ROTATI ONALLY- ACTUATED FLAPPER VALVE AND METHOD BACKGROUND [ 0001] Val ves
such as fluid loss control valves, safety valves, shut-off valves, etc. are
very wel IwBrown2ossdownhol e i ndustries and especi al | y s@cCirruskéie/obpmdé ocar bon
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actuating a flapper of a valve includes rotating one conponent o val ve
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SUMMARY

[0002] A rotationally actuated flapper valve including a flapper having a non planar
interaction surface thereon; a congruous component of the valve, the interaction surface
and the congruous component being selectively alignable and misalignable and when

misaligned the flapper is at least partially open.

[0003] A rotationally actuated flapper valve including a flapper; a sinuous edge
perimetrically about the flapper; and a congruous sinuous edge disposed at another
component of the valve, the component being rotatable to misalign the congruous sinuous
edge with the sinuous edge of the flapper whereby the flapper is urged out of a closed

position.

[0004] A method for actuating a flapper of a valve includes rotating one component of
the valve relative to another component of the valve, the rotating causing misaligning if
aligned or aligning if misaligned a nonplanar surface on one of the flapper or another
component of the valve; and encouraging the flapper to another position pursuant to the

rotating.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Referring now to the drawings wherein like elements are numbered alike in the

several figures:



rotating. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] Referring now to the
drawi ngs wherein |like elenents are nunbered alike in the several

figures: [WOQ6jo/B)8re 1 is a partial cross sectional viearafS2a0cendedi mnent
of a rotationallyactuated flapper valve in a closed position; [0007] Figure
2 is the I of Figure 1 i]Jlustrated in a rtially open _position; [0008]
Figure s QORERpal et P FES STaoR Hiewy Dopb sttt n 2 SUteTe R Gur o 4
is a perspagidy BayieevalRt id DeloVal piddaat i1l ustrated a valve pivot; [0010]
Figure 5 is an alternate embodi ment of a rotationally- actuated flapper

valve in a partially open position; [001 1] Figure 6 is the valve of Figure

5inafu en sition; 12] Fi.gur .1S a.perspectiyve view of
another a7 BEIER Bkt filie EFERte CUBFErdin g RuRBLaRE FHlBRbr T e fuity
open position; [0013] Figure 8 is a cross sectional view of the valve of
Figure 7 in a]NBarti ally open positi o.n;aﬁ[ 0014] Figure 9 is another cross
sect i onal [QH08WWFigure ks thavalse of Figpgguk @ a7tullyj oger pesijorspen posi tion; [0015]
Figure 10 is cross sectional view of another alternate enbodi nent of the
rotationally actuated valve in a partially open position; [0016] Figure 11
is a view@0opFRard 4 am mrsgebéverdbwef ithd wdid thhetlustratdd Qutlee gifom t h
conponents in a position where the valve is fully open. DETAI LED

DESCRI PTI ON [0017] Referring to Figure 1, an enbodi nent of the rotationally

act uat ed b Siafe! dobld i £ [ [ ith a
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seat 14 apatielpoptinggbsikionh a si nuous edge 16 and 18,

[0011] Figure 6 is the valve of Figure 5 in a fully open position;

[0012] Figure 7 is a perspective view of another alternate embodiment of a rotationally

actuated flapper in a fully open position;

[0013] Figure 8 is a cross sectional view of the valve of Figure 7 in a partially open

position;

[0014] Figure 9 is another cross sectional view of the valve of Figure 7 in a fully open

position;

[0015] Figure 10 is cross sectional view of another alternate embodiment of the

rotationally actuated valve in a partially open position;

[0016] Figure 11 is a view of a portion of the valve illustrated in Figure 10 with

components in a position where the valve is fully open.

DETAILED DESCRIPTION

[0017] Referring to Figure 1, an embodiment of the rotationally actuated flapper valve 10
is illustrated in a fully closed position with a flapper 12 engaged with a flapper seat 14.
Each of the flapper 12 and the seat 14 are embodied with a sinuous edge 16 and 18,

respectively. These edges are perimetrical about the flapper and seat and are generally



respectively. These edges are perinetrical about the flapper and seat and
are general |l ycongruous shapes, and in one enbodi nent are conpl enentary
shapes. WworrotdieodsBapper and seat are aligned, the flapper/usagioboegiigé osed
agai nst the seat and in sone enbodi ments will seal there against. Rotation

of the seat or th flapper will guse the f er and seat art
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[0018] M salignment of the flapper and the seat causes a |l ack of ability to
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Figures 1-4, the valve 10 is depicted in the clgsed, partially open and
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embodi menf,the configuration relies upon the sinuous edge detail 16 and 18,
a helical groove 22 and a groove follower 24, and a helical spur gear 26
driven by a suitable drive 28. [0020] Cperation i s best described

sequenti a errin 0. Fi qures In Fi , fla r 12 is
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the seat 14. Upon actuation of a drive 28, which may be an el ectric nDtor
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notor (illustrat u ic fl nlet 34 and outlet 36 in Figure
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[0019] In the embodiment illustrated in Figures 1-4, the valve 10 is depicted in the
closed, partially open and open positions to provide a clear understanding of the valve 10.
In this embodiment the configuration relies upon the sinuous edge detail 16 and 18, a

helical groove 22 and a groove follower 24, and a helical spur gear 26 driven by a suitable

drive 28.

[0020] Operation is best described sequentially referring to Figures 1-3. In Figure 1, the
flapper 12 is closed and the seat 14 is at a position relative to the housing and the flapper
that allows the flapper to engage in a sealing relationship with the seat 14. Upon
actuation of a drive 28, which may be an electric motor (illustrated with electrical
connections 30 and 32 in Figure 1), hydraulic motor (illustrated with hydraulic fluid inlet
34 and outlet 36 in Figure 2), etc. that is in driving communication with the spur gear 26,
the seat 14 rotates about its own axis thereby misaligning the sinuous edge 18 of the seat
14 with the sinuous edge 16 of the flapper 12. This causes the flapper 12 to be urged in
an axial direction away from the seat 14. Because the flapper 12 is hingedly connected to
a housing 38 within which the seat 14 rotates, the flapper will pivot about pivot 20
pursuant to the axial load thereon. The degree of pivot of the flapper 12 is, as noted

above, related to the angle of the sinuous edges but it is often less than fully open due to



the seat 14 rotates about its own axis thereby m saligning the sinuous edge
18 of the seat 14 with the sinuous edge 16 of the flapper 12. This causes

t he fl app®o 20/2aw6Be urged in an axial direction away fPemUSh&oseaEN6 14.
Because the flapper 12 is hingedly connected to a housing 38 w thin which

the seat 14 .rotates, the flapper. will pivot abou ivot 20 pursuant to the
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hel i cal groove 22 as the drive 28 forces the seat 14 to rotate. The spur
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fl apper l1and et flappes 12 acoutigeest toeurpt appappe? 1@ndntll it s fdlyf opdnyasogivnam shown
in Figure_3. [0021] The flapper is closed in this enbodi nent by a return
spring 42FigW&3 bl e in Figure 4. [0022] Referring nowto Figures 5 and 6, an
al ternate enbodi nent that rotationally actuates two opposed fl apper val ves
sinmultaneously is illustrated. It will be apparent to one having read the

f or egoi ng[A0R4t Thaflsprenirodosednt thinehbotbment by a rearm ispraged Hfvidible icBigponént s i n
the first discussed enbodinent. A single drive 28 actuates both of the
mrrored configurations and they operate identically to each other but in
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section are endowed Wth a 100 series equivalent of the nunerals used in
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mirrored configurations and they operate identically to each other but in opposite

directions. For clarity each of the components in the mirrored section are endowed with a

100 series equivalent of the numerals used in the first described embodiment.

[0023] Referring to Figures 7-9, yet another embodiment of a rotationally actuated
flapper valve is illustrated. In Figure 7, a perspective view with the valve open provides
an overview of the configuration. The valve 210 includes a flapper 212 and a flapper seat
214. The flapper seat in this embodiment is distinct from those in the previously
described embodiments in that it employs a ramp sleeve 250, which is rotatable to cause
full open movement of the flapper 212. The flapper is still initially motivated by
rotational movement of the seat 214 but in order to move the flapper to the fully open
position, the sleeve is added. The sleeve 250 is also the motivator for the seat 214 as it is
connected to the seat 214 through fingers 251. Sleeve 250 includes, in one embodiment,
a ring gear (or at least a partial ring gear) 252 extending annularly about the sleeve 250.
The ring gear 252 is employed to cause rotation of the sleeve 250 and thereby open or
close the flapper 212. Any suitable drive may be employed to actuate the ring such as the
drive 28 illustrated in the foregoing embodiments. In the sleeve 250 is formed an angular

groove or opening 254. As illustrated, the configuration is an opening that extends



214. The flapper seat in this enbodinment is distinct fromthose in the
previously described enbodinments in that it enploys a ranp sleeve 250,
whi ch i s wotatoahbhest o cause full open novenent of the flPapAsSeo1BD2114dhe
flapper is still initially notivated by rotational novenent of the seat 214

but in order to ve the fla r.to the fully open position, the sleeve is
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relative to the sleeve axial direction and is also angled relative to that
axi al di r ¥€to8HEwsEd 9 pipyidest Byfars upsyhicha, cagyy vdrigh wapbe agam wilgr flkiynat e
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the walls. The

angl e of angles seen in Figure 9 are relatively eep while
t he angl eRefertitgetes Bigarard) the dam enileals g@sivontrhlativakd shet figtpec a2 e agmedanti n

Figure 8 is substantjally | ess steep. This j o, becaus e ll1s are

con | gur ed e SR OIS0 Surpaee Do sion 203l fhe fRemen Shay B PRI of | or
260 as il {HasbelRD k@Bl est tthIaB;l):éf feRade BPMHEBivdi@2bherndaltbre dd i@ meRy enent
of the flapper 212. Referring to Figure 8, the camroller's position
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an extension 262. of.the, fla 212 1.oc g opposi te.rhe | ocall of, the
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opposite direction. By urging the camroller 260 to either end of the
groove 25Happesmhle feto an open position. During the movement of flapper 212 about pivot 220
(see Figures 8 and 9 sequentially) the cam roller 260 is moved to a significantly different
orientation. The groove 254 is configured to match the motion of the cam roller by
keeping the walls 256 and 258 normal to the roller 260 in order to improve efficiency of

mechanical movement. Reversal of movement of the sleeve 250 will close the flapper

212 by urging the cam roller 260 back to a central location 264 of the groove 254.

[0024] Referring now to Figures 10 and 11, another alternate embodiment of the
rotationally actuated flapper valve 310 is illustrated. In this embodiment, a flapper 314 is
similar to those in the foregoing embodiments in that a sinuous edge 316 is included.
Edge 316 mates and in some embodiments seals with a congruous (or in one embodiment
complementary) edge 318, that is configured at an end of a flow tube 370, when the
flapper is aligned and closed. The flow tube 370 is rotationally and axially moveable
within a housing 372 and is biased to a valve closed position by a biasing member 374
such as a coil spring as illustrated. The flow tube 370 includes a biasing member
attachment feature 376 such as a flange as shown. The tube 370 is constrained to
rotational movement for a number of degrees of rotation when the valve is in the closed

position by a groove 378 in a constraint sleeve 380. It is to be appreciated that the groove



central region of the groove causes the roller to clinb the angl ed groove
and urge the flapper 212 into an open position. During the novenent of
fl apper 240 2atvo2096pi vot 220 (see Figures 8 and 9 sequentCcalusg)ioba4€am
roller 260 is noved to a significantly different orientation. The groove
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fl ow tube 370 | ncl udes a b|a5|qg nenber attachnent feature 376 _such as a
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groove 378 a constraint sleeve 380. e appreciate t the
groove378nkwe¢nmdﬂ@um&dpN@oexﬁdnﬁybeﬂaﬂ%ﬁlIy al ong the constraint sleeve 380
for a nunber of degrees and then to extend axially of the sleeve 380. This
ensures that the flow tube 370 nust rotate first and then extend
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Extension of the flow tube 370 only occurs when the constraint
profile 386 and the drive tube 384 includes a helical profile 388. The profiles 386 and
388 are congruous and in one embodiment complementary to one another and in any
event are configured so that the rotational movement of the drive tube 384 will transfer
rotational motion to the flow tube 370 and when permitted by the constraint sleeve 380

will cause axial motion. The axial motion is due to a climbing of each profile relative to

the other similar to a large pitch captured nut jack screw arrangement.

[0026] In operation, and beginning from a closed flapper position, the drive 328 is
actuated to impart rotational motion to the drive tube 384. Because the flow tube is
constrained in axial movement due to constraint sleeve groove 378, the movement of the
flow tube is solely rotational. The rotational movement misaligns the sinuous edges 316
and 318 causing the flapper 312 to partially open. When the rotational movement just
described succeeds in moving the lug 382 to the axially oriented portion of the groove
378, further rotational movement of the flow tube is prevented by the constraint sleeve
380. At this point in actuation of the valve 310, the rotational movement of drive tube
384 is translated to axial movement of the flow tube 370 by the action of the profiles 386
and 388. The flow tube 370 is then axially extended through the flapper 314 a sufficient
distance to fully open and protect the flapper 312. This position is illustrated in Figure 11



sl eeve 380 allows that novenent. This requires that a lug on the flow tube
382 that is engaged with the groove 378 has noved rotationally far enough

for the IwgQ20w/heose noved into the axial portion of thePgrase@o®3846[ 0025]
Initiating the novenent just described is a drive 328, which nay be an

electric tor draul j c. notor c. as in.the foregoj .emhodj nent s
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tube 384. The flow tube 370 includes a helical profile 386 and the drive
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the constraint sleeve 380 will cause axial notion. The axial notion is due
to a cli nBiedgtagpnad perioprtafiofagng degfieow aubedliepdy withardrigeni | ar to a | arge
pitch captured nut jack screw arrangenent. [0026] In operation, and

begi nning froma closed fl apper position, the drive 328 is actuated to

i mpart r ofGIR7pMailendel iMmbe dohiodiiineme htubBecdShowemaudscrited, odifidatibes | s
constralned in axial novenent due to constraint sleeve groove 378, the
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partially open. Wen t ot ati onal novenent ]USt escrl succeeds I n
novi ng t hdedetibedBB2whp of Himsaxticmb layd ooti lentt@wnpor t i on of the groove 378,
further rotational novenent of the flow tube is prevented by the constraint
sl eeve 380. At this point in actuation of the valve 310, the rotational
novenent of drive tube 384 is translated to axial novenent of the flow tube
370 by the action of the profiles 386 and 388. The flow tube 370 is then
axi ally extended through the flapper 314 a sufficient distance to fully

open and protect the flapper 312. This position is illustrated in Figure
liwhere the flapper 314 in a conpletely open position is illustrated behind
the flow tube 370 and the spring 374 is illustrated conpressed. Further, an

axi al di stance between



fl ange 376 and gear 352 can be seen to have increased fromFigure 10 to
Figure 11. Dependi ng upon the degree to which opening of the flapper is
desi red; wbeosxizedesext ensi on portion of this enbodi nent pemyuSesiomampm4eot be
enployed. It is possible to sinply enploy the rotational portion by
rotating k@ﬁﬂ&b£MItUbe directly with a drive. [0027] Wile one or nore
enbodi nmen been shown and described, nodifications and substitutions
may be nmade thereto without departing fromthe spirit and scope of the
invention. Accordingly, it is to be understood that the present invention
has been descAirbetomylywatnatsid flapperstabetdoomsisangd not limtation. CLAIMS 1. A
rotatlonalg% actuated fl apper valve conprising: a flapper; a sinuous edge
perlnetrl about the flapper; and a congruous sinuous edge di sposed at

anot her coRpas@ddgeietimetrically ebodt iR AppReARMt being rotatable to msalign
the congruous sinuous edge with the sinuous edge of the flapper whereby the

fl apper i 8 congiaduopinues lge| Bepogedal prdtien. compopetRfathe ombiel theaganpanent

R

rotati onaﬂhypeaWhuﬂabgdhéﬂa@pefs u\t@dd\/(&ltaﬁaeload:d’rpﬁ;ltidm. claim1 wherein the
congruous sinuous edge is a part of a flapper seat. 4. Arotationally
actuated fl apper valve as clained in claim3 wherein the seat is both

rot at abl e2anquz§faﬁl)tlla)f eiétu%{'éq' tpg df \%}lvaet ds c‘?antng & Hgﬂﬁ'l%egm Eﬂ%%lﬁ!.{oapggée

valve. 5. A rotatlona Iy act ua apper va ve as clained In alm?4

wher ei n exf éangiapperof a bdading edge dfithe Feppeo premslosdibpdsitampethe talveA rotational |y
actuated fl apper valve as clainmed in claim4 wherein the seat is rotated
via a notor. 7. Arotationally actuated fl apper valve as clained in claim4

wherein the fAaBREbnally actuated flapper valve as claimed in claim 1 wherein the congruous

sinuous edge is a part of a flapper seat.

4. A rotationally actuated flapper valve as claimed in claim 3 wherein the seat is both

rotatable and axially extendible relative to a housing of the flapper valve.

5. A rotationally actuated flapper valve as claimed in claim 4 wherein extension of the

seat further opens the flapper.

6. A rotationally actuated flapper valve as claimed in claim 4 wherein the seat is

rotated via a motor.

7. A rotationally actuated flapper valve as claimed in claim 4 wherein the flapper

further includes an extension extending to an opposite side of a pivot of the flapper.

8. A rotationally actuated flapper valve as claimed in claim 7 wherein the extension

includes a cam roller.

9. A rotationally actuated flapper valve as claimed in claim 7 wherein the valve further

includes a ramp sleeve.



further includes an extension extending to an opposite side of a pivot of
the flapper. 8. Arotationally actuated fl apper valve as clained in claim?7
wher ei n twe 2exreo®mBon i ncl udes a camroller. 9. A rot atipomaiskgromstivat ed

fl apper valve as clainmed in claim7 wherein the valve further includes a
ranp sleeye.10. A.rotationally actuated flapper valve as claimed in claim?9
wher ei n t?@ rgﬁﬁtaEP‘éatéeracf%&q ?eraVang‘o'i’f\/@?lﬂ%%lnﬂY%“Bt9aW Ihig Py AR &5y
flapper valchRleas ¢fdRkmed in claim 10 wherein the groove includes walls that
are angled to provide a nornmal intersection between the walls and the
extension. 12. A rotationally actuated flapper valve as clained in claim9

wherein t r |l eeve is r tionally tied tp.a flapper,seat,. 13. A
otati onall Ty Scpimiesa Mipuef Barderhe sl sl ife ki GRE Ceron vai ve
i ncl udes tnsudet dRNE Rt @RCGMgRAD PPovddSh NUAKE iRLBECRAI biRédn Balwayls ab@we t he
fl apper; and two congruous sinuous edges di sposed at ot her conponents of

t he val veSXiEleokonponent s being rotatable to misalign the congruous sinuous
edges with the sinuous edges of the flappers whereby the flappers are urged
out of a closed position. 14. A rotationally actuated fl apper val ve as
cl ai med i m2.cl AirotaliomdiBreivatdd@appaiotdies acanipedaniclaih & WRer¢il tie radp sleédeow
tube. 15. A raotatjonally actuated flapper valve as clained in claim 14
wher ei n t KaopdPyalytinditaarflapAe GMes a drive tube in operabl e communication
with the flow tube, the drive tube capable of inparting rotational and
axial nmotion to the flow tube. 16. A rotationally actuated flapper valve as
cl ai mred i h3.cl Ai mtdmnalie nefuatetl higapgher welve udseclainged he clfdimwl twilkeeieathh vaivael ude a
interact with each qgther. 17. rotationally actuated

rofile configured to
R e T R A I Rt S L T R T G R
CONSt T ai Ny bERSoUE AMHoBHE @SS IR pBALIOW o1 @b inBHRIN (T BIMBER AL e Ohe EHRpoAAV

being rotatable to misalign the congruous sinuous edges with the sinuous edges of the

flappers whereby the flappers are urged out of a closed position.

14. A rotationally actuated flapper valve as claimed in claim 1 wherein the another

component of the valve is a flow tube.

15. A rotationally actuated flapper valve as claimed in claim 14 wherein the valve
further includes a drive tube in operable communication with the flow tube, the drive tube

capable of imparting rotational and axial motion to the flow tube.

16. A rotationally actuated flapper valve as claimed in claim 15 wherein the drive tube

and the flow tube each include a profile configured to interact with each other.

17. A rotationally actuated flapper valve as claimed in claim 14 wherein the valve
further includes a constraint sleeve configured to allow rotational movement of the flow
tube for a selected number of degrees of rotation while constraining axial motion of the
flow tube and then to constrain rotation of the flow tube while allowing axial motion of

the flow tube.

18. A rotationally actuated flapper valve comprising:

a flapper having a non planar interaction surface thereon;



tube for a selected nunber of degrees of rotation while constraining axial
notion of the flow tube and then to constrain rotation of the flow tube

whi | e al Iwai2n/asd6al notion of the flow tube. 18. A rot acirarsaéiop3aes uat ed
fl apper valve conprising: a flapper having a non planar interaction surface
t hereon; a congruous conponent. Qf the valve, the interaction surface and the
congr yousacfﬂ?%HfPé‘ﬁt CHRR "G ot yils I gwaﬁr:téorarﬁalrﬁr%aﬁnfigﬂ%fb!cenaﬂauwen
m sal i gneE'oth&leB{ %ili’g‘ Eeléc“tiv@%y e_ll%fﬂgﬁle Rad Irﬂi_?dli'g}{alﬁé’%ﬁ'd whn nfisdighéd th‘ér}"fh&)bé’r

actuated fl apper valve as claimed in claim18 wherein the Congruous
conponent isia leastf paggppbropseat . 20. A nethod for actuating a flapper of a
val ve conprising: rotating one conponent of the valve relative to another
conponent of the valve, the rotating causing msaligning if aligned or

al i gning 11§, nAsafatioNen RaReUPiaper vaw haceindl @aneisl 1§ Wheklnd@pebngho@not her
conmponent of the valve; and encouraging the flapper to another position

pur suant £@npenEnt istadtapper se2t. A method as claimed in claim 19 wherein the
nmet hod further includes axial novenent of the conponent. 22. A nmethod as
clainmed in claim?20 wherein rotating and axi al novement occur

si mul t aneois| X.method for actuating a flapper of a valve comprising:

rotating one component of the valve relative to another component of the valve, the
rotating causing misaligning if aligned or aligning if misaligned a nonplanar surface on
one of the flapper or another component of the valve; and

encouraging the flapper to another position pursuant to the rotating.

21. A method as claimed in claim 19 wherein the method further includes axial

movement of the component.

22. A method as claimed in claim 20 wherein rotating and axial movement occur

simultaneously.
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