VALVE -2-—This invention relates to valves and particularly to ball type
val ves. ile the invention is disclosed‘in a downhole environment, it nay

be Util'ZQSJE? any flow line, wherever 05  |ocated. Petroleumwells are -\ °®
customari | ovided at the surface wthia wellhead providing for fluid
flom1through one or nore conduits. It is customary to pré?l%ﬁg ter
val ve for shutting in the well when desired. For instanc t er
val ve m ght be closed to change out a fl ow bean. Master val ves have
conventional |y been provided by gate val ves due to their design
characteristics of great reliabil- ity and capability for nultiple
operations. It would be desirable to have a master valve which could 15

be located in the flow tubing bel ow the surface. "This is partlcularly true

i n underwat er operations as a downhole master valve would elimnate many of
the problens of underwa- ter nmaster valves. At | east one attenpt has been

made to design a downhol e 20 gate valve, but this design is not believed

to be conmmercially available. See U. -S. Patent No. 4,187,876. It has been
conventional for many years to install ball type subsurface safety val ves »
in production tubing bel ow the well head, but such val ves have not been able

to function with 25 the paraneters provided by the Anmerican Petrol eum )
Institute for master val ves and thus .have not been acceptable for use as <

VALVE



master val ves. These paraneters include provision of a bubble tight seal
and capabi'lity of operating for fiye-hundred cycl es. An accept abl e- .
_de5|6\ of downhol e ball type valve having a |large, preferably subst Pally
‘constant, néchani cal advan- tage, availahle to rotate the ball val S
not been avail- able. Wth the l'arge substantially constant nechanical 05
advantage available with this invention, the valve designer may choose
materials and de5|gns which will a++eM/barI val ves to be designed for —
‘applications orrkiyi ivreticn Nadlaey ari alpessiabbdepartadulaaby et usdlis -
use as a master valve for petroleumwells. 10 A subsurface val ve
shoul d be tigsegvelives.t Hdghilé thei invemtiomdis dbsslasedoimli ai dosnhdbeval ve
i's rugged enough that the operating |inkage will not be damaged. Thus, if
an att enptenyginempent, cibsmayhdey abid imesh in any | Hheiedl ipe wi vhesever or
when s tool is passing through the ball valve the 15 valve should be
suffi Fenti?c?ﬁﬁﬁed that full pressure can be applled to the val ve operator

and t he | k b b f

aeventi onal [ epdtiordth we §8 TREE  cnPERRREL P P8 fada B 'EBe urfacey |
- T
open pos! il aTUETenala pP¥olaly B Er CLALOMPELLY LAK ‘B‘ﬁ#h G0 YL hb2en0

I'ocked opeeoaauieel S @esewg:ﬁﬂdw@t{@ gebveeaeAaSlﬁta%trefzaqﬂaﬁaé efarval ve
woul d be nore reliable if provided with a | ock-open system which could not

~be acci denghbtyirgeigi €nd bEllOﬁhén desired. For instance, the master
f&J; 10 valve mlght be closed. to change out a flow: bean._ : |
- | Master valves have conventlonally been prov1ded by gate -
.valves due_to_the;r,des;gn“character;stlcs-of-great rellabll-
ity and eapability;for_multiple opefations. | b
_ It'would'beedesirable to have a,master-valve-Which ceﬁld
15 ". be lOCated~ipﬂthe*fibw_tubing.belcw'the.surface;l;This-is |
| particularly trﬁe:in upderwater;operatidns3as_afdownhole-
_ master valve would eliminate many of the problems of.ﬁndefwa—’
ter master valves. _
At_least-one attempt has been made to design~a.downhole'
20 gate valve, but'this:design is not believed to be'commereially
- available. See U. S. Patent No. 4,187,876. |

‘It has heen conventional for many years to instdll ball

e

type subsurface safety valves in production tubing below the
wellhead, but such valves have not been able to function with
25 the parameters provided by the American Petroleum Institute
for master valves and thus have not been acceptable for use as
master valves. These parameters include provision 6f a bubble
tight seal and capability of operating-for five hundred

cycles.



passi ng through the valve. An object of this inpvention is to provide a
M\ve which may be | ocated subsurfaee and used as a master val ve.
grding to a first aspect of the present invention there is provided
cofnprising, a housing, an actugtor in the housing. ireans for
~reciprocating the actuator. a ball valve menber and 5 seat

troll f gy ~;é
controlling dd¥, 1%3“ ls*igﬂtsb@gdoﬁﬁﬂaienﬁhﬂia?gbggvéﬂé P& ing g% 9

- menber and seat t oget'her. ation neans st two coopera

track foljpnpd s gréféraisls %bbtam'léxwkéohytaﬂt;nmeanaﬁiaall aak¥na single
pl ane and carried by one of the 10 al'l val ve nmenber and ball rotation

- means andcddee, faord idabyle cay ricithtey thee mstltlervaifvet adaldt Wsdere amediey and
~ball rotation nmeans. one of said ball valve menber and ball rotation neans
carried Bblend rWikpr o Warpgesasubshantbiadldy etanstant omelcbantiked of 15
said ball valve nenber .and bal| rotation neans and effecting sinmultaneous:
- and ont i3fARLaIs AVElaRR iekEh b*é!ﬂmehngawalwackhanaailvacréeﬁéspeﬁers and

._;g?gthg?dﬁ%hsgld bal | vaI g nengfr a%gg%if ks ant 18& bagé %%%lonal.;
Laspect ofyd e & ng{ rs{%gt#gﬂs it %‘ﬁ\ﬂ?%nﬁ\ey@l V8ot @&Eﬁhﬁlﬂy

housi ng, “an Retu neans
o p0531b1e or advisable such as use as a master valve for

petroleum wells., |
10 A subsurface valve should be designed_so that if it is
used under unusual conditicns the valve is rugged-énough that.
the operating linkage will,hot-be.damaéed.' Thus;'if an
attempt is made to-cldse'the valve when it is loaded up with
sand or when a tool is passing thrdugh-the ball Valve £he 
15 .valve should be éufficiently rugged that full presSuré-cantbe
applied to the wvalve operator and the'linkage will not be
damaged. |
| Subéurface safety valves conventionally are provided with
provisions for locking the valve in full open position. Theée "
20 systems are customarily locked open utilizing mechanical means
and generally are Suéceptible of being inadvertently locked
6pen,by tools passing through the valve. A subsurface safety
valve would be more reliable if prbvided with a lock-open
system which could not be accidentally énergizad by tools
25 passing through the valve.
An ocbject of this invention is to provide a ball-valve

which may be located subsurface and used as a master valve.



reciprocating the actuator, a ball valve nenber and 25 seat
conttolling flow through said housing, steans °~ - 4a - maintaining said
bal |- val ve nenber and seat together, at least two track followers carri
bal | val ve menber, said track foll owers spaced fromthe center o
rotation of thée bal
paths with rotation of the ball valve nenber. ball rotation neans including
at least two tracks lying in substantial4y-a single plane and engagi ng said
ol lowers. one of said ball rotation nmeans and ball val ve nenber.
reci.procal 10 r _
sai d ‘actuator effecting sinmultaneous and continuous relative nmovenent of

by the

track f

nmenber

i nvention th

and seat cont

val ve nenber and travellingin 5 two differe

el ati deconding beharfirst agnamde afo thecinnegeati on of

"said tracks .and fol | bRBrBtign  bhere &3 protided, A V@ ientfamidiSid®dn 2open
and cl osed positions
present

in the hous; ' ing. LI _val v
B bor Chndsont conFafLpHERLRLRST LhEARELEA G Wl 17 Vall Yol mpmd b 2! Y

tQ a third aspect, of the

15, Agcordi
apEs{agy 30 aeEUAt ORI R uUELRY - 2NETITRE, an

mei ntai ni ng gaid bal foygl XSnE?HJPE{n&”E’Jﬁé@%hJ&%- NRiq YARY,S m%faéxltsr ack

followers with one pair carried on eac

~of opposite sides of the ball valve

menber. each of sai dm@8htaQhihgasKifiObhDyeis) vdafeithdr ARd R aterlogecdbr .

v

val ve nmenber and travelling in _ :
ball rotation means, .at least: two cooperable track

followers and tracks with the tracks lying in.

.SUDstantially.a}singleaplane and carried by one of the

10 -

" ball valve member and ball rotation.means:and'the

followers carried by'the other of the ball valve

*membér-énd_ball rotation means, one-of-said ball valve

 member and ball rotation_means-carried by and

15

reciprocal éith-said-actuator_relatiﬁe to thé-othef of

~said ball valve member and ball rotation means and -

- effecting simultaneous and continuous relative

. movement betkeen'said track and track followers and

20

rotation of said ball valve member about substantially

a single-rotational'axis between open-and closed

‘positions.

- According to a second aspect of the present
invention there is provided a valve comprising, a

housing, an actuétor in the housing., means for

-feciprocating the actuator, a ball valve member and

25

-seat controlling flow through said housing, means



f_valve tracks and 25 trunni o

v

two different paths with rotation of the ball valve menber,
at i on means including two pairs of tracks engaging said track

) one of said ball rotation nmeans ‘and ball val ve nenber reciproca
#’/to the other in response to reciprocation of 5 * said actuator,

si mul t aneous and conti nous rel ative novenent of said tracks and . .
followers to rotate said ball val ve nenber between open and cl osed et
positions. The invention -will be descgabed now by way of 10 - exanpl e

only with particular reference to the acconpanyi ng- drawi ngs. In the

drawi ngs: - Fi gure maintaiguingaaid badd a@éwmnge@bea enflveesbntogethed, i n
accordance with this invention:. Figure 2 is a schematic |ine drawi ng of a
15 f r agment cﬁaqrﬂf%%Quﬂaql%ﬁﬂ?kaﬁ&léGﬁﬁﬁPaFﬁﬁé1Fﬁuhh|éhs bﬁlbnéaévﬁe
of the ball valve mhlqg?ls i ndj cated in gashed | i nes: gure 3is
fragmentary secti orf5i™ Jrark fotdovers SPaﬁFSUFE 3. the center of

Cooperat i ng 1 acks R tdliro b pUEL Ve BaBbr RnRL e FATREERA ARl gur s

cooper ati ng tracks an runnions I n accordance

6 hrough 13 111 ustysa & drbii GsAMY Gal o Qoltle s B LRE Hsﬂg.pa%eb'a" w

S I'n accordance wt I'S I nventl on:
member. ‘ball rotation means including at least two

tracks lying in substantially a single plane and
- engaging said track followers, one of said ball.
rotation means and ball valve member ceciprocal
10 . reiétive £o,the other ih tésponse_to recip;ocaﬁion'off'.
saidractuafor effecting simultaneous_énd.éontinuous
relative_movément of.said tracks and followers.to 
rotate said ball'valve member between open and closed
positions. |
1§ According to a third_aspect of thé present
- invention there is provided a valve comprising. a
housing, an actuator 'in the_housing. means for
reciprocating the actuator, a ball valve.member and &J
seat controlling fliow through said housing, means
20 _ maintaining said ball valve member and seat togethef.
two pairs of track followers with one pair carried on +
each 65 opposite sides of the ball valve member., each
of gsaid pair of track followers spaced from'the center
of rotation of the ball valve member and ;ravelling in

. 25 two different paths with rotation of the ball valve



Figures 14 and 15 |Ilustrate this |nvent|on I ncorporated in a bal

Cemdh e e e s e e ewe ey

formof valve '||U5tf6¥éEEbﬁfH%éﬁﬂ‘Hid %a@ﬁeQaﬁQS'meth? rlglprocal Figure
27A through 27E is a view simlar to Figure 26A through 26E illustrating

thfa val vehl n closed porative; t Fitgie ot 1naR eglp@nakl @aakeww%estwﬁ oal |
val ve wit

. S . saigd actuator effecting simultaneous and continous

:éiative;mbvenent of.éé;dftracks and followers to

o

- rotate said ball valve member between open and closed

positions.

'\*ﬁ” Théﬁiﬁvention-wiil be descrlbgd-now by way.of
;10_ _}gxémpLe iny'yith_particular'refergnce-to_the
acqompénYing drawings. In the draw;ngs:'
'-Figﬂre l_is;a_sqhematiq line'drawing of a vaive
gonsﬁructed in accordance with this invention: |
e Figure'z is a schematic liné drawing of a
. 18 : _fﬁégﬁepé.offthg_trﬁck_frame and cooperative tfuﬂnibns.
_on.one,side.of.the ball vaive'which_is indicatédﬁin.
dashed lines; |
; L/ : ' Figuré 3'is-a_fragmentary sectional view aloﬁg

the lines 3-3 of Figure 2:

20 Figure 4 and Figure $ illustrate a graphical

‘solution of the design of cooperating tracks and .

€

t:uhnions in accordance with this invention:
Figures b through 13 illustrate various graphical
golutions of the design of ball valve tracks and

25 trunnions in accordance with this invention:

haV|ng a non-translating' 'ball; Flgures 16 and 17 represent anothe

this 5 i nvention enploylng a'translating ball: -

is a view of the track frame fromthe interior of the ball valve:

Is-.a view along the lines 19-19 of Figure 18: 10 Figure 20 is an
~eng view of the track frane of Fi gure %8 ‘Figure 21 is a viewin elevation

of one of the trunnions cooperable wth The track frame: . Figure 22 is a
viewfromthe track fr Sld t r.unni on; ur.e ' s.a view along the
“lines 23-23 of Flgur%eégf}Fﬂgure }atlog Vi S hs %ﬁﬂuﬁéngrigﬁ PRAME g?de of
.a second 05 trunn| ZRilgs he I he n

Figure 24. Figure 26A t?‘lroug‘ﬁ%éﬁ;ls e]i lﬁgt'a%égr\-yggétzgpgﬁgv ohb §§ gg%éflégr)h



the _track follomeré shown in place; FiQUre 29A and 29B are views partially

i n secigon, and 15 partially in elevatjon of a segrent of the valve
i |l ustf

s,80-30 of Figure 29. Reference is first nade to Figure' 1 for an
ding of the. principles of this invention. The Figure.1 line 20
drawi ng~shows a housi ng 30 which may be nade up in a well tubing in the

conventional manner to provide a tubihg #etriev- able subsurface 'safety

val ve which nmay be utilized as a master valve on a petroleumwell. Wthin
t he housing 30 there is Proweed aamttifbtidrl Gkrafe titiischnventiiged i n an

“upward direction by a resilient neans, such as the spring 32. A neans is

. provided for reciprbecetparated dn wath@ll Med ve fayd n@3 apnonhéraosiatong”
~provides a part of the pressure responsive chanber 34 which receives
~control fluid throug®ihe -7- line 35 to reciprocate the actuator 31.

: Thus, anh increase in pressureir&ﬁhe.m&?rcﬂ conduit 35 nnv§§ t he _act uat or
ﬁﬂﬁ' y .

- 31 downwardly against tHEr$HER

. flow throug

~which ties the |ower seah; auApord 3D 4 4 idle diPRYle 5ALK3F-ARd. FRBAEhUA-

tor 31 for translation therew

. k8 AL IO Paw s ot il A e o el o

| ! _ FEPTERYRN ANPENFE fBRBeP! 38018
cooper abl e.-%n_t h ana#é)ge.eétlioer?tem\(l)éo ign;q[. ahgg:r%nlscivgetrin%g%t l:ifg for controlling

the v e |ower iscarri Sy_a cage (hot shown)

he resilient means 41 urges the |ower
seat against the baj heShiddUsy P HAA B ve: o .
Figure 19 is a view aldng the liﬁes.i9419 of
Figure 18: |
w0 'Figurerzo.is an-end-viéw_of the track frame of
Fiéuré 18; | |
| Figﬁre 21 is a view'in eievation of one of.thé

trunnions cooperable with the track frame:

g the cage, ball and track frames; and Figure 30 is a view al ong

4



~-.upper

10 ball 36 between the two seats for rotation about a substan- tial'y

~ constant rotational axis.' This axis, of course, translates with t ats
as they reciprocate, but the rota-’ tional axis and the ball remai t ant
relative to each other. 15 Bal | ﬁgtation means are provide at
| east two~tracks 42 and 43 carried by the track frame 44. The track frame

' 4dui's support edriighdehe2 housi BY viewerie . #Me. tFAek! W akeadsad ase anvardly
to the ball and preferably lie within a single plane. Wile they are shown

t0 be car rixeshntiynt;he track frame, 20. 'they could, of course, be carried by
t he ball valve nenber 36. Track followers 45 and 46 run in tracks 42 and
43, respectivelfjigurel 23t s Bl Viewr along thewhinée 23-tkofrRigum Ged to
be on the track frane and the followers 45 and.46 are carried by the bal
36. 25 FHowrea24 i acviavofrem thei praelkttrane sids mfH@Eatsesonde

| ower, seats .37 and 38 therewith and the track followers.45 and 46
are r |pF§ SEPRinafe tracks 42 and 43 forcing the ball to rotate about

15 central s dishvaen 0psyan ShoseRest Len e as e WisuipY oY o

t.he val ve a Iock out” sTeéve .

l'ock-out posi t iggRlpe IO At Sudl ¢ uwb s Hog! hhaet%keesée&foﬁhwg logn% above

“the | ock-out sleéve 47 is open product n an ermt we

60 be run greFegileod@in oNeRlve 19 148%rEed nkO thkl lvlaAQet he lopelh Pdsis! eeve-

a'plug 48 is run into the well on a Iocklng nandre 49 which'is Ianded in
‘the | andi nd.omizpple 51 to

KJ[ 10 - Figure 27A rhrqugh;27E-is;a riew similar. to Figure 26A ..
| | through-ZGE-iliustratinq the-valve in closed position; |
Figure 28 is an elevatlonal view of the ball valve. Wlth'
-_rthe track followers shown -in place; .
Flgure 29A .and 29B: are v1ews partially in section and
llja 15_:.part1ally in elevatlon of a: segment of. the valve 1llustrat1ngfu-
; the: cage, ball and track frames- and -
-Figure 30 is a v1ew.along the;llnes“30-30_of Fiéure 29.
Referehce'is-first-made:to_Figure 1 for an understanding
_ofnthe.principLes.of this invention. Tﬁe]Figure.l line

20 drawing shows a housing 30.whieh may be made up in a well

. n

tubing in the conventional manner to provide a tubing retriev-
' able_sﬁbsurface safety valve which may be utilized as a master
valve on a petroleum well, . |
Within the housing 36 there is provided an actuator 31
25 which is arged in an upward direction by a resilient means,
- such as the spring 32.
A means is provided for reciprocating the actuator. The
piston 33 en the actuator provides a part of the pressure

responsive chamber 34 which receives control fluid through the

tools . -



locate the plug 48 within the | ock-out sleeve 47.. Thereafter, by'

pressuri p the upper end of the tubing, pressure’is 10 exerted on
pi st'on withdraw it fromunder the | ocking ring 53 releasing the
sl eeve' 4 Ich is then driven domnmard7 ly by the piston to | ock the
act uat or in valve | ock-open position. \Wen in this position-the spring, :

| oaded | abGlReodsMR, n&%begﬁbgstgoeheoa& egy 38, fnbi? Qﬁ“"i‘n&%?y Lo, 15 ™

Referring to Fi'gures t he trac 43 are prefera e up
of a plurghebyuek |:§Pd&<§5céﬂér610€bﬁau§§ a0 ddiiess I en@apkaHLSE! B1S0 when

‘the tracks cross, as illus- trated in Figure 2, so that interrupted | ands
w |l be paeszﬁﬂtaergr &g&hﬁstrﬁhksfﬁf@ésofosmrﬂﬁ 34e foll ower.of one track .
20 across the otfiter track. 1In |ike manner, the track followers are -

provi ded - with aubanﬂl&auaad&eﬁﬁeanéngeowegpésathCWitboparappem.sbathe
| ands and %rooves in the tracks. The track followers have a circular
 bear i%%g pér. tra@ﬁ 89l@WpEhSERE BBt E%Wgnt@b}m fdqvhithuenads the vRdvei.des

of the 25 val ve Ct as bearings to permt the track
" foll owers PG 8F§FesF€Fg§?véstSaFHéegaPY QaFége ﬁB ?he ?%ﬁm YB%e

e e e 1088 heh SHERbES) A9.k8 £REHEPAE eaf 37 26fa [ A8 adtia- overs
on each Sigde 1) £o£OPPERR! Eeilbh NehbEek! A | FAES:30 1Ak At 4180k -

frames an nove re ve to eac r there is a S|nultaneous and’ .
conti nuougraerl itha! iwed dKeadLinde ol palif ger thasNtTappint khg in a

greater strength. Preferably the track angles 05 are such that a e
 substiant i &ally 136" getweleholthel R tagztenl £d1s rotation about a substan- “
' 'tlally constant rotatlonal axis. This ax1s, of course,
'Itranslates_w1th the seats as,they-reciprocate, but the rota-
tional axis and the ball_rémain-consfant relative to each
o;her. | |
15 Ball rotation means are provided by at 1east'two.tracks
42 and 43 carried by the track frame 44. The track frame 44
is supported in the housing by member 44a. The two tracks
face inwardly to the ball and preferably lie within a single
plane. While they are shown to be-carriéd by the track frame,
20 they could, of coufse, be carried by the ball valve member 36.
-Track followers 45 and 46 run in tracks 42 and 43,
respectively. 1In the illustration shown the tracks are
indicated to be on the track frame and the followers 45 and 46
are carried by the ball 36. |
25 | Thus, as the actuator 31 reéiﬁrocates it reciprocates the
upper and lower seats 37 and 38 therewith and the track
followers 45 and 46 are reciprocated in the tracks 42 and 43
forcing the ball to rotate about its central axis_between open

and closed positions.:’



~used. This alloms a | arge .nechani cal advantage which permts the invent”/é>
'to be used with doubl e seats, if desired, as is the case when the valv

E deS|gned for use as a master- valve. Preferably, the tracks are straight and

‘at equal angles 10 to a plane nornal -go the inner face of the track frane
and extemding parallel to the direction of reciprocation of the track or
batt. This regd tghd Nugp&Pdhd eds MRHEN 2248 &f  1deRk-bhtC s 1eaklows 5 50N each
side of the ball which renmains con- stant, even though the nonment arm of
“the. indi vigteatidedackhikh mdp! onlerse rrambeeahaaglmk-oilnerpesrmauht Dya
constant mechan- ical advantage for rotation of the ball valve nenber 36
bet ween i thydayeaerliandfdicked ¥osmallyn. thénbombemhmmth andiab¢weftheed t hat
the relationship be that of a couple in which the force applied is applied
t hrough t W®gkoionts sdesyies tdntl 2 ependifar mrodnstion pad degipesmitt medli r acks

and the placenent of the track followers are |nf|n|te I .n nunber. The

probl‘f—ﬁn mRPUE & R]Y ’@?’apm%%{z?r&?’%%t I’(@’lr?é’( |Jr,"al:']t§/ es*ﬂ‘?{f rapth :'s?tﬁ ut i gn
4

“on center et ifbesratdod Busod® huotrkante dhs delingn g, 10 "

adequat e Ty c]&“ﬂn'n@n'a@feﬁ. 495,88 cANds! tiafégéé ﬁ%yl%:‘r&gl Vl? i H qesign

: I S sel ect e I'S manner., a mathena ution hore exact

~informati gpcate tl‘l% pIRG Qreamltﬁlaotuél QBcﬁSét'Heéléé@é ihe sk drldoner s

nove in a straight line”™ A curved path presents nore design and nachlnlng
probl ems, Hiutprdausing ep f tRedappard eddc Wckhe tubing, pressure is

'.$*/-10 exerted on piston 52 to withdraw it from under. the 1ock1ng
"rlng 53 releasing the. sleeve 47 whlch is then drlven aownward--
ly by.the plston-to.lock-the.actuator-31.1n valve lock-open

:-.position. “When in this position- the spring . loaded latch 54
malntalns the lock-out sleeve 47 1n its down. pos1tlon._:.' _

B yy_ls_ ' Referrlng to Flgures 2 and 3, the tracks 42 and 43 are

| f_preferably made-up_of;a-pluralaty-of-lands 55_and:grooves-56

and this is_partibularly~SO-whenqthe-tracks crose,'aSailius-:
‘trated in Figure 2, se thatﬁinterrupted_lands will be present
-ﬁhere the tracks cross to Quide the follower of one track

20 across the other track In like manner, the track followers

1)

are provided with multlple lands 57 and grooves 58 which
cooperate with the lands and grooves in the tracks.

The track follQWers_have.a circular bearing portion- 59
which are rotatably received within holes in the sides of the

25 - ball valve member which act as bearings to éermit the track

followers to rotate relative to the ball valve member as the
ball valve member rotates about its central axis.

Preferably, a track frame is provided on each side of the

ball and the ball carries two track followers on each side to



dr aw WHr/e

“to wotrk with., 05 First draw three dots 61, 62 and 63 on a strai
' M Xh represent the center of rotation of the ball-at the start,

d end of rotation and represent the sel ected stroke |ength.
e 'equal circles 64, 65 and 66 bout each dot 61, 62 and 63,

respectiwvely, to represent the 10 mum radius to the operating pi

Th d 8 t 7
fo(ra'?y 1[?\\78 r@%rg%gén?zgg) t rgom e %fr%%nte s}bed‘]' ni nzafé (Pegre %9%1%0
other and,gacRag;c e%enrequahvgl %baasehf beﬁé&henwéeﬁsdat %ﬁﬂalt@.?xe%ﬁg 63.

ght

Then -
ns. ;;:
each

The intersection of the line 67 and the 15 circle 64 at point:
represent aniiheoReshtb@8 gpplicaeion f’@fif&.é‘d’e ey lthe a1y & tfwrbgbhnu:a one
extreme position. In |like nanner, the intersection of the line 68 and

t he

circle 65resuptinyg Bnrepgeeehes sheepgthtlonreferihiyrtmk toddlovemgled h t he

ball at i

ts rotational mdpoint. The intersection of the 20 line 69

and

‘the ®&5rcl eres sachpdihat @ reghatanhialliye angen @tuske Hhan fye¥ead over with

~the ball
‘posi tion
Connectin
appr oxi ma
choosi ng
respectiv
di fferent
the three
10

fully rotated, _In |ike nmanner, the points D E and, F represen
seedine ShAsr adlavr FoF-PE%rmﬁGPFHbC?%t%‘FY %qetml%merm s

Lok LBt o ko Bee CulRd HIERPRREbLe heftn ! (R HES S EL%%HQ%
2ndl fggge%eﬂ' h ss%séé%% %gsi‘;é%ﬁ £ and G%asrt% R,Qm

€ cen pornt s appear fereinafter

sol ubi-@Raribhl,, r%ﬁE' traBkst B30 Rkraightl ¥ad hitn@suhit angaase
points and the two track followersS on each side of the ba

to a plane normal to the inner face of the track frame and

‘extending parallel to the: direction of reciprocation of the

track or ball. This results in a combinéd-moment arm of the

track followers on each side of the.ball'whiCh.remainS-con-

. stant, even though the moment arm of the individual track -

15

20

25

ical advantage-for-rotatidn of the ball wvalve member 36 7
between: its opén and closed position. 1In other words, it.is
preferred that the relationship be that of a couple in which
the force applied is applied through two points a constant
distance apart. _

The angles of the tracks and the placement of the track
fdilowers are infinite in number. The problem may.be solved
graphically or mathematically. The graphic solution is
iilustrated in.Figures 4 and 5. This solution forces the ball

tc be on center line at three places, closéd, midstroke, and

.open. This is adequate for preliminary design and is reason-

ably quick. After a design is selected in this manner, a

mathematical solution will give more exact information.

t the

o

25

Ctlng
1\

followers may be changing. There resulﬁs a-constant mechan- -



may be required to travel through arcuate paths as desired. Also t tna
. foll owers need not be:.the sane distance fromthe center points 61 gézgﬁ
. 63. 05 When a graphic solution is reached with acceptable {ines
indicating the angl e of each track, varjgus checks-:can be made. -
instance, “with the pin pesition on the ball flats as in the solution, wll
t hey interfere wheh g2hdhcPaidiutdlon Nessialess, tisaehens thackedFolneuweirsy or
ot her mechani sn? Can 10 t he pins be nmade strong enough? |s there enough
room for theverdeka tstdaghitl lJdAne.sad shasied pardapregedtesamovet deskigae
‘tracks? If for any reason these basic checks are not satis- factory, a new .
. radi us canabd selchbindngapacbieng;aphitc offeasi noreefosedom Andh ackarbeyi c
design selected, nore exact analysis 15 of |oad and bearing areas and _
stress cantBev@EHeWiiRen and sinple adjustments or conpronises nmay be nade

t I ni_m i nd d in th [ 1 t] t t the pball from
Lo 2o ndused ertors a g bl on o gy vert Lhe ball from
to all - i’ th 20 _opti I I 4 A h d
02 2 Mg e en BT AL AN URE R, G5 Yy 4B O
- mechani cal s'%hﬁr%r,‘.g_fnﬁda'igh%ﬁﬁehyxdot:_foE%ftlétt"BR. -%ﬁﬁU'r!'e?iFﬁ%ﬁt Re deskgeel has - -

! £
the freedomtio select the nore critica esign criteria. He can get nore-

skrength, RFokEEARAYEHA AWEANdArdy tHrRES.edlidll MBZARI1EAGEY OT6PRAAIEHT
force as desired. The preferred design has straight tracks. The center of -

rotati on ohbbhe keakh d@od 6l Genamd l63ne refspebeivedgk fvamepiraszens rthakative
tion of less than 0.2% of the stroke. . In order to nmaintain the bal
Fgrétumg amgg@mpmsrgdﬁupawoaXMQ;ope:ating-pinsf. Then,draw.three.lings =
R 67; 68.andj69jwi£h_théjlinésf67.ahd.69 being-foity—five
| | degrées-(45?)_from;£he iiﬁeiésﬁénd ninety deg?eeé (90°): to -
 each-othef,and each:a.phosen_equal-distance from-the thrée'l
dots 61, 62 and 63. The intersection of the line 67 and the
15 '¢ircle 64 at point A represents the position of. one of the H
t:éckffqlldwers with_the ball in_one extreme positioh.;oIn'
like manner,}thé-intérsectioﬁ}of the line 68 and thé-ciréie 65'“
at point B represents1the pqsition of the track follower wiﬁh.
the ball at its rptational-midpoint. ;The intersection-of the
20 _line-69 and the circle 66 at point C represents the position - 
- ' of the track follower with the ball fully rotated. -In like
manner, the points D, E and F.represent the position of the.
other track follower during rotation of the ball. - Connecting
the points A, B, C and-the-poihts D, E, F should result in
25_ approximately straight lines. If not, the solution should be
repeated choosing a different distance for the lines 67, 68
and 69 from their respective center points 61, 62 and 63;

As will appeat hereinafter, different solutions will

result in straight or curved lines interconnecting the three



~..sol ution

-12- .accormodati on may be nmade in any desired manner to permt cutting of

straij tracks and yet permtting the.track followers to depart fromthe

' ~l 1 ne novenent a slight anmount. For instance, in the preferred form

‘Jpvention 05 . the track frane hg permtted to follow the divergence

ack followers from straight ﬂ'ne novenent, as wll appear ﬁi

" hereinaf ter....Fi tg . _ il lust o) phi v

| S HAF e Hho Pack BOFLdublo ofF SALE MRNCOWP QRaPBERL

- radius.  pfy O erdduiSed £pCELaYe HOShHBuERSSrERa£8BhERsdhES Bkdkted.
mechani cal “advant ages. The. designs which have constant radius paths for

the pins g sflesi etadiasesl dwery inskdaids bét Bhe safleudiwbhfbeagpomaches

infinity. ., Each is a special subset to the general solution to the bal

val ve 15 theopmneterr pidsdrsi 8dd. 62ThadvaBve operators here described are

basical |y mechani sns desi gned to draw approximately straight lines with the

bal [0%ent er | iWhen & fyaphico aciatdesr 45 rgachedk withmasceptabdemlangszes

t he space, required for theg¥alve operator and al so helgs mnimze any

“unwant ed ¥MHQALIRG tHRe 2BNI1RaPE SFDs Ak | TR IUS FoRCKS ASaRoPE above, -
-if. desired, . th ths of the pil ‘be. _adj ust.ed t ' di

3 trae sotign; Tinar ettt Wi A RO b FRID 11 ae”
desired ofg ”B@Seﬁ?béﬁmtwnm)?hia%ﬁg hayeyer, F'-Q&f.h" 5tﬂ8’%- ggﬁ%ésé y as a =
little novenent of the track frames g perpenalcu ar to the operating

stroke ofifdieyPald, Valote £ancasidac Deowd imyesk fO¢ndP hdenslesimh. Jhe true

straight [ine nechanismis useful if all side thrust is to be elimnated QJ
. fromehe f1ed lpaiel Banadd Ve iRy Amughi®| I sotherie0etidughorobd for the e

tracks to be cut and satiéfactory bea:ing areas3with'those
.tracksé If for any reason these basic. checks are not satis-
factory,Va'new_radiué'caﬁ be'selected and the3gfaphic-561ution
repeated. ‘With the basic design selected, ﬁore exact'analysis
15 ‘Of load and bearing areas_ané stress can be-uhdertaken and
'simple adjustments or compromises may be made to minimize
induced.érrors.in:the ba1l motion_to prevent the ball from
being forced off center és it opefates. |
- Frictional values can be aséigned to all parts, both
20 optimum yalues and worst case values. A math model'may be
built and calculated to iﬁsure that the valve satisfies the
Imechanical3étrength and safety of operation requirements. The
designer has the freedom tb select the more critical design
criteria. - He can get more strength, more mechanical advan-
25 tage, minimize space or operating force as desired.
‘The preferred design has straight traéks. The center of
rotation of the ball and the center line of the track frame
have a relative motion of- less than 0.2% of the stroke. In

order to maintain the ball rotating about its central axis,



ball. : This requires that all reaction forces be fed directly = -132to
the val ve housing and.not ‘indirectly through the ball seats to the;, g
‘It i%5 possible to adjust the I ength of the nonent arms of the trac
followers t6 bal ance the friction forggpetween the 05  ball and
that the ball will not see any forces trylng to make it clinmb out & .
seat . Thi sydSomfdddtionV ﬁxé‘y' BEURalBNEM dehﬂﬂ_‘?&@s:.féh OfiRhef RBBRAMIRL I O
bal | valves t hat have narrow seats. For. 't val ve that must cut wire or

"ot her forepgbtibyeos straiight! tfackdHsandt Wt opekivi iy Cehebarkek .
sel ected so that they force the ball and seat to have intinmate contact and

- therefore followees ctd i depantt yExon hthesstrmighie 1ine movementanal skight | n

"Figure 6 there is shown a ball which rotates clockwise with notion left to
right of t#mowsti rBemtinetance heln rths pefenneddorm pfe thesdaventdonr awn
wth Ebltrary different track follower radius and initial Iocatlon t hus

ng TR BrRfler eRRme AR kPRI He &) ?Ml%‘?ﬁo‘?l‘ﬁ@%ﬁ& othe he

requi
radi us. nt L US_pa hs ar t ed_because ip npst cases this
ecuracy | ERadf, S?iﬁ%ﬁg kony REraTEbE TindoERYRRehE, (87 Wi} Rrplat

- mat hemat i ¢ ﬁ% fedesired. Fi gure 7 illustrates a system drawn mnth t he
radius to the plns one-hal f -of the 'stroke length. Note that in this system

- tdhe tracks do npi{giF&r §eehrobighatseahlie 1t qqliufs%'acw vsrﬂo@@ @qtapw ess
pat hs they can be made shorter and therefore 25 the val ve nay be
small er, t@@lﬁfﬁ@ﬁsf@ithEheSbiﬁngeévemrbelng in approximately a con-
.LJ”.lﬂ stant radius. .Figure 11 is a special design case to combine
dlfferent nechanlcal advantages,~ The de51gns whlch have
‘constant radlus paths for the pins are special cases of curved_
_ paths with .a radius whlch approaches lnflnlty.:.Each_ls a
spec1al-subset-to the;genexal sqlutlon to  the ball valve'
'-15_- operator'aescribed,_.The_vaive_operaters-here-deSCribeduafe
-basicelly_mechehishs-designed“to=draw:apprbximately-straight :
lines withqthe ball;eenter,line relative.tOgthe-0§erating |
treck frames. _This minimizes'the@spaee.required:for the valve
operator and also helps;ﬁinimize any unwanted forces on the
- 20 ball and seat duriﬁg rotation. As note above, if desired, the
- paths of the pins can be adjusted (not a constant radius or a
true straight line) so that the mechanism makes as,straight a
line as desiﬁed or measurable. In most cases, however, this
is not_necessary as a little-ﬁevement.of_the.track frames
25 perpendicular to the operating'stroke of the ball valve can
easily be allowed for in the design. .The true straight line
mechanism is useful if all side .thrust is.to_be_elimiﬁated
from the ball_and the valve_operetor apply only torque to the

ball. This requires that all reaction forces be fed direetly



the track follower radius greater. Al so, since no track intersection

exi st rack foll ower can ‘be made to roll down the track and reduce
friction ses, if desired. -14- Figure 8 illustrates a systemin which
the pi*Rs not cross the center line _qgf the valve, thus allow ng nore
space bsside the ball for other part§ﬁﬁ$

/

uch as a cage to tie upper and .

adtusos B0 SRB-VTRTs Shning and R, el A0 BUBUGH AL DAL HBe . o

_differencFoighékﬁbﬁ§gﬁ%pf travel of the track followers resulting fromthe
0 of t

sel ected catlon e pins. Figure 10 illustrates the pins as far apart
as practical apg péSposSsiFe kb adiustd R Jeeigithd ofatthe momehBCathaCEs.
This Figure-could be nade into a very strong operator for those designs
requi ri ngthar geaakofiol sowérpoerbalames etid fieprttion tiwrcedjbetiveaan thfe t he -
power of the valve operating system as needed for instant high nmechanical
15. 08dvabalyeand spah shcthatveherkhall twbll ok sepidny doroes rauagd
‘mechani cal advantage to shorten_the stroke where desired. = The solution is-
dr awn wi t'ﬁ°t%k§pégd§lb‘?‘b rovht PHntheousedly. t HERES (k3 hlefud vty karge :

=stroke, zero to_fifteen degrees'oé.rotation occurs,, Then fifteen to ninety -
i Dbt KA BRE 5

. degr ees- of PBRT A1 FPEEFHNTOCRUFST nGt AR FRheF AT Y _ ;
.Sixth rotatij ' li.-Sk i fLLSL. +third of th .

Hivers v RerRly L BeARSRC Eo e Cyallfe bRk ROSE R HstiSuihieE .
“solution gdgppshrab§actBatin@tder to close, the torque arms can be

10  selected so that they force-the ball and seat to have intimate

s ofFhat S (ne-

~ contact and therefore cut more efficiently with lesé_damagé to
the ball and-seat...”
In Figure 6 there is shown a ball which rotates clockwise -
with motion left to right of the ball relative to the-traék
15 frames. The system was drawn with arbitrary different track
folldwer.radius:ahd_initial_location, thﬁs requiring two.
different track radiuses and iocétiOn of the center of the
radius. Constant radius'patﬁs are depicted becausé-in.mbst
cases this_accuraéy is satiSfactory. ‘An exact path can be
20 determined mathematically, if desired. .
Figure 7 illustrates a system drawn with the radius to
. the éiﬁs one-half of the stroke length. Note that in this
. system the tracks do not intersect. Because the tréck follow-
ers do not cross paths they can be made shorter and therefore
25 the valve may be made smaller, the track follower stéonger; or
the track follower radius greater. Also, since no track
intersection exists the track follower can be-hade to roll

down the track and reduce friction losses, if desired.

»

his -

-

;—1 .



~'conbi nation of mechani cal .advantage can be put together 25 al | owm

~Figdre illustrates the placenment of the two pins. A and B at zero,

designer to control torque as required for the design application.

one-hal f and fifteéen degrees, as well .gg-at fifty-two and one- hal f and

"n hety degr ees. Figure 12 depicts the general case of the straight path

utions when Hitfaread UBlIustderdl N6 $Psthii f bt ewhicWdthdepensf @oenbhe

;tracks are at different -angles to the axes of the valve. 05 Fi nal |y,
- Figure 13 drdssstihe exendenlineomivtte vl r ddms iald dwings rdre repiass to

the pins with the ball outer dianeter shown in its three positions for

- ref er ence begide khe kit ldnefon Qthar partsd (suds amia teags kq Hulgruppesus
- solutions to SI lify the dramnn s and is included in this solution for 10 .

clarlfl(xn§4ﬁ1 lawe i tpgeihe 15 there is shown a fragnent of a bal

val whi ch | ilized and th frs
Yocl itboates. ALl S 1 E0RRY: £xBeK s teR AsLigarnaT WHET (he

ball 73 t 15 h ed
ogai net thatg | Sfe ! BEcbRUCLeRGE, TPmnels ewb it SV ustidss WAL
fol | overs giffmbnt® A @l PRAHIEGF NeEhabs &F OPROSEEECRI éene&ekbe bal I~

~with two of the track followers shown engaging the track frame 79 on one

“dide of thedddlding A tHd ke ldarda ovar iwauldt aeAagsins. ke Hiofur@nergs 77
and 78 on the opposite side of the ball.

-p&/

illustrates the pins as far apart as practlcal and also shows
.10 non-intersecting paths-for the tracks. This Figure could be
| made into a;very streng_operator for-thoeejdesignslrequiﬁing
large. amounts of powerﬂ. -. | _ .
| Figure 11 depicts the_adjustmeat of:thewpowe:;oﬁrthe_
valve ope:ating-SQSteﬁ'as;ﬁeeded for-ihstant-high.mechanical
15 'advantageute.open the valve until the-valve equalizes. and
) reduced . mechanlcal advantage to shorten ‘the - stroke -where: |
-des1red. The solutlon 1s drawn with two speeds of rotation,
During the first ome-third of.the stroke, zero to fifteen
degrees of rotation occurs. Tﬁen fifteen_to ninety-degrees-of
20 rotation occur in the remaining two-thirds ef.stroke._ One-
sixth rotation is accomplished in the first ohe-third of the
stroke. = Five-sixths rotation is accomplished in. the last
two;thirdst-stroke.; This. solttion,:demonstrates that any
combination of mechanical advantage can be put together -
25 allowing the designerx te control torque as required for the
| design application. The Figure illustrates-the-placement of
the two pins A and B at zero, seven: and one-half and fifteen
degrees, as well as at fifty-two and one-half and ninety

degrees.



frame 79 is carried by the valve actuator .81 by being pinned

/.a pivot pin 82. As the valve actuator reciprdocates it causes

Ation of the track frame 79 25 causing rotation of ball valve

3 between its open and cl osed_ 293|t|ons as illustrated in Figures

14 and "15: Figures 16 and 17 illustrate the invention applled to a val ve

havinng non-tra ng 5t a a ngjea g (A The
9&5@&%9@&@&&&& The %%n%?gl c %g SlFatehidd o ai ath

seat 85 is carri ctuat or cage I'S nounte seat 85
~and incl udg3ueidfaBendendtheshaaedsats Ehel ﬂhé‘glétélflﬁétézwtﬂd|ﬁib18§a
ext'endi ng between the track frame and the flat 84a on the ball 05 valve
nenber.  fsrehahe iwradkshetrd iaesdiffqrert Hdgles ptoville afebebfeehet he
~ball valve menber 84 and the leg 88a to posi- tion the ball valve relative "
to the vakadveeat 85. Track followers 91 and 92 run in: tracks in the track
frame 83 in the manner herei nabove described. 10 As the seat and.

“bal | %5r ans| at eFBBRREER Fhﬁuﬁﬁslﬁlb%%u%#ﬁﬂﬁﬁﬁrﬁIﬁQﬂHﬁ&?niﬁiéﬁdt§¢ stxekBal |

t d aqj th t d th t th t o
85 hnd o Ea¥Baribes bha Bﬁdfﬁg HRaERT RLe d e Bl R GIGRECETack -
fre 83" h o] | | by b dto th
frams by BRSUR é§a%'én%5‘r‘ U oniR8Rk PO PR Ebred’ g vl MBEGRLS |1°
pivots 89 theballer ?Si‘i%:a%b%'dﬁtttgﬁ 3y SOt f@@l&hé’o%oﬁgtgﬁﬂ?ol lth' s

type of design a single track franme and a S|ng e palr of tra owers
ln1ght be @hiphzeq, tﬁk‘t¥ﬁﬁfﬂ§s dd Wis !l included in "this solution for

10 clarification.

In Figure5'14 and i5 there i$ shown:a fragment of a'balll
valve in which a'non-translatiﬁg ball is utilized and the
track frame-reciproéates;' The-housing_71'support33an upper
seat 72.against which the ball 73 is heid by thé lower seat' 

15 74. The lower éeat 74 is urged against the ball by'spring 75
supported on the lower seat support 76. ' ' | |

Track followe:s-7j.and 78 are journalled in flats on
opposite sides of the ball with two of the track followers
shown engaging the track frame 79 ongéne side of the ball, a ;;;'

20 like track frame would engage like followers 77 and 78 on the
opposite side of the ball.

The track frame 79 is carried by the valve actuator'Bl by “
being pinned thereto by a pivot pin 82. As the valve actuator
reciprocates it causes reciprocation of the track frame 79

- 25 causing rotation of ball valve member 73 between its open and
closed-positions'aS'illustrated-in Figures 14 and 15.

‘Pigures 16 and 17 illustrate the invention applied to a

valve having non-translating track frames 83 and a tramslating

ball 84.



.20 “_normally be preferred to utilize two track frames with thei

r
associ'ated track followers to obt.ajn t#g;,additional st rengt h. Fi&f?2§518,

19 and 20 illustrate a formof track Trame that may be used in a

non-transl ati Ngnb! gggtdggi anﬁ%y?geéfbfj@\gﬁ#gggg%%%‘l 16 and 17

descri bed herei'nabove, to be hereinafter

described. Theafage % hgs hBGngeacER! khel Isatsi 6 8R4l AnWiuasone track |
ﬁ ?an

is formed by the miltiple s 96 and grooves 97. The other track is
formed bydependiihgi M-sHapeds 28masd Gavdngs % Horipoitalullag ssa
configuration enployed has crossing tracks -17- which extend at equal
-angl es t oekkhendéngebetweenothe htrickiniramed and tthe fletsBdg eactherbaflthe
tracks the | and segnents 98 serve to guide the track followers. From Figlre
19 i 0S5 s upp¥ecmemban: tAs shoenwin dashedidiinesnt 3 pAvotdBPecigeppovid-os
wardly so that a track follower having a mating_design will be able to ride
over any BRabRtWRERhthey baddovalrgd ?ﬁ'%ﬁe‘%?o%@%s?egTﬂﬁatﬁﬂ PPREKs are

~straight but t oyl d_be curved.,if desired. ., Wth thg.straight tracks it
is expectg&°Phgﬁxag§xglVagﬁﬁuﬁ?f%ﬁr??éﬁ% -S'a&B?eﬁgﬁ%-gg'the.tracks is 10
acceptabl e andmlhie iesqRrOVLdeq f Qr 4 R4t esl g oS in Fiaure 20,
the backsi de OFE'?%E traggg',%r&gm%ll %ngu?v%g&ég a gﬁiég%rag\ggpfnd: v gi-h’st the

wal | of tieanal 49 BAUEHEImankBr Rérdimibovet@eSardbetine track, as shown in.

Figure 18, the frane is. curved at 102 by machining out a curved 15 -
portiton of theagl ahesdaxcca® b@lDetiahsldte  batRebs Ithe Gditdons

_ngcuIar'suppor{, as wi Il be expl ained in conj unc- L .
e shown in Figures 16 and 17, the ball is positioned adjacent
| - - the seat_@uring?the-éntire-traﬁgl'by the-pivot;pianSlan&'é
‘comparable pin on the opposite ‘side of the valve while the
-track-framefBS.is-heid,agains£¢longituéinal movement'byabéin§ 

.18 -pinned.to theiframe Ey pivot 93.

It will benappreciatédithat.with:the ball suppotted byf I

;pivotshs9;a£he¥ball_rotates_aboutgthefaxis'of the-pivot,89;énd

.ih this type of désign-a_single.t:ack fraﬁe and a single pair
of track followers might be utilized, if-desiréd.;_lt will
20 normally be preferred to utilize two track frames with their
- associated track followers ﬁo obtain the additional strength.
Figures 18, 19 and 20 illustrate a form of track frame

. that may be used in a non-translating frame design.-such as

1]

shown in Figures 1, 16 and 17 described hereinabove,
25 and in Figures 26 and 27 to be hereinafter described. |
The frame 94 has the generally flat side 95 in whiéh one
track is formed.by the multiple lands 96 and grooves 97." The
other track is formed by the multiple lands 98 and giooves 99.

The particular configuration employed has crossing tracks .



tion wth~FEigure 25. At its upper end the frame has a groove 103 for
i w th a supporting annulus -surface. The groove is annular, as
N hed lines 103 in Figure 20. 20  The upper flange 104 above the -
" grooveis also annular to permt the.fn?ne to lie against a’'circular
support with the groove 103 providingqﬁﬁ'interlock bet ween the support and-”.

the frame,, A hole ' hded f i.Nping r tQeits S t. Tha”
size of tHeLERoststts ok, BuikL "Ela1 2k, PO hROckAtor’ TiEe e HhoTHRRRET T
sufficientngl pareREecf sy -%éé%%béﬂbé$£Hé“¥%a%ﬁ%P%hQ0&%nhOQegﬂQnHQV?8 '
transverse to 1ts longitudihal center |line to acconmodate novénent of the
track fol kgygés tbh guidlel AHd Ve AW aES1 D &) ONBrémeFsfhane JNb tikacles.

-18- In Frgures 21 through 25 track followers for cooperation wth the
tracks of appac&ntr ahetO4her eidel walllat ef adiaeentadandsd |diverge dutgure 21,
22 and 23 includes a trunnion or circular portion 106 to be received within
a holbs i nwahdlpasd that ¥atxackefdiioWer hestiamd énmetdngwidelsignTwallrbek
follower is_provided with alternate | ands and grooves 107 _and 108 formed in
an el ongatklpotei AdeoPver By thrRsh Midnatay berane | ledgedningEBBves are

formed so that adjagent flanges of lands diverge outwardly to_gogper at

‘with the SEPPHESFandBea i 0tragkaodEs GIEaAigny Joac | FARE FSRIG RAng
| ati d.foE. fercigg. §he 1rack Lrack, Lol | t a’

Cli ot o EPERa7, B2 aeRiebdnc' WRrhoSae " BRERLLBET vBR R L FE b R R Ee R O o

| odged i nghle g QAMES Yt JRGK I RBhse moYeinte ot thd AU AS 3% and 23
shom/the right hand track follower -

10 acceptable and-this is provided for in-the'design,

"

'As shown in Figure 20, the backside of-the-tfack~frame'is
curved as at 101 fq?-bearing against-the wall-of.thé.valve
- housing. On the flat side 95 of the track, as shown'inuFigure
18, the frﬁme_is cuived at 102 by machining out a curved
15 portion of the flat surface 95 to'permit.the'frame to lie
against a circular support, as will be explained iﬁ_conjunc-
tion with Figure 25. At its.uppér end the frame has é*grodvé
103 for interlocking with a supporting.annﬁlus surface: The
groove is annular, as shown in dashed lines 103 in Figure 20.
20 The upper flange 104 above the groove is also énnuldr to
pernit the frame to lie against a circular support with the
groove 103 providing an interlock_between fhe support'and‘the
frame. A hole 105 is provided for pinning the frame to its
support. The size of the groove 103 and its supporting flange
25 should provide sufficient clearance for the ffame 94 to rock
about hole 105 and move transverse to its longitudinal center
line to accommodate movement of the track followers in a

slightly arcuate path along the straight tracks.



15 and Firgures 24 and 25 show the left hand track follower which
identical to the right hand track foll ower except that the angle o
| and$ and grooves are different fromthose shown.in Figure 22. T
permts the section of the track fol | Qyg- 109 whi'ch’ i ncl udes the | 2
grooves to extend substan- 20 tially longitudinally of the track frane 94
t O~Conserve spage. F api etwosigh 015 t fivadlefl follswbdd afde feddpumritidmve
the sane nenbers followed by the'letter "a". In the past the coefficient. of
friction befivketheherheks efidtsaek, frame p4tarel Bilystwdted, ddte ereedt

has been a 25 maj or consi deration in the design of the valve because of
the | ack ofoddioweri oft Bigurenithi addvandad3 tbnoledesng thanodenhf iax ent of

friction of Iarge movi ng parts. Wth the Iange nmechani cal_-advant age
avai | abl e FLERP RF SPPREEPR| LP6 1 R Recreceive rﬂlﬁﬂlﬁrq(ﬁQ%ﬁ1%ﬂm?hﬁaﬁﬂ%% of

it §Pi3§|r§ SRVER BrOboBosa s sPaRb A 5608 tBeal TBRa Se; tiliowe 32%2?? as
Poe prof er PEAVRAPE, WFth ALeerBEcd Eatne | 2R UERLOLE e7cied #riofl 2048

gives a l aiﬂeénbé%hﬁﬂtérﬁé‘rﬂéﬁ“ Tod d¢ rﬂﬁéadcxfa%id aﬁolil?:%’% ThRepECigRAS

formof valve, illustrated i'-n Figures 26 and 27, has a hou5|ng provi ded by -
as=top sub. add, givoweRelatOUSsiEed 180 &heemaaﬁlaﬁ:etmtommésl%f amaf@ser -
mandrel 114, a 10 - connector sub 115, a lower housing 116, and a bottom
sub 117. V‘ﬂﬁ.hengeh@wtmvasdﬂg tdrer ecopexatacwvilth othandne imgankands and

\J 10 ‘grooves of the track frame for sliding relative_tﬁereto,and:-
.for:forcing_the-traok frame-and:track folloWer_apart~afslight
:-distance-to-permit the-follower'to_passiover-debrisgwhichemay
become-lodqed in the grooves. of the track-frame,-or vice
versa. Figures 22 and 23 show-the right hand track-folloWer'
.';15 land Figures 24 and 25 show the left hand track follower which
Lois . 1dent1cal to the rlght hand track follower except that the.
angle of the 1ands_and,grooves.areudlfferent.from.those~shown _
in Figure 22. This-permi#s the section=of the track follower
109 which_includes the lands and grooves to extend substan-
20 tially longitudinally of the track frame 94 to conserve space. .

Comparable parts of the left hand track followers have the

O

same members followed by the letter "a".
In the past the coefficient of friction between the ball
and seet, and particularly with a double seat, has been a.-
25 major consideration in the'&esién.of the valve because of the
‘lack of sufficient mechanical advantage to overcome the
coefficient of friction.of.large moving parts. With the large
mechanical advantage available from this invention the coeffi-

cient of friction can become of secondary consideration and



Qcating the actuator. This actuator is provided by the single |ong

mber 118 which has an ‘enl ar ged pi ston section.-118a. 15 A

| chanber 119 is provided by a sliding seal 121 between the piston
18a and the conmuni cation suq 113, together with a sliding sea

- 122 between the communi cation sub 113137d the actuator 118 at a reduced -~

Sontrol 1ot dopffEhte ec BBoLELPEE Batiohnkl T heseriat SRR L@ 1LY
will be : Chefled &ua{aﬁgesagiouaaraéeeﬁﬁyemrraL,'wewrsgegoeandu't-

Vhen pressure is ap chanber 119 the actuator 118 is driven

downwar dl yes bhhyaéﬁat:egltws Figghe 2se 26f the mulR@pleanard¥ and
' reC|procat|ng the actuator al so includes one or nore springs 124 and 125

urgi ng t hgrastemtof 418 pneﬁerneaafdrmroflah&é daviehtdon Ibenoppenlypri ng
124 is conpressed between the spring support 126 on the housing and the
uppe®Sspriely tuppbing 1Rutodtt feives Lt darges. bearinge arganatithime a - 20-

| ower spring 125 is_conpressed between the housing spring support 128 and

t he act uat¥ritef irafliadbRacer29. These two sprlngs are conpressed by A

- doy d t f Lh t b
50" ona 57 0e B SledefeBlHHBHE" or Snlhe. BLREEARRRA En B TR RA A8 % e

control e a5 iR, Syl Ul ) 4 sessepigtyt g Wlpiert ol -
:if|OM/Of fﬁéﬁé&ﬁ&“&&zthﬁ é&ﬁﬁﬁﬂfHaéﬂbﬁ'Eib 113, an outer mandrel 114, a

10  connector sub 115; a lower housing 116, and a bottom sub 117.

Within ;he:housing'thefe is an actuator and ‘a means for
'reciprocating.theiactuatpr. ‘This actuator is providéd.by the
single long:tubular member 118 which has an eniarged piston
_ section 118a. |
15 A pressure chamber 119 is provided by a sliding seal 121
| between the piston section 118a and the communication sﬁb.113,
together with a sliding sea1:122 between the communication sub
113 and the actuator 118'a£ a reduced outer diameter section
above the piston 1182. -~~~
20 - Means for admitting-control fluid into the pressure
chamber 119 is provided by port 123 which will be connected to
the surface through the usual small diameter conduit. When
pressure is applied in the chamber 119 the actuator 118 is
driven downwardly as illustrated in Figure 26.
- 25 The means for reciprocating the actuator also includes
one oOr more springs 124 and 125 urging the actuator 118 to an
upward or closed position. The upper spring 124 is compressed

between the spring-supéort 126 on the housing and the upper

spring support 127 on the actuator 118. 1In like manner, the



actuator 118, a seal assenbly 131 is provided between the 10 actuator 118
and the connector sub.115. This seal,, together with the seal 121 b&ween

t he ‘actuat or piston 118a and the communi cation sub 113, provides
chamber. 132. Bal ance fluid may be i.ntrgguced into the chamber 13%: _
‘the port 133 i.n the communication sub 113 froma |line extend- 15 rng to
the surfaqewdr tderarnvensi esakompraetedShetvedaNtdHy) hdwsimpespseng 122
above the control chanmber 119 is a seal assenbly; indicated generally. at

. 134, whi cheuppidrts Rd camhtishé hectypssy sept idd 2sappbpt eY2% s These dowowar dl y
past the actuator 118. 20 A ball valve nenber and seat are provided
“for contrcpdings |axe tdompressede o uiiwnyardrimevesenty gfy &heeastuator,

provi ded by ball 135 which cooperates with the upper seat_136 and the | ower
seat 137 t&F Mdddr e evddentr BygRorRarhBasFhguranhel@@nd dbat 136 is carried

by the actuator_118 and 2 ui.t abl e, seal 138 seal.s .bet n, t he upper .
seat %hd act uat’ .g%_’t‘?/&él'piglé% @}SFF?S{E%&C ﬂ?gagaﬁ%. %@H%esw @?’r’? eghﬁy t he
‘val ve seat 4 RQr. thi RO \ eat shas.an . | ar
oove: 1aETHR drie, HRuRITR RE, B8 HilrHcRTRhi0R 18 cREEELAR PRIV
_Suspend t hﬁa_eca&gx%wbéélfré Wiimber -9 _wsﬁé‘_gb&i&éé@. thgoseghid36.
At its lower end the cage Is provided wth inturned flanges 143 and 144 =
whi ch ext giiftgdde) i o phredea@VE1d4508NELALd | SMGEL SR SHdiElorl B thHee
lower seat is urged-toward the ball valve 135 by a 05 conpression spring
1146 hel d hettwessort hE18 Ntar pedlf basgebl§4331 is provided between the

.ng 10 - actuator 118 and the connector sub 115. _This seal,htpgether;'
. with #he];eal 121 be§ween the-aétuator piston.iléa;agd the
communiéatipn_ sub - 113, .prdvides a ‘baiance..éhambér:.132.'
‘Balance fluid may be introduced into the chamber 132 through
theﬂport'i33nin the communiCaﬁion sub 113 from a line extghd- :
l‘15   ing to the5surfac§Ein the_cdnventional_manner.3. | _.
L gSup§¥eﬁeﬁ;ing'-tﬁe -upﬁeff.sealf.122g_abové..the contt61 
-;_chambér 119 is a:seal:assembly}:indicated éenerally;at 134,
which bothf§upp1emepts the upper seal 122 and prevénts flow .
- downwardly past the actuator 118. | B

20 A ball valve membet and seat are provided for controlling .

_—

flow through the housing. The ball valve member is provided
: by_bal; 135 which cooperates-with.the upper seat 136 and the
- lower sea§-137,to.cdntrol floWi;hrpugh the housing. |
The upper seat 136 is carried by_the actuator 118 and a
25 suitable seal 138 seals between the upper seat and actuator.
A twofpieqe split_cage'139a_and 139b is carried by the
valve seat_136. For this purpose the valve seat has an
external annular groove i4l in which_an_inturned flange 142 on

the cage cooperates to suspend the cage between the lower



_ the cage and a split ring 147 carried by the exterior of the

| ower sgat\137. The axial dinension of the groove i's sufficiently greater
if Fanges to permit the spring 146 to hold the seat 137 agai-nst bal
. Preferably, well pressure al so urges the | ower seat toward
t he ball valve 135. For this purposé€ ~4¥e |ower seat has an outer dianeter —

The. soat PROGHABGAE Surb TRE BAA® 136 A'sabe Iofftand gﬁé%qﬁsﬁf%'t"%“ -
seal's 15 pr%?,ﬁ‘%g?waﬁﬁ L QPGERY! ‘f?ﬁaﬁggE 133 and 4ha hﬁ"i"ég 24Rehd ﬁtigh“s |
e Icn IS

t he | ower ¥Sea as an area expos to pressure therebel ow

| ar ger thaatbbﬁamrsiséwe i@§p&95t1¥@ B edtndnielyr 1304t | ooking upwardly
so that well pressidre will urge the |ower seat 137 towar.d its associ ated '
bal | val ve rrerrbmé 13Ger2@eat is WReed Toward hvhd Ma)d reh@nil3s mdwant age
available with this invention, the coefficient of friction of the bal

val v@5nentemptéssaon BpeiugpéAGahdlﬂohetweeatthe36n&nmn§ﬁ7fﬂanges a4s3
critical as in.conventional designs and the material of these parts may be
sel ected prAndrd4 yoF okhet ﬁégecﬁél%a@t eSPLit c§ln95147sﬂéﬁr&§dst%n@1¢l wear
and seal, to increase the Utl||%é of _the valve The i ndustry has_been

seeking aS¥EBEAPFaOE ShLclPweR weakhild -wi (Th ergstiah dimangion oF Jthe
‘mast | ves dit d th t f d f P
S?iy?&-viavﬁévéﬂeg' ﬁﬁ&%ﬁﬁ%ﬂ?iiugga‘é‘%ﬁe%ﬁa?eﬁsgvﬁ Rkt B B0,
desi gned ghkl Qqﬁngbeﬁb$gfgﬁgrsé§€ P§+|aéHEL§¥*§aﬂf$T§§1 strength mgar

and seal ara teristrcs _
100 Preferably, well pressure also urges the lower seat

toward the ball valve 135. For this purposé the lower seat
has an cuter dlameter section 137a which is of larger alameter
than the outer dlameter section of the seat in contact w1th
the ball 135.. A seal, indicated generally at 148, seals'__
15 . between the lower valve seat 137 and the lower sub 117. Thus,
the lower seat 137 has an area exposed to pressure t?erebelow
which is larget than the pressure responsive area of.the7lowert-
seat looking upWafdly so that well pressure will urge the
lower seat 137 toward its associated ball valve member 135.
20 - Because of the large mechanical advantage available with

this invention, the coefficient of friction of the ball valve

b

member 135 and the upper and lower seats 136 and 137 is not as
critical as in-convention#l designs and the material of these
parts may be selected primafily for other characteristics,
25 such as. strength, wear and seal, to increase the utility of
the valve. The industry has been seeking a subsurface safety
valve which will meet the API critéria for master valves and
it is expected that with the greater freedom of design provid-

ed by this.invention,-subsurface safety valves may now be



mnll,pern1t then1to be used for master valves. It will be appreci ated that

in this formof valve'5 the |.ower seat 137 functions to nalntaln t he
bal | val ve nenber in. contact with both the upper and | ower seatsg hat
the ball valve wil'l rotate about substantially a-single rotationg S,

al'beit that the rotational axis travels longitudinally of the 10
'héuélng with reciprocation of the actuator 118. In accordance with one
enbodi ment of this invention shown i& EEgures 27A to 27E the novel bal
rotation nmeans described above‘is provided.. Two cooperable track are

~ provi ded on opposit edesigediutiiid Zifg matdrldlsy flore tirenbell aaddcaeat ed by
- one of the ball valve nmenber and the ball rotation neans with the foll owers

carried by the otherhafinhestiradgttel weafemnd 3/ed cherpaterist aesonhiehns.
‘Further. one of the baII val ve nmenber and ball_ rotation neans is carried by
and 20 reci proc¥t! R?F%kﬁc¥%ﬁﬁtkﬁ(ﬂelﬂﬁ%ﬂlﬁﬂi #3sERE ¥ehEeS of sald

ball val ve nenber and bal tion neans t ous a

cont'i nuous rel ative nnveﬁt \ﬂﬁﬂ?HQﬂ?%%éhﬂgaﬁﬁa%tFQSEL% Fﬁﬁgrg ak@tve
tate th b [ 1 | t 5

Egt gt ieona'le axis. i ormaaté% Lm'ﬁ%gt a% % ?‘ QQLS“% S 22t ack

franes 94 and 94a areaﬂr&vu{émzm,pwai& 31485 e nt bﬁevabyer ;m&a*a&sfnal

ftange 104 and 104a of the two track frames extend into the extern groove
151 .~ seats so that the ball .valve will rotate about '
R : - substantially a single rotational axis, albeit that

*fhé=rbtationa1 axishtréVéls'longitudinally'of'the
10 housiﬁg with reciprocation of the actﬁator-lls.
In accordance Hlth one embodlment of thls.
~invent10n shown in- Figures 27A to 278 the novel ball
rotation means;descrlbed_abqve is prov1ded~.-Two

. cooperable tfack are provided on opposite sides of the.

15 ball. valve menbe:'and-ca:ried by one of the ball valve

member and the ball rotation mgans‘with the féllowé;é

carr;ed by the other of the bal;_valve member and_the

ball rotation means. Further. one of the ball valve

" member and ball rotation means is carried by and

20 reciprocal with said actuator relative to the other of -
said ball valve member‘and ball rotation meahs to |
effect simultaneous and continuou#_relative novement
between the track and track followers and rotate the
ball valve member about a substantially single

25 rotational axis. 1In the form of valve illustrated two



“the dir

provi ded in the Iomer end of the connector sub 115. .5 Pins 152 and
153ﬁﬁln_ two track frames 94 and 94a in position. Sufficient clearance
is proy bet ween the inturned flange 104 and 104a and the groove 151 and
t he pi. and hole 105 to permt the track franes to nove transverse to
ion -23- of reciprocation of the actuator 118 to thus permt ™
the track followers 106 and 106a to follow a curved path while running in -
_ stralght tracks. - The swi ngi ng novegeppgof the track franmes about the pins .
is limted by the clearance between the franes 05 and housing and the
length of the framesradi fiemel ey dmnddahareehpirovaldeliobnesppBsibe Lidek
frames are primarily applied to the interlocking flange and groove 104,

104a and 151. Thusof titee tvslweer Skhe .ifmec@adn fiibager a0k Ghdnesdar 6f the
primarily transmtted through the pins 152 and 153 10 to the housing,
whil e the | ongituditwd fmades camegpreéztemnd \ntoatde ekéeérnelt geohevasify
through the interlocking flanges. On each side of the ball valve nenber 135
there is provided tIRet¥dRk ¥m|thioreroendn@f16bs @pnagches pubalibty
mounted in hol es 135a and 135b_in the ball valve on opposite 15 si des
thereof. 1% will bEBHOIEEiRLAIhRLY e SFPORERSHC EEPHeSegéaPPFe845y t he
track frames and the tracks. cou carried. by the balls th engt h’
of “Fhe rack voul o CnBORT SR LRt R P BhepREe S m PLpP R pnBe FRER

followers be carriegdy, by, £ e|r ?engtﬁggb%ly%4t %gk§0q§ ggﬁrkﬁq gpogbg 1Eqck 20

frames which can have't ected to provi _
and the pin 152 and hole 105 to: permit tne track _&J

»

frames to move transverse to the dlrectlon



desired mechani cal advantage. Preferably, the opposite sides of t%%é%fll

135 are provided with-the flats 135c and 135d.in which the hol es and

1350 are positioned. 25 Wthin the upper housing 112 there

provi ded a | ock-out system for |ocking,the valve in open position which is

hydrau- I<ically operated so that tool s passing through the.valve cannot

operate ther Locdeicatiin Yeene heduator0448debnthlis BEFhitOBn& Mgy bUL

i s novabl e downwardly under pressure to -24- engage the actuator 118 and

nove it tcEomldiRedoaoPRad Pita td OFolMiw N Nedffed RReih RE‘ESIE GrunkA iy :
groove is provided by the upwardly facing shoul der 155 in the housing and

t he downweird|stzEghtf aurlamgsshou'héeswpngmngeniomem of cehe ik s
means is provided by a Cring 457 positioned in said groove and bearing

agai nst t RbaotheerpiBB igh tind ted &y dheofclelarapcecbetwsent ther fvames.

downward nmovenent of the sleeve. Upward novenent of the sleeve is

pr eved® ed Wlh@‘ﬁiﬁ’ﬂe@@n&;’@néﬁﬁﬁﬁg aﬁdthﬁuﬁ?lﬁﬁsio ﬁgal nst tEe top sub
112

and o roduced SR RRLPUEE RaRYIShE BPoLLER)c Iies Kb IAHAT Mol

o it gd%%nlvgﬁdﬁ{%ﬂt fed'ed "t STHELSLATRY o615064 | Bl OfrBbF %ZSJSS,

Fo. ”B'nta@b4*“ﬁé§é'£ﬁhlﬁgl'n TﬁésQreﬁéet29659é§§8nf8§§eaBneéﬂéndﬁéck'ng :
surface 162 whi ch underlies’ the Cring 1

. - frames are primarily transmltted through the pins 152 and 153
?\*{-10 to the housing, while the_lbngitudinal.forces'are primarily
| L:tranemitted to the hoﬁsing_through'ﬁhe interlocking flanges. |
On each side of bhe bali”valve.memberz135-£here-ist
provided'the_track followefsjios and 106a which are rotatably:
mounted in hqles'135a and '135b in the_ball_ﬁalve.On:opp05ite

[15 _ sidesbthefeof ebIt'wiil-beiappfeciated-thatﬁthe~followers-

fcould be carried by the track frames and the tracks could be

. carried by the balls, but the length of the track would be

11m1ted;and,_therefore, it is preferred-that the followers be
carried by the_ba;l and the tracks be carried on the track

.20 frames which can have their length selected to previde bhe

- desired mechanical advantage. | b

| '~ Preferably, the opposite sides of the ball 135 are

. provided with the flats 135c¢c and 1354 in-wbich the holes 135a
~and 135b are positioned. _

25 Within the upper housing 112 there is provided a lock-out
system for locking the valve in open position.which is hydrau-
lically operated so that tools passing through the valve

. cannot operate the lock-out. The sleeve 154‘15 locked in the

position: shown, but is movable downwardly under pressure to’



when the tool is originally dressed. A shear pin 163 pins the piston 159
toth eeve 154. 20 At the upper end the sleeve 154 has an upper
redut i anet er section 154b having an upwardly and i nwardly inclined

shoul 154c to act as an expander._y% hin the annulus provided by the

sl eeve 156 and the reduced di aneter setfion 154b qf the | ock-out sleeve o

: . . : : : -/
there is provide | ch ur, 5t e ander
shoul der fgxgcag%y%k%e a%&%?ézcsﬁg% s%?)‘rdl rlln\é@ffs_g'ehg:lod ‘%ﬁ"q’(?ggn%dgiﬁé)e% t?y { he
“retainer rdsg 166. Wen it is desired to lock the valve in open position, a
.plug is run into the val ve and sealingly engages the inner’ -25- wall of

sl eeve 158., Thaudind tNeUhgple hdvaging the wehkobtemibhpreongeat bpnehe

| andi ng ni pple by a mandrel, as indicated in Frgure 1. Thereafter,

i ncrease iupwaredufading lshouldengl8boir the hahsingwand the eddwmianddyupon
the inner and outer 05 seals 167 and 168 carried by the piston 159. .
Downvith d ffacdiage ahauldeyy grawigdeade yuthke steeve ht56heakaprlh medndr igi ng

t he piston from under the C—rin% 157 releasing it and pernittinq)it_to
contract AFPHAeLDY ehE-21iBgy 4 Oy BRFLEEORBHSIRgSATS . 9INPT A% PeatiRg ;

pressure in the tybing,abqve the _slee 154 10.. .woul d. be _exerte n,t he
sl eeve an®%tiste %?S&?‘\%Fﬁeéhq?’é Iopmﬁgd e?‘ﬁeFf'?rdS%gB?dsﬁﬁﬁgﬁe% gb’s?ot he :
stop 161 t e { val e a6t uat or.. 118 rdl.y tQ.he valve *
5P 158 e A o ol 85 g1 Il 1
§I|de the sleeve is prevented by its upper end engaging and abutting

10 against the £op.sub 111. _ ' &J
A pistdn 159 is provided in-the annulus between the upéer
housingrllz and a reduced diameter éection 154a of sleeve 154.
usto?-means-is provided by a ring 161 on the exterioftof the
.reduced'diameier section of sieeVe 158 to limi£ downward'
15  movement of the piston'159 relative to tﬁe sleeve,
To maintain the Cffing 157 in its groove the pistén-has
an-expander_rihgﬂsurface 162 which underlies the C-ring 157
when the tool is Originélly dressed. A shear pin 163 pins.the
piston 159 to the sleeve 154. ' ' ' - ;_;
20 ' At the upper end the sleeve 154 has an upper reduced
diameter section 154b having an upwardly and inwardly inclined
shoulder 154c to act as an expander. .Within'the annulus.
provided by.the sleeve 156 and the reduéed diameter section
154b of the lock-out sleeve there is provided slip means 164
25 - which is ﬁrged'against the expander shoulder 154c by the
compression spring 165 held in compression by the retainer
ring 166.
- When it is desired tb lock the valve in open position, a

plug is run into the valve and sealingly engages the inner



15 atong the sleeve 156. After the tubing pressure is released the slip
‘teeth on the exterior face of the slip 164 woul d. engage the sl eexye~]56 and
be he&l d in | ocking engagenent by the sprlng 165 to |l ock the sIe??§§g§4.in
full down p03|t|on | ocking the valve ipn uII open position. 20 ‘The
hole 170 i‘n the ball valve is utilized %urlng man- ufacture of the ball and

meysbe pluggad ids daseved 1580e e $Auk0 wdudel BeUhandNd ndeder kWidl1i10F e t he
invention are illustrative and expl anatory thereof and various changes in

the size, Hmpechvéntibaalallandiagualibpde by khmaderell sasf iRBicaté® in
“illustrated construction, may be nmade within the scope of the appended
clains wt Itigharete pla t i'mgexfeanfméme m]ncreasenf ihhpreseanei dm the Ctubify 1. A
val ve conprising, a housing, an actuator in the housing, neans for

reci pr ocat iak@vendhec tvakve woulsh be vef fective cipemdtRe ainrent ard | Puke¥ | ow -
t hrough said houmqf] neans 05 maintaining said ball valve nenber, and seat

| to’geL Eﬁaih 8 Jt f&ﬁi et sargieds by tﬂ'\ﬁ?ﬁi‘@d‘ﬁé‘r A% P&’(Y’R‘Wﬁl Frxce Sng
{racks R Ak %ﬁs%ﬁ@%eawauéﬁ PRRar o Pl ShEaRcPERa! PReor BT HeReraS T
_Car ried. byfz%@lo%t o un %g lt@xl | éfl-gjé.h% 5Q4 'Fé'f‘e%rs 1tta| ndr gatebqrxﬂl@ta.%ans

-one. of sai val ve me rotation s carri
‘Fgciprocal W tdy Scf’érFt:?aCéﬁJaérR{ fé‘ié’ééé’etﬁ@ $heewd h@for@ftﬁé“ ﬁ'o@é‘in Vﬁiﬂe

menber and ball rotation means and effecting sinultaneous and contlnuous
rel ative nutesreaifteet Wahie Pebsurackmrthe tihdiad db@nersheansleeve 154
Kakalo .would be exerted on the sleeve and on the piston:which ie _
'_11m1ted in 1ts downward movement by the stop 161 to. drlve the
. sleeve and valve ‘actuator 118 downwardly to the. valve lock—
open position.
. As gne_ sleeve moves downwardly the slip 164 would _slidel'
15 | aloné-the sleeve 156. After the tubing-pressure ie-released-~:l
the sllp teeth on- the exterlor face of the slip 164 would
_ engage the sleeve 156 and. be held 1n locklng engagement by the
.spring 165 to 1lock thegsleeve 154 in full down position
locking the valve in full open position. | |
20 The-hole 170 in the ball valve is utilized during man-_
. ufacture of the ball and may be plugged if desired.

The fbregoing discloeure and description of the_inventien
are illustrative and explanatory thereof and various changes
in the size, shape and materials, as well as in the details of

25 the illustrated construction, may be made within the scope of
the appended claims without departing from the spirit of the

invention.



15 .rotation of said ball valve nenber about substantially a single
rotgriqnal axi s between open and cl osed positio_n_s.,mggof. Claim
1 v n two tracks ‘and two track followers are proyi “of
op si des of said ball valve nenber. 20 ﬁlﬁgg\“ﬁ“ﬁ““m of Cam
lo0 wherein val ve seats are provi'd%ﬁl‘on the ups and dowistream si de

of the ball valve nenber. 4. The _v%gf Claim1 or 2 wherein said ball
~rotation nmeans is nounted for limt ement in a direction trans- 25

verse to the potat iAOQJ%llv%Xiba nﬂjris.ﬁin%,-bai | h B My e L ctPator T ¥RLVE Of

rC]:I aim1l or 2 wherein sai rotation neans 1S pinned to one of said
_housi ng a feOredy B roMaidingd tHY ed@iiatdioUta Sa Ll Pralve

det erm ngﬁ%bs‘;.ﬁ[bﬁetrﬂan_sg7_ cl eé?‘;bnce betdv%en said ball f'_r oat‘:ltgéilonp_w'nga‘r,l: and
“housi ng ashbeie drn Bdatofedrtardialing Elaki Ghyereyds .sfid holngg! wearfs C ai m
1 or 2 wherein each track is substantially straight and extends at an equal
_angles t o mmidFaindngnesaial red 1} ovalvel membér phdneeat. togitheral \o®ldf C aim
1 or 2 wherein the tracks have diverging side walls and _the track followers
have conplodimdrion aeans deataleast gtwo aepgrahie oFrarki firileyersaBdein t he.

tracks have 10 multiple alternate | ands and groqv and. wher.ei n .t he side
val | s of BIREKF dthds the, digeks g'l’t"ﬁ’éa t‘t"acﬁl“% %’lﬂ@ﬁé‘yarae ﬁld’t%ealﬁ]fnr?oun_t ed

and h ' ' . ' _ . S -
. have alnegjdcsar%:'r}.de .rb%o%%se %Wh%n%gﬁ.r ¥lar1(\)re_ member and ball rotation - . ?

' means and the followers carried by_the other of the ﬁallZVa1§e  .

10 member and ball rotation means, one of said ball valve member | \‘{

' and Bal1 rotation means carried by and-feciprdcél'with.said;
actuator reléﬁive to the other of said ball valve member and
ball rotation means aﬁd effecting simultaneous and cOntinuous
‘relative movement between said track and .track followers and

15 rotation of said ball valve member about'substantially a.
single rotational axis between open and closed ﬁositions._'.

2.  The valve of Claim 1 wherein two tracks and ‘two
ﬁrack followeré are provided on each of oppdsite sides of said -
ball valve member.

20 :3. . The valve of Claim 1 or 2 wherein valve seats are
provided on the upstream and downstream side of the ball valve
member.

4, The valﬁe of Ciaim 1 or 2 wherein said ball rotation
means is mounted for limited movement in a direction trans-

25 verse to the rotational axis of said ball valve member.

5. The valve of Claim 1 or 2 wherein said ball rotation
means is pinned to one of said housing and actuator for

limited swinging movement about said pin determined.by the



==
2

tHe-]ands.and,grooves of the tracks. 9. The, valve of daiml -

two tracks and two 15 - track followers are gu”l ﬂ ﬁ i de of t¥
ball and neans are prOV| ded on the oppo,ﬂl "ﬂ HIIHR" mlmprow di ng -a
central ~axis of rotation for said ball *A val ¥e torfpri*sing, a

houst:ng: atiaGa phitvells BANA ALY FANI deSilep a8 hbRG1AG s 4l O

a. béll val sea ["ow thr sal d” housi ng,
means nalnugh@tmga&atﬁebghhlvgbggtisﬁﬁﬁgaﬁgﬂj seat: together at |east two
track followers carried by the ball val ve nenber, said track followers
spaced from the 6cent @heofvalveatdforclafin e &l 2 whereinceheh wrdckr deel | i ng
Ln.tmo di-fferent paths-with 25 - rotation of the ball val ve nenber, bal
rotation nesubstamtiadly refratightasnd wxtendsk atl yamgequakuasgiet tal Ry a
single plane and engaging said track followers, one of said ball rotation
neans &nd PIRm é*#@ﬁaeﬁﬁeﬁaiécﬁbmikﬁuP#Qﬂ%ﬂ|ve to the other in response to

_reciprocatlon of salaaﬁctu tor % -28- sinul tanequs and

: S P Giain T pr Zanesein.he. R5arkPa P@*@ |
Eg"n't | C;ng dI%Q»rel o V\;@%%%” wallqs %@9 %‘%S CaBES;B#BéerélnaveT &{# al "
Clai'm10 mherel tracks and OWers are pro on each

- .of _opposi t g %gdgfwggug bal | 'val ve nenber. The val ve of Cla|n110 or

1% mhereln val've seats are provided on the upstrean1and downst ream si de of
Ihe ball valve menberhe valve of Claim 1 or 2 wherein the tracks have

__k*):1o multiple alternate lands and grcoves and wherein the side
o walls of the grooves diverge-and-the.track.followers'are
rotatably mounted and have lands and grooves complementary to
-.the lands and grooves of the tracks. |
'- 9. The valve of Clarm 1 1'5' whereln two tracks and two
'. 15 track followers are provided on one -side of the ball and means
| .are provxded on the opposite szde cf the ball prov1d1ng a
central axis of rotat;on for said ball. _
10, A valve comprxsing, a housing, an actuator in the
housing, means for-reclprccatlng the actuator, a ball valve
- Nr 20 member - and seat controlling flow through said hodsiné,_means
maintaining said ball valve_member and seat together, at least
two track followers carried by the ball valve member, said
< track followers spaced from the center of rotation of'the'ball
| .valve member and travelling in two different paths with
E 25 rotation of the ball valve member, ball rotation means includ-
| ing at least two tracks lying in substantially a single plane
and engaging said track followers, one of said ball rotation
means and ball valve member reciprocal relative to the other

in response to reciprocation of said actuator effecting '



10 - 13.  The valve of Claim10 or 11 wherei n.said—battFotati on means

Is ppuRted for imted novenent in a direction transver tiona

axi’s said ball valve nenber. 14. The val ve of ﬂg\‘\@n ‘\“m‘ rein

saig’ 0af | ‘rotation neans is pinned to,gne of said h vactuafor 15

_ m-ted swi ngi ng novenent about saird pin detern1ned by the cl earance ;;.
bet ween ss%{&l%htaoh@t %laoredmm%o%@d fRAGHIRG ddvemdat YA driarKaal | |
rotation means. : The valve of. Caim10.or 11 wherein each track is '
subst ant iz¥d )Ecﬂlroao‘di:hi W kepdndsaid Bal Eqv@lvangémbéd BefPeenpbper nor nal
"to said single plane. 16. The valve of aim10 or 11 wherein the tracks

have di vargi rgd osede poslitdoasd t he track fol |l owers have conpl enen- tary side

wal I's. 17. The valve of Claim 10 or 11 wherein the. tracks-have 25 :

mul tipl e alt didnat e Thentelyied qff dolaigm oahY whereim tWe sraekfalmand &Mqrm

grooves diverge and the track followers are ro atab nDunted an have

| and®® and o \f@é-leyﬁﬁlseﬁﬁt Brovidetnen| eagk ehe % Hrdesh e

-29- 18. e valve of .Claim10 or 11 wherein two tracks and two track .
foll ower?agje 5&3 FEIPER -one si de of the ball and nmeans are provided on -

the opposite ;i de qfhs Q?g]l%l lofprCQ.\A'lql' 'l% %rcﬁ'lt WRbr@thSvaive seats &ﬁéat ion

. for said ball. ve conpri housing, an actuator int o
_ﬂhou3|ng ﬂ?ﬁy¥aéémxfﬁﬁbphﬁ%%5eaﬁ Eﬂ& QSﬁH§£9éam side of the ball valve T
member. _ : |
10 13. The valve oflClaim 10 or 11 wmereinlsaidhhall

rotation means-islmounted_for-limited.mcvement_in a direcnion
transverse to the rbtational axis.of'said-ball valve member.
- 14, : The valve of Claim 10 or 11 wherein said ball
rotatlon means is plnned to one of said housing and actuator
15 = for llmlted sw1nglng movement about said pin determlned by the
| clearance between said ball rotation means and hou51ng and the
1ength of the ball rotatlon means. _ |

15. The valve of Clalm 10 or 11 wherein each track is

substantlally straight and extends at an_equal angle to a
20 plane ncrmal'to said sinéle plane.

16. The valve of Claim 10 or 11 wherein the tracks have
dlverglng side walls and the track followers have complemen—'
tary side walls.

17, The valve of Claim 10 or 11 wherein the'tracks have

25 multiple alternate lands and grooves and wherein the side
walls cf the grooves diverge and the track_follcwers.are
rotatably mounted and have lands and grooves complementary to

the lands and grooves of the'tracks.



a ball valve menber and seat controlling £ rough sai d housi ng. neat
mai nt ai ni ng said ball valve nember 10 . - “B“ m '
track followers with one pair carri ‘ed on eaj(‘“‘m\“h‘

val ve nenber, each®of said pair of track followers sp&ced fromthe c
of ~rotation of ‘the bal |l valve menber and travell i ng in tw different paths
wish 15 rotation:-of the ball valvepgrenber, ball rotation means
~including two pairs of tracks engaging said track followers. one of said

bal] rotation nmeans and balg, vqlh\éevmmaeur etapnogal ofeiﬁtg,ygrépntb@oot her
In response to reciprocation of said actuator effecting 20

si mul t aneous and conttrmaokss anal atiove raekefelloebraaadet pASKEIENoR CdAOVET S
- to rotate said ball valve nenber between open and cl osed positions. 20. )
The val ve of d.ai m 1®8ideercdi it healbad 1seads mepasproei gedvioded hen uptseé r eam and
downstream si de of 25 - the ball val ve nenber. -30- 21. The val ve of
Clai m 19 wherei n sai ®RPASLteoEddico@fmbdigsPrd 1npaAvEdingra| ¢entrail naXdsreaft

in a di rect|0g1 transverse to the rot atlonal axis of said ball valve nenber.

. THEtR2HLPR Srrasait P8Ldner ei n 'sai d bal |l rotation means

s pinned to one of said hqusi ﬁgv d act. uatror far g\ted Swi nlg <%rme/emant
} -about said p| n. determ ned By t gr SRER! Bgtlﬁlgén S PEHAT1 Hh-or -

in the hou51ng. means for: reciprocatlng the actuator._
a ball valve member and seat controlling flow through
'sald houSLng. means malntalnlng sa1d ‘ball valve member
lO _ and seat together. two palrs of track followers w1th
one palr carrled on each of opposite SLdes of . the ball
- valve meamber, each of sald palr of track followers
'_spaced from the center of rotatlon of the ball valve

[N ' tﬂ member and travelling. in two dlfferent paths with.

15 ) rotatlon of the ball valve member. ball.rotatlon means
_ : including two palrs_of tracks engaging said traék
'j - . ._ folloners. one'of saio oall_rotation-neans and ball
'; Kg. - N Valve member reciprocal relative to the other in
| response to reclprocation of said actuator effecting
20 _simultaneoue_and continuous relative movement of said
e.' | : tracks ano followere,to rotate_said ball valve member
between.open and closed positions. |
| 20. The valve of Claim 19 wherein valve seats
are proVided on the upstream and downstream side of

25 : the ball valve member.

| T ——————————L S 1 M st 4 s ima



means and housi ng'énd the 1 ength of the ball rotatipn 10 _

—23.
Thevjl ve of Claim 19 wherein-each track is substantially strai d
ext & at an equal angle to a plane normal to said gy “ ‘p‘mﬂg\ F The
val Claim19 wherein the tracks 15 havexdiﬂ S s .and

k followers have conplenentary side walls. 25* %he vglve of C ai m~

19 Wh€rein the tracks have nultiple alternate l'ands and grooves and wherei™
the side walls of the grooves diverge3@rme the track 20 foll owers are
rotatably nmounted and have | ands and grooves. conpl enmentary to the | ands and -
grooves of the tracks. 24. The wvalve of Claim 19 dRereid9%aig/psling, a

| ock-out sl eeve novabl e downwardly in the 25 - ~housi ng and engagi ng said
actuator and novi ngotiation mea®s- isamoenbeénf posiirbned ampvementnhain gr oove

i'n said housing. a |atch nmeans in said groove. a-downardly facing shoul der .
on said sleeve 5 direc&igagitfgnsygrae| ke chhe npakatianadl sasie sof RBId and
seal ingly engagi ng said hqusing and sl eeve. stop neans |imting relative
movenent bet ween s&@dipiVeldf 25A°EFeeve.

5 ~ 22. The valve of Claim 19 wherein said ball
rﬁtation means.is-pinned tO-dne_of said housing and
actuator for limitéd swinéing movémént about said pid
détermined by thé clearance héfﬁeen said ball rotation"j_a_
means and hduéiﬁg énd.the léngth of.thé hail fotatiog

10 means.

| 23. The valve of Claim 19 wherein each track is
_ substantiaiiy straight and éxiehds at an equal angle
- to a plane hormal to said single plané. N
~ 24. The valve of Ciaim 13 wherein the_tracké
15 ' haée_diverging sidé wails.and the track followérs have
.complémentary side wails. - |
25. 'The.valve of Claim 19 wherein the tracks
héve multiple alternate 1ands an& grooves and wherein
the side walls of the grooves divérge and the track

20 followers are rotatabiy'mounted and have lands ;nd

5

grdoves complementary to tﬁe landé,and grooves of the
tracks.
. 26. The valve of Claim 1, 10 or 19 including,

a lock-out sleeve movable doﬁhwérd;y in the

25 housing and engaging said acfuator and moving it to



- ,10 — an expander ring on saim said | atch neans

in sai d groove. shear neans rel easably securi: ' giston to opesof said
housing and sl eeve. and a resiliently Immﬁg\w“‘g M“ | ocki n 15
\ 41

sl eeve in valve menber | ock-open positil@AEe hes vatl ve of
19. including a | ock-out sleeve nobvable downwardly in the hous
éngagi ng said actuator and noving it to val ve open position. 20

a l'at ch neans between said sleeve and=hBlistng. pressure responsive neans
fel easably nmmintaining said |atch neans in extended position |atching said
6l eeve to sai d housi fipld#®d oPendaBB&tEANsai d housi ng and downwardly on said
S§leeve to a latch rel ease 2 Egs%%éon'mhere it is held in sealing

5 .
position in the - "32 - an datery PTeh&PnaBAdt RRUSBEREI ng and sl eeve,
shear means rel easably hol di;ng gakd RLessuLE; hegpgnsive means in latch
ext ended position. and neﬁh% -§ klﬁa gattd ?Pégvg RRERL in valve | ock- open 5
position after rel ease of _sai 1S .a t S@y t uat or
to val ve merber open posiﬁi?ﬁgnégggQTEEQSQFVEQSFT§¥§F§$1?5%1)%Eé%ﬁgmherein
Ule nmeans maist ai ni NGridaey ikl ka¥al Y8tBRMReandnd seat 10 together is a
cage carried by the seat i ncluding means - _ _ B
. ' - a piston slidably and sealingly engaging said

S

housing and sleeve,

; stop means limiting relative movement'hetween

g\w/- ' said-piston andisleeve._ |

é | 10 _ . an expander ring on said piston maintaning Said :

latch means in_said groové.

: o : . . shear means releasably seéuring said piétdn to

: - one of-séid.housing and sleeve, and

.-a resiliently loaded slipumeans'locking said
15 | sléeQe_in'valée_member lock-opeﬁ pbsitidn.

3 : 27. The valve of claim 1, 10 or 19, including a
- lock-out sleeve moQable_downwardly in the housing and

L_, _ engaging said actuator and moving it to valve open

position,

20 a latch means between said sleeve and housing.

- pressure responsive means releasably maintaining
said latch means in extended position latching said
sieeve to said housing and slidable.in said housing
and downwardly on said sleeve to a latch release

25 position where it is held in sealing position in the




-.po§Lt|on|ng said-bal | valve nenber for rotation about a single axis and

wher e

said ball rotation neans is pivoted to ousing and said

and is free to swing for a |linited dist
. The subsurface -safety valve of clai magml “ﬂ u ns for
i LS

pi vd
prov g for rotation of the ball val ve nenber I mg e axis is a .
~second seat carried by the cage on the upstream side of the ball 20 .yt

and -resilient means urges the upstre®p seat against the ball and holds the
- ball against said first nentioned seat. 30. The val ve of claim28 wherein

sai d nmeans provi di ajjeéve andasealhs etseseah Held hrmiinga asidnglleee, axi s

~ is provided by pivot pins carried by said cage on - 33 - opposite sides

of said bafl which Iiﬂh@aro@@Qﬁ%nrQ#eQSﬁbltﬂhOkAﬂNRaﬁﬂé@b@ﬁeﬁeurstation
about the central axis of sai'd cage pivot pins. A val ve substantlally
as hereinbefore 5 ’e59°“ﬂb§ErWQEEPV&Qrﬂ%%ﬁﬁﬁ%ﬁﬁﬁ§4QFeﬁﬂf%&%°§hoﬂﬁ in the

acconpanylng dramﬁngsmeans locking said sleeve means in valve lock-open

5 position after release of said latch means and. _ :
-mbvement'éf gsaid actuator t0'valv§ membeér open |
poSition; |

28. The vélve of'ciéim'l.'IO'or:lQ wherein the -
- means maintaining Ehe}ball vaiVe-memher and seéﬁ

10 togetner is a cage carried by the seat including means
positioning said ball valve meﬁber-for»rotation about
a single axis and wherein said ball rotation means is
pivoted to-one'ofisaid housing and said actuator and
- is free to awing for a limited distance about said

15 pivot. |

29. The_subsuffacelsafety valve of claim 28
"wherein thé~means for providing for rotation of the
ball valve member about a single axis is a second seat Q;J
carried by the cage on the upstream side of the ball

20 and resilient means urges the upstream seaﬁ against
the ball and holds the ball against said first ' =
mentiéned seat.

30. The valve of claim 28 wherein said means
providing for rotation of said ball about a single

25 axis is provided by pivot pins carried by said cage on
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- 33 -

opposite sides.of said ball which limit fofation of
the ball valﬁe member to rotation about the céntrai
axis 6f said cagé pivot pins.

31. A valve suhsténtially as hereinbefore

described with reference to and as shown in thé;

accompanying dtawihgs. o _ .




