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Field of the Disclosure (0001) This disclosure relates
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particularly, to inprovenents in the trimand seat

(0009) Ther e havE INIROLTYARVEIRIM Gl 00" val ve

trimor profile having synmetrically placed notches
therein to define a preferred flow path for fluid

viFiehl of thb®isclasuve. Typi cal of such efforts are the
anti-cavitation trins of the LI NCOLNLOGIM val ves of

MOS0 NeThisadisEloaws eelaten gerstaliyae fluidcontrahvalvessands mpiegparticularly,
trinms stage pressure drops through a control valve.

to impidV@iRniéah MRSt seatidesiet &f FlueoaroLVEYes plags.
shortcom ngs. For exanple, the notch |ocations are,

aﬁa&;{@ﬁﬁndn sone cases, too close to one another to

oper staging. As aresult, fluid within the

vﬁoﬁ%u?ﬁer@% ﬁegnfeffe Ha@é"io%é@ &Sy \}eochhp aés Qflltetiﬁv

a
Utl ZI n I nt er st e p enum I nt end

achi eve d st

el oA s Lr‘msra@s%g A
herein as "short circuitin

valve. SResmea ohPvel oo ﬁ;ﬁé@ ke afig i gnmm%nae e S ARG0NLPO™ valves of
conventional plug tips, do not direct fluid away from

Masorteflen/Daessemigdesiri¢sabiss Agti- -edvéapon ginsostess presswiedirepsAbrough a
unbal ance forces in the region of the seating

contro$ uilivacThese valveohive soffetd Sianab lnembér dftshontcunaihgn déor example, the
forces, produced by the fluid pressure drop in the

notch Y&Bﬁ&ls £8k fafian kGHe 68ds, t68lo® JiBRAAGthedb prévdiisiope: staging.
the unbal ance forces is to mnimnmze the unbal ance area

Asa 1‘%%‘16 ﬂ? d}ﬁ/] {Bif v aPe it B6le $6 ﬂB m oHE {f@ﬁfcﬁoﬂ fo thB e Wighout

€ manner 1 n which these an
AL S RBE o GEBLPRIFY s et s o
Preferred Enbodi ne (.000 I n der t
as to gypish Gayiatign. i pr@h{%m ’éﬁ?f%% f¥ﬁf?lﬂa§ 535\96. Cagml%[% °

short-circuiting of fluid
(0003) Another shortcoming is that these valves, when used with conventional plug

tips, do not direct fluid away from the seating surfaces of the plug so as to minimize
unbalance forces in the region of the seating surfaces. It would be desirable if the unbalance
forces, produced by the fluid pressure drop in the valve, could be reduced, and one manner of
reducing the unbalance forces is to minimize the unbalance area in the vicinity of the seating
surfaces of the plug.

(0004) The manner in which these and other shortcomings are overcome are
explained in the following Summary and Detailed Description of the Preferred Embodiments.

Summary

(0005) In order to provide an anti-cavitation trim that avoids short-circuiting of fluid

to subsequent stages within a valve, it is effective to provide pairs of notches at rotated



to subsequent stages within a valve, it is effective
to provide pairs of notches at rotated WO 2004/ 109171
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partlcular i nstead of positioning notches of a given
g . the two notches at a given height along
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0.031 inch, which fornms a seat ring angle in the range
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wh1chdemm1Zes un alz?n%x forces produced by the fluid pressure drop within the valve.
Advantageously, this feature minimizes actuator thrust requirements at elevated pressure
drops.

(0007) In addition, the plug tip radius and seat ring angle produce relatively high
séating stress levels, which advantageously achieve extremely tight shutoff leakage
performance, thereby minimizing leakage. The plug seating surface is also favorably

protected against impinging fluid and entrained particulate and other debris, thereby

increasing the service life of the trim and ensuring that even after long use, the valve plug and



increasing the service life of the trimand ensuring
that even after |ong use, the valve plug and 2 WO
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Description of the Several Views of the Draw ng (0008)
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ccordance with an e i ment o this disclosure;

. 0010) FlLG .1s an enl arged sectional view taken
with |a8ﬁ'g°)“ﬂtar¥‘é’nﬁ‘ié0f FIG 2; (0011) FIG 3 is an el evated

perspective view of val ve tri m hayi a rotated .
P G1DBY Bl Sia gaimetenied sacabRtdrv ot AT CoTGIoh SRlve with an anti-
enbodi ment of this disclosure; (0012) FIG 4 is a
cavitagien & beviog aplusfippdnd seat feg angle injascerdenas wikh a1 ebaliment of
taken froma |ower elevation than that of FIG 3;
this dis€lo&ig; FIG 5 is a front plan view of the valve trim
shown in FIG 3; (0014) FIG 6 is a cross-sectional

Vi@n0) #kEnealsandnldr ebtiéhad{iet tekerbilond BEELDA oF FIG. 2/
is a cross-sectional view taken along |1 nes 7-7 of
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than th of FIG 4, Detailed scr.iption.o he

P @iia) Pl Brtsursresiiee iob f%@eﬁgﬁe tirhgg i FIG. ¥, taken from a

conventional valve 10 with an anti-cavitation trim
lowerplpyation then thpoof FiéT-ddes a fluid inlet 12, a fluid

outlet 14, and a fluid inlet passageway 16 which
Cc (32 FIG. 5 is a front plan view of the valve trim shown in FIG. 3;

(0014) FIG. 6 is a cross-sectional view taken along lines 6-6 of FIG. 5;

(0015) FIG. 7 is a cross-sectional view taken along lines 7-7 of FIG. 5;

(0016) FIG. 8 is a cross-sectional view taken along lines 8-8 of FIG. 5; and

(0017) FIG. 9 is an enlarged perspective view, broken away, of the valve trim shown
in FIGS. 3-5, taken from a lower elevation than that of FIG. 4.

Detailed Description of the Preferred Embodiments

(0018) FIG. 1 shows a conventional valve 10 with an anti-cavitation trim. The valve
10 includes a fluid inlet 12, a fluid outlet 14, and a fluid inlet passageway 16 which couples
the fluid inlet 12 through an orifice 15 to a fluid outlet passageway 18. The valve 10 is of the
flow-up variety, in which the fluid inlet 12 and fluid inlet passageway 16 are disposed at a

lower level than the fluid outlet 14 and fluid outlet passageway 18. A valve plug 20 is



the fluid inlet 12 through an orifice 15 to a fluid
outl et passageway 18. The valve 10 is of the flow up
we 2004209171 i n which the fluid inlet 12 and fl ui BCT/DE®04/006368
passageway 16 are disposed at a |ower |level than the
fluid outlet 14 and fluid outlet passageway 18. A
connegigd yig Fovalye gemi22Adownaoigater. viyelyis nobshayan Hbuybish swyld be
connected via a valve stem 22A to an actuator, which
positiored abovesthe walve sietn 2dA.cOnevouindrempertpres 22 B aneprozisied aeartike top
val ve stem 22A. One or nore apertures 22B are provided
of theRBE plfpe2() ORecedfe, fdiexiablpa pldoge Bih (ot sheom) ueseciuerthe valve
exanpl e, a groove pin (not shown) to secure the valve

plug z{e'ga tﬂhegsgaflfeos_t&ﬁ eoxaly @a%tz@,rn BedriorRdGRER fRAd mvdvm {o ifNGshce

urd flow path to I nfluence desire
. Gh teristi : i ui
cesneREAGH ORIk B BOS, b fel e AaHl S piLPLA R
surace gP f et TP NGRS Tipce 2l o e (DU E g PR for

an effort to prevent cavitation within the valve 10,
the valye pleg ddsirabl e to provide an anti-cavitation trim
An anti-cavitation trimmay utilize a plurality of
SY0018) in améfifort tppraved candtadbe svithén the valykilAgit is desimaldelto provide
flow path. The notches 29 are provided to facilitate
an anK@eRiafien tidl A dreMéaR@atitastint May Sahte 4 plogalRPofdyndmetrically
rel atively high pressure, and gradually allow ng the

place®h&eR" th Qeﬂﬁ&:«iﬁ %@%&i BSw glﬁ. b indtch&e8N 88 pRhEI&T to facilitate

stages. (0020) per at , the actuator selectively
.JTope he val st.em:. . . h
reepiff 59V R el R a2l S P Bty
the seat ring, 28 in rder, to.re ctively close and
allowiggdhe pgssupe;jodecigse @éﬁ%ﬂglél rf"l‘Fé‘%ﬁ%ﬁ?‘i Gt the val ve
plug surface 24 with respect to the surface 26 of the
s €8(020) iIm gperatiens theraptuntar seleetively moyes thp valiye siemy 22A.fang s
bet ween the val ve plug 20 and the seat ring 26, .
moves tretvabilel plug 20, ewnslaadly wevards and opwatllyt dway fverhy/tbe péanging 28 in
surface 24 and surface 26 of the seat ring 28 can, to
order 3 reBpdcEiREly cter8tah@bpéibe Fallve 181 Bevdtis€ thefgoitidn fof cwsvalve plug
through the valve 10. (0021) However, due to the
surfa‘%fzg@&ﬁ fsplot 3 BRSuBce! ForRY Mt RIS QMtEARGEs Bé ratb 8NGhich fluid

flows between the valve plug 20 and the seat ring 26, controlling the relative positién of the
valve plug surface 24 and surface 26 of the seat ring 28 can, to an extent, control the rate at
which fluid flows through the valve 10.

(0021) However, due to the geometrical shape of the valve plug surface 24 along its
area of contact with the surface 26 of the seat ring 28, fluid passing through the orifice 15
from the inlet passageway 16 toward the outlet passageway 18 is not directed away from the
seating surfaces 24, 26 of the valve plug 20 and seat ring 28 to a satisfactory extent in order

to optimally minimize unbalance forces in the region of the seating surfaces 24, 26.



area of contact with the surface 26 of the seat ring
28, fluid passing through the orifice 15 fromthe
w0 pioetiopassageway 16 toward the outl et passageRelyUIR04/606368
not directed away fromthe seating surfaces 24, 26 of
the valve plug 20 and seat ring 28 to a satisfactory
o028} Alse, dpeiierthe proxppity piethe potehes 38 toongdnether, there is'a problem
. forces in the region of the seating surfaces 24, 26. 4
of the WBiQ g0 dBitihE, RCDAYEEODAN P06 368 ictionae he nakt withelianaking use
the proximty of the notches 29 to one another, there
of theiitedtape plenam, fsultibg id theiptessinerdioppingiobiquitgly dndethus not
passing fromone restriction to the next wthout

sufficl¥Blit} BeoilRE cafifatiohe i nterstage plenum resulting in the
pressure dropping too quickly and thus not
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preferred enbodinments of the present disclosure.
embodigpis)ofthe preggnt disclgswfal ve 30 is shown in which a val ve
trim31 includes a valve plug 32 having a valve plug
S (0G24) én BEG.\A, & ivalye A 1is shownainwhiclly salveyen 33 inphades arvialve plug
shape, inplenented in order to reduce the unbal ance
32 hatiap @8alvenlidirfaegBowithla mheddulily Rivaiitagens geateatic shad,
with the valve plug 32. The valve plug 32 has a pl ug

implehleRted4n BRI Re@udedRd tishalince RirBEsSh MR oA bedlin® JudfAses
and nore preferably, 0.031 inch. The surface 26 of the

t i i r . .
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32. This le, referred to g al |y, herei.n seat .
preferablygbaigh B et o g aretosblsT OSE Gy Bt Pufpin2pie diicheatring
~plug tip 34 havi ng a radi us of about 0.03 inch, and
28 is prgfesayly englediphapt 75°0rers 2 planernormahig atlapgiidina axis pethe yalve plug
fluid flow away fromthe seating surfaces of the valve
32. ThistepgB2 redertedstogeneraliyghé8in ashisest rimgsamigles”of” of about 75°, in
significantly reduced unbal ance area, thereby
combiHatibfwdthniBe plap aiba3adavingraaediup bOshoned.0B indhhiand inutecpreferably,

pressure drop. FIG 2Ais an enlargement of the
0.03 lgﬁcgié %g\éefhftagre&?sh'f Gk dese1dRa Flowt feayPhridl the Raddy QfrfdcBEoMBé VaIve
plug 32 and seat ring 28, which results in a significantly reduced unbalance area, thereby
minimizing unbalance forces produced by the fluid pressure drop. FIG. 2A is an enlargement
of the region of the radius R of the plug tip 34 of the valve plug 32.

(0025) This combination of the 75° seat ring angle o and the radius R of the plug tip
of about 0.03 inch, and more preferably, 0.031 inch, is also found to result in an extremely
tight shutoff when the valve plug 32 is closed, thereby improving resistance to léakage
resulting from high seating stress levels, when compared to conventional valve plug and seat

ring arrangements such as that shown in FIG. 1. The unbalance area is also reduced by

approximately 90% as compared to such conventional valve plug and seat arrangements by



(0025) This conbination of the 75 seat ring angle a
and the radius R of the plug tip of about 0.03 inch,
wa@na4remel preferably, 0.031 inch, is al so founelCT/US2004/006368
result in an extrenely tight shutoff when the valve
lug 32 is closed, thereby inproving resistance
utlhzme@ﬁ&gebmaegla Pt e g5t seahiing apele aand H radi éBsoﬂtb%Mug tip of about
when conpared to conventional valve plug and seat
0.03 imdhnPush p avkptantint rwducism inshe Unbalageoama greatty Gdutes thieactuator
unbal ance area is also reduced by approximtely 90%
thrust quienpak €6l dlevasidyitessorevwizopd. Brateduchy thepiretgofodoaitaselpdtween the
arrangenents by 5 WO 2004/109171 PCT/ US2004/ 006368
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there is increased contact stress efficiency,
utilizatign ph aetchesi 29 sprcedalong the velve phe dgtenhansgs therfisht §hut0ff and also
(0026) The further enploynent of an anti-cavitation
advantageonstynprohieey thievcenied heotfitaof 4 reducadtirbaleace aea of a valve with a
not ches 29 spaced al ong the valve plug 32 enhances the

staged fl@R pathh Thefehhanaedlstaltofs tightivart pgeoulally agvanvigdess Hdoguse it
conbi ned benefits of a reduced unbal ance area in a
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1mp1n (»veﬁr%% ¥rotn?erR a%ye%q{c,aﬁtr@ac eg&% c}tgé%l delﬁhg‘ ochérgbny increasing the

. 1.d, a fron1e r1|culat Q her
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val ve 30. |t is recogni zed t hat the pl u% tlp 34 may be
convegterpl xpkvp PRI 200wele A hﬁlOWIdP‘FéGdla whichghaigs easenlewatangement
shown in FIG 1, which shares the sane arrangenent of
of notaltsH9ees tIROvadee thogmiaFI6. 2hown in FIG 2. (0027) FIGS.
3-9 show an alternate enbodi ment for a valve trim 40.

The02d% Fai$ $3-9khow BE alérdate teidodidnedt for arvathelisinRIMf Tlabdudils of
0.03 1 nch, and nore preferably, 0.031 inch, and the

the plgghﬁgh ik li‘é(ﬁustl@ of al/GH OD3SREH, ahd BlorShierfatly, (038 incB-afd the

ng a ring angle a of about 75, are
relationship to a valve seat (not shown in FIGS. 3-9) having a ring angle a. of about 75°, are

the same for this embodiment as in the embodiment shown in FIG. 2, as best shown in FIG.
9. Another feature in the detail of the plug tip 34 best shown in FIG. 9 is the stepped-slope
geometry of the plug tip 34 in a region beyond the plug tip radius R that selectively engages
the seat ring (below the plug tip radius R shown in FIG. 9).

(0028) A first portion of this region of the plug tip 34 beyond the plug tip radius R
forms a first angle of preferably about 30° from a longitudinal axis of the valve plug 32. A
more distal second portion of this region of the plug tip 34 beyond the plug tip radius R has a

more gradual slope than the first portion, and forms a second angle of preferably about 60°



the same for this enbodi nent as in the enbodi nent
shown in FIG 2, as best shown in FIG 9. Another
wo e@tnew7i n the detail of the plug tip 34 bestPGHUS2V04/606368
FIG 9 is the stepped-slope geonetry of the plug tip
34 in regi on beyond t he t|p radius R th
from ﬂsﬁelloegltudml wxis 19 theelverpes %£ is SisgPechupRResing 06 |ﬂifgpltlg Hp 34
radius R shown in FIG 9). (0028) A first portion of
advanthgonslyegharenthetdirectoniof fiavpasdy frexnahel seabipg phnfiapes phthe valve
radius R fornms a first angle of preferably about 30
plug 32 hRdcat iRp 08! Belidnattiixths floly vy frch viee fehtig sizfacds, anor e
di stal second portion of this region of the plug tip
SIgnlflg’a‘-’m%%i%%% e o ool R A ea oy e
ref er abl bout 60 6 WO 2004/ 109171
pressugdl]rg fv)zgg fromthe | ongitudinal axi s of the
val ve 32. ThIS t epped- sIo regi on of
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away fromthe seati n§; surfaces of the valve
valve timeh, $waembodimger®f FEJS .- advantageprsdy PIIOUWG&WPIFtMﬁf tl%hes 42,
seating surfaces, a significantly reduced unbal anced
44, 46p4%30] 52 aisposed atlloaztibns ndtaed nalatiive torticesotphes 20 of dotmentibral anti-
pressure drop are mnimzed. (0029) To overcomne the

cavitaR6rPRIn R WnSAPIG: L1 E4dhi faitd nbxchey ofengieeh vevdtion, for example
anti-cavitation valve trins, the enbodi nent of FI GS.
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of a given elevatio nple notche
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wedge- shape, rather than parallel to _one another_as
showraméhe oroshenstional yiaw ek i Ba lPrefatablys i distancs 16 2 ismall bat

di stance 6 separates the two notches 42, 52 of each

reasorfably madhiiidbde diarensiorst part of the wedge-shape, as best
shown in the cross-sectional view of FIG 6.

P{&3e¥ Ebéﬁ/palf Sendldifet alaﬁg e Vadverria®l Is paeferablyemssdtitelayive to
machi nabl e di mensi on. (0030) Each pair of notches

the ad?dggﬁ%am p\éﬂL ¥EndEALD ADekiShBRATEFRES Y3-8 Qhudh 8t f1eldkdnes
separating the narrowest part of the wedge-shape formed by notches 42, 52 is offset 180°
from the narrowest part of the wedge-shape formed by the adjacent, next-higher pair of
notches 44, 50. Furthermore, the narrowest part of the wedge-shape formed by the pair of
notches 46, 48 is offset 180° from the narrowest part of the wedge-shape formed by the pair
of notches 44, 50. Thus, the notches 46, 48 are arranged in the same orientation as the
notches 42, 52. Fewer or additional pairs of notches, as well as other relative orientations,
such as offsets other than 180°, may be provided instead.

(0031) This rotated, wedge-shaped arrangement of notches 42, 44, 46, 48, 50, 52

results in fluid passing from the inlet passageway 16 to the outlet passageway 18 to spend



the adjacent pair or pairs of notches, as best shown
in FIGS. 3-8, such that the distance 8 separating the
wmarroolst part of the wedge-shape formed by nePCTOER04/006368
42, 52 is offset 180 fromthe narrowest part of the
wedge-shape forned by the adjacent, next-higher_pair .
more tigte inr{be pleaumag comparegt{g @%ﬁﬁéﬂr@} antheavigtion,(fray Byshending
t he wedge-shape formed by the pair of notches 46, 48
more tinse infthe plen®BQthe floid is fettersablatnastovpnpressate prigg to entering the next
wedge-shape forned by the pair of notches 44, 50.
stage, Whith reddees eptighies 46, 48 are arranged in the sane
orientation as the notches 42, 52. Fewer or
g@i@? | RGhat@ly, ShingMAl fohdRs 4852Wedy beAfosRioRed irfd@bé;fdgié@y or in

gaglons, such as offsets other than 180, nm
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PCT/ US2004/ 006368 nore tinme in the plenum as conpared
pressuteIecoVerE priPiiaarossading éxlemart sreet ihissadventaggouplyipsgyides an
nore tinme in the plenum the fluid is better able to
enhancedcbility tpaddoerdesiprd messtue staging. i gy exmoplecinstead ohigall angled
whi ch reduces cavitation. (0032) Alternatively, the
notche3MAL £0hdigy shaged 2r fedrsMhry beuld 08 hiruggrd ducinthepandast leyel of the
or in conbination as pairs of notches, or even
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of in all angled notches 42-52 being arranged in .
with noaithes notoheny theb thind Ipvel.and #ha éenrth level oh e vatvedrim (cggresponding to
| evel of the wvalve trim(corresponding to a first ’
a fourtii agpe), thére mgain soeld baiarpaofof motchbe sTHi@ migR be descaibsé epm i2-2-1-2"
| evel of the valve trim (corresponding to a second
arrangThRAEOF RGeS, Wikerdin Phdlmias Indatethe atv@ber ofhiotchBs provided at
third | evel of the valve trim (corresponding to a

lkGvstegge) there is only a single notch 46, wth no
ea(:hlrfc)%lhaervnotch at that third level, and at a fourth | evel

Of(063|3‘)e T‘I’lﬁé,\ée'ZE 1r_'h_r11, gﬁ%ée%?e%?@%hﬂ%&igate a pair of notches 42, 52, at the

first level, a single notch 44 at the second level, a pair of notches 46, 48 at the third level, and
a single notch at the fourth level. Preferably, the notches at the levels including only a single
notch would still be arranged askew, i.e. at an acute angle, with respect to the notches of at
least one of the next-higher and next—lov;/er levels.

(0034) While the notches 42-52 are preferably angled and the orientation of adjacent
pairs of notches preferably alternate in the manner described, the valve plug 32 may still have
a random orientation relative to the cage 23 (not shown in FIGS. 3-9). Advantageously, by

achieving more reliable and more gradual pressure staging, certain restrictions typically



a fourth stage), there again could be a pair of
notches. This m ght be described as a "2-2-1-2"
wa@eeoangament of notches, wherein the nunbers iPCi/U81084/006368
t he nunber of notches provided at each respective
__Ieyel.,éOOSS) Thus, a "2-1-2-1" arran?enent woul d
utilizedyi a-Hyid flovpaystenbin Wtk peniro} yalvepare yiiliggdamay be eelaxed, or opened
| evel, a single notch 44 at the second level, a pair
up, atdtash stightlysthdgpy p8odacinglachighivr cepacy ehlve avithoutsastifigihg pressure
notch at the fourth |evel. Preferably, the notches at
drop tdpabilieeel s i ncluding only a single notch would still
be arranged askew, i.e. at an acute angle, wth
r /60N AL UER ﬂli@@itsé’lBﬁfre %cu@e%s orl &g RORHRE s@??%irr%eﬁtg, it is not

next - hi gher "and next -1 ower |evels. (0034)

B 5383 455 56154331805 BBl ey pr

., alternate.in _the manper descrjbed, the valve plug 32

witholbh JoRapiing i ie SCaPS Sds RTSFRERCRSHISFH dhakare Tk withip dhe scope
cage 23 (not shown in FIGS. 3-9). Advantageously, EK

of thexaperdedredpimsr Eox xamais, éheawévmw@@aﬂgmdome%m@r other type of
staging, certain restrictions typically 8 WO

valve2 et 100 10 [lPETPUSDR4/s006 8 GBthedrawinged in a fluid
flow systemin which control valves are utilized may
be rel axed, or opened wup, at least slightly, thereby
produci ng a higher capacity val ve without sacrificing
pressure drop capabilities. (0035) Although this
di scl osure focuses on certain preferred enbodi nents,
it is not intended to be so limting. Variations may
be made to the enbodi nents described herein w thout
departing fromthe scope of the present disclosure and
that are still within the scope of the appended
clai ms. For exanple, the valve could be a flow down
val ve or other type of valve, rather than the flow up
val ve as shown in the draw ngs. 9 WO 2004/109171
PCT/ US2004/ 006368 CLAI M5



W claim 1. A valve for controlling the rate of flow
of fluid conprising: (a) a body having a fluid inlet,
W@roonhEr1 passageway i n conmuni cation with t heCT/US2004/006368

inlet, an outlet passageway, a fluid outlet in

cormuni cation with the outlet passageway, a conduit

coupling the inlet passaddwhlM8nd the outl et

passageway; (b) a seat ring disposed about the
Weclemmduit; (c) a valve trimincluding a valve plug and a

plug tip, the valve trim including a plurality of

ant i - cadivabeifoncontoBingshe tater afiflow of fliidaemptisimgof t he

plurality of anti-cavitation notches being arranged

at an ggut e adiogh datiag @ﬁhicﬁiﬁt&t,@rinleﬁf)asﬂ@mgﬁﬂ €orfifunication with

claim1l1, wherein the valve trimincludes two or nore

| %Yeeﬂlﬁd%let B bEIM& passaedisy, ¥ BluiEodtlet co%ﬁﬁuﬂi@ﬁfoﬁ'vﬁtﬂ?ﬁ@ Butlet

notch of any of said %eve s 1s arranged askew with

L FREEP R S Bln B BB SRR} e B fafpecay
claim wher ei n, at..|l easf .one_of sai.d |levels of the

val ve h’z %S tifgtisnos ‘?bPuBtIhetcﬂ’é‘?‘HBtches sai d

not ches of the pair formng a wedge shape, and being
separ at®d f ol vriEERGUABE aatalve Mg arsierlg bay ﬂledﬁlwerﬁ@m
wedge-shape. 4. The valve of claiml1l, wherein a
plinclading g pbiralithef hati-ehgtatibn notehascthereint, af lmast hgd afithe plurality of
pairs of the notches and wherein the notches in the
pahfisatitatidatnohdss Béing atingedl asai sbupd aipdd fotone @hothbevel s
are di sposed at an acute angle to one another, whereby
said notches of each said pair of notches forma

wedge- sinaRRivedf clbitg 1V ¢h¥Rintthe GhiRb Bidl indM®% @D of Bfre levels of
notches in said plurality of pairs of notches are

L B SR St BT Ao e v

4 whe bot h tch f at t
respejilg ot i Joopf Pt o B Bt RGNS 6Pl kel i

bot h notches of an adjacent of said pairs of notches.

3. The valve of claim 1, wherein at least one of said levels of the valve trim
includes a pair of the notches, said notches of the pair forming a wedge shape, and being

separated from one another at a narrowest part of the wedge-shape.

4. The valve of claim 1, wherein a plurality of the levels of the valve trim include
pairs of the notches and wherein the notches in the pairs of notches at each of said plurality of
levels are disposed at an acute angle to one another, whereby said notches of each said pair of

notches form a wedge-shape.

5. The valve of claim 4, wherein the notches in said plurality of pairs of notches

are separated from one another at a narrowest part of the wedge-shape.
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7. The valve of claim4 wherein a narrowest part of
t he wedge-shape of said at |east one pair of notches
w0 200816913t 180 rel ative to a narrowest part oOPCT/L82004/006368
wedge- shape of the adjacent of said pairs of notches.
8. The valve of claim1, wherein the seat ring is
dfspos&he salvenf cpigl 4 wherain both meches ohah laash pamf said pairs of
extendi ng through a | ongitudi nal axis of the valve
notchgsl ang offSet rElative & hath abtchésoofmniadjachmrofisaid tphirs pf nmicliasp
has a radius of about 0.03 inch. 10. The val ve of
claim1, wherein the plug tip has a radius of 0.031
i ach.  The vAlvy af dlgind 4 whefedii a Baivéilvase p&i® 6PIhe SVadge-8hapelof 8aid at
plug and a plug tip, the valve trim including a
least di’ﬂeg)raﬁ'ldf 'hMtcHés 18 Bl sef PY0°hAbdi R oMU GRS st AR dFithe whdlRe- shape of the

ral Ity of anti-cavitation notches "are arrange In

adjacet%%g%sa@éal%rb?n%%és of said notches along a | ength of

etrim and wherein the notches in the at
Ieast one pair of notches are disposed at an acute :

glgg ?ﬁgﬁave Tgat hei Wherein er‘-ﬁ?b%/%f%}ﬁg @|n %R(L:?P atf L iorﬁ about 75°

the notches in said at, | east one pair are separat ed
from g plgpe exfending trdteha logimdina weis of figrvalvslihe

wedge- shape. 13. The valve trimof claim 11, including

a plurality of pairs of the notches and wherein the

n8t chedhe nalvhef ghig &) whereipfthe plug tipdiap 8 rafiugefiabrus0.93 ch.

di sposed at an acute angle to one another, whereby

sai d notches of each said pair of notches forma

wétige- hapelve dfclaifing, whérein the plugdip heb airadidEof QuPEr iacin

the notches in said plurality of pairs of notches are

separated from one another at a narrowest part of the

wadge- shegiee tribd foA@ vabR4ohpiting aRGNehad Al DPIog6ip, thtvalve trim

The valve trimof claim13, wherein at |east one of

inclucﬁlgg 8 pR&AIIS oPhntPNEdveESH h&icisfthersil the Plidhlitydf hti-RBvitation notches
acent of said pairs of notches. 16. The valve trim

are arpafngg éla§t éfiiéeﬂ’aﬁ'cﬂ' Qid'?l% &19 ﬁﬁ Q ?Jn h?éfot%ggalve 1m and wherein

a e o not c
f f rel
the n éin_eé-ﬁgggaasteongtpal\r/ of notcl?esna% &1‘%&%& aP& atlcu e angPe to one another,

whereby said notches form a wedge-shape.

12. The valve trim of claim 11, wherein the notches in said at least one pair are

separated from one another at a narrowest part of the wedge-shape.

13.  The valve trim of claim 11, including a plurality of pairs of the notches and
wherein the notches in the plurality of said pairs of notches are disposed at an acute angle to

one another, whereby said notches of each said pair of notches form a wedge-shape.

14.  The valve trim of claim 13, wherein the notches in said plurality of pairs of

notches are separated from one another at a narrowest part of the wedge-shape.

11



of the adjacent of said pairs of notches. 17. The
valve trimof claim1ll, wherein the plug tip has a
wo awinev1of about 0.03 inch. 18. The val ve triPeDUS2004/006368
claim1l, wherein the plug tip radius is 0.031 inch.
19. The valvetrlmof claim1l, the tip hawng
plaig t Te vals wim phelaim 43 whareipal kff‘a%ﬁaagg gaid pairsgpotches is off-
ring and a stepped-sl ope region beyond a plug tip
set relatischi tusn atijacers € ppé gaisd ofpwtehegi on i ncl uding a first
portion adjacent the plug tip radius, said first
portion having a first angle relative to a
| 0pgi t THE Nalle alth of othirh 18 wheteirea phrugwesa pait af &eovedge-shape of
portion having nore gradual slope than the first

said apﬁﬁstt loRBpaif Bf £btSIRE GNGEFREN 109 FeldtRead 8 thafFBWest Paft o thel Wedge-shape
e plug tip radius than the first portion and having

of the aﬁgggncgggsaqg?gﬁs 5@}1%}1‘3 e to the longitudinal axis of

ereby the stepped-slope region
serves to dlrect flom1amay fromat |east two seating

syrfac t.h [ -he

v D BB SV R T
) angle relative to a longitudinal axis of the valve
inch. p| ug i s about 60, and wherein the second angle

relative to a longitudinal axis of the wvalve plug is

about 30. 12

18.  The valve trim of claim 11, wherein the plug tip radius is 0.031 inch.

19.  The valve trim of claim 11, the plug tip having a plug tip radius that
selectively engages the seat ring and a stepped-slope region beyond a plug tip radius, the
stepped slope region including a first portion adjacent the plug tip radius, said first portion
having a first angle relative to a longitudinal axis of the valve plug, and a second portion
having more gradual slope than the first portion, said second portion located more distal to
the plug tip radius than the ‘first portion and having a second angle relative to the longitudinal
axis of the valve plug, whereby the stepped-slope region serves to direct flow away from at

least two seating surfaces defined by the plug tip radius and the seat ring.

20. The valve of claim 19, wherein the first angle relative to a longitudinal axis of
the valve plug is about 60°, and wherein the second angle relative to a longitudinal axis of the

valve plug is about 30°.
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