage in the reverse direction is parncularly
undesirable ‘because of the nsk of contamination and fouhng by down-stream reacnon a

o 'products whrch may be contamed in. such leakage

o ,'modxﬁed dxrectly to change face to face joxnder dunensrons Such a change is required

In addmon, the seatmg nng retamer desrgn dlsclosed herem can be

o when the valve is used to connect toa vanety of prpes of dlﬁ'enng drameters for o
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mstance, or when federal or mdustry safety or utxhty standards change This modlﬁed

| seatmg ring retamer is much less. costly and provxdes more operatlonal flexibility than

the prior art, which uses separate intermediate bodtes to change face to face

_ dimensions. Another limitation of the prior art is the required maintenance of torque

forces on the valve dxsc_ when the disc is closed to maintain even a marginal seal. The

discs typically used in butterfly valves are double-offset, i.e., they sit on shafts which
are offset in two spatial directions from the center of the aperture of the valve. Thus,

the shaft is disposed, for example, out of the plane of the disc and closer to one side of

the disc than the other. This arrangement theoretxcally provrdes some improvement in
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 surfaee area lies on one side of the

shaft than the other. Tlus makes a seal difficult to maintain, increases the energy

reqmrements of the seal, and also makes opening and closmg the dxsc more dtfﬁeult,
which can c_onsutute a safety hazard under operating conditions. In addition, the usefil
life of such a seal is limited by the repeated application of torque to the disc required
to make the vale seal. e ' |

The present mventton resolves this problem by usmg a smgle-offset

valve dtse mount, together with the sealing mechamsm disclosed. Thus, the valve disc

rotates on a shaft which i is offsét from the center point of the valve body aperture in
one direction only. The shaft is dis'poSed,' for e:tampl'e, 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 substantxally equal to the area on the other 51de, so the forces and torques

created by fluid pressure on each side are the same. This greatly reduces or ehmmates

~ the torque which must be maintained on the disc during use to keep it closed, and

contributes to the integrity and durability of the _seal. The present invention also
positions the shaft as close as possible to the seating nng This furtlter minimizes the
amount of torque reqmred to operate the valve. _

~ The present mventlon provrdes a umque sealmg mechanism which
employs cooperatmg seanng ring, ring retainer, valve body and valve dxsc structures to
create a seal which resists leakage in both forward and reverse ﬂow directions (i.c., a
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| ."br-drreenonal seal) The seatmg nng is supported in both ﬂmd ﬂow dxrecuons by nng; '_ ..
-retamer and valve body moment arms, whnch project from recesses m the rmg retamer )
-~ and valve bodtes and engage the seatmg nng Thxs moment arm constructron both -
| 'supports the body of the seatmg ring and glves 1ts sealmg surface greater elasncrty and
- flexibility thhm the supported range, whtch in turn allows a nghter conformattonal
I seal with the valve disc. The present mventxon compnses a valve compnsmg a valve
~ body havmg a centrally drsposed aperture an annular reeess disposed about an outer.

circumference. oftheaperture andamomentanndtspomdbetweentheannularrecess |
and the aperture a rotatab]e valve shaft; a valve disc with a convex-shaped outer edge |
dlsposed about a eu'eumferenee of the valve disc, the valve dtsc being disposed about
theshaftsuchthatthe valve dxscrotatesvratheshaﬁtoanopenposmonandaelosed -
position wrthm the aperture an annular seatmg nng having a serpenttne conﬁguratton,
a first end pornon and a second end portion, the seatmg ring bemg parnally drsposed

within the recess of the valve body, wherein the first end portion has a eoncave—shaped .
_surface whtch is in substanttally 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 seating ring retainer compnsmg an annular recess dtsposed 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 -

retainer and the apermre wherein the second pornon of the seattng ring is securely :

~disposed between the valve body and the retainer.

The mventors also dlsclose a valve wherern the moment arm of the valve

| body is drrectly ad_;acentto or in contact wrth a convex surface ofa ﬁrst bend ofthe _'
-_seatmg rmg, which bend is connected to the first end portlon, to stabrhze the seatmg
25

ring and to allow the first end portton of the seatmg rmg to flex toward the valve drsc

~about the moment arm of the valve body when pressure 1s applred to the valve disc in a _. ._
' first direction when the disc is in the closed position and the pressure is transferred by

| .."thedtsctotheﬁrstendpornonoftheseanngnng

: :30_

The mventors further dtsclose a valve of claim wherem the moment arm

. of the seatmg nng retamer engages with a concave surface of the ﬁrst bend of the |
' seatmg nng to stabxhze the seatxng nng and to allow the ﬁrst end pornon of the seatmg_
B nng to ﬂex toward and about the moment atm of the retamer when pressure is apphed
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to the v'alve disc in a directlon'substanﬁally oppo'si'te the first dlrection when the disc is
in the closed posmon and the pressure is transferred by the dise to the ﬁrst end portion 3

R of the seating ring, and wherem the moment arms of the retainer and of the valve body

thus cooperate to create a bt-d:rectlonal valve seal.

Another preferred embodiment i is dxsclosed cOmprislng a valve wherein
the first end portion of the seating nng retainers is conformed to and gapped
sufficlently from the edge of the valve disc to accept 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. _ _ _

The inventors also dlsclose a valve wherexn the valve dlsc has a sphencal
shape such that the shaft is offsct in only one direction from the center point of the
aperture of the valve door, thereby requiring apphcatxon of less torque to close said’
valve disc than is requlred by for double-offset valve discs and essentially 1o torque to
lceep said valve dxsc in a closed and substanttally non-leakmg posrtxon Tlus contrasts
with the substantial torque that is reqmred to close double-offset valve discs and keep
them closed. _ _
| Another valve i is dtsclosed wherein the valve disc has two disc faces, and
the ﬁrst end portxon of the seanng ring contacts the edge of the valve drsc substantially
equidistantly from both valve disc faces.,

' A further preferred valve is dxsclosed wherem a convex surface of a

 second bend of the seatxng nng, wluch 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 dlsclosed wherein the first end portron

of the seating ring and the edge of the valve disc create a band of sealing contact.
| Other objects and advantages of the present invention will. be obvmus to
one skilled in the art in light of the drawings and dcscnptxon which follow:
FIG.lisa sxde cutaway view of a valve sealmg mechanism of the pnor

FIG 2isa front perspectwe vxew of a preferred butterﬂy valve of the
present invention.

FIG 3is a slde perspectlve view of a preferred butterﬂy valve of the

'present mventton
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_ _ FIG 4 isa cross-secuonal enlarged vxew of area “A” of FIG 3
accordrng to one embodtment of the present rnventlon o ' - _
_ FIG 5is a cross-sectronal enlarged vrew of area “A” of FIG 3
accordmg to another embodunent of the present mventron. o |
- FIG 6isa cross-secuonal enlarged vrew of “A” of FIG 3 accordmg to
a further bodunent of the present mventton ' '

- FIG. 7 is a top perspectlve view of the valve ofa preferred embodrment o
'of the present invention, |

‘FIG. 8 isa srde perspectrve view of the valve of FIG 7
FIG 9isa cross-sectional, enlarged view of area “B” of FIG. 8
AseanbeseenmthreferencetoFlGS 2and3 thepreferred

= cmbodrment bntterfly valve l compnses a valve body 13 havrng a central tubular _
_ apermre 15 throughwluch gas or qumdﬂmdsmaypass. Valvedxsc 17, wlnchhasa

sphencal ‘shape, 1smountedonshaﬁ l9sothat1ts1tsatleastparttallymaperture 15
The valve disc l7rsnotasphere the term sphencal” isusedmthevalveartto

- describe a disc 17 which is a sectron or shce of a sphere. Thus, its outer edges define
o aspheremspace TluscanbestbeseenwrthreferencetoFlGS 7-9 Asseenm '

* FIGS. 7 and 8, the centerline of the sphere is located at the center of the shaft and the
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center of the valve disc from ‘top to bottom, and the radtus R ofthe sphere is the radius

of the sphere and the radrus of the sealmg surface (note that FIGS 7-9 do not deprct
the valve body). Typtcally, then, the cxrcumference of one circular face wrll be greater

.than the crrcumference of its other ctrcular face (when the valve drsc is smgle or
| _ double-oﬂ'set) This constmctron provxdes for a trghter seal parhcularly when

combined with the seatmg ring 21 of the present invention. Valve disc 17 rotates about

the axis of shaft 19 When altgned wrth aperture 15, it is in a closed pOSItlon _When
' -a;ar, itis open and ﬂmds are free to pass.

' Seatmg nng 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 serpennne, bent secnon in

:proxmnty to the ﬁrst end ’l‘he second end is munobrhzed agamst valve body 13 by
~ the annular seatmg nng retamer 23 Seattng nng retarner 23 is removably afﬁxed to -
~valve body 13 to secure the seanng nng 21 ’I'hrs arrangement allows seanng nng 21 o B
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| to be replaced easxly when niecessary due to wear or changed seal reqmrements The

effective seal of the present invention is due in part to the umque configuration of the
first end of seating ring 21. It has : a curved, concave conﬂguratlon, which conforms
substantxally to the convex shape of the edge of valve disc 17. The radius of the
sphere defined by the valve disc 17 and the radius of the sphere defined by the sealing

 surface are substantially equal. This provides sealing contact between valve disc 17

and seating ring 21 over the whole width of the upper'end'of seating ring 21. In fact,
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 part.
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 retamer 23 has a

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 o 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
When seating ring retainer 23 is adjoined to valve body 13,
corresponding recesses 2’7. and 31 create an ennular space which accepts part of the

. seating ring 21. In the preferred embodiments of FIGS. 4 and 5, the second end of the

seating ring 21 is compressed and mnnoblhzed between the abutting faces of valve
body 13 and seatmg ring retainer 23 One or more gaskets may also be placed between
the seating ring and the valve body or between the seatmg ring and the seating ring
retainer. In the preferred embod:ment of F1g 6, the second end of 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
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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29 performs a stabxhzmg and seal-strengthenmg funcnon as well It contacts the '

convex surface of the mnermost bend of seatxng nng 21 to prevent any substanttal

' lateral movement of the first, sealmg end of the seatmg nng, partxcularly when itis

subject to force in the: d:rectxon of the valve body Tlus preserves seal tntegnty when -
fluid ﬂows in the normal, antlclpated dlrectlon. _ ' _ |
Seatmg nng retainer moment arm 25 prowdes a stabnlmng foree m the .

opposite chrectxon Moment arm 25 engages the coneave surface of the mnermost bend .
of seatmg ring 21. Thxs insures ttght seahng when valve dtsc 17 ls closed becausc the -

sea.hng end of seating nng 21 is effectxvely wedged between moment arm 25 and

| valve disc 17 Moment arm 25 also functtons, as its name suggests, as a moment arm

about which the first end of the seating ring 21 _c_an flex. __Tlns allows the up_p.er end of .
seating ring 21 to conform even more perfectly to the contours of the valve disc. - '
Moment arm 25 prov:des an addttlonal beneﬁt, as well When ﬂmd flow i is reverwd,

| and begins to travel ina direction oppos1te xts normat ﬂow, moment arm 25 insures

that the seal remains txght by mamtatmng the lateral posxtton of seating ring 21. This

 structure, in combination with moment arm 29 discussed above, provides the umque bi-

directional seal of the present mventton
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e T
1. | Avalvecompnsmg L |
| , o (a) a valve body baving a centrally dxsposed aperture, an annular recess
dlsposed about an outer cxrcumf ce of said aperture, and a moment arm disposed
between said annular recess and said aperture;

(b) a rotatable valve shaft;
N FOX! valve disc thh a convex-shaped outer edge dlsposed about a

" circumference 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 2 closed position

' w1thm said aperture;

_ (d) an annular sea.nng ring having a serpennne conﬁguratxon, a first end
portion and & second end portion, said seating ring being partially disposed within said
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
said closed position thhm said aperture; and

() an annulat seanng ring retainer comprising an annular recéss disposed
-about said outercucumfercnce ofsaldaperture suchthatatleastapomonthercof B
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
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 & convex surface of a first bend of said seating
ring, which bend is connected to said first end pomon, to stabzhze said seating ring and
to allow said first end portion of said seating ring to flex toward said valve disc about
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
stabilize said seating ring ‘and to allow said first end pornon of said seating nng to flex |

" toward and about said moment arm of said- remmer when pressure is applied to said

-

mMMMMW\-=".Mwmmw~

__REPLACED
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. yalve disc in a dxrectxon su‘bstannally opposrte saxd ﬁrst drrectlon when sard dxsc isin

said closed posxnon and said pressure is transferred by sa1d dtsc to said ﬁrst end pornon

of said seating nng, and wherem saxd moment arms of sald retamer and of sard valve

B body thus cooperate to create. a br-dlrectxonal valve seal
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4. The valve of claim 1 wherem saxd ﬁrst end portton of said seatmg nng

| retamer is conformed to and. gapped suﬂictently from sa:d edge of satd valve dxsc to
: _' accept said first end portron of sard seatmg nng and to press said ﬁrst end portxon of

said seatmg nng agamst saxd edge of said valve disc. . S :
5 The valve of claim 1, wherem said valve disc has a sphencal shape such |
that said shaft is offset i in only one dtreenon from a center point of said. aperture of said

. valve door, thereby requu'mg apphcanon of less torque to close said valve disc than is

requxred by for double-offset valve discs and essennally no torque to keep satd valve

~ discin a closed and substantxally non-leakxng posmon

6. " The valve of claim l wherexn saxd valve disc has two dtsc faces, and
said first end portlon of said seatlng ring contacts saxd edge. of said valve disc
substantially equldxstantly from both valve drsc faees.

AR . The vaive of claim 1 wherein a convex surface of a second bend of said

seatmg ring, Whlch bend is sxtuated between saxd ﬂrst bend and said second end, is
engaged by either or ‘both.said recess _of sa_rd valve body.or satd_recess of satd seating

* ring retainer.

8. " The valve of clatm 1, whereln said ﬁrst end pornon of saxd seatxng nng

' and said edge of satd valve disc create a hand of seahng contact.

Sheet Has Been Reﬂlaced o
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