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Brief Description of the Drawi ngs The invention may
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Fig. 11 is a cross-sectional view of an actuator incorporating a two-piece port adjustable
stop mechanism;

Fig. 12 is a cross-sectional view of an actuator including a side pin for securing an
adjustable end cap.

Description of the Invention

The present invention relates to valves for controlling fluid flow and is applicable to
valves of different constructions. In addition, the present invention provides a mechanism for
improving cycle life of an actuator through the stroke limitation of the actuator piston. The
stroke limitation mechanism provides a positive stop, or other stroke limiting mechanism, for the
actuator piston, thereby minimizing or eliminating piston over-travel and maximizing cycle life.

The actuator piston stroke limitation also allows for proximity sensing, such as, for example, an
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3



under pressure can be adnmitted into the cylinder 40.
Thus, the cylinder 40 can be pressurized so as to
wesz@nnsfies ce on the end face 46 of the piston HRI/US2084006990

ward di.recti-on I ewe
R arersan st Her IRt sbsele T pchOReptl fp poring scat 52
and thd PiRtoRaR. %e%bﬁﬁg% biaGestRe pfstcﬁﬁtt 1I‘1Qlf ditdattore sowand €re vilve chamber 14,
e cap 50 has an annul ar end wall 52 that forms

that is.sipra d@wmd dirgetioneas yignead in g hads g rewHs e POSIHOR: q}dh%ﬁlsmn 42 in

e b3 SR PD B BB D108 s 36 e o o

directib® ofl tigEISOE 42 artdBe Yarky of e fanidl 1r&thb$ybﬂadememhmg hE an opp051te second
spring seat 52 and the piston 42 The s n

drction su s ien s o ey i ORBRHCL e P, 2. the position

of the \\/fla é’v\ng%’(r?@]é 30 gﬁllﬁié %&ze chddter qQVi@ b @ogﬂr&lféatﬂyoﬁe§§terplay between the

_ _ result, e position o
force qfité §Prind36i and thdieppoying Ifdmae oﬂmelﬂaud:mﬂlc oylireigr 69 t he

: ﬁltlez{/:ﬁ%fg i{) ?fc&ll\ﬂl\d%gg{llt & s‘{gﬁ r6§h é[%fﬁ atglhug’ﬁ? gél n%ﬁ%ﬁ 1 EZ %‘};eé‘]ﬂ)gre that extends

freely %oﬁ%l‘?thfe ehichi o erhﬂ% 54 ’ch@dﬁﬁ 50 2@t iRfer! A POriQRPEZS b1 tBe adjuster 60 is
|rect n the piston 42. Because the valve

screwdte e ltheSﬁhsiloa Aechs edresdt, tthe aé]lusheo 60 49 fixed dopwgpl mepement with the
t he

pisn b VB TETRE S b8 LSRR o e inc

40. Aﬁ%ruie? An@BoRidd cuhE tl@@ﬂij‘ﬁslt&%(f 12b6fe6ts Qlﬁlohglleﬂfd dehfitali d’pehiing 54 of the cap
't nder " 40. The valvé 10 includes an adjuster 60,

50. The puist end partios 64 is exteiialle thfé?ﬁ?ér A lngk naf pspasly 90 §e¢1§posed on the
adJust%rn@ uﬁgl{]et]]t glgn%tgars%r E\}lﬁg enl %ﬁiré@oéﬁ‘&u@ﬁ?g&é@\e ei@ﬂ%%dof&@ bt 70. The
first I&ksﬁ@c%gdf?s sofSwell b8 Sk butef. Bﬁd poitiont @ ofthel &ljhistered0 fictp a position in

axi al novenent with the piston 42 unde CF | uenc
engag@nemtowwegh%\sml vl B of ke &t Shg Bis wench (it L gepgred o the
ind o]
adJuStg ﬁjg%{e? pé’g&lor 0] ec@gel?l gl&tg‘ﬁlt B%h%g{:fgh? ?%Fégb pgﬁsﬁg%%em?m locks the
first IdcRGE 8Pin I&Qmoﬁhﬁl thelh@ustemn port| on 64 is externall y
t hreaded. A | ock nut assenbl ‘iﬁs di s

adpeyekve 1§0s aqtHeieq Sy jedpifing ? GEeSP eI s oingFy 4. The fluid
pressdrg %&ég)lﬁt thggplﬁgﬁj ngé‘éo{@ td ke M pikln D Qpwhid %alﬁs@@ﬂfe bias of the

creme on the outer end portion 64 t he
spmngaﬂ@ ugiser re&0ltj the vabveposibérdi mnvesenld dgenalne sedtt2, phening the second
end wal | cond..l ock nut

passageci%%@eoﬁaﬁy%gastegl% ﬁgﬁlé(? EBthB e%ge i hpasrsiage 16 3nd the second
passag%gﬁﬂﬁﬂ kherdill tpHi@urE il e ggﬁ«lfel npatis Efeasddlitbe RAGAGRME BHring 56 acts

first lock nut in position on the
on theapipﬂost@rto 6ve Thepisahved e Vavameuheed) ine dsmetiop teiyard the valve seat

26. Aﬁrﬂéllé §1me gfcnoglrtlg)ﬁsc# 1t801§ %ﬂﬁasc%ablygi?eonllt & f%%]lﬁgtef‘ kb’ cﬁutrols the amount
of clo&hgto@@hé%wmr Ipag@dang! thepesitibasf afe lblSIEnutSzQ;Eem@y% on the adjuster
a result, the valve nenber 30 noves off the

60 conteal ho, fabibé wivgir b s rRsmgeoRl HorRd & § firgdion toward the
can st passage 16
valvegﬁ%%htimg %et theé%&‘%ﬁ%‘?@%%é Pﬁ‘éé? ‘uid pressure in
t e Gydki mid asseABly 66 &8l masmtiontden flar mﬂwm G0hse thqarthen fjrst lock nut 68
56 acts on the piston 42 to_ npve t 0
does oy ¢gage iisePUtGOPPTHOR i Fiek Al w2t grﬁi’ belpfFets. V ve member 30
engages the valve seat 26. In this case, the valve 10 closes completely when the fluid pressure to

the cylinder 40 is released, and fluid flow through the second passage 18 is blocked.
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50a. An inner end portion 90 of the adjuster 60a is spaced apart from and movable relative to the

piston 42a. The inner end portion 90 of the adjuster 60a includes an annular, radially extending



24a opposite the val ve base 12a. The cap 50a cl oses
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S o RS L UL D A L i o 0. T
sprin%O 5604 ®edsSs M plston M4 WRRAdirdtigmtdhadciap e cinsien gl4a that is, in a

nut 68a is disposed on the adjuster G0a. The%
downwatd dBatipsas Hieead eulien2 1 e a 1pl) BEPPHEOBA the nigien 42a m he cylinder

40a aFt y t ﬁn 1tag}a1)f) @’5;‘;52‘6 a)?tﬁllﬁ%&e%ae;g]gth@%yaﬂ/e égféﬁl'f ePT4§%@&§f&tolled by the

nut 68a is
interp$d3 &W&n&ﬁe tdiec afthe sprixig fﬂiaanld nhofoacepathe floidl i ln rthe cylmder 40a.

RN I T N AT
pressﬁc'rg agtéleoql ﬂh@h}?stoﬁ Qﬁd i 4%Q5f Iﬁ(ﬁfg th® 5&&1“42@6 ér@Ca}gﬁlnEﬂ‘tﬁe bias of the

lon in the valve 10a and keeps the
sprm@ﬂ@tu SA@ ) reﬁﬁatﬁemmermémbal 13§a onovies ofﬁ thevilng S%ﬁ |2§&15I (gpemng the second

B th 0
e SRR S £8P 1S, S BOPS0B9  e n
passa%m £8£0WHeR Qﬁé' ﬁ{lﬁl Slgé‘s@mle' 1H‘tﬁesc§h|ﬁ§ela4©aal|s |rMeé7déEiV\@.é Qorce of the spring 56a

venent of ring seat "80. A conpression spring
acts dn@he pistoi4Zpds awvithe pistonea aubthesplycimembe 3Paliye dre%twn toward the

The spri.n bet ween the piston 42a and the

valvesgstiZ® 8 g%g’ﬁeﬁ? Pface 88 of the spring seat 80.
Thge R1HAD I IRAIRK 38684 bE tH &fj@erdsda dontralsdhe poditianof the adjuster
toward the val ve chanber 14a, that is, in a down

60a amdrthctspmg seat Blagkative to Fhegcap§0ap§1da theéghy[ tconﬁrcp‘lé the amgunt of spring
forcepos e:f)ilég Irc])p?rgﬂxteg\%eals?eh a gﬁpéé%ﬁ%l%ttﬁke%o%}t dnncgfec e 10%Qéhu9@8ja on the adjuster

aln e val ve
60a &)ﬂﬁfﬂféq{o“ﬂﬂﬁlcﬁfﬂ@e gl 394 ie tobiyrdsheal (the amount of spring preload) when the

valve 10a is in the closed position. The lock nut 68a can be positioned on the adjuster 60a so

that the inner end portion 90a of the adjuster 60a projects by a relatively large amount into the
cylinder 40a in the valve 10a. The shoulder 92 on the adjuster 60a thus maintains the spring seat

80 in a position relatively far (axially inward) from the end wall 52a of the cap 50a. In this case,
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i nterplay between the force of the spring 56a and the
force of the fluid in the cylinder 40a. The valve 10a
WO g00afp8raegl by admtting fluid under pressure tBCT/H82004/006990

cylinder 40a. The fl ui res n [
e o P SR er T e B S O IS AR mca
open tﬁé 28lve L 0A.hAlteafivaY, RB3ckAfut 884 €&Libd poditiehedaintiie E@ilb:elr 60a so that
Oa noves off the val ve seat 26a, opening the se

the 1nm§g@g@rtlpg;90a of theeadjustey @rojeeeinio the avfinder 408/5yra Wller amount. Asa
e L R 9 g SR BOE DR, A0 SRR RS0 o o

closer! @kiQH$ @Utwirdp td @ endivatls2aspff thﬁgca@(ﬁ()a afnt shisrcasdpehe spring 56a is
pi ston 42a to nove _ the plston 42a and .t he val ve

comprygrediter a desaprradait gnd thnpmepnt Reforoansrded & prathe v fggﬂ%ﬁds relatively
less. ‘1%1 va‘f?ih% %1%%2851’(13— Of Pr%s %klﬂg 2f 68emk aleMla 88O NsddNRith varying

controls osition of the adjuster
loads. 6(1&1saa’llﬂ)v¢shﬁe splvieridase aer8asr epriswe rdie! vhbyec apldoaft valve, a water
and, thereby, controls tPe amount of spring force
hamﬁﬁé%é‘a‘altr%“@p%a prreswarspsiai®a. specifically, the

pg% std E?rlll dtratd) € Vhﬁ@ K00 ¢bnBRRte@In bODr&FcHSHifH a HRIFembodiment of the

rol's om1nuc the spring 56a is conpressed (the
inventieoro uTihe vflve po0 @gp&*)shdadl@s aI\MVIG base 103alhhs vebee Hase LA1 defines a first
sition., The K nut
vatve sfigpbsr o B BT, B P09 e 1PRAT AHEEpofh 495.ciffe valve base
101 dB@hdsi ORcHRPvATe EReniei108 et 19 EBehnRERil ®9tassééb!ncﬁpassage 110 to a second
relatively large anount into the cylinder 40a in
port 112l Vheh@dve tise 19k @AﬂOd@ﬁngga@nnmqﬁ@na@psfgg@ﬂlfs that @ﬁ@@ds between and

connegg fl‘e( %?P gz‘ﬂ%’g elilewg%eir 3?2 &tl%ﬁ%é’l t%g s%c%tnﬁtdaﬁz%loﬁamber 108.
The c@ﬁl{ébctslhgr‘l !rt]sﬁh%%l?ﬁﬁt%rmmﬁte‘éﬂ EQﬁﬁ/cﬁhﬁ&ﬂé’;&nH@T 1 1&&0&1{6&&&9@])\76 chamber

ais conpressed to a rel ativel gr
102 anke e@wnd adeLogFEng 10 i eraog I e aE AR08 ol hegavalve charmber
the v
102 h’% %ﬁ § gﬁe ]sgz?c 2@' étflgt d&us 1d¥ ‘311%18% 'i:lgegﬁlltsﬁmle@ Bherﬁﬁ %g?ﬂgﬁ he first valve
champ&! tTHMEeQ&&i ﬁzﬂvé hEarﬁ]ﬁbrLlSBd’fas rars&j;ﬁni sahvemmttlﬁ@ th@tl dxtghds around the
40a a snmal |l er anopunt. sul g,h the | der
&

secong rﬁ?uﬂﬁé’Pﬁaljnﬁ§t1§ﬂm8(§]ée %ﬂCP%‘\lf\EalY%%h é%ﬁon (Y as seat 135 faces in an
t

oppo e%géﬁ él Qt?(fﬂ ﬁéﬁnth Qﬁ“ e@agvaepgéélggﬁ | n(mté 'ﬁv?,lsxje%:’baagg 1Wf1§a1udéa, a third (or

comnﬁmb pﬁ@awm that exbenas bstsa@dn bmcﬂseb@mnemmasm ltlﬁ @nd a third port

nt of force neede 0,o0pen the
126 (Flgﬁ a{'r?)\, ol inpez darmipys %ﬁﬁ?‘hﬂg Derash 6%4? 1S sﬁﬂwgfas telﬁigshed circle in Fig. 3.
| g1 g oo ﬁ%@lde% réeﬁféﬁlvéﬂ% 10an N 30efod S8R cMbdI enabling or blocking
varying loads. This allows the valve 10a to serve as
fluid aomnma&anm betviceh thelfives passae d0d el thecomnectorvipgseage 114. The first

|
i TR, S, £ B L R i v
bemé%ttﬂe firdt Ralve pabeel IW&n(pﬂlet&ﬁnectdiVlﬁBéalger114ThH16V\ﬂa|1\Xb‘3100 includes a

(Fig. 3) includes a valve base 101. The val ve bas
seconﬂoml\dzaﬁﬁmb@ 1R34ffor gqlectwg}wablmg-mebloq}ggg {ﬂﬁg}( cqng,mumcatlon between the

oSO T Bl Bl RIBREE HETHC Rkt Yebe BBt e o 156

engadeBlt with theRERat &dlveyest 198¢oblbck ﬂ&ﬁhﬂ@w b]zﬁ)vden the sseomdhdalve chamber
port 112. The val ve base 101 al so defines a connecting
108 apéglyﬁcg)@nqciqr naggaeeditends bet ween and

A connector stem 140 extends through the connector passage 114 and fixes the first and

second valve members 130 and 134 for movement with each other. Because the two valve seats

120 and 122 face in opposite directions, reciprocating movement of the connector stem 140 along
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connects the first valve chamber 102 in fluid
communi cation with the second val ve chanber 108. The
weomnestehg passage 114 terminates in a first BUI/UB1004/006990
the ax§0a8 N stitp ot Sk Pias L0 R PRV ERETE BHh e U fgR toss 122, and vice
versa, Chanmber 108. The first valve chanber 102 has a first
val ve seat 120 that extends around the first outl et
oPleniaiye 106 inchides vheusing 48 wannestedowiiipther valimbassddd r?ad a cap 150

connefo Y0 OB gt P, BB L a5 800y s s

The erREFAINA5Y Rhy s RikanlIBr threbded s@tandpatingy €54 e@he ¢@Re ﬂﬂe a]so includes a
in an opposite axial direction fron1the first val
cylindere k60 22¢ 2 pisfen 4R \suppRrics mﬁxeuw@p@%{e@r & I@Wrraow?em Telative to the

o Y08 0003 B4 985 DL g e 120

threadédl?)secu‘f&ﬁtd the @fstdrer 62, rIHSOﬁ]fe ehhmdtrimntsj tiaSshgel d@dnd galve members
shown as a dashed circle in Flg 3.. The val

130 A fedpostep iR picsa V! i OuPLe seEetih ek Gt by gahiyaded coupling. In
other ?ﬁ@gcilhfégtso{he%l%cﬁidn& oﬁcL Yhide GRTBEN £56 LD 1?43%!?%&11;518 &uch as by a

assage e connector passage 114
thread%d rcsﬁplmgalto/a ceptnd] esteril POrthoas Eunthqmnazr}:z ﬂ@ngssg @abyeeneubér 130 can be
e first valve seat 128T%0 bl oc

couplehig ths PRIOAIVE RABEAITbS I h e B FH? S itagges bindin, o
|

formn?gé In Sni-tlglg%% 1 l@l;éagggglﬁlf nA‘él ga?re%ulé gﬁ I‘-’Lﬁg @oﬁ’;ﬂingeton@@’lmgtoﬂ Sthe first and

second eaive manahieroh3 batdibihn angél e GapeTier %f%sié@ea@].fb(eéﬁﬁ theypiston 162 for

conne.t r 14. The.second 3
movelgelilt- }i%@ IP %{ zggaé‘l @WrFﬁl%sgngg g§§ aél fis ngﬁg{é gli]e qaigeafﬂo and acts
betweE@ a Qb&ggfsé‘at PSijoHn@&Vb? ehaeal 152end elmﬁ@ton dlbg e Thbaptie 166 biases the
the connector passage 114. A connector stem
plstonlm iextdinedison tawetrkihe vAe bRt 402 y&%&% thai 334 iy gownward direction
s vicp by RS A ST B RS BT SO e P BT Monvotcd
the 1n§3ﬁﬂ£§betﬂv%?n tRdork23f ﬂ&‘-‘s@rl;n@ lg@ eshg & afirse direcimm, on the piston 162, and
ci procati ng npovenent of t t t 140
the fomeres B0.4n 051 AIBIRCHLIS20UE MOUD GBS decaR S iEA T 4 The pston 162

Becausg aﬁ\pe m\é&&%% 1%2 (%;d 139 O QBRA ¢ %_ﬁﬁgpltsfbﬁ 1’ehele itl\bﬁ of the valve

sea VI Ce Vversa. val ve 1
membeRCis utiescoatrbltddst ynifre 14t 8rptorvete tadthwifdrhe bfréle\sphng 1p@ged the opposing

and a cap 150 onnected with the housing. The cap
force%@leﬁh‘éd%hﬁﬁﬂmdﬁ?lé}]d wal | 152 that forns a spring

SRk vavLABo ?ﬁ@ud’é@la{l adpiétel ‘l‘% afhd &g@ﬁ&ai JoYis kb &HHE thember having an

centra]I openi ng 154 I‘grﬁhe val ve al so includes a
inner eyd podien 176 @haare:dteadplrm the cybadedspont abiutsithe piston 162. An externally

ovn A B 5555 AR BAGTEL S Lt 58 00 s o
cap 1%8/a%8- é)ra_ﬁ@tsfdu'f oF thabye MemeRMui380iis thlbziﬂ’edacﬁiﬁdieyprmectmg outer end
secur he piston 162. In sone enbodi nents,

portidni ¥7%k ofzthel aélssﬁ;omwu/@tl adecatiomrsijasent1the cagh Wahlslé%%fﬁh% éap 150. The lock
ot G B BB TG P oS MBI hOBHRR e S bgyan 152 o e

cap lgg‘ d’gﬁ@ﬁféﬁ Ghuv B8 0VBerB PR vEnts B ANektck 340 dirum eatags and alsh sets the axial
position of the adjuster in the valve 100.

The valve 100 is actuated by admitting fluid under pressure to the cylinder 160. The fluid
pressure acts on the piston 162 to move the piston upward against the bias of the spring 166.

When the fluid pressure in the cylinder 160 is released, the force of the spring 166 acts on the
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t hreaded coupling, to a central stem portion.
Furthermore, the first valve nenber 130 can be
waeowmplogd2g o t he piston in other, non-threaded, P@EYS2004/006990

such a f.or cli
pston Fy e 90 17 P Ry R s 3P o 10 conmvard
asv1ev€éaliﬁ|P‘1 glto the piston, the first and second val ve
mbers 130 and 134, and t he connector stem 140, ar
fTbeexleeol QOrtens pive possibile states or pawlerefiopRratians ke ype ano has a first

state (rfg éh%\ﬁla) 13%%5 @% S . téxﬁ ﬁgf‘ gsplgi? ﬁflgﬂlg/ c%tkﬂ?l%g@ ﬁoélpoﬁ G{Ede\‘% fluence of
the sprivetd 1661 52hi @pskifiterepil st tienlfZpredsnee ®ithe oglirkdzo 160 mek:astelde When the
iston 162 in a directjon toward the valve

valve 1092is s umlae firsh state;, §e fpreef dasarried! ofinushes B gave member 134
i ewed .in. t
into erﬁag?%ﬁltl\gﬁh i if ge vé?vlelasre]z t:?i}di 6811%1581] %}:og\?]?érg o@EegPEetW%@n the first valve
chambkNi & @ dthe b@ﬁm&j’ﬂ pakvagd brLadothus hetwtepm t}regimﬁlﬁa,ss@cthﬂﬂ gnd the third
in afirst direction on the |sto

passagefl241 (idican R ey eGSR (ho 1ot et 1 i Ensesppp pttd 12 or the thrd
port lf()eﬁgsp gnedgfé’%cﬁﬂlg rbegﬁhste g @51%5%2 6% a ﬁﬁ%ﬁ @é’sﬁﬁvﬁlﬂg)o‘éﬂﬂoﬂethe second

are ecured to the iston 1
valve pesibet 034 &f offike wvavbued valve sbari2i SFlaidSQﬁDCﬂ%V Ib@tW@ﬂ tb? second valve

chamben 308 GG e P npgpt Basgrecr 114 10 briieen TR 1ot Posgf110 and the
third p%gs%gg QhXG T goseb W?lﬁﬁn@ﬂie%ﬁir& ok 126 akBethafby, S&cﬁhected in fluid

Is aro nenber having an inner end portion
commilmi2atidmat extends into the cylinder 160 and abuts the

pst n. 162, An externall
3 Bl S 58 e OB AERER R AGRe vtve i i
the ﬁr@c%%ﬁé ng1k@ta® Flobti8to BaRale0d 08nBroREw ﬁMﬁdQU@m@bm} pat 126 and flow
A lock nut 180 is threaded on the projecting

outofmﬂ‘alV@htbugbéhWe@ﬁnw&zthe adj uster 170 at a

ati.on acent
LT AR b S B 9
the piReR i 1d201htd Mhe IR0 aFWAward pdsitidie Gﬂhds vexbhd kf2e afésulthevhen air under

cap 150. The lock nut 180 thereby prevents the
pressalf s ded Foihe cohnden 60 fongy creame Wedprce of dha swang, 6§ The piston 162

moveéi a[rg ?% El}%fcgilﬁgerq(éb u g%g Er%dlvnﬂg @?tglﬁ 3.'6! QravtOhe T8 WARleMBember 130 off

by a under pressure to
the firkhealey kdandeo, d6howhhe Hig.ud.dAs pressyibidctrs flow behween the first valve

cham@lr Sibﬁ gni ?ﬁ?q éﬁ)%ngcg%repats%eggﬁl; ad f;hl.{%\%gkg g@a Fl&stt PﬁSS?.%e i(ﬁ!s and the third

passaée\/ ?M]deﬁ“h%%sﬂ ﬁoftei(%aﬁﬁdj thd nﬁir(i B 196 drbetisiblyN@odited in fluid
on t 2004/ 081428 PCT/ US2004/ 00699

commphihidon.t At e/ eameh dmpj freowcdsRvilve metibeedd# on dta@Waﬁ%Vard the second

e 55§ 143 Y 53500 198 R AL e o G286 v member
134 tooéh}'ta%é ?fé%eégnd%ﬁfe%kthQZ filng nea ea1ddked BétSvean e @bond valve chamber
in which the piston 162 js in

108 ahdlthy cdnmw(arpasmu 1h4ommﬂmérbenﬁ@en| el S?é?ﬂ%fbpé‘i@agﬁt hE0 and the third

passag L G PRk gfoR 104 e oS, 0 RecPhl Rty blocked

from H1#id Tolnidi€atioh Feth e eifdl potnmﬁf MAkake ffst pbie 16@r i ng 166
pushes the first valve nenber 134
Fig. 5 illustrates a possible fluid flow pattem through the valve 100 when the valve is in
this second state and the piston 162 moves upward sufficiently to close the second valve chamber
108. Fluid can flow into the valve 100 through the third (common) port 126 and flow out of the

valve through the first port 106.



into engagenent with the first valve seat 120. Fluid
flowis blocked between the first valve chanber 102
W(?_m(d)mhﬂzs:onnect or passage 114 and t hus bet weePC1/li82004/006990
i rst pass 04 and the th assage 124,
oot e B B s ey e g RROBETaRE sl 438 sl egainst
the se&ﬁﬁtvaljvla?seﬁrlﬁh thel dWjister 1701§ sk twahll ftdie tﬁe’i{?@vé biBwall 152. Such a
because the p|ston 162 is in a fully downwa

settingpddlet ddpwstert17@ is mmhs}w@ hyéo%ﬁ@gﬁhq@,gk ngt bsq aqdﬁ@tatmg the adjuster
170 regagt ﬂ)dthé %}%ZS& %%%%c%mr go ﬁ?’% I%ﬁ%fkfﬁé %@ﬁ&e} ]ect outward from

and he connect

the cap HhdaBss shie hﬁﬁ%@ewe thposedciantie patindgel G010 madoa:lhaut 180 is then
hird passage 124. The second port _112 and_ the. t
tightensdrdown2ezaisy en thqw@%dewyll 183w dhg &ap 190-1 Whea the valve "ol actuated as

descnl?q%n%um CAL ) ng’é’ﬁt“{dnihjgf fh%t%b erﬁ}sttlJeﬁtl%ly'fgr away from the

&M e val ve when the valve is
valve thmHei’Hi‘l(fZ a5l 168 afid thekdfoiecioeanof llmw ipward tievewshtyef the@iston 162.
through the third connnné ort 1 nd fl 0
Such ) VMY GRRG 7ot FERG BB SEr A NESE RBDYL Jhonees the second

valve &gﬁﬁ second state in which the influence of the
Spring 166 does not nove the piston 162 into the
thItIye dibentard tiposijtstar70 Tan e secendasitaloes Hedfnverd movement of

the pisiso % SR HObF Aot Racemrp o) BE 15%iAE Mo lock mut 180

and ro'i’étﬁfgotﬂe %gj%stem&r%e%@"iﬁé fag 150 Hea aitbdtitpiedo #660. halbgess of the adjuster
novi'ng pi'ston 162 draws the first valve nmenber 130

of f
project betwiard fomvtat vap swbmoneRef, thesdjsstenpe dispgsied in the oxkinder 760, The lock

s 153 SR BB 08 b4y v 00

thereaIE"L@It weeited battf dif presPas SheSistO 1aDandviee uphiardly ophssmget engages the
. The first port 106 _and the third port 126 a
inner eﬂrcbp@mpn 153 rmfebe @dnursfﬁl ﬂVQuaé shewhi rﬁlg»af diie Pation ng does not move

t he seg | v
upwa@heglogglg: 10 atlsy e 8 %Oélat %e@@?ﬁ% 134n %% d@g"!'@n%c%g‘;‘@ﬂ@e seat 122.
ThereER¥WALEd T isChR@Mlddkell BeBRddt ehé b&oﬁé&@h&é ohaimber h@8rbed the connector

134 to engage the second valy 122, f
et Ui st g e 2

n e ct
o 1SS LS g0 DL IS0 205500 s o 106

thmﬂﬁ@&ﬁ@@ﬁndQﬂﬂmﬂ@mpﬁ@hﬁmmnﬂd the second port 112 is
thereb bl ocked fromf

t Eigsdb I%qi i 1Hpgratg possible Hﬁhg‘[&gg enlsotg].tr Iutg?xd% gerﬁve *180 when the valve
is bet{xzje%:ryaiter t% arhgstﬁé Q&ﬁ)nﬁlswtéj fASQWuQ?attéc?fmFl N6ORGH daR€flow into the

ve is in this second state and
valvetloe tiposglo the]iﬁﬁd r(mmmonl)ap(a’r 826 aifid ﬂoWeCnIt lof theovaly®guougheboth the first

o TS B RS, O e L AR s e o o

t VB MBIKE at MLRuaRd i ®id. I Sluidedd 149 GntoXh¥alve 100 through
Separ%%%l4%8142§nPCT}/};LEJ§2004/ 006é901%n > order 1o achieve the ou

both theciimt pettatls atethsi wc@mbp@,réddaom\daﬂw W rRfhe Taly esé%ﬂugh the third
(conupgnI not ]&ﬁ \%Hll e?rf gﬁ,?r;/ e V\%\l slgbe%?as aHﬁ%@ ﬁ’\%fj\g{]h gx;cpseparate fluids

being mixed together.

These flow patterns are created by positioning the adjuster 170 in between the position it
is in when in the first state and that which it is in when it is in the second state. Such a setting of
the adjuster 170 is accomplished by loosening the lock nut 180 and rotating the adjuster 170
relative to the cap 150. When the adjuster 170 is properly positioned, the lock nut 180 is
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setting of the adjuster 170 is acconplished by
| oosening the Iock nut 180 and rotating the adjuster
waZed4ngl428 i ve to the cap 150 in a di recti on sSoOP@EUS04/006990

tightenggve ] e!avgfsl OE}PISe I atglje i@f‘ﬁ%?"ér %h) o %go‘gggjqné {ht%%ca'ﬁGﬁ‘ of the adjuster

170 to%hie‘i}g She B sedbRl T Kiifdudtatd 89 indicdtdrefmot sh@tbesmdbedpromided. For
again on the end wall 152 of the cap 150. Wien the

oxemplea Fhesad] Gteri 19 0can hacolpr &adectiosdsmassaita Ser, treq Hater.migycolor for each

e SRARRBL 8 Sy R MRyl e

indicatol gatrﬁme enrdoesloRabr thehitd stprepihds atotalnfiftveabldrieTik Stsbeolor would

. Such upward novenent d t I
i sopms aver Serh e van ohsagel opt v SE R ey « 050

m1xtur%%a§%d ﬁ{é éﬂg 08¥o|? %C{dq&i%lcagg ﬁ%@gkﬁ‘&t&ﬁ{/ 21792 € axRGe. S Alitefifdtively, the

oes enent of the piston 162.
indicafod @Bn deSdtvided grcoffutthﬁ sedjiomsst e’ﬂ“hd npli¢atoracmontpd st diffgsgnt means of

| ooseni ng the, | ock u 80 and ro at h dj ust
indicafirg teirelalivePasHOne s f&oﬁl)r FRERIP ' Q@Bﬁ'&g W Rave.

! 132 (?]fl shﬁ{%s gagﬂoﬂﬁﬁ %fnbo@fn?én? oF t Slfé;ﬁr@@%ﬁl@' ifve@idt Bed GRAIABHEN actuator,

e uster be dispose he cylinder 160.
generaﬂly&efe@ﬁked rasﬂZlQBOFheSad’fltBé(Fr 2H0gstommeith Bigwh iaganarmehy tofpsed actuator,

oo el 2 B FOER PSS Rt o b e

The a&ﬁ%&s ZW%MHGQ’ aﬁrb!chatH"tHolusmg 22508@L6r tnldge pisﬂﬁh@ 1230[161 spring 240, an
portion 1/2 of the adjuster 170, as shown in Fig

inlet p'Bl'te24’21 atdomd16p HdesThwspring\240 apsuen dheepisiogh 280 t% m@am them in a

aonn 5, PRSI YN PR ot e TR0 BB RE S Bk wil be

maintRBMNERE dnbes BREQNMinVAlpve: maaafaahroﬁgﬁ ﬂ@mchdnaelcmmaah@ stem 245 of
passage 114, and thus is not bl ocked between th

the u@empiﬁwnri’éﬁeag’er ﬁllg tbm@pneh Ectupliq vy aRis 248 and pots opythequrface 249 of

the up’ysl} Plsrf%g{?;ﬁ o t ?mﬁgsct?lpé:‘@@qg&rv&é q:ﬂ%m%g ggf e stetd 5B of the lower

pistonCZIUBE CA i@ dillsthé ldw'e(il a@@;ﬁﬁ@m velatied@$4 daidgsts & ﬁre;dsu?face 255 of the lower
illustrate SS|bIefIU|deowpatterns hr o Ig &
piston,230be. Tigosiian FR &, e and SSBARBEHOR el Sub g g and acts on
sulfaces 94% F'fd fs%c?aﬂg?ssthgbﬁt I:C‘é%?lé% Htﬁ)hifgoh%d a(gaﬁisgtheefordcddf itlgk spring 240.
AlthoggDhMi@E& ipagtiates26 maulti-fistow agtitatapf a$¢mb1\ya|om@ quﬂ.lqghgh the art should
peeno S e 08 R BRSSP BBt g ison
260 1%%9&?4 Eblt %afnltﬁ%il oﬁésﬁf@@ﬁ it fver a8dd bf bisch &dr@dint nplﬁbﬁ, and a stroke

can into the val ve 100 thr ough bot h t
limitifig bedchqdsrh 2T06acinas ehppsitivectap furthe pistor(Ad230bw R lftlg o& the stroke

t he val ve h the (common) port 126. In
hmm%n@clmﬁ%é%m C‘E/%?Ir%E?JOO acts as a mixing valve with

t V0 BEREHALAS frbjaftal ly b&itags tHoxRd séregerNerhe Idteseew howy loosen. As
patterns are created by positioning the adjuster 17

such, emdsbanigre o sdeurqibs setisorevi 271 nPORIHOMMAY Derfiseh &0 Prey et Yoosering. Fig.
9 111u§tfag?s on and { ﬁ%grgt 4 Qre{ng 3 Eescto{ﬁ éﬂfgs%fkv&} 573 %f%é%dttg FoREGRO MLkt set screw

uster

271 1ﬁf6019c5§ﬁﬁdn3hﬁﬂ aﬂMhéIOéiﬁbédlﬂ@nﬁ, hielolcbmg materidl86r ghug such as, for example,
rotating the adjuster 170 relatjve

e ca
lockiih dmuratdodeiuiecie: 156vi 2 JpiBpReS Yoo 08 HHoB B AT R set serew
271 is LIlockeg Qntosposmon through an interference fit. This can be achieved by changing the

pitch of the threads to provide an interference fit. One skilled in the art should appreciate that
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10 WO 2004_/ 081428 PCT/ US2004/ 006990 tightened and the
val ve 100.|s in the third state. In order to determ ne
wo b@4logag i on of the adjuster 170 to achi eve PEEUS2004/006990

first, second and. third state i icator
any COpYHGR HPY phigivis an iefrace 6893181 B v L] Pl the se
screw@?o@ftmﬁ‘)ded to denonstrate the three states, one col or
each state. Additionally, the third state can be
dh\Rigldld, & ohe-prest atijusiebleiporidfOps ussdoteprovide thoifignstroke limitation.

mhe ol BRGS0l RN B R ] S s

port 29WPH| GmprREd 685 %eﬂ&@lnyazsylﬁmmwsmﬁzmmtmmﬁerbdm @84 that receives
second "col or woul d indicate approximtely a 50/5

the stemi 3dSafahe wppgr pistont230pd The cplin g] dhaft 282 dzgledes an egd portion 247 that
cons PO LIPS R0 O RNl e o o

p1ston|2|30| CEhO positien Aff Shatube pistf)fﬁ Qserit smp@B& cafi bei vzdiedadlapngdmg on the
the relative position, such

s o bR S T ke o e AR o BRI e smatier
\Y/

e oA B 268 (L DEREEG0H OVGH G DRI AT ARG Trter o i

actuat&mmsi’mgmﬂ, Ithelfe‘tgf plﬁvldmgacanmm’mmt}y thel mised| padmma%& of the piston 230

[th h
it 1 i, SnE SIS e L SROUL SRBESTBNS s e

the inRE ﬁ)Uﬁtﬂﬁ :ﬁﬂiothli %%lﬂﬁgﬁ)%r@ ASAC AL ém mgsdo‘ﬁﬂac?szﬁle B}g%e @85 when the

I stons a spring 240, an inlet port 2 and
actuat@nzit (l:mpnznéi opdhposiper. n @Thgzl;ﬁowdcs a ppsitife S@lpsﬁob ite acpateppiston 230

therebgﬁlglgégg,g}% Sg\tngn{l ﬁg?]%e gge}l\gﬁ&%ﬁ %ﬁ(?aléltg}#ﬁo%fd g_rt n cquectlon with the

ralsed\éﬂ(}rt!lorpgﬁ @Bbtﬁ@ta\klﬂﬁq}le Ahd pRAIEN 347 H{@Mgﬁdhﬁilaihaﬁmgz 24Be threaded
d through flow channel 244 in the stein 245 of the

engagmn@m’oepvmdm @Bopisceridiustatile Bont A80 anrhihe ead cap2fd provides for a means

d
or st S48 R ke Prch s ALy 8101 Ml Bpusing 25 an
the ena éap MB SheprodRi &fadﬂhﬁ)nbmﬁ&[ns oﬁlaﬁjﬁlﬂﬁthtﬁe trold eiglitl | s

| ower” actuation volunme 254 and acts an the .sur
2BBF1<gf 1 retoopisee aginsgedn poB 380 iyHeeddp Previde e pipign ﬁ?’i‘e limitation.

A threg,ﬁgf tac%eq V@Eéﬁthgg %g{}c d%hlﬁ%% il 242355% tﬁ@ @n@%ﬁﬁosue of the

auses t e plstons

inlet ﬂﬁﬁﬁ/%w p‘gﬁé ﬁtrcﬂ@allnﬁﬁ&udrh@pf mwscr coinprived spai g@geralélﬁ cylmdncal shaft 296
t hou Fi I St.0

i A G A e
be achl@&%%l bh/q ?BEMXQH R dr@Dofiith 28 HIRIcyMndRca shhfAbe and the raised

static piston 260 i's used to
portiofE@4Atoditie @sﬁon@f&ﬁs&ubeﬂ!weﬁm thhentl @98 1of diegevoterare 97 and the stem 245.

e AT RS en and o s L8 A AT s o
a meaﬁk gf a%%stﬁl{gethé Tsfr@lkeeheléhtm Tﬁeﬁﬁréﬁﬁ&f‘éﬁag%&%%ehﬁe@ thetactuator housing
he stém 245 repeatedly contacts the s

225 alsdzmewn& ¢dp 243nma}s ptovitsranadditipnploneans of adjustiigcthe sgoke helght

canl mto.,sec e se
ninﬂ 361 eﬁﬂ@@% zilflv& i nheggrz%l ?ra ?%nﬂnﬁ ah 58{136.65% shown. The
end c§Rp '1§Tﬁﬁéaded\@1@t6&h@a@u@c&€l§m@m‘g@25$mﬂ elvén?sEZuneS nupbde b}D a lock nut or
"'ock the first set screw 271 into position.

pin 342 di‘?hv;atmbﬁbm@ﬁmm@chaalsnb%% ingomatied; aar cad P@ﬂ’d’é‘ "7t 2 shat 300 that
contadts ralsed Po SoLAOP £f9 of piston 230. Alternatively, or in addition to the end portion stroke

limitation, a bridge can be positioned at 306 that would separates the inlet port 242 from the
counterbore 304 and provide a positive stop with the stem 243 of the piston 230. When a bridge
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| ocktite, is used to lock the set screw 271 into
position. In another enbodi nent, the set screw 271 is
wo o@kmsli4esit 0 position through an interference PCT/USI004/806990

N AT BT e
304 ar%%_‘%}ﬂa@ts%ﬂ@}}%%%egtg g)r&ri@é a pdsitiVtép @/ tASUHRS piston 230a. In each of these

uS2004 any convention nmeans of providi nzg an .
embodimeetsS the émeededrangageniant betaeeh shaensl eaApediidf 6nd drapduaipighousing 225

. Se screw i.n.pgsition. .In Fig. 10, a one-piece
prowdﬁ%f%&“&?ﬂ“@ otﬁqjﬁﬁ%dh? gcr%(gggg;h g’ provi de the piston
St QKB of tHE dnddddffents SRvOMERipd. @cE, aly siskelihitatpor me@B@ism 270 can
_is threaded into the end cap 243. The one-plece e
providadj meausbfos copelling gl ﬂgwcqf@ﬂeggdth@qugg tgg Yalva |"£,he stroke limitation
cyli i.cal sha i [ 8 the fl £
ot LY B R08 40 RS UAISRE RO, i g e v o
the mddthdl Mgtolgatheshnfetcar 82 conedllede Foarxanplepisithé siroka4dipighhatas such that
contacts raised step portion 2@3 of the ?iston 230. the actuat
the vaiigi djaphypgacroupd &9 ipaukioned,9sorly Palfapsp theyalyRasspeayh, the actuator
: g | js8d Sh@RRAG- ition.
oo oF TSRS i Do PoRRRT1B0 SRR pen psiin
Furthegibid) dinice atte stokbthe2BPcanl be titmited,t prokigityf sehres paisbonse3@ determine
is desired to be.snal]ler the cyl.indrical_ shaft,282...
the pasGicagy/Bs 8 SGERTHLEL nip Birc I3 PE POR 24 2o BRGLP g aditional tavel
i Facl i Fkel S HRDn2A® of tHRERBERY of most conventional
dwwn%%é€?1fﬁgﬁ%gﬁﬁggﬁﬁﬁﬁ%ﬁﬁ?ge raisgh aortfon ZEQQz?.?ﬁZ i
proxirpity semsoR30Thevstroke kmiation miechnpissrredisclosed: hrseipilippipihe ptroke height,
ot her _embodi ments, a bridge 285 is dispose
and thgieby PR B RE gl VAR Bves Bbr N aad MRk B Lgnsors.
_Z'fﬁro(ﬁgﬁttﬁ’& h§udthenosf H8Qtop8RedMaABRNT, it stike WitagracRibtbrican be set to a
in thé open’position. This provides a positive stop
predeteoninet distancaator expingle rfregentlyt Hepdpajon WHR @,isﬁ@k@ fpsger than the stroke

i ston. stroke, T br,i 5 , i
ot BB | 88, g F S s o
is reqlif& RN6hePAE theORIPA T Thid@veyiraved vicasd orsthafiist@82nd Piseon seals and may
t

hreaded engagenent between the one-pi ece adj ustahl e "
cause gitertips Of diriaNEIEN df Ba g aRPER BI0HEd 1 GEVe HEBRAET disfance and it i

. adj ust ing : ' . ' ,
acsisf e PR HRHEP 8 AENE i 3B HOMSANES ETER4E MRSy the actuator
strokeﬁ;&ah lffr gze(hit@ ﬁ}]e?sarrfmkdghm@rmillthmm didphaeinu slﬂ:c!)k@gtlf lg'idlermoret, since these
_ stroke height. In Fjg. , Wo- pi ece ust a por .
adjusBD1S SenGeanads TETBVIGEUERE O GEORTE, BRETP mTIea oy, Cangpe adjusted
withohf Y8 ARECheRbl kAt VAL Blskmncap 295 Ts threaded into

cap 243 at the end opposite of the inlet port )
24%e Thention diee bean tdasdried c ath2 9&feiesce dap thies aefgfredy embodiment.
.generall lindrical shaft 296 wth a counterbo . .
MOdlg%"lOPﬁ é‘ﬂ-‘&%ééﬁ%@% “t'lﬁeocé’f“ém SHETHPPYHE TBDER P S%bd{?%tandmg of this
i . B PDstbdded So fcARle GARucPRoafitheMBtnaIttRE oMk Efat as they come
speciffcitn, i PRI Dortion 247 of the cylindrical shaft
withi2 @6 saogk ¢ftthe appiendell clporstar die eupgvadents therepf.st on 230, or
bet ween the end 298 of the counterbore 297 and the
stem 245. The threaded engagenent between the stroke
limtation cap 295 and the end cap 243 provides for a

means of adjusting the stroke height. The threaded
engagenent between the actuator housing
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225 and the end cap 243 may provide an additi onal
means of adjusting the stroke height. In Fig. 12, an
wepa408m32243' with an integral stroke |imnmtingPCT/US2004/006990
mechani sm 300 is shown. The end cap 243" is threaded
onto the actuator housing 5 and then secured in
pl ace by a lock nut or pi HY%. The stroke [imting
mechani sm 300 is conprised and end portion 247 of a
1. A wphyreonguitghat contacts a rai sed portion 249 of
Pj ' ] ition to the end
pglfsit't ?ugc}]gésé ?%éﬂéﬁse{@rang@a«?ts' %tr}]l,tﬂ{are%%g%g can be positioned
ah v396 s¢h dmwdubduisepafatidpotthie i nl et port 242 from
the _counterbore 304 and provide a positive stop with . .
t A&alyednemher thet Wéleﬁiﬂg%b K0y miggaf o3t gf PRGBS ehgagggent with said
valve &3@4/ 081428 PCT/ US2004/ 006990 is positioned at 306 is
us€d, the stem 243 of the upper piston 230a is
r eic @ctweidr icoulbe te said tvahtsomemb80W mnvde sudtvattesmember into and out of
. bridge to provi.de positive stop for the upper piston
sealing gpga Gm@tg\gghs%_} V?ﬁgﬁaiaé‘r‘}bodi ments, the threaded
engaARTeRle BRENBRN WARCIEREofdRe? Maih Ad dchRidCbuddt@inine the axial
housing 225 provides for a neans of adjusting the
movesentokdhdaitygtor. andrihewde membhe enbodi nents shown in
Figs. 8-12, the stoke limtation nechani sm 270 can
provi de a nmeans for controlling the flow of nateri al
2. THeRaRLUT A48 Valheein Tﬁ'@aﬁﬁd‘céﬂi@ nlechadiad ixludesBa hdfvstmwhich is a rod-
270 can be adjusted such as to change the stroke
like miggibghthat threadnbly engagsepaid epfgatPl.ow of the materi al
t hrough the val ve can be controlled. For exanple, is
t he stroke height was such that the val ve di aphragm
3. ThHexulvd dTeldimsl, itered tHemdpatabldmkthanfranincheey il avetem located on the top
_passageway, the actuator can be used to control the
portiopex die Aciaiofal | y open or normally closed and a
hal f - open position. Furthernore, since the stroke
hei ght can 'be limted, proximty sensors can be used
4. Thoveeterrilae 1} hécasilte aljuiblé mecchatismatioclupessa shaf23at contacts a
.In the case of prior art actuators, the additional
portiopof i actyfiidt ance of the actuator piston frequently
takes the piston out of the range of nobst conventi onal
proximty sensors. The stroke limtation mechani sns
5. Tl sadioefdlatereiwheteimbaid phsiont efodesd hesiiajpnt is raisedl aborer @ bnp surface of
.. allow the piston the remain within the range of
said aEWAPENL i on proximity sensors. Through the adj ust nent
of the stop nmechanism the stroke of an actuator can
be set to a predeterm ned di stance. For exanple, .
6. The eajuenf clrim?, adterein sridvadiustahle meehenisng cofEpriseshifshdock nut that is
oke of a valvye diaphragmis used. In such cases,
threacfahbtg@@gg{%}sab(?g%gﬁow || travel a greater distance
than is required to operate the valve. This
over-travel wears on the piston and pi ston,seatls alnd )
7. Theayalveefiglaing bs wBereinowrichfirst ek sReaggFrainortigieol 2 valve housing when
I aphr L S, t.Q: v : ' ;
tocat¥ S 4" AL LbSHAE0F SHla iRy EhaBt AR REETh R AR valve howsing
prevehisithd edlv@membehfromsngagies said belde beatei n, the actuator
stroke can be set to the sane di stance as the valve
di aphragm stroke. Furthernore, since these
. i ' 8s YAl ¥i@st lock nut to
S Py T SR g ek L Rkl S B b
prevent rotation thereof.
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wi t hout the disassenbly of the valve assenbly. The
i nvention has been described with reference to the
W(p)mmﬂ/@smesj enbodi ment. Modifications and al t ePEL/UHINS4/006990

will oceu Qt.her.s on LN
9, TI{% Vf{l}zﬁ: gf %Bgoll,fv?/}&eg?ll St dtjgslt%b??%rte%ﬁ%ﬁ%g tc%ﬂ%%{s§§ grﬁ}'stl %’c screw that
threadSbI§ken paXEbs falpoati drosts, it Idutigat | ons i nsof ar as they
come wthin the scope of the appended clains or the
equi val ents thereof. 13 WD 2004/ 081428
) . N
10. Tﬁg ]ty§ gﬂ&srggo er ngl an zg'sefc'ﬁ%%’v Qég\aétaﬁw&{ 2 eg%/e sea}]c% first set screw
to prefent adt¥itorsihateof.or rred about one of said ports; a valve
menber that is selectively noved into and out of
seal i ng engagenent with said valve seat; an actuator
11. T‘le%iV%% c?al 1%%%1}{%21 Hea'agi%fabié)m@&éﬁlsﬁ?% Made¥ & dﬁéfﬂ?&fe adjustable
into an seal 1 ng engagenent wth said valve
port th'xaemtthread@ﬂmm ad;pqﬁirtimi af ameadVealmiusimgwhi ch cooper at es
with said actuator to determ ne the axial novenent of
the actuator and the valve nenber. 2. The val ve of
12. ThE ShiFe bf o rl?' Whibs i dh%tlﬁéﬂeeadﬁ% St DSidéd @Sha that engages
adj ustor which is a rod- li'ke menber that threadably
a portengdgad astiatbract uat or. 3. The val ve of claim1,
wherei n the adjustable nechanismincludes is a stem
| ocated on the top portion of said actuator. 4. The
13. M Vﬁv@fof Glaim 4, whkiemesad ohepad Usiinbibe: 8¢ vaghgs said actuator to
includes a shaft that contacts a portion of the
prevertdhepiston, fr@n nvéngialtheaxotl diregiion. 4, wherei n sai d
portion of said actuator is raised above a top surface
of said actuator. 6. The valve of claim2, wherein
14. Theihvalvadjfugdiab] eviteeih anidsadeeihy inseifandsnd toBprides aktwodgiece adjustable
that is threadably engaged on said adjustor. 7. The
port the s hregfledting afe, Pkt &f :vadys BPUSINEst | ock nut engages
a portion of a valve housing when |ocated on a first
posi tion of said adjustor, wherein said engagenent
15. Thé vhlvs af dlainall \fertharesimpgsingaeendhts thhes daktadedmanbevalve housing.
from engagi ng said valve seat. 8. The valve of claim7
further conprising a second | ock nut that engages said

16. The alve! FaiRUfs, bfherddh S48Rhd b8 AldeRRiitd18p88tioned to determine the axial

movement of the actuator and valve member.

17. The valve of claim 1, wherein said adjustable mechanism is positioned to prevent said valve

member from sealing against the valve seat when the valve is in a closed position.

18. A valve comprising:

three fluid ports, each having a fluid passageway,

a connecting fluid passageway wherein each of said port fluid passageways connect to
said connecting fluid passageway;

a valve element including two sealing members, one sealing member which seals against
a first valve seat located at a first end of said connecting fluid passageway when said valve

element is in a first position and one sealing member which seals against a second valve seat
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14 WO 2004/ 081428 PCT/ US2004/ 006990 9. The val ve of
claim1l, wherein said adjustable nmechani smconprises a
WO o0g8Eet screw t hat t hreadabl y engages a por€T/082004/006990
ve h
locatea X,prseglo%(g ega é)g ngln Pceflnéafll p%gsta% ﬁageeﬁgéltd . %lve eltement isin a
secon& bsifié;ew to pr event rotation thereof. 11. The val ve

claim1, wherein said adjustable nmechani sm
cérﬁ’ﬂﬁ*@%@m&‘?t@ﬁ@ pidedveelpustiafi® port that is
i :

Tﬁﬁ %@]ﬁ?gblegxﬁ&h‘%&rﬁ 8{ I sg@gﬁelggg%hégﬁegﬁg i‘déﬂggﬂme }ige axial movement
of thead]weslaldre. port conprlses a shaft that engages a

portion of said actuator. 13. The valve of claim12,

wherei n said one-pi ece adjustable port engages said

{ { I,

19. Tgf);ei \gﬂzl’\‘eg(?fr éelgltn? g% e%ﬁé}rem ‘Ee n\?éaaif(% ngng eﬁﬂg&lﬁ?nﬁlﬁlg%\}t]@?ie P@smon neither the
first nensatondl parting kxiemhem:slea]*agmst:mnp réspeciive valws-seatece

adjustable port that is threaded into a top portion

of a valve housing. 15. The valve of claim1l further
20. ACRIR A ShAsk 1ﬁ5qu§ﬁ11g cap that is threaded onto a val ve

housi ng. 16. The valve of claim15, wherein said end

c aplenss ogepestan comfamgslozithinen e@tuaf@r Heuséngriand t he axi al

" SR E)  0e0 P CHRN ¢ el it st on
pistoxpt@%bteb@wﬁ adjQstiikey amveﬁlamd)ﬂs@ﬂ\aeleam@ist&ﬂ om seal i ng
agai nst e valve seat when the valve is in a closed

position. 18. A valve conprising: three fluid ports,

ac v d :

RSB 2B RIR B ST SEI L Wl one or mor
set scfe@Rnect to said connecting fluid passageway; a valve

el ement including two sealing nenbers, one sealing
menber which seals against a first valve seat |ocated

22, ’[% valvE! 'a.E to'le Fﬁclgfm ?é" vghe‘félﬂ Qﬁﬁtaﬂﬁhg% | {4h b HRARSAY G WRY- glece port.

en sal e€ment I's Ina rst position an
one seallng menber whi ch seal s agai nst a second val ve

eat, 15 WO 2004/ 081428 PCT/.US2004/ 0069 | ocat ed at
23. The SalvpARuaRa obt Awarl ‘o cEAA “ﬁaﬁf gla@éaf&;ww?é??e port.
said valve element is in a second position; a piston
connected to said valve elenent; and an adj ustabl e
24, ﬂfecmlm sotuathi oficlagn 96| fmih@\/@lnypqsm wi onbdapt threpsiablyaented to said

axi al novement
actuator Eousmg.

25. The valve actuator of claim 24, wherein said end cap can be selectively positioned to

determine the axial movement of said one or more pistons.

26. The valve actuator of claim 24 further comprising a nut member that locks the end cap in

position on said actuator housing.

27. A valve comprising:
at least two ports and fluid passageways therebetween;
a valve member that includes a portion that aligns with at least one of said ports to

~ determine the flow through said fluid passageways;
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of the valve elenent. 19. The val ve of claim18,
wherein when said valve elenent is in a third
w@omunsaes neither the first nor second seal i PQI/US2004/006990
n%{ﬁh?t’bﬁ tﬁaﬁ%loo Qﬂegl %Jﬂiht ﬁi {;al{f@ﬁﬁ bkt Yc?se‘f&!tl\(/ gslﬁ@&essald? Qalve member
ve actua r I nc Ing: at l|east one pi
axiallydow ands et away]ﬁnmaualdaalﬂmttme af (sandlﬂug;d passsigeavays;

ad ust abl e mechani sm.t hat i vel y engages at | eas
fmso’%er BRERRE S1id noshin o 5?@9 Jpetpierdfigm sepling %amst said at

least 915’6 St5ai PERhiA 2 SRYENBR Qb Bt fortfng TRABThr NS, sgicﬁatt%hst @ik of said fluid

The val ve acCtuator "of claim?20, wherein said
passageljyapst abl e nmechani sm conpri ses one or nore set

screws. 22. The valve actuator of claim 20, wherein

sai d adj ustabl e mechanismis a one-piece port. 23.
28. AM@SV@MS uator of claim 20, wherein said

adj ust abl e rrechanl smis a two-piece port. 24. The

vl leestaarepattor of claim 20 further conpri si ng an end

c I o)

T JAA A BE L ia: rERL NSl et o conteo the
flow @aretireugigl ectively positioned to determ ne the axi aI

novenent of said one _or nore pistons. 26. The valve

ac Rigfoprthafeoeperpies 2vitly s4id welve elsmpsnt & ﬁréecalVﬁb’t mﬁiéffrb@éﬁi valve element

ion on said actuator

ax1a11h/|'ﬂ5]\]i/a1]d9Qllféa/&zgfﬁgﬁln]ds\?gﬁ%ééagtr?ﬂséﬂ%% at | east two ports

aradmfedmsl for pdﬁsm@uayfsrdeheqmmm toeaove said ahlve ebamditraway from said at

that includes a portion that aligns with at |east one
least gge Rt d ports to determine the flow through said

fluid passageways; 16 WD 2004/081428 PCT/ US2004/ 006990

a piston that cooperates with said valve nenber to
29. '§kd ealve wélclaimoE whareih va‘dmeanerfmeadjuaidgaﬂhb)fotc@waqld@d to move said

and a from sai. east one of said
vatverdendetpt B0 id o oast O aFbiteRingSSaf aPil dpd¢ ring engagement
surfa@ea'v%éfﬁhvtﬁe RERRL bf 94 SPAhk NG oAGRhdS tsuffaéd cat bel ed axially to
one of said fluid passag emays Fhereby preventing f
comprdss ougltove akphnaion|of aaid spiieg. of sai d fl uid passagevvays
28. A valve conprising: at |least one port; a valve
el ement that includes a portion that aligns with said

30. Atalveashp@iggport to control the flow therethrough;

a diaphragm that is axially moved into and out of engagement with a valve seat;
a piston coupled with said diaphragm, said piston movable axially a total piston
movement distance; and

a means for adjusting said total piston movement distance.

31. The valve of claim 30, wherein the total piston movement distance is less than the distance

required to seal said diaphragm against said valve seat.

32. A valve comprising:
three or more fluid ports, each having a fluid passageway;
a connecting fluid passageway wherein each of said port fluid passageways flow;
a diaphragm element including two engagement members, a first engagement member

which engages a first valve seat located at a first end of said connecting fluid passageway and a

17



a piston that cooperates with said valve elenent to
sel ectively nove said valve elenent axially towards
wapasasags f rom sai d at | east one port; a meansPEDDS2004/006990

sesorff Bk B N Y oo Bp AR e S0 B socond end of snid
connactihy @lutf passagemaiBandner ei n sai d means for adjusting the

force required to nove said  valve el enent away from, .

< b Panestedan éalgod%lﬂ)h&% Flegieat %%W%Ifygmaﬁ@l%t%ﬁchﬂ@ely position
said @RSRISABNmbe Y f26S8t ?8§i'@61?bvﬁelreﬁ1esa?@?1k§t'eﬂgag%ﬁneﬁf"hfémber engages said

spring engagenent surface can be adjusted axially to
first vabvepseets 8 secondl fositioapwnsin said stcodi cigagamiang medther Angages said second

val ve ¢ rising, a diaphragmthat i.s axially noved
valve it S o P LA QGR ARA et SropdPoRtomhe | o pi st on
coupled with said diaphragm said piston novable

axially a total piston novenent distance; and a neans
33. Amactepdigneonmipmgingai d t ot al pi ston novenent di stance. 31.

The .val ve of . ¢l ai m 30 erein.the tot i st on :

B St £, 8 A etHBE <Rl PilE il LT gt pistpn movement
distadc@: &®jal sai d di aphragm agai nst said val ve seat. 32. A

val ve conprising: three or nore fluid ports, each

hnegs 401 adjising said defalpigton mayvemericdistarees | ui d

passageway wherein each of said port fluid passageways

flow, a diaphragm el enent including two engagenent

34. Aresibensemalyf dongiriseipgagenent menber whi ch engages a
first valve seat |located at _a first end of said
c Grietuatos Jaringpstrpke cagbina fghdistancet 7 Wo 2004/ 081428

P@Ja&@%ﬁ&ﬂé&ggﬁ%%ea@%QMhﬁ%g%W El}gﬁ%gpﬁrleé@t‘gﬁ%%o&t t(_g)fcontrol flow

engages a se ve seat [ocated a secon
througlasad velvarsact varge member Ipasmegewdy eqauaido a sgoat distance; and

connected to said diaphr el enent and axially
nt?\}ﬁfﬂllé??r&dé@t@g?l?e\ﬁéqoge ngqul?(i PORAO%ai d di aphr agm nenber
ina first position wherein said first engagenent
menber engages said first valve seat, a second
35. pbsivaiverassineblyi of claind 34 exlomreinesairh fiestetistanenisegregny hgassaid second
dist said second valve seat, or a third position between
ISt d first and second positions. 33. An actuator
conprising: a piston coupled to a val ve nenber, said
26 ﬁiston novabl e axially a total piston novenent

estadiitcrsseralnel of cliadd Whareingpidsneang foraidintios e groeof said actuator
is usedq¥ HkS tsaiglflsfgt%ﬁ's%gﬂce substantially equal to said second distance.

37. The valve assembly of claim 34 wherein said means for adjusting the stroke of said actuator

is accessible from an outside portion of said valve assembly.

38. A valve assembly comprising:

an actuator;

a valve including a valve member that selectively engages at least one port to control flow
through said valve, said valve member being coupled to said actuator; and

an adjustment mechanism that controls an axial displacement of said actuator, wherein

said adjustment mechanism is accessible from an outside portion of said valve assembly.
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34. A valve assenbly conprising: an actuator having a
stroke equal to a first distance; a valve including a
woadiuesresber that sel ectively engages at | easPCDIE2004/006990
39, Rgﬁkm% eﬁﬁﬂ%&&h_ﬁ?ﬂ. through said valve, said valve
ne ergkaV| g apsfr%&e equal to a second distance; and
a theseres nfiaye pard;usti ng t he stroke of said actuator. 35.

The val ve assenbly of claim.34 erein said first
di dYaKe®e e@&ﬂé&% tlffﬁaﬁo%?lél%wgﬁwaen 3¢ thap e magg ports; and

The, Y&t eRSa&mRh¥mahaicofbls e AMEHE h@w%tx%é%%th%%{(or more ports.

adjusting the stroke of sard actuator is used to nake
said first distance substantially equal to said second
di stance. 37. The val ve assenbly of claim 34 wherein
said nmeans for adjusting the stroke of said actuator
is accessible froman outside portion of said valve
assenbly. 38. A valve assenbly conprising: an
actuator; a valve including a val ve nenber that

sel ectively engages at |east one port to control flow
t hrough said val ve, said val ve nenber being coupled to
said actuator; and an adjustnent mechani smthat
controls an axial displacenent of said actuator,
wherein said adjustnment nmechanismis accessible from
an outside portion of said valve assenbly. 18 WO

2004/ 081428 PCT/ US2004/ 006990 39. A valve assenbly
conprising: three or nore ports; a valve nenber that
sel ectively control flow between said three or nore
ports; and an adjustnment nechanismthat controls the
relative flow between said three or nore ports. 19
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