;opgre3eppt 6T s WO 02/31611 PCT/USOL/ 31727 VARI ABLE PRESSURE REGULATED
FLOW CONTROLLERS RELATED APPLI CATI ONS This application clains priority

U S. Prowe@poamill Application Serial to No. 60/239,716 fil @6TASOUBER7 11,
2000. TECHNI CAL FI ELD The present invention relates to systens and neth

for is controlling the flow of pressurized fluid and) nore specifically) to
such systens and nethods that allow precise control of flow of fluid froma
source having high, variable, and/or unknown pressure. BACKGROUND OF THE

| NVENTI ON 20 2 rrany di sci plines, a pressuri st be
supplied in prymmmm“mﬁm w ies. Usually, the quantity @ﬁ‘m M‘l wmmumpl ied is
controll ed by regulgdihg the flow of the fluid. Flui I ndependent

.of conduit size, supply pressure, and the |like, and control'ﬁgi ?lg the flow
rate ensures that a precise quantity of the fluid is delivered where

requi red. The present invention is of particular significance when used to
control the flIVARIABLES PREGSURE REGEHLATELD FLOW CONTROUERSesent
invention also has application to other fluids such as liquids and to
relatively large flow rates. The scope of the present invention should thus
be det’%erm ned with reference to the clains a ended hereto and not the

fol | owi ng detail ed descri pti BELATEHR ARRIAGA &h@ﬁe the quantity of a gas
suppl i ed must be WO 02/ 31611

PCT/ USOL/ 31727 reC| .se ntrol l.e L\ve medi cal
patient. in thl-g1 &Ptpé'?f“ XB @@E‘ﬁ E"?ﬁqyéﬁ témr‘%teréj VP'%%';/@PB@"@ %8'" ﬁ'atl ent
through aneH0/23036 fMeatbatdber 1depppd effect. If too little gas is
supplied to the patient, the desi red effect may not be obtained. On the

ot heridhand, too nuch gas nay be toxic to the patient. O her exanples where

preci se q_uanti ties of gas nust ?gﬁmgﬁ}ggﬁgﬁl ude scientific and nedical

testing) industrial processing) ng. A primary inpedinent to
mai ntai ning a constant flow of gas is that the pressure at which the gas is
supplied may be_unknown qr variable. to Oten, the source of the

pressuri zed gad hesPeesanidaventoniralates @rsﬁéﬂmse@%memﬁésﬁﬁéssure of the

fl.ui d supgbhfgig Bk of brbBEnEzeRpHiEShdifokd UBbLREANS! Bdeant 1y, For

exanpl e uant , pressu |ze ecreases) the
pressisre sfstenes ahdi rtietrhcmm t‘rmtfallowl pm:waoﬂntml of flewrofdkid freosar di ngly, in
many systens in whjch the ro as 1s is i ortant) the flow rate nust
be measur SQUEGRY ﬁﬁm&wﬂ&jvaﬁé r@{/g’r "Eﬁ’f’ﬁ?ﬁrﬁ S®.necessary to maintain
the flowrate within predetermned limts. RELATED ART 20 U. S. Patent No.
4,015,626 issued to the present Applicant discloses

BACKGROUND OF THE INVENTION

20 In many disciplines, a pressurized fluid must be supplied in precise
quantities, Usually, the quantity of fluid supplied is controlled by regulating
the flow of the fluid. Fluid flow is independent of conduit size, supply
pressure, and the like, and controlling the flow rate ensures that a precise
quantity of the fluid is delivered where required.

25 The present invention is of particular significance when used to
control the flow of gasses at relatively low flow rates. The present
invention also has application to other fluids such as liquids and to
relatively large flow rates. The scope of the present invention should thus
be determined with reference to the claims appended hereto and not the

30 following detailed description. _

One example where the quantity of a gas supplied must be



a valve assenbly for maintaining constant flow rates. This val ve assenbly
conpri ses a housing that defines upstream and downstream chanbers, a
novabl e wabl2/amsenbly arranged between these chanbers, a PoIVURyg1/282f ocat ed
in the downstream chanber that acts on the novable wall, a bicycle valve

| ocated in the upstream chanber such that its control stem engages the
novabl e wal |, and coil ed high resistance tubi ng connected between the
chanbers. Changes in the pressure in the downstream chanber allow the
novable wall to nove and operate the b#sycle valve 30 control stemto open
or close the bicycle valve to control the flow of fluid WO 02/31111 -3
PCT/ US01/ 31727 flow ng through the val ve assenbly. The spring may be

. adj ust ed tpresizaly codirolleddsthe deliverytafa gaado aumedicalpatierdndndkisa pressure

duci trigti d.t A .the fl t fl ui I
{her ot hr ougitexhe ap Fomised Wiy B8 ubPled. o the Prbient suolahdh Ventiater at i vel y
| ' . i h h th
s compl ex @Nsbi@itPa s STERIIF 153 IS o BRUSHIRPEPHB 5SSOI hr ough ¢ he

hi gh resi stance tubing plays an I nport e ning the range of
fl ow rat ededisdd efifgchmayet e dbtathedr Orpthehetherdsand,dodmpch lgasugayt he
tubing to obtai.n different flgw rate ranges woul d be diffjcult because

i 11 erent RRENTIE S e PatenknGlier SKAmpT ShepR PLaeBRapanties ShaR be used.
10 The | englit Bé sﬁmli_@dghcﬁﬁﬁ' SASRTR éh@hﬁﬁuiéap@s&iﬁg [riRftARAis) the system
relatively large a i ncreases the likelihood of fai fure.” And this valve
assenbl y iprogessiggeandsauba divingnly at relatively low (80 to 150) psi.

U S. Patent No. ,6, 026, 849 i to.,the

Febr, 22 000 .
Appl i cant al so B QIHFB%@Beaﬁgﬂﬁaﬁgaaﬁ?@ﬁ'af{%ﬁt%ﬁ%@ﬂt ﬁ%‘ﬂ@f(&ﬁghséf% usi ng
: . . ' 2
et hods i eI essue at WHIGIEPgas Moabnle AR LOURTLIG or VEriahE, 0 "

suppl ¥ ng Oftengdthe sourcerofpihet preskarizethgasis agiressusizedttahkor rate. However)
the need exists for i rovements ttlgﬁflg ul at fIO\g&kﬁontrol | ers such as are

di scl osed GAMPIRSSOB4d hepragsure of suprlieshby eithes 061239 S8KreasSyl i ed to

specific ' T /34} - Ryeh I «THE DRAW NGS
o] usos/ TRILIAAMRES Signifcdis et dlample, diierqedntty i wthipTal PR
f1 ow cont rpreksurizech $ank deerbasesa the przssuee \f the flaid flowtig! friomy the kenk

rinciples Qf, s the present, invention; FIG 2, is,a.sectjon view of the flow
cont r ol | oWilidecrRases ACCORdiBginMankeYStEmsnin Whighuthe bowpia gasis ri 3

. | . . ! : ‘ £ th
(e ot oo ERtar e fiol Bt st HeeBlstlad it MiRtbrar'ahaThERySRm®  * 'n,
fl ow cont radjustedods heeessant toomadrtainethe floak eateawithin prettstedmiheédh FIG  2;

FIG 5is ra _%ect lon view of a second enbodi nent of a flow controller
Imits.

RELATED ART
20
U.S. Patent No. 4,015,626 issued to the present Applicant discloses

a valve assembly for maintaining constant flow rates. This valve assembly
comprises a housing that defines upstream and downstream chambers, a
movable wall assembly arranged between these chambers, a spring

25  located in the downstream chamber that acts on the movable wall, a-
bicycle valve located in the upstream chamber such that its control stem
engages the movable wall, and coiled high resistance tubing connected
between the chambers. Changes in the pressure in the downstream
chamber allow the movable wall to move and operate the bicycle valve

30  control stem to open or close the bicycle valve to control the flow of fluid



constructed in accordance wth, and enbodying, the principles of the
present invention; 15 FIG 6A is a section view depicting details of an

i nput stageofictihe second enbodi nent of the flow control | BR¢T/HE R ct ed in
FIG 5; and FIG 6B is a section view depicting details of an output stage
of the second enbodi nent of the flow controller as depicted in FIG 5. FIG
7 is a section view of a third enbodi nent of a flow controller 20
constructed in accordance with, and en%sdyi ng, the principles of the
present invention; FIG 8 is a section¥iew of a fourth enbodi nent of a
flow controller constructed in accordance with) and enbodyi ng) the

i nci pl f, ' ion:, 25 FIG .9 i bl ock di ' f
Sontrol oy vERGRREGR e ANE EPSeREyn I FEHRGRRY PRistoBhoPR er of -
FIG 8; FI [ [ ' - s f 1 | : ‘
controll er&(.:f%'g\ésﬁtlr uc\:"?1 Eazglg;lﬁc:%cfyr%ﬁm\?ﬁrﬁ) égﬁﬁﬁggﬁ%%%‘%'?qg%ﬁ“&? |an es of

. the preserdnd tvy anérage; thedldw Fateldf fluidgdyshek thbrethraugh. ew of a contr ol
systemthat nay be a@@V\io 02/ 31611 -5 ugped in connection with the flow

control l er of Flie valve sgseroblyidisciosedrindhe 1626 patertistretativalyw of a sixth
enbodi ment_of a flow contr.oller constructed in,accordance, Wit and
enbody o, CTTRIe AL pRTas Ve & mATiTELhiE: Alsentt ArésiSarh Biodth s 1y ock
di agr am vi ] | i i ' ' t he
{1 ow cont AP g Sosigiod) bl RS HRYrdft Al BERERA tifisboel
DESCRI PTI @f flow faies Rirainmagtie ebtinedEMItering ther pressube dirop thraeeflethe ng now
to FIG 1 of, the draw depicted therein at 20 is._a flow controller
syst em cond mﬁc@e&tﬁm a%@@@l&ll@@ rafe Fﬁn%ﬁﬁjwﬁmf)aﬁidsiﬁ'ﬁ;ult@%%i ples of the
present i L.Qu. . The: L] t ' I ment
present | AU a3 Gl RHEFGR ofbhal B RS AGIEL ) et beSRlEE e
relialy IThelergyth of hehighPrisistahabitabm ﬁ!d]ﬂmb??ﬁ thE gys factors as
t he expected range of input pressure and the desired range”of flow rates.
The exenplralativellarg® anddhtraasegdheniketinoodmfifailisrea Anddhisyvalyvsenbl y 22
conprising a first end nemher 24 .a second end nb 6) | ntermedi ate
renber 28 BSAREHY i B0SiRFeCAB i ard pRREEl foidiVel Tow B0 16 160) pel
U.S. Patent No. 6,026,849 issued on February 22, 2000, to the
present Applicant also discloses a regulated flow controller that operates

15  using a source having high, variable, and/or unknown pressure. The
systems and methods disclosed in the '849 patent solved many problems
related to supplying fluids, and in particular gasses, at constant flow rate.

However, the need exists for improvements to regulated flow
controllers such as are disclosed in the '849 patent that allow this

20  technology to be applied to specific environments.



is menbers 30 and 32. The first and second end nmenbers 24 and 26 are
attached to the internedi ate nenbers 28 using bolts 34 to formthe housing
assenbly WD 02Ed6Hssenbl ed, the first diaphragm nenber 30 i pcanusangesh
between the first upper nmenber 24 and the internedi ate nmenber 28 to define
an i nput chanber 40 and a first regul ator chanber 20 42. The second

di aphragm nenber 32 is arranged between the second upper nenber 26 and the
i nternedi ate nmenber 28 to define an output chanber 44 and a second

regul ator chanber 46. Referring nowto FIG 4, it can be seen that the
exenplary internediate menber 28 is mylted to define first and second end
cavities 25 50 and 52. The exenplary first and second end cavities 50 and
-52 are simlar and each conprises an outer portion 54, a threaded

i nternmedi ate porti onBEIEFADESSRIATION @¥F (THE IRAWANGS and second val ve
assenblies 60 and 62 are arranged substantially within the first and second
end cavities 50 and 52, 30 respectively. Except for dinensional

di f f erences) X I L 0 and 62 are
simlar in cotrli'tér' 3c§{%{néh%8¥%&r} %%%F‘ﬁﬁ’%réﬂ cotﬂq@%ﬁgphgaﬁvr@st val ve
assenbl ycadtrobempcossteucted iin accusdarce with, smdbembodying, the pringiples®f72, a

first valve stemassenbly 74, and a first valve spring 76. The second val ve
assembl yh@paﬁ%}ti'gﬁ%nqg’%econd first s valve seat nenber 80, a second

Oring 82, a FRGY2As\PEy&dH PSS HP MswSdontPolfbroofIR6 ISt JRIbGRIITRNE N 86.
The first and second val ve seat menbers 70 and 80 are threaded into the

t hr eadedtaken: along lsesod-2 IRdIG.1 6t and second end cavities 50 and 52,

bor Frons. 56° of 16n 8 e 83lafded $8cHn Vidw S EHYITF thd foblr oar o 70 and
80. The damtsdliepofithe fitet embodiment asrdssicted inElIG.2;eaded portion 56 of the

first end Cavilf(tﬁé 50 to prevent flgi d fl ow between the threaded and | nner
pori8 ons 56 afdCs4 igm@ setiqmyview otihe fiqw contipilerefitha girsbembogiimenty | y

arr angedgikBntA8nhNineaded g, @ 56 of the second end cavity 52 to prevent
is fluid ?I ow ge?ween the threaded and inner portions 56 and 58 of that

cavity 52. ThE&lGx8riplaasection viewsobamsesondotinbodimentdf 84loa eontrelier cal and

merber gonatieGadh SREARERR Wlo” BRgSeBatintE HiRinroim et S Mo eaded wi tni n
the val vgrggemfivéttionfhe stem nenbers 90 of the valve stem assenblies 74
and 84 extend through and are supported by first and second stem openi ngs

1101%nd 112 f &HlGe8A is a geclien view depictingdetailsefaninpul stageeéthgel y. In
addi tion : | i 74 and 84 2s
are arra%\%cté %éf’iﬁécg"dm%ﬁ?%@e%{’n@ﬁy a%:{gg% ﬁ‘gbgﬁ@ 65$§P rcrled on the
val ve seat neifé: §B7i3 asdctidn viBve deglicting detailssefearnbutput stagedfddenove a
short distance rel at.ive .t he val ve, seat nenber,s .70 d 80 such that the
val ve neﬁ%%?'%ggé“eté%@%eé“ tﬁ??@%ﬁﬁgt@ﬁsﬁﬁ‘ ﬁgomﬁtfa%ns‘ﬁgt urfaces 114 and
116. Wen 3o tHhe, Tais\f saBtide Vioww Bf arthirdl ebadinent 6Pafldve cuatroReseat
surfaces 114 WO 02/31Cl11 8 PCT/US01/31727 and 116; fluid is allowed to

f 1 om0t hr costréciest inaccasdaneel with, andeshaiyirg.sthexingiplesof ther ned in t he
val ve seat rrer{bers 70 and 80, respectively. But when the val ve nenbers 96
engage tREPSRINRVERANS rfaces 114 and 116, fluid flow through the first

and second valp(g, 8 is a section view of a fourth embodiment of a flow controller
constructed in accordance with, and embodying, the principles of the
present invention;
25 FIG. 9 is a block diagram view of a control system that may be used
in connection with the flow controller of FIG. 8;

FIG. 10 is a section view of a fifth embodiment of a flow controller
constructed in accordance with, and embodying, the principles of the
present invention;

30 FIG. 11 is a block diagram view of a control system that may be



5 passageways 120 and 122 is prevented. The first and second val ve springs
76 and 86 are arranged in the inner portions 58 of the first and second end
cavities WO @nde132, respectively, to bias the val ve nenbergcBesnfsithe val ve
stem assenblies 74 and 84 towards the valve seat surfaces 114 and 116. 10
The val ve assenblies 60 and 62 are thus normally cl osed val ves. Further)
the val ve assenblies 60 and' 62 open substantially linearly in response to
first and second val ve control forces applied to upper nenbers 124 and 126
of the valve stem assenblies 74 and 8. The upper menbers 124 and 126 of
the val ve stem assenblies 74 15 and 84 are located in the input chanbers 40

and 44. First and second.val ve, pl ate 3 132 are located in the input
. chamber s HhBOQQQQHRWQﬁﬂ$Ehﬁék85Fgga?ﬁ%ﬁ9ﬁgg%r$§Enbers 124 and 126 and the
first and secppd, §Rasky seuticrewiew 6f 3GhandrBodintsmesta Relwcoritrolkr and

second piston nenbers 140 and 142 are |ocated in the first _gnd second
.r egul at ccormfrumediie escardanee Withe andembeRYNgs the PENCipiRs Pfﬁlq and second

di aphragm ne and 32 fromthe first and second val ve plates 130 and
132. Fi%ypsgﬂgﬁé%%§@@'%®8ulator springs 144 and 146 are also located in the
regul at or chapi®r $342 asavldck@iagrapn aiew bé af cortrol systermdhat nEysben nenber s
140 and 142.towards the valve pl ates 130 a€95%3% t hrough t he di aphragm 25
menber s @Eedhiucannegtinn witidhe centfefer 9 d132 are flexible and thus
all ow forces on the piston nenbers 140 and 142 to be transferred to the

val ve plates 130 and 132. Referring now back to the construction of the
housi ng assenbly 22, FIG 3 shows that a connecting passageway 150 extends
between 'the 30 inlet chanber 40 and the inner portion 58 of the second end
cavity 52. WO 02/31G11 9 PCT/US01/ 31727 Fluid thus may flow fromthe
inlet chanber 40 to the outlet chanber 42 through the second val ve assenbly
62 when the second val ve assenbly 62 is open. FIG 4 shows in broken |ines
an inlet passageway 152 that extends s froman inlet port 154 to the inner
portion 58 of the first end cavity 50. Fluid may thus flow fromthe inlet
port 154 to the inlet chanber 42 through the first valve assenbly 62 when
the first valve assenbly 62 is open. FIGS. 3 and 4 show a restriction
passageway 156 that allows fluid to flow fromthe outlet chanber 42 to an
out| et passageway 158 through a to restriction chanber 160. A restriction
menber 162 is located in the restriction chanber 160. The outl et passageway
158 in turn allows fluid to flow fromthe restriction passageway 156
through the restriction nenber 162 to an outlet port 164. FIG 4 al so shows
that first and second sanpling passageways 170 is and 172 allow fluid to
flow fromthe outlet passageway 158 to the first and second regul ator
chanbers 42 and 46, respectively. FIG 4 further shows that the restriction
chanber 160 is formed by an access hole 180 milled into the internediate
menber 28. The access hole 180 is threaded to allow an el ongate plug 182 to
be attached to the 20 internediate nenber 28. The plug 182 defines a plug
chanber 184 through which fluid flows fromthe restriction passageway 156
to the restriction chanber 160. A first plug Oring 186 is arranged to
ensure that fluid flows fromthe restriction passageway 156 only through
the restriction nmenber 162 in the restriction chanber 160. A second Oring
188 is



2s arranged to prevent fluid fromexiting the system 20 through the access
hole 180. In use, fluid flows fromthe inlet port 154 to the outlet port
164 al ongW® p16nif | uid path as follows: fluid in the inletpEpusoiazksf| ows
into the inlet chanber 40 through the inlet passageway 152; fluid then
flows fromthe 30 inlet chanber 40 to the outlet chanber 44 through the
first val ve assenbly W112/31Cr11 -10 PCT/ US01/ 31727 60, the connecting
passageway 150, and the second val ve éssenbly 62; fluid in the outlet
chanber 44 then flows to the outlet pBtrt 164 through the restriction
passageway 156) the restriction nmenber 162 in the restriction chanber 160,
and the outle ssageway ' 158 . Flui d.Ln out | et pas 58 flows to
-the first aPEthtﬁﬁ BE&%RH?HON@%E PA%EEEJRLHEa EM@%W'E npl i ng
passageways 170 and 172. The conbi nation of the fluid pressure in the

regul ator chambers 42 and 46 and biasing force applied by the regul ator
‘springs 144 arfirstEmpodimhest control forces that control the valve
assenblies to nmaintain 10 substantially a substantially constant fluid fl ow
rate through the flom1controller 20 that is substantially independent of

P a 5o, tapi cTRASHIG B Ko 1%?%@5@@5& Beniged R A At hat
e uppe R SRRTIRS SV éﬁhe ARt pO3 s?gﬁsﬁﬁﬂh%ﬁ@@@%ﬁﬁb‘r@sﬁfﬁ '

adj ust i ngriasipled b tHeBPreddntisvdritior. I‘ﬁhe flotwecoritrblien siystbrp2Qlofthe system 20
to be adjusted, While the exenpl %‘%:/F issure adj usti ng, assenbl y 18D is

manual | y Eﬁieﬁfﬁb@ iment sy hey iglativelydnaxpensivelycadd is be used, as

v\ o, B Bl bl ol B b e et iy 20 ) o

t he 1ol OWSoohtfaotbkséasshéte@dnseéﬁbcﬁmge/of mphe peesduretsed tﬁ@ﬂe@lréﬂer ent

envi ronnent s. In particular, the internedi ate nenber 28, which is a
rel ati vefgngeepflowaedes.part, can be 2s manufactured in a standard form The

onvi ronment - by TEoRBPIE dicve BEafiBler Srsteliced BPmAtEES accond valve soat
menbers ROuaig Egsegﬁﬂlx ?F?ﬁ‘ﬁirféufq a(fﬁst@ﬁ@ﬁﬁeﬁﬂ%%ﬁ AL y@é gRat nenbers

may be nenufactur erent Tornms, 30 ea aving a a ve passageways
with a dmémbenﬂeeah mwtarmdmateaaea'daﬁrizaqaand fireOate) Sacarid disphragm

pas JAgenBEORS S0 637+ T Bist SBASHFOE |¢°‘;§o°“O”%m%&anézbg?eﬁ?'eéebased

on the eypag f‘eg HEhe Fm%&%tbqﬁmmls hy Pt B4h0 RRIRer es. A system

desi gner w | e appropriate va ve s menber gi ven
envi r onmBeUsing assemblyf 22 &a ammbleﬁahe mestciapheagmimpmbendYiseach

1 om anoAdraiand peiact 0 BT EbpF RoBhErae atiLte LRRLBRRIAR . Sstom

More val yRemay zma‘qféfﬁwe'\ahlmm%ﬂéiﬁbéme aeidsmtvn?gnatfdrmmwﬂs of the
er

flow controller system 10 The restriction nmenb Ccreates a
pr edsmt er diiefhesessnd aiaplmagre member B2 is estangad between dlesagond 56 and

t he outlet ass 158, . The .magni,t ude of . t hj resSsur e dr y be
altered %’%Sﬁ{:}%@ %Fl'é?\int?@ﬂ?ﬂag‘? P&%P‘Psﬁ@r@ ‘iﬂ PN ﬁﬂ{mwo or nore
restri ctl I% anbd\ g?ébﬁ(g@egmgmrr@{arﬁﬁér4ghe characteristics of the
flow controller system
Referring now to FIG. 4, it can be seen that the exemplary
intermediate member 28 is milled to define first and second end cavities
25 50 and 52. The exemplary first and second end cavities 50 and 52 are

similar and each comprises an outer portion 54, a threaded intermediate

portion §6, and an inner portion 58.
First and second valve assemblies 60 and 62 are arranged
substantially within the first and second end cavities 50 and 52,
30 respectively. Except for dimensional differences, the exemplary valve



15 the present invention may thus be altered by appropriate sel ection of
the restriction nmenber 162. The flow controller system 20 thus forns a
general pW@oxH6il ow controller that may easily be enbodi egciprusei/sifzes ent
configurations dependi ng upon the environnment in which the system20 is to
be used. 20 Il. Second Enbodi nent Referring nowto FIG 5 of the draw ng)
depicted therein at 220 is a second enbodi nent of a flow controller system
constructed in accordance 2s with, and enbodying, the principles of the
present invention. The flow controll ez.system 220 of the second enbodi nent
I's designed to operate reliably in a variety of configurations dependi ng
upon such factors as the expected range of input pressure and the desired
-range of ddsmmblies60 ankti 62 ardsirhilarincconstaldtieon. syst em 220 nay have

application in many, 3p environnept it o] articular, significance in
P Dan anvi r onniEhbarichlan- st YaNesssesabl §0 cBRWNISESA GrStvava sems | on of
-the flui | B I m 220
compr | sednSHitier . B MsfOL6Aq T4 st VB o) SsBRILIY T4, S AT 200
menber 23Alvespring b, UThe secontivali? ssembiys 62 womptisesradedondisber 228,

and first and s second di aphragm assepbl jes 230 and 232. The di aphragm
asserbl | é@h@@eahmemlzera@@ %ﬁﬁgpﬁé o 3REPNE YRl SterpAgsentlys | r st

and seco j 7 d 235. The first diaphragm assenbly 230
&4, St d SREBRIVERR Sofd o8

further corp agm pl ate 236 and a first diaphragm sl eeve
237; the seconthdifisstarabsetondivavebdgataféntiers 7uahd 80 arethreadsda second

di aphragm pl ate_ 238 and a, second _di aphra sl eeve 239. The di aphragm
menber s 2‘3‘% hyaaded EOM%gg%%%grﬂi%?ﬁW%m‘Q@%s5@@"2‘339. The

di aphragrsvgg?ggﬁgﬁg .agﬁ% @%&éﬁ%d&g@%@?&aﬁw Ot w@&ﬁ%ﬂqﬁgves 237

and 239, ragm rs 2 are secured between
di aptor agpastiens & fifiecant] eadties S0t ad SRty thexlvalve seatbwenttiels 7The fi r st

and second er. e 22 226_are t hreaded ont,o,the,ba nber 228
Fot orm Einet BEL THERBE R0, SB3n08 aridfadd I i thidBkps Abipah &

assenbl y tR8irstednd eaviay 50116 Wreventciuidiiiv Bébvasn the threddadantahner chanber
242. The second di aphragm assenbl 232 defines an out Eut chanber 244 and a

second r ®ilian® 56canchBBof the cayity §9. ahae sespadLdingBRdg similarensur e t hat

passagoud e rt e B Gedclf PERicn REREIhSecdil L SRRty D21 pYRERE | "3,
i's nisl | edivid fldaf betvdar e thrdaded and iandr pavtidns56 2t 88 wfahat cavity

exenplary first and second cavities 250 and 252 are sinml|ar and each
conpri seP% threaded outer portion 254, a threaded internediate portion

262 are arr angLie SAEEIERLTRe dfoft e REE T e B LR AABRNCEaNd O T s
250 and 2Fdh coniprisas 3ilskein niember 90 and a valve member 92. The
exemplary stem member 90 is a T-shaped part the cross-bars of which are
20 embedded within the valve member 92.
The stem members 90 of the valve stem assemblies 74 and 84
extend through and are supported by first and second stem openings 110
and 112 formed in the valve seat members 70 and 80, respectively. In
addition, the valve members 92 of the valve stem assemblies 74 and 84
25  are arranged adjacent to valve seat surfaces 114 and 116 formed on the
valve seat members 70 and 80.
" The valve stem assemblies 74 and 84 move a short distance
relative to the valve seat members 70 and 80 such that the valve members
96 engage or disengage from the valve seat surfaces 114 and 116. When
30 the valve members 96 are disengaged from the valve seat surfaces 114



PCT/ USO01/ 31727 316. When the val ve nenbers 296 are di sengaged fromthe

val ve seat surfaces 314 and 316, fluid is allowed to flow through first and
second vameipHesageways 320 and 322 forned in the val ve spef/Renhess 270
and 280, respectively. But when the val ve nmenbers 296 engage the val ve seat
surfaces 314 and 31 B, fluid flow through the first and second val ve
passageways 320 and 322 is prevented. The first and second val ve springs
276 and 286 are arranged in the first_gand second regul ator chanbers 242 and
246, respectively. As will be described in detail below, the valve springs
276 and 286 bias the valve to nenbers 292 of the val ve stem assenblies 274

and 284 tagwa - i i ﬁ:ﬁ% val ve assenblies
-260 and 262 yrjg’ﬁl Es‘gzna(l)lprgrva yf(I: o;d_fé a @lésga?@gsr%%;@ﬁg val ve assenblies
260 and Bsagewaysvb2@andal23/fdrimexhin the valve seat seembefs 7tarmh80second

val ve control force pplied to upper portions is 324 and 326 of the val ve
stem asséﬁ%‘P‘P@éveiYAm&giﬁhﬂ"em%wgdﬁgﬂ'ﬁhﬁfﬁtaé;ﬁﬁgggﬁ the yatvesseat t he val ve
stem ass i . | ' | s 240 and 244
and ar o FneGRs BB NUR] fohfibih the 51 AP heSiT THG]
respecti‘p@sgagéh@g@imaﬁdrmzz Btmevénfecdind 238 are in turn connected to

0

first and secand regul ator plates 330 and 332 located in the first and

second regul at ove &g secand ¥alyespyings ¥ 6tangh@6 ase anangaslindther spri ngs

the 111t paREReY BE st Spk Nt eV iR ST, Pe” o aphr agm
pl ates 238spestivehy toltiiay e Vavelmembaies S2of Bs vaile stefh a8Sembligsf i r st

regul ator plate 330, first diaphragmplate 238, and first valve nenber 274

t hus ar e 7diandiBd towards tha valreseat slifeges d14@nd 1164 rst slide assenbly
344. Siml arl t he, second uLat or ate ,332) second,di aphragm pl ate 239)
and Qecond val H@Wf?eﬁ'ssféﬁf’ﬁ&ebal%dd% Qfﬁﬁﬁﬁﬁman'@@yt@%%éﬁa er to form
a second ' ;ﬂ.‘%s i gf/dgé 7 : : :

respecti \%ﬂw ce@%@%ﬁ%ﬁgﬂla |?#§Pg@§’gﬁg$%"f%§§hnot ed bel ow,
t he exenpdsponseato/firstameingdcors vil0eauhtaf Jores appliddto uppeonstruction. In
particular, the first valve assenbly 260 conprises a first valve seat

nmenber 2REeMBers 124 apd 12 of the valve siem assembliesbepd@d.y 274, and a

firet vaive said eAsEmeilBere TRl ontines of 156 Vab Somm BSRRIERS /At orn
assewbl y aR@84 ans! Iscated i thy Mpid chizinbers286 anthey.f First apdseronend val ve
seat nenbers 270 and 280 are threaded into the threaded portions 256 of the

first anvabecplateeddOand 183aredocated indhesnpul ehpmbers 40yandrdd O rings 272

and 52 byereShInGTANR b ps IBFRREE 5 dad Te e lod RS S 72V hus”
ar r anged seBohRlibpheRfit tnémbers 802a%d GR, réspddtively. eRifstand 'spcdh to prevent
fluid fl ow between the threaded and i nner portions 256 and 258 of the

cavity 2®istomsesherad40 and fidRpredecated imthedfinsy andregopad raguwatert: hr eaded
portion 25B gf the, seco e iV 425 r t fluid,. tween the
t hr e@dedcgﬁmoq?{ﬁe‘fz_ ﬁﬂﬁtﬁﬂg q@%g’ﬁ%%glgéﬁo‘i’%tfﬁﬁfgﬁg\ﬁwwg&‘gb &'Exenpl ary
val ve st eraabepdRll £ 324radhaditshaRd iséebhidaallvé pthtesaBocan®izges a stem
menber 290 and a val ve nenber 292. The .
First and second regulator springs 144 and 146 are also located in the
regulator chambers 42 and 46 to bias the first and second pistpn members
140 and 142 towards the valve plates 130 and 132 through the diaphragm
25  members 30 and 32. The diaphragm members 30 and 32 are flexible and
thus allow forces on the piston members 140 and 142 to be transferred to
the valve plates 130 and 132.
Referring now back to the construction of the housing assembly 22,
FIG. 3 shows that a connecting passageway 150 extends between the

30 inlet chamber 40 and the inner portion 58 of the second end cavity 52.



-assenbl i

t

20 exenplary stem nenber 290 is a T-shaped part the cross-bars of which are
enbedded within the val ve nenber 292. The stem nenbers 290 of the val ve
stem asseWfl 126460074 and 284 extend through and are supportecybyoifdisst and
second stem openings 39 0 and 3'12 forned in the valve seat nenbers 370 and
380) respectively. In 2s addition, the valve nenbers 292 of the valve stem
assenblies 274 and 284 are arranged adjacent to val ve seat surfaces 314 and
316 formed on the val ve seat nenbers 270 and 280. The val ve stem assenblies
274 and 284 nove a short distance rel#tive to the valve seat nmembers 270
and 280 such that the vaI ve 30 rrenbers 296 engage or di sengage fromthe
val ve seat . faces 2/31 11 CT/ 1727 5 The slide

gi“ éza“%ﬁ‘?ﬁ)é W, @T%tﬂ?dﬁ OH at chamber 42em openi ngs

310 d iaph
rembers S1gUGdAE SectrlF dssents 5“8@%@*&%@&@?9% AESEB e
second r68u$ apen. springs 340 and 342. The di aphragm.nenbers 234 and 236 and

springs 276, 286) 340, and 342 are flexible and allow the slide assenblies
344 and 346 t &1Ckthahows inbealamnlines aa inlsk passaaeway thxthalexbends| i de

[sarl + 1RMugf kg puf P8 P Firer tetos Seiine MEORAUEY a00C, °) | o
forces oRlidenaly mmfmﬁhesme@ podi B tb fitbimeechamtbet U2thrddigh val ve

assenblies 260 and 262. Referring now back to FIG 5, a connecting
passagewiie s valvecassembiv@e wherethenfirst valvenassembly 62is epeni nner porti on

chanber 240" ¢ 5eRs S &gk e¥esticir bttty 168 MRE ARMIIU s e y 262
et g e ety oo 2
ggvﬁ{;‘y vasibtul ?—* ﬁh?ﬁ@%?q@ ;Ii &l‘%‘ﬁﬂﬂﬁ@"? rpfg%@rlp c3 tl'\E’ne inl et
chanber Afri¢tiorpolambes 160, SThe dutiet passadeway A58tk féﬂioWsrfﬁInd ¥gl ve

asserrbly 262 is open. 20 A restrlctlon%é)assageway 356 allows fluid to flow
from t heflewifram tbﬁaﬁﬁtﬂct@mmawmw estistiammamgben

restri Ctﬂ@@t&%ﬁ%ﬂfet%%gt %restrl ction rrenber 362 is located in the

restriction c e outlet passageway 358 in turn allows fluid to

f1 ow from t heFt@s4rdlss ishowsathat fiesteand3sécdiid sapiplingepasstigevedyson7oenber 362
to an outl et Eeart 364, 2s A first bypass passageway 370 for rred in the
di aphr agane 172aloys fiid tafow|frem the qqtlahpﬁsgagewaywt?eto theafistangso to a

first byg E‘%ﬁ@?{or%"‘?ﬁ&@?ﬂ gﬁb‘{@q.etsbééﬁvéjgaphragm assenbly 230 and

t he housing as passSTpassageway 374 forned in the base
menber 224 al Fmrs4ffu:thérshow:adWatﬂwrresmcﬁmm shamberstoC isfomed3by2 to a 30

d by h 46. def by .th d d bl VO
031 9161 13parress N 189 musSIblt fhe tieeRia farbal ob) *he 55588 I i g
passagereW@o f@ﬂﬁéﬁ&éd%%ﬂ@%ﬁ bﬁ%l@:@@@tégﬂ%@ﬂ@ﬁ) be dtfaeheaasnAebypass

chanber 374. A bypass nmember 380 is located"wi thin the first bypass

paQQageWm@atQ)mmbBe2§ pTlmﬁmga’l&?foQﬂﬂ@ﬁta plughehamberi®d i nl et chamber

2o "0 Sl AR AR ot Spsbdidah R el 1
path as tedttietien chatieri160.hA first gm§m£rﬁng?586fﬂs @farigddtd Besue #at chanber

240 through the inlet passageway lurd then flows fromthe inlet
chanber fuig lews frora the éestﬂgtlenmaggm@yt TH&agly dweughthe restrigionssenbl y

260, the £ONBECY59% the restriction chamber 160. A second O-ring 188 is
25 arranged to prevent fluid from exiting the system 20 through the access
hole 180.
In use, fluid flows from the inlet port 154 to the outlet port 164 along
a main fluid path as follows: fiuid in the inlet port 154 flows into the inlet
chamber 40 through the inlet passageway 152; fluid then flows from the
30 inlet chamber 40 to the outlet chamber 44 through the first valve assembly




passageway 250) and the second val ve assenbly 262. Fluid in the outlet
chanber 242 then flows to the outlet port 364 through the restriction
passageway@88316the restriction menber 362 in the restrict pofushpsiBer 360,
and the outlet passageway 358. Is A small anount of filuid in the inlet
chanber 240 flows al ong a bypass path through the bypass nenber 278 in the
first bypass passageway 370 and into the first bypass chanber 372. This
fluid continues al ong the bypass pathkig-hr ough the second bypass passageway
374 and into the second bypass chanber 376. The fluid then further ao
continues along the bypass path fromthe second bypass chanber 376 to the

out Ih_et pzﬁﬂs?gempnﬁsﬂng Imaeaggewm' Wﬂ%mwmg&;gagtgah/?eﬁ&emﬁw ﬁfz;ﬁssur e

Wt t JLrst t t

the. presdlipd i e, Blfiet &b EX R IRETEARIP hesdiudiiSos B frouli the'ho 11 ur
pr essur e reBtridionpattag oW P56 Sthd TestidliorSmaAftha B 2R thé fedtptsisn appl i ed by

‘the regul ator springs 344 and '346 creates control forces that control the
val ve asshambers18@mnchtheeutielpassageway 48Bstantially a substantially:

constant flui q;lhgj;?pﬂetlr!\-%;n t}%;ﬁl%ggh%a{ t&?ﬁ" gsmt@ﬁblgﬁrﬁg ggg[ﬁ%ob ﬁanges.

substantially in rea owns
However ) régulatiomciesmbets 42 andd 6 throught the samplimg.paisshgehays 170 bypass

plimg. 9
| 1. t pf . th WO Q2/ 31611 PCT/ USQ1/ 31727
D7t P @ 1125 1156 ShriRBatind ByfBedic BrfssiFindhR PaUIetaFERaROSH of t he
system 229 afgUerand pidsiig ﬂ:r&aramieawtﬁénr@ﬁato‘?)sgmarﬂ afltl #RP therein

is a pressure adjusting assenmbly 'that "adjusts the 0 orce applied by
t he secomiealeguantiol ferscesthabasntrol theovalve assemblies totmaintairenbl y 284. The

i j I | ] fl f fluid th h th
Pyt 5sBBstN o SRrTEhtaRy Pafbind! Buld ol raté itoligPaha i | ng ascerl y
390 is mgowetollEr QOQhéﬁi@dsub%tmryeiﬂd@béﬁééh?oﬁdhﬁ?%%ﬁﬂoﬁéé@%fr&aﬁ?U' d be

used that would allow the flowrate to be contro I o renotely andl or
aut omat i PEESSUreTRANGSS: gn of ‘t he housi ng assenbly 222 allows the flow

verueen the” SR E ISR B b 16, epcPbiced bl et o
Cysi om 2 e ERATlg BSYERBL L HUSL: e CPLOTTGIES aplistf oINS Lred in
di f fisr ensetondvegelatdr $pring446 todhe aippes sagmbey 4 26 ofthe seddne ealveef f ecti ve

- i I o al ffecti - ti I f th I
passagondiPTGSSETRY & | HE ProrsWEAAINSIa0 FESEI d8RuIows thefigbt cd based
on the e : r j res. A
system dﬁé@é‘?\@'éﬂqﬁgg tgﬁﬁgﬁg%%?%%%?%ﬁg%'v@ﬂ’gﬂga{t%rrgﬁg@?@—gr :1 gi ven
envi r onmppgssure ddjastiid assembly 1804s stanualntpeated ca Holveredt ed each

defining a different crosssectional area, the s,ﬁst em desi gner may sel ect
fr om anopiessre adjusiing assembly goulsk be yseds as mill bediscursedbelgwWsy st em

More val ye,, sea nbers,wll 2 I OVi f tive configurations of
t he 49 ow\ﬂa%%‘fVPqu @Tovg&? HINIEIIGSQEI%‘FQI%?”%FQﬁPﬁﬁéé’Q?Ofnenbers of the
system 2 H@awe same as, and used in, the system 220. The restriction
menber 3 rga €S’ 'a predeterm ned pressure drop between the restriction

passageway 356Thedebign ofithedtousing assemblp22. alkwd tive fisencontieliert t hi s
pressure drop may be altered by selecting different WO 02/ 31611

PCT/ usuLsystam 2Geasily todhe configured:iasiterand eswirgamentsndndiarkigular,

i ow contfBIMEMEy e ndfiien 28, SaIEh % b S lvely Sl MoRfRT Bar bhR 1, 1)°
apprpri %Qnﬁﬂcﬁﬁ’gh% stahdard §6inh dhiecstamdaike intéARediate- méhibed 2gbodi ment
Referring nowto FIG 7) depicted at 420 therein is yet another exenplary

- f1 ow contgam then by sorfiguredsior acspetific eavironthent byappiopaiate selection
of the first and second valve seat members 70 and 72 and the restriction

member 162,
The valve seat members may be manufactured in different forms,
30  each having a valve passageways with a different effective cross-sectional



i 0 enbodying, the principles of the present invention. The flow controller
system 420 of the third enbodinent Is simlar to the flow controller system
220 descriwed2/aove. in the interests of brevity and clari tperisigsfhew
controller system 420 will be described primarily to the extent that it

" differs fromthe flow controller system220. is The flow controller system
420 is designed to be electrically coptrolled so that the system 420 nay be
operated renotely and/or as part of a larger systemhaving a centralized
controller. The exenplary flow controller system 420 conpri ses a housi ng
assenbly PSS kL : S}@?@wb per menber
426, a bgg%&or |ntf£§ér$e |%oéhns§§€g?a§§g§?gﬁg{? ?%lgtb‘g% e.con%@/rlzflpve

-assenbl i givetBiirstod sésdnd Valvd seat memiberiscsaleciaddasedonrthesxpested 426 ar e
t hreaded onto the base nenber 428 tod{ Qrm't he housj ng assglr%g 422. The
first anfBRgeohupstiean and sevwnsdeeamdiuid prassurgse /A sysiesB dEBINRI ow fi rst

R R DR oA at RSB A
o o oG oA S A e M B RE g2 v,

val ve neghsysssédtibrig)wredsthdsystenvadesigabr may selest font afmong fouhat t he
val ve assenblies 430 and 432 ‘are nornal | ﬁ cl osed. WO 02/ 31C11

PCT/ Uso1effevtive copfigurationscofibe Sewy costroler systensoMaievalve seaht i al | y
linearly in respogse to, first d,second. val xe control, forc lied to
first anBWéEbSF‘rgWﬂEBEHVé%F“‘ffﬁaﬁqﬂ%c‘&@oc@ﬂ'@“i%tﬁnsrﬁﬁ'?% HWa?%'SE%lfej{)es 45U and
452 are §?§t@f'ﬁ'ded within the regul ator chanbers 434 and 436 between the

ngs

val ve spr ‘440 and first and second regul ator springs 454 and 456. The

regybat or spriTiesretidctionimertber $62 wdreates a predetenininecd prassureddrop? i nto

t he open position against the force a he val ve springs 440. use, fluid
i s i nt r oBgteen e restrictor passagewsy Lﬁéﬂaﬂﬂéﬁeﬂ%lﬁi Pﬁﬁgﬁgﬁwthggyst em 420

o 019 - THBRebRHE B s o 4 AR nd BRefl ) b Sgaibrafe | S

pressur ergdtfiotion hﬁ?erhgé?égnmirms@r@ twbermese rastfictice neexmbieesl by t he

regul ator springs 454 and 456 creates control forces that control the valve
assenbl i ¥ariags cambinations Thersharactaiisticaafithe Mipwacenbeliensysten ot onst ant

the 191 ui 46 PevsertRvaTSLEY HUSHTE Atere PhaPBronRaflsaRslbaRTing ) | O
i ndepend%tri@ﬁon‘fﬁé%@?"l?ﬁ. downst ream pressure changes. In the exenplary

system 4 e contro orces applied to the valve assenbly 432 are
generat ed at |Hwsflowrcqriraliebpystarn2d Hussfpsmsna geoeraljipPoss flew which i s

nmount ed on _the sgcqnd upper nb . | L : he control
system 4?8“@8%?&?35’"@’ Fﬂ%ﬁw ggseéﬁhBﬁ&%%&ﬂ%ﬁe@g#Wgﬂ%n er 474) and a
housi ng #é&pendityy Dﬁéﬁ ithe ehvfropriamtihwhibh thetsystern X0 tp & 2isebove t he
second regul ator chanber 436. A threaded portion of the actuator nenber 474

ext eadds t hrough a threaded actuator opening 478 in the second upper nenber
2pbi y & dont r p U BNt he for ce appl 1 ed Lo the regal ator pl ate
452 by the second regul ator spring 456. The actuator member 474 is
motor assensl yRawHce s kIG5 36 PR ANE enFE el AR 4 7s.  The
act uat or gERehE erfibAdRRERINSSa floWEraldrlslystaM constructed in accordance
25 with, and embodying, the principles of the present invention. The flow
controller system 220 of the second embodiment is designed to operate
reliably in a variety of configurations depending upon such factors as the
expected range of input pressure and the desired range of flow rates.
While the flow controller system 220 may have application in many
30  environments, it is of particular significance in clean environments in which



PCT/U S(11 /31727 the threaded actuator opening 478 such that axi al
rotation of the nmenber 474 is translated into axial displacenent of the
menber 47¥WQ@HFHs and away from the second regul ator pl at pctRo1/5per ati on
of the notor assenbly 472 can thus increase or decrease the control force
applied to s the regul ator plate 452. As is apparent fromthe foregoing

di scussion of the flow controller system 220, increasing or decreasing the
control force applied to the regulator plate 452 will vary the rate of
fluid flow al ong the main flow path tH~ough the controller 420. io The
notor assenbly 472 is or may be a conventional 'stepper notor that is
controlled by a USER SETPO NT | NPUT signal to cause axial rotation of the
-act uat or theAskOf cantaminatiomef thecfiuidenpel he neinimiedht a desired val ue, the

That “desi red viIGBONHIAREAGT BRtechef hfseat o0 bR 8| Gl changes to
"a secondhdasingedssenbly 22aohprising lzofirst bppesimémees 2gcam sbtiond | | change

to a second flow rate corresponding to the second desired val ue.
Accor di n§PPer MABREF 8RBe basa ogkieraediate rember288TrodNiIrstamAL can

change t I r } a given point in zo time. Once
t hat gdes?rsg‘gﬁ?Idg%%dggéaﬁfhﬁ?étagn%ZD w Il operate as descri bed
above wi ':1 h [1 ef'l'é'readiapmagn‘haswgubge&; 230 and 28Rrdrei slnﬁlacwl&hehtothllaﬂw rate
even wt angi ng upstream a ownst.ream pressures. The exe ary notor
S sendl y A6 B CHIPI 6 et 39 SSCPBUAIDARIIAANRATS FHcAn 2408 ROTARY
POSI TI { : A4 of the
rotuat or Theriet b afsaiBly SIRMNR! SripPrisEsR St AR O 1

c]?nt LOl | plate (286 gﬂd;ﬁﬁ:@ﬁiéﬁt&a@&E%eﬁEﬁ%Mh/Slﬁwn/ df dinphragmpr eci sehcont rol
of the notor S 472. WO 02/ 31C11 PCT/ USOL/ 31727, 291 V. Fourt

bl roABSHED 2450 MitBer-FRMPERos Erresei diaplraatTelete RIBARAE anot her
exenpl ?‘Weéér‘?dvd%}m:‘éﬁlﬂ glecis288) constructed in accordance with, and
enbodying, the principles of the present invention. The flow controller

system 520 of Theediaphragmemesabensrdd4 sndi2as are weldedktq theydiaphragol | er

tem 2 i i ' ity) th
1 ow conp P T 238,395 2892 fho WP SalThiGrBes: She M AN IANEed) | e
it di ffgtzcgth_‘q di?mnagmd@l\yevgemlm awed _%lemmel Z&Q.diFFhﬁamnfmembmﬁm | er 520
system | S €S hed t o, be ctric C 0 S O at the system
mgy 15e oBET ABEY ﬁ%&"@%}n y?ﬁigg’rp §g%$lﬁe§93ga%?5@§%§\/§'i“i&'?iavi ng g .
cent ral | kérrhealeteméibolR24eXPREITRiYard S¥E6Rd Uidlek Fombat§ Mpa%hd 0PI | ses

ly 52 nber

a housi ng assenb conprising a first upper 524, a second is
upper nergéareibreaddshontmthe hase membes 228rociormibe lowsingr st and second
val ve as&g%@'gg;zgﬁo and 532. The first and second upper nenbers 524 and
526 are d to the base nenber 528 to formthe housing assenbly 522.

The first and Sxeagsdmbied hasirshiiaptsagiifasssinbl2230 definesrgeihpat 20 | east
partly within a re(gul ator chanber 534 and a requl ator cavjty 536,

respdct i vbamberd4thand g first seadatorchambenidy. sthe seeend daphiagm val ve

soat | out PaCOTERRaZ e B LlRRY SrRitnBEP 243 Y X SRR hotbor 535 T ovar e
the val vehariler246.avweldsarilsals @b dmployeldie arssiasithat AW Bstwesmor nal | y

cl osed. The exenplary val ve assenbly 532 conprises a val ve nenber 546 and a
val ve seli® ¥anpus ehembersrdessiibgs hareingrg ooty threughdbe pagsagewaysval ve

menber 5 eat surface 548. The first valve assenbly 530
BEPEUCARR Ao bEp

opens su y I'n response to a first valve control force
applised to a rldwkgemplahebasdhiember228 is egilled tordgfinet frsb&Adi s suspended
within t ggcéﬁg ueln%t 8ar\vi Igg g%%rar?é %52. The exemplary first and second cavities
250 and 252 are similar and each comprises a threaded outer portion 254,
a threaded intermediate portion 256, and an inner portion 258.
First and second valve assemblies 260 and 262 are arranged

30  substantially within the first and second end cavities 250 and 252,



WO 02/ 31611 PCT/ USO01/ 31727 -22between the val ve spring 540 and a regul ator
spring 552. The regul ator spring 552 biases the val ve assenbly 530 into the
open posi tYO2ddinst the force of the valve spring 540. ;{Hgd i s
introduced into an inlet port 560 and then flows through the system

along a main flow path to an outlet port 562 as follows. A small anmount of
fluid flows along a bypass ,path to control the first val ve assenbly 530 by
applying a first control force thereon. The pressure of the fluid fl ow ng
al ong the bypass path is further used™v control second val ve assenbly 532.
The val ve assenblies 530 and 532 10 are controlled to maintain

-fi?ﬁf ?iﬂiﬂé—y% Eé%”&'gg'g%@’é}g“ aee dlsebopoad r?ﬁrﬁm?@g&sﬁadﬁgfq' Che
pr ossur o SHASHESTH ghd G le Ayl TR TBUGR AP A ROl compr | cos

‘a controlyglve ?ags@g@%?s 3mmaze%rm¢atmrthéw\ﬁ@§éat mzbem 270-el ectric
actuator 572 (FIG and a control circuit 574 (FIG 9)

pi ezo- el emdrZaoazzaapacbvelwQButswben\thaMMmearnUecayaemmge ieavalve 75 t hat

puts 5 ReapuiRgen d1f.and 5 il abBRdGr ind frscand sacoft fafe oy 7 1

connect e(batsgabgwaygag(jgﬁdrgg@gr redentatgh that novenent of the shaft 575
noves the val ve ménber 546. The exerrpl ary actuator 572 is bolted to a

col | ar nenber mf'ts’taﬁnd seasnd vphlve spings276 cnsd a@Ga’eanﬂnyge}izm thed i s held
ciroutt S Yunspsons redlilRslr SRABRPE2A2dR2AS) thaneatislys An vl 8T Nt
centrer  eseiBelio et Befw 4he VeI 3pRbRE 0 i 208 biEs theEve 00 e
syst mm 520embers RORraftthe, valve stemasiembulidsh274 lamd 284 ¢cowhrds thed t hrough t he
575 and. VNS BeRbaaceR BTBSPEaN607 < 23cont rol ol rouit 574 forman

PG oMo an i vBRRANSGImBNel o diR) 2028 AGo ARl BB SBRRCT) |

descri beduitherethe malparassamldtes 26@ ando262 opesi Wtanﬁmg@m #nd

rostri ot PERATRRT N sl pRedoal e R AR AR BbbAERb ot ween

the BRESMFANAIGREEREURIe StamalssembligieP e 2841 al pressure across the
restriction nenber 580. in the exer;H)I ary stem 520, the PRESSURE1l and

PRES|S_URE2| i 0 sThealppesporiiors 8F_éta laaﬁmfé eyalmgtafn@@e(;@b:aﬁrﬂ)m hof )
path) at qn%@%%%ﬂoﬁ%ﬁﬁniﬁgﬁm&% JrBpES BA0 Y 2Ba Rt 8t 80l shou o' be

5ol at ed dor B tTRHG dRHhraYRS Fatéész%réﬁd]zsahﬁér}dﬁé&w%h li fhbs sensitive to

cont ami nation. ~s The Co rcuit 574 may conprise a microprocessor

oper at | ng‘.haphmgmqnimteelz&ﬁ aadsaﬂ& aer in tpurngmmectad tonfiestaarebyeemst opri at e
digital-t t d to t | at
vet it aRablsiocilgha 3bnided pAetlipofenie! aitixshone ey ' * °

tmhcr opr oG8 tRbe’dMUsbagt e Si gnal s and commands that are processed wthin

First and second regulator springs 340 and 342 are also located in
the regulator chambers 242 and 246 to bias the first and second regulator
plates 340 and 342 towards the diaphragm plates 236 and 238 through the

25 valve springs 276 and 286. '

The first regulator plate 330, first diaphragm plate 238, and first
valve member 274 thus are rigidly connected to each other to form a first
slide assembly 344, Similarly, the second regulator plate 332, second
diaphragm plate 239, and second valve member 284 are rigidly connected

30 to each other to form a second slide assembly 346.



20 m croprocessor. The software programw || be custom zed for a particular
application) but will in general inplenent algorithnms and | ogi c necessary
to gener aW MH6WCTUATOR CONTROL signal as described bel owpcBusernaii vel y,
the control circuit 574 may be a dedi cated anal og or hybrid digital/anal og
circuit t~rat directly inplenments the algorithnms and as | ogic necessary to
generate the ACTUATOR CONTRCOL signal. The decision of whether to use a
software control |l ed m croprocessor, 91; a dedicated analog or hybrid circuit
wi | | depend upon such factors as the qze, cost) and performance
characteristics of the system 520. In the exenplary system 520, the

éiclgé\:rglqéc rrc a(!?'iua orbpﬂ?ﬁve {sﬁ%m'%g%g?%PW%%ﬁgém%' 24val ve
rate ¢ ?‘é’?%‘ﬁ‘g'd'“”bgs’fﬁg:%%}?““ﬁ? ?“F‘”‘d;?;%? L n eiroorr el anees) the
ate de . : ~

‘mechani cal feel CY\AE: Rl TE R PeRPIRMPY EATIsEEA figstyal® 220, and
open-val SSIoAGBEE2YD, & HEOUNG ZTR) pREt |2EbSIAFLARE 2 PA. 8 (1
osenly B35 saeh THal che valve sanenbly S 2 ch e Tart)y open. or
Fulty. opeRcand sl serl mamiies 2RO 8 adeond PrinG2BRon sorRad¥aVe Ly of t he
val ve as%?éﬁ%'é’ss%?%bl?@@ﬁ_a%ﬂ dekeohl v@w@g?ﬁg{{%%n position can allow the

control system 0 exist In a steady W t hout the oscillations that
may ' be encounthe fstwindrsesorithvialyvel sefat erbmblers 27 0aand 280 arerthreadéd onment s)

envi ronmiipanédfisaarpoRBri IS o B Randsdoehond saitan 50 B 1 <

f ' : . . e
Gt Ul oag2” Fespetiivel?, Pl O g2 r gl A B ARl BB 'S 3y O
oper at e thréagedduortions 56 of thetevgp cavitieses0 and G2nsy tise vaive seat. the f1uid
tenperature pay be noni toh_ d to inmrove Ih%gconstanc of fluid flow 20

t hr ough DREMBEEY £thansnB0, irst Qrring 72 isthugaranged inthe Bireadedui t 574

3 gnal ~cBPHIRT AR A SRt baihP 230 0 Wb Ve AR TR BalveRihgn cystem

520. ThethrelGedi arithinridripotiond256Md 258ftheicavity 250, t THe isecbpet@Or in the
state of the fluid flow ng through the system 520. The state of the fluid

zs fibowi Aggt2Hdisgsimilaslyarsangedit the threpdedwmostion @h6eithei seeond y of the
fluid. Know edge he_state of othe fluid be iinportant for calibration
| n"some SRt Y202 1S G Buld abBEbertah IR elatoh ane Bher Usor 31727
Referringg §'296Fajfﬁ 58 of it i sg, 620 therein. is yet another

exenpl ar% oW contro %er system constructed in accordance with, and

enbodyi ng, thélhp eremplary vslve stemprassembligs/ 27 iamad. 28 are lidenticait r ol | er

tem 620 of the fifth enbodinent is sinilar to the f trol | t
220 descAMHRAGLEIIPTISRS haiom e moeE 250 spdgrvalve meapa 202 THe tow

cont,nol | | ' pgﬁ hat it
di ff2 ge)rs ? ?‘Sm@ﬁ%ﬁ'\?ﬂ%ﬂ’ ?E?Pg??ﬂ%ﬁgg ) tgh%('ﬁ‘ééﬁ%g\gvréggﬁm er system
620 i s dese gmbeddedwithirethie valviel memben202.ed so that the system 620 may be

operated renotely andlor as part of a |larger system having.a ceniralized
control | er. Th@%ﬁtﬁ?ﬂl@??‘%ﬁrg@g@&f{m@‘fﬂwe §§9Jf‘(ﬂﬁ5@mﬁlﬂﬁ7%? and ﬁé‘ﬂmousi ng

assenbl y Seend HIBULR 4 ard 565PoHBA Yy ARTBRE &bhd%t8RF8PENIngs 310

and 312 formed in the valve seat members 370 and 380, respectively. In

25  addition, the valve members 292 of the valve stem assemblies 274 and
284 are arranged adjacent to valve seat surfaces 314 and 316 formed on
the valve seat members 270 and 280.

The valve stem assemblies 274 and 284 move a short distance

relative to the valve seat members 270 and 280 such that the valve

30 members 296 engage or disengage from the valve seat surfaces 314 and



~s upper nenber 626) a base or internedi ate nenber 628) and first and
second val ve assenblies 630 and 632. The first and second upper nenbers 624
and 626 a¥y@oviuwceaded onto the base menber 628 to formtherovasongi7assenbl y
622. The first and second val ve assenblies 63Q and 632 are arranged 20
bel ow first and second regul ator chanbers 634 and 636, respectively,
defined by the housing assenbly 622. The exenplary val ve assenbly 630
conprises a valve spring 640, a val ve nenber 642, and a val ve seat surface
644. The val ve spring 640 bi ases t heWPal ve menber 642 towards the val ve
seat surface 644 such that the valve assenbly 630 is nornmally 2s cl osed.

Th | | b | b 46 d |
ne CxeTPLan) g ¥fad BRSPTblas 34T 848 e atie oy e B NG weaber |
646 engaseéoﬁa%tefmldﬁemﬁgé 3%9rafrﬁP31§4=§rm€Banthé faw@éé!ét e y 630 opens

substantially linearly 1N response to a firrst valve contro orce applied

. to a regd¥Qtand 38&1 mmphmmemsawamm %@ valvesspringsi2@6 wi t hi n
th | at W0 02/,31G11 ,PCT/ USOl 727 b th
vatve: pPRHgad G e M3 anp 5BsPR tohlaeE Sorias SAb NG 348- i ng 052
bi asgs t fiaptrbym Wsﬂwandm@éms@%@sm t9g®] ﬁ@abﬂﬁtq@aréorce of

t he val ve sgrln 640. In use) fluid is i nt roduced 1 nto an et port 660
and t henflexi L%aadta&lpmuw sligie %%@H%&Q%i m@%ertmmovm\m pddithm an out| et

port 662 d, f al o ass.path to
control b V':'ft"g &gﬂﬁs@iﬁgu%g léattw @ﬂ*ﬁ'&m@a' pgfﬁ force

t her eon. 370 @l m@umGofdihglq, theusmié laegenblRs®e bhe %@ﬁﬁﬁ/eﬁaﬁﬁmﬁay
further be used to control the second valve assenbly 632. The val ve

assenbl i &8 BRysiggpsepady 2Z22:sudnthalifoees on fhe giaphragobeembers |y a

nalt *progbAnebA EPshand Hsei oS abPaRiEREa 2 and Be5 T o cont rof | er

620 is subst aidfefring neﬂwmrm@fs @ébhﬁé&l%gﬁ@éﬁ?&\hﬁ #B5Y essure

changes. In particular, exenp system her” conpri ses a

control exesdsthatwvern thwneleééharrwer anddlne inoepportion 258 of thei d act uat or

072 15 conis PR VRS ERI B i ok e el ol A el o 670

that novee qhttetcifaribeepa? thiough thecsddbritbvalNeaissealb DE2 WwEbhRRL si gnal
applied to i rﬁuts 680 of the actuator 672. The sol enoird nenber 20 678 is

suppor t esecanchvalverrsserbly262:i§Renvr chamber 636 by a sol enoid spring 682.
The sol enoi d nber 678ISI ativel opnegt oth val ve
nenber 646 su?ﬁ‘ y#?ﬁgeor&c{ﬁﬁﬂmﬂxﬁ@ﬁg &6%}'9) val ve
menber mm%é fir: eﬁdéa’l\)ltyti‘ﬁoc‘l"l\ﬁlﬂ%a?'thﬁ mbmﬁf?é}namemtes the 2s

ACTUAT si gnal based on“a SETPO gna one or nore pressure
si gnal s {384 theninltREGEIRE224 0 through thel first vahreta&SbmblIySZEZJener ates a

SCALED QJTPUT Si stem 620 is calibrated, corresponds
to the fWBRNItRE 8?"?'?’@@%@%&3#& éygeﬁ'tem 620. 30 In the exenplary
system 620, t er Iddetet/ 31727
-272§gnal S arg\ pér:)e erably g%ﬁgﬁggt@%g)w | ng wg\&l onsWong t he bypass

path to ehavber 242:ctoan butletpassdgeway Bo8ntheougina restrictiomtlzarnbert h t he
pressure sensors that generate the ménal s PRESSURE' | and PRESSUREZ Agai n,

ot her sad®Pi fyresoationmembacB63ds incaisdip the reskiction sharmlei 3682, are
PSS! O o e o 38, SELE G bR RO R 1 ke B! &Y
passageway 356 through the restriction member 362 to an outlet port 364,
25 A first bypass passageway 370 formed in the diaphragm plate 238
allows fluid to flow from the inlet chamber 240 to a first bypass chamber
372 defined by the first diaphragm assembly 230 and the housing
assembly 222. A second bypass passageway 374 formed in the base
member 224 allows fluid to flow from the first bypass chamber 372 to a
30  second bypass chamber 246 defined by the second diaphragm assembly



control circuit 674 forman el ectronechani cal feedback systemthat replaces
one of the nechani cal feedback systens enployed by the flow controller
systens M) 02611 and~420 descri bed above. 10 !n parti cul aPCTiusel/pr7essur e
signal s PRESSUREL and PRESSURE2 correspond to the pressures upstream and
downstream of a restriction nmenber 690 enpl oyed by the~system 620. The
differential pressure across the restriction nenber 690 is used to control

t he val ve assenblies 630 and 632. Thege pressures may be neasured at
sanpling | ocations 1s spaced al ong the bypass path, at the output port, or
the like. The sensors should be isolated fromthe main and bypass fl ow
pat hs wh e o L ko) \i | rol circuit 674
- may conp%sszegﬁd H‘%l rh %{‘)‘ F@Ligg%ér&‘gﬁgzr%?'i %\Sé.gurﬁ elﬁgéj(? %ra glg%fgﬁéof tware program
or a dedigonnedisitin ogtler pasdugevaro358 4o thaé sesahdbypdseuciiambbe3?4f t war e
programor hybrid circuit inplenents al gorithms and | ogi c necessary to

- gener at e A hpass merohkecd3fPrslocatgd yithin the fiestdpasspgssagaway 870, "t he

ACTUATOR ,CONT ' | i t that h h th
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t he v5al V%WS%I@S pg?gssary to maintain fluid flow through the system
term ne By t

620 at rate. € SETPO NT signal. Like the control system 570

of the flow cdntuss, fleiid &yiitduted idicsthel infat poTd 861 drcetiremflows system 670
of the flow controller 620 will 30 operate the valve assenbly 632 in

closed, pafauglh Besystem 220 ajongyamaindow path gsifolewsudouidintive

herval vAMaR pBf e faRRiitd thelTBled chiamniielAq Moy thel bRt o1 Can 4l | ow the
control $4ssagbHEY 252.CFiAd rt]tiaéh ﬂg%ﬁ'wkln thbahRet hiahbér 248 to Bse blbie | ons

e
that may be encountered wi th nmechani cal feedback systens. In certain s
envi onmehamber 242thrgughdhe dirstvalve @ssemntly 268ative sosneatipgst ate i s

C1 Ut | oREFSRABWEN 0. A Mechenme GaVB RSB S rdH! R duthe BvbStmy " ™
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noni t ore enpl ary system rove“the constancy of fluid io
fl ow. | npagsagewayr35a, the eestriction ymember J62cinrthel resbictioyeckambes t he

ACTUATOR Si | further b d on a TEMP signal corresponding to the
t enper at -@PRgf_thﬁi‘%ﬂ%tmsﬁagﬂ“{?Mgﬁ%-system 620. The TEMP signal thus

|1 h | ' i : | he fluid
Pl oving. thr ough o1 2k of SRR ARG IhRLchalritier 246 MEWS A6RG 0% now 1o

FIG 12) byepss path dhrotgh thedrypass mepdier2d iretheefisstibypagsf | ow control | er

t t ted | d 1th d 2 ' h i nci pl f

Che. pr es GRESPHDEAYHAD SRIAN0 B LShPYRRTEFNagRE A b0 Ol 08 Sixtn o
nbodi ki k1Y I | b o

he i nt eroriBusE Blo the bl Base Pt L e e Y w11
be descr i37doamd intarthesecondHsypassaitamber 376. dite fuid theonfurtherf | ow

troll t 220, 2s The fl | | t 720 i | dtob
ol ecit i cSPPOBAAS b Byparepalhzog) Hechr s Fpass COREISREN S Botely
and| or a;ng%mnepbaésé way FBehAo Ougélogampm@t;s@ésa?ga@w@pavapl ler. The

exenpl ar I aw controf | system nprises a housing assenbly 722

conpri sing a fih&preggse withindhe fipst and seeond bypagsmhambetse37Zapd a base
or internediatf JRHESanid 3s tREPréddih Wwitn thiQAR Hbh ey -558, 31727
The combination of the fluid pressure in the bypass chambers 372 and
25 376 and biasing force applied by the regulator springs 344 and 346 -
creates control forces that control the valve assemblies 260 and 262 to
maintain substantially a substantially constant fluid flow rate through the
flow controller 20 that is substantially independent of upstream or
downstream pressure changes. However, fluid does not accumulate in the

30  bypass chambers or bypass passageways because a small amount of the



29 second val ve assenblies 730 and 732. The first and second upper
menbers 724 and 726 are threaded onto the base nenber 728 to formthe
housi ng ase@ibym 722. The first and second val ve assenbl i BET/ESOI/HAL 732 are
arranged s below first and second regul at or chanbers 734 and 736,
respectively, defined by the housing assenbly 722. The exenpl ary val ve
assenbly 730 conprises a valve nenber 740 and a val ve seat surface 742. The
exenpl ary val ve assenbly ?32 simlarly conprises a valve nenber 744 and a
val ve seat surface 746. The val ve ass lies 730 and 732 are i o0 closed when
the val ve nenbers 740 and 744 engage the val ve seat surfaces 742 and 746)
respectively. In use, fluid is introduced into an inlet port 760 and then
. flows thr ﬁﬁﬁ¥ﬂ1 i rt 762
as foll O\A?su.r' ngv i}5[ I?nglmfsaarmunta q?)xﬁé]‘élyt}ig%mf%\i\gb 'ngwSpgﬁg§%§s@agﬁ#ﬁ%ﬁ§ppr essure
is of the22Q.uid flowing along the bypass path is used to control the first

" SUbstantial |y BAETRATOr PP Mk R TG o ciehifted FR80 Bbed I ° 20
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13) . The syetemo22d frboaidiusted/ AVhile tHé4exentplapnprsssupsaldjastihgach conprise
a winding 776 and a sol enoid nenber 778 that noves al ong axes defined 2s by

the act uAsHembly39%hig manually pprEatefcaupoMEIedINBIoure tinghd a SECOND
ACTUATCR ' i t iﬁWﬁ% rs 772 and
774 to contro c\?/jg?r@egtb ‘g%e%{ﬁ%qsl% eﬁcﬁhg me @9\&%91‘7%{0 i?%gcoggtf&e%tg?d nmenber s
778 @& e Yepputeleandior Butornatically.st and second regul ator chanmbers 734 and

736 by sol enoi ' 2., 30 .The sol enoi 778 '
operativel y conBEeEIBN of HeaGyRS BRBrany ZEeiaiows the dow FaRtaler Socond
val ve nmergytem b éﬁﬁro?pﬁi?t%g%gér%gﬁ é{ctg#rtgﬁs is?fwﬁ hiack betwéen thee control

circuit 776 generates ghal s based on a

SETPQO NT.Sfripgs anchtheoeentselle fluidviscanided andrfiuid i®RBSallewedidodcaieESSURE?.
The contrgl Circui.t t’?76 atéso%er ates a SCALED QUTPUT signal that, when
the syst & eithin; the SYSIPM @ %-esponds to the flow rate of fluid through
the pystem 720ag Wit iR SY<8H 20 dettHbedabNe; e vBRESSERE oS iSRESSURE2
signals are generated b ressure sensors arranged at appropriate io

sanpl i ng May &e masufaiyresindifferenbiorash each diaving afvalMet he nai n and bypass

fl ow pat when t he fluid.,.i NSkt | Qnt am nagion. ald, her

sanpl i ngrhsa(?@&%fa&%@’f V&Sﬁﬁ %ﬁﬁ'ﬁe@?@mgtérgﬁ 's&ﬁ&}f“?étﬁqv Tﬁ eeluocst'g’%bl e wth
fluids | eress-gastibhaleared mnmlmtdassagéwayffer agiveh dirst of secarmnt rol | er
system ?20, the act ugt ors 772 and t5 774 and control circuit 776 form

el ect r on@hmseat aisiealgeiesniasarhon the expectert raRas oh uPairepBdback
SYSUgiT SR Qs liah il SPASSORLS N St GTBnaPwiR Seck il 120 doscr ! bec

above.

appropriate valve seat member for a given environment. If two different
valve seat members are fabricated each defining a different cross-
sectional area, the system designer may select from among four effective
~ configurations of the flow controller system. More valve seat members will
25 provide more effective configurations of the flow controller system. In
addition, the valve seat members of the system 20 may be the same as,
and used in, the system 220.
The restriction member 362 creates a predetermined pressure drop
between the restriction passageway 356 and the outlet passageway 358.
30  The magnitude of this pressure drop may be altered by selecting different



In particular, the pressure signals PRESSURE1 and PRESSURE2 correspond to
the pressures upstream and downstream of a restriction 20 nenber 790

enpl oyed wWo ei3es1isyst em 720. The di fference between t he PRE&SWRl/ 3806
PRESSURE2 signals represents the differential pressure across the
restriction menber 790 and is used to control the valve assenblies 730 and
732. The control circuit 776 may conprise a m croprocessor operating 2s
under control of a software program or a dedi cated anal og or hybrid
digitallanalog circuit. The software fiBogram or hybrid circuit inplenent

al gorithns and | ogi c necessary to generate the ACTUATOR CONTRCL signal s as
descri bed below. In the exeqplarY system 720) the ACTUATOR ROL signals
.30 are an@sdctian membersnand/ossising fwea @ nagre rastiistiqgsmersbarsdni nduce WO

the val v snberembliAlors: 7 H¢ SEERaeBrtis of i BOW RO Sv8 63 hr ougn
the syst efife/Fidsant m\fe@ﬁi@ndﬂb?][thwb@ SlyerelchySag h¥dpibte iseledtion ofthet he

control systens 570 and 670 of the flow controller systens 520 and 620
descri bedegistion membendéd! system 770 operates the val ve assenblies 730
and 7;2 in closed, partly open, or fully open positions as necessary to
mai ntain constant fluid flow The ability of the valve assenblies 730 and
732 to bdllhel dThirdEmdotiintentren position can allow the control system 770
to exist in a steady state without the oscillations that to may be
encountered wth nmechani cal feedback systens. Allow ng both val ve

System 750 rmy LOTHD FAERIEIE, T, Beoled Bt ot RERal, in B lofiar °°C, <o
720, the @emplav%ﬂovpabmmumi sysiem oottstarted it ascoriante il CBh@ONTROL

signals further, based on a TEMP is signal corresponding to the tenperature

of f Ui d 9MBRANING e pFRcHles ehthe presant invantiom. ; hhe flowpcantialier s,

however, j j s i jon. VII.
add 11 on P RBFEFATbE e i EBMECREERE I SRR 1008 SRVPEARESIeL VRN oF  ne
corrponer\tzﬂmfdescdhm?deser ilh ¢le sterdsty ﬁ@etgﬂedﬂﬂmléﬂé@am@ﬂgms gi ven. hThe
properties ny of these conponents . can be changed depending upon the

ci rcumst &QE’EQOIEE 9‘5@@'4%&@“* b%ﬂeéeﬂﬁeémr wnarily 4o the gxtentthahit Cﬂﬁ@'fs 2s For
exanpl e, re ' hnterior chanbers defined by the val ve
st ens, arﬂjﬁrlﬁrlt}l’gtﬂ%Sogﬁﬂ@?%%%ﬁfgég' in the valve stens nust be sel ected
basegs on the tYne flow tonirdilercsystened20 id dbsighedstoriss elevtdealbsi red flow

rates. In addition, the materials used for the various conponents nust be

30 sel ecteantmlissusathatitbe systamd20 may be pperatediremeleeapdaras padr WO

be_used 12 TAIHG" BV SBAE AR SRl Eess collBnBl, (P Betand higner o Y
pressures, steFhexethplan) fOW corftrdlleralystemuPcoprigggiens using one or

more el ectronmechani cal feedback systens) the algorithminplemented by the
control diousing assepiiyA28scompiskg 2 fisstappaimembeasd2bfa see@d wi | | al so

br evily) ARRSTAERITRSl 26 2 bise B TR 8B MEer 428, snd fistdhd ™ o7 ests
second valve assemblies 430 and 432. The first and second upper
members 424 and 426 are threaded onto the base member 428 to form
the housing assembly 422.
The first and second valve assemblies 430 and 432 are arranged

25  below first and second regulator chambers 434 and 436, respectively,
defined by the housing assembly 422. The exemplary valve assemblies
430 and 432 are similar in construction and each comprises a valve spring
440, a valve member 442, and a valve seat surface 444. The valve
springs 440 bias the valve members 442 towards the valve seat surfaces

30 444 such that the valve assemblies 430 and 432 are normally closed.



exenplary flow controller systens that may be constructed in accordance io
with the principles of the present invention. One of ordinary skill in the
art will woomemer) recognize that certain features of thepeTaysismmy be
arranged in conbinations that yield still nore inplenentations of flow
controllers constructed in accordance with the principles of the present
I nvention. is In particular) the first and second exenplary flow controller
systens 20 and 220 may be characteriz as cani ster and plate
configurations, respectively, because'®f overall appearance of the housing
assenbl i es thereof: the housing assenbly 22 conprises a generally
cylindrical base or,interned.at nb 8, while th OHSIL N ssenbly 222
. conprises a Zgﬁb%M@WQ ?%%ﬁﬁﬁ%ﬁ%?@@ﬂﬁﬂ%@&%&?@ﬁﬂ@ﬁﬁ%ag&@ The third
through gésdohsofir settihd \4@836@%0%%6 @mite@gﬁﬁ:@t%ﬁuose the use of

one or nore el ectronmechani cal fee systens In context of a plate
conf r gur aecond regulater plates #560 1anst 452e dihenregulator platesid 80 endb2my be used

ol ect r ondrh sPeana e YRR 16 rEORASh ipB8 e 434 B SabinatPeBR bt h "each
ot her, anghRi sprrtds 440emdofirst apd ol EgenEtor s pHegs 481 andase gi ven

envi ronnent .. desi gner may desi an a particular inplenentation by initially

det er m nithg regulatpesRiNgg ndARBrRias thevalve ansemblies 436 and 482 syst em
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i nput and out priuse;, fiaikissatrotineed tivicean irlengoktidBtsant iReh dlowgince for
error, and the |ike. The designer nmay al so consider comrercial factors such

as cost . theadgh tbe systemAdQalong araaiadlavw Pathko amoutiatpat é62tak desi gner

s cost. T . . MR
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e nateyl a rom | e OuUsI ng as (0] er co ents are nuade
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systemis to be disposable .The desigper w |l jhen decide gn the type of
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regul ato l; i ' . or

cl act 11 Car e e R o o ot e 3P IR EPENGES, Ot 11 ca
f eedback syst dmthe exssoplanhsysies? 420y thengoptrekiorces applied totheivaive devi ce

2ot uat or SaseXPICHARHE adherdtes AU BARWERAER SR St d e cia
envi r onngakforRBAWHIS [Ciloutitéd 6hUuhe sdcdntBupperaeenbechber Iaystem are

determ ned, the algorithmnecessary to inplenment the phgm cal structure in
t he gpar t pariculag the raomtrh system 76rcomprses @ moterchsserobly 4E2damck system

t hi t i |l inclyd | ect i the t d t of ' d
ot her - 25 SEMIRIPLMABORE A24eapH &, Bausing 44b.c TBeiousing AdE RO Mem i s

t I | ' t btai n the.
des oo TEEPE ARSI ATP P C RSB CRRTRBFURBTR on rmy Do

enbodi edthreatiednsortivhesf thbarctiidtos endrberid¥edextendsthroudtoatthregded | ng from
the spirit, or essentia har acteri stics of ' the ésnv_ﬁqt i on. The present

30
embodi meAFY3IPEOPRENG 67@ in §he sogend spper member 4 e actuator
25  member 474 engages the second regulator plate 452 to apply a control

force that opposes the force applied to the regulator plate 452 by the
second regulator spring 456.
The actuator member 474 is operatively connected to the motor
assembly 472 such that operation of the motor assembly 472 causes axial
30  rotation of the actuator member 474. The actuator member 474 engages



-34 PCT/USQOL/ 31727 be considered in all respects as illustrative and not
restrictive) the scope of the invention being indicated by the appended

cl ai ns rav@eer/3téhan by the foregoing description; and all @decangws/3werch cone
wi thin the nmeaning and range of equivalency of the clains are therefore

I ntended to be enbraced therein. WO u2/31(11 -35 i claim 1. A flow
controller conprising: PCT/USO 1131727 a housi ng assenbly defining an inlet
port, an outlet port, and a main s flo@w path extendi ng between the inlet
port and the outlet port; a restriction nenber arranged in the main

flow path; a first valve assenbly arranged to allow or prevent fluid flow

al ong t hthg'Bireatiba \Wdbaator o@eme@n%\wdﬁeth@wﬁimlrmﬁdrﬁaﬂ% fridnibérow or
-prevent fluid flowio along the main flow path first regul ator assenbly

ar r ahged47¥4 is pranslatedriato axist displaceraestabihe malaebﬁm tuward;e andi al

t t nbl
B rangeqahgyRamIg deRnd B iAo B8 452 OubrR S8 B hE TRk o Ferent i a
press! urlealgglémfy 47\2 c'éﬁsthhb%bl@hs@eéﬁ@écr?%se%y WS ThFd gggnéeﬁtd ecited in

housi ng assenbl urt her e I nes a ass path, where
t he dlffﬁTaar&ngatqmpéateu‘r& 20 across the restriction nmenber is detected at

| ' based hin the b Al
control | er - as AR anstarer: FPET 11é forbhbie e ingRroCi gk ryoIat oo
conpri segy efﬁ Qéﬂ N@ré@s:ﬁ@%ﬁ’ﬁ%&eaﬁﬁgqhé'd‘o’ﬁtrél%ﬁﬁ@ﬁégﬁéd ) %Fx marranged to

open and T oset e first valve asse to maintaln nst ant deflowout
of the omgtéatqncpiate 452 will vary thmutateIdf(ﬂmdaﬂowmiongdhenneimﬂowmathn whi ch

the second re at or asse y conprises a second val ve assenbly.and a
second 3 “9@985% §9§ﬁ ﬁggbranged to open and cl ose the second val ve

gﬁtsﬁ t por t V%?lﬁ&%?ﬁ%é& ‘gﬁ%@ | OW con%‘aé‘tgrf\;éﬁ{gd;hérllggb‘g%lﬁnﬁ%ﬁ Q?m 3)

i n whi chthabés sentrolfied bgué WSERSETRAUINTANRUTmignal kecaunsh arlate assenbly
Raserbl YRR ORI ACRIANGE IATPRLAAH MY 306 WS EFSETHOINT SIBNAG. A 1 ow
control | &5 Hsir8a'Vefidle, theSytahrd20 Wil MdihtdiR ohistaht fiuid flow at a
rate corresponding to that desired value. If the value of the USER
15 SETPOINT SIGNAL changes to a second desired value, the fluid flow
through the system 420 will change to a second flow rate corresponding to
the second desired value.
Accordingly, a controller that generates the USER SETPOINT
SIGNAL can change the desired flow rate as required at a given point in
20 time. Once that desired flow rate is set, the system 420 will operate as
described above with reference to the system 220 to maintain a constant
flow rate even with changing upstream and downstream pressures.
The exemplary motor assembly 472 further comprises a rotary
encoder that generates a ROTARY POSITION OUT signal that
25  corresponds to the angular position of the actuator member 474. The
ROTARY POSITION OUT provides feedback to the controller that
generates the USER SETPOINT SIGNAL for more precise control of the
motor assembly 472,



f eedback system conprises a nechani cal feedback systemthat directly io
senses the differential pressure across the restriction nenber. 7) A flow
control | woex3mweecited in claim4, in which the second, feedpashki/system
conpri ses a nmechani cal feedback systemthat directly senses the
differential pressure across the restriction nenber. 1S 8. A flow
controller as recited in claim5) in which: the first feedback system
conprises a first nechanical feedback-2dystemthat directly senses the
differential pressure across the restriction nenber; and zo the second-

f eedback system conprises a second nechani cal feedback systemthat directly
senses t hbV.di f Feustht Emboglimentr e across the restriction nenber. 9. A flow
.controller as recited in claim3, in which the first 2s feedback system
conprises an electrical feedback systemthat indirectly senses the

differential pRagMir ASKIBTICS, CRRicion aRa BBl iyd arbhbp contr ol er

.as recited in arm ' n which t'he secon system conpri ses an

el ect ri cabxémptirgdlovs gontrollehsystentcorsttiicteddn socoedande wiil, aadent i al
pressure across, the restriction nmenber. WO 02/31111 PCT/ USO01/ 31727 -3T11.

A 1 ofv coBfmbedying, dke prigsiples of the presens)inventipn.c fhetfiewantiolleeedback

the. di'tf erEHpER2EeEIE Tt EpiEmer ¥ BEil b RN arRE T e second
f eedback gysteRR20dRECHBEd abDveod thedaAtarbs of m@h?qdﬁcﬁmwmhéat
I ndi rectlé/msenses the differential pressure across the restriction nmenber.

io 12. A flowwontnollensystermn520awillthaideacribed primarily tothe lextemidhat itst

f eedback system copprjses a hani cal edback systemthat directly senses

the di ffeﬁ?‘ﬁ%ﬁ ?P"b&%s@%‘?’é‘%ﬁ@gsyﬁ_ mizﬁri ction _xerrber; and the sezond

f eedbgck Syst eThE I LaRfofier %ﬁéHMQ'isHﬁ%‘j@%dﬁ %Yéétﬁebn@hat | ndirectly
e e er.

senses the~differential pressure across t estriction ne 13. Aflow

control | econrtrolieekso thbtithe dyastem®20 mayhbe loperaded remotdly eddimkasyattem
conpri ses fan el ectrical , f eedback: sly stem 20 that indirectly senses the
di f f er ent9A I35geE8YStemybaving a gentradzed contpli@enber; and the second

the it fer ont | LESRSTAR ReREEdAfiIEh sysfif U OMRBE 455 1 oA tTow
cont rol | eiowsing essértbly 520! c&drlﬁpﬂsingra firstappdraneminnts24,a séeagtback system

conprises: an actuator assenb for opening and closing the first val ve
15  upper member 526, a base or intermediate member 528, and first and

second valve assemblies 530 and 532. The first and second upper
members 524 and 526 are threaded onto the base member 528 to form
the housing assembly 522,
The first and second valve assemblies 530 and 532 are arranged at
20 least partly within a regulator chamber 534 and a regulator cavity 536,
respectively, defined by the housing assembly 522. The exemplary valve
assen"lbly 530 comprises a valve spring 540, a valve member 542, and a
valve seat surface 544. The valve spring 540 biases the valve member
542 towards the valve seat surface 544 such that the valve assembly 530
25 is normally closed. The exemplary valve assembly 532 comprises a valve
member 546 and a valve seat surface 548. The valve assembly 532 is
closed when the valve member 546 engages the valve seat surface 548.
The first valve assembly 530 opens substantially linearly in
response to a first valve control force applied to a regulator plate 550. The
30  regulator plate 550 is suspended within the regulator chamber 534



assenbly in response to a control signal; and 30 a control circuit for
generating the control signal in response to at WO 02/ 31111 -38

PCT/ USO1WaM23i611least one signal indicative of the differeP€T/HRIEYsure
across the restriction nenber. 15. A flow controller as recited in claim7
0, in which the electrical s feedback system conprises: an actuator
assenbly for opening and cl osing the second val ve assenbly in response to a
control signal: and a control circuit-&or generating the control signal in
response to at | east one signal indicative of the differential pressure
across io the restriction nmenber. 16. A flow controller_as recited in claim

11, in wheMeemths valye spring 540 and a segelatorssprngb88npihe Ergulatar st

' Tesponse S BoP LiBheR A AGCA AR S5 b hbldind BpsBbladingl, Y "
gener at i n@etfopcd of sie qgmargﬁri@ g9l in response to at |east one signal
-indicative of the differential pressure across the restriction nenber; 20

and the secondlreusge; fluidds imtseduwesdk intp Arcinletgpgit 568and tharvRawsct uat or

cecortl ednfousth i A s07od 4 BEaid SR Palific! o 2BE o 48R &R T g the -
second cdollows. SAsnaall amouet RPMER] flowstalorg i bppesspathtio codliréRhieve of the
differentjal pressure across the restriction nenber. 30 17. A flow

cont r ol | dFshyalveagsambly Q&%bmagplyingﬁ]ﬁ@t contigbferse dherean.p&heusol/ 31727

-39t he fi | ' f.l et di senbly, where
the. housiHISssLRdY e uRRRIRG 2IBABRNGIADR Bd s Bl ddu g0eTT Ve
chanbgr, cmr}‘trmlssedwmmnb?/elws’emblym. arhe rvaLve& agsemablies 6Wnp| 532 \/\;1 he )
second regul at or asse y conprijses.a,sSeco i aphragm ass ere the
ousithg EeeRORRHA MeluEF B SERUANE s BNy aeRpABE Sichtower
chanber, m,?, ASw d élcﬁ'rég) i e first
di aphragnt?gsenb gl’b%’%fi negagﬂ?ﬁ{ragtségyplggg pas %m&ﬁfﬁ{%ﬁgﬁﬁﬁ ga/swfl uid

fl ow bet waés thiosighrihet flan soptrollan 8201is substantiaflydsdepddért of wher e a bypass
menber is chat ed wthin the first béﬁgaaagassageway to create a pressure

h
di f f er entRIVRPUEHPWIRIFATRICSRURD the first bypass chanber;
In particular, the exemplary system 520 further comprises a control

15 system 570. The control system 570 comprises a piezo-electric actuator
572 (FIG. 8) and a control circuit 574 (FIG. 9). The piezo-electric actuator
572 is conventional and comprises a shaft 575 that moves along a shaft
axis according to an ACTUATOR CONTROL signal applied to inputs 576
of the actuator 572, The shaft 575 is in turn operatively connected to the

20  valve member 546 such that movement of the shaft 575 moves the valve
member 546. The exemplary actuator 572 is bolted to a collar member
578 that forms a part of the housing assembly 522 and is held in place by
the second upper member 526.

As shown in FIG. 9, the control circuit 574 generates the

25  ACTUATOR CONTROL signal based on a SETPOINT signal and one or
more pressure signals PRESSURE1 and PRESSURE2. The control
circuit 574 also generates a SCALED OUTPUT signal that, when the
system 520 is calibrated, corresponds to the flow rate of fluid through the
system 520.

30 In the exemplary flow controller system 520, the actuator 572 and




t he housi ng assenbly defines is a second bypass passageway that all ows
fluid to fl ow between the first bypass chanber and the second bypass
chanmber, wod2ai@anpl i ng passageway that allows fluid to flPeWéseoaIhe

outl et chanber to the second bypass chanber; 20 where the bypass path
extends through the first bypass passageway, the first bypass chanber, the
second bypass passageway, the second bypass chanber, and the sanpling
passageway. 2s 18. A flow controller as recited in claim 17, fn which: the
first regulator assembly conprises a "BPrst control system at | east a
portion of which is located within the flrst regul at or chanber, where the
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15 steady state is preferred, and the system 520 may be the implementation

of choice.
In some situations, the algorithm implemented by the control circuit
574 may operate independent of fluid temperature. In other situations, the
fluid temperature may be monitored to improve the constancy of fluid flow
20 through the system 520. In particular, the exemplary control circuit 574
generates the ACTUATOR CONTROL signal further based on a TEMP
signal corresponding to the temperature of fluid flowing through system
520. The TEMP signal allows the control circuit aigorithm to factor in the
state of the fluid flowing through the system 520. The state of the fluid
25  flowing through the system affects the mass flow and viscosity of the fluid.
Knowledge of the state of the fluid may be important for calibration in

some situations.
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Faove (YORERS SSUEH 620, Wit 6 SHSEprtLafinhab et aent et {frd™e -
from the flow controller system 220.

10 The flow controller system 620 is designed to be electrically
controlled so that the system 620 may be operated remotely'and/or as part
of a larger system having a centralized controller,

The exemplary flow controller system 620 comprises a
housing assembly 622 comprising a first upper member 624, a second

15 upper member 626, a base or intermediate member 628, and first and
second valve assemblies 630 and 632. The first and second upper
members 624 and 626 are threaded onto the base member 628 to form
the housing assembly 622.

The first and second valve assemblies 630 and 632 are arranged

20  below first and second regulator chambers 634 and 636, respectively,
defined by the housing assembly 622. The exemplary valve assembly 630
comprises a valve spring 640, a valve member 642, and a valve seat
surface 644. The valve spring 640 biases the valve member 642 towards
the valve seat surface 644 such that the valve assembly 630 is norrhally

25  closed. The exemplary valve assembly 632 comprises a valve member
646 and a valve seat surface 648. The valve assembly 632 js closed
when the valve member 646 engages the valve seat surface 648.

The first valve assembly 630 opens substantially linearly in
response to a first valve control force applied to a regulator plate 650. The

30  regulator plate 650 is suspended within the regulator chamber 634
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10b 10b’ / fisd Madve assembly 630 by applying a first control force thereon. The

pressure of the fluid flowing along the bypass path may further be used to

control the second valve assembly 632. The valve assemblies 630 and

10 632 are controlled to maintain substantially a substantially constant fluid
flow rate through the flow controller 620. Under proper conditions, the fluid
flow rate through the flow confroller 620 is substantially independent of
upstream or downstream pressure changes.

In particular, the exemplary system 620 further comprises a control

15  system 670. The control system 670 comprises a solenoid actuator 672
(FIG. 10) and a control circuit 674 (FIG. 11). The solenoid actuator 672 is
conventional and comprises a winding 676 and a solenoid member 678
that moves along a solenoid axis according to an ACTUATOR CONTROL
signal applied to inputs 680 of the actuator 672. The solenoid member

20 678 is supported within the second regulator chamber 636 by a solenoid
spring 682. The solenoid member 678 is in turn operatively connected to
the valve member 646 such that movement of the solenoid member 678
moves the valve member 646.

As shown in FIG. 11, the control circuit 674 generates the

25  ACTUATOR CONTROL signal based on a SETPOINT signal and one or
more pressure signals PRESSURE1 and PRESSURE2. The control
circuit 674 also generates a SCALED OUTPUT signal that, when the
system 620 is calibrated, corresponds to the flow rate of fluid through the
system 620,

30 In the exemplary system 620, the PRESSURE1 and PRESSURE2
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In the exemplary flow controller system 620, the actuator 672 and
control circuit 674 form an electromechanical feedback system that
replaces one of the mechanical feedback systems émployed by the flow
controller systems 20, 220, and-420 described above.

10 In particular, the pressure signals PRESSURE1 and PRESSURE2
correspond to the pressures upstream and downstream of a restriction
member 690 employed by the'system 620. The differential pressure
across the restriction member 690 is used to control the valve assemblies
630 and 632. These pressures may be measured at sampling locations

15 spaced along the bypass path, at the output port, or the like. The sensors
should be isolated from the main and bypass flow paths when the fluid is
sensitive to contamination.

The control circuit 674 may comprise a microprocessor operating
under control of a software program or a dedicated analog or hybrid

20  digital/analog circuit. The software program or hybrid circuit implements
algorithms and logic necessary to generate the ACTUATOR CONTROL
signal.

In the exemplary system 620, the ACTUATOR CONTROL signal is
an analog current that passes through the windings 676 and induces

25  movement of the solenoid member 678 and thus the valve member 646 as
necessary to maintain fluid flow through the system 620 at rate determined
by the SETPOINT signal.

Like the control system 570 of the flow controller system 520
described above, the control system 670 of the flow controlier 620 will

30 operate the valve assembly 632 in closed, partly open, or fully open
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may be encountered with mechanical feedback systems. In certain

5  environments, allowing the valve assembly to reach a steady state is
preferred, and the system 620 may be the implementation of choice.

In some situations, the algorithm implemented by the control circuit

674 may operate independent of fluid temperature.' The fluid temperature
is monitored in the exemplary system 620 to improve the constancy of fluid

10 flow. In particular, the exemplary control circuit 674 generates the
ACTUATOR CONTROL signal further based on a TEMP signal
corresponding to the temperafure of fluid flowing through system 620. The
TEMP signal thus allows the control circuit algorithm to factor in the state
of the fluid flowing through the system 620.

15

VI. Sixth Embodiment

Referring now to FIG. 12, depicted at 720 therein is yet another
exemplary flow controller system constructed in accordance with, and

20 embodying, the principles of the present invention. The flow controller
system 720 of the sixth embodiment is similar to the flow controller system
220 described above. In the interests of brevity and clarity, the flow
controller system 720 will be described primarily to the extent that it differs
from the flow controller system 220.

25 The flow controller system 720 is designed to be electrically -
controlled so that the system 720 may be operated remotely and/or as part
of a larger system having a centralized controller.

The exemplary flow controller system 720 comprises a
housing assembly 722 comprising a first upper member 724, a second
30  upper member 726, a base or intermediate member 728, and first and
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10@10%& (c)etl né)dlgﬁ% f‘néuéﬂ'ag é@é‘e%fﬂ)ﬂ 122. The exemplary valve assembly 730
comprises a valve member 740 and a valve seat surface 742. The
exemplary valve assembly 732 similarly comprises a valve member 744
and a valve seat surface 746. The valve assemblies 730 and 732 are
10 closed when the valve members 740 and 744 engage the valve seat
surfaces 742 and 746, respectively.

In use, fluid is introduced into an inlet port 760 and then flows
through the system 720 along a main flow path to an outlet port 762 as
follows. A small amount of fluid flows along a bypass path. The pressure

15 of the fluid flowing along the bypass path is used to control the first and
second valve assemblies 730 and 732 to maintain substantially a
substantially constant fluid flow rate through the flow controller 720. Under
proper conditions, the fluid flow rate through the flow controller 720 is
substantially independent of upstream or downstream pressure changes.

20 In particular, the exemplary system 720 further comprises a control
system 770. The control system 770 comprises first and second solenoid
actuators 772 and 774 (FIG. 12) and a control circuit 776 (FIG. 13). The
solenoid actuators 772 and 774 are conventional and each comprise a
winding 776 and a solenoid member 778 that moves along axes defined

25 by the actuators 772 and 774. A FIRST ACTUATOR CONTROL signal
and a SECOND ACTUATOR CONTROL signal are applied to inputs 780
of the actuators 772 and 774 to control movement of the solenoid
members 778. The solenoid members 778 are supported within the first
and second regulator chambers 734 and 736 by solenoid springs 782.

30  The solenoid members 778 are in turn operatively connected to and move
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10% (}-  circuit 776 also generates a SCALED OUTPUT signal that, when the
system 720 is calibrated, corresponds to the flow rate of fluid through the
system 720.
In the exemplary system 720, the PRESSURE1 and PRESSURE2
signals are generated by pressure sensors arranged at appropriate
10  sampling locations. The sensors should be isolated from the main and
bypass flow paths when the fluid is sénsitive to contamination. Again,
other sampling locations, such as directly at the output port, are possible
with fluids less sensitive to contamination.
in the exemplary flow controller system 720, the actuators 772 and
15 774 and control circuit 776 form electromechanical feedback systems that
replace the mechanical feedback systems employed by the flow controller
systems 20, 220, and 420 described above.
In particular, the pressure signals PRESSURE1 and PRESSURE2
correspond to the pressures upstream and downstream of a restriction
20 member 790 employed by the system 720. The difference between the
PRESSURE1 and PRESSURE?2 signals represents the differential
pressure across the restriction member 790 and is used to control the
valve assemblies 730 and 732.
The control circuit 776 may comprise a microprocessor operating
25 under control of a software program or a dedicated analog or hybrid
digital/analog circuit. The software program or hybrid circuit implement
algorithms and logic necessary to generate the ACTUATOR CONTROL
signals as described below.
In the exemplary system 720, the ACTUATOR CONTROL signals
30  are analog currents that pass through the windings 776 and induce
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rate determined by the SETPOINT signal.
Like the control systems 570 and 670 of the flow controller systems
5 520 and 620 described above, the control system 770 operates the valve
assemblies 730 and 732 in closed, partly open, or fully open positions as
necessary to maintain constant fluid flow. The ability of the valve
assemblies 730 and 732 to be held in a partly open position can allow the
control system 770 to exist in a steady state without the oscillations that
10  may be encountered with mechanical feedback systems. Allowing both
valve assemblies to reach a steady state may be preferred, in which case
the system 720 may be the imblementation of choice.
In the exemplary system 720, the exemplary control circuit 776
generates the ACTUATOR CONTROL signals further based on a TEMP
15  signal corresponding to the temperature of fluid flowing through system
720. The use of the TEMP signal is, however, not essential to any
implementation of the present invention.

VIil.  Additional Considerations

20
In the foregoing embodiments, certain of the components have
been described as they are used in the examples given. The properties of
many of these components can be changed depending upon the
circumstances to “tune” the flow controllers for a particular use.
25 For example, the various springs used, interior chambers defined

by the valve stems, and inlet and outlet openings in the valve stems must
be selected based on the type of fluid, expected inlet pressures, and
desired flow rates.
In addition, the materials used for the various components must be
30 selected based on the pressures and types of fluids expected. For
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5 the algorithm implemented by the control circuit, whether using discrete

components or software, will also be created for a given set of

predetermined parameters.

In the interests of brevity, the Applicant has described only six

exemplary flow controller systems that may be constructed in accordance

10 with the principles of the present invention. One of ordinary skill in the art
will, however, recognize that certain features of these systems may be

arranged in combinations that .yield still more implementations of flow

controllers constructed in accordance with the principles of the present

invention.

15

In particular, the first and second exemplary flow controller systems

20 and 220 may be characterized as canister and plate configurations,

respectively, because of overall appearance of the housing assemblies

thereof: the housing assembly 22 comprises a generally cylindrical base or
intermediate member 28, while the housing assembly 222 comprises a

20 generally planar base or intermediate member 228.

The third through sixth embodiments 320, 420, 520, 620, and 720,

disclose the use of one or more electromechanical feedback systems in

the context of a plate configuration. However, such electromechanical

feedback systems may be used in the context of a canister configuration,

25 as well. In addition, the electromechanical feedback systems may be used

in combination with each other and/or other types of feedback systems as

desirable for a given environment.

A designer may design a particular implementation by initially

determining the operating environment in which the flow.controller system
30 is to be used. The operating environment will include the properties fluid
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conditions, the tolerance for error, and the like. The designer may also
consider commercial factors such as cost.
Based on the operating and commercial environments, the designer
s will initially decide on the basic physical structure of the flow controlier
housing by selecting from among a plurality of basic structure types such
as canister, plate, or the like.
The designer will also select the material from which the housing
assembly and other components are made based on the operating and
10 commercial environments; if the fluid is a corrosive liquid or gas, the
housing assembly may be made of stainless steel or other material that
resists corrosion. The selected material may be plastic if the commercial
environment dictates that the flow controller system is to be disposable.
The designer will then decide on the type of feedback regulator
15  system that may be used in the input and output regulators. Generally, the
designer may elect to use a mechanical or electrical feedback system for
either or both regulators. If an electrical feedback system is used, the
designer may elect to use a rotational device such as a stepper motor or a
translating device such as a piezo-electric actuator or a solenoid actuator.
20 When the operating and commercial environments and physical
structure of the flow controller system are determined, the algorithm
necessary to implement the physical structure in the particular
environment is determined. In a mechanical feedback system, this step
will include selecting the type and arrangement of springs and other
25  control devices employed. In an electrical feedback system, this step will
include the design of an appropriate feedback loop to obtain the. desired
operational characteristics.
Accordingly, the invention may be embodied in forms other than
those described herein without departing from the spirit or essential

10 characteristics of the invention. The present embodiments are therefore to
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be considered in all respects as illustrative and not restrictive, the scope of

the invention being indicated by the appended claims rather than by the

foregoing description; and all changes which come within the meaning and

range of equivalency of the claims are therefore intended to be embraced
5 therein.
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| claim:

1. A flow controller comprising:

a housing assembly defining an inlet port, an outlet port, and a main
flow path extending between the inlet port and the outlet port;

a restriction member arranged in the main flow path;

a first valve assembly arranged to allow or prevent fiuid flow along
the main flow path;

a second valve assembly arranged to allow or prevent fluid flow
along the main flow path;

a first regulator assembly arrahged to operate the first valve
assembly based on a differential pressure across the
restriction member; and

a second regulator assembly arranged to operate the second valve
assembly based on the differential pressure across the
restriction member.

2. A flow controller as recited in claim 1, in which the housing
assembly further defines a bypass path, where the differential pressure
across the restriction member is detected at least in part based on a
pressure within the bypass path.

3. A flow controller as recited in claim 1, in which the first
regulator assembly comprises a first vaive assembly and a first feedback
system arranged to open and close the first valve assembly to maintain
constant fluid flow out of the outlet port.

4, A flow controlier as recited in claim 1, in which the second
regulator assembly comprises a second valve assembly and a second
feedback system arranged to open and close the second valve assembly
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to maintain constant fluid flow out of the outlet port.

5. A flow controller as recited in claim 3, in which the second
regulator assembly comprises a second valve assembly and a second
5 feedback system arranged to open and close the second valve assembly
to maintain constant fluid flow out of the outlet port.

6. A flow controller as recited in claim 3, in which the first
feedback system comprises a mechanical feedback system that directly
10  senses the differential pressure across the restriction member.

7. A flow controller as recited in claim 4, in which the second,
feedback system comprises a mechanical feedback system that directly
senses the differential pressure across the restriction member.

15
8. A flow controller as recited in claim 5, in which:
the first feedback system comprises a first mechanical feedback
system that directly senses the differential pressure across
the restriction member; and
20 the second feedback system compfises a second mechanical
feedback system that directly senses the differential pressure
across the restriction member.

9. A flow controller as recited in claim 3, in which the first
25  feedback system comprises an electrical feedback system that indirectly
senses the differential pressure across the restriction member.

10. A flow controller as recited in claim 4, in which the second
feedback system comprises an electrical feedback system that indirectly
30 senses the differential pressure across the restriction member.
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11. A flow controller as recited in claim 5, in which:

the first feedback system comprises a first electrical feedback
system that indirectly senses the differential pressure across
the restriction member; and

the second feedback system comprises a second electrical
feedback system that indirectly senses the differential
pressure across the restriction member.

12.  Aflow controller as recited in claim 5, in which:

the first feedback system comprises a mechanical feedback system
that directly senses the differential pressure across the
restriction member; and

the second feedback system comprises an electrical feedback
system that indirectly senses the differential pressure across
the restriction member.

13. A flow controller as recited in claim 5, in which:

the first feedback system comprises an electrical feedback system
that indirectly senses the differential pressure across the
restriction member; and

the second feedback system comprises a mechanical feedback
system that directly senses the differential pressure across
the restriction member.

14. A flow controller as recited in claim 9, in which the electrical

feedback system comprises:

30

an actuator assembly for opening and closing the first valve
assembly in response to a control signal; and
a control circuit for generating the control signal in response to at

0109%& ()-O (a}~?aS4 10F

10
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least one signal indicative of the differential pressure across

the restriction member.

15. A flow contraller as recited in claim 10, in which the electrical
5  feedback system comprises:
an actuator assembly for opening and closing the second valve
assembly in response to a contro} s;ignal; and
a control circuit for generating the control signal in response to at
least one signal indicative of the differential pressure across
10 the restriction member.

16. A flow controller as recited in claim 11, in which:
the first electrical feedback system comprises
a first actuator assembly for opening and closing the first
15 valve assembly in response to a first control signal;
and
a first control circuit for generating the first control signal in
response to at least one signal indicative of the
differential pressure across the restriction member;
20 and
the second electrical feedback system comprises
a second actuator assembly for opening and closing the
second valve assembly in response to a second
control signal; and
25 a second control circuit for generating the second contro!
signal in response to at least one signal indicative of
the differential pressure across the restriction
member.

30 17. A flow controller as recited in claim 2, in which:
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the first regulator assembly comprises a first diaphragm assembly,
where the housing assembly and the first diaphragm
assembly define an input chamber, a first bypass chamber,
and a first regulator chamber;

5 the second regulator assembly comprises a second diaphragm
assembly, where the housing assembly and the second
diaphragm assembly define an outlet chamber, a second
bypass chamber, and a second regulator chamber;

the first diaphragm assembly defines a first bypass passageway

10 that allows fluid flow between the inlet chamber and the first
bypass chamber, wheré a bypass member is located within
the first bypass passageway to create a pressure differential
between the inlet chamber and the first bypass chamber;

the housing assembly defines

15 a second bypass passageway that allows fluid to flow

between the first bypass chamber and the second
bypass chamber, and

a sampling passageway that allows fluid to flow from the
outlet chamber to the second bypass chamber;

20 where the bypass path extends through the first bypass
passageway, the first bypass chamber, the second bypass
passageway, the second bypass chamber, and the sampling
passageway.

25 18. A flow controller as recited in claim 17, in which:
the first regulator assembly comprises a first control system at least
a portion of which is located within the first regulator
chamber, where the first diaphragm assembly isolates the
first control system from fluid flowing along the main and
30 bypass paths; and
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19. A flow controller as racited in claim 1, in which:
the first valve assembly comprises a first vaive seat member
detachably attached to the housing assembly; and
10 the second valve assembly comprises a second valve seat member
detachably attached to the housing assembly.

20. A flow controller as recited in claim 19, in which the housing
assembly comprises an intermediate member, a first end member, and a
15  second end member, where the first end member is detachably attached
to the intermediate member to allow access to the first valve seat member
and the second end member is detachably attached to the intermediate
member to allow access to the second valve seat member.



