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CASI NG SHUT- I N VALVE SYSTEM This invention relates to a val ve ,and to a’

val ve assenbly for use within a conduit in a subterranean well. During well
drilling operations, the drill string is frequently tripped fromthe well
for bit or motor replacenent. Problens can arise during tripping if :
hydrocarbon fluids from downhole formations overpressure the drilling flui'd
in the well bore. Such problems are particularly likely to occur in highly
deviated wells, including but not limted to so-called "horizontal

drilling" operations in which the well bore descends vertically to a
desired kick-off point, and then veers off horlzontally t hrough nuner ous
vertical fractures. Wen it 2 becones necessary to come out of the hole

and the botTom hol e assenbly is drawn up into the vertical casing, the well
may begin to produce. One technique previously used to control the 5 upward
fl ow of hydrocarbon fluids when wells becone underbal anced during tripping
has been to seal off the well bore at the well head and to condition the

drilling mud by increasing its wei ght” §uFTicientIy to overpressure ' the
hydrocarbon flow. As the drill string is withdrawn to 10 shal |l ower
depths, this nud conditi opiggAr ures Y e repeated several

ti mes, progressively incr T 7 and al so i ncreasing
-costs. To avoid the need for repeatedly reconditioning the drilling fluid

during tripping, ayﬁkgelmﬁghkmowi w&aé'%g? ggow%hal &dvgerve

as a check val ve on the upwar dr ocar bon he use o
fl apper PHASARD By f:ﬁécksear'v/églarasmix/fm%samu%%réﬁpaﬁeaﬂ%hs has

previously been During well drilling operations, the drill string
is frequently tripped from the well for bit or motor

replacement. Problems can arise during tripping if
hydrocarbon fluids from downhole formations overpressure the
drilling fluid in the well bore. Such problems are
particularly likely to occur in highly deviated wells,
including but not limited to.éb-called "horizontal drilling"
operations in which the well bore descends vertically to a
desired kick-off point, and then veers off horizontal{y

through numerous vertical fractures. When it




di scl osed, for exanple, in United States Patents Nos. 20 2,447,842,
4,531,587; 4,706,933; 4,926,945 and 4,977,957. The fl apper valves in each
of <t-he prior art patents discl osed above opens and cl oses by rotating

t hresgrgh an angle of 90[err]. The large differential pressures and high
fluid velocities sonetimes encountered2duri ng use 25 of such valves in
downhol e applications can cause stress -3- concentrations leading to
val ve failure due to broken springs, hinges, or the like. Ohers have
previ ously sought to reduce the likelihood of such failures by using
control RRSPBAS PRCESFAIVativiFame IPEbPf etBroholer aRgs the iektemi c
cylinders-io danpep.the faqrces-exerted: against fl appers and thejr hinge
poi nt's, P16 AEREPLICAFn G oA S AT E0 o PPRLER e Gt EPPal 5.

Fl apper %gi es asbsucﬁ i ch ofate through an angle of less than 90 are
known. ‘T _@?Y1,§9i,5'€ SFOTSral ve is used to provi de an arrangenent

i n which a biasing ri h&{]i%ﬁﬂ [ I (o] f@f‘ﬂég of the

val ve in sealing cgﬁga%ggm thr a za%ggég%gﬁ,g%gé %Fséﬁﬁgélng_e ?ect

neuty al i g6k BRI bl o¥ahyairos e de1ul ds dHEh GEEAS Hekldhe U-S. 3,672, 630
shows a flapper valve fof a suction condurt in which the closure nmenber

meet s arundéerbatdnesdagertinly JHifptithd has fBeefleebeasad sf Stiwace in

openi ng. According to one aspect of the present invention, there is

provi dedwel Vaboeef at the welllheas codiutd condisibhetheneriMkeihg t he val ve
conprising a valve seat, a valve closure nenber rotatabl e about a hinge

poi nt bewwdepy opeareagdiogodds pesightorsuffiicightdy itoclovestbresseref | ess
than;90[err], and control means for novenent of the valve closure nenber

r eVer si bthe teydeeaarhenofdevwand As ddhel ¢otlli ghsinghd scaetitthdramwanto

conpri sing means for biasin%
10 shallower depths, t

is mud conditioning procedure may have -
to bé répeafedlseveral times,_prégréSsiVeiy incréaéing thé:
weight of thelmud and also increasing costs.. To évoid-the"
need for repeatedly-reconditioning'the drilling fluid
during tripping, a Vaivé éssembly'can'be_ihstalled

15 downholé fdléerve as.a chéck vaivelép the upward fi6Q.of

hydrocarbon fluids.

The usé of flapper valves as check wvalves or
safety vaivés in subterranéan wellé_haé previously been
disclosed,-for example, in United States Patents Nos.

20 2,447,842; 4,531,587; 4,706,933; 4,926,945 and 4,977,957.
The flappef valves in each;bf the pridr art |
patents disclosed above opens and closes by rotating
through an angle of 90°. The large differential pressures

and high fluid velocities sometimes encountered during use

25 of such valves in downhole applications can cause stress



the val ve closure nenber to a.closed position and sai d biasing neans
conprising.a plurality of spring strut assenblies rotatably connected to
the val ve closure nenber, with at | east one strut assenbly being rotatabl e:-
connected to the valve closure nmenbe.r on each si.de of the hinge point ofs
t he val ve closure nenber. The invention also provides a valve systemfor
use within a conduit in a subterranebn well, the valve systemconprising a .
val ve including a valve closure nenber, and means for di spl aci ng the valve

cl osure nenber; th I b tigll I | body,

Vel ve SERRCSRHTA ANE MALHE TRrEEt bol POLABERNS! &% BT Dody abut
-4- a hisperd o Wwaeinggen andlod obiide posdthens hhwoughemquEixmknhahgle of
| ess thgpgs?%l[cﬁféé ﬁFeanx;nIeofuP&@é'%'% éﬁ'@hvfﬂfu?lﬁs%e redPpps fis the

cl osed on; sald Ing a plarality of strut
assenbl peism:atiablgnma@m whth hoowareesepasmtélmar ‘dydraulic

circunf %w&td@ézly é&a&;ﬁﬁ’p@@'mé fw&@saéxéseaa Q%%i%tsrtlltflfhiﬁﬁé’@s ya®&i ng

dlspose on each side o

e valvée cl.osure a sl eeve
nmenber Bdiedg d'ti’eﬂﬁ%d’?’o“%h o‘é" r‘%’ge?%?BFf]“ﬁéfﬁéeﬁarll"restpaefmgs sé’f:%’ﬁd posi ti ons
I nsi de um%ﬂxxb/ﬁé&gﬁfwmumbfmhrespectlveIy to the open and cl osed positions

of the valve clos nenber and t he n I Ci ve. el osure
" menber conpri sing WPT L Y%}%F%s%% Fgﬂhgeﬁgh'%eiﬁs HKL&{@Egﬁb
engaglngdﬁﬁnsﬂéehesmehben 90t arecknovely. ﬁnvﬂné-tﬂe&ﬂk&i&ﬁn%m%brabetmeen

the firgs, and pecendaPresi f,w&@?? Tog M?Ixﬁg@aéﬁt‘olly; hildie 4 Weds iR

preferably conprises - a curved per -val ve nenber, a tubular val ve_ seat-
with a crnine sebichgnerma hty, hah'éls af EF~8§PSREPleélb§é'al°forFll‘heV%hY%eHn

f|apperéé%fiﬂ@géoﬁhﬁcEUGY€ﬂ £634108 Séhtacﬁas its biasing effect
neutralised .when the valve is openedL; In a different field,
Uu.s. 3,672,630 shows a flapper valve for a suction conduit
in which the closure member meets an inclined engagement
surface to offer decreased resistance in opening. '
According to one aspect of the present invention,
there is. provided a. valve for use. within a conduit in a
_subterranean well the valve compriSing a valve seat. a
valve closure member rotatable about a: hinge point between T
.open and closed positions through an included angle of less ..
than 90°, and. control means for movement of ‘the valve o
closure member reversibly between the open and closed .
positions, the control means comprising_means for biasing'_r QJ _
the valve. closure member to'a'c10sed position and-said.-
biasing means comprising a plurality of spring strut :
assemblies rotatably connected to the valve closure member.
with at_least,one strut assembly being rotatable connected.
to the valve-closure member on each side of the hinge point: -
of the valve closure member. L j |
) The invention also prov1des a valve system for use
within a conduit in”a:subterranean well,ithe valve ‘system
comprising a-valve-including a valvewclosure'member..and
means for displaCing the valve closure member. the valve
comprising a substantially cylindrical body. a valve seath

said valve closure member being rotatable in_the body about.



of the valve seat. It may also conprise a longitudinally slidable flow

sl eeve assenbly adapted for use in selectively opening or closing the
vakve, The casing shut-in valve system of the invention conprises a shift
hedﬁ”assenbly adapted to rel easably engage the flow sleeve to selectively
open or close the valve. The shift head assenbly preferably conprises a
key housing having a plurality of ciHdumferentially spaced, spring- |oaded
shift keys that are biased radially outwardly to engage annular recesses in
the interior wall of the flow sleeve for use in opening and closing the

val ve. ThebiRget bpaxgeas open o crlosas \pasitings cohpenghsaa | oad

equal i zeri@é 2igeandnkaedd FCNQST Tl WY O, rdéaatf@@cﬂiseﬂngf thiee veve
housing to, distribute the nechanlcal | 'oad substanti al | aua l'y. to each

ci rcunf er&he $UF ey mEPREL tR@R rdsy ke %ﬁﬂfeqcﬂ%ﬁ%&ﬁﬁnnnﬁﬂ% dbﬁﬁséng
Cut | ess[ attédnér egmnprasad gt magdumiad)i tiea s gk ryt Qvs sesb Ri ékovothaanaly f or

drilling oygh the ft head asse ual i zer
pl at es arée$ pa(rg %gél grgl the v 1 °ty Yt "ol eeﬁsag??%lfg‘dmggrﬁ&%ga@g‘rﬁ sub .
havi ng, fﬂaegdrrppéntaeM[té\r ra]t d-fefa§é=t onen srutydyvzemptyehedhnsat he

Inventlonalweséhr% as%ﬁmg'ﬂaeso%r%w b Cf?eb ﬁca{we&éfdetelmgr@' ve .
er na

cl osure nenb points that are | ongitudi spaced apart ron1the
hi nge of ?ﬁ%bvﬁbveacﬁé§ﬁﬂé member. bQEﬂﬁ1%ﬁ%Rke %%nblydﬁréﬁﬁﬁaﬁﬁPly

conpri seswteaedefrmmeananeeeomdn%sswmd g 1ic) 8t metbaag skidably-
engaged, the guide er bein atabl connected, to, the body ,of, the
valve assEHbF sgﬂadgﬁé ﬁFﬁQ§°§3ﬁﬁ PEH A Sl AR BBﬁ%&ﬁ%&Fto

%Vyal veof| ther ealwebelosard mamezf Orath] atiguddies hf ogedsupparctingenber
fronl evggbgecq%g%? med%égné%ﬂ%r1£ﬁ9nemﬁhlpg §é296a2%%%§* menber

of at Ieas one strut
having means for releasably engaging the sleeve member for

selectively moving the sleeve member between the first and”’
second positions. ) '
The valve assembly of the invention preferaﬁly
comprises -a curved flapper valve member, a tubular valve
seat with a curved seating surface, and an elastomeric seal
on the curved flapper to engage the curved seating surface
of the valve seat. It may aISO'eomprise a longitddihally '
slidable flow sleeve aesembiy adapted for use in selectiﬁéf&
opening or closing the valve.
'The casing shut-in valve system of the invention
‘s comprises a shift head assembly adapted to releasably engage
' the flow sleeve to selectively open or close the valve. The
shift head assembly preferably comprises e'key housing -
haVIhg a plurality of circumferentially spaced, spring-
loaded shift keys that are biased radially outwardly to
engage annular recesses in the interior wall of the flow
" sleeve for use in opening and closing the valve. The shift
head assembly preferably further comprises a load equallzer
plate and large cross—-section O-ring at each end of the key
housing to distribute the mechanical load substantxally
equally to each circumferentlally spaced key. A bit sub
rotatably mounted in a Cutleség’(reglstered trademark)
bearing, provides a flow channel for dr1111ng fluid through



assenbly is preferably rotatably connected to the val ve cl osure nmenber at a
~position that is radially inward of the hinge of the valve closure nenber,

or it is rotatably connected to the valve closure nenber at a position that-
is radially inward of the position where the guide nenber is rotatably Y4
connected to the body. The neans for biasing the hinge support nenber amay-
fromthe guide is preferably a spring. =In the valve systemof the-
invention, the valve closure nenber preferably has an arcuate sealing
surface on which there is an el astoneric seal 6 The apparatus of the
|nvent|cﬁP?sshhffhEFaHeééFFBE&YandTéﬁpFQPﬁe&QW?%%ﬁ%ﬂ|Q%P &8t AEef ol | owi ng

figures pdrtidel drap ﬁl&fhﬂ vwheel: the hole is driOWed luésng sCbengtic
el evati on ,vi artka I ectlogyade |%t|3g adrilling rig installed

over a vielg %%?%RFn mﬁrc§‘?H8§8aan Shu dl've systemof the invention
i s depl oyed downhofe, thadvadvehisyis teme odr ithle dmvient ion ditketetirut.

hor i Zontﬂ%é’mﬂ)f‘i@s aﬁabb%&%a@ssayS%ﬁhu@tE'aomoa tlﬂeCKraFlHe POLBLupEl oW the

Subj ect valve: Fi gure IS an -el évation vi ew, par I n section and
parti al INeBhekcht aRA)R ST thad ﬁrapéeps\izﬁpﬁén&é&é’mgﬁr{ﬁd t3Rar hvERPMON,

showi ng {xe ﬁi@g@ Sbee¥Rei Railve ¢NBRLrROmelbeRr .aNELNE Jiﬁppeésyahu@ycl osed,
t he condltl ﬂft 15° exi sts eneve rill, string i s drawn
upwar dl Y% %1’?) ¥t CRRMRF & SERe 2pBRASH ASM eés?é‘%blay hingg FEPPRELf| apper

val ve asmamméy,tEaguaeeBsﬂ&dablgnbagggédelewungmidaenummewtbelhg in

sect] on.p ol 40615300030k b YAEVBoRYSLe Ml VIS0 aceekBY N 11

whi ch the & as -‘engage ‘the ow sl eeve an riveni omnmardly )
to open the higpgepupport member being rotatably connected-to the k)

valve closure member, and means for biasing the hinge
support_member away from_the -guide member - In this .
arrengement}_the hinge subport'member'of;et_leastnone strut
aséembly.isﬁpreferably rotatably connected to. the valve.
closure.member at.a'position that isﬂrediaily inward of the
hinge of the. Valve CIosnre member, or it is_rotatebly |
connected to the valve closure member at a position that is
radially inward of the position where the'guide ‘member is
rotatably connected to the body. The means . for b1as1ng the_
hinge support member away from the gulde is . preferably a
spring. . | - B o

In the valve system of the 1nvention. the valve

'closure member preferably has an arcuate seallng surface on Hﬂ

which there is an elastomeric seal.




'during insertion*of the drill string through the flapper valve assenbly;
Figure 4 is an enlarged el evation Vi ew, partlally 25 I n section, of the
castng shut-in valve system of the |anﬂt|on in which the shift head has
engaged the flow sl eeve while being w thdrawn upwardly through the fl apper
val ve assenbly, just prior to overpressuring the detent nenber out of the
upper detent groove to permt the flow 30 sl eeve to be drawn upwardly
by the shift head so that the flapper can close; Figure 4Ais an enlarged

A o e R ek akiho B LAB, 1AURAERGN' 1S TLARRR AlYS-A33ETP!Y Of

the invention after t | 'ow sl"€éeve has- been u mardl

suff|C|entaH¢s?&Héé1Pﬁétlﬂh§eﬂéwﬂgprtngtheténﬂlnwnberfh&@rﬁngag@dthee | ower

detent gr ogvgwaAdst ke (haeper has 7 closed, thereby blocking the flow of

fluids toward thé surface; Figure 5 is a cross-sectional view taken al ong

line®5--5 of Fi gBiguyet ﬁréagﬁ shdenpbippeelevatidonsyéawl, yperrtially t he

i nventi on; i #ri GUEE:Bni, SaéPléﬂhﬁ?gﬁddfi§Y§ﬁ%ofl%' SHstRAELEaLLL,rpken away,

of the shift head as$enb he 1 nventi igure 7°I's a cross-sectiona

Vi ew takerf"%]-%n@°¥?né“7¥'h¥cbf the geReing tshwtghnt Vielsai syskead afisddiml y of

the 10 m\ﬂe\!ﬁﬂibﬁnlsa@anbﬁH&%&zhﬁof‘é‘ %@rgﬁ%ﬁe&ﬁu{; 24' gw;jpartially in

section, depigcting the eng@genent of shi f ey W | ower “annul ar

recess of % W%ck?n@%?‘é %%*%Wlw Hrgmeassuase*rmean Li ke

' efiy ence JUFBE@hSEASS ASRIckCof AW E Bd K& PAid SskB; 8kt {havees of the
rawi ngs. _

W ng Flgurn 2 is an elevation view, partially in section _

'and partlally.broken away,.of the flapper valve asseﬁoly

i

St
of the invention, showing the flow sleeve in its upper _
position and the flapcer valve closed, the conaltlon that _
15 exists whenever the drill string is drawn upw ardly to .a '

point where the bottca hole assembly is akove the flapper_,t
vaive assembly; | ' | |
Figure 3 is an enlarged elevation.vieﬁ, partially

in sectidn,_of the casing shut-in valve system of the
20 inventidn in which the shift head has engagéd the flow
sleeve and driven it downwardly to open the flapper -
during insertion of the drill string through the flapper
valve assembly;

Figure 4 is an enlarged elevation view, partially

25 in sectlon, of the casing shut-in valve system of the
1nventlon in which the shift head has engaged the flow
sleeve while being withdrawn upwardly through the flapper
valve assembly, just prior to overpressuring the detent
member out of the upper detent groove to permit the flow

30 sleeve to be drawn upwardly by the shift head so that the

flapper can close;

Figure 4A is an enlarged elevation view, partially
in section, showing the flapper valve assembly of the
invention after the flcw sleeve has been pulled upwardly

35 a sufficient distance that the bow spring detent member
has engaged the lower detent groove and the flapper has



Referring to Figure 1, drilling rig 10 is positioned at ground surface 12
over well bore 14. Casing 16 is fixed by cenent 18 inside well bore 14, and
5 normal |y extends 300 to 400 feet bel ow ki ck-off point 21, where the,
inclination cf well bore 14 begins th deviate - from substantially vertica

as mght occur during horizontal drilling of in a highly deviated well.

Drill steiarpdo @@r@%@ Homviard Ithe o & aflwidg etevawd 1bhe -~ drilling
rig 10, kb casing end 23, and into the section of well bore 14 that
l'ies horlzontally in stratum32. At the distal end of drill-string 20 is a
bott om hol e adSlEhlTS & Het & WWhos@1sPAdiana s sl akrmsikong hinee

dri |l i ng--e0yHiure? .4 SAgH ¢he241BP MOl Dlvel ssemfy i ft head 28
and drill bit 30. . Flapper val've assenbly 34 of the invention is preferably
cénent efhent@vantianre 14 together with casing 16, and drill string 20

passes t hr oughyifhaper 1\salav1eeaﬁae@‘ehye%veeldn AR, S v Raves the hol e. "
According to a particularly referre enbodi ment, of. the i nvention,

f | apper DFQKea éé@é’rrbl%f §,§xe| Shiift: QFPQdaﬁﬁeEé'éllYng’fSJ:%dtﬂveiﬁol%ndred f eet
above kick- offigugients 3&. aRQ&@Fsl‘sl-BﬁcthEeg.UFﬁSeVQ t%ﬂﬁrﬁ,alfdr@rﬁné/m ve-
assenbl§ 34 pre erably coppr.i SE ﬁé b g % ., structural elenments
upper bday /mefo &R IWEE FohBrokgay tfsgh BSSeERtY A5 e ve seat .
gsbeeve HpNeatidn; knapper 54, flapper hi nge: assenbl y 56, and spring strut:
assenbl i es 58, body . ne body nenher..38 ,are preferably

and. | g
S IR o1 PR AR S e PSR AR A
al t hougbettibsa, uadpﬁ&t@mj that eﬁgé@éﬁadedoeoane@mfankeqn wiehuaesé i nstead of,
t he wel gPlf des per bodyq rrber 36 is threadeg;

onto ca H8r588PP ﬁr763c5ﬁ5 855?5 SER 1y Sqeeve own -
Figure 3.

15 : Like reference nunerals are - used ‘to J.nd'cate llke -
parts in all figures of.the drawings. '



"section 72 -4s threaded onto | ower body nenber 38. For 35 ease of
illustration, the well bore and cenent are not shown except in Figure 1.

9 Kl apper val ve assenbly 34 is prefergbly run into a well inits fully open
pos¥tion, with flow sl eeve 40 and fl apper 54 in the positions shown in
Figure 3 so that cement will not contami nate, foul or othermnse restrict 5
operation of ‘the valve. Lower and upper O-rings 86, 88, ‘respectively,
prevent cenent from penetrating into the annul ar space between: flow sl eeve

40 and upper anlq fQi“Pin& ?g gggﬁgés BGGr%fﬁ%gEggniol §_spurrped dom casi ng

16 so that it.can CITcu t he ann tween the 10 out5|de
wal | of mx@qz@edirmtverdmbdreumace A2 eovensvall 1Bore ddnent ed,

desi 1 abl G4y yiashls Ol £ 120§ 35) NGendic | {3 NGFEPEA Yo § UBoRES LA o or
scraper roug € caslihg an eeve % nsufe ‘t hat upper and
| ovier anmmalhc(a@sw@ﬁ 388, te e%%ci&%lh;el%ﬁf ekitkapffspointa’d .,avail abl e

for enga 944 o8 {4 Ke4S 89 901 PIYde headhasspably 48vagedescr bed

below in relation to |gures and OM/sTeeve i s substantially
cyl i ndri diom sibskantia bly syeet tahetas 1qupn¢§cm93§urhag t he inside 20

di anmet er yf iggﬁﬁ on- 36, t t [ nal »glihgi ng
engagenent tJhere%e%)%lnm%s%eﬁééjiﬂﬁlgﬁﬁégév?sigg%e 48§pr1§'ferabl y
conpri sestypg EXtands Gewnear L3 cxBing espettpPirel y. Upper
anpl ar I£GASS; R 4Ky U F) tﬂé&géﬁh REEy JE;Z ﬂi‘% Srarddigbo thel OVer annul ar

recess 68 is visiblein Fi e outside surface of flow sl eeve

40 pref ers@sbicromf iveds shﬂﬁ'ﬁ a¥4 I\G‘\nér ldesemorgrassvea by aﬁd5u§E§Fmdet ent
grogve 537 Whiagh @ Al PEAL JERiMe dh8Hg BRTDRE Sa4Botton -

hole assembly that typically conprises MWD (measuring
while drilling) equipment 22, stabilizer 24, mud rhotor-

15 26, shift head 28 and drill bit 30. Flapper valve."
assembly 34 of the invention is preferably cemented into
well bore 14 together with casing 16, and drill string 20
passes through flapper valve assembly 34 as it enters or

_ leaves the hole. According to a particularly preferred

20 embodiment of the invention, flapper valve assembly 34 ‘is
installed in casing 34 about 100 hundred feet above kick-
off point 21. _ :

_ Reférring to Fiqures 2 and 3, flapper valve

gj | assembly 34 preferably-comprises as its primary

25 structural elements upper body member 36, lower body
nember 38, flow sleeve 40, valve seat sleeve member 42,
flapper 54, flapper hinge assembly 56, and spring strut
assemblies 58. Upper body menber 36 and lower body
member 38 are preferably made of tubular steel, and are

30 connected to each other by_weld 44, although it is
understood that a threaded connection can be used instead
of the weld if desired. As shown in Fiqure 2, upper body
member 36 is threaded onto casing section 70, and casing
section 72 is threaded onto lcwer body member 38. For

35 ease of illﬁstration, the well bore and cement are not

shown except in Figure 1.



of bow spring 46 disposed in annular recess 48 on the 30 i nsi de wal | of
upper body member 36. As shown in Figure 2, flow sleeve 40 is maintained

in its uppernost position in flapper valve assenbly 34 whenever detent =~
menber 45 of bow spring 46. is engag@d in |ower detent groove 50 . FIow:-r"t
sleeve 40 is inserted into flapper _valve assenhly 34 IE)rror to ' o
connecti ng upp&lappey ﬁéﬁﬁéraaﬁeﬂblYoﬁérlEoBFeﬁﬁﬁﬁgﬂyggun inkQ %l ve seat

sl eeve npoher ;42iks {fhﬁgr 8SeHrEB§EEEbM 'ﬂ§€ht edoeeoeqee«éamlarnanto
fl apper valve assenb prior . to .assenb 8 od nber 36 and
| oner boB}arpaBep438n tbﬁl99555h9n§lﬁE?@“nﬁﬁbEF ﬁfepPeééégﬁ

conpri sesefpeh¥agghy ﬁaeeaahasmihaagse 94ul hat eﬁgages.send-esstzsitprported by
.annul ar shoul der 92 of |ower body nenber 38. \Wen upper. and body
nefrber s QBerBBIQPe°Fth§dVB§VﬁeIdLﬁﬁerviP eUBRST Eré&dd shgﬁb Q i's 1ocked

into pOSi—ésﬁacEQw@?n phRavkat eeﬁdheefr&a pedetbattingg iavtuiltdre 10
shoul der 95 at the

ower  end of per body, h the i.nsi de
surface ¥NYARGSRRGE E?Eé@%nneﬁﬁér i?eYﬁ ggEéPglPﬁngylFﬁgf Lits . lower .
edge presgaySmembePSt 88} s8dayScérénnt bsspahbed eunhaceshﬂ@gmﬂmsmied at an
angle less than 90 de and refer ny at of :about 45

ree n_apagle 15
degrees,t QFFthhéaEeﬁgﬁ?ui?E% BF *IHBp V%PQ%fggsggﬁrﬁ‘ghtqﬁcwvsleeve 40
Ilsoadapt@ssltéodélwdml@flgd:asrﬁn@aid;yam@smm Viabyé  seat alf¢ere amsiiey 42. The

..|nsrde draneter of fl${ o ggge?%%+h%?i%|g%t&xshggggt?PetQ%%1§Qf out si. de
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lower annular recesses 66; 68, resnectlvely, are - clear :

15 and available for engagement with shift keys 80 of shift’
head assembly 76 as described below in relation to
Figures-3 and 4. ) o ' '

Flow sleeve 40 is substantially cylindrical, and

has an outside diameter :slightly less than- the 1n51de

.20 diameter of upper. body .section 36 to fac111tate S
longltudlnal slldlng ‘engagement therebetween. Inéide N
surface 64 of flow sleeve 40 preferably comprises upper '
and lower annular recesses 66, 68, respectively. Upper -
annular recess 66 is visible in Figures-2 and 3ifand:7” - -

25 lower annular recess 68 is visible iﬁ"FigureS'B'ahd'4ﬁ- o ()
The outside surface of flow sleeve 40 preferably R
comprises annular: lower detent groove 50 ‘and unner detent"&#
groove 52, which are adapted to receive detent members 45“P”
of bow -spring 46 disposed in annular recess 48 on the

30 inside wall_of_upper body member 36. @ As shown in Flgure
2, flow sleeve 40 is maintained in its uppermost p051t10n'37"J
in flapper valve assembly 34 whenever detent member 45 of
bow spring 46 is engaged in lower detent groove S0 “Flow
sleeve 40 is inserted into flapper valVe'assembly;34

35 prior to connecting upper body member 36 to. lower body

member 38. . -



.of valve seat sleeve menber.42 and an arcuate sealing edge 124 that is
adapted to engage and seal against seating surface 116. According to a
preferred enbodi nent of the present.ﬁhnvention, val ve seat sl eeve nenber

42:and fl apper 54 are designed and co

tructed so,that sealing edge

124

full ' face 116 after f| - 30 ;54 h d ab
45 dbgroes frond EECTRERY SRESVRARTTHT, Ao o TheMASB P FATRE P Sotai | i n

‘rel ati on ipsérgedecdiAchbatmicaBdyauised |fApperSdralvea aysendliycal’

P our B8P PocERRAESRY SRRRES pihs! Heihee A ARF CLERSE kBRYC,

in  Fi gurmemBernnd8dA Valteuserit sleeviengenbelr #4i2e prefiatcabdy| of

nmenber

secti on,
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shown
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al ve
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Arcuate vibydeeidover e8lve peeatesdbeyearerthed4@o isodeckrdlyimeober 38 by
maort od RPEEEin Pecyfohrafitltae Bty ' ) Bhhfern Ay Sppfar
sprd ng stsheuldeend’iat Elealewevnandt od tprkoweerdyomemhamed6 38.
assenbl y SR Sk AISRRD LupPald KeSUR1Ce; Beltiuipete MARDEL, |
spring stédtisiszemerdlby 5eylimdhicall eats bpserpeiige Pragentserbl y 58
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an angle less than 90 degress, and preferably at an angle

15 of about 45 degreés, with the center line of flapper.
valve assembly 34. Flow sleeve 40 is adapted to slide
longitudinally inside valve seat sleeve member 42.- The"~
inside diameter of floﬁ_sleeve 40 is slightly greater-
than the outside diameter of drill string 20, including -

20 any element of the bottom hole assembly, so that drill.
string 20 can pass through flapper valve assembly 34.

'Flapper-54, the valve closure member, is a section
of a cylinder that has an inside radius identical to that
of valve séét sleeve member 42 and an arcuate sealing’

ZLJ' edge 124 that is.adépted to engage and seal against
seating surface 116. According to a preferred embodiment -
of the present. invention, valve seat sleeve member 42 and
flapper 54 are designed and constructed so that'seéliné
edge 124 fully engages seating surface 116“after flapper

30 54 has rqtated about 45 degrees from its fully open
position, as is discussed in more detail in relation to
Figure 4A below. Because flapper 54 is a Cylindrical'
section, it can be hidden behind flow sleeve 40 when in
the open position as shown in Figure 3, but can be

35 rotated to the fully closed position shown in Figures 2

and 4A without interfering with the inside wall of lower

body member 38.



f1 apper hinge assenbly 56 and spring strut assenblies 58 20 ° are further
descri bed and explained in relation to Figures 3, 4,. 4A and 5, enlarged

views in which they are nore clearly visible. Flapper hinge assenbly 56 ; ”
preferably further conprises hinge mddber 110 and hinge pin 112. Hinge = &“"

menber- 110 is preferably secured in fixed 25 - relation_to the upper,
outwardly faci nlaRRERES ofs RERfRT2BY Angtal Iedipdisider fppper

ci r cunt ergntyeld de MG NG 1 Sudlp’d APthddl f1APRSfe P bods HERBekN Figure 5.
Hi nge menber 110 |sﬁfre erably rotatably nounted on transversely ext endi ng

hi nge pi P8 Bhat s ifsfgagsd Pyl verfical ‘qdgesyfifoctante i f fYRé@hr éFation to
| ower bodyetrerkerb 138 J.rﬁttlrie Py itid el rdidldy Mewerinfroguibs

Iongltudlnal axi s through the | ongest sectlon of flap er. 54 as shown in

Fi Jure 3.2 3R AR 'nértcd‘a&epé?qqtﬂﬂ &498 Flef AR MeP® 8¢9€he

i nventi omg basits i38eN iim FigiHe 5 Bndishgem3%s a Hidaehl2 ige Wehded into a
sem - C|rcular saddle in the fage of arcuate _taqp edge 99 of the w ndow in

| ower bodytFEfhéA)zs. AENadiS ¥mdoWs SoVer1 48 & SHR& Bl¥ol ded ar ound
12 seali rag;tadg@dl% qfowblramy %Tkﬁrprj@mbtye"%afrlawsdrdh ghd ‘seal i ng bet ween

flapper 54 an e s l.eeve mper: whenever flapper_valve assenbly
34 is roP&ted” Jaéﬁg @F%? lﬁ@%lﬁqg 1%§ afeelt %ﬁang %P st¥ut assenblies’
580each ﬁmefe&ﬂ:elal y:he@mgnl theumiﬁﬂoh'l ng@cGthbQ'\/\ahdhlfl’l@@:pfﬁ.’c rgin menber

104, strut s n ort nme Each nge 60
rot at abl § Egé arFR§1 séﬁﬁﬁ?ggéeﬁo %ISﬁﬁbF %ép0|nt t hat
is spaceﬁodawnwarabﬁyfhembée 38 hAugﬁouehbehlylene Spmﬂnquuﬁu;106 bi-ases
flapper 54 to he cl oseg g05|t &an0|ng tﬁe upper. hi nge 60 . \J/
| ongi t udPREFF RfngaSpPAc11B, rﬁB~5p?rn3 apper S

assembly 34 of the invention preferably cowprlses a
15 plurality of spring strut asseﬂblies ﬁs'”dith at least

one spring strut. assembly 58 belng dlsposed onh each side
of hinge assembly 56. _ _ S '
The structure and ‘installation of flapper 54,
flapper hlnge assembly_ss and sprlng-strut-assemblles 58
20 are further'deecribed and explained in relation to
 Figures 3, 4,. 4A and 5, enlarged views in which they are |
more clearly visible.- Flapper hinge: assenbly 56
preferabiy further comprises hinge member 110 and'hinqe“: -
pin 112. Hlnge member 110 is: nreferably secured in flxed'i
25 relation to the. upper, outwardly facing surface of 5
flapper 54 at the m1dpoxnt of the c1rcumferent1ally
extending arc. deflned by flaprer 54, as seen in Flgure S.J’
Hinge member 110 is preferably rotatably nounted on' T
transversely extendlng hinge pin 112, and hinge pin 112
30 is connected 1n fixed relation to lower body member 18 at
a point effset radlally outward from the’ longltudlnal ' :
axis through the-iongest section of flapper 54 as shown’
in Figure 3. Aceordingpto a particularly preferréd
embodiment of the invention, best seen-in'Figdre“S, hinge
- 35 pin 112 is welded intcla,semi-eircular Saddle_in'the'face“’
of arcuate_top'edgegss of the window in lcwer bbdy”member
38. Elastomeric seal 114 is praferably molded around -



force required to start noving a cl osur.e menber such as flapper 54 fromthe
open to closed position is reduced. ‘15 ‘The use of a plurality of spring
- strut assenblies 58, preferably two, circunferentially spaced an equal

di st.ance on each side of hinge nenber1l210, also reduces the stress on

fl apper hinge assenbly 56. Arcuate recess 108 is preferabl .gfovided on the
out war dl y Seadiing sidge 224 of flappagipdt 5 RFIBRYS i3 A i%etighbti on of
flapper S54ehalialy W thRdiPREa P dl9S SAREMER o PBTedAs ihémPeplf Fi gures
3 and 4 and the closed position shown in _Figure 4A. Hi nge_ support nenber
122 is pr8ReWREPEVET)IIdRRREY MRV PSS 30 IS MAHARRE? BRI 1y i nward
rel ative g3osed podidtilbi nge pin 112 and | ower hinge 62. Thi's spacing
provi des a positive nonent that enables strut spring 106 to act through
hinﬁe'support-n§ﬂ$é@91§fﬁﬂ¥tﬂﬁﬁ9m4¥lﬁ§eséoQQ9QMQ£Q$%§ﬂ9ﬂ¥quWEﬁﬁE§ 54
radial |y {1pperdnameR f6loowisheey didde $21, ehiddecthanbeat digs abdmeaahi nge poi nt
112. 30 This spacing gl so all ows guide nenber 104 to rotate. into the
annul ar sPRE&NFedR®eAnd Bimge SHPRRLtWRRBBRTC I oFamte RS hper 54 is
forced opping¥ bberdewtedng WInneetel af Epwinkgeate 40 axsadaNGy izwddel ow in
relation to Figure 3, conpressi.ng strut spring 106. Recess 102 is. 35

pref er abl $13PBEFded ~E BoReLModiabolfi SRaSEY FoNEE, atld The rot ati onal
noio on of hgngdemehpber 1104 asewnd kewehghhbgebidses flappefrersd ng to Figure
3, casing shut-in val ye system.74 of thé inventiqn preferably conprises

fl apper vEPYRFLsEBRLEY}OSEIIRISHELAT - SuBK QésgﬁPFﬂnﬁe§ S 8P8™iy 76 for
control | ingngéesovIBABRtuAinklY FFeAVRiAGebplineen2 hehe spriwgper position

shown 10 ELgure. 2 and Lhe | guer po3l {1on, Shott.\ 1 BLQHES uca S 1t Mead

assefibl y € FEAYMRE :
flapper 54 from the open to closed position is reduced.
15 The use of a plurality of spring strut assemblies 58,

preferably two, circumferentially spaced an egual
distance on each side of hinge member 110, also reduces -
the stress on flapper hinge assembly 56. Arcuate recess
108 is preferably provided on the outwardly facing side

20 of flapper 54 to facilitate the rotation of flapper 54

| relative to upper hinge 60 between the open position of

Figures 3 and 4 and the closed position shown in Figure
4A. ﬁinge.support member 122 isipreferably angied so
that upper hinge 60.is disposed radially inward relative ”

22“1 to both hinge pin 112 and lower hinge 62. This spacihg’
provides a positive moment that enables strut spring 106
to act through hinge support member 122 on upper hinge 60
to begin forcing flapper 54 radially inward once flow =
sleeve 40 is retracted upwardly above hingezpoint 112,

30 This spacing also allows guide member 104 to rotate into
the annular- space between flapper 54 and window cover 98
when flapper 54 is forced open by the downward motibﬁ'of.'
flow sleeve 40 as described below in relation to Figure o
3, compressing strut spring 106.  Recess 102 is o

35 preferably provided in lower body portion 38 to
accommodate the: rotational motion of guide member 104

around lower hinge 62.



shift keys 80, which are biased radially outward, frrst .engage

t he wel | ( :
: | eeve 40 is | ocked

upper annul ar recess 66 o flow sleeve 40 while flow s |

|ﬁpthe upper 10 position as shown in Figure 2. \Wen bevel ed surface -~

| ar recess ./
164 of shift keys 80 engages bevel edisurface 166 of upper annu .
62 outwardly bYased shift keys 80 are cammed out of upper annul ar recess

B, aadisly fdhutedith assprdl yydeg0Nt i nues
66 and pushed HRgferming Hndigires ishy s §%¥ftehead .

t OMAME: ow sl eeve 40
;gserrbl ym%%ﬁ gg)éejs the bottéJn}{m5 Harlb" e S ESE efe'\?é’PAﬁ}' @hlve keys 80
engage | GRECTHHAI4 anse é@@‘&suﬁ.b gsowhiiftt mead @h&tﬁn{bﬂyﬂ T4 agpe 8, square

shoul der cbhrefl 15higf tthiéeyn%v%%eﬁtggge§é§{}d ?Q%b S%a:?g%;y uargi t2(r)ave| of

170 of | r-annul ar r-ecess
'iﬂggldﬁéaa 5§é§ﬁﬁ$§ﬁ?9 Ehowighnt Fagpre 2aand ahee&bhﬁrB@oanﬁQnﬁhlft keys

| nnuhar S eve 40, -sufficient
ggmﬁ&érgggg??glhnFlgWEé gexe%?eaﬁgggsﬁegg % %&8¥gekglﬁ S7EUhARIGh dri
string b thﬁlbomﬁngFnbeXE 39:oV@l@he@B@redasedusadgadeyent menber 45 to

t

R S g L L R S T A e g+ O b
restrai

Zg gge Inyggtéggpeégfl%bgh?wlikﬁékﬁFﬁﬁnm% logecedutm bhethEpeeavy wei ght’ of.

der

P Ot |4 g 0 B Mg o

gﬁiLLtStgmggzﬁ Y ﬁgg% thgt éﬁsoﬁﬁgﬁkai %ﬁg sur d% cair T 858ghfZe when

shift he %%@%%{T‘E]Fyisi()e?]a%“ Revelad Sunface 06851 n:neég -flgcvcgl ceve
I

detent rewhelar Aedene 66 SNAAGAH T YDIQUE'S %untl?ﬂd Senbers 45 ¢

head assenbl élen )
;ZaPﬁSh .dagwwﬁcﬂd%tﬁ%ﬁggfénndiar Tecess 66 and pushed back A

into windows 136, and snlft head assenblv 76 cortlnues
15 traveling downwardly througn flow sleeve 40. When shirft
head assembly 76 reaches the bottom of: part of flow -
sleeve 40, shift keys 80 engage lower annular recess 63.
As shown 1n more detall in Figure 8, square- shoulder_lsa-
of shift keys 80 engages and abuts against square
20 shoulder 170 of lower annular recess 68; stopplng the
downward travel of shlft head assembly 76. through flapper -
valve assembly 34.. _ ' _ .
Once Shlft keys 80 are engaged in lower annular
recess 68 of flow sleeve .40, sufficient. downward force is .. = ..
25 exerted. on shift head assenbly 76 through dr111 strlng 20 S “43'
that bow sprlng 46 is overpressured, cau51ng detent ' .
member 45 to dlsengage from lower detent groove :0 _
According to a preferred embodiment of the 1nventlon," He -
restraining load on detent members 45 and’ bow 'spring 46
30 is at least about 10, 000 pounds.. Because- of the. heavy
weight of drill strlng 20 hanglng from the hook of
drilling rlg 10; a high order detent is- requlred so that
personnel at the surface can recognize when Shlft head
assembly 76 has engaged flow sleeve 40. LT
35 Once detent members 45 have dlsengaged frcn IOWer '
detent groove 50, flow sleeve is pushed downwardly by -
Stht head assembly 76 untll detent members- 45 aoa*n S



.engage upper. detent groove 52 as shown in Figure 3. Wien flow sl eeve 40
reaches this position, bottomedge 82 is spaced slightly apart from bevel ed
annul ar shoul der 84 of | ower body nenber 38, but bevel ed shoul der 164 of
shiyg 5 keys 80 contacts and slidesagai nst bevel ed shoul der 84 of

| ower body nenber 38 to camoutwardly biased shift keys 80 out of | ower

annul ar 1 eclfad® @ik aske iRt autbago1S; 10 it L pbihr 00D cades Shi

head assenbly downwar d through f| apper. valye asse drill
bit 30 contfela% FleppRri GLeqches i HyLS (RGN, (PRt eneedas| 520nsshown in
Figure 2 t apidkd nel Rast 1y Odbd e WD Bdvd 1ed WL 1 &y A0 Eadr 84S e oW

sl eeve 40 |S“Pushed far enough down through val ve seat sl eeve menber t hat

bottom 15 4 neRherct3B £ IRppdieveded |siipekden 1641 rof ashdfgownwar dl y

aboug 45 d&@y@%o ichtadtsd aid a1l 36 2ArR)d i9ls 12 H SN 5}%6@1&&9%&' eeve 40
I n the annul ar, “F %ﬁfetmeen fl ow sl eeve 40 and wi ndow cover: As f| apper

54 rot at es fr 3 s REMRAT 155059 P ok @E@f@&@lasecbﬁhhf'én st rut

spring 106keysc®mroa$@i= TSRRAMEN 1SR ifadeSly Ws asremidlesip8et0 rotate
fl apper 54 |n rdly .again when flow sleeve 40 is returned to its upper
posi tion. YHQ WSs il jgof fl apper valve assenbly 34, as is desirable during

tripping to preves dMQQOQﬁ.FHJQ@ gir@b@aeéowﬁh(fkehféﬁn%ﬁﬁﬁs‘ﬂsl ng the
drilling d when t%g wel | rbal anced, is _described in relatlon to

Fi giPes 4 GRETRAZA ABTORGN, GIAGRERoNE LSS BREETIY drin IS5k i 809
wi t hdrawn opneadits tha fsl4a;p&@|tav:ahwgef39oper agserdny t3k shift keys 80
of shift head. gssenbh% |rsthengage lﬁ % glar recess 68 of. fl.ow:sleeve
As beREP&&ISf FROE™M 78 SAURFr 2 keYardotBEnPeSiE iof 1 it higai nst
be\\/e—r ed suitade a;ﬁéwaf mowar;uaanul ar Asegeew S3eetet war dlsy pbisaﬁe.&ﬂ sinft keys
80 are camed OHt Igge % annulgr recess 68. and puip back into
wi ndows 138Poud down rough valve seat sleeve member tha o; om
15 edge 82 contacts flapper 54, flapper 54 is rot ated |
downwardly about 45 degrees into substantially parallel
alignment with flow sleeve 40 in the annular space
between flow sleeve 40 and window cover 98. As flapper
54 rotates from its closed position into its open’
20 position, strut spring 106 is compressed, preparing'-
spring strut assemblles 58 to rotate flapper 54 1nwardly
again when flow sleeve 40 is returned to its upper'

position. _
'The closing ‘of flapper valve assembly 34, as is
b desirable during tripping to prevent hydrocarbon fluids

downhole from oVerpressuring the drilling nud when the
well is underbalanced, is described in relation to
Figures 4 and 4A. As the bottom hole assenbly of dr111
string 20 is withdrawn upwardly. through flapper valve

30 assembly 34, shlft keys 80 of shift head assembly first
engage lower annular recess 68 of flow sleeve 40. As
beveled surface 172 of shlft keys 80 contacts and slldes
agalnst beveled surface 174 of lower annu1ar recess 68,
outwardly biased Shlft keys 80 are cammed out.of lower

35 annular recess 68 and pushed back into w1ndows 136. _
shift head assembly 76 ‘then travels upwardly through flow
sleeve 40 until shift Xeys 80 engage upper annular recess



Shift head assenbly 76 then travels upwardly through flow sl eeve 40 until
shift keys 80 engage upper annul ar recess 66 as shown in Figure 4. \WWen
square shoul der 176 of shift keys 80 ghgages square shoul der 178 of upper~
annul ar recess 66, the upward novenent of shift head assenbly 76 is stopsd
ALl Liesyragt dnb@honCrerhed on Snen (SSRakL baadhassently oeS { M ouoh
drill string 20 overpressures bow sp causl ng -det ent:- menbers 45 to
snap out. %hlﬁbp&¢Y§e$@n@ngageseS%Qaréhéboﬂb@ént1ﬁ§n§§r§PD§rd|sengage from-.
upper det gihufiP Wecode 861 fEnbod /2235B0L dndhe TBECER  ELONealoeve 40 10
upwardly to the point where .det nbers 45 of bow spring. 46 engage | ower
detent graevemBLY of 6 f i HusEPRRER wetak %hewmpvhr¢|§9¥ee4exerneﬁepn|ng to
Fi-ggire 4Asn 28t fhONE SA £8¥%p ﬁ@V€§ro%@hfd@PPFrséﬁlh§ ﬁgtated through a
preferred angl e 128 of about. 45 degrees fromthe ‘open -posi tion
to the fUPYSTRYSTHRESHSPOY PR NG| ercﬁ%&?%ﬂﬂléeFﬁPFlﬁf@EeE§ tRetaction of

strut sprémgp 186t ahr Nipieer Sapper ¢ gm%@wg ;22 whi'ch causes hinge 60 to
rotate away from w ndow cover - 98. ~Once, fl apj er 54 begins tq traverse the

bore of 1ower YRR ASERAL “1?ﬁ§f1{uQP%RP pH e UFRPRF f F&FRAtI al across

fl apper v e M S m%e&a&mwema@é Plch | apeeveSdoto fully -
seat itse f a alnst seatlng surface. 116 of. val ve seat%aﬁgeve menber 42.

Shft-in SR R apiiie 5f e Y m R B¢ el astoneri C :
seal 114 s’vkilﬁﬁrﬂftt‘,sﬁ@?‘aﬁk Zpwer datdmeeyrodre tmr@byrlcsmr@yéﬂgethe seal .
Because the preferred angle of rqtation is onI about 45 deg[e -as
conpar ed 3% HEY & $Rr off eo':rfﬂgp &9 B St BPvEHET onal

f1 apper \@lwawmv@ ,up‘ | eapeipet Batirenotatssd rmﬁmtgﬁnand | ess 30 U
stress | Spree)%errtree ang e %58 or}b abo%llto 4%“%e I robs pfrom ]tQ‘\e fully
15 open position to the fally closed pos1tlon.' This )
rotation 1s 1n1t1ated by the action of strut sprlng ios_7”
on hlnge support menber 122, whlch causes ‘hinge 60 to -
rotate away from window cover 98. ' Once flapper 54 bealns
to traverse the bore of lower body member 38 the fluld
20 pressure dlfferentlal across flapper valve assembly 34
causes sea11ng edge 124 of flapper 54 to fully seat
itself against seating surface 116 of. valve seat sleeve
member 42. Shut-ln pressure exerted on flapper 54 from _fh”
downhole" squeezes elastomeric seal 114 agalnst seatlng ) _
25 surface 116, thereby 11prov1ng the’ seal. B e "_ ;_.:_ . de
.Because the preferred angle of rotatlon is only
about 45 degrees, ‘as ‘compared’ to the 90 degrees of
rotation experlenced w1th conventional flapper valve .
assenmblies, flapper 54 gathers less momentum and less ';”
30 stress is exerted on "hinge ‘member 110 and hlnge pln 112 '”:'”
. when flapper 54 closes. Becausé of - the high pressures :pff
that may be exerted on flapper 54 from downhole once o
flapper 54 begins to close, the smaller angle of rotatlon_
and the shorter dlstance of travel for ' flapper :4
35 achieved through use of the invention dlsclosed hereiﬁ
should mlnlmlze the slanmlng effect on flapper :,”and .
valve seat sleeve nenber 42. This will’ 1n turn result 1n'_:ﬁ



when fl'apper. 54 closes. Because of the high pressures that may be exerted
on flapper 54 from downhol e once f1apper 54 begins to close, the smaller
angle of rotation and the shorter distance of travel for flapper 54 35
acRi gved through use of the invention nésclosed herein should mninze the
slamm ng effect on flapper 54 and valve seat sl|eeve menber. 42. .This wll
in turn refgwer rinstalcds\wd ﬁlmipmtce&alufe ffladdpere vandg ¥dllure, -and wil |l

prolong the |ife of .elastoneric se sty cture and operation of

shift head PXSERS fhf"Gilsfo%Lﬂft Lklgeg%g&dtle%pl ained in relation to 5 .

Figures 6 and 7. Th‘iﬁls‘ﬁrdmﬂ'eaasxdnblpyermlpmbéraml;ftcdmﬁd s&;%sklelylhoum ng

Shi 1 Keys 780 Toh A aneT) dResh PR AT SSRARAns g Tk s g6, e

Accosdi ng wdgmxpmememmdd7enbsﬁuﬁtnheaﬁ alssetdly 76 prefisxaPlY hree shift

keys 80 are prowvi ded,at an S f around key
R R R

housi ng 13% appreci ate nore shift keys
can be usedrmdﬂmﬂeﬁémeladdgespaceﬁewundew5|656 CD@NQiWﬂﬂ§1ﬁh#%% shift keys

can al so b ysed, Byt 1,Ueh L5t 30668115 oueysbid bykguy hating,a or eater

arcuate sp rential Ty spacéd-key spring Ie to
better d|sﬂssbutacthedumghanlaabrb@edrgddeabgddmﬁaﬁgﬂﬁp&heﬂmanHX|num

G afB or onniEhyIAY Wbishdef RESE)RNY a2k, BROlIRER A B0 g 0

di a eve Shlft keys 80 are
pr ef er abl y spesiiggesfsd 20hdegrkiest akoypsdsBeyr bosisagled 18adi AYshndhar d

through wi gdoys 11336, by Kex §RELAIFRLE0 By ug} fbgR! sdiiglanc 4 xangage

upper and Fower ~aniu SPPFetesses gg g ? ow sl eeve 40 when passi ng
be used within the scope of the invention. Fewer than
three shift keys can also be used but in such 1nstances

15 sh1ft keys having a greater arcuate span and
c1rcumferent1a11y spaced key springs are desirable. to
better distribute the mechanical load and avoid hang ‘ups.

The maximum diameter of key housing 134 is
preferably slightly less than the 1n51de diameter of flow

20 sleeve 40. Windows 136 and shift keys 80 are preferably
designed so that shift keys 80 are biased radially '
outward through windows 136 by key springs 156 a
sufficient distance to engage upper and lower annular

. recesses 66, 68 of flow sleeve 40 when passing

W, therethrough. = Shift keys 80 are alsc adapted to be .
forced radially inward to a p01nt flush with or slightly
inside the outside diameter of key housing 134 to reduce

- wear and avoid hang-up that might otherw1se -occur. Key
springs 156 are preferably retained 1n51de radlally .

30 extendlng cylindrical recesses 158 in keys 80 by sleeve
160. Although not v151b1e in Flgures 6 and 7, each shlft
key 80 preferably comprlses two key sprlngs 156 dlsposed
in cyllndrlcal recesses 158 that are parallel ‘and
vertlcally spaced ‘The use of a plurallty of vertlcally

35 spaced key sprlngs 156 for each shift key 80 enables the
key to "float" to some extent, and fac111tates engagement

with and disengagement from flow sleeve 40.



t heret hrough. Shift keys 80 are al so adapted to be forced radially inward
to a point flush with or slightly inside the outside dianmeter of key
housing 13 4 to reduce wear and avoid hang-up that m ght otherw se occur:—,
Key springs 156 are preferably retained inside radially 30 ext endi ngM.
cylindrical recesses 158 in keys 80 by sleeve 160. Al though not visible-in
Figures 6 and 7, each shift . key 80-pn@ferably conprises two key springs 156
di sposed in cyllndrlcal recesses 158 that are paraIIeI and vertically

spaced. - The use of a glurallty of - vertlcalké spaced key sprlngs 156
f or eachK%hl#?“Ré?%b?’ nkp| ¥Pigaliyy mogntahan hit st bifehayiag
facilitadeee PRYRUPTRAE PhtBraART1G %ﬁr}m@nds orgg ) oys ¢l eeve 40. 17

. - Key housin caIIy nt e b 144 hay external ly and
it of nal TS5 Per bhtiehY entiBLhRga’ TBBPES Gutkana® (kA deparY hnfer ang essf err]
(tradenaI&) dfathagtype’mahufhe tuyped m@nmhmnayaivandfucbyahﬂcbednlch and
wel ! KUokR L0OREopE BECLPALUARS! e e AL -ar il 48E REe BePS2TI N0
ey

such as err eari rabl'e to prevent ou5|n98134 from -
rotati ngbewtimghesudhi ak etGuhgessﬁhbehrumxrﬁﬁidqnxrahispuo phefvent:| f

per m tteﬁeystlsns aniaaniml ggé_g."t'i‘nlél »mystwruﬂ:em ap#mofaa rtQag ft

keys 80 ousin hown:.in Fi'gure 7, Cut err]bearlng 152
is IubrléhfeﬂuﬁymGFPFlPH@PPFUPBaﬁﬁat ﬂﬁbﬁ?qﬂiﬁ%ﬁqy PEhaFALRESRRE | ow

- ch?Rnel b&é?whﬁeuenwl efedser uhu&%iérﬁ‘bleV%@”arSmd;]tslhﬂﬁﬂ ségsgbb?/la}’@ i's ]thsé'd
W a ben u requen e se 1n e, rilling". .of a.
hor|zont%?ymg?PfiREyi§8u5|g %&zpslﬂ %Fﬁ?)iﬁBQﬂﬁi%ﬂ S| PEACEDE d as
from aboug[ kub}itatabdoby drdeguee,ﬂMuﬂd|Hh4ﬁﬂi&nwsrwmmghllyommsheave 40 f
flapper yplyer353cRRh¥ndt 158 WEBuGHS Wit dd'Urifiecgophani cal | oad on shi

keys 8
When sh1ft head assembly 76 is used w1th a bent

sub, as is frequently the case in- the "steered drllllng" of
a horlzontal well "key housing. 134 is lxkely to be canted
slightly, such as from about %- to about l degree. when it _
passes through flow sleeve 40 of flapper valve assembly 34
To help ensure. that the mechanical load on shift keys 80 is
evenly d1str1buted load equal1zer plates ‘138 are preferably
provxded at each end of key housing 134.  Each load-
equalizer plate 138 preferably comprises an annular boss_139
that bears on-a relatively softzo—ring 1404disposed ih =
annular groove 142._.As_shift head assembly 76 engages_flow
sleeve 40, load . equalizer plates 138 remain normal to the - fﬁﬁi
bit centerllne. but O-rings 140 allow key hous1ng 134 to- |
cant slightly (such as from about i to about. 1 degree) to
allow shxft keys 80 . to .align longitudinally with flow sleeve
40 Th1s distrxbutes the load more: evenly to
'c1rcumferent1ally spaced shlft keys 80. .

Whlle the apparatus of the inventlon is. descrlbed
_hereln in relat1on to its preferred embodxment.-it will be
apprec1ated that the flapper valve assembly d1sclosed here1n
is appllcable ‘to downhole uses other than as a cas1ng shut-
.1n valve. such as for example. in a surface controlled
subsurface safety valve where the flapper 1s closed by a'

piston actuated by hydraullc pressure



evenly di stributed, |oad equalizer plates 138 are preferabry provided at
each endof key housing 134. Each |oad equalizer plate 138
conpri ses an annul ar boss 139 that bears on a relatively soft 0 rrni 140

di spesed in annul ar groove 142. As shift head assenbl '“mnr“lwmnﬂl! ‘H“L
sl eeve 40, | oad equalizer plates 138 remain normal to H

but O-rings 140 all ow key housing 134 18 eant- slightly (*such hs Yrom about
[err] to about 1 degree) to:allow shift keys 80 to _align |ongitudinally
with flow sl eeve 40. This distributes the |oad nore evenly to
circunf er &AIMS y spaced shift keys 80. ‘Wile the apparatus of the

i nvention is described herein in relation.to its preferred enbodi nent, it

will be appreciated that_ the_flapper valve assenbly disclosed herein.is
appl i-cabl &to downhd eV3L¥Q EPReUse HAthinaac somdyidnim 3 SUREGETa86aR as

for exanphelli,n the Winee eomprokirg, asvhivel aea tsafetva mad verobake the

fIa er |s closed b sto actu draylic pressure. rr] -18
e kb §ablq " bolE' 42 §hegY pdn's be i PRE i FIpies
subt er r anm ivleildn,s ttiermweamomclsdeg angdkevefsdaiss atheal V@0 t| oande

menmber rotab 3l Zn?dé’é’ﬁs 3 Wﬁ?wéé’-gé{lk get gﬁgp#ﬂ% Y “tlroﬁseﬁ'erﬁ’t?élrt | ons

t hrough an 1 nclud angl e of an 9 and control Neans for
movenent crewer:esualmbethethenbmnreodrsﬂ'blsydbmqm obee and cl osed

posi ti oNns,cdfte FOME Phs NESRSr EOIRE | ﬁéQHs”?@'?S bfiQ's 1ig2SIHY JJ‘Pvé/a!:YSsﬁ' %Sur e

menber to a closed position and said biasing nmeans conprising a plurality
of sprrnQQﬁﬂqﬂ”a%%eﬁb?}%§e4oP%FéBF?nCGHHeGPéG d asid s, ASARE| osure nenber,

Wi bat | eiproieing ralt pheseIbty bEi Bgriagaksakn® eyt $ orébgrdahye
connected to the valve closure member, with at least one
strut assembly being rotatable connected to the valve
closure member on each side of the hinge point of the valve
closure member. ' ' '

2. ‘A valve system for use within a conduit in a
subterranean well, the valve systen comerising a’ valve
including a valve closure member, and means for displacing
the valve closure member; the valve comprising a
substantially cylindrical body, a valve seat, said valve -
closure member being rotatable in the body about a hinge:
between open and closed positions through an included angle
W/ of less than 90°, means for biasing the valve closure member
- towards the closed position, said biasing means comprising a
plurality of strut assemblies*rotatably connected to the '
valve closure member at circumferentially'spaced peints.:
with at least one strut assembly being disposed on each side
of the hinge of the valve closure member; a sleeve member
being adapted to slide reversibly between first and second
positions inside the body correSpOnding*respectively to the
~open and closed positions of the valve closure member: and
the means for displacing the valve closure member compr1s1ng
a shift head assembly having means for' ‘releasably engaging
the sleeve member for selectively moving the sleeve member
between the first and second positions. '



cl osure nenber on each side of the hinge point of the valve citosure nenber.
2. A val ve systemfor use within a conrgduirt—nm—asubterranean wel |,
the val ve system conprising a val ve incl udi ng nber, andg=-,
means for displacing the valve cl osure nenber; ﬁ‘ @!m‘ M“ sing a ot
substantial ly cylindrical body, a valve seat, e menber . =
being rotatable in the body about & BBnge betmeen open and cl osed positions:
t hrough an included angle of |less than 90[err] neans for biasing the valve
cl osure nmenber towards the closed position, said biasing nmeans conprising a
pluraliBy of strutAa¥abue| FESteBt aC8Brd i86ntec(cde imh 2 ho'hareincEBsur e

menber aftraid Aedaneniéal hyespasfdcRednts, tWel Ralvd adsdswre déabkrassenbly
bei ng d|3ﬁosed on each side_o he hlngg of the valve clfsure-' nber; a-

sl eeve lﬁﬁﬁnbh%HaﬁFEdIPﬁgéFPGénP & SPRSPh &RAF 598 thRy second
positi ondngsice the vallyecolbeapendemperespectively to the open and cl osed
positions of the valve closure nenber; and the neans for "’ dlspIaC|ng the
val ve closure nenber conprising a shift head assenbly havi ng ‘means for -
rel easalfl.y engagi-ny vabvel exstemenbepridngsdioestliais ﬂ-rrm/lmgeiheegbbeve _
ne”berl%%?%%”hss@hﬂiﬁsfoﬁﬂg1§sgogdggqagtH@%%er and ﬂ%& pPg%

&r el n e strut

* - 19 - stem according to cl a|n12
assenbl membge E%ﬁhe%?édsiBdﬁhéyvapﬁégéﬁos ke membey tbeingat are

IAong: tU@d’h’ﬁﬂ%Eﬁ%@ﬂnaaﬁéH toothehBoliynoF thhet Ra Mad Vs $dmisLy eafignber . 4.
' val ve st.em accordi n ch strut as conprises
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gui de mmdiyetmﬂmguretmeabby candenead st f orhd ilacdyn pftideh imgee assenblykwj
and _

"support member away .from the gulde ‘member.

5. A valve system accbfding to claim 4, wherein the -
hinge sﬁpport member of at least one strut assembly is
rotatably connected to the valve closure member at a |
position that is radially inward of the hinge of the valve.
closure member.

6. A valve system according to claim 4..whérein the .

hinge support mehber:of at'least.one strut assembly is
rotatably_connected_to the valve closure member at-a'

position that is radially inward of the position where the - .
guide'member is rotatably connected to the body. . N L _ﬂ_i

7. . A valve system according to any one of c1a1ms 4 to
6, wherein the means for: biasing the hinge support member

away from the guide is a spring.

8. A valve system according to any one of claims 2 to.
7, wherein the valve closure member has an arcuate sealing .

surface on which there is an elastomeric seal.:

9. . . A valve for use with1n a conduit in a subterranean
well, constructed and arranged for use and operatlon

substantially as described herein with reference to the



t'he hi nge support menber being rotatably cofinected to the valve closure
menber, and means for biasing the hinge. support nenber away fromthe guide
menber. 5.. A val ve system accor di ng to claim4, wherein the hinge
sup"]wrt menber of at |east one strut assenbly is rotatably conn

val ve cl osure nmenber at .a position that is radially i'nward of the hinge of
the val ve cl osure nenber. 6. A ypl ve system acc mnm nm!m”ﬂiﬂ
wherein the hi nge support nenber of at |east one strutT

rotatably connected to the valve closure member at a pos tion*tht Vs

radi ally idavesdboiying @pseings. where the guide nenber is rotatably
connected to the body. 7. A val ve system according to
any one of clains 4 to 6, wherein the means for biasi ng the hi nge support
menber awah0 from t heA gualieei systespfongus8. within aAcwaldud tsyist ean accor di ng
to any on ' AY refrgqnqle{ qan

ar cua%/e sgsa |tné54€% %%e‘s%%]f\/\hx\@%?hg?%g?sxgﬁ glrgst lr‘%éirl C sea hgﬁ

val ve for aperakion nsubebantiellyn assdpserihedahenelin widdstrefe venand
arranged fy use ﬁ%@p@ﬁﬁihg)ﬂd§ﬂb§ﬁggtl ally as described herein with-
reference to the * acconpanying draw ngs. 10. A
val ve system for use Wlthl n a condwt in a subterranean well, constructed
and arranged for use and operation substantially as descri bed herein with
reference to the acconpanyi ng draw ngs. . :
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