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WO 2005/ 031198 PCT/ US2004/ 031702 PI NCH VALVE
CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
wappisicamson i s a continuation-in-part of | nteprPaatisemaln31702
Pat ent Application No. PCT/US03/09381, filed March
28, 2003, which desi gnat es the United States of
America 5 and clains %@3-3 .S. Provisional
Pat ent Application No. iled April 1,.
2002. Both of these applications are incorporated by
r ef er enc CCRBSS<RRPPRENEETFE RECSTEHRPPIICATTON OF
THE DI SCLOSURE The present invention. reI ates generally

to Py GpfllcanoR ida %%Mu@ﬁon—ﬁﬂ f“ rhi Qe ﬁia&g{ @prﬁcatlon No. -

to a pinch valve having a reduce r|ct|on

PSS YRR S s SR AT S

Iow sensor a_control valve and a controll er such

ar@g 2ym3 PHGHt %Haﬁ Provisignal Patrat Apalicasion Ne.90/369,493, filed April 1,
controller. gpl cal fluid flow control system
ergionsg)arelincosparatet byfrefefenopeni ng of t he

control valve until the flow sensed by the fl ow sensor
mat ches the desired, or set point flow Oten, the
control val ve BACKGCROUND ORTHE DISCLOSERE anount s
to achieve the desired cl oseness of control. Mny

1. i NdEIIE O YHE PISCEDStAEiuct or, pharmaceutical, and
bi o-Technol ogy experience fluid control problens due-

h
t28 (;J;h% n‘f) %rﬁ?#nbgrg oA e{]étgélv elfi‘érgﬁ}é t@ tilgﬁvﬁovghaetﬁf églftlro\i and more
Pt o ek SV Brving proRac SO B SoRmen ey
systens. 1 of 26 H 546629(BPS501 |.DCOC)

2. DESCRIPTION OF RELATED ART

A fluid ﬁow control system generally consists of three components: a flow sensor,
a control valve and a controller such as a proportional-integral-derivative (PID).
controller. 4A, \;cypical fluid flow control system functions by changing the amount of
opening of the control valve until the flow sensed by the flow sensor matches the desired,
or set point flow. Often, the control valve must be adjusted by very small amounts to’

achieve the desired closeness of control.

Many industries such as semiconductor, pharmaceutical, and bio-technology
experience fluid control problems due to the typically low flow rates, the use of abrasive
chemical fluids, the use of corrosive chemical fluids, and the need for contaminant free,

accurate, compact, and real-time fluid control and delivery systems.
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WO 2005/ 031198 PCT/ US2004/ 031702 For exanpl e,

Chem cal - Mechani cal Planarization (CMP) is a critical
wonres@ssiosn t he sem conductor industry that i nPOTAUS200a/031702

process to flatten the wafer. surface :of. a

sem conductor by applying an ultra-pure fluid

contai ni ng suspende ol i ' a .feactiy .
et BEbtRiE, SRR EMiRhutie RIS Bt (MR i RHigHE process in
In npst _applications, the 5 polishing pad rotates at a
the, W@W‘@gﬂslﬁéléma&bﬂt Agvolvese 2 EAFSSS 18 ﬁ%ﬂ vilgt sprface of a
the surface. Over-polishing the wafer can result in
seralcoadiater tor appéyiong iangltea-puiedhiid waritainingssuspentded selid particles and a
Conversely, under-polishing of the wafer can result in

reddtiR€ a g dbivieenahe vafer shifftcdand & Ppolichih@bed.0fn hivet ¥liRhtions; the
i's highly dependent upon the delivery rate of the

po_fi.l'slﬂhéll p%ﬁ Gottdleaf Q! At rl%e&f a%ﬁﬂ%tdth@eéén)ﬁ%fcﬁc\gﬁ‘ lto"Hatten: the
a pofi'shing operation. . - Another process used in
the sem condyctor, i ndystry requiri accurate controgl .
suifge. £ URerrPPINAL it el it FOGIeG Ay TPOARBRLfical afer
t he photolithography process. As is known in the art,
strpeftes) iGanyersalyh pndes-polishingcof dhe meafergep| reast i ynagpgptable wafers.
sensitive polyner, known as resist, or photo resist,
Thepoliblengvedte of thenfaferis highi dememdedt uponttls delivgryarapeadfithe fuid and
of the structures to be fabricated on the wafer
thétotdl agRuhSofiThag aelivieédeaingd hpolishiigsdpersioner ed 15 waf er
and a light source. The light reacts with the resist
by either weakening or strengthening the resist

pol in&fé $émi haBh )
oy LRfieriots 408 N Ryl SRR i coneof

ical gt [ v he . resi ur P
G 50 ol L S R e SRR B e RlcRipodtHY BloBess. As is
roper trapnsfer .the pattern. -.The resist nhust he

knpgya lé}r#‘%é‘ﬁ @ﬁow‘flg@g@hgfn@ o BRocss (A SIRUies g Rl Seqipte polymer,
cause a defect in the 20 final pattern. A .

kngwali dsiresisti onplydto resist, forthe meraqypﬂgp@sAaphmaakf containing a pattern
liquids to the wafer surface to create filnms.that

ofwhd $trucaceste twrfabridatgl e theawdferodfurfabeisfplal between the resist.covered
gem conductor. The. primary function of these filns

wafer bfd 3 lighS s@itcé . NSYhAURKt Refcre dithetiRCldsisEdy either weakening or
conducting wires.. A ’

strengthening the resist polymer. After the resist is exposed to light the wafer is
developed with the application of fluid chemicals that remove the weakened resist.
Accurate and repeatable resist delivery is essential to properly transfer the pattern. :The
resist must be contamination free as any “dirt” on the surface will cause a defect in the

final pattern.

A modification of this process applies a host of new liquids to the wafer surface to
create films that will become an integral part of the final semiconductor. The primary

function of these films is to act as an insulator between electrical conducting wires.. A
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2 of 26 H 546629(BPS501 |I.D OC) WO 2005/031198

PCT/ US2004/ 031702 variety of "spin-on" materials are
woebisg3ewsl uated with a wide variety of chem calCT/US2004/031702

:conpositions and physical properties. The key

di fference between the. lithography process and the

vafiplyNof MsiRRA’S irhdteHialk Saurd h)%inga&)’allg&é@%tﬂ B W Uhdidly of chemical

(such as avoi d bubbl e or “particle) is now

R G L —

prﬁﬁ%%%%ﬁsthggp%&pfdeﬁgsqﬁ%@% S SElse R e B (B0 a0 Yoid, bubblcr

tool called a""track." The purpose of the track is to

‘PagisiR)yis aoyrresmarenily| amhedded in thedtruoturdef thersemiendfictar and could

stationary or slowy spinning wafer. Additional

‘resubtaninomdtfunetioning slevigessarsfifaitiab sy $adhé SerpiebdictoriddSducer. -

.liquid to the proper structure. After the Iiqui
appllcatlon the wafer rotation speed- is rapidly 10

i nCBoats 6 thRBslpiodEsskd Gtk P18 itk RGodAlAEd §uﬁfa€!§e The g@lffdse of the

of f the edge. A very thin, consi stent t hi ckness

Ttra!:lt fb“cb Qgglﬁe%r?asé {109{1]&1% \If}g Pﬁﬁgtf) ?@ @fimparr& oF gl%vvly spinning

ude the resist- or dlelectrlc vi scosity
viaf) véﬁ?? FRBETGRL PFOSFSSIRE SRS ey 8y vl taj ek the: Lighid to the
t he anount of resist/dielectric. dispensed, speed of
Profes sisiare. ot After thes ligpid epplication,| theam&rpromatloahe speed- is rapidly

addi tional processing steps after |iquid application

Jncr¢paed anghithe digwidt dnetht inqufiércbutfacenis splty oFfitheledgeg jﬁv&fy&ﬁm consistent

process that al so renobves any solvent in the fil

at ur

thidliess bdkuil s tioa] $hd Ban&N¥T HRN YRR B @K r@lggh e-Some of. the
np

wafer to prevent changes. in humdity or te

-vaiddblesC aMa gkt H@ﬁ& acfﬂc?ﬁ(f%g Siné[l{ﬂéntl?g fre% Ll gdlél}g%%wéceospg solvent

per formance of rack s s em per

co s BEBE e b s

di m ni m zing defects in the f| I mcaused by voi ds,
1SBeS61 €€ and parti cl es. :

The track will also provide additional processing steps after liquid application that
changes the liquid to a polymer using a bake process that also removes any solvent in the
film. The track also controls the environment around the wafer to prevent changes.in

humidity or temperature and chemical contaminants from affecting the performance of

the film. Track syétem petformance is determined By the accuracy and repéatability of

liquid delivered to the wafer surface in addition to minimizing defects in the film caused

by voids, bubbles and particles.
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3 of 26 H 546629(BP55011.D0OC) WO 2005/ 031198
PCT/ US2004/ 031702 The fluid control elenent is thus a
wonrpasiosalos conponent of such systenms to i nsure PCOfS2004/031702
delivery of the process fluids. A pinch valve may be
. used for the fluid control valve. in such systens to

f Ui .
Db D Pt SRS L0l Syl it i
B B S B LS ST B i com
have Lﬁg}gl de mechani smthat incorporates parts that

vakye; e suhasysiamsetc proyideenn efficienta egmpadt cindghigh qivaity fiwid control -
there "is a finite anmount of friction. Even if the

—

. desicediln gagtianlag, assobenoitiactugted pinkhwalve ipedviddy adiseefredtive ‘meens for

there will still be sonme friction. This friction can

pro@didgt fih® Muidt éditfrob! | BudPvaRBs Afpichsy aV@rh g\i@%vﬁmch'anism that

i mpacting the precision of flow contTol

L R eﬁ%g%”%%a&%& —

accor danc { he present disclosure,

finits Amant \9giﬁ‘\¥i§1°Pn dRea éaleagﬁidm&%fﬁérﬁem@ée PP gilaw ﬁectloa materials,
pl unger_having first and second ends, and a pinch

there il still hersemetiigtiony Thie fiftiontcan mesulifin alsticipslimgetion Gfithe pirich
pi hch menber is situated adjacent the flow 15 tube.™ A

vahef anpavtiag sher fracision f flosi donaokd general |y opposite t;-he
pi nch menber such that the elastoneric tube is
squeezabl e between the pinch nenber and the reference

sur fRgepregent §splichdn dddiésded hoWcdhiind dsobRgediWight lﬂ)'?i%r art.

A first guide spring is situated between the pincCh
menber and the, first end of the plunger, and a second

gui de spring: |5§I§MMJ %Faﬁmﬁy%ﬁaspi@;ond end of

t he plunger. The qui e sprlngs may di sks

ST Mo B g RERCLRIBAE ) ABBE St
elass(tacl)nggrscl \tllolvy gs Iat;glglrl]ger havmg first and second ends, and a pinch member
conﬁected to the first end of the plunger. The pinch member is situated adjacent the flow
tube.” A reference surface is positioned generally opposite the pinch membet such' that
the elastomeric tube is squeezable between the pinch member and the reference surfaceto
control fluid flow through the flow tube. A first guide spring is situated between the
pinch member and the first end of the plunger, and a second guide spring:is situated
adjacent the second end of the plunger. The guide springs may be flat disks defining a

spiral slots therethrough.

An actuator receives the plunger so that it can be adjusted to selectively position

the pinch member relative to the reference surface, allowing fine flow control. - A plunger
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t he pinch nenber relative to the reference surface,
allowing fine flowcontrol. - A plunger 4 of 26 H.
w626B323(1BPS5011. DOC) WO 2005/ 031198 PCT/ US2004POBARRD4/031702
extension is received by the plunger such that one end
extends fromthe plunger and abuts . the first guide

ring.. The her end of th | unger ext.ensi opn extends

xfQtstond gV b he Fitieed sut Faf it Ftd eehgS Rt Blieiand abuts - -

In certain exenplary enbodi nents, a danper is : ,
the &aﬂm%snr@gt %ep«ptﬁ%@d. of the plungegiexrpasiomaxtendss fremithe plunger - -
nmenber defining an opening therein and a second nenber
ang|abutsithe second giride dpriimg.t he openi ng such that there-is - .
cl earance between the first and second nenbers to
.Create an air passage. The second nenber of the danper

may Taecedtafid ekendblaryPedibodinents, o8 dRpi 30cdniested s eeOtunger. - The
Whth a spring retainer situated next to the spring,

deiifRr B8EY Gt moef AbAAHs 38 dRfinehERHAP ald b Wthd' Member stidably
Spring cup opening an P& odated Ththa spring .. 70
retajner. Further essure contai'nin nber e .
refety §LiRdhe aptine Sioh Budheis M FfidHy toiweeine T and Stsend members
In other aspects _of the disclosure, a flow neasurenent )
oA A A PaS@8Gi dBe geeead anengherof the dampes raay bios spingeeip having -
herein. For exanple, the flow neasurenent and contro

andepenpee therethrodgls veith espling wtainey tituatedf dexwtordessprigpenp opening. = -

device situated in the enclosure:., An 15 el astoneric

Afprodvad ubfing extend$ itodgle BBBHIEEUP Bpdhihd ahB8s fsbA¥d in the spring .
nmeasur enent device. A plunger has a pinch nenber
gﬂb?.e%fmﬂa &lsfre WAtfiflink $ned il '

oWt ube. iﬁr e%gr enc%ﬁg%??ez%ggyﬁéﬁg%@%e?gaﬁggt best a portion of

neral |y opposite the pinch nmenber. such that the
thgflggvttgh%ri c tube is squeezabl e between the pinch ™
menber and the reference surface to control fluid

flow thrfough the_fl ow tube. first guide spring is
sit ﬁ&@éer%pg@@ At flﬁ isclosure, a flow measgrement ar?d control device uses a . -

control valve as described herein. For example, the flow measurement and.control device ..

includes an enclosure with a flow measurement device situated in the enclosure:: An
elastomeric flow tube is in fluid communication with the flow measurement device. A
plunger has a pinch member connected thereto, which is situated adjacent the flow tube.
A reference surface is positioned generally opposite the pinch member. such that the -
elastomeric tube is squeezable between the pinch member and the reference surface to
control fluid flow through the flow tube. A first guide spring is situated between the -
pinch member and the first end of the plunger, and a second guide spring is situated

adjacent the second end of the plunger.
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20 pinch menber and the first end of the plunger, and
a second guide spring is situated adjacent the second
wenwsgBimke plunger. 5 of26 H 546629( BPS501LEPOCUSYD4/031702
2005/ 031198 PCT/ US2004/ 031702 . A controller receives
a measurenment output signal fromthe flow neasurenent
devi rovi.des a control. output. sighal 1o fhe
o nch SoRRSlcR R EE5n TR o, QbR et 33 4h o msasurement
nmeasur.enent out put signal . to, adjust the pinch nmenber- .
defice 20 PEOVIGSs & HRTol G Figiaal i 18 GBnaPoval b s SD#ISaI g @ setpoint
flow through the flow tube as necessary:. to reduce
signal/agd ¢he oreaperemerntnouthut stgnalutocatljist dhe pintht membet: padatine to the -
flow. In certain enbodinments, -the flow neasurenent

refdfanc€ Surfscedo Gonirol flaidniss tKrb\%h Rl BRI Hs KbR¥dsaS: to reduce any .
. BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects and

erfof a2 gﬁ rﬁéas{.lﬁ:g t}dox? \r’lgﬁ‘ ﬁ%@?\ggﬂé iﬂlogg Clgrﬁ‘éﬂ@iﬁ%?ﬁbeor&hgﬁlgs, the flow

.upon: readl ng W escri ption

g 8 p el i B e RIE e ng & i neh

“valve in accordance wth an eX‘err_pI ary enbodi nent of

the present jnvention., Figqure 2 pictoriall ,
il | ust rat es BREERINESGRE %IQEIIQE&%EQMWMSI eeve

pressure containing nenber in accordance with an

==

- enbddberehjeass anchadviantagas pHihe. ilvegtioe will beconepepmiéng upon reading .

illustrates a portion of the pinch valve shown in
thé-Tofloméngdetaildd desédiptionmdtipon refbrehbetothe deRdngd inavidch: -

renmoved. Figure 4 pictorially illustrates a pinch
..valve including rings situated about the pinch tube

- for mE@EIUE @ blGHkedihdram doReREGRIYaNERrathE B ARIIPe in accordance
enbodi nent, of the “invention. Figure 5 pictorially

wig{r SIS bRl (R berbdst Hidbifb2 ©f amshel |

Figure 2 pictofially illustrates a pinch valve including a braided sleeve pressure

containing member in accordance with an embodiment of the invention.

Figure 3 conceptually illustrates a portion of the pinch valve shown in Figure 3,

with a portion of the braided sleeve removed.

Figure 4 pictorially illustrates a pinch valve including rings situated about the
pinch tube for pressure retention in accordance with another embodiment. of the

invention.

Figure 5 pictorially illustrates a pinch valve including a clamshell pressure

containing member in accordance with another embodiment of the invention.

6 of 26

H: 546629(BPS5011.DOC)



10

15

20 contai ning nenber in accordance wth anot her

enbodi nent of the invention. 6 of 26 H 546629( BPS501
WO 2068031190 2005/ 031198 PCT/ US2004/ 031702 Fi guPETAIS2®4/831702

per spective view of one portion of the cl anshel

pressure containing menber shown in Figure 5. Figure

ows the val ve.of Fi e 5 w. e
‘ o1 2 § oo BEFER dshPll Shehotit pER Ry Brehli® containing -
gure 8 |s .a p%rspectlve view of a pinch valve in |
nwﬁ@@bﬂﬂﬂﬁ@@ UBYIR Sanot her exenpl ary enbodi ment of the
present invention. Figure 9 is an expl oded view of the
pi nch valve shown in Figure 8. Figures 10 and 11 are
secFigmall showughovalvheofpiigate ¥ avithea stostign phthe clamshell pressure
Figures,..$ and 9, showing the valve in a.closed and
cmﬂﬁﬁﬁ@ﬂﬁ&hb&ﬁ&@pwﬂbspeCtiVe|y. 10 Figures 12 and 13 are.
sectional views illustrating the upper portion of the;
valve shown in Figures 10 and 11, respectively.

Fi gp{Rge B4i2Aetspedir Pledelof d ﬁﬁfcﬁn%ﬂlé i SkEcHARG MtﬁV\émother
nmeasur enent and control devices enploying a pinch

e enpl ary enbodi nent of.
exe%xﬁﬂéﬁ{%e %%%glﬁ%??ﬁew#’gm%geg%ventl on is susceptible
to various nodifications and alternative forms,
speclfic_ enbodi s.thefeof .have K been sho by ;way of
exaripiuse P is FheXp E‘?‘% ﬁ’ﬂ \ENT OWndB?gg‘F%éd in
detail. It should be understood, however, that the
description herein of specific enbodlnents IS no

|t Giges 10and b arorsegtiona) SroTsoRe e piash ahve shedein Figures 8 and

forms disclosed, but on the contrary, the |ntent|on |s
9, shovwing the valve inedidsed and op, position, 12gpectively. '

Figures 12 and 13 are sectional views illustrating the upper portion of the:valve

_shown in Figures 10 and 11, respectively.

Figures 14 and 15 are block diagrams illustrating flow measurement and control

devices employing a pinch valve in accordance with an exemplary embodiment of the

invention.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and
are herein described in detail. It should be understood, however, that the description

herein of specific embodiments is not intended to limit the invention to the particular

' forms disclosed, but on the contrary, the intention is to cover all modifications,
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H: 546629 (BPS 5011.D 0 C) WD 2005/031198
PCT/ US2004/ 031702 equi val ents, and alternatives
woéabdsioagios t hin the spirit and scope -of the i nPemiSeNN4/031702
as defined by the appended clains. . DETAI LED
DESCRI PTI ON OF THE I NVENTION Il lustrative enbodi nents
[
qu{vafegfs ?ﬁl}/ [ﬁt%y-i,l&ﬁg??&gllu?ge@ﬁﬁinf fth %g s&ﬁ# Qﬁgﬁnsc'g er‘ﬁx il REiBR bs defined
bi}ﬁ?l enen % on are described in this specification: It
APY PPRSFIAR S be appreci ated that in the devel opnent
of. any such actual : enbodi nent, nunerous
i npl enent atl on- speC| fic decisi ons must be made to
- achi eve thP C )
conpliance wt h syst emrel at ed and busi ness-rel at ed
condilustrattve, embhadiméntsof thevinventionare desribepbeloent Iatthe mterest of -
to another. Moreover, it will be appreciated 1o that

cl&itg/nat liefaheRoEah aefubDiripl oGt e are QTR e d 3 this specification. It
ti me-consum ng, but. woul neverthel ess be a routine

Wiﬁlngle&hﬁ'gé EQ abfech %‘&Slﬁatolfn ﬁécﬁe'a@l()gﬁn%éfu!r)fe aﬂ}ns&cﬂeac@ﬁatl ernbé)diment,

avi ng enefI.t of t dr's nch va
100 i n. accor

t of the ese Y
ol B RESBASR sl ch AR SR HulF B abloer MracisR e  dgloper
actuator 122 is situated next to an el astoneric
speeibe gpals; siehvay crmplianeg sithisyatemprplated ﬁf%é/bbi%ﬂ%ﬁ'r?lﬁ@d constraints,
formof a piston or ram is noved by the actuator 122
which yallecary fesiny opejireplementatipn rtg lanother. t Mveedh26; ingall ihstapareciated
reference surface 128, thus varying the size of the

thapsudhng ddvetupaienniuffont blightdbé |d@)¥1’§)lé;29md'rt|ilﬁe-fcbﬁwrﬁ1ﬂ§ebut would
126 is made of material that is‘relatively soft so

netveﬁﬁelests 528 BEtEO TRIERRR g B MR T &jaﬁma]r)p k@ﬂ@@fm&%ﬁ having. the

and the reference surface 128 to contr

X the soft 20 flow tube material may
6?118&?01} ﬂfo‘@v&g&é&sure rating due to its low strength. A
pressure contai ni ng nmenber 130 is situated about at
| eas ortlog f the fube 126 to .i nprove:

ores LHI% valye, 100 in ageardapes with@n embodiment of tltw present invention is

cohceptually illustrated in Figure 1. An actuator 122 is situated next to an elastomeric
tube 126. A valve plunger 124, which may be in the form of a piston or ram, is moved by
the actuator 122 to selectively squeeze or pinch the tube 126 against a reference surface
128, thus varying the size of the opening through which fluid flows 129. The flow tube
126 is made of material that is relatively soft so that it can be compressed between-the
plunger 124 and the reference surface 128 to control the flow. In some instances, the soft
flow tube material may have a low pressure rating due to its low strength. A pressure
containing member 130 is situeted about at least a portion of the tube 126 to improve the

pressure rating of the tube 126.
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8 of 26 H 546629(BPS50] LDOC) WO 2005/031198

PCT/ US2004/ 031702 Many applications, such as those
woassgsiased with the sem conductor, pharmaceuPCtaiS2004/031702

and bi o-technol ogy industries, require the flow path

(all surfaces wetted by the process fluid) of fluid

del iN&fyy &ppHcBidnsD e s®NSis" UEb&d . é’sfsoa?sﬁ R ¢ %ﬁee:c Sepyiconductor,

chemcally i nert7re3| stant, materrals to pro

phpiidckiicl, b {f?%ﬂaﬁlr% R S
m condugct fabrication processes can be

by fi P%ﬂ%#aﬁ@a P%Aﬁm@‘{ dliveRynysisps becenucted of bighmuity,rabemically -

. metal flow tubes due to a variety of nechanical and
inegHeesstant, nppterdals toeprotept e tputityneftthe chémicalsaisedr Plasticgare desirable
‘resistant to a w de range of process materials. Hi-gh

begamse the gtradaw chahicels weRind theSseHS@fhdubtot RESS fa ?ncauon rocesses
-industries since thi's generally prevents transferrin

can! BYBHH R iHafiSif ikt H@nsoc{ré’ge% ﬁeher en{n'o%d Frégx Bt PG e 'due to a

the snooth surface ftinis

lastic flo uces the,
a“%‘?@*;et%%fh@%@?er PeRicB i Pose” toR GnatERe Fisporsion resisant o
tamnaetheflwd with organic materials. In such
‘%ﬁaﬁ%ﬁ‘ Pt Progsst makariabins Highy @Wltybgra@mlas@cmmf thuahisyd in these
“nade of a high purity elastoner or plastic. A
indygiries pinge thig genstallytyreeinistranstarting uswhitedivess to the process material.
(cross-linked 15 polysiloxane) .as it is chemcally.

In addition, dlx smoothisafadenis dibefentiait efnuRicARBLIdfaSylast
Ot her suitable tubing materials are PVC g Spaswﬂowtube

redub€ ¥ aBitE B Bdtéit: to BHIG o thE ﬁlb\é%ﬁ%\éhﬁﬁpn%{; the ﬂlﬂgt“gﬂl organic

Fl uor ocar bon Rubber (Viton). A variety o uori

| ma@é}iaysrrers such PVDF and PTFE are also suitable. For

exanpl e, PFA, a mixture including PFA materials, and,
silicone are suitable materials for the tube 126 in

o g%a%’%éh P ARy 108 e A oD pmage of a high puriy

where stagnant fluid can collect and no sliding or

elastopisT ngf r?garspg t Hat Swighled htghe@u@%aalastmh@s is reilidome (cross-llnked .
fluid, making the disclosed

polysﬂoxane) as it is chemically resistant and has the proper chemical propertles Other

sultgble tubing materials are PVC (polyvinylchloride, Tygon), Polypropylene and
Fluqrocarbon Rubber (Viton). A variety of fluorinated polymers such PVDF and PTF E
are élso suitable. For example, PFA, a mixture including PFA materials, and silicone are
suitable materigls for the tube 126 in high purity applications. Moreover, in exemplary
efnﬁédhnents of the valve 100, there are no places where éfagnant fluid can collect and no
sliding or rubbing parts that could create particles in the fluid, making the disclosed

design especially well suited for high purity applications.

9 of 26

H: 546629(BPS5011.DOC)



10

15

20

design especially well suited for high purity
applications. 9 of 26 H 546629(BPS50 |.D OC) WO
waQen/e8he 98 PCT/ US2004/ 031702 The tube's fl erCiuSzdoy/031702
allows the tubing walls to conform around any trapped
particles or inperfections in the walls to provide a

U1 ghfpeSRets H&ﬁbflﬁf\(’eﬁ’llga@tﬂﬂei bithgt\xlﬁis%t coﬁf@% Ue?{)]\a}d | jany trapped

m nimzing. pressu rop an rbul’ence.

RS o S G Ry s

contamnation 5 of the process fluid in the case of
thrgugh, umizingpiessua drapand twrhulenge. Therflvishenntacts only the flow tibe
pol i shing operations. Figure 2 shows a pinch valve 200
126rprercenting aneze onicbirosion efittiedotirentalod padeandpeserting ‘contamination
i nvention, in which the pressure containing nenber

ofCARPHoEAS Muill' @l fRJcass! SCURK ﬁlﬁ'ﬂ%z&b%ﬂi%{ﬁﬁfs,ngvémﬁs fseRfonductor

tube 126. In sone enbodinents, t rai ded eeve
] . the entire flow tube 126. Figure 3 . -.
m%%ﬁ%gg@g%%i % illustrates portions; of a pinch valve.
201, in which a portion 232 of the braided sleeve 230
is removed. . In the epbodinent . illustrated in Figure
5° TREReCh SRS goPiRB 2] i Hecdincgeval o emBodiment of the

adj acent _the valve = plunger 124, so that the valve

prpsegh jwentiony igiwhieh the presiuse eenteiningfmemberteenisgs a braided. sleeve

rather .than the pressure containing- sleeve -230. 15
23Cesuenoahding thehBowrtabel #26.s esonee @B8Bodimestsnthie biraided fleew surrounds
. Wth operation of the valve 201. Certain materials

thelegttkefyw tube 106 aTFiAHe 3seRMEati2dly IIRRWES portidBY of RkfrchFalve 201,
permanent set if the valve plunger 126 is pushed

mSBBRISL (oGEoE @ MBS 4200 SCHOnif, e mbcimen
AR s SR G HESISEL50 s nent the v
PGSR b S0 A B B o 012,
thfe Ip?e\{svsure containing sleeve 230. o

Generally, the braidec{ sleeve 230 does not interfere with operation of the valve
201. Certain materials used for the braided sleeve 230, however, may take a permanent
set if the valve plunger 126 is pushed against the sleeve material long enough to
permanently deform the material. Such a deformed configuration of the.sleeve may
cause control problems. This type of deformation may occur, for example, with valves
having a normally closed configuraiion, in which the plunger 126 compresses the flow
tubé 126 and sleeve 230 for long periods of time. Removing the portion 232 of tﬁe sleeve
230 in the illustrated location allows the plunger 126 to directly contact the flow tube

126, while maintaining the pressure containing properties of the braided sleeve 230. The
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tube 126 and sl eeve 230 for |ong periods of tine.
Renmovi ng the portion 232 of the sleeve 230 in the
wohkbesaBri@ged | ocation allows the plunger 126 t®CT/US2004/031702
directly contact the flow tube 126, while nmaintaining
1the pri;gure cont ai ni ng properties of the braided
slegvemateriaBean beMechakicaltly cif BERUBESE0 ok _
2005/ 031198 PCT/ US2004 031(;gh255&§’l eev£e8’ Eéf)éﬁegfl%ﬁu% prevent

n - i : tc.), th | ]

cut (to prevent “unrave

SIeBREDSY ol B OROIER, AR P04l idavand0L b pffte pressure

sl eeve 0 acts

.Coifl{tleeve 23%82,(1150 of fers pressure containnment : for
e

RETRb 3Pt e etlons duls d 26reand traintainnan inoresee (bre¥saRSHERg of the
.rating of the 5 .: portion of the flow tube 126

“ Portignof thicelpwitublei 126 tchatajried ptithimtheiRdhalve bd%igfgur e 4,

illustrates a pinch valve 300 in accordanceé wth
anot her exenpl ary enbodi nent of the invention. In the

pi nEiguveakvillusiles ahginth SRl OF ﬂ{]ta@éd}?%%tegﬁﬂgg%)m;he{ (f¥emplary

conprises a plurality of rings 330 si
1 nun

: enibodimehtiOfthe ' idvdition. ' thé g%ﬁt\ja%g%@d tﬁ%%}?eg.lggg :gthamy% member

-wi de pol ypropyl ene rings are
de of the actuator 122. In other

. 29 10 5]
conéﬂln%g% i%nn%lﬁ%agl?}etroﬁ é‘h}g]s e’gguflglagegn{l uf ithey flowibide Lpii separticular

Qr re rigid menmbers situated about the flow
el £ g yyidg g epylensetingsave sprsed bAGhertlgwbtibe 126 on either
..inserted through a bore defined by such a rigid
Sld%?lftgggquoq Bhrovi de pressure-, containnment.. In such
an enbodi nent, the pressure containing nmenber ‘
su;{r@outhnds t'lI;;m;I ow .tube. .15 However, it is not
esdarmther emboatimets, et pre@utdlbsntiin; ' ; :
: I P E phpfi queor more

:pressure containing nenber. If noret

| rigid utventiess siturted WBEECkhe FRRPLBE §56U ﬁgrv %ﬁ%&g@ ?ltHW%LL 198 may be

.~ realized. Figure 5 shows a pinch,
. i ) ml ar.y. .enbodi nent
insefteg %Q@élﬁ@b&etd%ﬁﬁgd ¢ SO0 £ ngﬁd sgjﬁcture to provide pressure containment.

In such an embodiment, the pressure containing member surrounds the flow tube

- However, it is not essential that the entire tube be received by the pressure containing

member. If more than half of the tube is surrounded, some pressure containment will be

realized.

Figure 5 shows a pinch valve 400 in accordance with an exemplary embodiment
of the presént invention that uses a rigid member including two pieces. Th;: pinch valve
400 includes a “clamshell” pressure containing member 430 that includes upper and
lower members 431, 432. F igure 6 iilustrates the lower member 432; the upper member

431 is similar. Figure 7 shows the valve 400 with only the upper member 431 of the
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of the present invention that uses a rigid nenber
i ncluding two pieces. The pinch valve 20 400 incl udes

wa 20asioiamskel | " pressure contai ni ng menber 430 PO&AWUS2004/031702
i ncl udes upper and | ower nenbers 431, 432. Figure 6
illustrates the | ower nenber 432; the upper nenber

prc?sga:re' c%nfalﬁﬂxn%%% fh%?b??%lfcﬁovﬁlft&gfﬂ %@Vﬁwép gnevr\ﬁﬁerr]s 28 i X32 each
RS e ornSak o by S e Eoprvaas, suh

| oner nmenbers 431,432 each define a groove 440 that

thajewkemtheyunper ard: fovatsmernbers ¢34 hAp2 arst sandwidhed eboutbihe. flow tube - -

126, such that when the upper and | ower nenbers 431,

124 3the greoveaddivechivd tiadhflow titiecl 26/ tb providdgresshizdeoritdiment. -
grooves 440 receive the flow tube 126 to provide
pressure containnment. 5 In the illustrated

enbggi . Miustdd®l SRPEHInRHE, ﬁl@‘é@f eF%HHQBﬁfeAMS 4 1,432 further -

further define an opening 44Z that receives the [ower

T

oA 0l AL AR gt P S o o
means . ssure _containing nmenber 430. In

lopEemember iLria 2 365 el 0 BeRs Y DH APIPHg S e p A the pressure
S|I|cone tubing for the pinch tube 126 with the

cogtagting alembst 43&.uletestsrroaidudtedomend embadioent hging 0.25i inchsilicone
tube 126 did not burst until the pressure exceeded 200

tupisgdor the pinchnaibed] 26atvithehe cldneshell whespire contiliding hedrhber 430, the -
arrangenent is exenplary; the rigid pressure

pifichudk 26 WidBHDRrst WY thO PREGRE eReesHODEE PREPA s n@céd above, the
several nenbers. The act uation of known pinch val ves

Zq ves v}ég!a aﬁ%‘% nf is ?ﬁﬁﬂﬁp t&e f%iuﬁ{esgﬁu\r’\%n%ﬁﬁg member

handl e, but this val ve woul d not be
VAR ?WIEPS@%RP&SE)WF?IJWIBBWN ol . Qther pinch"
val ves are- used for dispensing applications in batch
proc ses ln whj ch the anount of material dispensed
i s coift AgPHtEg ‘Eﬁ/i“iQYé“ Pimel Yahvas isHsuylly biestplle ononmsdsoff. Some
does not allow dynam cally controlling
known pinch valves have a manual actuator with a multi-turn handle, but this typé of

-valve would not be conducive to closed loop flow control. Other pinch valves are.used

for dispensing applications in batch processes, in which the amount of material dispensed
is controlled by the time that the valve is on. This does not allow dynamically controlling

the flow rate in a continuous manner.

A valve that has only two states can be controlled by applying varying current or
voltage to the valve actuator. In one embodiment, i)ulse width modulation (PWM) is
used to control the valve. PWM is achieved by generating a square wave. signal at a

frequency above the valve’s mechanical response frequency. The duty cycle of the signal
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the flowrate in a continuous manner. A valve that has
only two states can be controlled by applying varying

wouorsaai1oer 20 voltage to the val ve actuat or. PCT/USE®4/031702
enbodi nent, pul se width nodulation (PW is used to
control the valve. PWMis achieved by generating a

is Vi hé d¥RMAine thdfPropatvolfaat Gr RRG¥NIARAMS thé@eW@d. VROrSexample;
nmechani cal response frequency. The duty cycle of the

BB R SR B e s, g v

he. appropriate vol tage, or current, sent, tQ the device. -
- oS o PR Gy Gyl B ki 78 o ntioe s affes: Besause the
volts, 0%duty cycle = 0 volts, 50%duty cycle . 6 .
sigual is @t adraguendyoshove yhecyalvass merhaniedlirgsponprelredieaegilhg position -
takes place ' because the signal is at. a, frequency

of teorabvet ib dasedt| oneths averadeaoureat thaespuppléed. rHipuesudyng Supply voltage:
pesition. 5 of the valve is based on the average

is fropbi&dhall B de plsSwid bde sikhgl. resul ting supply vol tage.
s proportional to the pulse wdth of the signal. If
the signal frequency is too low, the valve will have

cr TR B APAAOTL 3 e A el Bpmotc

o S5PRRAT e Sronb e RS B KA g el . &

10: adj ustment that determ nes the current required to
tyni¢ad pingth walyerashietod is Adjolenoidh gvhisk he @ sprgdelement with -a preload.
val ve spring can inprove the valve's control range. In

" adjustnesnt thavpletenmities theonsrent tegquired eéndiosk thewsobpavide | Adjesting the pre-

is replaced with a spring-suspended plunger. The

lo&PrdNGhs UsHIRB destiny Wal € imProve Mk Svalvees Nedhtlol NRABe. - In other
val ve response due to friction, which mnimzes the

. [ esi . in il l.enoi ds
pLAEHS, 00 SO NBa5 TS s HOLAA 5P Benc
pl&n%%r. Pm %Srqltlé-glllslpgr?de oél&r?g%lr (iirlilnf’mitzgs Hlséeno%-ﬁttlegp Ralve rrrgstpgase due to
friction, which minimizes the hysteresis and dead band common in available solenoid-

actuated pinch valves.

An alternative approach to the PWM-controlled solenoid is to use a stepi)er motor
actuator, which translates a controlled, deterministic angular rotation to a linear ram drive
by a worm gear type arrangement. Stepper controllers can be designed to produce:-a
specific number of steps propprtional to an analog signal input. Backlash, and thus valve
hystéresis can be minimizéd by any number of appropriate worm gear designs that
minimize backlash. A stepper motor generally provides immunity to temperature and
pres;ure ﬂuctﬁations, which may cause changes in the pinch tubing. A steppe? motor is a

means to control position, so the stepper is immune changes in the pinch tubing. With a
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actuator, which translates a controlled, determnistic

angul ar rotation to a linear ramdrive by a worm gear
woypps/armwangenent . Stepper controllers can be #esiugnmd031702

to produce' 'a specific nunber of steps proportional

to an anal og signal input. Backlash, and thus valve 20

PHNSHAAE gl i .5 S8 B P WIRS] St e
R BRSPS Bl g, 100 e

cause changes :in the pinch tubing. A stepper notor is
prapertigssghangedusiottempeisBEe of pressuse thenameuns tisstubg slosesgramdthus the
changes in the pinch tubing. Wth a 13 of 26 H
o i@ KBRS S0l hoiOCHand€d. 2Dié 331, HOste et abitaidd 440 B4R at the last -
pi nch val ve, the pinch tube is an integral part of the
oSHh &R profider S resSorRBRb | RHictRgl 6hoiiBhtV id - deli
P whi ch a%pl i es forclzoto. t he pi r%c%ﬁ%ol%tg‘,h @ﬁ.%ﬁ{g?ﬁ‘gﬂ‘gg delivery
cygfée tube. 'If the tube properties change due to
tenperature or pressure, the anount the tube closes,
and thus .the flowrate with a sol enoid, changes.
Morepver, 'a stepper actuator n remain. at_ the | ast
5 pdSIRETBRCRe HEB ool valve il cccoganesn igh Rgther exemplary
setpoint at the start of a- fluid :.delivery cycle. .
embodaper < theypreggns jpventien i showniina Figure 80 The exemplatavalee 500'is a-.
wi th anot her exenplary enbodi nent of the. present
solenvizhadtioated pimdhovalve. nAFwgthrtbe 8theil halvexdisglbsedyanddllystrated herein, -
500 is a . sol enoi d-activated pinch valve. A's with

thé halve50@ inchadex @pl6hgee 1 25 Atbt 8Rstvi i F‘%&feag)qgc&%ﬁf‘an ack@itor 122 -

t he val ve 500 includes a plunger 1. (not showni in
S kSRS e Bl R M B adacen
! St} B BB 1580 13RO SHRE 1R bBSHRISF 20y opvosi
opposite _the pinch nmenber such that the elastoneric. )
the pHchppgmper wﬁetbéfaﬁaeeelmmmbﬁe% ifquceraisehetwer the pinch

the reference surface 128 to control fluid flow
memberayid thh acferange tsutface. 128t0 control fluid flow through the flow:tube .126.

The flow tube 126 is received in a pressure containing member 430 including upper and
lowe1: members 431,432 similar to tha;c shown in Figures 5-7. In the valve 500, the upper
memi?er 431 is integral with a valve body 540. The reference surface 128 is réceived by
the 19wer member 432. The exemplary valve 500 shown in Figure 8 uses thé clamshell
pressure retaining member 430, though other pressure containing arrangements. may .be

employed, such as those illustrated and described in conjunction with Figures 2-4 herein.

Figure 9 is an exploded view of the control valve 500, and Figures 11 and 12 are
sectional views showing the valve 500 in closed and open positions, respectively. The

actuator 122 includes a solenoid yoke and coil assembly 504 defining an axial bore.506

14 of 26

H: 546629(BPS5011.DOC)



10

-15

20

-aligpmpgit bip 328 magniains b pig

stema|SHénthos e

15 The flow tube 126 is received in a pressure

cont ai ni ng nenber 430 ,including '"upper and | ower
woenis@ss19431, 432 simlar to that shown in Fi guPes/uS2004/031702

In the val ve 500, the upper nenber 431 is integra

with a valve body 540. The reference surface 128 is

i yed ‘ : . . ,
o GO B v SO SEBRE, o ol ISP BT YO Whated o -
retai ni.ng. nenber égo, t hough ot her pressure containing
oPROsitS 7R¢ ungent28e’ 20 enpl oyed, such as those o
illustrated and described in conjunction wth-Figures

.+ 2-4 herein. Figure 9 is an exploded view of the

contlR gre ilasiyated gmbogdiment; the pinsh member 502 igcennected to one end of ..
- sectional views show ng.the valve 500 in closed and

| thoplenggrd4tvioaplurges petehsivie 5Y2. This allastsbetlo guitl2 2prings 510,511 to

i ncl udes a sol enoid yoke and coil assenbly 504

bed&f hd'égﬁﬁkeadialﬁéﬂe@t'o dear vith5@R reddir&f trabelHbf the pinch valve without
546629(BPS501 |.DOC) WO 2005/031198 PCT/ US2004/ 031702

: o1 00, i . . P |
oA 90 Bl Bt O, PSP S v
A L

pl unger 124 via a plunger extension 512. This allows
thyapeipl djtactien.s Jhe h@gerguy?e\;@pngoil lditp éntefa coyatetare in the valve body. -
diameter to deal with the required travel of the pinch
540vbdtuecarceitnio twittethersniengid akive The aeergpriiogsf tht0oWarlguide spring -
are flat disks with a series of spiral slots defined ‘

- 51thie r&dxgpddow%@n e Rilve bolihag4ohasd Risphces tridgl BES Swiildh ‘is in turn
radi

t he al direction and low stiffness in the axi al

re@ided rg%lv-gr@eﬁl%r-raﬁg‘s‘fggﬁgi%b %g 4%‘]dt %%l%es?éss%gl}@bore 506. An.

count ore inthe v

.concent.ric w t.h, t he,sol enoi d axi,s. e outer portion .
glmer_nﬁg_ bag fﬁ?ipgr%qn to'the pinch tube -

bef ween the valve body 540 .and a spacer_ring 542,
l%m#%lﬁgiaésmfblr-u The guideiprags keepdhe plupgess | hinsthg center of the'valve -
recei ved b%/ the coil and yoke assenbly; bore 506. An
ipinatibg elidbigriristion betveeepithe plumgeb 824 bad: tE0galve stem:
per pendi cul ar to-t the pinch tube
544, : :
In the illustrated embodiment, the pinch member 502 is situated on one side of the -
lower guide spring 511 and is attached to the plunger extension 512 situated ‘on the -
opposite side of the lower guide spring 511. The plunger extension 512:is received by .

the pluhger 124 such that the plunger 124 and plunger extension 512 become a rigid

assembly. The plunger 124 and plunger extension 512 are recei{'ed by. the valve stem

544 such that the plunger extension 512 passes through the center of the valve sterh 544.

The valve stem 544 is retained in the coil and yoke assembly bore 506 via:a yoke retainer

548 and a spacer ring 550. The yoke retainer 548 also provides a flat surface for
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126 during assenbly. The gui de springs keep the
pl unger 124 inlhe center of. the, valve stem 544,
wohoos/aii9si nating sliding friction between thePpTwsSg®i/031702
124 and the valve stem .15 544. In the illustrated
~ enbodi nent, the pinch menber 502 is situated on one

3 s BUE Y S50 BB o R RS P tainer

. 55éxde of the | ower guide spring 511. The pl unger

tension 512., is received by the plunger 124' 'such
that the plunger 124 and plunger extension 512 becone
,arigid 20 assenbly. The plunger 124 and pl unger
. ext ehsipoing Setaingr 654 @odisprig loyp S6here sitwateds o wne 5tk of the upper
such that the plunger extension 512 passes through the

- guid$pringf10t MEheVigpeLerRl G th® ptingerTdi@ensiInvsl 25ik eitudddton She opposrce .

retai ned |n the coil and yoke assembly bore 506 via:

: sﬂ'é)KPtHeelI ﬁlde §g§n$0w &ﬁ’sa(??ne&e&% ?%Os&)n;rrxg?‘e@é%? 8}54 to fasten- -

retai ne ES a at surfac

PN LGP

111)wrgegeen t he yoke ret ainer 548 and a top retai ner 552.

10

15

20

hehpjesnehatorretalnyr SRcandghe HEP gyidsTiage 19ite paeveat twisting. -

on one side of the upper guide spring 510. The upper

: dusing asfenobly. g\ prefpead spring ﬁéD eninSdried thraighudicrel imthetthp retainer 552

opposite 5 side -of the': upper guide spring 510 and

. aridsres@rineht egrih® chp S56p leliEg afmtudt se¢losing foice dxeméd 'Bgtthé preload

upper guide spring 510 to the plunger extension 51

spPidg 38D i £djﬁ§téd)ﬁa‘%ﬁ%aﬁfsto 398w ded. inserted between the .
top. retarner 552 and ﬁe upper gui de spring 510 to
prevent twisting durlng assembly: A prel oad spring

ggg The Eg@ ; eo;ftq{évh%r@ﬁ %ogglﬁé?é ?pcrﬁr%s é@ 5 l$plgc %ng gﬁteeragl} end of the

o bR 215 5 S BE s 1 S B e v

stem 544 this preventmg any shdmg contact between the moving pieces. -

A long, slender preload spring is typically incorporated into traditional pinch

valve designs. These springs will often buckle under normal load. To prevent this

buckling of the spring, it is typically constrained in a hole. However, the spring will rub

on the hole causing friction, which is undesirable to the valve operation. The preload .

spring 560 ie the illustrated valve 500 is a relatively short spring that does not.buckle and

" does not need to be supported in a hole. This eliminates the undesirable friction from this

component.

Since many sources of friction associated with prior art valves have been removed

. in the disclosed valve 500, the valve may be more prone to self-induced oscillations
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The effect of having the two guide springs 510,511

| ocated on each end of the extended plunger 124,512
wo0sm3restrict its notion to al ways be on-axi BCT/US2004/031702

with:the valve stem 544, this preventing any sliding

contact between the noving pieces. A long, slender

G A A 184 AR g oty
i1l .oft bugkl T t thi .
ol R, 95 S5y PENFESod S PN ol Ao e

a hole. However, the spring will rub on the hole
oscillatinng gvithontadding frigkipa ko the shister@si rabl e to the val ve
~operation. The preload  spring 560 in the illustrated

valve 500 is a relatively short spring that does not

buc Figurenil andd3 shotv the appeopdrtion wiphe valtei500anhdbdsed and open
This elimnates the undesirable friction fromthis 20

-poﬁﬁataiﬁbq R&PLetively cwhaﬁismlgﬁaipr 555isQbcdivddoin (O &S Fesih@t 332 such that
W

prior art valves have been renoved in the

tre 35 BRE A @rkfoc bbb Tt Y cP B T GBI DS i smaler
501 '..D O C 2005/ 031198 PCT/1J52004/031702 . . .

thapb damcger 0 bR G 0 Tetines e PP R JHE Spring s 556): The
sol enoid notion would normally danp:_ _such )

top st pingtad $ repring vaip SS06nwidasnyingielaines i34 thus diencéion as a-damper to
danper that stops 'these oscillations wthout adding

reduck of ipesvehiing beilkatone mAs shéwg i Eigui?1 2 rair it 3raphedaint the space 570
upper portion of the valve 500 in closed and open 5,

aboROHelshARS cup 856.e Wheviahy valvh StefP5 4N o0 tHedpring cup 556 slides in - -

received rn the top retainer-552.-such, that there is
r grehet . ' .1: ‘ .
s TBlnct STEL MG S RTERE sl ory AU EHE: BpgthiFshown in
.bore,in the top retainer. 552.receiving.the spring ¢ .
Figgey 2 0 thegost & oy isdd 121 B fimp aPafhio i sliRed so the
thus function as a danper to, ‘reduce or preventin .
tragged piraopgmass fyougivibis smalkiclpgrance.cregiing 3 Pressys ;fﬁ‘éferenﬂal that -
in. the .space. 570 ‘ -
resists the motion of the valve stem 544. The resisting force is only present when the

Pt

valve stem 544 is moving, and thus does not affect the fine control characteristics of the
valve 500, since it is only required to move relatively slowly ( about 1 Hz). The resisting

force also goes up sharply with the speed of the motion, and thus is an effective'damper

at high speeds (> 10Hz).

Figures 14 and 15 schematically illustrate a flow measurement and control.device
110 employing a pinch valve such as the pinch valve 500 disclosed and illustrated herein.
The measurement and control device 110 includes an enclosure 101 having a fluid inlet

and outlet 102, 103. A flow measurement device 112 is situated in the enclosure 101. In
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10 above the spring cup 556. Wien the. val ve stem 544
noves, the spring cup 556 slides in the top retainer
woeams/0¥es t he spring cup 556 slides upwards f POmUSE®4/031702
position shown in: Figure 12 to the position shown in
Figure 13, the area of the space 570 is reduced. go

‘ anteflgm lta{?agﬁﬁgdlﬁie t, TS HoRARSashizhf E}QP?\%E ?l?g@ﬁ[)?]sets a-Coriolis‘mass

creati'ng a pressure erenti
resists the notion of the valve stem 544. The
flowIN§'% i ng force is only present when the 15 val vé stem
544 is noving, and thus does not affect the fine
control characteristics of the valve 500, since it
onl yn highopyrity applicagions. thy Bewmeiey 142 prafsrablyis atﬂow-tl@ﬁ Tmade of
The resisting force also goes up sharply with the .
a lighurigf ptastc mutériad to gmevenh genthwirmtion fdfetbe iprecess fipit caused by
at hi gh speeds (> 10Hz) . Figures 14 and 15

. traRSRATR! iAwhtyd i(boUsictd) ol fol Y PreeH edeidl. agitable high purity

control.'.device 20 110 enploying a pinch val ve such
| d r .
o e HANEIO, 3EELOTE S0fbid SHT G0 th pinch valve
nclud S an closure 101 fluid
S0 e Bt e cRptngt, ek UF ciib R LSS ma@l 1o provent
situated in the enclosure 101. In_ 17 of 26 H
trapgige iy iBpstthe prasesy meterisl ds tphledgdingram pijeuredds thyvalve 500
an exenpl ary enbodi nent, the fl ow neasurenent device
is Pt esrpeing sttuaed:oompletdy mathin thiel epglostrer101, Injsome embodiments,
hi gh-purity applications, the flowreter 112 preferably
poftdsnsaof tRWilvEeoimddeetire valvy, Gite Rittatied ol astoueside :surface of the
material to prevent cont ami nation of the process fluid
en_e&g&l%qo@%/ s i‘the SthBORMRALS sl %hfe@ zéz aflg 5. metal.).
Ions to %e process materi al uitabl e high purity
. plastic materials include PFA PVDF and PTFE. As noted

Qﬁﬁ%ﬂe%’% JuofecBRE dn VbR SRRL IR B R a%*g'?aq from the
ﬂ \{qggtg{] g&% Sf s bjlﬁlg £ zg 1§9frgshae}1 %@%gszfse%/ eg%étlla? from the flow

meter and outputs a control signal to the pinch valve 500 to vary the flow rate of the

process material based on a comparison of the setpoint and measured flow rate. The

'setpoin‘t input to the controller 114 is typically an electronic signal such as a 0-5V, 4-

20mA signal or a digital signal. A pneumatic setpoint interface could also be used. A
suitable setpoint generator is a model P48 process controller available from Red Lion

Controls of York, Pennsylvania.

The controller 114 may also have a feature commonly known as valve override,
where an additional signal is sent to the controller 114. This override signal causes the

controller 114 to ignore the setpoint aﬁd fully open or close the valve 500 This feature is
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15

i s.shown as being situated conpletely within the

encl osure 101. In sone enbodi nents, i0 portions of the
woabos®31ies the entire valve, are attached to arCowmiSsi0de31702

surface of the enclosure 101, as in the enbodi nents

shown in Figures 2, 4 and 5.. . A controller 114

oftéﬁ ‘ﬁ@éd"ﬁﬁ sﬁuﬁﬁx@ﬁﬁé E‘ﬁ)wséﬂ '3)9|p fie é%»‘éie?d“ ISF 1 I 1ﬁ€ncontroller
he flowreter 112. The controll er 114 conditions and

re n I
e R i —
. flowrate of the 15 process terlal sed on. a
integratdr %‘Hrf’(’&?r‘){]ﬁ@t%t e SHPRRG o sty thatcantroles 114 is
rm&omt input to the controller 114 is typically an
extoigd ta twienclosgmdllsuch as a 0-5V, 4- 20mA signal or a

«difgital signal. A pneumatic setpoint interface could
al so be used. A suitable setpoint generator is a

noddhePgich nabes S0C eegulabd die flvai tlabligh fliodeviee l0pand it also
Controls of York, Pennsylvania. . 20 The controller

- ré%des%uf?ér%%aﬁﬁvﬁaﬁgefs SR 1iHE BreSRFEDTHY vAIROYD0 8 Ueaﬂ)déﬁloned either

override, Where an additional S|gnal |s sent to

o B0 st Sl Bt ﬁf»%nstresw o in th
0, T 26 H
' “g’@él%@%tst%bg‘@ge‘\i e 35‘9 oyt Fuete ﬁéffq f@]e‘zﬂdgﬁb@sai%%oo on the

often used for shuttlng the flow off or purgin

sidpytbetewill Fee-thiedengest pressusevagistiensodyring use1 4Thig he mhelm the flow-

bei ng positioned inside the enclosure 101, providing a

~metenpl2efren\pressticebamdes dnd floveuatiortst ol system I.n ot her

enbodi nents, however, the controller 114 is externa
to the enclosure 101. 5 . The pinch valve. 500
r egultRt metiéde dhtvdirhénitd diblobdiEalibediaeil libRativRshly, tas @ Rvention

.provides a buffer against changes in |line pressure.

Be \{ﬁ%d’iﬁf{é wgﬁtggﬁgﬁ%ﬁérﬁﬂﬁ%@é&@%em% e?%rgf);pafrent to those

€ nmass as shown in ure \
skﬂ?em%ttfxee %H]haa\slmlgr}hé Bgneﬁt of the teachings herein. Furthermore, no limitations

-are intended to the details of construction or design herein shown, other than as described

in the claims below. It is therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are considered within the scope
and spirit of the invention. Accordingly, the protection sought herein is as set forth in the

claims below.
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enbodi nent shown in Figure i4. Cenerally, it is
preferable to have the valve 500 on the side that

weoizbds/sems he | argest pressure variations duri ngCUAS2004/031702

This hel ps shelter the flow 10 -neter 112 from
pressure changes and fluctuations. . The particul ar
enbodi nent s di scl osed abov(?L aﬁ(g [lustrative only, as
the invention nay be nodifred and practiced in.

Edi&iﬁégﬂiaﬂﬁ&giggrvalent mariners apparent to those
' i t having the benefit of the teachings

herein. Furthernore,. no limtations are intended to
the details of construction or design herein shown,

ot hek t hat caBtreledys, permprisingn the clainms below. It is
therefore evident that the particul ar enbodi nents

di scncdastometioflewrtalye;be altered or nodified and all
such variations are considered within the scope and
SPi rd luffertafing TS UndQBeonen@s;di N9l y, the protection
sought hérein i's as set forth’in the clains below 19

0t SRR PP T R 1o e o

control val ve, conprising: .an elastoneric flow tube;
5'a pl ungdpa Q\ﬁ%ﬁggl?titﬁ%ﬁg‘é{ﬁﬂb%econd ends;" a pinch -

menber connected to the first end of the plunger, the
pi nchreferarersurfice pasitioneddgeacrally ophesifel thevpindhemember such that the
ref erence surface positioned generally opposite the

pi nch mendlestomendd tubatist fymeezabRks betwehC tHel pchS member and the. -
squeezabl e between the pinch nenber and the.. 10

ref er enc ErefdfédREArfh ©UBhHEO! fifid ot thiQWntthE ABFHubde.
ow t ube;
a first guide spring situated between the pinch member and the first end of the.

plunger; and

a second guide spring situated adjacent the second end of the plunger.

2. The control valve of claim 1, further comprising an actuator receiving the

plunger to adjust the plunger to selectively position the pinch member :relative to. the

reference surface.

3. The control valve of claim 1, further comprising a plunger extension

having first and second ends, the plunger extension received by the plunger, the first end

of the plunger extension extending from the first end of the plunger and abutting a-first

side of the first guide spring.
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a first guide spring situated between the pinch nmenber

and the.first end of the. plunger; and a second gui de
wepnisngi®st uat ed adj acent the second end of theCcT/uS2004/031702

plunger. 2. The control valve of claim1, further

conprising an actuator receiving the 15 plunger to

adj ust the plunger to selectively position the pinch

mentser r €Tl Gonerol valvé beclaine B ewBaCH B : ,
control valve of claim1, further con%’?@ﬁ%%ﬁgerépg%%%?d to the

firspSn@nuti (B pludgd dderdsionSindas %u?a?é’@ ! acteeﬁgg’ 15?%)25 Sg#gor}qg?r first guide

extension received by the unger

snhi sion extending fromthe first end of
plififo dfﬁgggefg‘ﬁ{oﬁg%utting a -first 20 side of the & - .-
first guide spring. 20 of 26 H 546629(BPSSO | LDQC)

WO 2005/ 031198 PgT{Z}}JSZO 4/ 031702 4. The control valve
of crai m3° HHE0LVAlenel glaganl.nfmther compaisingchqiutoer extension
the _first .end of the plunger extension and is )

having figsteandagrenseendsathsqbenmr skasiof rédesvetli Hysﬂle.‘#l’ﬁnfé]%{l, é[he second

.spring opposite. the first side. 5. The control va

end pf thegilungtr etemdidreexteniing foin e Seddnl 348 bf %;qur?née? gﬂd gbuttiﬁg a

havi ng first and. second ends, the plunger e

ﬁrsteizleidfqgégéyoﬂd@ﬁdégﬁrmgger, -the second end of the
pl unger. ext ensi on extendi ng fromthe second end of the

pl unger and abutting a first side of the second guide

Sprigng. G olc yalve of claim1l, wherein a
danper ishggﬁﬁreégs)é eof cfaia 1, sthersin a dagpgr istcopnested to the second

10 7. The control valve of claim®6, wherein
en({)#étﬂgg%g?r‘i ncludes a first menber .defining an
openi ng therein and a second nenber slidably received
‘in 1'7he - ggeni ng such . .
. The control valve of claim 6, wherein the damper includes a first member
defining an opening therein and a second member slidably received in the'épehing such

that there is clearance between the first and second members to create an air passage. - .

8. The control valve of claim 6, wherein the damper is situated adjacent a

second side of the second guide spring opposite a first side of the second guide spring, -

9. The control valve of claim 5, further comprising:

a spring cup defining an opening therethrough;

a spring retainer having a first side adjacent an end of the spring cup opening and
a second side and abutting a second side of the second guide spring
opposite the first side of the second guide spring; and

a preload spring received by the spring cup opening and ‘seated in the spring

retainer.
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that there is clearance between the first and second

menbers to create an air, passage. 8. The contro
woabos@3ohs cl ai m 6, wherein the danper is situaPed/usS2004/031702

adj acent a second side of the second guide spring

opposite a first side of the second guide spring. 15

9. ;Bf control valve of claimb5, further conprising:

a spGi ng Thepcaterol valvg ofrcleipeni -

spring retainer having a firstagfggﬁgg%gﬁgﬁgag%ﬂkﬁﬁwg?i“’ﬂm
sedond eafloff BE iRy P BRRhESH. and - a second. side and

abutting a second side of the second guide spring

opposite the first side of the second guide spring;

d 130 j | ved by fhe spri
and 120 a ]F}{geéo%ﬁgle gﬂpéﬁ '3? ﬁga%ia,?l\ﬁlgere gﬁ'ﬁ%%&i&e%s&n?gz@)mpﬁses a

openi ng ana sea

1 246629( BPS5Q1 . | . ) WD 2005/031198
ﬂaﬁé#é@%b‘@é/a@@f @?ttﬁ)@%""m@ control valve of claim9;.

wherein the spring cup is attached to the second end

of tlge‘plxli)ggerqr&xtaggsif%]. 11. The-control val ve of .

cl ai'm 1, &PRirel vatve afiolaim huvleein piié stgosdpwiE § prises &

flat disk defining a.spiral. slot therethr ough.ﬁzn%qmpnsesa

flatidigk definingh spiadlsivt dierethaiughl, wherein the second guide L

spring conprises a flat disk defining a spiral slot”
t heret hrough. 13. The control valve of claim 2,

whei2i n The confrologadic bNelhitges LeggaLyin .
the pl.unger. 14. The control ’vaegegll‘glfe %ﬁtng%m% Tgl?ﬁes a Vélve stem

reé&%ﬁfg&h@pﬁﬂlge{i rst guide spring is clanped to between
a first end of the actuator and a first end of the® .

valve stem 15. The control. valve of claim1, further
co i Si re nt ai. ni n
NP4 S! ffe @oﬁizoq§\§a Veoof lhing 1[31, wherein the first guide spring is clamped

between a first end of the actuator and a ﬁfst end of the vélve stem.

15.  The control valve of claim 1, further comprising a pressure containing

member situated about at least a portion of the flow tube. v

16.  The control valve of claim 15, wherein the pressure containing member

comprises a braided sleeve.

17. The control valve of claim 15, wherein the pressure’ containing member

comprises a plurality of rings.

18.  The control valve of claim 15, wherein the pressure containing member

comprises a rigid member receiving at least a portion of the flow tube.
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menber situated about at |east a portion of the flow
tube. 16. The control valve of claim15, wherein the

woresdarws cont ai ni ng nenber conprises a brai dedT/US2004/031702

sl eeve. 15 17. The control valve of claim 15, wherein

the pressure' containing nmenber™ conprises a plurality

of rings. 18. The control valve of claim15, wherein

t he 1fr esslheecootmt wilvé nfj clabmid; whessip thessigidanémbétcomprises first
menber receiving at |east a portion of the flow tube.

and® Becohd 2fembdrs SABRRACBRRI thd ARV @e. WO 2005/ 031198 .

PCT/ US2004/ 031702 19. The control val ve of clai m'18,
wherein the rigid menber conprises first and second

. menbgr s %M&QQ%:;}%%% e flow tube. 20. A cont roI_“:

val ve, conprising: a astonmeric. flow tube; 5 a

pl ugg%iaggaleb%gﬁg&ﬁ%t and second ends; a pinch nenber

connec Pst end of the pl unger, the pinch

menber situated adjacent the flow tube; a reference

surﬁé’é‘@’%ﬁb iR Heharbespad eydsppposi te the pi nch menber
such that;-the elastomeric tube is squeezable between
t he appincth memntive rcoamattddhtn thkOfirsefead estCthe SplafAge etheOpinch member -
control fluid flow through the flow tube; and nmeans '

si t uat ed shtdtb®adjhdent theMdveRBeNd ends of the pl unger
for guiding the plunger. 21." The control valve of

clah PR r b Sl s  for cantaining th :

pressure s I? gﬁ%&fqogf\?vﬁp%% gé&gazﬂgﬁ%%é’ s{é[% herQ}PCR/EGWQB Fuc(?‘ that-the

clai m 20 ’elafs%;r{e%% " bR Isc?ﬁerégabqg al?escwgeonr 1‘.1€11ea nl.)%hghg member and the
reference surface to control fluid flow through the flow tube; and

means situated at the first and second ends of the plunger for guiding the plunger.

21.  The control valve of claim 20, further comprising means for containing the .

pressure of the flow tube.

22.  The control valve of claim 20, further comprising means for damping

oscillations of the plunger.

23. A flow measurement and control device, comprising:

an enclosure;
a flow measurement device situated in the enclosure;

an elastomeric flow tube in fluid communication with the flow measurement

device;

a plunger having first and second ends;
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15 oscillations of the plunger. 23. A flow nmeasurenent

and control device, conprising: an enclosure; a flow
woresuserent device situated in the enclosure; PEN/US2004/031702

el astomeric flow tube in fluid comunication with the

fl ow neasurenent 20 device; a plunger having first

da b chegibds conrtedf 102fe fitst SASSAUBRRIOLL- RO IO, o o
2005/ 031198 PCT/ US2004) 031500t § pi ncé ﬁeﬁﬁgef € pinct member

connect egiyfaadt Ja cgﬁtrtﬁéﬂg{;%ﬁgé‘_ the plunger, the pinch

menber - si t uat ed” ad] acen fl ow tube; a reference -

i toned .general |y opposite the pinch menber “
Such RO b g PEs G, feacthUBEmposisxibe amsbimeinbenanoh tha the
t he pi nchi menber and the 5 reference surfgce_to
control FAHiPEeRs Jibe HE osayieexable flebveenuthe; pinchi hinber and the -
gui de' spring situated between the pinch nenber and

the fir stefeenbechrfatete coptroln e flodnBirdleh FROMGky Ftiele
spring situated adjacent the second end of the

. : o] ,devi ce .
D e S SOTG B TRAT R Hin A MeiB ARl ticlisEnd of the

' ' The
is a Cor . fgss flow neasurenent device. 25.
fl O\Aneasltl% e§’n€¥Haland control device of clai mt ﬁB, | unger
furg onpri sing. .an actuator receiving e plu
to aa%S{ﬂ%“f g‘flrrﬁ%s% Pteg aggé%él@q seepyd ernskofithoplungére,
- pinch nmenber relative to the reference surface; and a
controller receiving a nmeasurenent output signal fr.om
t hé¥ 1.0 W Iesspement and control device of claim 23, wherein the flow

measurement device is a Coriolis mass flow measurement device.

+ 25. - The ﬂowslmeasurement and control device of claim 23, further comprising:
an actuator receivipg the plunger to adjust the plunger to selectivel}.f position the’
| pinch meﬁber relé"ci;/e to the reference surface; and |
a controller réceiving a measurement output signal from the flow measurement
device, the controller providing a control output signal to the pinch valve

actuator in response to a setpoint signal and the measurement output .

signal.

26. The flow measurement and control device of claim 23, wherein the

elastomeric flow tube, the plunget, the pinch member, the reference surface, and the first

and second guide tubes are situated in the enclosure.

27.  The flow measurement and control device of claim 23, further comprising

a damper connected to the second end of the plunger.
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15 - device, the controller providing a control output

signal to the pinch valve actuator in response to a
weetEmsns si gnal and the neasurenent output . PEeT@Sa104/031702

26. The fl ow nmeasurenent and control device of claim

23, wherein the elastoneric flow tube, the plunger,

the pinch nmenber, the reference surface, and the.first

20 asd S@h@ﬁIbv@ﬂieQﬁnrétﬁ&ﬁsanérc@nt%ltdé@ic%%g'c‘lhlﬁl@ furg}s r comprising

encl osure. 27. The fl ow measurenent contr ol
da er 59 dto

29 Sz@s%%?ﬁéﬁ%&%@fﬁﬂmﬁdﬁoéﬁa@%ﬁ% R of RIS hiEG.

546629(BP85C1 . DOC) Vw)2005/031198 PCT/ US2004/ 031702

28. The flom1neasurenent and control device of claim

23, further conprissing' . a pressure containing nmenber

situated about at |least a portion of the flow tube.
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