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. BI-DiRECTIONAL VAL VE SEAL -MECHANISM 

. The· present invention relates to a sealing.mechani$D1. used for valves, 

primarily butterfly valves, which provides tight ~·under extreme conditions and 

which resists leakage when pressure is. applied to the valve· disc either in the direction 

s of intended fluid flow or in the. opposite direction. This sealing mechanism comprises 

ail annular seating ring having a unique concave surface designed to engage with the 

convex outer surface of a valve· disc, thereby providing a uniquely tight and bi'." 

directional seal. 

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

lo e.g., liquids and gases, in a .wide variety of industrial applications such as chemical, 

power, paper, air conditioning, petroleum and refining _industries. Moreover, they are 

designed to handle clean, viscous and corrosive liquids; clean and corrosive gases; and 

steam. They are also designed for use in high temperature applications. These valves 

typically comprise a valve body having a central. aperture, and a valve disc mounted 

15 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 sealing gasket or member to make. the seal more fluid-tight and leak-proof. In certain 

applications, ·flexible rubber or plastic gaskets have been used. Under more 

extreme conditions, thin metal ~g members have been used to tighten the seal. 

2 o Nevertheless, particularly under high pressure and high temperatur~ 

leakage contfuues to be a considerable problem· for such valves. The valves of the 

prior art have not provided sufficient sealing to reduce lea,kage to desirable levels. One 

failing of the prior art has been its use of seating rings which effectively contact the 

valve disc at only one point betWeen the valve disc and seating ring. This occurs when 

2 s the seating rln.g contacts the surface of the valve disc, which surface is typically curved, 

~th an end which is flat or which curves away from the surface of the valve disc. 

This leaves only a single point of contact between the surfaces, which is wlnerable to 

pressure extremes and is especially apt to leak when fluid flows in an opposite 

direction. Such an arrangement is shown in FIG. 1, which itself comprises figures 

3 o from U.S. Patent No. 4,796,857 to Hayes et al., issued January 10, 1989, incorporated 

herein by reference (numbers are retained from the original figures, with the addition of 

a preftx of nl" for clarity) .. As shown therein, the sealing end 120 of the seating ring is 
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flat or curves away from sealing edge 116 of valve disc 1.1"4. Only single radial point, 

contact exists between··the.sealirig sUtfaces. This structure penliits greater disc and seat·. 

aligmnent tol~ces,: but as discusSe<l above, it· does• riot provide an· acceptable seal, 

particwarly .under extreme• operiuing conditions. 

·The p~ invention discloses a unique ~al meclumism which provides 

improved leak resistance, even under extrellJ.c. conditions of temperature, pressure, and 

the like. The sealing member, or seating ring, of tlie present inVeJ1tion, has an inner 

surface which conforms substantially to the shape of the valve disc. Thus, when the 

two surfaces are brought together, they form a band of sealing contact which is far 
: . : . 

10 more resistant to. leakage thin die seals of the. prior art. The seating ring.als0 has a 

bent or ridged construction which allows a spring-type loading of the seal. This is an 

aid to sealing, particularly at lower pressures. 

AnOthcT. adVaritagc of the present mvention is the .location of this sealing 

surlace more centrally on ·the edge of the valve disc. Other sealing mechanisms have 

15 been disposed substantially tpward ·one face or. the other of the ~alve disc~ Such. a . 

location makes the seal far .. more vulnerable to slippage, displacement and leakage. The 
.. . . 

seal of the. present Invention is located substantially equidistant from the two faces of 

the valve. disc. This ensures nwdmmn protection, and in conjunction with the 

enhanced sealing surface area of the p?esent inventio~ provides a seal which is much 

2 o more impervious to leaka8e, even under extreme c<>n~tions. 
Another problem which has not been resolved by the prior art is the . 

ip.tegrity of the seal• when pressure is applied in a direction opposite that of the· intended 

flow of the fluid. The sCaling.mechanisms.of the prior art df? not provide means to 

resist pressure in this opposite direction, and are particularly wlnerable to leakage 

2s· when fluid generates pressure ·in this direction. ·Nonetheless, under operating 

30 

. . 

conditio~ pressure is often generated in this direction due. to vacumn creation, process 

shut-off, sySteni maintenance, etC. Leakage inthe revCI'SC direction is partiCularly 

undesirable· because of the risk of contamination and .fouling by down~~ reaction 

products which may be contaiiied in. such leakage. 

In. addition, the seating ring retainer· design discloSed ·herein can· be 

. modified directly to change f~e to fa~ejoinder. dimensions .. Such a change is reqUired 
. . 

when the valve is· used to. connect to a variety of pipes of differing diameters~ for' 
. . 
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instance,. or when federal or-industry safety or utility standards change. This modified 

seating ririg retainer is much less. costly and provides· more operational· flexibility than . 
. .· ~.· . 

the prio~ art, which uses separate, intermediate bodies to change face to face · 

dimensions. Another limitation of the prior ·art is the. required maintenance of torql}C 

s forces on the valve disc 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 theoretically provides some improvement in 

10 the seal generated. In use, however,. these seals·are prone to leaks, and when fluid is 

f~rced 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. This makes a seal difficult to maintain, increases the energy 

15 requirements of the ·sea1, and also makes opening and closing the disc more difficult, 

which can constitute a safety hazard under operating conditions. In addition. the useful 

life of such a seal is limited by the repeated application of torque to the disc required 

to make the vale seal. 

The preseni invention resolves this problem by using a single-offset 

2 o valve disc mount, together with the sealing mechanism disclosed. Thus, the valve disc 

rotates on a shaft which is offset from the center point of the valve body aperture in 

one direction only. The shaft is disposed, for example~ out of the plane of but 

equidistant from the sides ofthe 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 elimimttes 

the torque which must be maintained on the dise 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 ring. This further minimizes the 

amount of torque required to operate the valve. 

30 The present invention provides a unique sealing mechanism which 

employs cooperating seatiiig ring, ring retainer, valve body and valve disc structures to 
.· .· . 

create a seal which resists leakage in both forward and reverse flow dirCction8 (i.e., a 
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bi-directional ~). ~e seiting riilg is supported in. both fluid f1.ow><Ji~ons by ring 

retainer_ and valve body m~ment arms, whlcb project from recesses __ in the_ riitg retainer 

and valve bodies and engage the seating .ring. This moment arm. constrllction both 

supports the body of the seating ring mid gives its sealing surface greater eluticity and 

s flexibility within-the supported range, which_in-•turn allows a tighter-conformational 

seal with the valve disc.· The present invention comprisel-_ a valve· coll'.lprising a. valve 

body-having a centrally disposed aperture, an annular recess disposed about an outer. . 
--· 

circumference_ of the aperture, and a moment_ ann disposed betweeJ1 the amiular. reC:ess 
and the aperture; a rotatable valve shaft; a valve disc with a convex-shaped outer edge 

1 o disposed about a ·circumference of the-valve disc, the valve disc_ being disposed about 

the shaft such that the valve disc rotates via the shaft-to an open position and a closed 

position within the aperture; ·an annular seating-ring having a serpentine configuration, 

a first end· portion and a second end portion, -the se~tillg ring being partially disposed 
. . . . . : . 

within the recess of the _valve body; wherein the_ first Cn.d portion bas. a concave-shaped 

15 surface which is in substantially full contact _with an adjacent conv~-shaped outer edge 

of the valve body when the valve disc -is in the closed position within the aperture; and 

an annular seating ring retainer comprising an annular recess disposed about the outer 

circumference of the aperture sUc:h that at least a portion thereof adjoins the am1ular 

recess of the- ~alve body, and a moment arm diSposed between the aiJnular recess of the 

2 o retainer and the aperture, wherein the second portion of the seating ring is securely 

disposed between the valve-~ody and the retainer. · 

The inventors also disclose a valve wherein the moment arm of the valve 

body is directly-adjacerit. to or in contact with a convex ~ of a first bend of the 
. · ... · ·.· . 

seating ring, which bend is connected to the first eild pOrtion, to stabilize the seating 

25 ring -and tO allow the fll'St end portion of the seating ring to flex toward the valve diSc . . . . . 

about the moment arm of the valve body when presstire is awlied. to the valVe disc in a 

first direction when the disc is in the closed position and the pressure is transferred by . -. 

the disc to the firSt end portion of the seating ring. 

The inventors further disclose a valve of claim wherein the" moment arm 
- -

3 0 of the Seating nng retainer engages with a concave stirface of the first bend of the 

seating ring to ~ilize the seating ring and to allow the first_ end portion ~f the seating 

-- ring to flex toward and abOut~ the momeni arm of the retainer· when pressure is applied 
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to the valve disc in a direction substantially opposite the first direction when the disc is 

in the closed position and the pressure. is transf~ by the disc to the first end portion 

of. the seatjng ring, and wherein the moment arms of the retainer arid of the valve body 

thus cooperate to create. a bi-directional valve sCal. 

s Another preferred =ibodllD.ent is disclosed, comprising a valve wherein 

the first end portion of the seating ring· retainers is conformed to and gapped 

suffiCiently from the edge of the val've ·disc to accept the first end portion of the seating 

ring and to press the first end portio~ of th~ seating ring against the edge of the valve 

disc. 

1 o The inventors also disclose a valve wherein the valve disc has a spherieal 

shape such that the shaft is offset in only one direction from the center point of the 

aperture of the valve door, thereby requiring application of less torque to close said 

valve disc 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 position. ·This contrasts 

15 with the substantial torque that is required to close double-offset valve discs and keep 

them closed. 

Another valve is disclosed wherein the valve disc has two disc faces, and 

the first end portion of the· seating ring contacts the edge of the valve disc substantially 

equidistantly from both valve disc faces. 

2 o A further preferred valve is disclosed wherein a convex surl'ace of a 

second bend of the seating ring, which bend is situated between the first bend and the 

second end partion, is engaged by either or both the recesS of the valve body or the. 

recess of. the· seating ring retainer, and. another· is disclosed wherein the first end portion 
. . 

of the seating ring and. the edge of the valve disc create. a band of sealing contact. 

2 5 Other objects and advantages of the present invention will be obVious to 

one skilled in the art in light of the. drawings and description which follow: 

FIG. 1 is a side cutaway view of a valve sealing mechanism of the prior 

FIG. 2 is a front perspective view of a preferred butterfly valve of the 

3 o present invention. 

FIG. 3 is a Side.perspective view of a preferred butterfly valve of the 

present invention. 
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FIG. 4 is a cioss-sectjonal, enlarged view _of area '~A~~ of FIG. 3 . 
. . . . . . . . . . . . •' : . ~ . . . . ·. ·. . .. 

according ·to one embodiment of the present invention~, .·. · 

. . _FIG. Sis a cross-secti~nal,_ enlarged view of area ~'A" o,f FIG. 3 
. . . . 

according to another. embodiment of the prescnt._invention. 
' . ~ . . . .· 

_FIG. 6 isa cross-sectional, enlaiged view of"A" of FIG. 3 according to 

a .further embodiment of the pre~t invention . 

. FIG. 7 is a·.top Perspective view of the yalve of a_preferred embodiment 

·· ·of the present· invention. 

FIG. 8 is a side perspective view of the _valve of FIG. 7. 
. .· 

FIG~ 9 is a cross-sectional, enlarged view of area "B" of FIG. 8. 

As can be seen with reference to FIGS. 2 and 3, the preferred 
. . 

embodiment butterfly valve 1_ comprises a valve body 13 having a central tubular 

aperture 15 tbro~gh .which :Bas. or liqwd fluids may pa.u. .Valve disc 17, which has a 
. . 

spherical mape, is mounted on. shaft 19 so that it sits at least partially in aperture 15. 

l.5 The valve disc 17 is not a sphere; the term "spherical" is used in ·the. valve art to 

describe a disc 17 which is-~ section or slice_ of a sphere .. Thus, its outer edges define 

a sphere in space. This can best be seen with reference to FIGS~ 7-9. As seen in 

FIGS. 7 and 8, the cent~line of the sphere is 10cated at the center of the shaft anc:l the . . ~ . . 

center of the valve· disc from top to bottom, and the radius R of the sphere is th~ radius 

.·.: ... ··:~~- . : 

20 of the sphere and the radius of the seilling sur&.ce (note that FIGS .. 7-9 do not depict 

the valve body). Typically,~ the cirau¢'erence of one circular face wQI be greater 

-than the circumfei'ence ofits other circular face ·(when the valve disc is siligle - or 

double-offset). This construction provides for a tight~ seal,. particularly when 

combined With the seaung ring 21 of the ~sent invention. Valve disc 17 rotates about 

25 the 8xis of shaft 19. When aligned with aperture 15, it is in a closed position~ When_ 

ajar, it is open and fluids are free to_ pass. . . 

Seating ring 21 is formed, in this preferred embodiment, of electroless 

nickel plated. stainless steel. Seating ring 21 is mounted about the edge of the aperture· 

15 and bas a first, inner end, a second, outer· end,. and a Serpc:ntiJie, bent section in 
. . . ' . 

30 proximity to the first end. The second end is im.mobili7.eCi-against valve body 13 by 

the annular se2lting:_ring retainer 23. Seati~g ring retainer 23 is removably diixed to 

. valve body 13 to secure the. seating ring 21. This arrangement· allows seating :ring 2 I 
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to be replaced easily. when __ necessary due to wear or changed seal requirements. The 

effective seal of the present invention is due in part to the unique configuration of the 

first end of seating ring 21. ·It has a curved, concave configuration, which conforms 

substantially to the convex shape of the ~ge 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. 

lo If the upper end of the seating ring had a. fiat configuration, as disclosed in the prior 

art, it would effectively contact the valve disc at only one point in each radial direction. 

This would provioe only a circular seal, which would be much less impervious to 

leakage, especially under extreme operating conditions. 

As can be seen with reference to FIG. 4, seating ring retainer 23 has a 

15 moment ann ·25 at its innermost 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 1,3. Immediately interior to the moment ann 

29 is recess 3 L 

20 When seating ring retainer 23 is adjoined to valve body 13, 

corresponding recesses 27 and 31 create an annular space which accepts part of the 

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

seating ring 21 is compressed and immobilized between the abutting faces of valve 

body 13 and seating ring retainer 23. One or more gasketS may also be placed between 

2 5 the seating ring and the valve body or between the seating ring and the seating ring 

retainer. In the preferred embodiment of Fig. 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 immobili7.ation is performed in cooperation with recess 27, which accepts a 

second bend of seating ring 21 to further stabilize the assembly. The second bend of 

30 seating ring 21 may or may not accept an annular.gasket or seating ring support 33 into 

engagement with its coneave surface. 

With reference to FIGS. 4-6, it can be seen that valve body moment.&n;n 
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29 performs a stabilizing ana. sea.1-stren~ function as well~_.It con~tS the 

convex surface trl" the ~ost bend of seating ring 21 to, prevent any sub~tial 
lateral movement o:f thefifst, ~g end of the seating rin$, particularly when it is 

subject to force in the.direction of-the _valve body._. nus ·p·es-seal integrity when 

s . fluid flows in the nonnal, anticipated directi<>IL 

Seating ring retain~ moment. arm 25. proyides a stabilizing force in the · 

opposite direction. M0ment arm 25 engages the concay.e:surface of the.innermost bend 

of seating :riiig 21. · This. ins1Jra tight sealing when valve diic 17 _is closed,_ beeause the 

first, seaUng end of seating ring 21 is effectively wedged betwmi moment arm 25 end 
lo valve disc 17. Moment arm 25 also functi,ons, as its name suggests, as a moment arm 

about. which the first end of the seating ring. 21 can flex. __ This· ailows the upper end of 

seating ring 21 to conform~ more perfectly to the contours of the valve disc. 

Moment arm. 2s provides an additional benefit, as well. When fluid flow is reversed, 
. and begins to travel in a direction opposite its no~ fl<>w, moment arm 25 insures 

1 s that the seal remains tight by' maintaining. the lateral position of seating ring 21. This -
structure, in combination with moment arm 29 discussed above, provides the unique bi-. . 

directional seal of the present invention~ 
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-CLAIMS 

1. A valve comprising:. 

(a) a valve body having a centrally disposed aperture, an. annular recess 

di_sposed about an outer cirCumference of said aperture, and a moment ann disposed 

between said annular recess ~d said aperture; 

(b) a rotatable valve shaft; 

(c) a valve disc with a convex-shaped outer edge disposed 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 a closed position 

within said aperture; 

1 O ( d) an annular seating ring having a serpentine configuration. a 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 concave-shaped surface 

which is in substantially full co~ thereby to create a band of sealing contact, with 

an adjacent convex-shaped outer edge of said valve body when said valve disc is in 

15 said closed position within said aperture; and 

( e) an annular seating ring retainer comprising an annular recess disposed 

about said outer circumference of said aperture such that at least a portion thereof 

adjoins said annular recess of said_ valve bOdy, and a moment arm disposed between 

said annular recess of said retainer and said aperture, wherein said second end portion 

20 of said· seating ring is securely disposed 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 seating 

ring, which bend is connected tO said first end portion, to stabilize said seating ring and 

to allow said first end portiqn of smd seating ring to tlex toward said valve disc about 

25 said moment arm of said valve body when pressure is applied to said valve disc in a 

first direction 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 claim 2, wherein said moment arm of said seating ring 

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 portion of said seating ring to flex 

toward and about said momC?t arm of said retainer when pressure is applied to said 

1111111111111111111 11111111111 
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valve disc in a direction substantially opposite said first direction when said .disc is in 

said closed position and said pressure is transferred by Said di~ to said first end portion 

of said seating ring~ and wherein said·· llloment arms of .said retainer and of said valve 
.· .. 

body thus cooperate to crelite a bi-directional valve seal. 
.. . .· 

5 4. The valve of claim l, wherein said first end portion of said seating ring 

retainer is conformed to and gapped sufficiently from said edge of said valve disc to 

accept said first end portion of said seating ifug al1d. to. press Slrid first end portion of 
. . . 

said seating ring against said edge of said valve disc. . 

S. The valve of claim .1, wherein said valve· disc has ~ spherical shape such 

1 O that said shaft is offset in only orie direction from a. center point of said aperture of said 

valve door, thereby requiring application of less torque to close said valve disc ~ is 
required by for double-offset valve discs and essentially no torque to keep said valve 

disc-in a closed and su~tililly no1l-leaking 'positio~. 

6. The. valve of claim 1, wherein said valve disc has two disc faces, and 

15 said first end portion of said seating ring contacts said edge of Said valve disc 

substantially equidistantly from both vBlve disc f8ces. 

7. . The valve of claim l, wherein a convex surface of a second bend of said 

seating ring, ·which ~dis situated: between s&id first.bend and said_second_~d, is 
.. 

engaged by either or both. said recess of said valve body. or said recess of said seating 

20 ring retainer. 

8. The valve of clBim 1, wherein said first end portion of said seating .ring 

and said edge of said valve disc create a band of sealing contact. 

11111111111111 11111 1111111 1111 
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