28 Decenber 2006 PINCH VALVE CROSS- REFERENCE TO
RELATED APPLI CATI ON This application is a
continuation-in-part of International Patent
Application No. PCT/US03/09381, filed March 28, 2003,
whi ch designates the United States of America,
clains priority to U S. Provisional Patent App??)ceg%ber 2006
No. 60/369, 493, filed April 1, 2002. Both of these
applications are incorporated by reference. BACKGROUND
OF THE DI SCLOSURE 1. FIELD OF THE DI SCLOSURE - The
present invention relates I | fluid fl ow and
control, and nore 10 partW@i a pinch val ve
havi ng a reduced-friction guide nechanism 2. .
DESCRI PTI ON OCHQSSAREBERENCE TO RELATB APSHICATIONSt em
general l'y consists of three conponents: a flow sensor,
a control bicagiprel iser eoptinyapn-isrpastefHintgsiational Patent Apphcailon No. -
proportional -integral -derivative (PID). controller. A
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desired, or set point flow Oten, the control valve
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desired closeness of control. Many industries such as
sem conductor, pharnmaceutical, and bio-technol ogy
experience fluid BEGROYNILOEFHEMSCLOSHRE ypi cal | y

Iow flow rates, the use of abrasive 20 chem cal
fluitds, FHIIOF THE DISCLOSURE  heni cal fluids, and the

need for contam nant-free, accurate, conpact, and

real - t i mBef PRSPt ARyRRiQN rokiies erapiallarty fujd thows andl cogrol, and more
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10 particularly, to a pinch valve having a reduced-friction guide mechanism.

2. DESCRIPTION OF RELATED ART

A fluid flow control system generally consists of three components: a flow sensor,
a control valve and a controller such as a proportional-integral-derivative (PID).

contzoller. A typical fluid flow control system functions by changing the amount of

15 opening of the control valve until the flow sensed by the flow sensor matches the desired,

20

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, pharmaceuﬁcal, 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.



For exanpl e, Chem cal - Mechani cal Planarization (C P)
is acritical process in - the sem conductor industry
that involves a process to flatten the wafer
surface:ofa sem conductor by applying an ultra-pure

fluid containing suspended solid particles angg?)ecember'm%
reacti ve agent between the wafer surface. and

pdlishing pad. In nost applications; the 5 poli Shl ng
pad rotates at a controlled speed agai nst the

sem conductor to flatten-: the surface. Q/er
al teri n [ enovi
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surf Iaceg en_fhe resist -covered. 15 wafe
and 3‘ %t 15 Pighly dependend uppn the flﬂié!clarégfieef the fluid and
by e r- weakepin engt heni ng the_resi st
pol y‘ﬁ%F%'ﬁ;?’f"é‘F ﬁ]r‘@gfiﬂg’egefi ugngg poShE Opetftioght t he
wafer is devel oped with the applrcatron of fluid
Accur a
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§M M &afet and azljght source. The light reacts with the resist by either weakening or
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
Tesist must be contamination free as any “dirt” on the surface will cause a defect in the

20  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

2



28 Decenber 2006 variety of "spin-on" rmaterials are

bei ng evaluated with a wide variety of chem ca

-conposi tions and physical properties. The key

di fference between the. lithography process and the
spin-on deposition is that any defect in the fbéﬁ%cmnber2006
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dispense, etc.

The track will also provide additional processing steps after liquid application that
ch@ges 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 performance is determined By th;a accuracy and repeatability of
liquid delivered to the wafer surface in addition to minimizing defects in the film caused

by voids, bubbles and particles.



The fluid control elenent is thus a critical conponent
of such systens to insure proper delivery of
t he. process fluids. A pinch valve may be used for the
fluid control valve in such systens to provide an
efficient, conpact and high .purity fluid ContﬁﬁthxnmﬂZOOG
device. In particular, a solenoid-actuated pincC vairve
grovi des a cost-effective neans for .s providing fine
fluid control. Such valves typically have a guide
mechani smthat incorporates parts that slide against
each oth ' [ di ani smthere,.-is a .
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sur{.a6L; : ol- £l uid flow through the flow tube.
A firsfmgﬁla% s%@%%ﬁo#gf@Tfﬂ%ﬁég between the pinch
menber and the first end of the plunger, and a second
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the plunger. The guide springs nma

-defining a 20 spiral slots therethrough. An actuator

.sel ectively position the_pinch ne

ted to
relative to the
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abuts - : :
connected 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 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
adjaceht 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



the first guide spring. The other end of the plunger
extensi on extends fromthe plunger . and abuts the

second guide spring. - , In certain exenplary

enbodi nents, a danper is connected to the plunger.

The 5 danper has a first nmenber defining an o i 2006
tnerein and a second nenber slidably receivedﬂfﬁegﬁgmr 00
openi ng such that there is clearance between the first

and second nenbers to create an air passage. The

second nenber of the danper may be a spring cup having
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Pr €S SHd SnEORE alchh M\;\}mg may situated about at Ie_gst. o

a portion of fhe éio tube. In other aspects of the '
di scl gsure, a flow neasurenent and control device uses

a. cont rol cor@lnVgems) uReeishs 48ihPer 5 .
e@plaf ol dStnPer 1?%?@8&(}8;’3&% Hlunger.- The

the fl ow nmeasurenent and-control device
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the enclosure. An 15 elastoneric flow tube is In
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-pl unger has a pinch nenber connected thereto,
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situated adjacent the second en unger .
Decemdsw 806 A controller receives a neasurenment -
out put signal fromthe flow neasurenent = device and
provi des a control output signal to the pinch valve in

. r esponsein ¢thér BpdcRUfMe disclosure, a flow measurement and 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

15 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 -

20 pinch member and the first end of the plunger, and a second guide spring is situated

adjacent the second end of the plunger.



signal and the neasurenent output signal to adjust the

pi nch nmenber' relative to ,the reference surface to
control fluid flow through the flow tube as necessary

. to reduce any 5 error between the neasured fl ow and

the setpoint flow In certain enbodiments, thes¢QWmber 2006
nmeasurenent device is a Coriolis mass flow nmeasurenent

devi ce. BRI EF DESCRI PTI ON OF THE DRAW NGS O her

obj ects and advantages of the. invention will becone
apparent upon reading the follow ng detailed
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which: 10 Figure .1 is a bl ock diagr i ca

exenpl ary enbodi ment of the present invention. Figote 2 setpoint
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accordance wi th anot her enbodi nent of .the “invention.

= Figure 5 pictoriBIIBF DESCRIP RIS oF HIBRYRARINE

including a clanmshell pressure 20 contalning ﬁenbef

i N accor Otncebjestsidid aBinRgts STRORVIRBE wal bibe readi
i nvention. 6 28 Decenber 2006 Figure 6 Fi 4° @pparent upon reading

per Sodalldwing deitaivd AfscAMRBARAN héH YeRfentd\s 5 cﬂmggé ib.which.‘
pressure containing nmenber shown 1n Figure 57 Figureé
7 shows the valve of Figure 5 with a portion of the

&1 anshelHigye bissureck diagiaiselich@icmy MRLswABFRMESb valve in accordance
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- with an exemplary embodiment of the present invention.

Figure 2 pictorially illustrates a pioch 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 pictorally illustrates a pinch valve including rings situated about the

pinch tube for pressure retemtion 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.



5 Figure 8 is a perspective view of a pinch valve in
accordance with another exenplary enbodi nent of the
present invention. Figure 9 is an expl oded view of the
pi nch valve shown in Figure S. Figures 10 and | 1 are
sectional views of the pinch valve shown in Fi ga{gS. 8ner 2006
and 9, showing the valve in a closed and open
positions, respectively. to Figures 12 and 13 are
sectional views illustrating the upper portion of the
valve shown in Figures 10 and 11, respectively.
Fi gures Plguah6lishperpRiidd 0ty dtoadpcdidn dflthd\dmhshbll Peesfur®¥ontaining .
nmeasur enent and control - devices enpl oying a pinch
- val vigethber fos@ig swith an exenpl ary enbodi-nent of . -
the invention. 15 Wiile the invention is susceptible
- to various nodifications and alternative forns,
speci f i c FiguteoT sl ttse viles eOFigaave v enpatien\of the alsyshell pressure
exanple in the drawings and are herein described in
det adohtainidy nedatbel dmbe:dunder st ood, however, that the
.description herein of specific enbodinents is not
intended to limt the invention to the particul ar
sorms di Eiglueskds a lpetspative hdewe ofitar gingh, valivein atcentancmn with another
to cover all nodifications, 7 28 Decenber 2006
equieveh@ay smbatidend bf the pasént @wvedtiil i ng within the
spirit and scope of the invention as defined - by the
appended_cl ai ms. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
| |1 ust r akipwe Yéassapladast Gewof tih pincinvalya shewn iy Kigure 8.
described below. In the interest of 5 clarity, not
all features of an_actual inplenentation are described
in this SpEes 4 adil 3f sectionalyvies gf the gick galyg shown in Figures.§ and
appée%iate that in the devel opnent of any such
act trai® drbye ita clossd Aad erpe PPsiensFETeEtElh- speci fi ¢
deci si ons nust be nade to achi eve the devel opers,

10 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 iIlustratiﬁg flow measurement and control -
devices employing a pinch valve in accordance with an exemplary embodiment of the

invention.

15 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,



speci fic goals, such as conpliance with systemrel ated
and busi ness-rel ated constraints,- which will vary
fromone inplenentation to another. Moreover, it wll
be appreciated 10 that such a devel opnment effort m ght
be conpl ex and time-consum ng, but would neve I
be a routine undertaking for those of ordinaryﬁégﬁfﬁﬁ&n2006
in the art having- the benefit of this disclosure. A
pi nch val ve 100 in accordance wi th an enbodi nent of
the present invention.is conceptually illustrated in
- Fi gugeivilentéyrand alidindtioes fAlidg withil tha/gir@Gnd Sobhe $fQb&Avention .
el astonmeric 15 tube 126. A val ve plunger5124, mhiCﬁ s defined
may Hyehé sppbddedtiaiogg of a piston or ram is noved by the
actuator 122 to selectively squeeze or pinch the tube
126 against a reference surface 128, thus varying the
size of the-opPETAILENDESIRWTION OfF 0k iomsTI®9. The
flow tube 126 is nmade of material that is relatively
soft so Hhatrative emboditnents ofithe és&atbobet WeefibedbeRw. In the interest of .
pl unger 124 and the reference surface 128 to contro
the chafitywnotiall fegures ofwmtantualeimpldnitta§of fre ABscfibdin thib Specification: It
mat erial nay have a | ow pressure rating due to its :l ow
st r sl ofi coubsepbeegpreriatedabattinitind AgWBMBA of b3P sich actual embodiment,
situated about at |least a portion of the tube 126 to
| nprgveotshisnplouengtion-specici degishs et beiRRdel@bachBve®he developers’
Decenber 2006 Many applications, such as those -
as sepetifit edalwi subh dh@nidinha@oridlisis@i-rePRAT AR GR4hdsEAdlated®Ehstraints, .-
bi o-technol ogy industries, require the flow path (al
surWwhick silhvetryeitbm biye infjferpineeios So bhdthed) Miredvbl iitwill be appreciated
delivery systens be constructed of high purity,
ichghitcaichya divebopidene sifsit afiight BRcGMmpRk Santl Qixﬂé—éﬁxﬁ@ﬁﬁn?h But would
purity of the chem cals used. Plastics are desirable 5
begmugthelehebel b trowing umereRing ©akifsd 5L0rdidant 581 in the art having. the
sem conductor wafer fabrication processes can be
corberafit ofithisctiscfoset al i ons dare | eached or renoved from
metal how tubes due to a variety of nechanical and
chemical processes. Plastic material$ are corrosion-
r esi st afitpingh valve 100 in accordance with an embodiment of the present invention is

cohceptuall}; illustrated in Figure 1. An actuator 122 is situated next to an elastomeric
15 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
20  flow tube material may have a low pressure rating due to its low strength. A pressure
containing member 130 is situgted about at least a portion of the tube 126 to improve. the

pressure rating of the tube 126.
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~plastic.

a wide range of process materials. Hi gh purity grade
pl astics are thus used in these industries since this
generally prevents transferring unwanted ions to the
process material. 10 In addition, the snooth surface
finish inherent in the manufacturing of a plash
tube reduces the ability of bacteria to attac%g?gg‘%‘ﬁ%\érm%
tube and contam nate the fluid with organic
materials. In such high purity applications, the tube
126 is pr&Ierabl y. made of a high purity elastoner or
8Y)i PRitbications,glsughurast yhoet astsocinted | Sithi lfieC QBRiconductor

(cross-linked 15 polysiloxane) as it is chemcally T
r esi §ﬁ%fﬁ’?°33ﬂ%?1=r?é‘§ Yiiechaploge induitdnsi eqhirgthe lewtpads(all surfaces wetted -
a hen;l? ?ql:%i t abl e t ubi nfglybrrat_eri als are PVC
(pol Y i aFoitidieof fipjdydatiyery Pustonpy teppnstne ed vg highpurity; chemically -
Fl uor ocar bon Rubber (Viton). A variety of fluorinate

pol y HEFEEsstipt mptapmls mprortrbe puiteofths chemitalaABb® . PIRGES are desirable
exanpl e, PFA, a mxture including PFA materials, and.

S?I i ﬂ@eg‘ﬁé’lﬁ% ave ghtricalntediia e staicohdetdr Wager ¥Rficktfon processes
hi'ghﬁg%i;ty applications. Mreover, in exenplary 20
enbodi' e AtEargpated § megal icas a@lcachdier eerasved fOmhaE Tow tubes due to a
wher e stagnant fluid can collect and no sliding or
r ubbPAEY phmechapicaland ghrmdcat peatsessp Btasiic mefridlf ateR6rrosion. resistant-to
fluid,  making the disclosed design especially well

sui 9P GFUER| A Prengss myteridp| Hight poits grille 30asBOCREIRYS used in these
2006 The tube's flexibility allows the tubing walls to

con WWM @&E‘V‘EFHHWE@E- h‘qnfem-mg hxﬂﬁra:ﬂéq ions to the process material.
| rrpﬁ{ ;@{%y ons in the walls to provi de a tight seal:
he 6o phsmeot surfigfinish inheren ghthe manb A EHAGof a plastic flow tibe
presgure _drop and turbul ence. The fluid contacts only.
. t he™ PG gBdity aftgctpristoettindhrig thedatre nd contunBiicR Mid W8 organic
"other valve parts and preventing contam nation 5 of

t he™PFH%ess fluid in the case of high purity

applications, -such -as sem conductor polishing

oper at i ﬁ]rC]s. FLg%ure, 2 shows a pinch valve 200 in

accorda Welbigh peRbEAmbeRiam ﬂle@lﬁbgt 126 is preferably made of a high purity

| ela#oma or plastic. A suitable high purity elastomer is silicone (cross-linked .
15 poly:siloxane) as it is chemically resistant and has tﬁe proper chemical properties. Other
suitable tubing materials are PVC (polyvinylchloride, Tygon), Polypropylene and
Fluctrocarbon Rubber (Viton). A variety of fluorinated polymers such PVDF and PT'FE
are also svitable. For example, PFA, a mixture including PFA materials, and-silicone are
sgit?ble materia_ls for the tube 126 in high purity applications. Moreover, in exeimplary
20 embodiments 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 hi gh purity applications.



present invention, in which the pressure containing
menber conprises a braided sleeve 230 surrounding the
flow tube 126. In sonme enbodi nents, the braided sl eeve
surrounds 10 the entire flow tube 126. Figure 3

schematically illustrates portions-of a pinch
201, in which a portion 232 of the braided sl gg\k/)\eé %laerZO%

is renoved. In the enbodinent illustrated in Figure
3, the renpoved portion 232 of the sleeve 230 is:

adj acent ;&‘e valve plunger 124, so that the valve
pl unger 124€ dheecilexbility the fiebig wellst obenff, around any trapped -
rather than .the pressure containing sleeve 230. 15
GenerBfY4FS Of HaPesfectiogs in dearalls toBOvido edightoteal rifter i@ path is' straight
with glgerat i.gn_of the valve 201. Certain materials ‘
‘used © Fgll’ Rzt SYE dearcand 3gbultnwae The fluideynthak entf the flow tibe
_per nﬁg nt set if the valve plunger 126 is pushed
agai n$t PIENENgE degicorreresipa of thewthee mavgburts and preventing ‘contamination
permanently deformthe material. Such a deforned
" conf i°g POEREs diuid e thel easo eofrligh perity spplivatiérsplsuch -as semiconductor
probl e his_type of deformation nay occur, for

LT
éxanﬁ?lgs?"ﬂﬁnof’%"at!ﬂ‘&#-ves 20 having a normally closed
configuration, in which the plunger 126 conpresses the

flow tu 123 s?lnd sl eeve 230 for |ong periods of
time. Re ﬁﬁ@% AWS Gopipslp valyg 20Qin a¢verdgheeewith af 3nbodiment of the

theil] ustrated .locati on allows the plunger 126 to
di r SEEI" EERESR 0 thichr the gresssecontadiing whinber aweiprisesi nbragged sleeve

t he iVJir'essur .containing properties of the braided
sl evd SFAgnding the floy sie e czoeditmehis,cthie bruided sleave surrounds

‘an pe chani cal |y cut (scissors, cutters, etc.),
F e rtﬁ%?ﬁr‘[‘% tll’}fff “‘%‘f 62% igER S schamatieally|illustyatef partiens-of a pinch valve 201,
material), etc. to_achieve the desired opening

geoetFyF @?ﬂ‘iﬁ@f‘:ggﬁg the | braided sigeye 3P sis Etsma‘-’ddhohdﬂte"émbodiment

for.gheﬁtﬁcﬁbeﬁ_lza The sl eeve .230 also offers pressure
cont &R Bigie fhierpaared prafions2ef thensléave 2Bss adjacent the valve

incr,easeg?gressure -.rating of the :5 "portion of the

f 1 oftPeRh &% 58 thatthe Xnlke BlugeerHh dirtvdly pomats tiaflve tiled2s, rather than
Fi gﬁgg 4 illustrates a pinch valve 300 in accordance

wi t € RIS reor@itd ey 230.

15 Generally, the braided: 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 conirol problems. This type of deformation may occur, for example, with valves

20 having a normally closed configuration, in which the plunger 126 compresses the flow
tube 126 and sleeve 230 for long periods of time. Removing the portion 232-of th-c sleeve
230 in the illustrated location allows the plunger 126 to directly contact the flow tube

126, while maintaining the Prei,ssure containing properties of the braided sleeve 230.. The

10



enbodi nent of the invention. In the pinch valve 300,
the pressure containing nenber conprises a plurality
of rings 330 situated about the flow tube-126. -In--a
particul ar enbodinent, 1 nm w de pol ypropyl ene rings
are spaced on the flow tube-126 on either -10 §tg€ﬂ8&ﬂ2006
t he actuator 122. In other enbodi nents, the pressu
cont ai ni ng nmenber conprises one or nore rigid nenbers
situated about the flow tube 126. For exanple, the

f | ovlebveligurel 2P, agq)\é e, LN erted _through a bore defined
by such a rigi stn?eﬁ ‘i"é

Cont@hveliB b ¢, enbodi ment, the pressure
cont ai ni ng neﬁblg?tgrgﬂ’]rgu%%ch{f’r‘fé the @wrthbpemn]gS 2d0EHOBY € "Fhus,- the

it sl&ve0l) g8S h the entire tube be received
by the pr essurggeﬂ';ic'g'ﬁ]tdsr 2‘%’% Whentir . Thef sleore230nash SR pressure

of -doh@inkdiiCrol nd SonMe pressure contai nment
will be r eng} ?lf e%gwl%’t% fzg agd s‘ﬁfﬂmnaapluméaswabheasu@&uh@ of the

sacq)eﬁidaeptg W, xenpl ary enbodi nent of th
present | n%en%&b%qgﬁg?n‘j%fgé“% gpldchmﬂmﬂfodyncl udi.ng
two pieces. The- plnch valve 20 400 includes a

"cl amsMRgdre 4PHIRSS) ai ni menber 430 that
i ncl udes upper an % a mF ﬁ@lﬁﬁgag iy 3qcordpppe Wﬁhgmmeﬁcxemplary

|1‘¢mlmt1hmi1§§ftb@ﬁwlm er 432; the upper nenber
431 is simlar. R gur e WB%V%IW@WaWQrmemﬁtﬁnﬁglﬂember

tk@ﬂjpﬂ@eraﬂﬁqp@ the 11 28 Decenber 2006
pressure contar ning %ngjr%ge’?t“%%al?"r‘i‘t Bicaliew titeel260pBI-2 3Aficular

| GwbodinteiPDE fogn ARk, - define a groove 440 that
general |y correspﬁ% ?pgﬁ:fl‘h@ngf?ﬁi)@a@ﬁfd arhibe flloaubd B on cither -
ither

10 128 ofthicdbtualopdyy When the upper and |ower nmenmbers 431,

15

20

432 are sandw ched about the flow tube 126,7 the:
grooves 440 receive the flow tube 126 to provide

pressunm eﬂ:eﬂélhajdm&{{g the jLlustrated enbodi nment,
the upper and .l ower m%g%%gre4?f F§Rbresompulieds ore @nmore

Ofsehinagbetd Aniblatibé g Gal h r portion of the
actuator 122. The uppefgoq’gnée Eé or e)\ample the flow tube 126 may be

inserted th
rough a bore deﬁned by such a rigid structure 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

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

Fi
1gure 5 shows a pinch valve 400 in accordance with an exemplary embodiment

of the pres
P ent invention that uses g rigid member including two pieces. The pinch valve

400 *
mcIudes a “clamshell” pressure containing member 430 that includes upper and

lowe
T members 431, 432, Flgure 6 lllustrates the lower member 432; the upper member

43]
is similar. Figure 7 shows the valve 400 with only the upper member 431 of the

11
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| ower nenbers 431,432 are hel d together by any
appropriate neans to formthe pressure containing
menber 430. In tests conducted on one enbodi nent using
0.25 inch silicone tubing for the pinch tube 126 with
the clanshel | pressure containing menber 430, b8¢).d00ber 2006
pi.nch tube 126 did not burst until the pressure
exceeded 200 prig.': As noted above, the two-piece
. clanmshel |l arrangenment is exenplary; the rigid pressure
cont ai ni ng nmenber rmay conprise a single nenber, or

Sev elpadssure pddising FeibaC430ah iphie. OTh KGR =i IBHL ﬁﬂ@tll%??ﬁl 432 each -
is usually bi-stable -- on and off. "Some known pinch ~’

val vdsfivay groaveveoublt lAdrAl &irre¥ichlls @ tHa!kHabs b o
handl e, but this type o 18 Slmeiiohh @ B8 itisbe bR flow wibe 126, such

condtiel whed theappaedd 1008 ML B9 are iRBYRMMB ut the flow tube -
val ves are-used (* } for dispensing applications In '

bat c 26 teeessesidireceaidefidviRba RUD bhredld L 8 ntainment. -
di spensed is controlled by the tin% thggﬁ%ﬁgégéi%%n?%

on. This does not allow dynam cally controlling the

f§ow rat dnithe dluspaied mebtﬁmﬁﬂn BRI upper dhdvRWEE niéﬂl%ersh@ﬁﬂ.’ﬂ further .
only two states can be controlled by applying varying

cur rasfine ax opeBidg vidl thatecdivestthelowad pORHACH W Rfuator 122 NBhe upper and
enbodi nent., pul se wdth nodulation (PW) is wused to

- contlpwtr mémsberad 31 e32 Ridkeldstopettir By @y Bppra}RRRI At Brm the pressure
square wave signal at a frequency above the valve's '

mec ifarthiohlz mespodik hrteguandyted dhtnd inYodiMehtCustly dRGnch silicone
signal 12 28 Decenber 2006 is varied to determ ne

t he tehine Gptlicapinch/ bt ABE with thelERAH HRRburt QobtIRIBEHLDRr 430, the -
For exanple; if the PWM signal operates between 0-12

9ol pioch 0% d6 idayt bersEutil @) fréssud Qeedaddy200yslee: AFndled above, the
volts, and 100% duty cycle = 12 volts. The ™"averagi ng"

t ak&w-precdahgetusengditent - ghalplds 88 rigid RSN Ehtaining member
above t he val ve' s nechani cal” response trequency. The
posingy emngsiseh sinhle mealbés or SevbRBABILRAs.t he aver age

current that is supplied. The resulting supply volfége
is proportional to the pulse width of the signal.
The actuation of known pinch valves is usually bi-stable — on and off Some
known pinch valves have a manual actuator with a multi-turn handle, but this typé of
15 -vatve would not be conducive to closed loop flow control. Other pinch valves are-tsed

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 cutrent or
20  voltage to the valve actuator. In one embodiment, inulse width modulation (PWNM) 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

12



If the signal frequency is too |low, the valve wl|l

have tine to respond conpletely, to on and off

signals creating a pul sed flow output, which is

generally not desirable. A typical pinch valve

actuator is a solenoid, which has a spring ele

wth a preload 10. adjustnent that determ nes ?ﬁg%cmnber2006
current required to close the solenoid. Adjusting the

pre- load:. on the valve spring can inprove the

valve's control range. In other inplenentations, the

sol erokdedlodetyaninethe appropriate Yoltppamatirwitisént & the device. For example;
spring-suspended plunger. The spring-suspended

pl unyéhe INWM sigrmbepetdis bagveed 11128 ity &bty eslpens goltUB0% duty cycle
friction, which mnimzes the hysteresis and dead band
comm®it ¥altsaansi 108% duty oycbnsi1d-volts, Ak (fateeakiny’ naktes place: because the
val ves. An alternative approach to the PWM controll ed

sol evigriallisi ¢ atfizquesey @ost dppatvehnhahanicat taspdnee frequthe The position -

transl ates a controlled, determnistic angul ar
rot atfitrval e iabdsedeathe awmed civent thayisaupliedn Tieaesuitingaupply voltage:
arrangénent. -St epper controllers can be designed to
pr odé prpertiosg) cthd pulserwirtthenf thefsigableps proportional to an
anal og~signal input. Backlash, and thus valve 20
hysteresis can be minimzed by any nunber of
appr opf i &ithe gierahfrogmncyde sdognw, theaatve wilhbave timelia cdspagivompletely
A stepper notor generally provides immunity to

-t enpepaend off sigaals preetingur pised flowuattpusshiciwisigeheraityynot desirable.- A.
cause changes in the pinch tubing.. A stepper notor is
a ek pinsh valive pethatproisia adenoids ovhithehas taegppieg elesaehtwithe preload:
changes in the pinch tubing. Wth a 13 28 Decenber

- 9ooediupmeetthat slptprningsithe pirreotwequityd th slosmnthi nelempidi| Adjasting the pre-
of the system- current is-applied to the valve
act lpatopn thei vlveapplitg scahoimgoyo. the helywnehatralbeinge.  In other
whi ch pinches the tube. '"If the tube properties
c haigderensations, t drepenieawish pluoger plasat e repldved suithumn spridpesuspended
tube closes, and thus '"the flowrate wth a sol enoid,
chaplyezsr. Ube epipgrsuspandst @bperr mutnzeothe panlin@naalve ssponse due to
the last 5 position to provide fast response to
ac hiristipm gviser pisimizesathe tiigerstinptd ddadebahd womimde i weilyble solenoid-

15 actuated pinch valves.

An alternative approach to the PWM-controlled solenoid is to use a stepﬁer motor
actuator, which ftranslates a controlled, deterministic angular rotation to a linear ram drive
by a worm gear type amrangement. Stepper controllers can be desigoed to produce-a
specific numl?cr of steps proportional to an analog signal input. Backlash, and thus valve

20 hysﬁeresis can be minimiz;zd by any number of appropriate worm gear designs that
mlmmlze backlash. A stepper motor generally provides immunity to temperature and
preséure ﬁucn-Jations, which may cause changes in the pinch tubing. A stepper motor is a

means to control position, so the stepper is immune changes in the pinch tubing. With a

13



cycle. A perspective view of control valve 500 in
accordance w th anot her exenplary enbodi nent of the
present invention is shown in Figure 8. The exenpl ary
val ve 500 is a - sol enoid-activated pinch valve. As
with the other valves disclosed and illustrate
herein, |a the valve 500 includes a plunger 1gﬁrfﬁ%?mﬂ2006
shown in Figure 8) received by an activator:122 to
sel ectively nove a pinch nmenber 502 (not shown in
Figure 8 ;hat is situated. adjacent an elastoneric
fl ow PulbevaRs the/pindhftabeReR -ifte JA8e | Sighy I
general ly opposite the pinch@ﬁgﬁggr sugﬁ&?ﬁaf&?ﬁgqg&mﬂwdu)ﬂm'
el ast ¥ dctaton vehich2fplics 546 6LHAPnen R6L WaSHh 4i ' Tfthe
menber and the reference surfacg 128 to C%H%pg?p%F3?5 Ifthe:tube .
f I ow prapastsglehange ddd to wenipehturd 3Bpreshhre € arhb QMHRR JRE, and thus the
i's rﬁigiveqﬂgﬁ a pres;;;f cont ai ni ng nenber ’ ’
- 430- i oyt wigh o pdencidy O \WRlorddRerDL k8 i, .
to that shown in Figures glg 7. In the v%ﬁéctg%%i&thh%éﬁﬁﬁm the last
upperposiftemireprodidd. fass raspbig Nt lachbvidy ViR R0 340. fluid delive
The reference surface 128 is received by the |ower ) vy
menbercld32. The exenpl ary val ve 500 shown in Figure 8
uses the clanmshell pressure retaining nenber 430, °
t hough ot her pressure containing arrangenents mybe 20
enpl oyed, Adgtshectise viewsa dontrolstahat 0 i@ AektBS6d (wRE Andther exemplary
conjunction with Figures 2-4 herein. Figure 9 is an
expl abefim¢nt of &e prebrat donbtionlis sdkhwien Bigte 82NGhe E‘{Qgﬁlﬁ-} vaite500isa -
and 12 are sectional views showi ng the valve 500 in '
cl os¥denaidcretyntad piodivalven s wigpehiralngs difi6sed 36d HRLEed herein -
122 includes a sol enoid yoke and coil assenbly 504 T
det i e MRveatDOdndledes bplueg&(@4 (dof sSmBR ERRRes) raQBRd by an actuator 122
t heret hrough. The val ve 500 includes upper and | ower
gui de sdpstiveiy 054 6 il nentbeasEdnetshov RO 8 88 HESis Suated adjacent
p]unge£§é24: hn the illustrated enbodi nent, the pinch
nentférclasoreiis flogmtect2éd A efaamcangdae128 is o - OpPOSi
124 via a plunger extension 512. This allomsc%%fgaﬁﬁﬂwqmomtc
gui & mipthi mesbds 5OcH5hAt the elastomeric tube 126 is squeezable between -the pinch

member and the reference surface 1>28 to contro! fluid flow through the ﬂo&;tube 126.

15 The flow tube 126 is received in a pressure containing member 430 including upper and
lowe-r: members 431,432 similar to tha;i shown in Figures 5-7. In the valve 500, the upper
meml?er 431 is integral with a valve body 540. The reference surface 128 is réceived by

the l?_wer member 432. The exemplary valve 500 shown in Figure 8 uses the clamshell
pressure retgim'ng member 430, though other pressure containing arrangements may .be

2¢  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



5 be of adequate dianeter to deal with the required
travel of the pinch :valve without deform ng. The
gui de springs 510,511 are flat disks with a series of
spiral slots defined therein to nmake a spring that
has high stiffness in the radial direction and
stiffness in . the axial direction. The Iomerzggﬁ%gnhﬂ2006
spring 511 fits into a counterbore in the val ve body,
540 that is concentric with the solenoid axis. The
~outer portion of the |lower guide spring . -10. 511 is
- ¢l arfpatfupishndda velve SORinvledésagyer 54 lcaved gaids PARRS 510,519 sitated at .
542, which is in turn retained by a valve stem 544
r ec OPRREHe ends efpeplengiet 124nd yoke assenbly bore 506. An -
al i gnment pin 546 nmintains the pinch nenber bar 502.
- perpendicul ar to- the pinch tube 126 during assenbly.
The gui o8 QHipsigted eabdiient, Blewpingh metbér 502 istrenmetet ¢r one end of . .
of the valve .stem 544, thus eliminating sliding.
f ri QEiPYReE et Riwrgeppiengion 5124Thin diiewweboth gvide sfrmgs 510,511 to
15 544, In the illustrated enbodi nent, the pinch .
frenBe Pl atsauate; digmeign te doad rwigh the seqiiired ftravbleof: thevinchgualaewithout
spr&gQ 511 and js attached to the plunger extension
512949 1%Pgt ddie gHide prrings S b8 It ase Batalldsks fwithiresekieswel spivali sites defined .
spr&n . 511. The plunger extension 512_ is received by
" the ﬁ?’&ﬁ‘b’@?kelwnggl%t kdsdightskifings$ imibye radiz? diremtidn phddogestifiness in .
ext ensi.on 512 becone a rigid 20 assenbly. The pl unger
Sisee! dirertiger Tesdoss guide SHiRe Stlefits éutoiawcountiipotelie the valve body. -
valye stem 544 such that the plunger extension 512
i pa§§§ &hat 5 conseirie With ghersolenoid s hEhevaitergpogticamf A ower e spring -
val ye stem544 is. retained in the coil and yoke '
1035 giﬁ‘ﬂﬂ §lampRpdebetprn \the valvy béy F48t aidne spacBt Bingaisd2, awtiich is in tumn
spacer ring 550. Thetyoke retai ner 548 al so provides a
f | BHARY, Yrag Salve ptenn) SHDmoheadchibte c2006d yoka apicmblytboee 506, An.
ungr gui de spring 510 between the yoke retainer 548
and &R etamaiakainsgie pindh gembargpar 80 perpendicidar &nithe pinch tube .
spring cup 556 are situated on one side of the upper
126 during assembly. The guide springs keep the plunger 124 in the cenfer of the valve -

-stem 544, thus eliminating sliding friction between the plunger 124 and the valve Stem

15 544,

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 pluﬁger 124 such- that the plunger 124 and plunger extension 512 become A rigid
20 a;ssemb!y. The plunger 124 and plunger extension 512 are recei{red by the valve stem
544 such that the plunger extension 512 passes through the center of the valve stem 544,
The valve stem 544 is retained in the coil and yoke assembly bore 506 viaa yoke retainer

548 and a spacer ring 550. The yoke retainer 548 also provides a flat surface for

15



gui de spring 510. The upper end of the plunger
extension 512 is situated on the opposite 5 side of
t he upper guide spring 510 and is connected to the
spring retainer 554 to fasten the upper guide spring
510 to the plunger extension 512. An antifricti
washer 558 is inserted between the top retain2?@§§QHMH2006
and the upper guide spring 510 to prevent twi sting .
. during assenbly: A preload spring 560 is inserted
through a bore in the top retainer 552 and-.rests in
:the sphinpe GPupied puidd S Qs ;
exert ed Eygt he I;gjr,éefg%ladgp 1%%?)%?%“&&5 )lmggégj ue%fsétg ) § top retainer -
an adpssstor screw 562. The effect of having the two.
gui de springs 510,511 | ocated on each end of the
‘ extended plunger 124,512 is to restrict its notion to
s always e Wbpribel Gaiiet 554 BA 3hfhy Bup 53¢k Hibred Sl Sne side of the upper
~ preventing any sliding contact between the moving
- Pi ecegideApHiRNglo. STHe RgSdr eRd 6f BEPIRRL Eﬁgngﬁcﬁx $1¥ R GRbd on the opposite
incorporated into traditional pinch- 15 val ve designs. '
Thes esideiiRgsppet bliddidR0 sGK & JIRSSled 3O HIRbrib LA inel S54 .
prevent this bu%ﬁling of the sprﬁ%%, itﬁggbty%%%gF¥§54u)ﬁmmn"
cons ttheigpedgdide $Hrie!se0. (- OWSHBber dellfsiSPE 1 Ialahdeib 558
on the hole cau§1n§ frict?gh,%aﬂ%cﬁmﬁg un esi#gg%ﬁh%?ﬂmrﬁmas '
- the ikl GPOAURORD rdtifer?s8 AR i §,?,%, t
gr atner ﬁleu f ;gg gr sép:ﬂlo ntgfarevent twisting . *

illustrated valve 500 is a relativ

t hat ddm,sasﬁgaiblﬁug?lr& RNGring965is %En&%ﬁ%gétg% ggrg in the top retainer 552

supported in a hole. This elimnates
frichadreskifid §irdg & 550ML SHountIIr1EE gcets]eg(\g[g?ﬂﬁ%ye the preload

of friction associated with prior art valve
nenoyRie SoMistBfsk $6lA36sWAle, 90, the valve may. be.
nore prone to self-induced oscillations 16 28
Decenber 2006 resul.ting fromthe fluid flow The

friction ik ke aralacmgite W pade MFQSI’WSI‘WBE.%@&{TP&& end of the
such oscillations. The exenplary valve 500 i ncl udes a

danpatentitbplufiged194,5 Meseto L6t ilsahétRASo Véﬂl&iﬁ@ e AAENDith the valve
friction to the system .

stem 544, this preventing any sliding contact between the moving pieces.

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

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

| buckling of the spring, it is typically constrained in a hole. However, the spring will rub
on the ﬁole causing friction, which is undesirable to the ;falve operation. The preload -

| spring 560 iq 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 unciesixable friction from this

20 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

16



Figures 12 and 13 show the upper portion of the valve
500 in closed and open 5 positions, respectively. The
spring cup 556 is received in the top retai ner 552:
such, that there is a small clearance therebetween
(the dianmeter of the spring cup 556 is smaller
the diameter of the bore in the top retainer 5%%Eﬂ%gnhﬁ2006
receiving the spring cup 556). The top retainer 552,
-spring cup 556 and spring retainer. 554 thus function
as a danmper to reduce or preventing oscillations. As
shownT®¥Hirg Gemdhefuid pw. The frictippefithe Belehad FPE6Ewould ABmally damp
10 above the spring cup 556. Wien the. valve stem 544 )
nov esSuck hescillptidnng  dbp eBSAplslyi vdee iS00 intlbdes t O @afnpérathae stops these
552. When the spring cup 556 slides upwards fromthe
posi t ¢sewladenswrithpwt-addifg fistien th2he systelme posi ti on shown.in
Filgure 13, the area of the space 570 is reduced so the
trapped air nust pass through this small clearance,
creating d'8¥Esidiand 1dishew teenunipat portian of the Skl 06 tire closed and open
noti on of the valve stem 544. The resisting force is
"o y BSPEeEnespgsyely. hEhelprigs bupeS X1 e medsivd insthentopi tegineaSitl such that
t hus does not affect the fine control characteristics
of t (e i malb doarange thasctictween (ta |djanrete if tedspriog ROY 656 is smaller
relatively slowy about 1 Hz). The resisting force
al so jgeee @f&ngtﬁraqfﬁfwbw frhthe b rofsined S5F retdivingtitei spring @po556):. The' -
thus is an effective danper at high speeds (> 10Hz).
Fi gufepsTetnen 362, pprieg i and| pying rétainerr it ahwes fuh@ivn as a damper to
measur enent and_controlLdevice 20 110 enpl oying a
pi ncFPayea s ravgutingpscillstionpi Ae shoval in FiSOO1 2 bis ¢ toapeet] Arthe space 570
illustrated-herein. The neasurenent and contro
dBvi Bove s spres GRSS6aWhen dicosliecstend J4dmmuvenghasingicdp 556 shidesin . -
inlet and outlet 102, 103. A flow neasurenent device
112 18 tprplaineedf2i (Whendheantnpeur $65bdes upwardd Fo@8he position shown in:
Decenber 2006 an exenpl ary enbodinment, the flow
measiiPERdAito Hewpeitonshown inpiginsds, the@omiod Hiesparsgo is reduced so the
flowreter. In high-purity applications, the flowreter
112 PRI Bt pess thiovzh ahis smbl clraglecepreating a pressure differential that

resists the motion of the valve stem 544. The resisting force is only present when the
15 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
20 110 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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a high-purity plastic material to prevent

contam nation of the process fluid caused by 5
transferring unwanted (e.g. -nmetal) ions to the

process material. Suitable high purity plastic

materials include PFA  PVDF and PTFE. As nOtedzgfkg&ﬂh32006
abeve, the pinch valve 500 nmay al so include

conmponents nmade of a high purity plastic material to.

“prevent transferring ions to the process material. In

the block diagramof Figure 14, the valve 500 is
shown A §XBWiaRG cgbadiment dthe Snpinsesirgment ddvice 12Qomprises a Coriolis mass
encl ogure 101. In sonme enbodi nents, to portions of the )
val ve"*BP®he entire valve, are attached to an '

out si de; surface of the enclosure 101, as in-the

enbodi nent,s, shown in Figures 2, 4 and 5. A controller

114 recei vadiEe "PURY SePlitaliegsgtha flowmetenhl Zqut foublysiagn flbw-tube made of
fromthe _fLo%?eter 112. The controller 114 conditions

and pr SER BT iastc Soalia tor prsvant pentdnhinetionneft the paooeks fluid caused by
gq;pq%%ﬁa.controlgfignal to the pinch valve 500 to

vary the oW Vaiied &gt metal) dons te dlss proness andtaial b Sapsblo Righ purity

a conpali son.of, the setpoi nt and neasured fl ow rate.
PRt Bty in 3

The POty pte PBALINGDE ansk FIGIE. ohs kel hesein yipive ahé Yinch valve
~an egaft%pgﬁc sugnal such as a 0-5V, 4- 20mA signal or

a di gitar” rrariidecompenets inads of poligh purityeplhsic enaest] do. prevent

.al so used: A suitable setpoint generator is a

be :
model PS5 sde thegupresniterial. alpdhd bibtkadigramoReigurk i19the valve 500
Cont&%hg of York, Pennsylvaniq.‘ZO The controller 114
may al’s O heing situated, Femplefalrovithin the onwioase 1L e some embodiments,

.Qyertide fapere an additional signal is sent to the
-Cont 198 149 Valve or Bigeptifeenlwsi greatiachers &5 ai betside. surface of the
.contr&hlerﬁél4_to ignore the setpoint and fully open

or cl'oSE™ tre: Fdnihs aoefydinpnisshovesin Figuress, 436d 28° - .
Decenber 2006 often used for shutting the flow off or

'purging’hh&m%éﬁ%ggkhln Figure 14, the controller 114

. 1s shown "as

SFEVEh @dsetneint ddgnah aind ranl ogpwtesig@il , from  the

" pr oy, gig . §£0 | et el integrated flow contro

" 114

i5

system 1n othef® & Tkl ondifiengeandr protdsees donsigall iem the flow

Co . :
meter and outputs a control signal to the pinch valve 500 1o vary the flow rate of the

process material based on a compaﬂ:sou 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.

20

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

controlier 114 to ignore the setpoint and fully open or close the valve 500: This feature is

I8



external to the enclosure 101. 5 = The pinch val ve.

500 regul ates the flow through the device 110, . and

it also provides a buffer against changes in line

pressure. The val ve 500 can be positioned either

upstream of the mass flowneter 112 as shown inzgi ure. 2006

14, or downstreamas in the enbodi nent shown

Fi'gure 14. Generally, it is preferable to have the

val ve 500 on the side that will see-the |argest

pressure variations during use. This hel ps shelter the

[ ow olfep usedrfpi dnuttinb2hé oMoy @ ALY GOBAYSS W figure 14, the controller

fluctuations. The particular enbodi nents discl osed

abovelldrie shdwwiss beihi yesitohed, infise tH3CercRY@B! 102D proWiingdS complet oly

nodi fied and practiced in. different but equival ent

mannergeraiph foendontrd dyseme Insdick kRBodimerth Chobbelved B Bftrolier 114 js
no

the benefit of the teachings herein. Furthernore,

| i mi texteimalris theandosuné B01ded to the details of

tonstriuction or design herein shown, other than as

described 15 in the clains below. It is therefore

evi dent  t'Het pintte vidae 1508 utmulatante diowe tircugli 6! 2506 110, and it also
above may be altered or nodified and all such

‘var i BioViges tiler against deuged inlirielprassuré THRGAPR 500 05h eifobilibned either
of the invention. Accordingly, the protection sought

“her etiifitvag abthsanast flowimeten It es stoiwai EFiet AW, od 8ovdBiream as in the

‘Decenber 2006 CLAIM5S WHAT IS CLAIMED IS: |. A contro

“val vembodigept shoivngn Figare lal didnanily, itds plefimiadSiavatthe valve 500 on the
pl unger having first and second ends; a pinch nmenber

~conriaderthat vill seenide flacpest penaircotarittives Mg ede, THhenhdhs"\GBiter the flow -
nmenber situated adjacent the flow tube;

© 10 -meter 112 from pressure changes and fluctuations.

The particular emﬁo&imcnts disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent marners apparent to those
skilled in the art baving the benefit of the teachings herein. Furthermore, no limitations
-are intended to the details of construction or design herein shown, other than as described
15 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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a reference surface positioned generally opposite the

pi nch nmenber such that the elastoneric tube is
squeezabl e between the pinch nmenber and the reference
surface to control fluid flow through the flow tube; a
first guide spring situated between the pinch

and the first end of the plunger; and a secongggﬁﬁgemﬂ2006
spring situated adjacent the second end of the

plunger. 2. The control valve of claim1, further
conprising an actuator recei vepgrMye plunger to

adj ust the plunger to selectively position the pinch
menber relative to the reference surface. 3. The

cont MIAYZE\GL.AMMEDEEM 1, further conprising a plunger
extension having first and second ends, the plunger
extensi on received by the plunger, the first end of

t he pl unger egkgﬁﬁaqaha%bgﬁggﬂg fromthe first end of

the plunger and abutting a first side of the first

gui de sprpgygstomeriqfew &gt r ol val ve of claim 3, wherein
the pinch plEgBSaving Rk haFQEthddaihe first end of the

pl unger extension and is situated adjacent a second

si de of #REchegbergsngesteddp ticrfgstepgd of the plunpe, the psith member
side. 20 28 R Sdia 2098 n&w e control val ve of
claim1, further coﬂpr|5|ng a plunger extension having
first antirdecewdudagposititred genang)bropprtitensd ginchy masber 6aeh that the
by the plung he. second e f _the_ pl unger

ext ensi on ext%gargl’tl r?g°?“§’8ﬁ%%‘lﬁ%ezé@%§%’e%‘h@gewc RembBer ang dhe
and abut ti ng refarehoe sitfacd tl earnifol R fHRE Bidhel tiedRvS@bENT.
Conmece SEPALEHBobE Rt hisbimer o BTt nt o

connecte
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 recerving 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.

4. The control valve of claim 3, wherein the pinch member is attached to the
first end of the plunger extension and is situated adjacent a second side of the first guide
spring opposite the first side.

20



7. The control valve of claim®6, wherein the danper

includes a first nmenber defining an opening therein

and a second nenber slidably received in the opening

such that there is clearance between the first and

second nenbers to create an air passage. 8. Th8g pecember 2006
control valve of claim®6, wherein the danper is

situated adjacent a second side of the second guide

spring opposite a first side of the second guide

spring. s9. THE LA LAbe YAINE OlurfleAldRpisink W gEr extension
conprising: a spring cup defining an openi ng

t hehatihg Girgind sgeandrendsy the plusigereaxtansion rryeiaed b the plipge, the second
adj Lo i . and abuttin,
cet ORTOEERARE Roms i ERM B oEHle QPGR B R pldhgerapd sbuting
gui ddirstside nfthe sgnond gwide spvsgf i r st si de of the second

gui de spring; and a preload spring received by the

spring cup opening and seated in the spring retainer.

10. The €ont bk cemiol waled of claginrh, Fherainer daimpet is conngetpdty the second
cupm&ﬁﬂ%&gqch%g to the second end of the plunger

ext ENsTon P14 The control valve of claim1, wherein
the first guide spring conprises a flat disk defining

a spiral, slot,therethrou .12. The. control v e

claimi,” V\,heltrg? ﬁmitrﬁLvaé‘éec%EH’“B L??r ‘ngrg’ﬂﬁ?%%m@% ?flué%ssaoérgt member
f | afiefthiigkandpbhing B@retn sidiarsatondIntdmbeh lidablyresetyied irPthe Bfiening such
Dec&gb r ZOQ6 13, ngﬁgontrol valve of claim2, .

whett8s tere eelepeangs Pefivert e fErband:seqond FReraRegHio CReatedin\ Ry ssage:
the plunger. 14. The control valve of claim 13,

wherein the first guide spring is clanped between, a.

first efd of Thteontieh tabted claimg bawhereia thesdqmpgt is pift enta
St ekond 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.

10.  The control valve of claim 9, wherein the spring cup is attached to the

second end of the plunger extension.

11.  The control valve of claim 1, wherein the first guide spring comprises a
flat disk defining a spiral slot therethrough. A

12.  The control valve of claim 1, wherein the second guide spring comprises
a flat disk defining a spiral slot therethrough.
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15. The control valve of claiml1, further conprising a
pressure containing nenber situated about at |east a
portion of the flow tube. 16. The control valve of

claim 15, wherein the pressure containing nmenber

conpri ses a braided sleeve. 17. The control

claim 15, wherein the pressure containing merr‘()hg%ecf“n"‘ber 2006
conprises a plurality of rings. 18. The control valve

of claim 15, wherein the pressure containing nmenber

conpri sesiza riTgé coni@RAVe 6% 2l HHerdihn thORRatc? iRidek @ Ralve stem
of the flow tube. 19. The control valve of claim 18,

wher é‘icﬂv’ﬁlﬁéherﬂﬂlgar menber conprises first and second
menbers sandw ched about the flow tube. 20. A fI ow

measur enent and control device, conprising
encl osurd4 a fhoepntehEalye abeping By ivderei tll%ﬁr'é‘ogql‘?? $kieg is clamped

encl GéWédia B Al 8pe @raﬁatsr dldQWirbERE of e %1% Ctem.

comuni cation wth the flow neasurenent device; a

pl unger having first and second ends; a pinch nmenber
connect eqdst 0 fhs o

nmenber g |5t uat ed ogl{é?liale‘%{b gtc %Im H}gvvﬂétr&glgﬁ ﬁsmé QE léefpéél %Jebntammg
surfla@@b%@@iatqd@h@dagmraaioﬂwn@ﬁmglmubme pi nch menber
such that the elastoneric tube is squeezabl e between

the pinch nmenber and the reference surface to control
fluid fl év t Hilsueghtréthvelve lobelaiube wh22in28e PessnbemtiffHmember

a first .quide.spring situated between the pinch nmenber
and ¢ ﬁ]én%‘ sfal‘ieﬁcfieg?e‘t he

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.

19.  The control valve of claim 18, wherein the rigid member comprises first

and second members sandwiched about the flow tube.

20, Aflow measuremént 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;
a pinch member connected to the first end of the plunger, the pinch member
situated adjacent the flow tube;
a reference surface positioned generally opposite the pinch member such that the
clastomeric tube is squeezable between the pinch member and the

reference surface to control fluid flow through the flow tube;
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pl unger; and a second gui de spring situated adjacent

the second end of the plunger. 21. The flow

nmeasur enent and control device of claim 20, wherein

the flow neasurenent device is a Coriolis mass fl ow
measur enent device. 22. The fl ow nmeasurenent aagfmcmnMﬂZOMS
control device of claim20, further conprising:

actuator receiving the plunger to adjust the plunger

to selectively position the pinch nenber relative to

the ref ex ARCLuisHIEHTAG SituatdthefveeR Be PP dhGherttRE SitdthO Brsfend of the
nmeasur enent output sjgnal fromthe fl ow neasurenent

devi ce, the é%ﬁgﬂbwmbr provi ding a control out put

signal tosechiRl fideePriv@diMiBred AGhaAE BE séddnfi BRAANEE i cR
setpoint signal and the neasurenent output signal.

23. The fl ow neasurenent and control device of claim

20, whermin trhe ﬂoﬁlﬁuﬁ’é@éﬂt Gnd {AWo! #&ﬁ?e oH;‘l ﬁ(ﬁ ngl?fein the flow
t he pinch nenber, the reference sur
andm§@ﬁﬁﬁﬁmbﬁﬁﬁ@l%%E@%ﬂﬁmﬁwsﬂvwaﬁédnwnﬂﬂﬁ@wehclosure

24. The fl ow neasurenent and control device of claim

20, further conprising a danper connected to the

second é&dd oTth@V pleanueranent 26 coftred deliswofidais 20 frethr
anqxﬁﬁgﬁﬁrl device of claim?20, further conprising a
pressure containing nenber situated about at |east a

por t i onawphctudter retaiving thb @lun2d to adjust the plunger to selectively position the

pinch member relative to the reference surface; and

a controller receiving 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.
23.  The flow measurement and control device of claim 20, wherein the
elastomeric flow tube, the plunger, the pinch member, the reference surface, and the first

and second guide tubes are situated in the enclosure.

24.  The flow measurement and control device of claim 20, further comprising

a damper connected to the second end of the plunger.

25.  The flow measurement and control device of claim 20, further comprising

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