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Val ve Stem Retaining Systeni, filed om Septenber 2, 2009, which is herein

I ncorporated by reference in its entirety. BACKGROUND [0002] This section is
I ntended to introduce the reader to various aspects of art that may be
related to various aspects of the present invention, which are descri bed
and/ or cl ainmed below. This discussion is believed to be helpful in

providing the reader wgia) |IPgAkYECSTEM REPANANGSYSTEMCI [itate a better
under st andi ng of the various aspects of the present invention. Accordingly,

it should be understood that these statenents are to be read in this |ight,
and not aéRadm ssions of prior art. 00031_:Bal val ves may be enpl oyed to
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[0001] This application claims priority to U.S. Non-Provisional Patent
Application No. 12/553,037, entitled “Ball Valve Stem Retaining System”, filed on
September 2, 2009, which is herein incorporated by reference in its entirety.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not
as admissions of prior art.

[0003] Ball valves may be employed to regulate a flow of fluid in a variety of
applications. Ball valves typically include a body, a ball disposed within the body,
and a stem rotationally coupled to the ball. During ball valve maintenance, the
stem may be removed to service various components within the ball valve, such
as bushings, bearings and seals. Unfortunately, certain ball valves may need to
be disassembled prior to removal of the stem. Due to the large number of
fasteners typically employed within a ball valve, such disassembly may be both
expensive and time-consuming. Consequently, maintenance operations may be

performed at longer than desired intervals, resulting in inefficient valve operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like
parts throughout the figures, wherein:



applications. Ball valves typically include a body, a ball disposed within
the body, and a stemrotationally coupled to the ball. During ball valve
mai nt enarwe,20thesmzem may be renpved to service vari ouspcurgseneni=3n t hi n
the ball valve, such as bushings, beatings and seals. Unfortunately,
certain ball valves may need to be disassenbled prior to renoval of the
stem Due to the |arge nunber of fasteners typically enployed within a bal
val ve, such di sassenbly may be both expensive and ti ne-consum ng.
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Wi t hout separating closures fromthe body in accordance with certain

enbodi rrer[baoq t s %Sa?ﬂéxm&%dmgw&)f iht8HAP LbinfSonents Swithirt BREXeSPfdry on of an
exenpl ary ball val ve, taken along |ine
ball valve, as shown in FIG. 1, in accordance with certain embodiments of the

present technique;

[0008] FIG. 4 is a detailed cross section of an exemplary ball valve, taken
within line 4-4 of FIG. 2, in accordance with certain embodiments of the present
technique;

[0009] FIG. 5is a cross section of an exemplary ball valve, taken along line 5-
5 of Fig. 1, in accordance with certain embodiments of the present technique;

[0010] FIG. 6 is an exploded view of an exemplary ball valve, as shown in FIG.
1, in accordance with certain embodiments of the present technique; and

[0011] FIG. 7 is a detailed cross section of an alternative ball valve in
accordance with certain embodiments of the present technique.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0012] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.

Moreover, it should be appreciated that such a development effort might be



2-2 of FIG 1, in accordance with certain enbodi ments of the present
techni que; [0007]FIG 3 is an exploded view of internal conponents w thin
an exenplwoyobai2i3sgal ve, as shown in FIG 1, in accordamce/vsdalo/oest ai n
enbodi nents of the present technique;3[0008]FIG 4 is a detailed cross
section of an exenplary ball valve, taken within line 4-4 of FIG 2, in
accordance with certain enbodi nents of the present technique; [0009]FIG 5
is a cross section of an exenplary ball valve, taken along |line 5- 5 of

Fig. 1, t I que;
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FIG 1, |crhesa@n:cﬁabrmatlenvmdwmaeuta@iureéwﬁbdsmho@lraﬁrytshlé havingahe beaefini que;
and [OOllcl]c hi@digclés%rg detail ed cross section of an alternative ball valve
in '

[0013] Embodiments of the present disclosure may significantly reduce the
duration and costs associated with ball valve maintenance operations by
providing an internally retained stem that may be removed from the valve without
uncoupling the closures. As will be appreciated, ball valves may include stems
that are internally or externally retained. Externally retained stems include
certain features external to the valve body configured to restrict movement of the
stem away from the ball during operation. For example, certain externally
retained stems include a ridge disposed about the circumference of the stem.
Movement of the stem away from the ball is blocked by contact between the
ridge and a plate bolted to the body. To extract the stem for maintenance, the
plate may be unbolted and removed. Unfortunately, ball valves including
externally retained stems are expensive to manufacture due to the additional
parts associated with retaining the stem and configuring the valve body to
accommodate the stem retention plate. Additionally, during disassembly and
repair operations, residual fluid pressure within the valve may cause the stem to
be ejected from the valve at high speed when the plate is unbolted and removed.

[0014] Alternatively, ball valves may include internally retained stems. In such
valves, the stem may include a ridge disposed about the circumference of the
stem, similar to the externally retained stems. However, movement of the stem
away from the ball is blocked by contact between the ridge and an inner surface
of the valve body. In this configuration, the stem may not be removed by
extracting the stem in a direction away from the valve. Instead, the stem may be
removed by translating the stem into the body. Unfortunately, because the ball is
disposed within the body, the ball must be removed prior to extracting the stem.
The process of removing the ball generally involves uncoupling at least one
closure, each closure being disposed to opposite longitudinal ends of the body.
Due to the large number of fasteners that secure the closures to the body, this

process may be time-consuming and expensive.
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fasteners 18. In the present configuration, each fastener 18 includes a threaded
rod (e.g., bolt) disposed within a complementary threaded recess within the body
12. The threaded rods pass through openings within the closures 14 and 16, and
are secured by nuts. The nuts serve to securely fasten the closures 14 and 16 to
the body 12. As will be appreciated, the number of fasteners 18 may be selected
to provide a proper seal between the closures 14 and 16 and the body 12.
Specifically, the fasteners 18 are configured to substantially reduce the formation
of gaps between the closures 14 and 16 and the body 12 that may cause fluid to
leak from the valve 10. For example, in certain embodiments, each closure 14
and 16 may be coupled to the body 12 by more than 3, 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, or more fasteners 18. In an alternative embodiment, the closures 14
and 16 are secured to the body 12 by a welded connection. In such an
embodiment, the fasteners 18 may be omitted.

[0017] Each closure 14 and 16 includes multiple openings 20 configured to
couple each closure 14 and 16 to a fluid conduit. As will be appreciated,



[0014] Alternatively, ball valves may include internally retained stens. In
such valves, the stemnmay include a ridge disposed about the circunference
of the stwonosiomisar to the externally retained stens. PFomaserip/omssenent of
the stemaway fromthe ball is blocked by contact between the ridge and an
i nner surface of the valve body. In this configuration, the stem may not be
renmoved by extracting the stemin a direction away fromthe val ve. |nstead,
the stem may be renoved by translating the steminto the body.
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Due to the large number of fasteners 18 that couple the closures 14 and 16 to

the body 12, the process of removing the closures 14 and 16 may be time-

consuming. Consequently, the stem 22 of the present embodiment may be

removed from the valve 10 without uncoupling the fasteners 18. Specifically, the

stem 22 may be retained by a removable retainer configured to block inward

movement of the stem 22. Once the retainer has been removed, the stem 22

may pass through the body 12 and enter the ball. Because the length of the



WO 2011/ 028382PCT/ US2010/ 045231 5 fasteners may pass through the openings
20 and correspondi ng openings within respective conduits to secure the

cl osures Wo 2and28B2t 0 t he conduits. The nunber of openi rg3/Usayiobes2Sel ect ed
to substantially reduce the possibility of fluid | eakage between the
closures 14 and 16 and the conduits. For exanple, the closures 14 and 16
may include nore than 3, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or nore
openi ngs 20. [0018] As di scussed in detail below, the valve 10 includes a
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dowels 38 are illustrated in the present embodiment, it should be appreciated
that more or fewer dowels 38 may be employed in alternative embodiments. For
example, certain embodiments may include 1, 2, 3, 4, 5, 6, 7, 8, or more dowels
38 disposed about the stem 22 in a circumferential direction 39. In an alternative
embodiment, the stem 22 may be rotationally coupled to the ball 30 by a spline
connection.

[0021] The ball 30 includes a first trunnion 40 that extends in the radial
direction 36. The first trunnion 40 is configured to mount within a first trunnion
block 42. Similarly, the ball 30 includes a second trunnion 41 disposed within a
second trunnion block 43. The trunnion blocks 42 and 43 serve to orient the ball
30 within the body 12. As discussed in detail below, the trunnion blocks 42 and
43 are secured to the body 12 and include openings 47 and 49 configured to
receive the first trunnion 40 and second trunnion 41, respectively. Specifically,
the trunnions 40 and 41 have circular cross sections configured to mount within

circular openings 47 and 49 within the trunnion blocks 42 and 43. Because the



stem22 is limted with respect to an inner dianeter of the ball, the stem
22 may be renoved through either closure 14 or 16. For exanple, the length
of the stwoBfi/ors3szbe | ess than the inner ball dianeter pCANUSesatszeel y, the
| ength of the stem 22 nay be limted 3uch that it nmay enter the ball at an
angle (i.e., canted orientation). This renoval process may significantly
reduce the tinme associated with stemrenoval, thereby significantly

reduci ng the cost of mai ntenance operations. [0020]FIG 2 is a cross
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relative to the body 12 despite the large contact force between the stem 22 and
the body 12. As discussed in detail below, the thrust bushing 48 and thrust
washer 50 are disposed about the circumference of the stem 22 between a
raised portion (not shown) of the stem 22 and the body 12.

[0023] Furthermore, the stem 22 is retained along an inward radial direction
52 by a retainer 54 (e.g., c-shaped retainer). As discussed in detail below, the
retainer 54 is disposed within a recess (e.g., annular groove) of the stem 22, and
contacts an outer surface of the body 12, thereby blocking movement of the stem
22 in the inward radial direction 52. As will be appreciated, other retention
configurations, such as snap-type rings or fixed collars, among others, may be



novenent along the radial direction 36 is bl ocked. Specifically, nmovenent
of the stem 22 along an outward radial direction 46 away fromthe ball 30
i s bl ockestolrg1ionsdsact bet ween the stem 22 and the body P2T/Useolowis1 wor ds,
the stem22 is internally retained by8the body 12. As will be appreciated,
fluid pressure within the ball 30 nmay exert a force on the stem 22 in the
direction 46. For exanple, the fluid pressure may be approxi mately between
0 to 15,000, O to 5625, 0 to 3750, 0 to 2000, or about O to 290 pSI. I n
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stem 22 béenaed ta enabledtie stane i28ro (Maite iskibewdireciont $d OneentizEpstent2 e body
12. [0023 t i al
directi onérggé%%w{e}}%abcﬁggzgé{q% %a” 30 {h%hszé@?r@% g%%e%ac%s%a&gc@%sed in
detai |l bejabve 10 trrough shenfinst Hésmre ‘di srpthe%cmncﬂ biosuge t&chsthis@agner, annul ar

th 2 d t f
Pher eby DB e BEREARTOYSR HaTCreneDs 1 iihGLl aival PUBPBATG) cct | on 52.

As will bpecaipRl¢sdué 8d; oohB&echRd @I&Jshﬁéﬁ@oﬂfs'p@ékf@tﬁélpﬂ%cuw baga§deap-type
rings or fixed collars, anong others, may b

2011/ ozsaezrmngezmiww%ze@ng/%ﬁ@ rangpweamceﬂnmg gargemuier & i ons. I n
furth
mor o Seal Bt ERo LB Bt S a8y kPRI BT FidnkRRNRET Dre

operati ormperammmmaedpd) abefigidatiens ihiwhEch e cclemmed 4famimrt1iﬁeareal ve 10,
t her eby ex 0Si he.retainer. 54 . Be aus e.stem?22 ig internally
ot o ned. TSR R RS BElia A WP e 2 FErIREovs TS RSdBhi { o
renmoval Qfal&@?Oﬁﬁﬁﬁe%fgrééﬁé mjé’(ﬁon'ﬂ@ﬂsrw@sm@e&ﬂltmﬁbabﬁ%r@sbﬁew&ﬁded to
enable the stem22 to nove in the direction 52. Once the stem22 is

entirely & taRevidedulyinading Brease leevangue CAMPONRBISWIEHR e Yitlye BB. ext r act ed
fromthe valve 10 through the first closure 14 or the second closure 16. In
t hi s manri@P24} heFK#.ehiszan expjodrd vlewmfer@temad)ﬁomn@neetsmthlrmawemmary enoval

of e 2 ihe 10%d bictin fl @R AduGraibBanSEEa™ i€ LASHER o
previously di'scusse ecause renovi He osures or
i nvol ve uopmsoupdsitian sudhethgtaflmdr%enay)flowmsrtoegbmse b8re 321e|rﬂhemeﬁer&nbod| ment
may reduce é@ dur atl%z5%f nmai nt enance o erations co

dLsY

confi gur a¥ MERL e HE &1 JUIHSeR) 13 FIpP9Ped engas Fé‘ﬁwé@e P& acilitate
extracti ogp &f prolRlesd §6aI etweeH tHREFIDIEandthd tibsisresauethd tdespatinealdO

i ncludes grease injection ports 56 disposed within each closure 14 and 16
to provi d8 theBPeR RPFIHGN ghessals 28 REVIASUS Sedisdwesn Sraperid? ankiheal ve 10.

0024] FI |
bal | val w2050 28 A FE PERethe ) £ T eiRe o RO MBe?d orent oo’

in an opecriospmlspcbmhnn she beath &8 drovidd 2Gearbetwdaniherat BPhanchimelmres 38. I n t he

present e sea sea di sposed on each end
P ot bl e Bl o S 4 Wl Besnel Ry narisRirtigh R AL S ceur g 14
and 16. Sagetdrtieny Faduceroridimitme nurpiebkagwithinehs eake 198 provi de a seal
bet ween the bore 32 and the bores 28 and 34 of the closures 14 and 16,

respecti vlebzsl COAM‘eréﬁblely U&ch%ockmﬁﬁdnrﬁl@ﬁ 'bbbﬁtﬁ'g 4Hh§d§9@§§d gSoltayi de a
seal between the ball 30 and the bores 28 and 34 of the closures 14 and 16,

respect i VIE4RNIOTAR 0 fasiitalguptatipa ef Fﬁﬁ/b@h%t’vﬁﬁﬂ tﬁﬁlwdyé@ue‘@ Yusteatedd nat e
fluid |eg b@gﬁmY’ﬂc}n%é]arﬁw}éeMV loy %’é’%gg %(%1 % RIYOPU4E A dhs BHSRIRG 47t he

trunni on bearing 44 1s7di spos
within the trunnion block 42. As will be appreciated, the outer diameter of the



trunnion 40 to facilitate rotation of the ball 30 within the body 12. As
illustrated, the trunnion bearing 44 is di sposed between the trunnion 40
and t he openong2d432wi thin the trunnion block 42. As wi | lpClvarsappnesat ed,
the outer dianmeter of the WD 2011/028382PCT/ US2010/ 045231 9 bearing 44 may
be substantially simlar to the inner dianeter of the opening 47.

Simlarly, the inner dianmeter of the bearing 44 may be substantially
simlar to the outer diameter of the trunnion 40. This configuration may

both ti g%ééhn%%ﬁ]‘é tb'a%d%% ntiafy Wll’é'rfbm%‘%nﬁfé}]d’ﬁmé%r Gk sa@rh gtzhe ball 30

to rotate wth res e trunnion trunni on Iock 42 is
rigidly nbontady, t\WetlmneT dlamemaj‘/trmbeamg 44 e rost sdpstartially siomilar tnthis! ock 42

ner - cont e ERRIE IS AR GO, BRL by skel Bt " e
bal | 30 asa 3Mwithigthedalve 100aht iepablethe thal B0l tonotateeih rdshedntb the agai nst
the i nner surface of the bodﬁ 12 h' the tapered sections 62 serve to limt

movenent BINMigRLOCKAR: dedr 9Ck g 1959108 BEHJed WMy 12, 1 n
addi tion, ad hlﬁsttrét%”!h‘értr&{rﬁ’c%blﬂ@k 142%61'@'@&5 W@E§%’iﬂ §ti6RIBLGUhAGura receive

pi ns ext endi ng fromthe closures 14 and ese pins serve to further
limt novierssibstastialhenatehuthaiirersionekira of thargylisdidesas bﬂété?s Berause ihe ust r at ed

o e SenSlonf of nd 46 40 g bk aE b S bR R SR SR
opposi t e agdiadt tisé thaner EurrfadSEeomthee)odgl1t2¢thm1tape&acmmmdnmatservmtxo limic| ude nore
certaln dnBuaTRg g E ks> 57039 Fobfel Rihedpoyis Inadbubia "B,

di sposed @B tRAGbANbAK 4§'|rﬁ:%d@‘s rbb@séds%h”éé?ﬂlgmé?ﬂ‘é ré@elvElrb'iﬁs*@(t@ﬁ’cﬂlﬁ a
simlar pin and recess configuration may be enpl oyed on the second t runni on

bl ock 43.freodReTlasuiaseld 3 19. dhseepEedEeryag yoner kmgsoupnessof e o
rotation ) ﬁpﬁ&; ! e stem 22

i ncl udesatl{%%héérgg@lcgétzcon @g@%ﬁeﬁeosieggse?@%{r?%g q owe é)f(lgggbééf mtﬁhust rated, a
di anet er tainrﬁd:rebioedes%heﬁﬁresayt esmbedlemintat will boapprediated thiat a sthhigaret er  of
the dowel s 38 ch that. the ) w thin.the
Focesses B85S T B6 SgPPieel ST aPRsEad e, ToFHeGmBes AURTAEr ecesses
68 di sposgelbyditfaing Ay dRSUIdE thoPd or fEWkrGetddsadraadcdrfigleeeb\ehghe dowel s 38.
Simlar to the recesses 66, a dianmeter of the recesses 68 may substantially

coi nci de REPECvREIRS. aht @raraplet eritaiip aEIbdIRENts MaN§lugert Rgdr4ta:&, when
t he do""e'ogrrﬁﬁ refeBedd ?gp%éd‘% F%BZ&REF& %?t@tr@r’ﬂﬂ?ﬁﬁlockm‘% stem 22 may

be rotationally coup suc that rotafion of the stem 22
i nduces thethssimorgda $|mllaoprmtzmd rédesL 0drffiuea R BRaY benod 0y €2 62 3ie

second trunnion block 43.

[0026] As previously discussed, the dowels 38 may serve to rotationally
couple the stem 22 to the ball 30. Specifically, the stem 22 includes recesses 66
configured to receive the dowels 38. As illustrated, a diameter of the recesses
66 may substantially coincide with a diameter of the dowels 38 such that the
dowels 38 may mount securely within the recesses 66. The ball 30 includes a
similar pair of corresponding recesses 68 disposed within an opening 69, and
configured to receive the dowels 38. Similar to the recesses 66, a diameter of
the recesses 68 may substantially coincide with the diameter of the dowels 38.
In this configuration, when the dowels 38 are disposed within the recesses 66
and 68, the stem 22 may be rotationally coupled to the ball 30 such that rotation
of the stem 22 induces the ball 30 to rotate.



10 [0027] Furthernore, the thrust bushing 48 and thrust washer 50 are
illustrated. As previously discussed, the thrust bushing 48 and thrust
washer 50weneiidizsesed about the stem 22 and facilitatePcoiskeionss2Bl t he
stem 22. In addition, the retainer 5410is al so di sposed about the stem 22
and imts novenent of the stem22 in the inward radial direction 52. In
the present enbodi nent, the retainer 54 is a two-piece split ring having a

first c-shaped segment 70 and a second c-shaped segnent 72. As will be
appr ec! at oy U FihoRIRedERhs: BB deustl G wdRbRSD G ARBTLEM al | ons
such as split” rings aV| ng three or e segnents, I ns asteners

or ot her A&:ptea/mu@lyf@saussed tt‘@rthrL@mbashlogéﬁ am st weasber 5@laCE§t ai |l bel ow,

R S e i e A T 9 P
body 12 n@wllbémlsmdﬁpbséﬁ abd tisé eton2 22iandtlintits moasrdentesiitag stbni ect i on
52. However, once the rj am %@ nts 70 and 72 have. been renoved, the stem

22 may pa%?s'nttﬁﬁéndﬁ@lrdtrﬁg'aﬂ) 53 1 lnriRe Breganb embesiment, e §FIAY 54i8d i nt o
the bore 3&vQbidcBephaling ﬁﬁ/lh@ﬁqgétsc?sﬁék%d ﬁ'@%éht‘?fo drfa §é@<5ﬂd2@sﬂﬁdecpe I ess

than an inner di aneter of the stem 22 may b osi ti1oned
entirely sdanment 72héAdwlll besaprieciated ferthesembasimsatsiaay | editbeingaged.

Consequent.t nert&ﬁlf@hfd%a%i 8P%Pﬁt%\él X trfgofﬁ'rég'Sr Pﬁ%lré(geg}rggmst AOYEIs,

uncoupllng ures S nanner enance
oper at i onsingrEgsteaezesf aharsliabld fetaintresortiguraieat s Astdisdussgs jn detaher s or

oper at | orREIBH. ey APaRs gl 280 o eH i PSRV D S ABQURS ‘HABEG! 16 ar o

removed pthb%'terﬁ@ZSEIh‘éhéh 'éﬁbdnlﬂgur'aﬂbﬁrétﬁ{taé’tfﬁe‘t’\ﬁeérﬁ’fﬁéoﬂé@éihér 54 RS G 4 is a
detail ed cross section of an exenplary ball valve 10, taken wthin |ine 4-4

of FIG 2b0d¥s1%F@V|QBQ%<IFVOWF§@O’[s@°é e siap @Run theinware radiaidinestian 88g t he

gﬁty\ﬁagrr@%é\/ @ @%@%@erﬁ%?@%@em |ca{)€§r§ ét?ﬁé\y%ﬁr us?‘%gﬁ |mn324§ngnd

t hrust magpawthroagfsfr@r bdtd}e1 Zyumumrmh loekd42rtaumridre48t & 2B the idre body 12

"t ho | i Pne i a0 dPaes Jie BROH Ot G aRIE 2By mE KRBT BBh R T he.

retainer §4mearst Athebaneo dhegtdrace may Bk dobﬂ‘loh@@%ntlr%ly wieigithe eall By, the
first ring segment 70 and the second ring segment 72 of the retainer 54 are

di sposed etrﬁhw%tﬁmghﬁ@has he@e&%engmer PeSUETHOe HEDIE) U581 11 71 of
the stem 2,641 Ve16‘%¥]ﬂ1%§ % L%‘ﬁﬁ?tﬁ{@bé&%g % drijol 18 Bl ner 54
t 1 OCKS radi a

and the outer sur ace novenent of the stem
22. manner, maintenance operations may be performed on the stem 22, seals,

bushings, washers or other components within the valve 10 in less time than

maintenance operations on a valve configuration in which the closures 14 and/or

16 are removed prior to servicing the internal valve components.

[0028] FIG. 4 is a detailed cross section of an exemplary ball valve 10, taken
within line 4-4 of FIG. 2. As previously discussed, movement of the stem 22
along the outward radial direction 46 is blocked by contact between the stem 22
and an inner surface 74 of the body 12. Specifically, the thrust bushing 48 and
thrust washer 50 transfer the outward load from the stem 22 to the body 12 via
contact with the inner surface 74. Conversely, movement of the stem 22 in the
inward radial direction 52 is blocked by contact between the retainer 54 and an
outward surface 76 of the body 12. Specifically, the first ring segment 70 and the
second ring segment 72 of the retainer 54 are disposed within an annular recess



[0029]In the illustrated enbodi nent, the stem 22 includes a flange 78
configured to block a flow of fluid between the ball 30 and the stem 22. As
previ ouslwodosiousmed, the fluid pressure within the bal lPcC3WSexent®3n force
on the stem?22 in the direction 46. Qdnsequently, the force is resisted by
contact between the stem 22 and the body 12 via the thrust bushing 48 and
thrust washer 50. In addition, a gap 77 is provided between the stem fl ange
78 and ball 30 such that the stem 22 does not apply a force to the ball 30

[ the di7es } @A 02\ Yddoy BRIFRBNRE BeBber] hefosiistaid Aiahgr 8 1 s

applied to the ba iTection 46 he ba econe

m sal i gneahdsiherduten $wsfasedio afzhe biady éB)bleSarEdna{;mOMgmeehQEthmsﬁﬁhr?& he seats
58 or other conponents of the valve 10. Therefore, the gap 77 facilitates

nmovenent [0028he bt bmilkBstiated émbddinesstt) e sdi@nvid2tindudes arfiaingg 78he al i gnnent

of the ball , <@n. o-rin [ ot seal 80 is,provided within
o recess enpradiB F9Sh 4 L80isr Wil &ivBEn e RADSE aidhe SomRRhER bl ookt he
flow of fpravidubly@mdussedahe ﬂam preQ8d8]viatHm traarbélpso Brersealor86 onithdi n t he
flange 78, other seals may provided to block fluid fromflow ng between

he bal | HemeArininG dieelpas. SPBEFAUGTII (re Iarpeds /FgogYONAC seal 52 Ry
be di sposséhisbh Wdsnf 9538 1AS086 | BG5BT AR1 pIngaalarBnRy bl ock flul d

from passi ngwget ween t%e stem ition, another o-ring
or ot her waghier®). nayddéiodi 8 gaped prlrcbultﬂEdabe’che@QsIhBStQmﬂ flahge d8apddnalipl at e

and the oonsedureEienEing oo RS 138E, 1 YEES MBeRPRhE 4P poced
Wi t hin a Asoesbise 8fpretiatdd; ifsd emﬁantuaTlf@cewhppaﬁadrtayhé)bemBofﬁr thed from passing
between the stem 22 and t he adapt conbi nati on of these

seal s nmaydiEioR 4@0”%%%%mawhew?@dﬁe@“@?ewntwma% 80fly (P dtheefl¥age from t he
val ve 10, oot o9 i e s8H8o o aheAkaBond e of o iyl nd 86 may be

easily replaced renoval e adapter 4 as a tenporary repair
Wi t hout dTiwe@éerﬁhsr gap RmfecmmtwrrmememmfzmlsﬁmmaFbkr,emme:ztmmsl@%zsl 12

00311 1 GRS R e PR B 5 B ByidiP an R BihepRugbe ©ubber

0- rings. ecl at ed, ber e r &4 her eby
reduci ng 8013 p&b‘fndedﬂ lthenea$e¢e‘sst8160fstlaelflang@85queseel 80 nidyesese@tles may be

peri odi c ed to syr.e proper | ve integrity and operation. Wile
the seal s Qf e g %1 Bgﬂaaéé%@wp 'é’/(grmvi ng the adapter pl ate 24, seals
80 and 82 ma%‘knot be accessi ble without_renoval of the stem 22.

previ ous| 08Pk custBiItRr 1@ fHee 3ea B0withHR (e Banas (R ainensedlg rrné‘(YtqerRJ’OY'ﬁ‘@dr i ng
segment s 4 GaKdufid frohPf E?vbh breﬁﬁ@éﬂh@b |Téb9a B8 4ém By EP&didsymayed al ong
the direction 52 (lgnto t eI gore 32 of aﬁ(ltj 30. At tha cl)%ﬁly t he stem
22 may beO riognov ethefr iseal 821maydaa/@smsami wnrtimma eaessiPBd Dﬁtheti’.temc?R)s'ﬁh@s 14
and/ or raf f i tions
conpar ed eeaﬁg %B@gﬂl gfhlﬂﬁ pt%ﬁﬁ@ﬁ%teﬁkéé%gﬁ% %gmiég%i@n@@%??o r1zllccess t he
stem 22. aR:Idlt&lfn tanether emirkohethebeea snemybd digposed adihin 80ec@yzd 850fmay be
repl aced, t her eb i r ope n.of the ball valve 10.
[ 0b35] Fi cheonpie; riata s, dheb i B abGkk fiodrm 2enny pebEeaIe: aken al ong

adapter plate 24 and the body 12. Furthermore, an o-ring or other seal 86 may

be disposed within a recess 87 of the stem 22. The seal 86 may block fluid from

passing between the stem 22 and the adapter plate 24. The combination of

these seals may serve to substantially reduce or eliminate fluid leakage from the

valve 10. In addition, in the event of leakage, the seals 84 and 86 may be easily

replaced by removal of the adapter plate 24 as a temporary repair without

disassembly of the valve 10.



line 5-5 of Fig. 1. As illustrated, the stem 22 includes a raised portion
88 positioned at an inward side (i.e., along the inward radi al direction
52) of thwovemg&B2adj acent to the flange 78. A di amet erc@sediohe3r ai sed
portion 88 is larger than a diameter 82 of an outward portion (i.e., along
the outward radial direction 46) of the stem22. The difference in

di aneters 90 and 92 establishes a ridge 94 (e.g., annul ar abutnent surface)
t hat extends about the stem 22 in the circunferential direction 39. Due to
t he radi it heo read of the
ridge 94%022& e!:rg(gbsrfedsm g%mfé%ﬁﬂ'%”ﬁgh t%ﬁgggei@ve S?{Zd %I%ih{%pé %E%)n gaps

vm t hi n t héngsi drewilde gppreeigiashriiyherinay dégrgde @tei maothewdly rleldecnnl FIG 2

Serves 1o/ B BBMEREE T &G ForRrousis: e SRt e and v ust

washer 50epGeeditd easlieyproper vevaippedgrid ahg obbfat@herWEhBe ihe ddafs 84 magt i on 46
due to quida§ressure within the ball 30 is resisted g@contact bet ween t he

ri dge 94 FhEhayhe 244e58ed BuERNRYNGdNe gHRPEnPIRLs 2hiaahel 289 SRl appli es
a force tjg é&%s%ﬁb’ié'%th&‘@sr@ﬁ‘fovﬁpef tWQ'sfehn 29 TS r%tl%@s@yd@&!%tséﬁtthé‘s‘téht he

i nner surface 74 of the body In this manner any force applied to the
stemin t%mt/rt@crterrmved@y @(tltaucamf@r fiRESErOANSHE &N ?riizrgm/th@ repess WO

2011/ 028 P / T figuration
bl ocks rms%ﬁrrﬂé Eﬁ%?%g ”Qa?‘%%?‘i’%s't‘ﬁ{’%ﬂg'°%§#@‘g rgalcﬁkgb/e\pﬁth\ﬁn e&r et ai ner

54 has betbe baiirdv eAt. th&lopaiieiq trendtesn, 22 thSdeenerr&R/emEfsomme b@venecwlmd)ut romthe
val ve 10 duri nﬁné%l ntenance4o rat s due to res fluid pressure

1ter’l qrg%ﬂﬁgpagwgﬁggdag%w NAnoved, the

wi thi n t HE&994P € GIgRtuGR -

stem 22 Wﬁ)ﬁlrﬁ@t@cerbpbhﬁldn@%hﬁbarr@@‘t@borﬁldu%ﬂdn@rin%l(ﬂﬂ%e%ﬁllgo ishe bal | 30.
As previously discussed, because t ngth of the stem22 is limted with
respect tIeMPveraeaceessohetsieM s eAfEZ th@ ﬁtaereearhagzaemyeﬁ@veenﬂae@eat& omthe
val ve 10 rehy.

signifi caghq %M%EW%%%Q&@LE‘%@E Sto?@gégg%rglt‘rg? (e)dm\% tfaﬂl vr%\llent enance
operation®). Furthernore, as illust rat ed the valve 10 includes a vent 96

configured to rel ease pressure within the val ve 10 prior to renoving the
st]em 22. [00823B] FF@. 5|slscmssemoﬂlmdemhwemmplhr}abalewvmIaarmkbablon@?l ve 1% as
shown in FI S tln stes renovi ng the stem 22 fromthe
vaive 10.1nes-561 Figvd sk B griaine Sam 22 R LERR Pederam It dal ve 10 and
noved in fé&ﬂldﬁeﬂeﬁta!n%wéﬁi élQe?i)@OéI%nQ*ﬂQe Z 'ﬂ@cﬂlaﬁ:ﬂrecﬁén BQ%! l‘%sdté/m

di scusse in the present enbodinment, the retainer is a two-piece split

ring incl %awgcemtéOﬂhe gangae g Atdigueta POt ofdhe exjsrdipedigndis is Targenihan
1 LUt r atethanidle 64 bk BEAEALOARIRY Diod SHRNEATOAN B SRRy | 21 Ong

t he d|re Ion e sec e renoved e groove
71 al ong thbetem22ctTrendifo@nciVin Hiantetersedtaamet 02 B4tabtisioesma edgé Odnetghe st em

22, the stem 22 d | Jirection 52 into the bore 32
of the. ba st 2NGHe sStech kit X BRGeRTAHE wem AEHBR eSS (han <
di anet er diRttioh 36hOROIANEZadibNp@iibr | fien, posfienl f6ve thel@dial airs@loncdegd such

that the stem 22 nay be positioned within the bore 32 w thout contact

bet ween t%fdhetigee 24, HedechesasHcadioyeacpio recaivedne dawalserftfofm.aaps end al ong
t he out 4 Vb 106 and
an |nvva\rN§M({airhgﬂ?él a{jagé,jbe'n n?@gué)tp{o hé.{;@éé@ cﬁcgl dlllegrgflﬁ%gé g% tﬁ? the stem
22 havi ngcrasﬁseammeakemalongmneﬂqéofWtﬁd‘s 'Ittteerldw@!e beri/62 to sstabligtaed such

that the stem 22 hayi rti r di f t hi.n bore 32 of
he bal Boomur polftionthe B Bl Rbo s 557 el wiEhel bb. Srer el s ve 10
by novi nggdgliedss @ stent b2 irpiealirediio® abidue ta?lutd]tir@‘égth'reemtm@theibalswe 14 or
16. In this manner, the stem 22 may be renp

ed WO
5011/ 028387¢e%isteadyraniad Heteeuthe r?/dge 94 and the thrust bushing 48. The thrust
bushing 48, in turn, applies a force to the thrust washer 50, which is resisted by

contact with the inner surface 74 of the body 12. In this manner, any force
applied to the stem in the direction 46 is transferred from the stem 22 via the



fromthe valve 10 wi thout uncoupling the closures 14 and/or 16 fromthe
body 12, thereby reducing the duration and costs associated wth val ve

mai nt enarwe.20{10Q88pVWhen t he stem 22 passes through the lpotyusi®@oans3i nto the
bore 32 of the ball 30, the seals 80,1382, and 86 may renain attached to the
stem 22. Specifically, seal 80 may remain within the recess 81, seal 82 may
remain within the recess 83, and seal 86 may remain within the recess 87.
In this manner, the seals 80, 82, and 86 nmay be easily renoved fromthe
stem 22 af r4i i i i i4d:@n, renoval
o The st mEe b DY ST P T B P R BilcRDor 18 39 22 e

i ndi vi duahpeylirectien #aehed whentthe retamner 22 . hasHeetoagioyeds Gamgeglignilybe r enoved

10, the. dineryi 22 Mag Blog BBeERdnon AVEY Rlirbdual®ekhls PRt Ertny "
The st em @i wagsidoanfibe peddsareditiintthe g 301 HdwévianoroenthdGe@ntbrisaved into

operatin osition along the direction 46. The retainer segnents 70 and 72
mhy then TS RRQESYR e HOTHR? MaYERever the {eriBy SdBLar SR Treaed em 22 t o

the body dder tﬁ%ﬁlll%.ﬁé‘@r@ﬂﬁ@féis&hs@b@ BEcdiRY tRE |dA)MFES iHalQeMasi ki on al ong

¥l
the direction 52. IS manner, the stem 22 may be installed within the

val ve 10 lishitecbwith tespegpla agiasateeef tbeboie 82 1thestem@Z maynbeliemoyely 12. Due
to the | f . , i j ures 14 and 16,
renovi nga@%ﬁ tﬁ%(s}?lgﬁlh%nvé&@}é%@?é%l%g t&é?&%ﬁ@sﬁﬂ%%@% {ﬁlgqpﬁte% | osures 14

and/ or 1l6Gsigmificantiynetiucingtheyduration antiitesiiaszbciatecawilh eeshignassoci ated wi th
val ve nmi nt enance rations. JOQ35]FIG 7 is a detailed ss section of
an Bt or rERETAETR] T era s (MR A 1ge 4k rOdreREes eSRnERRT  gur at i on.
Speci fi caddnfiguidifroT bR HrédsutdRithin tHe bafieer ﬁr’l’é}qg!r%%ing%é stdmieof | ange
78, seal 80 and recess 81 illustrated in the enbodi ment described with

regard toobks 4ridiIe st% @)Eapﬁécﬁ‘éﬂ ViERHH USRI 8y B8 i@ iRl shdh t he.
rai sed portionh 88 1s substantially equal to a dianeter 110 of the opening
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[ 0036] Whi $teMt 2rmMiaph\RERSHIPNegWIHEN figsbeieriwihew cparach betwas the&8Mons and

22 and the bore 32 despite an outward end (i.e., end along the outward radial
direction 46) of the stem 22 having a diameter 106 and an inward end (i.e., end
along the inward radial direction 52) of the stem 22 having a diameter 108. In
other words, the length 102 is selected such that the stem 22 having particular
dimensions may fit within the bore 32 of the ball 30. In this manner, the stem 22
may be removed from the valve 10 by moving the stem in the axial direction 27
through either closure 14 or 16. In this manner, the stem 22 may be removed



alternative forms, specific enbodi nents have been shown by way of exanple
I n the drawi ngs and have been described in detail herein. However, it
shoul d bewonderesssed that the invention is not intendedpco/useotbiomszed to
the particular fornms disclosed. Rathed, the invention is to cover all

nodi fications, equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the foll ow ng appended clains. WO
2011/ 028382PCT/ US2010/ 045231 16 BALL VALVE STEM RETAI NIl NG SYSTEM CRCSS

REFERENCﬁrJrFPtﬁ’@bﬂ@?@%’%u@ﬁﬁb%l@Qﬁékﬂéhﬁesapﬁéh&/él@ 16 Frofd ﬁie’IfoogHzor ity to

U.S. Non-Provisional Patent tion No 3,037, entit "Bal |

Val ve St etheRdtyaiediucing B}%d@mlpnfandmstsrassepltamﬁbwﬁh zalvzmntamlance; is herein

i ncorporated by reference in its entirety. BACKGROUND [0002] This section is
i nt ended [0034ht r Béherethelstem €2deasses thwauglo tie baghet? andfinto the bore 32 of

the ball 30, the seals 80, 82, and 86 may remain attached to the stem 22.
Specifically, seal 80 may remain within the recess 81, seal 82 may remain within
the recess 83, and seal 86 may remain within the recess 87. In this manner, the
seals 80, 82, and 86 may be easily removed from the stem 22 and replaced
during the maintenance operation. In addition, removal of the stem 22 may
cause the dowels 38 to enter the bore 32, either individually or attached to the
stem 22. The dowels 38 may also be removed from the bore 32 through the
closures 14 and/or 16. To reassemble the valve 10, the dowels 38 may be
disposed within the recesses 66 of the stem 22. The stem 22 may then be
aligned with the first trunnion 40 and moved into operating position along the
direction 46. The retainer segments 70 and 72 may then be disposed within the
recess 71, thereby securing the stem 22 to the body 12. Finally, the adapter
plate 24 may be moved into position along the direction 52. In this manner, the
stem 22 may be installed within the valve 10 without uncoupling either closure 14
or 16 from the body 12. Due to the large number of fasteners 18 associated with
the closures 14 and 16, removing and installing the stem 22 without uncoupling
the closures 14 and/or 16 may significantly reduce the duration and costs

associated with valve maintenance operations.

[0035] FIG. 7 is a detailed cross section of an alternative ball valve 10,
including a different stem configuration. Specifically, the stem 22 in the
illustrated embodiment omits the flange 78, seal 80 and recess 81 illustrated in
the embodiment described with regard to FIG. 4. In the present configuration,
the diameter 90 of the raised portion 88 is substantially equal to a diameter 110
of the opening 69. Consequently, fluid flow from the ball 30 may be blocked by
contact between the stem 22 and the opening 69. Alternatively, pressure
between the valve cavity (e.g., area between the ball 30 and body 12) and the
bore 32 may equalize when the valve is open because the seal 80 is omitted. As
will be appreciated, because the present configuration does not include the



art that may be related to various aspects of the present invention, which
are described and/or clainmed below. This discussion is believed to be

hel pful iwopoowvi2eisng t he reader with background i nfor matcoruse@mofa2siitate a
better understandi ng of the various aspects of the present invention.
Accordingly, it should be understood that these statenents are to be read
inthis light, and not as adm ssions of prior art. [0003]Ball valves may be
enployed to regulate a flow of fluid in a variety of applications. Ball

val ves tYRirR! 78/ mdlfatiGrify B¢l asBocialel HirPRaEARiNY thE\sferh b2 agie and a

stemrotati y coup Dur 1 ng val ve mai ntenance, the
st em may feducethoiewever, geihegi itéstkaied embodongunietsiewi 2hinay tkegebwivedval ve,
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nunber ofrebart @EIGs 6t Ygpewildally, ahpladgpidr pidtdea nmaypbé reraled; exposing
di sassenbly may be bot h expensi ve and ti me-consum ng. Consequent|y,
mai nt enan€g '® @oﬁemﬁ@gt%ﬁ%ﬂ%% faciliiyigg &no I eM & erval s,

resul ti ngnitRe LREEIrCsENBedaloeaneRfIAéteP B0 oPtHdTaiddalsdrtibn BEMS OF THE DRAW NGS
[ 0004] Vari ous features, aspects, and advantages of the present invention

wi | | becosubstantiay equalde shedi@mdient thef thelapennago dneBlest 28 @’ay PaRs on i s

d wit t : fi . ; ) ‘
o oven I BaSBEh Pl aRS PSRN o COMER A Bl ine peacter
2011/ 0283@aRvedUsHLO LAdhnEihg e EIRB0EsFI4Gand 16 sthargbgrregecing e vi ew of a

ball valve having an internally retained. ,
guraflion aﬁd costs assoma!edwa{h vglve maintenance operations.

[0036] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the
following appended claims.



stem configured to be renoved w thout separating closures fromthe body in
accordance with certain enbodi nents of the present technique; [0006]FIG 2
I s a croswozeriizess2of an exenpl ary ball val ve, taken al eag/useee/ 025221 of Fl G
1, in accordance with certain enbodi ments of the present technique;
[0007]FIG 3 is an exploded view of internal conponents within an exenplary
ball valve, as shown in FIG 1, in accordance with certain enbodi nents of
the present technique; [0008]FIG 4 is a detailed cross section of an
exenpl ary ball valve, taken within line 4-4 of FIG 2, in accordance with

certain enbodi nents of giA1q PAEYESTERCRETANING SYSHEMG 5 is a cross
section of an exenplary ball valve, taken along line 5- 5 of Fig. 1,

I n
accordance with certain enbodi nents of the present technique; [0010]FIG 6

's an expLoded MERERENGE 78 BB Al RBBLIGATIGN @5 Shown Tn FIG

[0001] This application claims priority to U.S. Non-Provisional Patent
Application No. 12/553,037, entitled “Ball Valve Stem Retaining System”, filed on
September 2, 2009, which is herein incorporated by reference in its entirety.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not
as admissions of prior art.

[0003] Ball valves may be employed to regulate a flow of fluid in a variety of
applications. Ball valves typically include a body, a ball disposed within the body,
and a stem rotationally coupled to the ball. During ball valve maintenance, the
stem may be removed to service various components within the ball valve, such
as bushings, bearings and seals. Unfortunately, certain ball valves may need to
be disassembled prior to removal of the stem. Due to the large number of
fasteners typically employed within a ball valve, such disassembly may be both
expensive and time-consuming. Consequently, maintenance operations may be

performed at longer than desired intervals, resulting in inefficient valve operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like
parts throughout the figures, wherein:



1, in accordance with certain enbodi nents of the present techni que; and
[O0O11]FIG 7 is a detailed cross section of an alternative ball valve in
accor dancwowniin2emet ai n enbodi nents of the present techercqus201iDEdAaBLED
DESCRI PTI ON OF SPECI FI C EMBODI MENTS [10012] One or nore specific enbodi nents
of the present invention will be described bel ow. These descri bed

enbodi nents are only exenplary of the present invention. Additionally, in
an effort to provide a concise description of these exenplary enbodi nents,
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ball valve, as shown in FIG. 1, in accordance with certain embodiments of the

present technique;

[0008] FIG. 4 is a detailed cross section of an exemplary ball valve, taken
within line 4-4 of FIG. 2, in accordance with certain embodiments of the present
technique;

[0009] FIG. 5is a cross section of an exemplary ball valve, taken along line 5-
5 of Fig. 1, in accordance with certain embodiments of the present technique;

[0010] FIG. 6 is an exploded view of an exemplary ball valve, as shown in FIG.
1, in accordance with certain embodiments of the present technique; and

[0011] FIG. 7 is a detailed cross section of an alternative ball valve in
accordance with certain embodiments of the present technique.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0012] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.

Moreover, it should be appreciated that such a development effort might be



[ 0013] Enbodi nents of the present disclosure may significantly reduce the
duration and costs associated with ball val ve nmai nt enance operations by
provi di ngveroimiesspal |y retained stemthat nmay be renovedriuseomblrsval ve
wi t hout uncoupling the closures. As w8l | be appreciated, ball valves may
include stens that are internally or externally retained. Externally
retained stens include certain features external to the val ve body
configured to restrict novenent of the stemaway fromthe ball during
operatio - Al [ ridge
di sposednc outéxt%ﬁgrﬁﬁefg%rﬂs?ml@%’?eﬁﬁﬁﬂgé%&gﬁrﬁé%b%%ﬁét%ﬁc{{bg st n(?awa
from t he design,ifgbridatiokeahdmanufachise foethaeenf oitinary g havihgahplbenefibol ted to
t he body. e ct the stem for nmintenance, the plate may be unbolted
and rermv%cclﬁslﬁﬁéc %%?lat ely, ball valves including externally retained stens
due to the additiona ociated with
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16. The closures 14 and are configured to seal body 12 and secure

t he val veoftbe valvelagdy. é@ﬂu&p@@flgumt@,orblth%ahegsrma& rmh@exem@w@d@&supl ed to the
body 12 b 1] t h
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conpl errerrrearc»vedmyetaaimlatmdbe stemn irfto the bed;bodylfotmnafﬁhye Helcaesal ek wallds pass

t hrough o enln \ n the cl res are secyred by nuts.
The nut's Fuolfie i oo 6z Bal iR 8 r8Bar e bl A BeTRG erloBbay 12, s
will be aﬂi&?ﬁﬁcéé@@f rérﬁlﬂnrﬁ@lfﬁé%alpéerfe@éllﬁﬂ%l‘?eslﬁné@)bhhgﬁ@&?bﬁé’ to provide
a proper seal between the closures 14 12. Specifically,
t he fast@i@@eaaam@owﬁfhegm@@p@@%@mmﬂmngytuﬂ@ah@@d& elethe dOft i on of
gaps bet e fluid to
| eak frovr;lﬁgﬁte& f&%llgeq%irg;rﬁlﬁ_%rﬂoﬁéggn%r@’tﬁ?ﬁs%c@r gﬁéﬂgérﬁ %P@rrehrﬁ@dféac cl osure
14 and 16pnmagssmayg dedineetcoonsurhimgeodyexiiznbivenore than 3, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, or nore fasteners 18. In an alternative enbodi nent, the
closures 14 and 16 are secured to the body 12 by a wel ded connection. In
such an enbodi nent, the fasteners 18 may be onitted.



[ 0017] Each cl osure 14 and 16 includes multiple openings 20 configured to
coupl e each closure 14 and 16 to a fluid conduit. As will be appreciated,
WO 2011/ OR8282ARCIIWS2010/ 045231 20 fasteners may pass trcoagkomhes2epeni ngs
20 and correspondi ng openi ngs w thin Wespective conduits to secure the
closures 14 and 16 to the conduits. The nunber of openings may be sel ected
to substantially reduce the possibility of fluid | eakage between the
closures 14 and 16 and the conduits. For exanple, the closures 14 and 16
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a handl e such that t e val ve may be operated manual ly. [0019] As
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rod (e.g., bolt) disposed within a complementary threaded recess within the body

12. The threaded rods pass through openings within the closures 14 and 16, and

are secured by nuts. The nuts serve to securely fasten the closures 14 and 16 to

the body 12. As will be appreciated, the number of fasteners 18 may be selected

to provide a proper seal between the closures 14 and 16 and the body 12.

Specifically, the fasteners 18 are configured to substantially reduce the formation

of gaps between the closures 14 and 16 and the body 12 that may cause fluid to

leak from the valve 10. For example, in certain embodiments, each closure 14

and 16 may be coupled to the body 12 by more than 3, 5, 10, 15, 20, 25, 30, 35,

40, 45, 50, or more fasteners 18. In an alternative embodiment, the closures 14

and 16 are secured to the body 12 by a welded connection. In such an

embodiment, the fasteners 18 may be omitted.

[0017] Each closure 14 and 16 includes multiple openings 20 configured to
couple each closure 14 and 16 to a fluid conduit. As will be appreciated,



WO 2011/ 028382PCT/ US2010/ 045231 21 stem 22 is limted with respect to an
i nner dianmeter of the ball, the stem 22 nmay be renoved through either

cl osure IWoanii1lasssgor exanple, the length of the stem 22cmag26e/0k®3s t han
the inner ball dianmeter. Alternativel2p, the length of the stem 22 may be
limted such that it may enter the ball at an angle (i.e., canted
orientation). This renoval process may significantly reduce the tine
associated with stemrenoval, thereby significantly reducing the cost of
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spline connection. [0021] The ball 30 includes a first trunnion 40 that
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the WO 20[%’6&33@’@&5@.- | ERREHOPS 388 Btetr 22 is coupled to an adapter plate 24

configured to mount with a variety of valve control components. For example,

the adapter plate 24 may be mounted to an electric or hydraulic actuator

configured to remotely control the position of the ball within the valve 10.

Alternatively, the adapter plate 24 or stem 22 may be coupled to a handle such

that the valve 10 may be operated manually.

[0019] As discussed in detail below, the stem 22 is configured to be removed
from the valve 10 without uncoupling the closures 14 and/or 16 from the body 12.
Due to the large number of fasteners 18 that couple the closures 14 and 16 to
the body 12, the process of removing the closures 14 and 16 may be time-
consuming. Consequently, the stem 22 of the present embodiment may be
removed from the valve 10 without uncoupling the fasteners 18. Specifically, the
stem 22 may be retained by a removable retainer configured to block inward
movement of the stem 22. Once the retainer has been removed, the stem 22
may pass through the body 12 and enter the ball. Because the length of the



trunni on bl ocks 42 and 43 are secured to the body 12, the ball 30 may
rotate within the trunnions 40 and 41 when driven to rotate by the stem 22.
To faciliweteilwmsmki on, a first trunnion bearing 44 is ecypss@doba2sneen the
first trunnion 40 and the opening 47 2 thin the first trunnion block 42

and a second trunnion bearing 45 is di sposed between the second trunnion 41
and the opening 49 within the second trunnion block 43. As will be

appreci ated, the bearings 44 and 45 nay reduce rotational resistance of the
bal I 30. 2 ' i t ai ned
such that&§@V%%§ﬂ?Ma dﬁ@?F ?Qﬁﬁi hﬁ ?g%bﬁﬁﬂégéhéggbﬁggggﬁg2gggéff|calIy,
nmovenent lof ranhevest tarowh eithenglosnreoid eai @. Fadexdmgier St lieogthdd thevatenfir om t he

vor os. 1 12 BEUHI ST e iRe Rt Bl o2 AR LGRS hlin i e i, "

appr eci at22imalylid Ithnipscessdh @awit hidyrertbetheaddll 3@nrayiey e tcamtddr ce on the
stem?22 in the direction 46. For exanple, the fluid pressure 02%9

appr oxi me?"ENAlREY wd 8IS '§Mayal Bragess ”tﬁiyt%g@%%‘“ydie@‘dﬁ%tﬁﬁd'm%aﬁ%? or

about 0 t@u?RnPRimold), 1HEFded! Sl RERRy TERcing o RnfintbAgcel em 22 exposed
to the fluid wthin the ball may be approximately between 0.5 to 4, 1 to
3, or aboeperatignpuare i nches. Therefore, if the pressure within the baII 30
is approximtely 4000 psi and the area of the stem?22 is approxinmately 2
squar e i n©0A2Q] t HaGf Pus d oness seckion chah@xemptdry dpp vakiertd), ¢dkens00g pounds on
t he stem22' direction 46 .Conse ntl t he RIES ent di ment

i ncl udes g‘%%?@iﬁ%uihﬁ%d”%éraé t?%Y%ggqﬁdéHﬁheﬁPe{]ooqsélﬂnl’ qeg?tgyrot ation of
t he stemidgiitaihgta ﬂts'w bbflididechady akial despiidre2T.hgpbeifigalys ot fad ehrea bet ween
the stem 22 and the b \Q&H@MQS‘I di scussed in detail below, the thrust

bushi ng 4§ Afripe dest oNYsNER UG Bareba at 2 Ak 30i #rd AXil @nce of t he
St om 22 holWearbdng 36561 BOGHCOM, (AOb AR agludsan eamih aag he body

12. [0023] Furthernore e stem 22 retai'ned ong an I nward’radi al
di r ect i onrobite apout a cadidlraxis 8@ @ eegg:lateéh@ﬂdp@tﬂﬂwdt%ﬁ heeygh the vdiveclssed i n

o oove) oroend I b 35 Vifies thel forlpBRTRARGP K BoP S266] g foflyms 5"

t her eby bém‘d:kes PermsbyeRusting fthé hews'at@mfzmud PGt hre facvatedrota@ibinedf tié bakt i on 52.

5 ot 7 BB Bl S SR B Wil e
2011/ 0283@@#&%@%%914%%@%% h RSpREBhPYRBolifal P ERANG Y RRédiagEal i ons. I

further enbodi nents, y be retained by contact between one or
nmore seal tﬁadm§rﬂ)§©@wt%td%@lﬁ shaaythaemployad imalgnabve embodinenis.nFenhance
operatio t 5b v d f ve 10,
thor oby e gsE R SoBRheE Bl ked 03 AR 258 Rl ou sy

r et ai ned, 38 blepe$mrat2®trm@'stea1m2nn a@troumterentidlidivettien 84l wearialtellempvee

eyl b RS RE B Bordi e %Péﬁl@%ﬁé@%“te?@ébaﬁ% VrRe o

entirely sdnekfiod. he bore 32 of the ball the stem 22 may be extracted
fromthe valve 10 through the first closure 14 or the second closure 16. In
this manngorf NeThb e 38 iREHILLa HRTRUAiof ATHaRBxteAll fn 8 ibfaliout removal
of the ball 30, the first closure 14, or the second closure 16. As

pr evi ous| girefitien 36s ddne fiyaictiwyuon éﬁnﬁ/cd@flgur@,d tﬂ r@@un@mﬂm adlial tennien may

Vol e A5GKEL | Sty A1 ot Rles' PSLERR Rurkfon A1 81 BLESFRhinfrEPOd ment
may reduce e duration of nai ntenance operations

conf i gur asgoond tiumnigm l@bck He. d’hesmwmamnltmmzand@saslea/ertermr\wdtheobaﬁlam litate

tract f t th | lystrated, th 10
Phol udes S el i PogY 1an AAee Be0dn Gpisd beiaw e bR LTS A%AT and 16
to provi des hubsdcipdd ROIMEIRRATE Mhd/ﬁqdua@%p@ﬂrﬁg@mm %0 thF‘%LIrBG tyal ve 10.

[0024]FIG 3 is an expl oded view of internal nponent s hi n an exenpl ary
bal | val vieceige thg fish sWAnion 40 and gecond trynnigt 4htr6§peth§|Yba$neCB°@ai|$ oriented
in an opeg F? ! dn%’hoséWAM lﬂggeﬁrbhlgr &Bs 8B tnl)ﬂb trﬁ&‘urﬁ fifyp2: 1n the
present e nent e.g., annular sea |s ose on each end
of the bocr:neeular openlngs 47 and 49 within the trunnion blocks 42 and 43. Because the



32 to provide a seal between the ball 30 and the closures 14 and 16.
Specifically, in the open position, the seats 58 provide a seal between the
bore 32 awmod20tw2kssees 28 and 34 of the closures 14 and 26r/usespeeivel y.
Conversely, in the closed position, tie seats 58 provide a seal between the
ball 30 and the bores 28 and 34 of the closures 14 and 16, respectively.
This configuration may substantially reduce or elimnate fluid | eakage

wi thin the valve 10. [0025] As previously discussed, the trunnion bearing 44
isdispostﬁgiq r ' b Innbat tady ball 30

wi thin the %H%ﬁ%@%%@[@é@ﬁé@aféﬂt%gtﬁ?rbgﬁgﬂghﬂ%etgélli :ﬁgm%& r%)%?%i sposed

bet ween tWighin thentrionioas 4arahdt4iewber diivgn wrrokkte yrihe Istenn 2@nnicoiacititadek 42. As

wi Il be appreciated, the ter dj e f .the . .

2011/ 028 J0ACT) Bt 1prbiRsSi g YA HHosy orifesl R st trian 9 2081 ar 10
t he i nnerthdiopeaingr4 Oivithinehe et itmanibn. bl&EKA2, ardya sédtnd thnetiobeamiger of the
bearing 44 may be substantially simlar to the outer dianeter of the

t runni on 40iS AFRASEIQHVERR Hig %%POHQW%EB‘!Q? 41 8Re (Re crRNiPe 4PHEtiaine 30 wit hin
the valv &Mk e i : t 1 e trunnion
ook 45 SekRatUArRAASoR: 485 ARG gé%pg?%c’@b?r’oﬁre\\tﬁgg nhg e 4P y 12. As

i || ustr atreduce rationghreésisiapteokthebdliridl.udes two t apered sections 62
configured to substantially match the inner contours of the cylindrical
body 12. [B622liseDuting dpatstionafshafalvédObtel staD 2% is re@ifadgguandhab positi on

taper ed S800eDRECASnE B B S0 BeAR rn PPl R 42"
43 rel atigtemtzp sloagRedutward ladisadieticm4e tivay tfiown teosalbd®igkoldekddns) udes

recesses 64 configured to recei ve% ns ext endi Hgﬁfromthe cl osures 14 and

16. TheseCHIaE Debvgen the stemidrernd Ha Rodvole ntiiither wekds. thausiRMo?? I8l ock 42.
Vi | Y daom. LA on bl ock
e On%f&ﬁé@ﬁf%&%gif kHé@édﬂtﬁwAFPvnggé gggfeﬂatédj,qgm?&rés%ré WHAA! on bl oc

42 in the pres ment | i appreci at'e at a simlar recess
64 may bethdibap@derapaxetia fomeoyi the sismaa2 isithe dirsotiarn4s.nbeeexainpler nat i ve

enbodi ne j | . I 6 fA engage

Lonoct T e S preBEorifiaBE GrBlofifitfily hERRRATDICE. 600 Bikeh blon9ge |

2. T e OO oL S e O T O et o
. u , SI 1] al S I U l.

the secortiel amamnseailB e HH Wikt BieAsalb 0 1A RS JPRIPLETRARPETRORN Howel 5 38

Y Ser vey b 40l 3 BOBPhbLISYtRleRe Iies! THbRA0i0 e pRALLISRiniFRRET 1 call Y,

the stem 22 1 ncludes recesses 66 configured to recelve the dowels 38
i |1 ust r atleall, 3&isAnpietisately 400@ priewkibieres oftlie Yamsaistarareyimatsine de with

di t ¢S, t I
o e Be el B i hap SR Rfod (XA BSGRcly pDY piBiAR pf B <1 ¥
cor r esporgtemga mlctee??ecig& f‘dﬁls.s @@?ed?uvdrttllyi ﬂneamesqagrdmﬁg)cﬁ@enai{mdlude?fajt ﬁur ed to
receive the dowel s : mlar recesses a,dianeter. o e
Fecesses BahaySuiadband Bvg washat e Beiiaere ot B the dovel s 38.
In this ceriveys aid %Uzy Y 8Bspiftethd QdRlecoPtad F&rcl ibeRRSEth dtlinpd figy r ecesses
66 and 68, the stem 22 may be rotationally coupled to the ball 30 such that

rotation ©f bogE 1t & digcussgdde sletaldalew) thedhrust beghing 48 and thrust
washer 50 are disposed about the circumference of the stem 22 between a

raised portion (not shown) of the stem 22 and the body 12.

[0023] Furthermore, the stem 22 is retained along an inward radial direction
52 by a retainer 54 (e.g., c-shaped retainer). As discussed in detail below, the
retainer 54 is disposed within a recess (e.g., annular groove) of the stem 22, and
contacts an outer surface of the body 12, thereby blocking movement of the stem
22 in the inward radial direction 52. As will be appreciated, other retention
configurations, such as snap-type rings or fixed collars, among others, may be



WO 2011/ 028382PCT/ US2010/ 045231 25 [0027] Furthernore, the thrust bushing 48
and thrust washer 50 are illustrated. As previously discussed, the thrust
bushi ng 480and/i2kssast washer 50 are di sposed about the eCems2@oanst3i
facilitate rotation of the stem 22. 123 addition, the retainer 54 is also

di sposed about the stem 22 and limts novenent of the stem 22 in the inward
radial direction 52. In the present enbodinent, the retainer 54 is a
two-piece split ring having a first c-shaped segnent 70 and a second

c- shaped egf

i ncl ude a§ﬁ§ﬁ@§%#Z%Hgﬁéwﬁ%¢&ﬁ@@g%?@%é?@ﬁgﬁﬂgghgkpﬁﬁé?g2@%@%%@?%§mt ree or
nor e segnehtaiaindd\nylcontgst hetwdenserener mowa sealh dispsadd hblweanghaisiam

o bt 838ofl o8 SRR obeBRRLL kbl BACET AT 2" 7
confi gur abe mmovRNf@mithdeameein, tHireyebaiasiig é rateindrits. bBebauta thay bl ock
novenent of the stem 22 in the inward radial direction 52, However, once

the ring %@@r%'tséntwaé|ﬁdetﬁﬂ“%\?@ %@%2? SIANEMaIR RRCWEE ity Waﬂ)‘éﬁ‘ss t hr ough
the body {Zged |fé%hﬁﬂapbiotﬁl§ % Q'ﬂ”ﬁ%re?éhﬁ'er'?ﬁeﬁﬁa&hﬁerp@ée 32 of the

bal | 30. Because the length o tem 22 may b ss’than an inner
di anet er remavied tb@habtedhetstﬂné@émnmermyh@élrﬁcmrtiﬁ%n@ﬂc@me slehy2Rig hin t he

22 may bt Gy R 08Bl R AR R et e e apd a1 o

I'ng t
and/ or 16valven10 trsugmheefirst ﬁlasmfee'mamtee@leeoad closareThy. bﬁthmem‘énn@red on the
stem 22, eal s, bushi Eg vvashg S i) onent S wftlg vaI ve 10
inless t ﬁﬁ?rﬂ SamQued WU remQvghe n in which
the cl osqhes.rétﬂd@wﬁé 9, éﬁm@rs%cbﬁarerbggrdofe OAstp‘Pe\ﬁéﬁsW efsegséé&ebbeé@éﬂal val ve
conponents. [0028]F Is a detail cross section of an exenplary ball
val ve 10, refmgyery Wﬁtqwerw% fhé aﬂld@rdﬁ maﬂnvglveAmognekmg)aéargecmumiq%@éd
Toverent AichB% 749 Prodtip BihobBmat e Fhd AUIAL oBlABA MhifiBnbAcd! ocked by
contact between an'in surrace t he” bo

Speci fi camﬁe;ratldsrisecdrhpared tbushﬁlglgaw&samd/vhlm tret closwwben 4w1dt/asralresarer t he

outward |l oad frogmthe ste bo 1 cont ac. th. the inner
our face TRTQUSAIBIANG GOIRERER ! BE THE 2 oR e 1 Hylaten B o
directiondwe 1@ |H3Iwéé€g1e§ye ﬁﬁ’éﬂtl@ﬁtpobl%tsmg SRy Wlﬂilﬁ'e@@ﬁ chupntl4 angout war d
surface 76 of the body 12. Specifically, the first ring segnent 70 and the

second ri Hytosrr@iigietlulricaiing heasestoaianions sanpoaedissiiieéhawalwe A0an annul ar

recess WO 2011/ 028382PCT/ US2010/ 045231
[0024] FIG. 3 is an exploded view of internal components within an exemplary

ball valve 10, as shown in FIG. 1. As illustrated, the ball 30 is oriented in an

open position such that fluid 26 may flow through the bore 32. In the present
embodiment, a seat 58 (e.g., annular seal) is disposed on each end of the bore
32 to provide a seal between the ball 30 and the closures 14 and 16. Specifically,
in the open position, the seats 58 provide a seal between the bore 32 and the
bores 28 and 34 of the closures 14 and 16, respectively. Conversely, in the
closed position, the seats 58 provide a seal between the ball 30 and the bores 28
and 34 of the closures 14 and 16, respectively. This configuration may
substantially reduce or eliminate fluid leakage within the valve 10.

[0025] As previously discussed, the trunnion bearing 44 is disposed about the
trunnion 40 to facilitate rotation of the ball 30 within the body 12. As illustrated,
the trunnion bearing 44 is disposed between the trunnion 40 and the opening 47
within the trunnion block 42. As will be appreciated, the outer diameter of the



26 71 of the stem 22. Consequently, contact between the recess 71, the
retainer 54 and the outer surface 76 of the body 12 bl ocks radi al novenent
of the stw02Bf/02883029]In the illustrated enbodi nent, thecstuseidd4s2ec! udes a
flange 78 configured to block a flowaf fluid between the ball 30 and the
stem 22. As previously discussed, the fluid pressure within the ball 30
exerts a force on the stem22 in the direction 46. Consequently, the force
is resisted by contact between the stem 22 and the body 12 via the thrust

bushi d bet
the. st am T ange ey bs ey shflef e fer PalBly of the B M BTT °2 Tor ce
t o t he babimiady]thetimrerdiiameter ohthesbeakinod4 malydeapstaitiat e dimiiaf tathe

bst ant t t 30 t he ball
30 my beatreSaEL Ty T8 Wftieh it nEre SaatdatdhbAE s L EGU et b eaks
wi thin th@ns:&awahlﬁah@n/ambrw aﬁdrmabl@rthé bail 30he ruate with Gespdreteier e, the gap
77 facilitates nmovenent_of the stem22.in the direction 46 wthout varying

the ali gnifeHtionplochdepdihe twn@mb@ﬂhl“%'%Hg'dﬁ/nmSUF‘ieHg)N'HF” BaRedstal 80 is
provi ded A%Fntlbt'?%@dfﬁ&%ﬁﬁwrﬁén Bibck 18 ihdi %A?&r]ap f@z%ﬁn L%Me to

further block t w of fdefromt Siml to the seal
80 Wit hi rtOtam@sranaa@em’as:h Mjﬁhmerw@twrmytr@ecyﬁmdmai@adyd2b|3ﬁﬂaus¢ thed from

fl i

0t por "9 o ATt OF iiEban 30 2R Coribfired Rdshion BE Sl fdtl BigprdBa gnbledd OF
8§dmtay bl ag:d{nsf{tltlnle thnier _emrf@@@sfl t:’ng dwyW@FmeZ ﬂaﬁemd%ab cganaaq sgadytollﬁnlt I n

a 1Tl on, ano her -=rin or ea e | SPOS |N a recess
B8 0r ¢ numausBRelof g tetein emcdd4d fafitg Buleecyd s 'arﬂdga@g. g

bet ween t e @R 5108l 42 ol Tdot e smrkonBurdl BEEB s lledingng o

ot her seal 86 ma?/ di sposed within a receSs 87 of the stem 22. The seal
86 may blft@Rk the giogurascid m%@nd’h%@Wé‘érﬁetrvﬂatosﬁuéthﬁQmémpwemerﬁ@émeer pl at e

24, The COUORbIER S WHFSEnS oSy BB TSR EHRPARE! gt byyieeduce o

el i m nat uid'I'éakage from val ition, Tn t eevent of
| eakage, trimnicreblosk 82 |amb B@sarayembomamrit,yt witih caamatebiptadetimat alsinoifart he

V0 2011/ GEBaRoBET A BPBsD S 1S BTN Sl 4 TRERPI BTG, the
seal s 80, efiBodiftbntha§bndibye RPré BPWerqecesses 64 configured to engage

respective pins. For example, certain embodiments may include 1, 2, 3, 4, 5, 6,

or more recesses 64 disposed on each axial side of the trunnion block 42.

Furthermore, a similar pin and recess configuration may be employed on the

second trunnion block 43.

[0026] As previously discussed, the dowels 38 may serve to rotationally
couple the stem 22 to the ball 30. Specifically, the stem 22 includes recesses 66
configured to receive the dowels 38. As illustrated, a diameter of the recesses
66 may substantially coincide with a diameter of the dowels 38 such that the
dowels 38 may mount securely within the recesses 66. The ball 30 includes a
similar pair of corresponding recesses 68 disposed within an opening 69, and
configured to receive the dowels 38. Similar to the recesses 66, a diameter of
the recesses 68 may substantially coincide with the diameter of the dowels 38.
In this configuration, when the dowels 38 are disposed within the recesses 66
and 68, the stem 22 may be rotationally coupled to the ball 30 such that rotation
of the stem 22 induces the ball 30 to rotate.



rings. As will be appreciated, rubber nmay degrade over tinme, thereby

reduci ng the effectiveness of the seals. Consequently, the seals may be
peri odi cavbyorigpbmeed to ensure proper valve integrity aou/upenaison. Wil e
the seals 84 and 86 may be accessed @5 renoving the adapter plate 24, seals
80 and 82 may not be accessible w thout renoval of the stem 22. As
previously discussed, the stem 22 nmay be renoved by extracting the ring
segnents 70 and 72 fromthe recess 71. The stem 22 may then be noved al ong
the dire r e stem
22" ey b enbvel T am R Car S PP IRER e s Bp aRe ] Boaled®

and/ or 16As previclsly diecussadi thg thrust Bushing 8 ard thelistwasheacs0 armr ations

tom 22, USpERE AR A65 12N SuEilblsiollieh ot Sl 2ol g e be”
repl aced, retdi@ér@%s@lgmmspcsw alpsut tp etert PR mNAflintitembadrheniadivige $dm
[0032] FI G is.a cross section of an exe%ﬂar ball valve 10, taken al ong

line 5-5 @4 'nth‘s inwardAgdigl difiegtiont 2, 'nttH‘é Peesant sbodEneRiethedefaldRf or t i on
88 positi ég%] | A4 ction
52) of th%ﬂ@g%cg%‘b%%ﬁi@%ﬁ? ‘éeﬁrﬁt'c %pnge érﬁeigl anet g?&grgj% héiFhée&r ai sed
portion 8&gnentailgeks whidre apmeauaﬁobrfurgwr@mmﬂumanmay petudesthéi . e., al ong

por i or ARgehs wide 2 _ | .
oot or Jeftif i gbii Bk A 28 kot rrdthyRftree of RErELEORERRTAohDis, ¢ ocey
tEat e>0<|t epids, fabteuérstd(sra)taémmtablé ﬂ’etalh@rGﬂﬁfl@ULﬁtl@thWSlajI%(ﬂjSBEGiﬁ oetgg? fDuehtO
t he radi osSition | ti n the radl a I recti on (0] t he

a6 o bR e Bistadririts SRS may Do kismese W 0BG 12 8o95SEiR gaps

wi thin thfelstéla®o94n s%ﬁ%%ﬂ@&ﬂaﬁt’ontéﬁltéét%/v@é‘n trie ﬁé@élhé’ﬂﬂ@h@tﬁé’ FIG 2

(i.e., the cross section taken along line 2-2 of 1). The ridge 94
serves t daht BhMaybleckyrpavemagt ¢fdhestamd 22timéhea Inmgﬂ rmmlr@gtlmand t hr ust

washer 5 i ction 46
due to fﬂd?@g\?r eé@ﬁ?@ein%Pqﬁ%&gbal%%?Pé\%gééffe rﬁg\ﬁédﬁlé@r@am é%et ween t he
ri dge 94 aay pabethrbumthdabmy 147 tn&nloﬁmocmmstrumumhmga@mto tnethora, applies
a force t thr sher is re st ed contact with the
oo ourf2ete i HERISE Hetentih Sline Siehna nER e e ST RER M (0% he
stemin tcﬂ]ﬁm‘étérQﬁtthé)Balflgo'tﬁetsfeﬁﬁ?@%éﬁﬁefprogﬁbhé@ eﬁfn%'l? \MhM'tﬁe bae 30O
2011/ 028382PCT/ US2010/ 045231 28 ridge 94 to the bod This configuration
bl ocks noaftardhe rejifinen84 Hagmegp disendagedi COOsEawely, é\@eﬁemr%%rrtam &€ et ai ner
54 has ber%?ndv%ﬁ%‘?ﬁt A& I8 SHoY, uﬁé&pﬂﬁ@%@@logﬁﬁé “Mt rﬁ? : dé%%etﬂu”omthe
val ve 10 during main enance opera I ons to reS| ui d pressure
wi t hi n t heabeaén, n&ntehaneeyeperatornsemial derpdriirmed Mhhaﬁerbeaﬁﬂsealepved t he
nmove in.the i nward radial enter .the ball 30.

22
T ot TSRS weBnbiacor GBS Sedts BhiFihg FAvRA AR es Db R a1 ped ui i

respect tmamishaneetoperatforkith £0a9e Bdnfigtaticn RIMVAIZhNBY cldeurfedNygeh/br om t he
val ve 10 wi thout uncoupling the closures 14 and/or 16, thereby

si gni fi calf AKE EEAYEARYION HeSeIYicHia b iRleana yalve GasRRneated with mai nt enance
operations. Furthernore, as illustrated, the valve 10 includes a vent 96
conf i gur l90R8] r eF@sAelsgﬁ delailee cigissseatiormef FapyeMp@rpbalbyalve 1peldsenng t he
stem 22. I Np "ch% val ve 10, as
shown in \&%%gdﬁp ra% Bin eéég@ﬂ\%s%r em\ylgﬁgﬁ?hg{hétsz% fromthe
val ve 10.aléng #tg omth/ardacm:tnalejlreptlm éGi’sﬂbeloskemw)upmtadt hetarmenhiee gEinv8210 and

i sousseci ARG si1aaeh + ShiGune. SRech U fhefiust BuBlBd 4B spi i

ring incl thﬂjeﬂg/atshér 50 [r&hsf‘eﬁﬂ@éﬁtwﬁ% m@ deiﬁtﬁ@§l@ﬁd22ﬁ9ﬂ‘ferl§odK/212 Wa
illustrated, the first segnment 70 may be renoved fromthe groove 71 al ong

t he di rec‘iqwt%th tﬁﬁdl”'ﬂﬂ’féuﬁf@%ﬁd sfézjwerﬁelwzn@@ﬂ% of épsled 22 dmihehe groove
71 al ong he stem
22, the slb@%rcgf Oﬁﬂﬁtdl@}g%%ﬁ)lg%lt lé%%\% @ﬁtagfﬁtwglépggé; ﬁ%ﬁln PS%%@ g‘atn bore 32
of the babutwadi swc{!aoel T&uefthhattmdy 12. IWﬂcaﬂlﬂZheﬁlrstmmgﬁegmm7Dsariddlae than a
di anet er 104thf t he bor é ¢ i) ddit{S% the %g{ttg 102 is sel ect ed such
that the ¥{ERF229mEY b 5 s‘H AR oA Are PR Bt 3 B r88?ﬁsact

bet ween the stem 22 and the bore 32 despite an outward end (i.e., end al ong
the outward radi al direction 46) of the stem 22 having a dianmeter 106 and
an innard end (i.e., end along the inward radial direction 52) of the stem
22 having a dianmeter 108. In other words, the length 102 is sel ected such
that the stem 22 having particular dinensions may fit within the bore 32 of
the ball 30. In this nmanner, the stem 22 nay be renoved fromthe valve 10
by noving the stemin the axial direction 27 through either closure 14 or
16. In this manner, the stem 22 may be renoved



WO 2011/ 028382PCT/ US2010/ 045231 29 from the valve 10 wi t hout uncoupling the
closures 14 and/or 16 fromthe body 12, thereby reducing the duration and
costs asswoi2atidsset h val ve mai nt enance. [ 0034] When t he petrarse@a/op23Ees

t hrough the body 12 and into the bore632 of the ball 30, the seals 80, 82,
and 86 may renmain attached to the stem 22. Specifically, seal 80 may renmain
within the recess 81, seal 82 nmay remain within the recess 83, and seal 86
may remain within the recess 87. In this manner, the seals 80, 82, and 86

may be eapf {)iythb 62‘% f(EcS’rﬁEe‘c@@P s tﬁa(gt Beﬁvé pt‘n@?éé’e&“ﬁ' @pg%pgigmgpF@tenance

operation. | on, reno st em cause s 38 to
ent er t hearngbihe cmzer artdoer76 ofdheibodwnll Qplmksaadlatmedemnt bthetstem22. The

dowel s 38 nay al so be renoved fromthe bore 32 through the cl osures 14

and/ or 1¢[0028] r eﬁsmeﬁﬂﬂsdaratécéemabdimém,, thelsterd @Rdhelu@8s adlanbe 78i sposed wit hin
the recesse f th ed with the

first tru‘fﬂﬂ?QHre Oé?# 8‘Hq ﬁf’ %%WPQ'E‘ %%%%'gggﬁaﬁﬁ%ﬁﬁﬂgk?%% rection 46.

The r et ai previossigRsiussdd, tad duitCoreBsureRamik thedh 8 P3E esertd 4 droe oheneecess 71,
t hereby securing the stem?22 to the body 12. Finally, the adapter plate 24

may be no¥Ed 2hiNghp SHEEGh4G Q@QS‘?(H\‘@@'M@’@HPE% '§2€3'$tﬁdtbr¥|<§3nﬁ%{-‘r‘iner the stem
22 rray b ét%éﬁ'ﬂ%@%&eﬁﬁ é?gﬂdm@béﬁ Yﬁeﬂ%)th\éf'tmf%% é%ﬂﬁ@%'dn'aglhﬁ]srt her closure

14 or romthe eto arge nu f fasteners 18
associ at e\daemetrhSOt He adblds@ur agapd 7aagravicded betwdenghasten fiangd 7Bragdtdadl st em 22

dur at | on ShivarbeeLelSe 7o eadlys Bk MELALE bbb aeslel Fooas) A

7 is a depgiMipsk aperesias&stii @Buisstamtral &brt:@rsnapplre@l tbahé by@Byen Ha i ncl uding a
different stem canfiguration. Specifical I% stem22 in the illustrated

enbodi merfiresHPR 46; e §allymay decomea misgli WE'&'@éEGQQdY 1PulbiereYed in the

enbodi ne r t gfea@ figuration,
t he di ang(%setgﬁ%mgq %Qﬁéé‘%&tgllns’[gg%sgtrstﬁoﬁﬂ &neﬁ%org s‘%}g?ltg ra Veé(:qﬁg to a

di amet er Theyetsieithe gapet fagiliies Covsegntat the, stemda2dnfth©wre¢tmn 4dhe ball 30
Y e o OO BN B e RELRT DT SA chE AO RO B e
bal | 30 agwlishsrdyidédwithirta téeesb@1eof3Be fayged8alheascah8d nidyeserad ke i s open
conti gur b B 8686 Meufor ALliddorhihe WY b11/ bs362pCT! Us2010/ 045251 30—

[0030] Similar to the seal 80 within the flange 78, other seals may be provided

to block fluid from flowing between the ball 30 and the stem 22. Specifically, an

o-ring or other seal 82 may be disposed within a recess 83 of the stem 22. The

seal 82 may block fluid from passing between the stem 22 and body 12. In

addition, another o-ring or other seal 84 may be disposed within a recess 85 of

the adapter plate 24. The seal 84 may block fluid from passing between the

adapter plate 24 and the body 12. Furthermore, an o-ring or other seal 86 may

be disposed within a recess 87 of the stem 22. The seal 86 may block fluid from

passing between the stem 22 and the adapter plate 24. The combination of

these seals may serve to substantially reduce or eliminate fluid leakage from the

valve 10. In addition, in the event of leakage, the seals 84 and 86 may be easily

replaced by removal of the adapter plate 24 as a temporary repair without

disassembly of the valve 10.



flange 78, manufacturing costs associated with machining the stem 22 may be
reduced. However, in the illustrated enbodi nent, the stem 22 may be renoved
from t he weal2m/0k8s2n a simlar manner to the procedure sesaséedszbove W th
regard to FIG 6. Specifically, the axapter plate 24 nay be renoved,
exposing the retainer 54. Renpval of the retainer 54 facilitates novenent
of the stem?22 in the direction 52. Because the dianmeter 90 of the raised
portion 88 is substantially equal to the dianmeter 110 of the opening 69,

s oo BBaTRy RSN BN RRLIMS 8, 801 Mdeb R buoBlro- o 14

Consequently,” the stem e renove ut uncoup
and 16, trhirgsebds wildeecaprreciatedi nulzhdronayadegrads oyeatmocinarelry widtibingal ve

Var fous oG R LSS DL S PRy e By bedfBRAER: < have been
shown by nsplacet t@geagrm@q)rbpertmvedrnaegrnganatroﬁefmm tverire thesswaid@4lahe det ai |

herein. However, it should be understood at the invention _is not intended

to be |irpq BEYIRE 3GRESHRA PY E/MAYINg ia3dapisEPiaiead. SeAHEP andise MAYBAti on is
to cover éc?%@fbflé ﬁ/ﬁh?&%mo%%f"t%%%rﬁ poang &'eb%ﬁ@@tdﬁé’&%s%ﬁ,' thbRgm t hin

the spirit and scope of the invention as defined by the follow ng appended

claims. 28DTRYLE @PERBIARYRNUSZINOIBMGEBse@NemsAIOMEd 12 fransipetrenessonpri si ng:
a bal | vaﬂ/_e-rhé:gm 55 irﬁ'ﬂi th@nt?)%qéﬁ'oved along the direction 52 into the bore 32 of

the ball 30. At that point, the stem 22 may be removed from the valve 10 without

uncoupling the closures 14 and/or 16, thereby decreasing the duration of

maintenance operations compared to configurations in which the ball 30 is

removed to access the stem 22. After the stem 22 has been removed, the seals

80 and 82 may be replaced, thereby ensuring proper operation of the ball valve

10.

[0032] FIG. 5is a cross section of an exemplary ball valve 10, taken along
line 5-5 of Fig. 1. As illustrated, the stem 22 includes a raised portion 88
positioned at an inward side (i.e., along the inward radial direction 52) of the stem
22 adjacent to the flange 78. A diameter 90 of the raised portion 88 is larger than
a diameter 92 of an outward portion (i.e., along the outward radial direction 46) of
the stem 22. The difference in diameters 90 and 92 establishes a ridge 94 (e.g.,
annular abutment surface) that extends about the stem 22 in the circumferential
direction 39. Due to the radial position (i.e., position along the radial direction 36)
of the ridge 94, the recesses 66 configured to receive the dowels 38 form gaps
within the ridge 94. Consequently, the ridge 94 is not visible in FIG. 2 (i.e., the
cross section taken along line 2-2 of FIG. 1). The ridge 94 serves to establish a
mounting point for the thrust bushing 48 and thrust washer 50. Specifically, force
applied to the stem 22 in the direction 46 due to fluid pressure within the ball 30
is resisted by contact between the ridge 94 and the thrust bushing 48. The thrust
bushing 48, in turn, applies a force to the thrust washer 50, which is resisted by
contact with the inner surface 74 of the body 12. In this manner, any force
applied to the stem in the direction 46 is transferred from the stem 22 via the



a ball disposed within the body; and a stem di sposed within an
opening in the ball and including a raised portion, wherein novenent of the

stem i n awDiosto2eiseecti on away fromthe ball is bl ockedrby/usenbasizzbet ween
the raised portion and an inner surfase of the body, and novenent of the
stemin a second direction toward the ball is blocked by contact between an

outer surface of the body and a retainer renovably coupled to the stem 2.
The system of claim1, wherein the stemis disposed within an opening in

the bal | aLf Pﬂh% 1, rﬁﬂ?\ééﬁﬂ@ 5‘?/ W&%ﬁ@m}wﬁ%ﬁ%f l{h@%t PHRg into a

bore of the b he system erein a length of the stem
is |imtebetdiretton Hﬁteaelewhemﬁkzalretahneoﬁémaa Heengeofovetie Qeaisbquently, The system

O (L2 e LR Mok 5L RRIRL G962 8 APPSR o ™

thrust wedleto, residual mn@‘pirmu're)wnhulmethe@fau 301 HmsSkrbericseas rétiamerrms ed

portion and t he bod e stemof claiml, conprisin Ieast one
dowel di SRS @Nﬁ%@ﬁ* F}?eSt@F’e%#HWd e hdhe 'n"\\l\ﬁ‘fé’rréﬂ'ﬁ' flirect and

confi gur e&htér@t heHAtdONRS bk gjﬁséuhé%eﬁt BERARIE thE forlh bf theWibm 22is
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limited with respect to a diameter of the bore 32, the stem 22 may be removed
from the valve 10 without uncoupling the closures 14 and/or 16, thereby
significantly reducing the duration and costs associated with maintenance
operations. Furthermore, as illustrated, the valve 10 includes a vent 96
configured to release pressure within the valve 10 prior to removing the stem 22.

[0033] FIG. 6is an exploded view of an exemplary ball valve 10, as shown in
FIG. 1, illustrating the steps of removing the stem 22 from the valve 10. First, the
adapter plate 24 is uncoupled from the valve 10 and moved in the direction 46 to
expose the retainer 54. As previously discussed, in the present embodiment, the
retainer is a two-piece split ring including the first segment 70 and the second
segment 72. As illustrated, the first segment 70 may be removed from the
groove 71 along the direction 98, and the second segment 72 may be removed
from the groove 71 along the direction 100. With the retainer 54 uncoupled from
the stem 22, the stem 22 may move in the inward radial direction 52 into the bore
32 of the ball 30. As illustrated, a length 102 of the stem 22 is less than a
diameter 104 of the bore 32. In addition, the length 102 is selected such that the
stem 22 may be positioned within the bore 32 without contact between the stem
22 and the bore 32 despite an outward end (i.e., end along the outward radial
direction 46) of the stem 22 having a diameter 106 and an inward end (i.e., end
along the inward radial direction 52) of the stem 22 having a diameter 108. In
other words, the length 102 is selected such that the stem 22 having particular
dimensions may fit within the bore 32 of the ball 30. In this manner, the stem 22
may be removed from the valve 10 by moving the stem in the axial direction 27
through either closure 14 or 16. In this manner, the stem 22 may be removed



7. The systemof claim1, wherein the stemconprises a flange configured to
bl ock a flow of fluid through an opening in the ball supporting the stem

8. The sywopemwhsisbai m 1, conprising a seal disposed bererars2diloe4=Eem and

t he body, wherein the seal is configweed to block a flow of fluid out of
the body. 9. A systemconprising: a ball valve, conprising: a body; a ball
di sposed within the body; a stem di sposed within an opening in
the ball, and internally retained by the body; and a retainer

remvabl SRR Gelvba oM ERboASIRGIABLICRLFELA SndbPF oBiEhavprent of

the stemtoward the bal cont'ac an outer surface o y. 10.
The syst etregbyokducing thevberagipn andlceatst dssofiatdtbwith alvesnainienaade t o
facilitate renoval through a bore of the ball. 11. The systemof claim?9,
wher ei n t[8034kt aWten thergier sPpassesutrpugle hesipddyt 12 and into the bore 32 of

the ball 30, the seals 80, 82, and 86 may remain attached to the stem 22.
Specifically, seal 80 may remain within the recess 81, seal 82 may remain within
the recess 83, and seal 86 may remain within the recess 87. In this manner, the
seals 80, 82, and 86 may be easily removed from the stem 22 and replaced
during the maintenance operation. In addition, removal of the stem 22 may
cause the dowels 38 to enter the bore 32, either individually or attached to the
stem 22. The dowels 38 may also be removed from the bore 32 through the
closures 14 and/or 16. To reassemble the valve 10, the dowels 38 may be
disposed within the recesses 66 of the stem 22. The stem 22 may then be
aligned with the first trunnion 40 and moved into operating position along the
direction 46. The retainer segments 70 and 72 may then be disposed within the
recess 71, thereby securing the stem 22 to the body 12. Finally, the adapter
plate 24 may be moved into position along the direction 52. In this manner, the
stem 22 may be installed within the valve 10 without uncoupling either closure 14
or 16 from the body 12. Due to the large number of fasteners 18 associated with
the closures 14 and 16, removing and installing the stem 22 without uncoupling
the closures 14 and/or 16 may significantly reduce the duration and costs

associated with valve maintenance operations.

[0035] FIG. 7 is a detailed cross section of an alternative ball valve 10,
including a different stem configuration. Specifically, the stem 22 in the
illustrated embodiment omits the flange 78, seal 80 and recess 81 illustrated in
the embodiment described with regard to FIG. 4. In the present configuration,
the diameter 90 of the raised portion 88 is substantially equal to a diameter 110
of the opening 69. Consequently, fluid flow from the ball 30 may be blocked by
contact between the stem 22 and the opening 69. Alternatively, pressure
between the valve cavity (e.g., area between the ball 30 and body 12) and the
bore 32 may equalize when the valve is open because the seal 80 is omitted. As
will be appreciated, because the present configuration does not include the



12. The systemof claim9, wherein the stemincludes a raised portion
configured to block outward novenent of the stemaway fromthe ball by
cont act wohoamm2sssper surface of the body. 13. The systemustoioloasam 12,
conprising a thrust bushing, a thrust3mwasher, or a conbi nation thereof,
di sposed between the raised portion and the body. WO

2011/ 028382PCT/ US2010/ 045231 33 14. The systemof claim9, wherein the
stemis rotationally coupled to the ball by at |east one dowel disposed

A ek s - o | e
wi t hi n t hredboely:; Hawever, in the |IIustrated embodiment, the stem 22 may be removed

from the valve 10 in a similar manner to the procedure described above with

regard to FIG. 6. Specifically, the adapter plate 24 may be removed, exposing

the retainer 54. Removal of the retainer 54 facilitates movement of the stem 22

in the direction 52. Because the diameter 90 of the raised portion 88 is

substantially equal to the diameter 110 of the opening 69, the stem 22 may pass

through the opening 69 and into the ball 30. Consequently, the stem 22 may be

removed without uncoupling the closures 14 and 16, thereby reducing the

duration and costs associated with valve maintenance operations.

[0036] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the
following appended claims.



a stem di sposed within an opening in the ball, wherein the stemis
renovabl e by passage through the opening into a bore of the ball. 16. The
syst em ofwol2aiwn28882 conprising a renovabl e retai ner coupcediscaonhe3st em
wherein the renovable retainer is cordftigured to bl ock i nward novenent of
the stemtoward the ball by contact with an outer surface of the body. 17.
The system of claim 16, wherein the retainer conprises a two-piece split
ring. 18. The system of claim 15, wherein a dianeter of the stemis
substantially equal to a dianmeter of the opening. 19. The systemof claim
15, wherein the stemconprises a raised portion configured to bl ock outward
novenment GFAI'\ﬂg stemaway fromthe ball by contact with an inner surface of
the body. 20. The system of claim 15, wherein a length of the stemis |ess
than a dianete ; the ball. WD 2011/028382PCT/ US2010/ 045231 34
CLALNE fnet e s0die QPRSI g:

a ball valve, comprising:

a body;

a ball disposed within the body; and

a stem disposed within an opening in the ball and including a raised
portion, wherein movement of the stem in a first direction away from the ball is
blocked by contact between the raised portion and an inner surface of the body,
and movement of the stem in a second direction toward the ball is blocked by
contact between an outer surface of the body and a retainer removably coupled
to the stem.

2. The system of claim 1, wherein the stem is disposed within an opening in
the ball, and the stem is removable by passage through the opening into a bore
of the ball.

3. The system of claim 1, wherein a length of the stem is limited to facilitate
removal through a bore of the ball.

4. The system of claim 1, wherein the retainer comprises a two-piece split
ring.
5. The system of claim 1, wherein the ball valve comprises a thrust bushing,

a thrust washer, or a combination thereof, disposed between the raised portion
and the body.

6. The system of claim 1, comprising at least one dowel disposed between
the stem and the ball, wherein the dowel is configured to rotationally couple the
stem and the ball.



1. A systemconprising: a ball valve, conprising: a body; a ball disposed
within the body; and a stem di sposed within an opening in the
bal | and wocbudi2ggg2a rai sed portion, wherein novenent ofcrhms:&enssn a
first direction away fromthe ball is32bl ocked by contact between the raised
portion and an i nner surface of the body, and novenent of the stemin a
second direction toward the ball is blocked by contact between an outer
surface of the body and a retainer renovably coupled to the stem 2. The
system of-cl ai rgi e i n the
bal |, and t he meésrxs:fés}ﬁrozﬁo&\lﬁém gﬁ%?éihé@%gfezrﬁ)?ﬁrﬁgn%é?'ﬂén%gﬁtﬁ@&]r?ﬂ% a bore
of the bablpck aJowmnidlui/kreurghogn opaning 1) thenealesuppartinenihelsteh. t he stemi s
limted to facilitate renoval through a bore of the ball. 4. The system of
claim1l, wherein the retainer conprises a two-piece split ring. 5. The
syst em ofg.cl aiThe]sys\t‘dﬂﬁrcﬁicl‘almme cbalprisingl &/ sedl eigposed Hetwddir etstbmsdndng, a

t hrust washer, conbi nation thereof, dis sed et ween .t he rai sed
portion ang boRl, ‘HB@V'” the sehis “SQFE'QHFﬁdotP QP QE%HEW‘&lOrﬁ&’eaPOq%ast one
dowel disposed between the stemand the ball, wher ein the dowel is
configured to rotationally couple the stem and the ball.

9. A system comprising:

a ball valve, comprising:

a body;

a ball disposed within the body;

a stem disposed within an opening in the ball, and internally
retained by the body; and

a retainer removably coupled to the stem, and configured to block
inward movement of the stem toward the ball by contact with an outer surface of
the body.

10.  The system of claim 9, wherein a length of the stem is limited to facilitate
removal through a bore of the ball.

11.  The system of claim 9, wherein the retainer comprises a two-piece split

ring.

12.  The system of claim 9, wherein the stem includes a raised portion
configured to block outward movement of the stem away from the ball by contact
with an inner surface of the body.

13.  The system of claim 12, comprising a thrust bushing, a thrust washer, or a
combination thereof, disposed between the raised portion and the body.



WO 2011/ 028382PCT/ US2010/ 045231 35 7. The systemof claim 11, wherein the
stem conprises a flange configured to block a flow of fluid through an
openi ng iwotzha/hsdsk supporting the stem 8. The syst empafi/usb@iomusb31
conprising a seal disposed between th8 stem and the body, wherein the seal
is configured to block a flow of fluid out of the body. 9. A system
conprising: a ball valve, conprising: a body; a ball disposed within the
body; a stem di sposed within an opening in the ball, and

i nternal |y, r et Qi df R WheP&H the stem is rotationally coupled to the ball
by at least one dowel disposed within a recess of the stem and a corresponding
recess within the ball.

15. A system comprising:
a ball valve comprising:
a body;
a ball disposed within the body; and
a stem disposed within an opening in the ball, wherein the stem is
removable by passage through the opening into a bore of the ball.

16.  The system of claim 15, comprising a removable retainer coupled to the
stem, wherein the removable retainer is configured to block inward movement of

the stem toward the ball by contact with an outer surface of the body.

17.  The system of claim 16, wherein the retainer comprises a two-piece split

ring.

18.  The system of claim 15, wherein a diameter of the stem is substantially
equal to a diameter of the opening.

19.  The system of claim 15, wherein the stem comprises a raised portion
configured to block outward movement of the stem away from the ball by contact
with an inner surface of the body.

20.  The system of claim 15, wherein a length of the stem is less than a
diameter of a bore of the ball.
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novement

l[imted

er renovably coupled to the stem and configured to bl ock inward
of the stemtoward the ball by contact with an outer surface of

t he body.woD011/0Bkm2syst em of claim 9, wherein a | ength eCTiuseoisiesesi s

to facilitate renoval through4a bore of the ball. 11. The system

of claim9, wherein the retainer conprises a two-piece split ring.
systemof claim9, wherein the stemincludes a raised portion configured to
tward novenent of the stemaway fromthe ball by contact with an
rface of the body. 13. The systemof claim 12, conprising a thrust
&_thrgst washer, or a conbination thereof, disposed between the
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12. The

and the body. WD 2011/028382PCT/ US2010/ 045231 36 14. The

systemof claim9, wherein the stemis rotationally coupled to the ball by

pne qgﬁzgtgg]:wdmhi n a recess of the stemand a correspondi ng

at | east

recess within't

.~ 'A system conpri si ng:
a ball valve, comprising:

a body;
a ball disposed within the body; and

a stem disposed within an opening in the ball and including a raised

portion, wherein movement of the stem in a first direction away from the ball is
blocked by contact between the raised portion and an inner surface of the body,
and movement of the stem in a second direction toward the ball is blocked by
contact between an outer surface of the body and a retainer removably coupled
to the stem.

2. The system of claim 1, wherein the stem is disposed within an opening in
the ball, and the stem is removable by passage through the opening into a bore
of the ball.

3. The system of claim 1, wherein a length of the stem is limited to facilitate
removal through a bore of the ball.

4. The system of claim 1, wherein the retainer comprises a two-piece split
ring.
5. The system of claim 1, wherein the ball valve comprises a thrust bushing,

a thrust washer, or a combination thereof, disposed between the raised portion
and the body.

6. The system of claim 1, comprising at least one dowel disposed between
the stem and the ball, wherein the dowel is configured to rotationally couple the
stem and the ball.



a ball valve conprising: a body; a ball disposed within the body; and

a stem di sposed within an opening in the ball, wherein the stemis

renovabl ewbyoparsmge t hrough the opening into a bore of pcmasb@blo4s23116. The
system of claim 15, conprising a renodabl e retainer coupled to the stem
wherein the renovable retainer is configured to block i nward novenent of
the stemtoward the ball by contact with an outer surface of the body. 17.
The system of cI aim 16, wherein the retainer conprises a two-piece split

ring. 18 S8 c%’hrﬁHmvﬂq'%reuH’@iﬁ’%%!e% éorqﬁﬁé'@st E'ﬂaﬁ%wﬁ’f &dd S

substantlall to a dianeter e openi temof claim
15, vx/nerdmlnclt aélomcairﬂuubﬂfmugman aperanga‘dtmdmalh ewpp@dmgtgarsé@mo bl ock outward
novenent of the stemaway fromthe ball by contact with an inner surface of
the body. 20. The systemof claim15, wherein a length of the stemis |ess

than a dignet erheddysterh@f eladh 1 lkenmpaking a seal disposed between the stem and
the body, wherein the seal is configured to block a flow of fluid out of the body.

9. A system comprising:
a ball valve, comprising:

a body;

a ball disposed within the body;

a stem disposed within an opening in the ball, and internally
retained by the body; and

a retainer removably coupled to the stem, and configured to block
inward movement of the stem toward the ball by contact with an outer surface of
the body.

10.  The system of claim 9, wherein a length of the stem is limited to facilitate
removal through a bore of the ball.

11.  The system of claim 9, wherein the retainer comprises a two-piece split

ring.

12.  The system of claim 9, wherein the stem includes a raised portion
configured to block outward movement of the stem away from the ball by contact
with an inner surface of the body.

13.  The system of claim 12, comprising a thrust bushing, a thrust washer, or a
combination thereof, disposed between the raised portion and the body.
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14.  The system of claim 9, wherein the stem is rotationally coupled to the ball
by at least one dowel disposed within a recess of the stem and a corresponding
recess within the ball.

15. A system comprising:
a ball valve comprising:
a body;
a ball disposed within the body; and
a stem disposed within an opening in the ball, wherein the stem is
removable by passage through the opening into a bore of the ball.

16.  The system of claim 15, comprising a removable retainer coupled to the
stem, wherein the removable retainer is configured to block inward movement of

the stem toward the ball by contact with an outer surface of the body.

17.  The system of claim 16, wherein the retainer comprises a two-piece split

ring.

18.  The system of claim 15, wherein a diameter of the stem is substantially
equal to a diameter of the opening.

19.  The system of claim 15, wherein the stem comprises a raised portion
configured to block outward movement of the stem away from the ball by contact
with an inner surface of the body.

20.  The system of claim 15, wherein a length of the stem is less than a
diameter of a bore of the ball.



