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instances, downhole systems may be uscd to perform subsurface flow control operations,

15 completion operations, or well intervention operations. Thus, some downhole systems
may inject fluids into a wellbore or recover fluids from the wellbore. For example, some
downhole systems may be used to inject a fluid into at least a portion of a wellbore, such
as during a fracturing operation, a acidizing operation, or some other operation in which
fluid may be introduced into a wellbore through a downhole system.

20 In some cases, the fluid introduced into or recovered from the wellbore may
contain solid material. For example, a wellbore fluid to be removed by a downhole
system may include wellbore cuttings and/or other debris. In still other instances, the
downhole system may be used to pump a fracturing fluid containing a proppant (i.e.,
particles entrained in a fluid used to fracture a subterrancan zone). Thus, downhole

25  systems may be used to conduct fluids containing debris or other solid material into or
out of a wellbore.

SUMMARY
A downhole tool for performing an operation downhole according to one aspect
includes a bore having a first bore portion and a second bore portion, A ball may be

30  disposed between the first bore portion and the second bore portion and adapted to pivot

between a first position and a second position. The ball may include an internal bore
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openi ng may ENHRRAREs aspects may include one or more of the following features. The first
opening of the internal bore may be elliptical and include a minor axis at least as large as
a width of the opening defined by the first bore portion and a major axis greater than a
height of the opening defined by the first bore portion. The first opening may encompass
20  the opening defined by the first bore portion over a range of pivot of the ball. The range
of pivot of the ball may be four degrees. A pivotal range of the ball between the first
position and the second position may be 92 degrees. The internal bore may transition
between the first opening and the second opening. At least a portion of the internal bore
may transition parabolically, conically, or in a step-wise manner. The internal bore may
25  (ransition over a length of the internal bore. An opening defined by the second bore
portion adjacent the ball may be flared, and the flared opening may encompass the
second opening over a range of pivot of the ball. The internal bore may include one of a
smooth bore or a faceted bore. An opening defined by the second bore portion may be
sized to encompass the second opening of the internal bore over a range of pivot of the
30 ball
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DESCRIPTION OF DRAWINGS
FIG. 1 shows a schematic of a wellbore extending from a terrancan surface and
having a downhole system disposed therein.
FIG. 2 is a cross-sectional view of an example ball valve.
FIG. 3 is an exploded view of an exampie ball valve.
30 FIG. 4 is a cross-sectional view of another example ball valve.

FIG. 5 is a front view of the example ball valve of FIG. 4.



FIG | shows a schematic of a wellbore extending froma terranean
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FIG 6 is a rear view of the exanple ball valve of FIG 4.
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S N T R
f1 ui d 1b osseMiadry €0 and includes a ball valve 60. In some implementations, the downhole system
50 includes a tubular working string or other tubular for at lcast onc of introducing a fluid
into the wellbore 10 or recovering a fluid from the wellbore 10. In some
implementations, the ball valve 60, described herein, may be included in any number of
downhole tools. Example downhole tools may include a remote opening fluid loss valve
15 (“FS Valve™), a mechanical opening fluid loss valve (“IB Valve”), a lubricator valve
(“LV Valve™), or a ball safety valve.

Ball valves as described in the present disclosure may be applicable to any
number of downhole operations. For example, the ball valves may be used in fluid loss
situations to prevent loss of well fluid into a subterrancan zone of a reservoir. Other

20  applications include using the ball valve as a barrier valve to prevent fluid movement
through the a downhole system and provide pressure isolation. Other application are also
possible including other downhole operations involving introduction of fluids into or
removal of fluids out of a wellbore.

An example ball valve 60 is shown in FIG. 2. The ball valve 60 includes a ball

25 100 pivotal therein and having an internal bore 110; a first housing portion 82 defining a
first bore portion 80; a second housing portion 92 defining a second bore portion 90; a
cylindrical member 94; a wiper member 99 disposed between the second housing portion
92 and the cylindrical member 94; and a fluid pathway 70 formed through the first bore
portion 80 and the second bore portion 90. According to some implementations, the ball

30  valve 60 may also include one or more alignment dowels 144 adapted to align the ball

valve 60 with other components of a downhole system, such as downhole system 50. For
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25 “of the internal bore 110 (e.g., first or second openings 120, 130, discussed below). In
other implementations, a scal may be formed around both openings of the internal bore
110 (e.g., the first and second openings 120, 130). When a seal is desired around both the
first and second openings 120, 130, the first housing portion 82 may be replaced by
components similar to the second housing portion 92, the wiper member 99, and the

30  cylindrical member 94 to cooperate with a sealing surface 95 of the ball 100 surrounding

the first opening 120.
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104 and are received into the apertures 105. The raised rims 107 also extend into the
slots 108. Thus, the arms 104 are sandwiched between the members 106 and the ball
100. The raised rims 107 are retained in the slots 108 such that the arms 104 are
25  permitted to slide in a direction parallel to the X-axis but are prevented from moving in a
direction parallel to the Z-axis. Actuation pins 112 are provided on an inner surface 114
of each arm 104. The actuation pins 112 are received into the radial grooves 102 formed
in the ball 100. A bearing may be positioned between each pin 112 and radial groove
102. A bearing may also be positioned between each cylindrical projection 98 and the

30  raised rims 107.
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bal | val ve 60 (rbyr infitérieiatRasliof Nl @lvalbb hefentludd aalitdmnbs diffaant
those illuystrated inp th figur,es. Further, in sone inplenmentations,
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t he i nt erpadifReeRmeid v degniléd. ! 100 includes the first opening 120
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openi ng 120 i Rafgrigato ian 1-heths detomal bpenilAgpf1Bo balHd (R vealudes theofitser
i mpl ement at.| 03 f.] ' TRY, | ef. er
second op n#ﬁgslfgo&hgtﬁ? ib%&?g(f%gﬁgé 23‘%3@9 hIF% lgl?gt 7 riﬁb As Lﬂb% tﬂﬂ; first
opening 120 is larger than the second opening 130. However, in other implementations,
30  the first opening 120 may be smaller than the second opening 130. A lip 150 surrounds

the first opening 120, and a second lip 160 surrounds the second opening 130. The
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| mpl ement i?’rgp'lg en’tanon ﬁj il 1§ prevented from passing through the fluid pathway 70 in the

closed configuration because no portion of the internal bore 110 is aligned with the first

25  and second bore portions 80, 90, and fluid is permitted to flow through the fluid pathway

70 in the open configuration because at least a portion of the internal bore 110 is open to

the first and second bore portions 80, 90.
The ball 100 permits full drift clearance over a portion of the open pivotal range
(referred to hereinafter as the “drift clearance pivotal range”). According to some

30  implementations the drift clearance pivotal range is four degrees, approximately four

degrees, or some other pivotal range. According to still other implementations, the drift
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openi ng atrh?ougg%e Qaqp vzlﬂ¥e ta@%vgl Elisslinm%asmg a pressure drop through the valve. Thus,
even the slightest misalignment of the ball within the fluid pathway may reduce the size
25  of debris or other object disposed in the fluid passing through the ball valve,

Thus, to overcome these difficulties associated with downhole operations, the ball
valve 60 provides full drift clearance over a range of pivot of the ball 100. Particularly,
the size of the first opening 120 of the internal bore 110 may be larger than the opening
defined by the first bore portion 80. Accordingly, the first opening 120 of the internal

30  bore 110 fully encompasses the opening defined by the first bore portion 80 over the drift

clearance pivotal range. Stated another way, the opening area defined by the first bore
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In some implementations, the second opening 130 may be smaller than the

opening defined by the second bore portion 90. Alternately, the opening defined by the
second bore portion 90 may be equal to or less than the size of the second opening 130.
25  In other instances, the second bore portion 90 may have a flared portion 170 adjacent the
ball 100. Thus, the second opening 130 may be smaller than the opening formed by the
flared portion 170 of the second bore portion 90. Consequently, an area defined by the
opening of the second bore portion 90 may entirely overlay the area defined by the
second opening 130 over the drift clearance pivotal range. FIGs. 7-9 show the ball 100 in
30 three different positions illustrating full drift clearance even while the ball 100 may be

misaligned in the fluid pathway 70.
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For the exanple ball valve 60 shown in FIGs. 7-9, the pivotal range
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quch that the larger opening of the internal bore 1]0 (e.g., the first opening 120) may be

25  disposed upstream of the smaller opening of the internal bore 110 (e.g., the second

opening 130). That is when inserted info a downhole system, such as the downhole

system 50, the first opening 120 is above (i.e., closer to the terranean surface 20) than the

second opening 130. In such a configuration, the second housing portion 92 may form a

seal around second opening 130 and/or the first housing portion 82 may form a seal

30  around the first opening 120. Further, fluid may be introduced into the wellbore 10 from

11
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= second oufE rAReRTE AT R 80 Btk Rhund Bl MRARR ol R B OB ir Sty
ext ends fswica2ld thratghopetnlinglvef60t he i nternal bore in the ball to a

second opening, of t i ot er nal e |n the ball, the first, and s nd
openi ngs subst%ﬁ}i‘quﬁF&F %P‘i f@’ﬁ%‘&gaﬁ% 1 ‘ifs?f@’ﬁg%%fgfé thapithe quqfé’cplﬁggg(ﬁal
bore in tiethbl dxamphs, i dthdr APEMAGBR, RY ckFBBBI abd\RN tHeNGPBAROREY be
opening and the first openlng enconpassi ng an oPenlng defined by the
first bor EugAdithesecerdepeaing d ganay e rgasthaprthe st ereping 18R openi ng

def i ned by the SeRRA obaIchRAION fiveSfioh URRROTPASSckilcSCHOR o
opening of the internal bore over a range of pivot of the ball. )

The downhwiderstagd|thasfraridusimadificapiney minbe medd witlsqut deremtingofrerh thetspirit and

i nt er nal ! L | g j cal A m_ner_axi,s _at | east ,as | ar as
L dtn oioheat ekl AoclBined ofeMien Stlipnf e iR eR50f AR

axi s gr eafolowingaimims.hei ght of the opening defined by the first bore
portion to enconpass the opening defined by the first bore portion
over a range of pivot of the ball. 3. The downhole tool of claim1,
wherein the range of pivot of the ball is four degrees. 4. The
downhol e tool of claim1, wherein a pivotal range of the ball between
the first position and the second position is 92 degrees. 5. The
downhol e tool of claim1l1l, wherein the internal bore transitions

bet ween the first opening and the second opening. 6. The downhol e
tool of claimb5, wherein at |east a portion of the internal bore
transitions parabolically, conically, or in a step-w se nmanner.
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7. The downhol e tool of claim5, wherein the internal bore
transitions over a length of the internal bore. 8. The downhol e tool
of claim1, wherein an opening defined by the second bore portion

adj acent the ball is flared and wherein the flared opening
enconpa¥ka & ddijeedsiscond openi ng over a range of pivot of the ball. 9.
The downhol e tool of claim1, wherein the internal bore conprises one
of a sripétdawhimieetog) forgefferminged opemtion doddholdl e ddowmindioioel domptising a tdobpantion
1, wherdefimng dnboré,itheshore pamriaipgi sfirgbberpoitiooEsd wisedend bbiemstiiomant adall of

an out diispssedftateenthetfint bivalpbriiomad thdsscortione p@ii@nind gdamedto pRbiHeaes a
wi t h a fe pesittbnpod b sedand podittoa; tbelbarhasiog baeeref bdréim thabdi that &dtendEiem a first
downholpetieddf taf intetnal Horeld thea eh fecbBodehing bf tad RtefrRCBdrd inaRd baAORS fief and
t he outsetongwbérats sObstdrialyRaigledanitt addnathise B of tie hiEthallBgE Rake BMRE fiRD

t he outRenisdidird0s gl thdrtBe Batohd opehidg alde HRYVGHRAING eh@M paingtdndipBhidg

wher ei et vy MeSlr18brePRFiBN 6RNBIFARR S Svdt 80BE B4, APSIhRY d6iHe8 BHINEYecond

bet weemotdartioh sBLd Q%B&rﬁ‘&s?fhetsgz?onﬂ Bh@'r s thQ%t&nﬁ'Bgre & SBRGNH pRPERIRY
of the gypternal bore. . ol e tool of claim12, wherein the

tapered portion of the |nt er nal bore conprises at |east one of: a

coni cal, FADGKF%E P'é ’3& nP“r‘t\W% Bl ddefthg BRADIAhaPhord RSy RPN ’3%
bore ar}rﬂn?ﬁgg %ﬁggst ) ﬁ%@o en(%p;d Tgnﬁedg he’f|ra bore E{’%{tma ] I'aXlS

ext endi tet? o the enm 19 t ll‘S 0 C; 5 0 enm
seconddo eeg q t Q % ‘B : %t %% 5' ?'lléfﬁ'g?? hOP

ext endi“Ry’ é’%’weee'ﬁs ?\rgpf’f'?'é?veéﬁé?ﬂgﬁﬁ Yo P 8Pt ernal bore and the
second _open of t nternal bore. downhol e tool of claim
1, vvherse‘?'ﬁe ‘hﬁ‘g‘h?'? Foé’[]"fﬁi?é’hl Hﬂ‘eieﬂﬂfﬁ? faé‘g%"fé?‘\"of ?ﬂﬂéqbagfs foyrglegige®r nal bore
in the ball, and the second opening conprises an outlet of the

| Nt er ndt THownBtie {oREof BRI 1. WhpEin SPNRIGARSR ST Do b eiyveep deriss Rpsiipnand the
oper at iS8FPNGiPPHIaN 592\89res8r e, t he downhol e tool conprising: a fluid
pat hway; and a ball disposed in the fluid pathway, the ball pivotable
i n t he 5 The dpwphelétealof glatin hanrered) the intamabberafratsgioes batwednghelirst openihgeand

i nt er nate deoers! apempe.i sing a first opening of the internal bore in the
ball larger than a second opening of the internal bore in the ball,
such t saThd dvgnhole Bbl b plaim Higvhetdin 3t leencompias Dehe dterap eoregnotons he f | ui d
pat hwayaatplesiyntonichily, &iin aisteppaseimannever a range of pivot of the ball,
the first and second openings substantially aligned with a | engt hw se
axi s of7. Thedowih@é al of BRIMES, IWhetdeth® Atdrnal Béte @RRNIOAYOVRF a tehgthof ik thternal

pat hwayemdj acent the second opening of the ball is flared and the
flared opening of the fluid pathway fully enconpasses the second

openi ng e doldBhddlcb @ ¥RIm § RihefetSHopRhin@hdAbd B tht B&oR@bdre porkéh adTelE@nt the
]98‘3”: ho'@ggl} éggjed Qfd ﬁﬂ]é?élmkéﬁlare%ﬁélﬁﬁdqeﬁc&ﬁpés%&ﬁe Qdcold ¥Rhing Bvérgqar%@ of pilot
h {

9. The downhole tocl of claim 1, wherein the internal bore comprises one of a smooth bore or a
faceted bore.

10. The downhole tool of claim 1, wherein the first opening is coterminous with a first portion of an
outer surface of the ball, and the second opening is coterminous with a second portion of the outer
surface of the ball.

11. The downhole too] of claim 10, wherein the first and second portions of the outer surface of the
ball are approximately 180 degrees apart on the outer surface of the ball.

12. The downhote tool of claim 1, wherein the internal bore comprises a tapered portion extending
between the first opening of the internal bore and the second opening of the internal bore.

13. The downhole tool of claim 12, wherein the tapered portion of the internal bore comprises at least

one of: a conical taper extending between the first opening of the internal bore and the second

apening of the internal bore; a parabolic faper extending between the first opening of the internal bore
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17. The downhol e tool of claim 15, wherein the ball is pivotable over
a full range of pivot and wherein the full range of pivot is 92
degrees. 18. The downhol e tool of claim15, wherein the first
opening of the bore is elliptical, a mnor axis of the elliptical
first apéitiersgedrdionening of theanternaldore prrestarped transittoh extendingsbetyrenitiregirs f

t he f | wirdnipmoefitivweintemnicbordandrteg sacorkarsniog of theinfernasibor@peni ng bei ng
greater than a height of the opening of the first bore portion to
ful l y edctngmsshddieoladelnimy wbkreintige firbtitpenipatdawaiyescanenletiohthe iragtge bork in
pi vot afie batgaraahd secordbperihig cahpiaéodreoditlatalf thefintertha boie bBthe BBIEr €i N t he
second opening of the bore is circular and wherein the bore

t ransi tisoRgovrnheRtédNfor pérfdriping @abpdritiof vt @eMsbrd, thel dd@nBdié Ul AMpAGELAd
openi ngiuR\pathway; la8i 8 bhI @fpokitin BRIMRid patiay, TR PWHBREOE & theflid Sdtnvedyin
15, Whepa@hfaintefraNsdrd inQRe B4, thd Rt Bork EOPrAsE affist §|§eni?ﬁ%ﬂfh@91térﬁ‘al bhe in
second tW'IéF@er‘trﬁan%tse &@%berﬁﬁd 6f't|?e| iht¥rnBRJoRPA ltHe(?ball GO Rl ne ﬁ?ét o%ér%bofﬁ@

21. The,downl gals%ntoe indd ffaldrpa ‘é‘é]?ée%{ tﬂeﬁﬁﬁ%ﬁﬁ&o&? W6 (R

a Sm)OtbQII *{’r‘Pef st%ﬁd Qec @@%e‘ﬁ begtanti alighBwiP equt rﬂblrgonjeﬁ
‘3’3?;?' Wi a n‘t‘%% Sl | e bB irstﬂér%li‘aﬁ’é th@"
ouer 5 red .,gggofs el i kR o
t ool ofOB vvherel n the fi rst and second portions of the outer

surface b are a i mat el rt .on the outer
surfacéeo.;hetcﬁ T)"ief fool of ?ﬁ‘rrp%ngﬁ g 8'I"°g’f ?’3‘? YEICYFSr ei n t he
bore conprises a tapered portion extendln between the first opening
of the hofhe d&WHhOH%f@O'é’éE'B'H‘dﬁo E‘?{?'Hﬁ"ed?a”tsﬁe"of?d‘eé"’er il rangeaof iyRIATY vderein
t ool ﬁhecfp'éramezquwahe%ﬂwr?%e tapered portion of the bore conprises
at least one of: a conical taper extending between the first opening
of t he 'Bothe dawahdigolséelaind! Soyeerpin ghedirst eprningmf the bareduelintioali aminafpaxs of the
ext endiehigtidskirstepenindeingiat lopst@p éandenap 2ofidihiebthp openingred thelfleid petbwayland the
openi ngnaixdr akih ef thefiret opanidg being erpgierdharraaimeight pidne epenion di thefirsiBtoremamtianhe
first dyggencogpess thtrepdnowef taduit hethsacomdthe pewe ntpiat ofttheebdiore.  26. A
met hod of controlling fluid flow through a downhol e tool disposed
downhol1e, THehlewniedidtod of ciaipr 185 whegein fHeGetahdrgetlay e itel oreis ditavahatdwlicpah the
i ncl udibBG teansiwdnk freinsodiRtcaMitshapaniag td thé Srapiat susens apknihdeved awWnbmlotthe
tool, the. ball including an internal bore in the ball and extending
therethrough, the internal bore in the ball conmprising a first

openi Ngol BleGBinkdaBoldf SEMOBIWRRER e nsitdiQr fhk bele RRANSRSAIRENIRPBMIS
substa@béoahwerﬁ lgaegasmmuuﬁpérgﬁtﬂbtcuﬁm rs@Eﬂ)e?I of the internal bore
in the ball; plvotlng the ball" wthin the f|UId pat hway to permt
full cogmyni FE’\%MI

per m tgﬁ ovdgﬁh@%gﬂgﬁﬂgh pi vlldét%g I”B?%e ap(%ég ?P c egﬁgotrr]éc ?e(tﬁ? h
t he baI and the fluid pathway are substantially maX|mzed at full

t he f d t
S e%'ﬁ# 5%‘;”%. (e BT kPG 4 ek &l ﬂ?‘&fﬁ;ﬁ? B e
full ¢ At SeF?rlﬁode?J%& ﬁ\R&S‘?rm'”"é“7w'thfﬁ e‘?‘?ﬂ?ﬁ gy

26 furtH 98%“) ing punping a fluid through the fluid pathway, the

fluid conprising a proppant. 28. The nethod of claim 26 further
conpr i @?ﬂﬁheﬁavgm@dﬂ?'ﬁ clgife2pyiparein hedirst e egonsRartions ff theyoyierayeare obthe
subst aREl 2[F PYPrpFBdiel ! 5¢ aeareasiaat Pote cHiebtHiRct ¢dherhalli d pat hway.

24. The downhole tool of claim 15, wherein the bore comprises a tapered portion extending between
the first opening of the bore and the second opening of the bore.

25. The downhole tool of claim 24, wherein the tapered portion of the bore comprises at least one of:
a conical taper extending between the first opening of the bore and the second opening of the bore; a
parabolic taper extending between the first opening of the bore and the second opening of the bore;
and a stepped transition extending between the first opening of the bore and the second opening of
the bore.
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29. The nethod of claim 26, wherein the range of pivot of the ball is
bet ween approxi mately two degrees and approxi mately ten degrees. 30.
The nmet hod of claim26, wherein the first opening is cotermnous wth
a first portion of an outer surface of the ball, and the second

openi n&bi & methpe phdonioalingibid flow thseigb adloyahrdd toel disposed downitolsr the rettmde  of

t he balcbmprisgib; providingréavinbdle efdowhlzleto@6ncluding mdrihdispreed withér méiid ponveay of the
conpr i siewntwle lagethe Halljosiddirgrandntereal dioregn thetbalban dxieadihg thetethoqgh) thginfnal

t he i nthereriathelbalt eongmiding b éirssepeaing |angee than g sedont! beeningt Bk fiat artickeeond odeningd
downholsebstantibllyfatgnep evith @longingliranaxaps tatinternal ok Th te &ail; the pidama el ball tvireh
conpr i sthefid fatin@g ko vt fud BordllnicHiBYdEvanE Ruid dAIRVAYORIBcAMHTHIdaBor Yibrmiled
first Lose rpedddfoRot ofihe ball, IRE BlBdlake i olPrthd M andihd figid Bathlva@irs BASseMtially
bet weemddiazekiiak fill B EnidB6H, i Tir BpkrlindoSiBsRE dpflREM dPMEsERd 8Pshing when
adapt ehd 1l R prdtedAfhWRRINR fatiwal tddRS ik m eoramdn.@au@@&&nﬂh@m bty t he
ball having an internal bore extending froma first opening of the

| nt ernal HRIMutldd AcSRCAHRPESMR-iInG burh i 4 f m.@fhﬂgbh Eherﬂgu Ipznlﬂ@a,t teSuia
openi ngomggsq}%al gk than the second opening an st openi ng
enconpaSS|ng an opening defined by the first bore portion over a

range %ﬁ elitho%f fEIE'n‘rah i%q‘hnlther %?ﬁgn m%\ 3sq%nl{19 h%tba Reancllc]sgd gosmop % aﬂrg&eg{ (ﬁal
t

bore IS bsta |§ p ntco m cq oL € as
of the® opem nd defied H ?'ﬁ q‘r jon {hey eol%'f’"flon and a maj or axis

greater n ei en| ng_ def i he first bor
portio ﬁw@g&@em S8 Rg s Rt ob e prils briveen argra i g
over a ?%{ﬁﬁsear@fap OYBBleyen $R9r95511 . 33. A downhol e tool for

performng an operation Wi thin a wellbore, the downhol e tool

conpri sP nﬁ'e mpthqd of elaiga%%we\%fem et poasingipeateImingus Wi 4 frsfi Partigs phARcater

t he baPtTgspPobihabileancihe Areond ereaing i deieay naurdviiaseAendpoion ef the pertsyrface
conpri 8THgbal-first opening larger than a second opening such that the
first opening fully enconpasses an opening of the fluid pathway

adj aceft. theenethodof claipelfi wigereiv the idemalhgee omppses @ttapsfedtidodiob aktendingtetvesen
t he fi trstfireppetingef ke intéreallboreeant sheadetondtoperaihg of sgherimtael kard. s of t he
elliptical first opening being at |east as large as a wdth of the
openi ng2.0f ddvindolt kasi fdr padoliay arasydrdiibe dovajhole, 18X dewvrdbletidve cdn grisihg:cesi ng
bei ng goeat esfiningamor, fhe bgbicoMprisingea eEdvrdghriah; driter Jelcs it boROgortion Odiridi 002l
to ful kigpsrac esiasstht Net Bpepiritth Al thdRedrdwork foaioh WAy adipeid té hiot baigen of
pi vot afst pdiioRahd a secdrd politith \WthRl BadiPdn iAteialkRFd SidFuRg raM aQiP® bedntrRrdf
downhokintki& LRWD BRESNH 8dnifgMeliféMS bor; the@lst Bithinh BBng&fdePinag R
bore, E%n@@ﬁ&nr@%ﬁ@fHeSfllrs@gpenﬁ’lgfehéoﬁpagé?ﬁﬁrp&breh h@Befingd By e FRCED @mneover
porti ony,RBds @v&?@%the ghisRRSEH tRek thelifterhal glreq QﬁH’tlEélﬂQ\n minBe
second ,poLAeNPLd lb@@a %d’if‘?' ﬂ%ee ehﬂgBéf}ﬁ%b ﬁEWﬁ?gb %n @jndl%%éi ﬁ&@ and

dontr ol agﬁﬁhgbﬂfﬁht 0 ?f :h&'ﬁ% gl Ko 55

second opem g °r erna ab%é 'VO Oftt rst opem ng being | arger

than t and t he fII’St open! co S an_openi ng

fif*ﬁgg gdp R ’"H%%FWT&?F bew't%v%we'ﬁ’%ve f**% 19 eomprang e
baI | ‘H%p? [yt @ ?‘H‘? e dipgliway;thsPay prpiplle tB? Yihpativyayand Gating a
sur f acBOTg¢the Are Gprising Adirst Reendg Laey tANEReRY I BERPHTUSH tat e first epeniag By
por t | oRNSHMPRSRES BLPRANING S the did rthwaeadingent thefiist opaing ryetrRaRef iyt of the
second PHaerBB th 5 operinscpt the heteds ARiisa). 2 Minosaxso ihesietiahigsieperipgbeing at
i nt er nERSRS 1aE9%RAet Widthoh g epeTingsf thetfluigfrathway Bied the mapaxisTeféhedfibsiprrling
t ool obeipd grieate3han sheight phtheepaning of tha fissblpare pertiet to fullg enqemeassahe brsnisg of
t r ansi thedinid pptiwvaboler thglrénge ofpivdtotthe baill. or in a step-wi se manner. 36.
The downhol e tool of claim 35, wherein the internal bore transitions
over a34.éndpwinhgé taohfer penforewimpdn dperation d@vhhold ke dowahbie te! toogirisiod: acbai m
34, whetréemdediningp etrieNite dark icoreghising: 4 firet weCcrRtibnboide seodridibore mejoacata ball
t he babikpdsad bétaeecthafet bohesetian dhb ehefskedng dopRRtioN GnEaRPEP ASHES bétheen a
first position and a second position; the ball having an internal bore that extends contiguously
between a first opening of the internal bore and a second opening of the infernal bore; the first
opening being larger than the second opening and the first opening encompassing an opening
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39. The downhol e tool of claim 38, wherein at |east a portion of the
internal bore transitions parabolically, conically, or in a step-w se
manner. 40. The downhol e tool of claim 38, wherein the internal bore
transitions over a length of the internal bore. 41. The downhol e

t ool ofdefineli bntEdrstihesrrertion aver @penge ofpids of the dalbipetiité omsmg edtetyonais with a
por t i orfirg@dpticresitantohter frafdate ofshef ety and tharsstcovuanpening tdterminioas with ogeeondgprtion
enconpas fesutehsurteee ofrilde ioglieari apgnioy definad byatihg sewhid pore portiad sizddeo Erabinpass
42. A dbewdeohdopeoial of the infperd birabvg aasnge pepiait obthe dawnhol e, t he
downhol e tool conprising: a tool portion defining a bore, the bore
conpr i sds0the ddwhhdlS ool RIS, Wh&Bin 28REsta pBRIGA Bthd PfethaPBdré tréiitiomnd a

bal | di@mgmﬁnpe&mw,totihe stdptviide hainer. porti on and the second bore
portion and adapted to pivot between a first position and a second

posi ti of; TARWARMIE toBR¢| uagn @stwhateeﬁmhteher&ré tpanttﬂ@nsttﬁt a LR ofeid |ﬁt@Fh%I
froma foid st opening of the internal bore in the ball to a second

openi ng of the |nternaI bore in the baII the first and second

openi ng;s, Iéfi‘) &f Igtrrt Wﬁlﬁer%tan éaj%ﬁn o &B‘?noh gﬁﬁéh"f‘l
bore 'n c%anlt:l etnrtﬁeﬂaqgoe i ﬁdo 5%591 go%rgrqa ngetcﬁ
openln p rst openlng erico n%

first Bore por |on over a range of p|vot of the baII an openi ng

defi ne %d r@'ﬂfﬁ b ortlo adj.acent the bal | ﬁ Iared and
the flgfe gtfgs geon 'Oggi%_j N pole topLFompriciys”a
pi vot B%tlaf‘ 1S Yotlesy é’t"f’ PIRITg® Bid Baievayiandn
downhol V’”Q ﬂ@ora(g“\ﬁh%?’lgstcﬂ'ﬁpu% Pi"‘??h f'rsh"':teB'BQo B¢ ??rﬁﬁ”‘H%F?cﬁF%@e&“g of
bore, heeb %%F'Eefﬁﬁﬁﬁ‘?rl"ﬁ Iprger tganftf“? ﬁco%?@“PBFtQMFﬁt therfist araninadeill bor e
por t i OrfNCAPRESEESIPRIOPEHRGSH idpathee adiageat the Frst orsBIRG oYsH 2 1aNgh obir@t eftike
second YBbke 58 cperong wiimaasiBeE firy Ppitionel periRetifage ofitheshallpdithd ssaongnd
a secorffiepustotdramous Wikh detcPndrprion gt the outart serfacd of srkallian operéndyisfined hydive
ext endgiuiipeimvay Bisized tospesinprgs e sed¢red openingrvd thelborecovime tehee dalvbt of thedpall.
second opening of the internal bore in the ball, the first and second
openi n@s. Belstvamie &bl of claim 3pneteran tahleast b endjbined tissin@riasbadd traristionsnt er nal
bor e i patahdichiy] tanictleof in astepaymangeei ng | arger than the second
opening and the first opening enconpassing an opening 16 defined by
t he fi 491 THeQl&nI fobl@f claMe3s, @hdraif @R iGtkrnpl bord trapkitidrii@véral 1bngttt dFehe internal

i nt er nabreébore conprising one of a snooth bore or a faceted bore. 44.
A downhol e tool for perform ng an operation within a well bore, the

downholsg, FHRQYowRIPbbiSH Bbim 4, ivhatkif aR 3bdMRMefiraby helabdndto RH abifcdnbe

fluid patdanarddpd %Iarlemﬂhé/ﬂ}}ré%pdp%mh&eﬁc@ﬁtggés@é fheRBLAURBYerRHY Qfaavllaﬁ& AN
i nternal, DR daft the ball, the intefnal bore conprising a firs

openi ng of the |nternaI bore in the ball Iarger than a second opening

of the bn/& %V\rl}f’%le?@or for Q‘fohﬁlﬁ Ql‘?‘{;;%eratﬁh'%&vrﬁh% thgggwriho e%g n%”s{r]tgtaf tlolcl)ll y

enconp %f%gr‘?de%ﬂmg%%ore ore co pr| n p ICW ’f a} e[c r %o on:and a ball
apeni f geie ta'ﬁg P f%ﬁo g e Sf"?réif’ fapires @ b e %apaerd TR P
bore i rsg P\%S & had habextends oy @ first

a ??? %B‘?SA}&% 73 OPH g g

bet wee Hp‘trh’ég ‘t 'Ete"B f g ! e 567 °£FiPJ" pidhsislenirteBpBig Rzl dhe frpend

bore, RPE ARXIEA Sphsiantially afigned with panathwisaAxs o thryinternal kosr in thsrRalighe firgt

coni caIOP?’Htht}e'rkSﬂr%?tdhaﬁ'dh%%@WMe?Pet"H%a'ﬂ e frsInERns gNSMPRFHEIEE CREI t he

second 98EAPHEedist Pere PpeROVeRa FRaIR BINIVOE oftthgkall. aqnepidg ArfinBébxibe peaond

first GpemeRgn afiacentthebalds Bared envthe EareshePeoipe ANaRgIPEsses e sbesnd opgtinggpver

st epped rengawspivetehtheralendi ng bet ween the first opening of the bore

and the second opening of the bore. 45. A downhole tool for

per f or #B.ydamholp éxohfor patfoctongnarodperatiph dovadmiehibé dowrdole tawd npnprisingigr toal

t ool portivodefidiad ambrgtha bbercempliding: & trseboeopgatidnsantigs segord Hosd pdatheand a ball

por t i orispased batwserciba drsbindre pgrtisrt dndithe sebshdebobegpdrtiotliaa asapttdie pive eBiwebiea

first lketposhion bhddsebod pdirios @aohul hBdtiEarimeinbitdrain theash Hatekidnds Pbrd Qlirst
opening of the internal bore in the ball to a second opening of the internal bore in the ball, the first and
second openings substantially aligned with a lengthwise axis of the internal bore in the ball; the first
opening being larger than the second opening and the first opening encompassing an opening
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defined by the first bore portion over a range of pivot of the ball, the internal bore comprising one of a
smooth bore or a faceted bore.

44, A downhole tool for performing an operation within a wellbore, the downhole teol comprising: a
fluid pathway; and a ball disposed in the fluid pathway, the ball pivotable in the fluid pathway and
having an internal bore in the ball, the internal bore comprising a first opening of the internal bore in
the ball larger than a second opening of the internal bore in the bali, such that the first opening fully
encompasses an opening of the fluid pathway adjacent the first opening over a range of pivot of the
ball, the first and second openings substantially aligned with a lengthwise axis of the internal bore in
the ball, the bore comprising a tapered portion extending between the first opening of the bore and
the second opening of the bore, the tapered portion of the bore comprising at least one of: a conical
taper extending between the first opening of the bore and the second opening of the bore, a parabolic
taper extending between the first opening of the bore and the second opening of the bore, or a
stepped transition extending between the first opening of the bore and the second opening of the
bore.

45. A downhole tool for performing an operation downhole, the downhole tool comprising: a tool
portion defining a bore, the bore comprising: a first bore portion; and a second bore portion; and a ball
disposed between the first bore portion and the second bore portion and adapted to pivot between a
first position and a second position; the ball having an internal bore that extends contiguously
between a first opening of the internal bore and a second opening of the internal bore; the first
opening being larger than the second opening and the first opening encompassing an opening
defined by the first bore portion over a range of pivot of the ball, the first opening coterminous with a
first portion of an outer surface of the ball, and the second opening coterminous with a second portion
of the outer surface of the ball, an opening defined by the second bore portion adjacent the ball is
flared and the flared opening encompasses the second opening over a range of pivot of the ball.

46. A downhole tool for performing an operation within a wellbore, the downhole tool comprising: a
fluid pathway; and a ball disposed in the fluid pathway, the ball pivotable in the fluid pathway and
having an internal bore that extends contiguously between a first opening of the bore and a second
opening of the bore, the first opening larger than the second opening such that the first opening fully
encompasses an opening of the fluid pathway adjacent the first opening over a range of pivot of the
ball, the first opening coterminous with a first portion of an outer surface of the ball, and the second
opening coterminous with a second portion of the outer surface of the ball, the bore transitions over a
length of the internal bore and an opening defined by the fluid passageway adjacent the ball is flared
and the flared opening encompasses the second opening over a range of pivot of the ball.
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